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Preface
These Proceedings contain the papers presented at the IRPA Regional Symposium on Radiation Protection in
Neighbouring Countries of Central Europe, which took place in Prague from September 8-12, 1997. The Sym-
posium was jointly organized by the radiation protection societies and associations of Austria, Croatia, Hun-
gary, Italy, Slovenia, Slovakia and the Czech Republic. This international convention, which was carried out
under the auspices of the International Radiation Protection Association, was attended by more than 240 par-
ticipants from more than 30 countries.

We were very happy to have with us many leading specialists representing all individual branches of dosimetry
and radiation protection. It was also encouraging to see among us young colleagues determined to participate
actively in developing and implementing various areas of radiation protection currently in demand, such as nu-
clear power, environmental and personal monitoring, and especially the use of radiation and radionuclides in
medicine, research, industry as well as in other branches of technology and science. The presence of our col-
leagues engaged in non-ionizing radiation protection was also very interesting and stimulating.

I would like to use this opportunity to express our thanks to all five co-organizers for their support in the prepa-
ration of the Symposium and to the members of the Programme and Scientific Committee for their active en-
gagement and work. Our special appreciation goes out to the IRPA for its assistance, which also made it possi-
ble to waive the fees and to cover the expenses of some colleagues and students especially from Centra! and
Eastern European countries, allowing them to attend our Symposium. I am especially grateful for the continu-
ous support and encouragement we received from the President of the IRPA, Professor Klaus Duftschmid.

We are thankful for the help and support of the Ministry of Environment of the Czech Republic, the State Of-
fice for Nuclear Safety, Czech Power Company and National Institute of Radiation Protection of the Czech Re-
public.

We are also grateful to all exhibitors for showing us their sophisticated instrumentation and other products im-
portant for radiation measurement and monitoring; such tools are essential for radiation protection and safety of
radiation sources.

With pleasure we offer our thanks to the Faculty of Nuclear Science and Physical Engineering of the Czech
University of Prague for hosting the Symposium and for providing the necessary facilities for lectures, posters,
refreshments and meetings of Symposium Committee.

Last but not least, I would like to express our gratitude to the congress company Guarant Ltd. for their services
and excellent co-operation.

We now submit to you the Symposium Proceedings with most of the papers presented at the plenary and poster
sessions. The full texts of contributions were edited only slightly in order to unify and arrange the materials in
more or less the same form. Some features of a few published papers were left unchanged since we did not
want to (and in some cases we were not able anyway) to modify author's arrangement and style of figures, ref-
erences, terminology, etc. In some case, unfortunately, incomplete references were given; this may cause diffi-
culties in tracing them to the correct original materials. Because of some technical aspects, captions were
placed above figures instead of in the more common position below figures. Although very reluctant to do so,
in some papers we also left obsolete and no longer valid units, including some unusual abbreviations (e.g., BSS
may not always mean Basic Safety Standards, but also Bonner Sphere Spectrometer), the actual interpretation
of which can usually be understood from the text.

Unfortunately, some authors were too late to provide us with their complete manuscripts in the required form or
they sent us only copies of their papers (not always in camera ready grade), which had to be scanned. This ob-
viously affected the print out quality of such papers.

Finally, I would like to thank my colleague, Mr. Zdenek Berka, for patiently bearing all the burdens of com-
puter processing these proceedings and for delivering an attractive final manuscript.

Jozef Sabol, Symposium Chairman
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THE IAEA REGIONAL POST-GRADUATE EDUCATIONAL COURSE ON
RADIATION PROTECTION IN RUSSIA

V.E. Aleinikov, S.P. Ivanova and G.N. Timoshenko CZ9928434

Joint Institute for Nuclear Research, 141980, Dubna, Moscow Region, Russia

1. Introduction

In 1992, the General Conference of the International Atomic Energy Agency taking in resolution
"positive note of the proposal for educational and training in radiological protection and nuclear safety
contained in document GC(XXXVI)/1016", requested the Director General to prepare a report for sub-
sequent consideration by the General Conference on a possible program of activities on education and
training in these fields based on that proposal. The standard program in appropriate official languages
of the Agency has been prepared in response to that request and the General Conference stressed the
importance of the educational courses and urged the IAEA Secretariat to maintain the current efforts in
this area.

Educational course based on the Standard Syllabus III is designed to meet the educational and initial
training requirements of junior staff of graduate level or the equivalent holding or earmarked for posi-
tions in radiation protection and health physics. It is expected that the target audience will include
young professionals needing to acquire a sound basis in radiation protection and a knowledge of some
related nuclear safety fundamentals in order to become - in the course time - trainers in their home
countries. It is proposed that the duration of the courses will be about one semester (18 weeks). For the
last four years IAEA held interregional and regional training courses in Spanish (Buenos Aires, Argen-
tina), French (Sacle) and English (Argonne, USA) languages. Also the Secretariat has planned to or-
ganize a post-graduate educational course in Russia within the framework of the UNDP/IAEA initia-
tive aimed at strengthening radiation protection and nuclear safety infrastructures in countries of the
former SU.

2. Course organization and syllabus

The course in Russia was sponsored by IAEA and organized in cooperation with the Government of
Russia and Joint Institute for Nuclear Research (JINR) in 1996. The official language of the course was
Russian. It was the first time that such course has been conducted in Russia. The course contained two
parts: the first covered a wide multidisciplinary field of fundamental background knowledge in radia-
tion protection and health physics and the second gave the special training in nuclear safety. The first
main part was held in Dubna on August 19 - October 19 (9 weeks) on the basis of the JINR Depart-
ment of Radiation and Radiobiological Researches and the JINR University Center. The IAEA Stan-
dard Syllabus was taken as a principle ground, but two modules (shielding calculation and design and
induced radioactivity) were included additionally and practical training volume was increased. The
syllabus included the following modules:
• review of fundamentals of nuclear physics and biology;
• quantities and measurements;
• biological effects of ionizing radiation;
• external dose assessment;
• induced radioactivity;
• shielding calculation and design;
• internal dose assessment;
• general approach to radiation protection;
• occupational radiation protection;
• public exposure from practices;
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• intervention for protection of the public;
• medical exposures;
• regulatory control.

The course consisted of 85 lectures (134 h), 6 work sessions (12 h), 13 laboratory exercises (21 h), 10
scientific visits, 9 discussions and examinations (10 h). It was designed to provide both theoretical and
practical training in the multidisciplinary scientific / technical bases of international recommendation,
development of radiation protection / nuclear safety standards and their implementations in framework
of a new conceptual approach elaborated the International Committee on Radiation Protection (ICRP).
These standards were also taken into consideration in the new Russian standard on radiation protection
(HPB-96). The subjects in the practice (lab sessions, work sessions, visits) were:
• demonstration of radioactivity decay and penetrating properties of radiation, natural radiation,

shielding properties, attenuation as function of Z and thickness, various radiation detectors and
electronics, individual and environment monitoring systems, automatic systems of radiation control
at nuclear facilities; radiochemistry and radiotherapy equipment, etc;

• measurement of external radiation and internal contamination by different methods (scintillators
and gases filled counters, liquid spectrometer, radon meter, analysis of complex spectrum using
semiconductor detectors, whole body counters, etc.);

• calibration procedure of radiation instruments and personnel dosimeters, interpretation of personnel
dosimeter measurements and comparison of predicted by area monitoring doses and result of indi-
vidual monitoring, etc.;

• observation of biological effects of radiation, environmental radiation monitoring by SOS-lux test
system, etc.;

• waste management (treatment, package, storage), protection and security of sources;
• new international basic safety standards, calculation of effective doses, dosimetric calculations, sta-

tistical exercises, etc.

For lectures there were attracted 38 scientists and specialists from JINR (24 lecturers), IAEA, Ger-
many, Austria, Poland, Czech Republic (6 lecturers) and Russia (8 lecturers). Besides the scientific
visits in Laboratories and nuclear, radiobiology, radiochemistry and medical facilities of the JINR, the
listeners visited the Whole Body Counters Lab and Radiological Hospital of the Institute of Biophysics
(Moscow) and the Waste Management Enterprises "Radon" (Sergiev Posad).

The listeners had also an opportunity to work in computer auditoriums of the JINR University Center
with INTERNET and E-mail and use the Science and Technology Library of the JINR .

3. Results

The training course was opened to 21 participants from 10 IAEA Member States in Europe and West
Asia region (Bulgaria, Slovakia, Mongolia, Belarus, Armenia, Kazakhstan, Ukraine, Latvia, Lithuania,
Russia). Most of them were young staff in the early phase of their career (up to 5 years of work experi-
ence). Some of them will specialize in radioecology, radiation monitoring and individual control of
workers and public from the hazards due to exposure to ionizing radiation and regulatory functions
(licensing and inspection of nuclear facilities). As a result of the course the listeners were awarded the
IAEA educational certificates. Each listener was given copies of lectures and laboratory exercises de-
scriptions for future reference as well a contemporary set of special literature from IAEA on various
topics involved in the course. Then some of them continued their education attending the specialized
course on nuclear safety in Obninsk (2 weeks). The questionnaires were distributed among listeners in
the final stage of the course for assessment of the course efficiency. This investigation shown the high
value of the course organization and the high quality of the lectures and practice. Such value of lectures
was due to invitation of many experts as lecturers who have the large practical experience and high sci-
entific potential. It made also possible for listeners to know about different modern views on radiation
protection problems. Most of the listeners assessed the course undoubtedly useful for their future pro-
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fessional careers. As the course result the listeners advanced the initiative proposal: to organize the In-
ternational junior association "A new generation" joining young workers of atomic facilities in vari-
ous countries 121.

4. References

1. Standard syllabus of post-graduate educational courses in radiation protection, IAEA-SYL-01, Vi-
enna, 1995.

2. "Dubna" (weekly newspaper of JINR), N 5 (3344), 12 February 1997, p. 3.
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CHROMOSOMAL ABERRATIONS IN ORE-MINERS OF SLOVAKIA

M. Befio, M. Vladar, D. Nikodemova, M. Vicanova and M. Durci CZ9928435

Institute of Preventive and Clinical Medicine, Limbovd 14, SK-833 01 Bratislava, Slovak Republic

1. Introduction

Underground workers are exposed to various clastogenic agents. One of these agents, radon, attracts
attention of recent research as it causes lung cancer in the population occupationally exposed to its
various concentrations especially in mine air of uranium mines (1-3) or ore mines (4,5). Reports about
higher incidence of lung cancer were coming also from ore mines of Slovakia (6-8). The chromosomal
aberrations (CA) are considered to be indicators of the risk of cancerogenic effects (9). The CA are
precedents of multistep cancerogenic transformation of cells (10). A positive dependence of numbers
of CA from lifetime underground exposure in uranium ore miners has been reported (11). Similarly,
dependence of numbers of CA from lifetime exposure to indoor radon at very low levels has been ob-
served in inhabitants of dwellings (12).

The above information has lead us to perform a pilot study in which the numbers of CA in lympho-
cytes of miners of ore mines (Nizna Slana-iron ore, Hnust'a-talc ore) located in east central Slovakia
were followed and related to the lifetime underground radon exposure and to lifetime smoking.

2. Materials and methods

Seventy miners volunteering after an informed consent served as donors of venous blood. Twenty pro-
bands which never worked underground (mostly clerks) served as donors of control blood samples.

Preparations of C A : Cultures of lymphocytes from one-hour buffy coat were started using RPMI 1640
medium supplemented with phytohaemagglutinin (0.025 ml/ml) and antibiotica. After 46 hours of in-
cubation the suspension made from the sedimented cells was dropped upon wet slides to prepare stan-
dard specimens for microscopy. 200 well stretched mitoses have been evaluated for the presence of
chromosomal and chromatid: breaks, fragments, minutes, gaps, and exchange aberrations, as well, in
each of the donors.

For biometrical evaluation regression analyses of the program STATGRAPHICS were used.

The exposure to radon and smoking has been estimated according to working-records and personal
anamnesis.

3. Results and discussion

The age distribution of the probands is on Fig. 1. The Kolmogorov-Smirnov test showed no significant
(p>0.05) deviation from a normal shape.The distributions of all
miners including probands according to the underground expo-
sure and according to lifetime exposure-estimates are on Ta-
ble 1.

The monthly measurements of radon concentration in the mine
air were made with calibrated instruments at standard localiza-
tions. For the mine Hnust'a the highest measured values during
the years 1982 to 1994 exceeded the investigation level
(2.11E-3 mJ.m'3) by about a factor of 3. Unfortunately, for the
mine Nizna Slana only the mean yearly concentrations of radon
in air, without the range values were available. Estimates of
exposure to radon were made for every mine using yearly aver-
ages of these measurements at least for last ten years before the

Fig 1. Age distribution of proband
miners
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blood withdrawal. It was not possible to track back the exact working places and the time spent in the
measured working-place for every individual miner so that strictly individual radiation body burden
could not be assessed. Personal dosimetry was limited to few individuals and introduced as a trial only
about 6 months before the blood withdrawal so that this could be used only tentatively for lifetime
dose-estimates. The Table 1 shows that the fraction of miners in Hnust'a exceeding 1000 shifts under-
ground is greater than the fraction of corresponding miners in Nizna Slana which is reflected in higher
cumulative exposure assessments in Hnust'a. The calculation used should be considered as the lower
estimate of exposure. All what was mentioned above complicated the exposure estimates for probands.
However, as the averages for ages and underground shifts of proband miners did not show statistically
significant differences, and, it was felt that the error introduced by excursions of radon concentrations
far exceeds the error introduced by time-averaging the exposure so that the calculation would result in
a constant represented by exposure per time unit. In this alternative of calculation the numbers of un-
derground shifts are the only variables in individual exposure estimates, so we decided to pool the
groups from the two mines to attain higher counts of probands at the dividing between smokers and
non-smokers, and, lower (<1500 underground shifts) or higher (>1500 shifts) groups as well as to plot
the numbers of shifts underground on the x-axis of the regression graphs on Fig.2 and Fig.3.

Table 1. Distributions of miners according to underground radon shifts and exposure estimates

Radon Shifts b)

Plant

HnuSfa

N.Slana

Totalb)

Parameter

Workers

Radon Shifts b)

„ C)

Exposure
Workers

Radon Shifts b)

c)Exposure
Workers

Radon Shifts b)

Exposure

< 100

14
36
0.6

84
39
0.6

98
40
0.7

< 1000
11

339
5.7

175
410

6.9

186
405
6.8

1000+

24
1702

28.6

96
1600

26.9

120
1586
26.6

Totalb)

49
920
15.5

355
644

10.8

404
667
11.2

a) Radon Shift= Shift with concentration < 2.11 E-3 mJ.m"3 (<1.3 E+4 MeV.L"1)
weighed mean
Exposure = mJ.h.m" ; WLM = 0.28 x Exposure

The values of CA numbers varied within a factor of about 6 and showed a better fit to log-normal than
to normal distribution, thus, log values of counts of CA were used in regression analyses. The numeric
results of the regressions are in Table 2.

Table 2. Numeric results of regression analyses

Linear regression : y = mx + b; y= In CA

x m S.E. p b S.E. p r

lifetime shifts
lifetime cigarettes

daily cigarettes
years smoking

age

-1.3xl0E-5
1.32E-6
0.0133
8.22E-3
4.26E-4

4.4E-5
6.4E-7
5.1E-3
4.0E-3
6.3E-3

0.760
0.044
0.011
0.045
0.946

2.68
2.56
2.53
2.55
2.63

0.1
0.06
0.06
0.07
0.24

0.000
0.000
0.000
0.000
0.000

-0.03
0.24
0.30
0.24
0.01

The numbers of CA found in individual donors showed a broad interindividual variation. The regres-
sion of logarithms of the numbers of CA on the numbers of lifetime underground shifts is on Fig. 2.
The deviation of the slope of the regression line did not significantly differ from zero slope so that no
significant influence of radon exposure on the CA counts could be ascertained.

Comparing of the means of In of numbers of CA of miners non-smokers (2.51 ± S.D. 0.32, n=28) with
those of smokers (2.75 ± S.D. 0.41, n=42) showed a statistically significant difference.
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The regression of the In of numbers of CA on the numbers of Fig.2. Exponential regression of CA
lifetime cigarettes smoked up to the time of blood withdrawal is o n lifetime underground
on Fig.3. The slope of the regression line did significantly differ shifts
from zero, and the dependence on daily cigarette consumption
and the dependence on time since the begin of smoking showed
also such significant trend (Table 2). The dependence from age
did not show a significant deviation from zero slope. This sug-
gested that the fact of older miners smoking longer may be ir-
relevant to the increase of CA counts.

Table 3 and Fig.4 show the comparison of CA counts in sub-
groups divided according to smoking and underground expo-
sure. A significant difference in CA counts was found between
control smokers and miner-smokers exposed less than 1500
shifts underground. This suggested a contribution of the under-
ground exposure to increase in CA counts. Two-sample tests between other combinations of these sub-
groups did not show a significant difference.

Table 3. Comparison of the In No of CA in control and miner non-smoker and smoker groups

0 1 2 3 4
UNDERGROUND SHIFTS x

5
1000

GROUP

POOLED CONTROL
POOLED MINERS

NON-SMOKERS
CONTROL
MINERS

MINERS < 1500 SHIFTS
MINERS >1500 SHIFTS

SMOKERS
CONTROL
MINERS

MINERS < 1500 SHIFTS
MINERS >1500 SHIFTS

In No OF CA/200 MITOSES

2.48
2.65

2.51
2.51
2.55
2.47

2.43
2,75
2.78
2.74

S.D.

0.36
0.39

0.37
0.32
0.37
0.29

0.36
0.41
0.37
0.44

N

20
70

12
28
10
18

8
42
15
27

#

*&
*#
&

*#& Differences significant, p<0.05

The comparing of the numbers of CA of the exchange type (dicentrics, chromatid exchanges) pooled in
subgroups using Fisher's exact test showed significant differences between control and smoker miners
exposed <1500 shifts underground (p=0.013), as well as between non-smoker miners and smoker min-
ers, both exposed <1500 shifts underground (p=0.044).

Our findings unequivocally showed a small but statistically significant clastogenic effect of the expo-
sure to underground environment of the mines concerned. However, this pilot study does not allow a
Fig.3. Exponential regression of CA on definite conclusion about the clastogenic potential of the

lifetime cigarettes smoked

O 5 10 15 20 25
LIFETIME CIGARETTES (xiOOOO)

professional exposure resulting from radon because other
agents present in the mine environment as are dust con-
taining clastogenic elements (Ni,Cr,As), diesel exhaust
fumes, mycotoxins etc., may also have clastogenic effect.
This study has shown also a small but significant influence
of smoking, which in the subgroup of miners working un-
derground less than 1500 shifts may have acted synergi-
cally with the underground exposure. Such effect was ob-
served recently also in miners of a Namibian open-pit
uranium mine (13). In order to get the results more pre-
cisely interpretable from the point of view of exposure to
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radon we will in future correlate the clastogenic Fig.4. Comparison of averages of In No of CA in con-
endpoints either to estimates of radiation effec-
tive doses from in situ measurements in relevant
mines or to personal dosimeter readings (14).
Nevertheless, this study indicates that it is pos-
sible to expect a lower clastogenic effect from
professional underground exposure than from
smoking.

4. Conclusions

1) Significantly higher counts of chromosomal
aberrations in lymphocytes of 70 miners than
in an age matched control group of 20
white-collar workers were found; CN MNL MNH CS MSL MSH

C - CONTROL N • NON-SMOKERS

M • MINERS S • SMOKERS

L.<150O SHIFTS

H • >1500 SHIFTS2) The higher counts of chromosomal aberra-
tions could be ascribed to underground exposure of miners and to smoking;

3) The positive dependence of the number of chromosomal aberrations from the exposure to smoking
was very loose (r=0.24) and it was expressed by siginficantly higher chromosomal aberration counts
in the group of miners working less than 1500 shifts underground;

4) A dependence of chromosomal aberration counts from the exposure to radon could not be assessed.
The low numbers of probands in subgroups caused that confounding of such dependence by smok-
ing could not be ruled out.
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DETECTION AND MEASUREMENT OF ANTIOXIDANT CAPACITY IN
HUMAN SERA
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Abstract: The total antioxidant capacity of human sera was measured by the Randox TAS assay and an
average value of 1.55 mmol/L was found from 87 healthy adult persons. Exogenous antioxidant added
to the blood could be measured additively. Upon x-irradiation of whole blood samples the antioxidant
value decreased until 1 Gy linearly. Further decrease, however, after higher doses could not be de-
tected. Reductions of radiation-induced human lymphocyte micronucleus frequency as a cytogenetic
end-point were observed by increasing the exogenous antioxidant level in serum with a water-soluble
form of alpha-tocopherol, or a plant extract from Sylibum marianum L, in vitro.

1. Introduction
The knowledge on the quantities and effects of the antioxidants in the blood are important both for ex-
perimental pharmacology and clinics. In radiation biology, the developments of radiation effects or in-
juries are also influenced and modified by the actual antioxidant level. This might gain even a higher
importance following relatively low doses of ionizing radiations the latter being now more and more in
the limelight of radiation biology and radiation protection. Accordingly, we have initiated to reveal the
total antioxidant capacities of various individuals, to assess the decreases of these capacities upon vari-
ous doses of ionizing radiations, to investigate on the additivity of the endogenous and exogenous anti-
oxidant capacities represented by various compounds and finally, to investigate on the micronucleus
frequency as an end-point of radiation effects whether it can be influenced by various exogenous anti-
oxidants like a soluble form of alpha-tocopherol i.e. TroloxR and a plant extract from Sylibum maria-
num L, i.e. silibinin.

2. Materials and methods
The lymphocyte micronucleus assay was performed as described earlier (1). X-irradiation of the blood
samples was performed with a THX-250 x-ray equipment with conditions of 200 kV, 20 mA, 60 cm
SSD, 1 mm Cu filter, 0,287 Gy.min"1 dose rate at room temperature. - Randox TAS assay kit and
TroloxR were obtained from Randox Labs.Ltd, UK, silibinin from HegrimarinR (HEK Pharma Gmbh,
Germany) LegalonR (Madaus-Biogal Gmbh, Germany-Hungary).

3. Results and discussion

3.1. Total antioxidant capacity values in individuals
The total antioxidant capacity values of blood samples from healthy human adults were determined by
the Randox TAS assay.

The data are shown on Table 1. From this relatively large number of determinations it can be seen that
there are considerable differences in the TAS value of individuals by a factor of appr.3. A negligible
decrease of app. 8 per cent occurred when the samples were stored before determination at -20°C for a
few days.

Table 1. Total antioxidant status of human sera as determined by the Randox TAS assay

Number of determinations 87
Average value, mmol/L 1.547
SD ± 0.408
Minimum individual value 0.774
Maximum individual value 2.440
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The values obtained in our Laboratory are in good agreement with those of others (2). With silibinin
added to the blood up to a range of proportions of 1:1 a linear additivity was found in the endogenous
and the exogenous values. It is obvious, however, that further determinations are needed in even larger
population as well as following various conditions like habitual, alimentary, occupational and envi-
ronmental ones. These studies will gain more and more importance in occupational and public health.

3.2. Radiation-induced decrease of the total antioxidant capacity of human sera

Following x-irradiation of human blood samples with various doses the total antioxidant status values
(TAS) were determined. As it is seen on Table 2 the TAS value decreased linearly until 1 Gy, then no
further decrease could be observed. This surprising limitation could exhaust only app. 20 to 40 per cent
of the TAS value. Of course, individual differences appeared. The data suggest that only an "easily
available" fraction of antioxidant was reactive with the radiation-induced free radicals. The "non-
available" fraction might be 60 to 80 per cent of the TAS value.

3.3. Use of human lymphocyte micronucleus assay to detect the effects of antioxidant condi-
tions in development of radiation injuries

The micronucleus assay proved to be a valuable tool in detection of injuries either from ionizing radia-
tions or various environmental chemical pollutants as well as in assessing individual sensitivities (3,4).
Therefore, the antioxidant capacity-dependence was studied. Well detectable reduction of the micronu-
cleus frequency values were found when the whole blood was supported by a soluble form of alpha-
tocopherol, the TroloxR, i.e. 500 umol reduced the radiation-induced increment by 50-60 per cent in
the dose range of 0,25 - 1,5 Gy. The silibinin in 100 jag per ml resulted in 50 per cent protection at 0,1
Gy while at higher dose - 1 Gy - 300 u,g per ml gave the same effect (5). These data indicate that at
moderate dose levels the micronucleus frequency as an indicator of radiation injury depended on the
antioxidant modifying factor Our present findings are in good agreement with the earlier ones, when as
OH* radical scavenger, ethanol was used (6).

Table 2. Radiation-induced decrease of total antioxidant status (TAS) value of human plasma from
whole blood x-irradiated, in vitro

0
0.3
0.5
0.7
1.0
2.0

Dose
Gy

Average +_ SD^

1.94
1.77
1.66
1.45
1.35
1.36

mmol per L

0.32
0.29
0.29
0.24
0.23
0.22

Minimum and maximum values
mmol per L

1.48-2.28
1.43-2.10
1.32-1.98
1.12-1.69
1.04- 1.59
1.08-1.59

Percentual decrease
%

100
91
85
75
70
70

+ Determination from 5 persons1 blood samples

4. Conclusions

The quantitative data on the individual antioxidant status under various conditions are getting impor-
tant indicators of health status. In radiation biology, the correlation of dose and response might be
modulated by that, too. It is obvious that beside the actual individual values the population background
also might be a good indicator for public health aspects. Accordingly, a wide collaboration is needed to
reveal the spreading of individual values and to study the distribution characteristics in a large healthy
population, including e.g. age-dependence, as well as under various pathological conditions or under
environmental pollution. The human lymphocyte micronucleus assay proved to be a proper in vitro
technique to screen antioxidant efficiencies. Our data demonstrate a few aspects of these approaches.
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Abstract: The effects of low doses were studied on human lymphocytes of various individuals. The
frequency of micronuclei in cytokinesis-blocked cultured lymphocytes were taken as end-point. The
probability distribution of radiation-induced increment was statistically proved and identified as to be
asymmetric when the blood samples had been irradiated by 0.01-0.05 doses of X-rays, similarly to that
in unirradiated control population. On the contrary, at or above 1 Gy the corresponding normal curve
could be accepted only, reflecting an approximately symmetrical scatter of the increments around their
mean. Studying the linear dose-response relationship in various dose ranges, it was found that the slope
as well as the closeness of correlation between the variables considerably changed when lower and
lower dose ranges had been selected. Below approximately 0.2 Gy even an unrelatedness was found
between the absorbed dose and the increment. These findings have relevance to the mechanisms of the
development of cellular injuries and reactions following low doses like the higher importance of
antioxidant capacities and repair functions, as well as to the limitations of assessments of
overexposures either in occupational or in accidental radiation protection.

1. Introduction

The assessments of health hazards due to low doses and low dose rates of ionizing radiation have usu-
ally been performed by epidemiological surveys on the population involved. Sustaining certain effec-
tiveness of this method, it is thought, however, that the linear extrapolation from data obtained in high
dose range might be misleading. Accordingly, the scientific community is attaching again a great im-
portance to experimental approaches to get as reliable information as possible on the risks and devel-
opment of stochastic radiation effects.

In the present work, by using the human lymphocyte micronucleus assay as an end-point, a report is
given on data acquired from large population concerning the probability distribution of the increments
as well as the effectiveness and parameters of the linear yield equation when lower and lower dose
ranges were analyzed.

2. Materials and methods

The lymphocyte micronucleus assay was performed as it had been given earlier[l]. X-irradiation of the
blood samples was made at the following conditions: 200 kVp, 20 mA, 1 mm Cu filter, 60 cm SSD,
0.287 Gy/min dose rate, room temperature. The exposures in free air were measured by Farmer 0.6 cm3

ionization chamber which had been calibrated by the Department of Radiation Physics, National Office
of Measures, Budapest/H. In order to get the exposures in doses absorbed in water, the appropriate
ICRU factors and the Gy/rad conversion factors were applied. The mathematical statistical analyses
were performed by advanced software and are properly mentioned in the text.

3. Results and discussion

3.1. Individual differences in radiation-induced increments of micronuclei from a large popu-
lation

Our "epidemiological" study points to the fact that even after the lowest doses (<0.1 Gy) applied, an
increase in micronucleus frequency occurred, as it could be detected reliably in the mean against that of
the unirradiated self-control (Fig. 1).
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Fig. 1. Results of the non-parametric Wilcoxon
matched pairs test comparing the micronucleus
frequencies scored in self-control and in irradi-
ated (related) samples
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At the same time, however, no obvious differ-
ences could be statistically proved among the in-
crements in the dose range from 0.01 to 0.1 Gy.
(Friedman analysis of variance by ranks;
M±SD[0.01 Gy]: 15±11; [0.05 Gy]: 9±5; [0.1]:
14±7. 3?(dj)=4.40(2); p>0.1) The individual
values of increments varied within a range from
0 %o to 45 %o in the dose interval in question.

As for the scattering nature of the radiation-
induced increments, profound modifications
were experienced, by all means, concerning the
symmetric or asymmetric contour of the fre-
quency functions of increments, after X-
irradiation of whole blood samples by (very) low
or moderately higher doses [2]. After (very) low
doses, i.e. in the range 0.01 - 0.05 Gy, a definitely asymmetric attribute was found for the shape of the
frequency distribution of the variable, similarly to that which had been obtained for the micronucleus
frequencies in the non-irradiated control population. The results of acceptably fitting the log-normal
and exponential density functions are presented on Fig. 2.

Fig. 2. Asymmetric probability distribution of the radiation-induced micronucleus increment in the in-
terval of very low doses
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In the dose range from or above 0.1 Gy the vari-
able individual increment showed a typical im-
age of distribution corresponding simultane-
ously, but with unequal weight, to several
density functions. In other words, the former,
definite feature of asymmetry seemed to get
milder in favour of symmetric pattern, until (i.e.
at 1 Gy) the increment could be approximated
solely by the corresponding normal frequency
function. This occurrence is graphically repre-
sented on Fig. 3 and the calculated statistics
supporting statistical decisions are given in Ta-
ble 1.

If interpreting the frequency curves on Fig. 3 to-
gether with the skewness and the level of signifi-
cance plotted on Fig. 4, the normality becomes

Fig. 3. Transition of the distribution from asymmet-
ric to symmetric shape in various dose ranges:
dominant "weight" of the simultaneously rele-
vant distributions by which the observed incre-
ments can be acceptably approximated (see also
the Table I)
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to be dominant around 0.5 - 0.7 Gy, while the asymmetry - through the derived lognormal and re-
distribution - seems to affect the shape below that dose interval. The sole existence of normality ap-
pears to have sufficient evidence at 1 Gy.

Table 1. Calculated
Dose, Gy

0.01 -0.05

0.1

0.3
0.5
0.7

1

N

39

49

52
26
41

85

statistics supporting the statistical
Distribution

Lognormal
Exponential

Gamma
Normal
Gamma
Gamma
Normal

Lognormal
Normal

Lgn., Gma

Observed mode
(increment)

6

14

22
24
60

166

decision

Frequency of the ob-
served mode

7

6

8
6
4

6

X(df)

1.574(4)
8.384 (5)
6.365 (7)
5.377 (6)
5.637 (5)
3.652 (3)
3.446 (8)
9.231(8)

15.93(10)

P

0.781
0.136
0.498
0.497
0.343
0.302
0.903
0.323
0.102
0.000

Fig. 4. Illustration for the question - symmetry or asymmetry - of the type of distribution of the incre-
ment
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The wide variety of increments after low doses and the pattern of probability distribution suggest that
different biological protective mechanisms determine the responses and the development of end-point.
At (very) low doses, probably the individual antioxidant capacities in sera might modulate the response
[3], while at higher doses, after the exhaustion of antioxidant potential, the intracellular repair proc-
esses might play a decisive role in development and manifestation of an end-point.

3.2. Parameters of the dose - response yield equation in various dose ranges

Data of our studies and mathematical statistical analyses of dose-response in micronucleus induction
in various dose ranges presented here, revealed the effectiveness of the linear relationship and some
quantitative changes in main parameters when the dose range applied was successively cut toward
0.1 Gy. As a starting point, the results of fitting the common linear-quadratic equation together with
the linear one to the increments in the range 0.01 - 4 Gy are shown on Fig. 5. It comes from the com-
parison of i?s and from the analysis of residuals (Fig. 5 and Table 2) that, concerning at least this bio-
logical indicator, the linear regression line appeared not to be noticeably worse approximation than that
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of the linear-quadratic model. A certain improvement in the linear approach could be experienced
when 2 Gy was taken as upper limit of the range examined.

Table 2. Summary of the relevant parameter values provided for comparing the effectiveness of the lin-
ear-quadratic and linear model in the dose ranges up to 4 and 2 Gy

Parameter

S.E. of estimate
Correl. coeff., R

Proportion ofvar. ac-
counted for in dep. variable
Mean of observed frequen-

cies ± SE
Mean of predicted frequen-

cies ± SE
Correl. between the obs.

and pred. vis.

RESIDUAL ANALYSIS
Range

Average lin. dev.from the
mean

No. of outliers beyond
±2*S.D.

Dose range covering the
outliers

0.01 - 4 Gy

Linear-quadratic
N = 372

40.554
0.9735

0.9478

87 ±9

83.56±9.06

0.974

396

23.759

22

1 -4Gy

Linear

69.511
0.9209

0.8480

86.94±8.50

0.921

679

48.066

20

l - 4 G y

Linear-quadratic

37.958
0.8683

0.7540

60.23±3.49

0.869

396

23.006

23

1 -2Gy

0.01 - 2 Gy

Linear
N=360

39.390
0.8581

0.7364

58 ± 4

58.39±3.47

0.858

402

24.827

20

1 -2Gy

When the linearity of responses was studied in less narrow ranges toward the lower limit in question
(0.01 Gy), on the base of evaluating the slope (b) and the proportion of variance of increment [Y]
caused by the dose [X] (Fig. 6), there could be distinguished roughly three sections of dose ranges:

# upper limit > 0.7 Gy: the effectiveness of the linear model proved
## upper limit < 0.7 Gy: the proportion of the variance of Y due to X comes mostly from ran-

dom sources
### upper limit <0.2 Gy: no correlation could be proved at all between the variables under ex-

amination (Fig. 7)

Fig. 5. Plots of the linear-quadratic and linear
functions to approximate the dose- micro-
nucleus increment relationship in the dose
range 0.01 - 4 Gy. (Negative X and Y are
nominal values due to regression)
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Fig. 7. Distinguished low dose range where the variables proved to be uncorrelated. (Higher doses were
disregarded in the linear regression. X=-0.05 and Y=-5 are nominal values)
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Calculated statistics (N=126):

S.E. of estimate = 7.03
Slope, b = 14.20
S.E.b= 11.75
p= 0.229
R = 0.108
Number of outliers > (±2*S.D.)

4. Conclusions

The results suggest that in low dose range biological response-modifying factors might play more deci-
sive role than the absorbed dose alone. Using cytogenetic end-points for assessments of occupational
or accidental doses, the investigations below app. 0.2 Gy have inherent uncertainties reflecting also the
individual sensitivities. The responses in this dose range might be characterized as "non-linear, non-
threshold" but as a response induced by a few hits. At the same time, in this dose range the biological
support like increasing the antioxidant capacities and supporting the repair processes of cells and,
furtherly, the organism might provide a properly efficient protection. If the dose-response relationship
is to be studied in (very) low range, at least if applying the micronucleus assay, it need not by all
means to consider the region of high doses.
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THE ROLE OF THE IAEA DOSIMETRY LABORATORY IN THE
DISSEMINATION OF STANDARDS FOR RADIATION PROTECTION

L. Czap, P. Andreo and G. Matscheko

Dosimetry and Medical Radiation Physics Section, Division of Human Health, IAEA, A-1400 Vienna,
Wagramerstrasse 5, Austria

Abstract: Approximately 90% of the Secondary Standard Dosimetry Laboratories (SSDLs) provide us-
ers with calibrations of radiation protection instruments, and the Agency is taking every necessary ef-
fort to insure that SSDLs measurements in radiation protection are traceable to Primary Standards. The
IAEA provides traceable calibrations of ionization chambers in terms of air kerma at radiation protec-
tion levels and ambient dose equivalent calibrations. SSDLs are encouraged to use the calibrations
available from the Agency to provide traceability for their radiation protection measurements. Meas-
urements on diagnostic x-ray generators have become increasingly important in radiation protection
and some SSDLs are involved in such measurements. The IAEA has proper radiation sources available
to provide traceable calibrations to the SSDLs in this field, including an x-ray unit specifically for
mammography dedicated to standardization procedures. The different photon beam qualities and cali-
bration procedures available in the Agency's Dosimetry Laboratory will be described.

1. Introduction

The emphasis of the IAEA Dosimetry Programme (E3) is focused into services provided to developing
Member States through the IAEA/WHO Network of Secondary Standard Dosimetry Laboratories
(SSDLs) and dose quality audits (Agency projects E.3.01 and E.3.02). The latter are performed through
the IAEA/WHO TLD postal service to SSDLs and radiotherapy centers and through the International
Dose Assurance Service (IDAS) for radiation processing facilities, mainly for food-irradiation and
sterilization of medical products. The staff of the Dosimetry Section (RIHU) provides the program-
matic responsibility, supervision and support required for the measurements at the Agency's dosimetry
laboratory in Seibersdorf, where all the equipment is located. This consists of a 60Co therapy unit,
brachytherapy 137Cs sources, gamma-irradiators and X-ray generators for the calibration of ionization
chambers and radiation detectors for radiotherapy, radiation protection and diagnostic radiology, ther-
moluminescence dosimetry (TLD) systems, Electron Spin Resonance (ESR) equipment, and ancillary
equipment. Besides, the dosimetry laboratory has access to two 60Co irradiators (Gammacell-220) for
calibration of dosemeters used for radiation processing. A detailed description of the various irradiators
used at the Agency laboratory is given in the Appendix A. Those can be considered a typical equip-
ment of an SSDL.

2. Network of the SSDLs

The Agency's Dosimetry Laboratory is the central laboratory of the SSDLs network, establishing the
link to the International Measurement System, IMS (Figure 1). The SSDL network presently includes
69 laboratories and 7 SSDL national organizations in 57 Member States; the network also includes 19
affiliated members, mainly PSDLs, ICRU, BIPM, and other international organizations. An updated
list of members of the IAEA/WHO SSDL network is published regularly in the IAEA SSDL Newslet-
ter (bi-annual).

The establishment of the network of SSDLs has the responsibility to guarantee that the services pro-
vided by the laboratories follow internationally accepted metrological standards. At present, this is
achieved by providing traceable calibrations for therapy level and radiation protection instruments by
the Agency. The traceability is accomplished first with the transmission of calibration factors for ioni-
zation chambers from the BIPM or PSDLs through the Agency's Dosimetry Laboratory. As a second
step, follow-up programmes and dose quality audits (intercomparisons using ionization chambers and
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TLDs) are implemented for the SSDLs to guarantee that the standards transmitted to users in the Mem-
ber States are kept within the levels required by the International Measurement System. This second
step is presently implemented only for instruments at therapy level although recent recommendations
have been made by the SSDL Scientific Committee to extend the quality audits to 137Cs gamma rays at
protection level.

Figure 1. The International Measurement System (IMS), where traceability of field instruments (users)
to Primary Standards is guaranteed through the network of Secondary Standard Dosimetry
Laboratories and the Agency's dosimetry laboratory. The inner box shows the steps where trace-
able calibrations are accomplished. By providing also calibrations and reference irradiations to
the Agency's Radiation Protection Services, traceability can be guaranteed down to the level of
personal and area monitoring in Member States

INTERNATIONAL MEASUREMENT SYSTEM

PRIMARY
STANDARDS

SECONDARY
STANDARDS

BIPM PSDLs

c IAEA
Dosimetry

traceable
standards

SSDLs

FIELD
INSTRUMENTS

USERS

Figure 2 shows the number of calibrations provided during the last years by the Agency's Dosimetry
Laboratory to Member States both at therapy and radiation protection level, where it can be seen that
the latter is considerably smaller than the number of calibrations for radiotherapy instruments. The
large number of calibrations for therapy during 1995 is due to a biennial campaign of intercomparisons
of ion chamber calibrations with a large number of SSDLs; it is intended to repeat this experience
during 1997. SSDLs submit to the Secretariat annual reports on their activities in the various fields.
Data between 1985-1995 show on the
average that approximately 8% of the Figure 2. Calibrations of secondary standards for therapy and

radiation protection levels provided by the Agency to
SSDLs in Member States during the period 1991-1996

lonization chambers calibrated at Dosimetry Laboratory

laboratories do radiotherapy calibra-
tions only, 12% do radiation protec-
tion calibrations only, and nearly 80%
of the laboratories do both type of
calibrations.

3. IAEA standards for radiation
protection

As is well known, the basic idea of ra-
diation protection quantities defined
by ICRP [1] and ICRU [2, 3] is to re-
late the risk due to exposure with ion-
izing radiation to a single quantity
which takes into account the human
body as a receptor. Two types of
quantities, limiting and operational,
can be related to basic physical quantities which are defined without need for considering specific as-

Year
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pect of radiation protection, e.g. air kerma for photons and fluence for neutrons. In practice, the con-
ventional true value of a radiation protection quantity is usually obtained by multiplying the value of a
measured physical quantity by an appropriate factor which relates the two quantities. The calibration of
a dosemeter for measurements in radiation protection consists then of a calibration in terms of a physi-
cal quantity together with the use of internationally agreed data for conversion from physical into pro-
tection quantities.

Because of the low levels of measured currents, secondary standard instruments for radiation protec-
tion levels consist of a large ionization chamber (1000 cm3 approximately), connected to an appropriate
electrometer. Their calibration is performed in specific reference conditions at a standards laboratory.
The list of all reference ionization chambers used at the Agency's Dosimetry Laboratory is given in
Appendix B. The secondary standards for radiation protection level at the Agency's Dosimetry Labo-
ratory are based on spherical ionization chambers LS-01 and HS-01 designed and manufactured at the
Austrian Research Center at Seibersdorf (OFZS). The energy response of the LS-01 chamber is opti-
mized for measurements of air kerma, Kair, while that of HS-01 for the measurement of ambient dose
equivalent, H*. Chambers are calibrated in terms of air kerma and ambient dose equivalent at PTB and
BIPM. The ionization current is measured with the programmable electrometer model Keithley 6517
controlled via an IEEE-488.2 interface using an application for data acquisition developed with the
LabView software. For monitoring the X-ray unit output a Keithley 617 electrometer is used.

The calibration set ups at the Agency's Dosimetry Laboratory are shown in Figure 3 for X-rays and
60, /137Co/ Cs gamma rays respectively. They reproduce the configurations used at BIPM and PTB. Ta-
ble 1 gives the ISO 4037 [4] radiation qualities (narrow series) available for calibrations at protection
levels. Air kerma and ambient dose equivalent calibrations for these qualities are provided.

Figure 3. Set ups used at the Agency's Dosimetry Laboratory for the calibration of secondary standards
in radiation protection for X-r:
Laboratory are given in Table 1
in radiation protection for X-rays and 60Co/137Cs gamma rays. Beam qualities available at the

Shielding

lonization chamber
{1000 cm1)

(Drawing not to scale)

"Co / " 'Cs source

lonization chamber
(1000 cm')

Field size
0 810 mm

3000 mm
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Table 1. Radiation qualities at protection level available at the Agency's dosimetry laboratory. (Fixed fil-
t rat ion: 2.2 m m Be + 3 m m AI)

Generating Added filtration HVL
potential

[kV] [mm All [mm Cu] [mm Snl [mm Pb] [mm All [mm Cu]
40 1.00 0.22 - - 2.70
60 1.00 0.59 - - 0.24
80 1.00 1.85 - - 0.59
100 1.00 5.30 - - 1.15
120 1.00 5.00 1.00 - 1.74
150 1.00 - 2.50 - 2.40
200 1.00 2.00 3.00 1.00 4.06
250 1.00 - 2.50 2.50 5.21
300 L00 - 3.00 5JX) 6.19

60Co

3.1. NEW DEVELOPMENTS

During their last meeting in September 1996, the Standing Advisory Committee ,,SSDL Scientific
Committee", SSC (its members are from ICRU, BIPM and Primary Laboratories), has recommended
extending the long experience of the Agency in the field of standardization and monitoring dosimetry
calibrations at radiotherapy level for the SSDL network, to the fields of protection and diagnostic
x-rays dosimetry. It was emphasized that
„ Nearly 80 % of the SSDLs provide measurements in the radiation protection range. The SSC recommends
that the Agency takes every necessary effort to insure that SSDLs measurements in radiation protection are
traceable to Primary Standards. As the Agency's dosimetry laboratory provides traceable calibrations ofioni-
zation chambers in terms of air kerma at radiation protection levels, the SSC encourages the SSDLs to use the
service available from the Agency to provide traceability for their radiation protection measurements. Meas-
urements on diagnostic x-ray machines have become increasingly important and some SSDLs are involved in
such measurements. The Agency's dosimetry laboratory should, therefore, have proper radiation sources avail-
able to provide traceable calibrations to the SSDLs
The annual postal comparison has been shown to be successful in assuring the coherence of the measurement
quality of the SSDL Network in the range of therapeutic doses. This programme should be extended to assure
the traceability of secondary standards also at radiation protection irradiation level and diagnostic x-rays. The
Committee recommends that the Agency's dosimetry laboratory should start the task for Radiation Protection
measurements using 137Cs gamma radiation at protection levels; implementation of these services will require
an additional technical staff member. "

The above recommendations have led the Dosimetry Section to start with new activities. Because of
the importance of mammographic examinations world-wide, as a first step the Agency's Dosimetry
Laboratory has acquired a mammography X-ray unit. It is equipped with a tube that has two targets,
one of Molybdenum and the other of Rhodium. Seventeen beam qualities have recently been estab-
lished for tube voltages between 23 and 40 kV that are equivalents of the NIST mammography cali-
bration beams. Experiments have been initiated aiming at the selection of an ionization chamber as the
secondary standard for the mammography calibration facility.

General guidance on the basic requirements for protection instruments, e.g. the quantities that should
be measured, their overall accuracy, etc. has been given by different international bodies like
ICRP [1, 5], ICRU [6, 7,] and IAEA [8]. The overall accuracy of any dosimetry system is determined
from the combined effects of a number of uncertainties. Calibration procedures are typical sources of
uncertainties whose influence on the accuracy of a protection level measurement is usually reduced by
more important components like the energy and angular dependence of the dosemeter. Nevertheless,
large errors in the calibration, if they occur, can have severe consequences. In addition the traceability
of any measurement is the only possible link to the IMS, that is, even if large errors can sometimes be
accepted in radiation protection, it is necessary to know the reference with which that error can be
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compared. The extension of activities for checks of the SSDLs I37Cs calibrations thus seems a natural
continuation of the Agency role in disseminating international standards to Member States. At present,
the Agency's Dosimetry Laboratory is developing the system that will be implemented for this task.

Because of their impact on the end user these tasks should be implemented in collaboration with the
Agency's Radiation Protection Services and Radiation Safety. Unfortunately restrictions in funding
have shown that the implementation of the new tasks cannot be easily anticipated (see The Agency's
programme changes and budget for 1998, draft 1996, p.38).

In addition, it would be desirable that activities of the Agency's Radiation Protection Services and Ra-
diation Safety where SSDLs are involved, encourage the participants to seek for traceable standards in
radiation protection. This would insure that all activities in the field are traceable to the International
Measurement System.
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Appendix A:
CALIBRATION SOURCES AT THE IAEA DOSIMETRY LABORATORY

Picker V4M/60
Radionuclide 60Co
Maximum activity 148 TBq
The current activity of the 60Co source 11.8 TBq (on 97-10-01)
Height of the source above the floor 1.10m
Maximum radiation field-size 400 cm2 at 100 cm
Calibration field-size 100 cm2at 100 cm
Calibration source to detector distance 100 cm
Air kerma rate at the calibration position 455 mGy/min (on 97-10-01)
Dose equivalent rate of leakage radiation at 100 cm 15 uSv/h
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OB-85
Radionuclide 60Co

Current activity of the 60Co source
Air kerma rate at the calibration position

Radionuclide l37Cs
Current activity of the l37Cs source
Air kerma rate at the calibration position

Height of the source above the floor
Calibration field-size
Calibration source to detector distance
Dose equivalent rate of leakage radiation at 100 cm

X-ray units

Philips X-ray machine MG 324
Metal-ceramic tube MCN 321 with beryllium window, oil cooling
Target material Wolfram
Generating potential continuously adjustable
Tube current continuously adjustable
Inherent filtration
Added filters, changeable
Height of X-ray tube above floor
Maximum field size area at 100 cm
Min. focus to target distance
Leakage dose equivalent rate through shutter

at 100 cm distance from focus

Philips X-ray machine MG 164
Metal-ceramic tube MCN 165 with beryllium window, oil cooling
Target material Wolfram
Generating potential continuously adjustable
Tube current continuously adjustable
Inherent filtration
Added filters, changeable
Height of X-ray tube above floor
Maximum field size area at 50 cm
Min. focus to target distance
Leakage dose equivalent rate through shutter

at 50 cm distance from focus

Senographe DMR
Dual target X-ray tube GS 412-49
Target material Molybdenum (Vanadium-doped)

Target angle with respect to the reference axis
Nominal focal spot values
Generating potential
Tube current
Inherent filtration
Added filters, changeable
Maximum field size area at 50 cm
Min. focus to target distance

20.5 GBq (on 97-10-01)
22.8 mGy/min (on 97-10-01)

660 GBq (on 97-10-01)
191 mGy/min (on 97-10-01)
1.10m
0150 cm at 300 cm
300 cm
<1 u.Sv/h

16 to 320 kV
0.1 to 10 mA at 320 kV
3 m Be
medium or heavy filtration
1.10m
576 cm2

50 cm

< 6 uSv/h

up to 160 kV
0.1 to 18 mA at 160 kV
1 mm Be
medium or heavy filtration
1.10m
144 cm2

50 cm

< 25

Rhodium
fO.l -6°, f 0.3-20°
0.1 and 0.3
22 to 49 kV in steps of 1 kV
20 to 130 mA
0.8 mm Be
1 mm Al, 0.03 mm Mo, 0.025 mm Rh
325 cm2

20 cm

Appendix B:
SECONDARY STANDARD EQUIPMENT USED AT THE IAEA DOSIMETRY LABORATORY

chamber model ser. no. measured quantity traceability
NE-2561
NE-2561

LS-01
HS-01
LS-01

PTW-23342

321
265
114
102
130
1128

Kair and Dw for 60Co
K* for X-rays (100-300 kV)
Kair for X-rays (40-300 kV), 137Cs, 60Co
H* for X-rays (40-300 kV), 137Cs, 6CCo
Kair for 137Cs, 60Co
Kair for X-rays (25-50 kV)

BIPM
BIPM

BIPM, PTB
BIPM, PTB

PTB
PTB
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RADIATION PROTECTION RESEARCH WITHIN THE FRAMEWORK
PROGRAMMES OF THE EUROPEAN COMMISSION

F. Gasperini
CZ9928439

EC, Rue du Montoyer 75, 1040 Brussels, Belgium ___

The EC Radiation Protection Research and Training Programme has over 30 years of existence; it has
its origins in the Treaty of Rome, the Euratom Treaty, signed in 1957. Its mission is to study the harm-
ful effects of radiation on living organisms and as an end point to have an input for the Basic Safety
Standards directive and relevant regulations.

The Commission's radiation protection research activities, initially called "Biology-Health Protection",
started with some preparatory actions in 1958 and took a concrete form in 1961.

Starting in this period and up to today the implementation of these actions has been realised through
different form of contractual arrangements:

1961-1989 Individual contracts
Some association contracts

1988-1989 Cluster contracts
Post -Chernobyl actions

1990-1998 Multipartner contracts
Four thematic association contracts

During the third framework programme (1990-1994) radiation protection research entered a new era
with the creation of multinational projects. This initiative has resulted in more successful research
work, has avoided duplication of efforts and has improved interoperability. The programme structure
was derived from the previous ones thus assuring continuity.

The Basic elements of the Research actions carried out in the frame of the 3rd Frame work Programme
where:
• Determination of human exposure to radiation and radioactivity
• Consequences of radiation exposure to man, their assessment prevention and treatment
• Risks evaluation and management of radiation exposure.

Effort during this period was centered on these specific areas:
• Health effects - radiobiology
• Epidemiology
• Dosimetry
• Radioecology
• Risk assessment and management
• Radiation protection in medicine

During the 3rd framework programme, the Radiation Protection Research Action has been carrying out
research on the consequences of the Chernobyl reactor accident outside the framework programme.
This work has started in 1991 under the Agreement for international collaboration on the consequences
of the Chernobyl accident signed between the EC and the Ministries of the republics of Belarus, the
Russian Federation and Ukraine. This collaboration was made possible through a special budget cre-
ated by the European Parliament. The total amount of EC funds allocated between 1991-1995 was 23
million ECU.

The different research projects covered different aspects of the accident and the related consequences
on man and environment:
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• the transfer of radioactive material through the environment and into the food chain
• the development of decontamination strategies and restoration measures, the investigation of the ac-

cident's effects on health
• the development of procedures for improving emergency preparedness and response

These projects have contributed to a better understanding of the aftermath of the accident and some
important results for radiation protection have been obtained.

The results of these projects have been published in a series of final reports presented in the First Inter-
national Conference on the radiological consequences of the Chernobyl accident which took place in
Minsk, Belarus, in March 1996, to commemorate the tenth anniversary of the accident. The Conference
was jointly organised by the Belarus, Russian and Ukrainian Ministries of Chernobyl Affairs, Emer-
gency Situations and Health, and the European Commission.

The achievements of the 3rd Framework Programme have led to the establishment of the three main
priority areas of the 4th Framework Programme under the heading of "Radiological Impact on Man
and Environment". These are :
• Understanding Radiation Mechanisms and Epidemiology
• Evaluation of Radiation Risks
• Reduction of Exposures

The programme has been conceived to have impacts on nuclear energy, medical diagnosis, industrial
applications, natural radioactivity. Its main goals are health and safety of workers, environmental
vigilance and remediation, risk and emergency management.

The principles of the programme are subsidiarity and cohesion and for the first time the cost shared
contracts are complemented by a series of topics to be addressed via concerted actions, meaning sup-
porting co-ordination without direct funding for research activities. Implementation could be done also
through association networks.

In addition to the above mentioned area, the 1991-1995 research work in collaboration with the CIS led
to the development of an additional section : "Mastering events of the past" which aims to continue
the research started under the EC/CIS collaboration Agreement mentioned before. In the 4th Frame-
work Programme research is extended to other contaminated areas in other parts of the Russian Fed-
eration. The research activities carried out in the European Union are funded through the Nuclear Fis-
sion Safety Programme, whereas activities in the CIS are mainly funded through the INCO-
COPERNICUS Programme. The areas include :

- recognition and amelioration of health effects
- restoration of severely contaminated territories
- management and disposal of radioactive waste
- emergency management approaches
- data management
- public information

One of the original aspects of the programme is ERPET, the European Radiation Protection Educa-
tion and Training initiative. ERPET was set up in 1990. Since then, 52 training courses have been or-
ganised. ERPET aims at maintaining and improving the level of expertise in radiation protection in
Europe. It tries to harmonize education and training in radiation protection by the organisation of
courses on key problems in radiation protection.

I think I have gone through the past and the present and now have come to the most challenging part,
i.e., the future. What are we going to do, what are the prospects and ideas. The preliminary guidelines
of the European Commission for the 5th Framework Programme propose three thematic programmes
(unlocking the resources of the living world and the ecosystem; creating a user-friendly information
society and promoting competitive and sustainable growth) which are broken down into key actions, in
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addition three horizontal programmes are concerned with: Improving the human potential; Innovation
and participation of SMEs and Confirming the international role of the European research.

The challenges for the new framework programme are the quality of life and the concerns of the Euro-
pean citizens.

The new strategic approach is to maximize the European added-value. The idea is to co-ordinate re-
search in Europe more effectively by ensuring the compatibility, complementarity and general coher-
ence of the activities undertaken by the Union, the Member States and in other European or interna-
tional co-operation frameworks.

These are the preliminary prospects of future research which will be the core of the continued efforts
on a European context. The overall policy for the future of Radiation Protection Research will be
based on meeting the priorities of:

the Euratom Treaty
public concern
quality of life
natural radiation
competitivity
harmonisation of standards
reduction of disparity in Europe

The 5th framework programme proposal as adopted by the EC provides for the full association with the
framework programmes of those CEC's that are candidates for membership of the European Union.

In addition it is foreseen that the majority of the actions in the 5th framework programme will be open
to the participation of third countries organisations. The specific rules and modalities of this participa-
tion are still under discussion and negotiation.

The EC is confident that in this context the existing efficient collaboration with the Central & Eastern
European Radiation Protection Community will become further consolidated.
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A CONSTRUCTIVE CRITIQUE TO THE ICRP'S SYSTEM AND COUNTER
PROPOSAL

K. Katoh CZ9928440

Ibaraki Prefectural University of Health Sciences, Ami, Ami-machi, Ibaraki-ken 300-0331, Japan

1. Introduction
Had the ICRP not been created, humankind would have suffered much more from ionizing radiation,
and as such, we are deeply indebted to its activities. In many countries, the standards and systems of
radiation protection (RP) have been designed and are operated following the recommendations of
ICRP.

However, changes in the circumstances surrounding RP have been so great that continuous efforts in
revising the system have been necessary. Progress in science and technology has been so rapid and
changes in the attitude of society to safety issues has been so vast. ICRP has done its best to fill the
gap. This work has not been easy, because it is fettered with many restrictions as a result of its long
history. Thus the present system of RP created and recommended by ICRP seems to contain some
problems which need to be discussed with a view to making improvements.

Needless to say, ICRP is an independent organization and is self-supporting and self-contained. Since
we are not founders of ICRP nor selectors of its members, it would be a breach of etiquette to make
any special request. But, as its credibility is reflected in its workmanship, some judgement and/or criti-
cism of its works might be permitted.

2. Gist of ICRP System of RP and problems
The features of the ICRP system of RP are shown in Table 1. Though people easily misunderstand or
have undue expectations that any product of ICRP shall be a science itself of high quality, the issues
with which ICRP has dealt with are at the same time both scientific and political in character. The
committees, substructures of ICRP, treat material scientifically, of course, while the commission, the C
of ICRP, whose will is formed by majority decision with the commissioners, makes political decisions
in its recommendations, etc. To maintain its authority, however, ICRP should dispel this misunder-
standing caused by its authority.

Table 1. ICRP System
PURPOSE
AIM (or Direct Efforts)

Deterministic Effects1

Stochastic Effects2

TARGET
MEANS

of radiation protection: gist and features
To Protect People from Radiation Hazard
The Following Two
To Prevent Genesis
To Suppress Incidental Risks, To Certain Limits
Controllable Exposures
Responsibility of Exposure Control: the person in
charge of maintaining the source
Classifying People Concerned into Categories:
MGP, OW, and S(?)
Dosimetry
Limitation of Dose
Three Principles
ALARA

Incessant Activity

Sharing Roles with ICRU
ICRPasaNGO

'Acute Death; Injury in Blood, Alimentary Organs, Skin, etc.; Cataract; etc.
2Carcinogenetic or Hereditary Objections

STRATEGY

OTHERS

<Self-Evident>
<A Principle>

<Political? A Self-Assigned Limitation>
<A Political Matter>

<A Political Matter>

<Scientific and Political Matter>
<Scientific and Political Matter>
<difficult in taking into legislation>
<easily misunderstood and invited mis-
fortunes>
<Giving Impressions of unripe, unstable,
endless, etc>
<Today, it is not so clear.>
<Independency, Transparency, Ability
and Credibility>
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Performance of its outcome is criticizable. Scientific features are to be checked whether the treatments
are sufficiently scientific or not. Political features are checked whether or not the methodology is suffi-
ciently effective and efficient. In addition, the existence of an aspect of elegance and/or beauty in it is
also desirable.

2.1. Scientific features

From view point of science, since it is desirable that brightness is seen in the way of specifying con-
cepts and also in the logic used for constructing the system, it is more important that rigidity of defin-
ing quantities or concepts and consistency of the logic are sufficiently high.

To the author, adoption of the quantity, spatial density of energy absorbed or imparted, as the basic
quantity for dose, and specification of risk, in essence the target effect, are sources of irritation. The
validity of absorbed dose as a physical quantity is limited, since in general values of the quantity can-
not be definite as a function of point in the space-time coordinate as far as a product of interaction is
utilized in the definition. Moreover, for some problems such as internal exposure with hot-particles,
the current system of dosimetry exceeds the limit of its applicability. Traditionally in the field of RP,
risk is specified as a probability of incidence of undesirable or harmful effects, while in many other
fields, including nuclear safety, a mathematical expectation of the effects is used. The probability de-
pends strongly on the time of exposure and that of incidence.

In the ICRP system, a plural set of causal relations is used and hence plural set of doses and limits is
introduced. For instance, in Japan, three kinds of operational quantities, i.e. 1 cm, 3 mm and 0.07 mm
dose equivalent, are introduced and each is given separate limits. However, as can be easily understood
from Figure 1, where limits expressed in the form of particle fluence in the case of neutrons are curved
and compared, there exists a considerable prolixity. It is not only elegant but also unnecessary and even
harmful. The prolixity in the present system yields too great a degree of freedom, one for which evi-
dence can be found in the history of treatment of eye crystals against radiation hazards (Table 2 ).

Table 2. ICRP Strategy for Cataract Prevention

YEAR DOSE LIMIT

1934 Exposure Dose (Whole Body) ( 0.2 R/d) as a part of WB
1950 ditto (0.3 RAv) ditto
1954 ditto 0.3 R/w for Eye Crystals
1958 Dose Equivalent (Eye Crystals) 4 rem/13w (3 rem/13w for BFO & G)

with Special or Exceptional Quality Factor of 30 for with MPAD=5(N-18) for critical organs (=BFO,
High LET-Radiations Gonad, Eye Crystal)

1965 Dose Equivalent (Eye Crystals) 15 rem/year for Occupational Workers
with ordinary QF 1.5 rem/year for Members of General Public

1977 Dose Equivalence (Eye Crystals) 300 mSv/year for Occupational Workers
1980 ditto 150mSv/yearfor Occupational Workers
1983 ditto 50 mSv/year for Members of General Public1

1990 Equivalent Dose (Eye Crystals) 150 mSv / year for Occupational Workers2

'For members of general public, target organs for dose equivalent control were changed to only skin and eye crystals from
till-then-targets, all organs.

2No more special limit to eye crystals for members of general public

.Again from the point of view of science, a system where only specific types of exposure are consid-
ered is neither attractive or satisfying, since the effects of radiation on matter, including the human
body, do not depend on the type of radiation source nor the motivation of exposure. Inevitable expo-
sure to natural radiation and the existence of innumerable and unavoidable risk-sources reveal that
trying to make a unified criteria for dose- or risk-control is not desirable nor technically possible, ei-
ther.
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2.2. Political or Strategic features Figure 1. Neutron annual fluence limit

Most important to the system is the
philosophy of safety. The author thinks
that of ICRP is poor and even harmful.
As a logical consequence of the state-
ments describing the system1^, it can be
assumed that the ideal target of expo-
sure control or the amount of ,,safety
dose" is zero. This might be against the
expectation of ICRP, and the A L A R A
spirit emphasized by I C R P ^ has invited
misfortune. ICRP should rather declare
the amount of safety dose as a political
decision made in the name of commis-
sion.

1EH2

1EH1

1B-10

ilEKP

1EKB

1EKJ7

1E08

Natron EhereyfMV]

1E06 1E04- 1E02 1EKX) 1EKE
On the other hand, however , the author
considers ICRP should not attempt to
introduce and recommend universally
applicable controlling criteria for radiation dose and/or risk, since the targeted radiation exposure in the
ICRP system is only a part of the whole actual exposure, and countless risk-sources exist.
Enjoying the benefits of science, while at the same t ime ensuring our safety are both human rights. The
right to control personal risk which an individual can control by himself or herself should be given to
the individual, and right to control personal risk which an individual cannot control by himself or her-
self should be entrusted to society. Acceptable levels of dose to an individual or a society depends on
attitude, sensitivity to safety, economic conditions, value judgements , etc. of the individuals or the so-
ciety. In fact, the results of an investigation7^ show that levels of acceptable dose to individuals are
spread quite widely. The author considers that the criteria of safety or safety control is nothing but a
contract with the society. The controlling factors influencing the decision making vary with time and
place. Therefore it is neither desirable nor possible to set such a unified limit to risk with the intention
of inclusive control of all risk sources.

Moreover, it seems to the author that the ICRP's strategy or methodology of giving responsibility for
dose control of the people in the vicinity of or approaching a radiation source to the person in charge of
the source is n o w reaching the limit of its applicability. Both the number of radiation-utilizing facilities
and the largest magnitude in scale of those facilities at the forefront of science and technology have in-
creased so dramatically, that people are involved with various facilities simultaneously, and large-scale
facilities draw people from various fields. A given individual can be a radiation worker, a visitor en-
tering different radiation facilities and a member of the general public, depending on the circum-
stances. The length of the term with which ICRP describes the limits of doses is too long to apply to
visitors whose period of stay is usually much shorter, and further it is difficult to find any reasonable
explanation for the idea of providing two kinds of dose limit for the t ime being.

3. Proposals

3.1. Restoration of causality relation for radiation protection

A single relation of causation should be used for the purposes of RP. It is the author's proposal to take
the stochastic effect as the target one, as it is actually is in the present RP practice, and express it with
the quantity of risk defined as the expectation of loss in the residual life-span estimated with a standard

person'
5)

28 Session 1



IRPA Regional Symposium
Radiation Protection in Neighbouring Countries of Central Europe. Prague. 8-12 September 1997

As for the dose, a purely physical quantity should be chosen. However, it is preferable to separate the
treatment of external exposure control and that for internal. The author's proposal is to use particle flu-
ence as the dose for external exposure control and radioactivity for that of internal exposure control.
These two quantities are purely physically-based and their adoption would help greatly in strengthening
the foundations of the system for RP. Uncertainties involved in the evaluation of the related data and
compensation for unknown information or knowledge for political considerations can be made allow-
ance for in the weighting factors. Specific risk, namely the amount of risk per unit quantity of dose,
should be provided by ICRP as a recommendation. By taking the inverse of these specific doses as the
weighting factor, a special dose for RP can be defined. These would be known as the protection dose of
radiation and protection dose of activity. Protection dose is the expression of risk received by exposure
to radiation or the intake of radio-active substances.

In order to avoid the possible transient confusion, the weighting factor for the radiation protection dose
can be made with the minimum convolution of the presently used radiation weighting factors given by
ICRP'l Collection and evaluation of the related data and/or information and to provide a standard
compilation data of specific doses would be one of the roles which ICRP would carry out.

3.2. Controlling criteria for safety

As already stated above, the author believes ICRP would be better abandoning the idea of recom-
mending universally applicable criteria for radiation- or risk- control. The right to decide whether to
accept or refuse a risk bringing matter lies either the individual where risk control is an individual
matter or the society concerned where risk control is beyond an individual's power. The task of ICRP
is to provide a methodological scheme of decision-making and reliable data for estimating risks,
namely specific risk estimation.

3.3. Methodology of exposure control

The classification of people into two categories of radiation workers and members of the general public
has in practice proven problematical, requiring the strategy to be slightly modified. Since the concept
of controlled area and measures with this concept has been proven valid, the strategy of setting a con-
trolled area should be retained, and cover two kinds, Radiation Controlled Area and Activity Con-
trolled Area.

Although universal risk limits or dose limits are not necessary, conversely criteria for setting those for
the aforementioned areas and for access-control are needed. The values recommended by ICRP are to
be used for these purposes, while abandoning the dose limits for radiation workers and members of the
general public. Outside the controlled area, associated risk to people is to be controlled through space
or environment monitoring, ensuring that the possible associated risk is restrained within the level as-
signed by ICRP to the public.

It would be permissible for those having sufficient knowledge and skill in controlling individual risk to
enter, stay and to engage in radiation work of their own volition. Controlling criteria for dose or asso-
ciated risk is set by the individual themselves. Of course, the work of monitoring the individual dose
and risk would be that of radiation protectionist as has been the case. A licensing system would be in-
troduced, and licensed persons(LPs) would be designated using the old name of Radiation Worker.

The meaning and role of the present dose limit to radiation workers would be changed. It is the
author's idea to treat the old limit as a recommended criteria for access- and dose-controls for non-LPs.

Some of difficulties encountered in the practices in the present system, e.g. exposure controls of mi-
grating and/or short term radiation workers, can be removed by this modification.
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4. Conclusion

There is a room for the present system of radiation protection created and recommended by ICRP to
strengthen its scientific foundation and to widen its limit of applicability. Replacement of the plural
causation in the present system by a prudently specified single one with a unified effect suitable to RP
and with a single dose defined with a purely physical quantity is desirable.

Adoption of particle fluence as the basic quantity of dose and mathematical expectation of the loss in
the residual life span of a standard or reference person as the target effect is the author's the concrete
proposal.

It is recommended that ICRP should not recommend any dose limit or risk limit as the controlling cri-
terion of universal applicability, since the controlling criteria of safety is nothing but a contract with the
society. The state of the society and its constituents change with place and in time. For risk where con-
trol is possible by the individual concerned, the right of setting the criteria should be given to that per-
son, and for risk where control is the responsibility of a society, the right should be given to the soci-
ety. Provision of evaluated data of specific risk, namely risk estimation per unit amount of dose, which
needs scientific treatment of scientific material and political decision-making under highly-ranked
ability and authority, is considered the proper role and mission of the organization.

Additionally, in order to release persons legally responsible for radiation sources from the impractical
burden of dose or risk control, a change in strategy is proposed. Risk to the so-called radiation worker
is to be controlled by the workers themselves, where radiation workers are understood to be licensed
persons who are recognized as having the necessary knowledge and skills in radiation associated risk
control. The radiation associated risk to others is to be controlled by means of space and environment
monitoring as it is now.

I would like to conclude my speech by wishing the ICRP all the best as the Intelligent Crew for Rea-
sonable Protection. Thank you for your kind attention.
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1. Introduction

In radiation protection thermoluminescence dosemeters are frequently used to obtain the absorbed dose
of radiation. Using LiF:Mg,Ti information about the linear energy transfer LET or, on microdosimetric
scale, about the distribution of energy deposition can also be obtained in addition to the absorbed dose.
The high temperature ratio (HTR)-method was developed for determination of the absorbed dose and
the average LET of the complex mixed radiation fields in space (2, 3) and in aircrafts (4).

Because TL-dosemeters are very small and easy to handle investigations were performed to apply the
HTR-method also in the field of radiation biology and therapy (1). For a detailed correlation of the
LET-dependent TL-response (HTR) and the biological effectiveness irradiations of TLDs and human
lymphocytes (blood samples) were performed in a 62 MeV proton beam at the Paul Scherrer Institute,
Switzerland (5). As a physical parameter the high temperature ratio, as a gentoxic parameter the micro-
nuclei induction was used. Micronuclei are caused mainly by ionising radiation and can easily be de-
tected (6). In order to obtain the relative biological effectiveness RBE of the protons Co-60 irradiations
were performed for reference. The RBE was calculated in dependence of the absorbed dose and the
LET and correlated with the HTR.

2. Scientific Method

The HTR-method was developed to measure not only the absorbed dose but also the average LET in
mixed radiation fields in space. The method utilizes the thermoluminescence dosemeters LiF:Mg,Ti. In
standard dosimetry the integral over the glowcurve up to about 220°C (peak 5) is used to determine the
absorbed dose. Information about the LET of the radiation can be obtained by analysing the high tem-
perature peaks above 200°C. The intensity of these peaks increases with increasing LET or, on micro-
scopic scale, depends on the distribution of energy Figure 1. Glowcurves of TLD-700 irradiated
deposition. Figure 1 shows the glowcurves after irra-
diation of a stack of dosemeters in the unmodulated
proton beam. The increase of the LET is caused by the
different positions of the dosemeters in the stack. For
determination of the LET the integral of the high tem-
perature region (220-300°C) is used. For this purpose
the high temperature region of the glowcurves after
high-LET irradiation is compared with this observed
after Co-60 irradiation, using the same absorbed dose
(normalized on peak 5 maximum) (2).

Experiments have shown that the increase of the high
temperature peaks is also caused by increasing ab-
sorbed dose. This fact indicates that the HTR has to
be correlated with microdosimetric parameters be-
cause the LET is a dose independent parameter which
cannot describe the dose-dependence of the HTR. On 100 2oo 300
the other hand due to this dose- and LET-dependence Temperature [°C]
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of the HTR it can be assumed that the HTR can be correlated directly with biological effects caused by
ionising radiation.

3. Experimental

Irradiation of the blood samples were performed in a modulated and unmodulated 62 MeV proton
beam. While the irradiation in the unmodulated proton beam (Bragg peak) shows an increase of ab-
sorbed dose and LET with increasing absorber thickness, the modulation of the proton beam using a
degrader causes a constant absorbed dose over the range of modulation. Nevertheless biological and
physical investigations in the modulated proton beam have shown that the biological effectiveness in-
creases with increasing absorber thickness (1, 7). These different irradiation conditions were used for
irradiation of blood samples with different LET but same absorbed dose. In order to vary the LET, the
blood samples were irradiated in 10 mm (unmodulated proton beam) respectively 25 mm depth
(modulated proton beam) in a polyethylene absorber. These conditions allow a maximal variation of
the LET and irradiation with constant absorbed dose.

In order to obtain the dose dependence of the micronuclei induction for both positions irradiations were
performed in the dose range from 0.25 to 3 Gy. For determination of the dose and the LET TLDs were
attached in front and behind of the sample. A single chip calibration was performed for measurement
of the absorbed dose.

4. Results

The absorbed dose and the HTR determined by analysis of the TLDs using the HTR-method are given
in table 1 for both proton and Co-60 irradiations. The mean value of absorbed dose and HTR obtained
with the dosemeter in front and behind the blood sample gives the absorbed dose and HTR of the lym-
phocytes. The large deviation of the HTR of the irradiation in 25 mm depth is caused by the increase of
the LET from the dosemeter in front (20 mm) to the one behind (30 mm depth in tissue) the lympho-
cytes. This deviation therefore corresponds to the variation of the LET in the blood sample. Further-
more it can be seen that the HTR is not only LET- but also dose-dependent. With increasing absorbed
dose the HTR decreases. Since the LET is a dose-independent parameter a dose-averaged HTR has to
be used to determine the LET of the blood sample. The LET calculated using the average HTR is
1.64 ± 0.31 keV/um in 10 mm depth and 2.84 ± 0.51 keV/um in 25 mm depth.

Table 1. Absorbed dose and HTR of the blood samples, measured with TLDs attached in front and be-
hind the sample

proton irradiation
in 10 mm depth

absorbed dose
[Gy]

0.34 ±0.02
0.63 ± 0.02
0.92 ± 0.04
1.21 ±0.06
2.44 ± 0.03

HTR

1.28 ±0.04
1.23 ±0.03
1.22 ±0.04
1.21 ±0.02
1.17 ±0.02

proton irradiation
in 25 mm depth

absorbed dose
[Gy]

0.31 ±0.02
0.57 ± 0.06
0.86 ± 0.08
1.14 ±0.08
2.19 ±0.14

HTR

1.74 ±0.23
1.67 ±0.16
1.62 ±0.13
1.60 ±0.14
1.48 ±0.16

Co-60

absorbed dose
[Gy]

0.26 ± 0.003
0.52 ±0.01
0.69 ± 0.006
0.94 ±0.01
1.85 ±0.05

For determination of the micronucleus rate caused by radiation the spontaneous micronucleus induc-
tion of an unirradiated sample was subtracted. The relative biological effectiveness RBE is defined as
the biological effect after test irradiation compared with the same effect after reference irradiation
caused by the same absorbed dose. Because of the LET-dependence of the micronucleus rate the RBE
is not constant over absorbed dose but decreases with increasing dose. As the same dose-dependent
behaviour was determined for the parameter HTR a direct correlation of the RBE and the HTR is pos-
sible. Figure 2 and 3 show the excellent correlation for both proton irradiations.
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Figure 2. Correlation of the relative biological
effectiveness of 1.6 keV/^m protons and
the HTR

Figure 3. Correlation of the relative biological
effectiveness of 2.8 keV/um protons and
the HTR
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5. Discussion

The relative biological effectiveness of the 62 MeV protons is in good agreement with measurements
of J. Gueulette et al (8) and S. Matsubara et al (7). Both determined the same dose-dependent behav-
iour of the relative biological effectiveness although different biological endpoints were analysed.
Nevertheless the biological results show that the deviations are very large due to different individual
sensitivities, slight changes in the sample preparation and the analysing methods of different laborato-
ries. Therefore a physical system which allows the determination of the relative biological effective-
ness with greater accuracy would be of great interest.

The results obtained with the HTR method show an excellent agreement with the biological investiga-
tions of the micronucleus induction. The correlation of the RBE and the HTR is assumed to be due to
similar mechanism which are responsible for the occurrence of the biological effect as well as for the
LET- and dose-dependence of the TL-emission. This indicates that the HTR-method can not only be
used for determination of the LET of radiation fields but also for direct correlation with the RBE. Mi-
crodosimetric investigations are necessary for description of these parameters.
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BIOLOGICAL EFFECTS OF LOW DOSES OF IONISING RADIATION
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1. Introduction

During the evolution the organisms have developed several mechanisms that protect them from the
damage caused by environmental or internal agents. Exposure of cells to adverse conditions invokes a
genetically programmed series of events that involves the induction of a large number of genes. At
least some of these genes are likely to function in a protective or reparative capacity (1). The conse-
quence of this process is the increased survival of damaged cells, that may be accompanied by non-
specific alterations induced in these cells.

In last 10-15 years a specific cell-response was discovered, so called adaptive response. It occurs after
cell exposure to low, non-lethal dose of genotoxic agent. If exposed to higher dose of the same agent
used in the pretreatment, the cells will better survive the subsequent challenge. This type of cell-
response was first observed for alkylating drugs (2). Later it was found also for oxidising agents, hy-
perthermia and ionising radiation. In it, special genes are induced whose products will repair specific
lesions. So, in adaptive response to radiation, the cells exposed to very low doses of radiation become
resistant to second, higher dose of irradiation (3), most probable due to induction of poly(ADP-ribose)
polymerase (4).

The aim of our study was to examine, whether the progeny of cells that were irradiated with repeated
low doses of gamma rays will change their sensitivity to cytotoxic agents. For this purpose we devel-
oped four mammalian cell lines. Two (human cervical carcinoma HeLa and Chinese hamster V79
cells) were obtained after a high total accumulated dose of gamma rays ( 5, 6,) and the other two
(human cervical carcinoma and human normal Hef cells) after a low total accumulated dose of gamma
rays (7, 8).

2. Results and discussion

High total accumulated dose of gamma rays

The details about the irradiation schedule for human cervical carcinoma Hela cells and Chinese ham-
ster V79 cells are given in Table 1. The dose per fraction was very low, and the time interval between
the doses long enough to allow the majority of lesions induced in DNA by irradiation to be repaired.

After the cells had accumulated a high total dose of gamma rays, their sensitivity to several cytostat-
ics (which exhibit their cytostatic activity through different molecular mechanisms) was examined. As
shown in Table 2, both preirradiated cell sublines become resistant to vincristine, but did not change
their sensitivity to physical agents ( gamma rays or UV light). However, while Helal 500 cells became
resistant also to cisplatin and methotrexate, VI800 cells became sensitive to these drugs.

Table 1. Schedule of irradiation for human cervical carcinoma cells and Chinese hamster cells

Cells Human cervical carcinoma HeLa cells' Chinese hamster V79 cells2

_____

0.3 Gy
60
4.33 Gy/min
V1800

'From reference 5,2from reference 6

Total dose
Dose per fraction
Number of fractions
Dose rate
Subline

15 Gy
0.5 Gy
30
4.33 Gy/min
HeLal500
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Table 2. Sensitivity of human HeLal500 and V1800 cells to different cytostatics

Cytostatics
Gamma rays
Ultraviolet light
Cisplatin
Vincristine
Methotrexate
Hydroxyurea
Mitomycin C
MNNG

HeLal500' Cells

R
R
R
S
N.D.
N.D.

V180(T Cells

00
 II

 
II

R
R
N.D.
N.D.
R

'From references 5 and 9, 2from references 6, 9, 10 and 11
Sensitivity compared to parental cells: = equal, R=resistant, S= sensitive, N. D. = not done

The possibility that a sensitive part of the cell population was killed during the irradiation schedule,
and caused altered cell-response to drugs was unlikely. Namely, Helal500 cells were resistant to cis-
platin even 30 days after the last dose of gamma rays (5). Directly, parasynchronisation of the cells was
rejected on the basis of flow cytometric analysis (12).

Several molecular mechanisms may contribute to drug resistance: decreased drug uptake, increased
drug efflux mediated by P-glycoprotein , increased intracellular detoxification, amplification of the
genes for the key enzymes involved in drug metabolism, alteration in nuclear topoisomerase enzyme
activities, enhanced repair and/or tolerance of lesions in DNA, altered expression of oncogenes and
tumor supressor genes, inhibited apoptosis (13-23). We examined, whether some of the mentioned
mechanisms are involved in altered response of preirradiated cells to cytostatics. As shown in Table 3,
in both, HeLal500 and VI800 cells the activity of plasma membrane P-glycoprotein was increased (12,
24), suggesting that reduced intracellular accumulation of the drugs (like vincristine) can be the cause
of drug-resistance. Further, in both cell lines increased levels of protective molecules, metallothioneins
were determined (12, 24). In VI800 cells increased level of glutathione and enhanced activity ofc-myc
oncogene were detected. In these cells, however, no adaptive response to ionising radiation was found
(12). In HeLal500 cells the apoptosis was inhibited (25). To our knowledge, it is the first time that the
inhibition of apoptosis was observed as a consequence of cell exposure to low repeated doses of ion-
ising radiation.

Table 3. Molecular alterations induced in HeLal500 and V1800 cells

Mechanisms HeLal 500'Cells V18002 Cells

P-glycoprotein increased activity increased activity
Glutathione (GSH) not involved increased level
Glutatione-S not involved not done
transferase
Metallothioneins increased level increased level
c-myc no change increased expression
c-Ki-ras no change not done
Apoptosis inhibited not done

'From references 24-26,2from reference 12

Low total accumulated dose of gamma rays

It was interesting to see whether similar alterations will occur after much lower total accumulated
doses of gamma rays. With this purpose, human cervical carcinoma HeLa and normal human lung HEf
fibroblasts were irradiated with total dose of 1.7 Gy divided in 10 fractions ( Table 4.).

The sensitivity of these cells to different cytostatics was examined and the results are given in Table 5.
From six examined drugs, both cell lines became resistant to vincristine and vinblastine, but did not
change their sensitivity to others. These data suggest that even low repeated doses of gamma rays may
induce altered cell-response to cytostatics.
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Several molecular mechanisms involved in resistance of HeLalO and HEflO cells were analysed.
Again, increased activity of plasma membrane P-glycoprotein was observed (HeLalO cells), with no
change in the expression of c-myc, c-Ki-ras orp53 genes ( HEflO cells).

Table 4. Schedule of irradiation for human cervical carcinoma cells and normal lung fibroblasts

Cells Human cervical carcinoma HeLa cells1 Normal lung fibroblasts HEf2

: TTGy
0.17 Gy
10
1.14 Gy/min

J HEflO
'From reference 7,2from reference 8

Table 5. Sensitivity of human HeLalO and HEflO cells to different cytostatics

Total dose
Dose per fraction
Number of fractions
Dose rate
Subline

1.7 Gy
0.17 Gy
10
1.14 Gy/min
HeLalO

Cytostatics ~ ~ ~ HeLaTo^Tells ~ HEflO2 Cells - —
Cisplatin = =
Mitomycin C = =
Vincristine R R
Vinblastine R R
Doxorubicin = =
5-fIuorouracil = = _ _ _ _ _ _ _ _ _ ™ _ m _ _ _

'From reference 7,2from reference 8
Sensitivity compared to parental cells: = equal, R=resistant, S= sensitive

During 10 years period of our investigation, several papers have been published, dealing with the same
subjects, that is the biological consequences of repeated irradiations. In an excellent review paper of
B.T. Hill these data were collected and analyses (27). In this, as well as in some other, later published
papers (28-30) similar observations were made, namely, that preirradiated cells may change their sen-
sitivity to other drugs. Also, several molecular mechanisms involved in this phenomenon were de-
tected. However, it must be pointed out that in mentioned studies much higher dose per fraction were
used (1.5 up to 10 Gy), that can significantly influence the final biological consequence.

Table 6. Molecular alterations induced in HelalO and HEflO cells

Mechanisms HeLalO1 Cells HEflO2 Cells

P-glycoprotein increased activity not done
c-myc not done no change
c-Ki-ras not done no change
p53 not done no change
From reference 7 , 2from reference 8

3. Conclusions

1. Progeny of cells irradiated with low repeated doses of gamma rays do not change their sensitivity to
gamma rays.

2. Progeny of cells irradiated with low repeated doses of gamma rays could change their sensitivity to
different cytostatics.

3. Cell response to cytostatic will depend on the irradiated cell line, as well as on the type of the drug.

4. Some of the possible molecular mechanisms involved in the drug-resistance that occurred due to ir-
radiation were analysed.

5. Different protective molecular mechanisms are induced in preirradiated cells.

6. First of them is the increased in the activity of plasma membrane P-glycoprotein.
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The mathematical models for dose-response considering non-monotone character of this dose-response
relationship are taking wide application in radiation biology, medicine, toxicology and epidemiology
[1-3]. In particular, the research of such stochastic effects under low levels exposure as carcinogenic
risk has led to the appearance of the so called special term «optimal carcinogenic dose»[4].

Unfortunately, the main shortcoming of the suggested models is their formal character. For instance,
dose-frequency of cancer relationship is generally described within linear-quadratic model including
the exponential multiplier:

P = (aD + bD2) exp f-(cD + dD2)] (1)

where P is the frequency (the absolute risk); D is the dose; a, b, c, d are the empirical parameters.

It is sure possible to describe different non-monotone dose-response relationships by means of this
four-parameter model, but the profound interpretation of empirical parameters included to the correla-
tion is still unsolved. It should be mentioned, that the recent Beninson's work has become the pleasant
exception because Beninson made an attempt to pithily interpret the three-parameter model of the same
type for the epidemiological research [3].

Earlier in 1951 the professor P.V.Terentev, who's the specialist in biometry, formulated the rule of op-
tima [5] on the base of extensive zoological material: «The reaction sign's change while crossing
through optimal zone is the universal biological regularity, covering physiological, taxonometrical
and biogeographic phenomena)). He suggested the equation to be an approximate correlation of his
rule:

x
V = 7

a + bx + cxJ+... (2)
where a, b, c are the empirical parameters, x is the influence, y is the response (the reaction) of the
biosystem.

While looking at the correlation (2) and comparing it with the correlation (1) one can see that the
problem of biological interpretation of parameters a, b, c... is unsolved too. However the value of the
rule of optima, formulated by P.V.Terentev, is doubtless.

It is offered to take the dose-response relationship with alternative change of sign based on the Ver-
hulst's equation [6] as the new model including the rule of optima and having biological basis.

The corresponding differential equations system with initial conditions is following:

NQ for D<D* (3)

N* for D>D* (4)

where N is the number of population's cells (individual) exposed to dose D; N is the derivative ofN;
No and N* are the numbers of cells when D = 0 and D = D* correspondingly; D* is the optimal dose
of system sign's change; /?/, fo, Yu 72 are the so called coefficients of reproduction and inhibition in-
cluded in systems (3), (4).
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After integration of the equations included in system we get the solution, taking into account the initial
conditions:

N =

where Ni = J3i/ yi\

N,
for D<D* (5)

N.

l-{l-NjN*)-exp(-j32[D-D*
for D>D* (6)

where N2 = /32/ y2.

Thus one can see from the equations (5) and (6) that logistic function is the solution of equation (3)
until D < D* and when D = D* the system changes the sign to the opposite and the inverse logistic
function is the solution of equation (4) when D^D*. The quantities Nj and N2 show the co-called
«capacity» of the biosystems [6,7] for each function correspondingly.

On the fig.l the dose-response relationships (5) and (6) are shown. One can see from the fig. 1, that
when D > D* not only the system's sign changes, but the system's dynamic character changes too. On
the fig.2 the dose-response relationships (5) and (6) are shown in the logarithmic coordinates of rela-
tive risk: Yj for (5) and Y2 for (6). In these coordinates the dose-response relationships become the
straight lines and the quantities D* and N* may be easily determined. It should be emphasized that the
rating of curve's parameters at all by the method of least squares on the base of just experimental data
is the complex multiparameter task.

Fig.l. Dose-response relationships is shown in the coordinates N - D
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In conclusion it should be mentioned that the considered mathematical model is suitable not only for
calculation stochastic effects under low level exposure. For instance, in the recent work of E.G.
Tyrsina with co-authors [8] it is shown that after the fibroblast population of Djungarion hamster had
been exposed to high doses of radiation the high-resistant fraction was obtained, which was responsible
for the process of cell's re-population after increasing the dose exposure. These observations prove the
necessity of using the model with alternative change of sign and also explain the well-known phe-
nomenon of the renewal of the cancer growth with the dose exposure increase.
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Fig.2. Dose-response relationship is shown in the logarithmic coordinates YI - D and Y2 - D, where:

Y, = In [(N/Nj) /(I - N/N,)] Y2 = lnfl- (N2/N)]
Y,° = In [(N/No) /(1 - N/No)] Y2° = ln[l- (N2/N*)J)

y 2

t g a . 2
0

y 2

*

D D

Thus side by side with the high attention of radiobiologists to the effects of low level exposure, the
threshold theory and hormesis the responses under high doses may become interesting object for re-
search actually.
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INCONSISTENCIES IN THE NEW ICRP MODEL FOR THORIUM

P. Roth and E. Werner

GSF - National Research Center for Environment and Health, Institute of Radiation Protection, D-85764
Neuherberg, Germany

1. Introduction CZ9928444

Thorium is a primordial element which is ubiquitous in the earth's crust. All isotopes of Th are radio-
active, some of them with very long physical half lives and consequently very low specific activities

232.
(e.g. Th; 4.1 kBq/g). Due to its physical characteristics and its metabolic behaviour after incorpora-
tion, Th must be considered as one of the radionuclides with very high radiotoxicity, which is re-
flected in the very low annual limits of intake (ALIs).

The International Commission on Radiological Protection (ICRP) has recently published new dose co-
efficients for the intake of thorium isotopes [1,2]. These calculations are based on a revised biokinetic
model for thorium [1]. Fig.l shows the retention of thorium in the major body compartments after a
single uptake to blood (injection). The calculations were performed with the set of transfer rates for
adults. In Fig.2, the accumulation of 232Th under chronic uptake is shown, assuming an intake of
3.6 mBq/day and a fi - value of 5 x 10"4 as recommended, thus resulting in a daily uptake to blood of
1.8 uBq.

This new biokinetic model, however, is for 232Th not consistent with our current knowledge and recent
data on uptake and excretion of this nuclide.

Figure 1. Retention of thorium after single uptake to blood (injection); calculations according to the
ICRP biokinetic model for adults [1]
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2. Current knowledge of Th intake and excretion

- The average daily intake of 232Th for occupationally not exposed subjects is of the order of
3.6 mBq/day [3].

- Urinary excretion of 232Th as assessed in 55 non-exposed subjects by means of ICP-MS [4] revealed
47 ± 26 uBq/day [5,6]. This confirms previous results as obtained by neutron activation analysis
[7]-
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Figure 2. Calculation of accumulation of 232Th for adults under chronic intake applying the ICRP bioki-
netic model [1]; uptake to blood = 1.8 uBq/day, corresponding to a daily intake of 3.6 mBq/day
and an fi - value of 5 x 10"4

10 100 1000 10000

Time after start of chronic Intake (days)

3. Discrepancies in ICRP-model for thorium

According to the new ICRP biokinetic model for Th, a urinary excretion of 47 uBq 232Th/day (as ob-
served) would correspond to a chronic uptake to blood of approximately 200 uBq/day for a period of
10,000 days. Applying the recommended fi - value of 5 x 10"4 [1] this would in turn correspond to a
daily 232Th intake of 400 mBq, which is more than a factor of 100 higher than the current estimate of
3.6 mBq/day [3].

Vice Versa

Assuming realistic intake values of 3.6 mBq 232Th/day would result in urinary excretion rates that are
far lower than the observed value of 47 uBq/day. Fig. 3 shows, that urinary excretion under this condi-
tions would be less than 0.5 uBq/d after 10,000 days, which again is a factor of 100 lower than the ob-
served values.

Or

An fi - value of 6 x 10"2 instead of the recommended value of 5 x 10"4 would have to be assumed for
consistency with the new biokinetic model.

Figure 3. Calculation of excretion rates of 232Th for adults under chronic intake applying the ICRP
biokinetic model [1]; uptake to blood = 1.8 uJBq/day, corresponding to a daily intake of 3.6
mBq/day and an fi - value of 5 x 10"4
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4. Conclusions

The currently recommended biokinetic model for Th shows severe inconsistencies. Since this model is
the basis for the calculation of dose coefficients and consequently for secondary derived limits, it ap-
pears highly desirable to validate the model parameters, particularly the fi - value. Recent advances in
the analytical techniques allows to do this with acceptable effort.
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DOSE MEAN VALUES OF ENERGY DEPOSITION IN TISSUE MATERIAL
FOR FAST NEUTRONS

A.Taymaz1,1. Kanat1 and A. Tutay2 CZ9928445

'Physics Division, Science Faculty, Vezneciler Campus, Istanbul University, 34459 Istanbu, Turkey
2Bereich Schwerionenphysik, Hahn Meitener Institut Berlin, Posfach 39012, D-14091 Berlin, Germany

1. Introduction

The initial spatial distribution of energy deposition by high linear energy transfer ( LET ) charged par-
ticles plays an important role in determining the radiation damage to biological system. In this regard,
the secondary electrons and ions produced by fast neutrons are detrimental in evaluation of the radio-
biological effectiveness ( RBE ) at subcellular level of a biological system. Therefore, it is necessary to
describe as completely as possible the particle's track structure distribution in a given target site.

The frequency mean yF and yD dose mean are well established quantities in microdosimetry, and they
have proved to be related to RBE. The parameters yF and yD are determined by integrating over cal-
culated or measured f(y) and d(y) distributions.

yF = )yf(y)dy 0)
0

(2)
o

When an energetic neutron crosses a human body, it creates secondary charged particles by atomic
and/or nuclear interactions. The energy of these particles is absorbed in the organ along their track
through tissue target. Depending on their energy and herewith on their range, they deposit the energy in
a proximity of the particle's track. In principle it is possible to calculate the full chain of the energy
deposition processes of an individual particle through the surface down to a particular position of the
phantom.

In this investigation, our aim is two fold. Firstly to derive frequency mean yF and dose mean yD. Sec-
ondly to calculate the quality factors Q and dose equivalent H for the target sizes above.

2 . Computational track structure

The absence of an analytical solution for the above system leads us to choose a Monte Carlo simulation
model and takes us exclusively to a numerical algorithm. The Monte Carlo program, we have used to
simulate the spatial pattern of energy transfer events within particle tracks was developed by Caswell
and Coyne [1]. This method is suitable for small biological target sizes of nanometric region, where no
experimental data exist or sufficient for f(y) distribution.

3. Radiation protection quantities

The ICRU 40 report [2] recommends the following equation for the quality factor as a function of y;

*„ 00 =5510- (3)

and the quality factor [3] for neutron energies 1 MeV to 20 MeV is then given by
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Q=\d(y,EH)q(y)dy

The total dose equivalent is then determined according to

H = QD

4. Results and conclusions

(4)

(5)

- 15.5 MeV
+ 4.7 MeV
, 3.7 MeV
. 2.5 MeV

The calculations of microdosimetric parameters of interest were performed for ICRU [3] tissue site
sizes of 10, 40, 100 nm and the energy range up to 20 MeV neutrons. Figures 1, 4 present the calcu-
lated microdosimetric quantities for energies 2.5, 3.7, 4.7 and 15.5 MeV neutrons respectively. In this
energy range the predominating type of neutron interaction with the medium changes; whereas the
elastic scattering is the main interaction type for 2.5, 4.7, 15.5 and 19.9 MeV neutrons. These three en-
ergies are therefore representative for an explanation of the role elastic and inelastic collisions in
shaping a microdosimetric event distribution ( see Figure 1.). The y spectra of Figure 1. for one mi-
crometer site diameter show the usual broaden-
ing and with an increase in energy of the proton F i g u r e L Microdosimetric dose distributions in 100
peak. With decreasing site diameter the probabil- n m s i t e s i z e f o r 2 ' 5 ' 3"7' 4J a n d 1 5 S M e V

f . ° / ... neutrons
lty increases and those secondary electrons will
not be totally stopped in the site: the relative
number of crossers increases and the peak in the
distribution is shifted to the left. Mean quality
factors Q were obtained by integrating the
weighted distribution q(y)d(y), where q{y) ap-
proximates the quality factor (2\A») defined in
ICRP 21 [4] and ICRP 60 [5]. Figure 2. gives the
variation of yF and yD with neutron energies
from 1.15 MeV to 20 MeV. At 15.1 MeV neutron
energy, proton ranges are long compared to all
three site sizes, an alpha particle and heavy recoil
nuclei of C, N and O play also a larger role. The
values, in CSDA, are 11.2 keV/um for unsatu-
rated yF and 11.7 keV/um for saturated yF . The
values for yD, in CSDA, saturated and unsatu-
rated are 108.5 keV/jim and 132.8 keV/um respectively. The values of yD around 3.7 and 4 MeV are
quite high with respect to experimental ones [6] and maximum of yD for 1 um is about 120 keV/u.m at

3.7 MeV neutron energy, which also contradicts the earlier findings [6] as can be seen in Figure 2. Per-
haps, there is a question of very sharp resonance in the cross section around 3.7 and 4 MeV, which
should further investigate. Over 5 MeV neutron energies, yD show a slow increase as a function of
neutron energy. An improved description of the energy deposition processes would account for energy
loss by straggling of the incident ion and transport of energy into and out of the site by secondary
electrons. These refinements become especially important for small site dimensions and high energetic
ions. Spectral presentation of quality factor Q and dose equivalent H, as a function of neutron energy
are shown in Figures 3. and 4. respectively. The calculated results of quality factor Q and dose
equivalent H differ as much as of from 0.2 to 25 % for a given set of Q values by the ICRP reports
as seen in the preceding Figures. One should note, in these calculations only is crossers considered,
straggling and passers are not included.
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Figure 2. yD and Rvalues plotted against neutron energy for 40 nm site size
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Figure 3. Quality Factor calculated as a function of neutron energy for the ICRP 21 and ICRP 60 data
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Figure 4. Dose equivalent values plotted against neutron energy using ICRP 21 and ICRP 60 Q data
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RADIONUCLIDE TRANSFER FROM MOTHER TO EMBRYO
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1. Introduction C29928446

The transfer of radionuclides from mother to the embryo is still a matter of high interest for the radio-
logical protection, as the kinetics of the transfer is not yet fully described. The content of the embryo
depends on the radioactive content of the mother, which is given mainly by the dietary intake. A clear
dependence between the amount of radionuclides in the embryo and the dietary intake of the mother,
taking into account all the other data (age, weight and height of the mother, age of the embryo or foe-
tus), would be of great help in determining the doses received in utero to the transfer of the radionu-
clides ingested by the mother.

The present paper presents some results concerning these dependencies, for two particular cases: a re-
current intake of variable amount of radionuclides, and a recurrent intake of relatively constant
amounts of radionuclides.

2. Materials and method
1 "3*7 79 f\

Cs content in the embryos was determined during April 1986 - September 1989, while the Ra and
210Po content was determined for embryos prelevated in 1995. To obtain the data for 137Cs we have
prelevated 96 human embryos from different hospitals in Bucharest, where the mother were having the
abortion. The embryos prelevated for natural radionuclides determination were taken from Bucharest
hospitals, but also from hospitals situated in an uranium mining area. At the moment of prelevation,
the embryos were aged between 5 and 11 weeks. After the prelevation, Cs, Ra and Po were ra-
diochemicaly separated, then measured using low-level, high efficiency beta (for 137Cs), respectively
alpha (for 226Ra and 210Po) systems.
3. Results and discussion

We had taken into account two cases: a prolonged intake in the mother, with variable amounts of radi-
onuclides (the case of 137Cs, in the present paper), and a recurrent, constant intake of radionuclides in
the mother (the case of natural radionuclides).
137Cs content in the embryos was studied soon after the Chernobyl accident. During April 1986 - Sep-
tember 1989 we have determined the caesium content in 96 human embryos, aged between 5 and 11
weeks at the moment of prelevation. Al the subject mothers were living in Bucharest, and were aged
between 17 and 44 years at the moment of the abortion. At the moment of the abortion, we took for
every mother the data concerning their age, weight and height.

Within the period of study, 137Cs content in the embryos increased from an average of
97.3 mBq/g.tissue in 1986 to an average of 137.9 mBq/g.tissue in 1987, then it decreased to
10.3 mBq/g.tissue in 1988. In 1989, the caesium content in the embryos was very small, in many cases
bellow the minimum detectable activity. If we consider the average caesium content as a reference
value for a certain year, than we can divide the embryos in two groups: a "group with high caesium
content" and a "group with low caesium content". Table 1 summarizes the age distribution of high and
low caesium content embryos, for every year.
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Table 1. Age distribution of caesium content in embryos

Year

1986

1987

1988

Caesium content of
the embryos

(mBq/g.tissue)
>97.3
<97.3
> 137.9
< 137.9
> 10.3
< 10.3

Percentage of the total number of embryos, as a function of age
(in weeks)

5
-

50%
50%

6
45.45%
54.55%

25%
75%
50%
50%

7
56.25%
43.75%
83.3%
16.7%

66.66%
33.34%

8
60%
40%
50%
50%

66.66%
33.34%

9
0

100%
100%

0
33.34%
66.66%

10
66.66%
33.34%
100%

0
100%

0

11
100%

0
-
-
-
-

As it can be seen, the data points out towards an increase of caesium content with the age of the em-
bryo. However, this dependence tends to be more obvious at higher caesium contents (in 1988, for in-
stance), than for lower caesium content (in 1988). In previous paper [1], we have shown also that the
137Cs content of the embryos depends on the intake of the mother, the dependence being logarithmic,
according to the data available until now (Fig. 1). We could not find any correlation between the
amount of I37Cs in the embryo and the age, weight and height of the mother. Further data will clarify if
there is any dependence of this kind, and the actual type of dependence between the intake of the
mother and the amount transmitted to the embryo.

Fig. 1. Plot of the amount of Cs in the embryo as a function of mother dietary intake

0 50 • 100

Cs-137 intake of the mother (Bq/dayj

The transfer from mother to embryo, when the mother is subjected to a recurrent intake of constant
amounts of radionuclides has been studied only for the case of natural radionuclides. The nuclides se-
lected for this study were 226Ra and 210Po, both due to their high radiotoxicity and to their relative con-
stant concentration in the aliments forming the population diet. (A survey of the environmental factors
in the areas of interest led us to the conclusion that the variation of 226Ra and 210Po concentrations in
different foods is no higher than 20% [2]). The embryos, as well as the dietary samples were prele-
vated directly from the hospitals were the mothers were having the abortion.

We have determined the 226Ra content in 23 embryos, prelevated during February 1995 - June 1995.
All of those embryos were aged between 6 and 7 weeks, and the amount of 226Ra ranged between 0.3
and 2.22 mBq/g.tissue. The distribution of embryos with higher and lower amounts of radium was
quite random, as it can be seen from Fig. 2. We could not find any correlation neither between the age
of the embryo and their 226Ra content, nor between the physical data of the mother (age, weight,
height) and the radium content of the embryo. The lack of dependence between the age of the embryo
and its radium content may be due to the low radium intake of the mother (and average of
74.74 ± 14.5 mBq/day)
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Fig. 2. Percentage distribution of high and low
226-Ra content in embryos

Fig. 3. Percentage distribution of high and low
210Po content in embryos
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Po-210 content in human embryos (mBq/g.tlssua)

210Po content was determined in 10 embryos, prelevated in March 1995, and it ranged between 0.09
and 3.74 mBq/g.tissue, as it can be seen in Fig.3. The embryos were aged between 5 and 9 weeks, and
we could not find any correlation between their age and their polonium content and the same can be

210Tsaid about the correlation between the physical data of the mother (age, weight, height) and the Po
content of the embryo. The amount of 2I0Po ingested was approximately for all mothers
(52.91 ± 13.86 mBq/day).

In both the cases of 226Ra and 210Po, a lower dietary intake was leading to a lower amount of radionu-
clides in the embryo. Therefore, it seems right to assume that, in this case too, the radionuclide content
of the embryo increases with the dietary intake.

The experiments will continue, in order to obtain sufficient data to allow us to correlate the radioactive
content of the embryo with the age, weight and height of the mother, for the same level of intake.

4. Conclusions

In the case of a recurrent intake of variable amounts of radionuclides ( Cs), the amount of radionu-
clides present in the embryo increases with the age of the embryo and with the intake of the mother.

In the case of a prolonged intake of constant amounts of radionuclides we could not find any correla-
tion between the age of the embryo and its radioactive content, but the correlation between the intake
of the mother and the radionuclide content of the embryo remains.
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RADIATION FACTORS AND SMOKING INTERACTION AT LUNG CANCER
INCIDENCE FOR WORKERS AT A NUCLEAR ENTERPRISE
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1. Introduction CZ9928447

Malignant tumours have a polyetiological and multistage development, which makes it important to
assess the contribution of the different factors and of their interaction. On the one hand, the assessment
is necessary for developing more precise models and morbidity prognosis, and on the other it could be
helpful for the analysis of the carcinogenic mechanism.

The literary data about the factor interaction are numerous but contradictory. It was informed about ad-
ditive, multiplicative and even antagonistic character of radiation factors and smoking interaction.

Earlier we have described lung cancer cases of workers at a nuclear enterprise [1] and assessed dose-
effects for three main etiologic factors: body-burden of 239Pu, chronic external gamma-irradiation and
smoking [2]. Each factor was assessed separately (adjusted to the two others).

In this article the interaction of the factors is assessed, which should reflect the real relationships be-
tween etiologic factors and lung cancer morbidity. In addition, possible mechanisms of this interaction
are analyzed on the basis of a two-mutation model of irradiation carcinogenesis [3].

2. Subjects and methods

The work was done on the basis of the results of retrospective (case-control) investigation of 500
workers at a nuclear enterprise (162 cases of lung cancer, verified by morphological investigation, 338
persons as matching control). Matching was made by sex, age, time and place of work. The levels of ir-
radiation influence and smoking were very different: chronic external gamma-irradiation from 0 up to
10 Gy, body-burden of 239Pu from 0 up to 141 kBq, SI (product of smoking duration in years and num-
ber of cigarettes per day) from 0 up to 2000.

Statistical analysis. Crude adds ratio (OR) was calculated for four groups with different combination
of levels (low, high) of two investigated factors. The character of the interaction was estimated on the
basis of the comparison of the OR of three groups that had: 1) a significant level of one factor only, 2)
a significant level of the other factor only, 3) a significant level of both factors. In that case estimation
criteria were following:

additivity of two factors A and B ORAB = ORA + ORB - 1
multiplicativity of two factors A and B O R A B - ORA ORB

antagonism of two factors A and B ORAB < ORA + ORB -1

3. Results

Higher levels external y - irradiation (>2.0 Gy) and 239Pu body burden (>9.3 kBq) show a certain influ-
ence of the 239Pu body-burden and not show an influence of the external gamma-irradiation only, but
the common effect of two factors was certain and had multiplicative character (Table 1).

During the estimation of smoking interaction with each of the radiation factors we noticed that the
character of their interaction could be different for different parts of the smoking scale (SI 200 up to
2000). That is why the assessment of the interaction between the radiation factors and smoking was
made for different levels of smoking. Table 2 shows the results of the interaction between external
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gamma-irradiation and smoking. Additivity was noted at levels >2 Gy and SI=201 to 500; multiplica-
tivity at >2 Gy and SI= 501 to 800; the effect was less than additive (antagonistic) at > 2 Gy and
SI=801to2000.

Table 1. Interaction between external y - irradiation and 239Pu incorporation in connection with lung
cancer incidence

Factors OR Joint effect

1. High level 3 Pu incorporation
239Pu (9.4 -141 kBq) 3.3

y-irradiation (1.0-9.3 GY) 1.2 OR 6.9
Multiplicativity

OR < 1.3 is insignificant

Table 2. Interaction between external y - irradiation and smoking in connection with lung cancer inci-
dence

Factors

1. Low level of smoking
Smoking (201-500 SI)

y - irradiation (2.0-9.9 Gy)

2. Middle level of smoking
Smoking (501 - 800 SI)

y - irradiation (2.0-9.9 Gy)

3. High level of smoking
Smoking (801 - 2000 SI)

Y - irradiation (2.0-9.9 Gy)

OR

3.1
2.7

4.2
2.7

5.7
2.7

Joint effect

OR 5.0
Additivity

OR 12.4
Multiplicativity

OR 5.1
<Additivity

The combined influence of 239Pu body burden (>9.3 kBq) and increasing effect of smoking changed
from additive up to multiplicative and then up to antogonistic, too.

Considering the obtained results, we must take into account the time-dependent distribution of rates
and accumulated doses of investigated factors because all of them are protracted.

4. Discussion

We have attempted to analyze the data by the use of the two-mutation model of radiation carcinogene-
sis by Leenthouts and Chadwick [3]. The basic theory of the model is that two mutations are necessary
for the transformation of a normal stem cell through an intermediate stage (the first mutation) into a
malignant cell (the second mutation), which then develops into a tumor.

The model considers the following possibilities: 1) any kind of ionizing radiation could act as mutation
agent for the first and the second mutation, 2) ionizing radiation causes one mutation and the second
could be caused by any other agent (physical, chemical, smoking) which means it could be spontane-
ous.

Using this model we must bear in mind that the influence of two different factors at the same stage of
carcinogenesis (whether it is the first or the second stage) will be summed up as additive, whereas two
individual factors influencing the process of carcinogenesis at different stages carcinogenesis will be
revealed in form of a superadditive or a multiplicative effect. The influence of two factors to decrease
the effect is also possible. That is antagonistic (or less than additive).

It follows from the received data that the superadditive or multiplicative effect and consequently the in-
fluence at different stages of carcinogenesis was observed in the following pairs: 1) external gamma-
irradiation and the body-burden of 239Pu, 2) external gamma-irradiation and medium level of smoking,
3) body-burden of 239Pu and medium effect of smoking. The time relation of maximum efficient quali-

52 Session 1



IRPA Regional Symposium
Radiation Protection in Neighbouring Countries of Central Europe. Prague. 8-12 September 1997

ties of influencing factors testify that the influence of external gamma-irradiation corresponds to the
first stage of carcinogenesis (formation of intermediate cells) and the alpha-irradiation from the body-
burden of 239Pu or smoking to the second stage (formation of malignant cells). The antagonistic (or
subadditive) effect of external gamma-irradiation and a high level of smoking could be associated with
the cytotoxic influence of smoking at the second stage and with the partial decrease of the intermediate
cell population due to cell killing as well as the loss of capability for division.

An additive effect was noticed for the following pairs: 1) external gamma-irradiation and low levels of
smoking, 2) the body-burden of 239Pu and low levels of smoking. Consequently, these influences were
effective at the same stage of carcinogenesis, evidently at the first stage (building of intermediate
cells). The second stage was caused by any spontaneous mutation. The last event was not considered in
our data.

In such a way the material presented testifies that the character of factor interaction could be associated
with the quantitative and the qualitative characteristic of radiation and of other factors (low and high
linear energy transfer, external and internal irradiation) and with some physiological conditions of the
organism. Evidently, this fact leads to a variety of estimated results as far as the interaction of the same
factors in different investigations is concerned (that is for different contingents). Thus, different inter-
action assessment in different investigations are very probably and therefore each contingent needs a
special interaction investigation.
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ON SOME PRACTICAL IMPLICATIONS OF THE RECENT EU- DIRECTIVE
ON RADIATION PROTECTION

M. Tschurlovits CZ9928448

Atominstitute of Austrian Universities, Stadionallee 2, A-1020 Vienna, Austria

1. Introduction

Since the very beginning, a certain sequence in the development of radiation protection standards
takes place ( see fig.l) , and national standards are eventually executing provisions based upon scien-
tific background material collected in the previous phases. When the development is continuos,
changes are usually not dramatical. However, important conceptual changes as those of ICRP 26
(1977) are not yet implemented in Austria at all for several reasons. In particular, the changes based
upon including the system of protection as Justification of exposure, Optimization of protection and
compliance with limits, as developed by ICRP 26 (1977) are not included. Only the Limits are men-
tioned explicitly in the legislation, where Justification of exposure and Optimization of protection are
mentioned only in an indirect weak and unexecutable form as laid down in the sixties. Other concep-
tual issues are in internal exposure the change from the continuos intake model as used in ICRP 2 to
the single intake model as used in ICRP 30, and the change from permissible concentrations to dose
per unit intake conversion factors. The apparently most sensational reduction of dose limits, however,
has only in particular cases serious consequences.

The recent directive / EU 96/ is conceptually based on the International Basic Safety Standards
/IA 94/. The scientific background is taken from / IC 91/. The concentrual changes are taken as ap-
pearing in /IC 91/ based upon radiobiological data reported /UN 98/.

Fig.l. Development of the scientific background to national legislation

original references
on

radiation effects

Idata collection and
[evaluation

{International standards |

[directives

\
[national legislation | jnational standards \

The practical execution of some aspects is shown below.

2. Justification and optimization

Justification and optimization are appearing in old standards very qualitatively. Recent standards re-
quire these procedures. Reasonable procedures are available only for medical exposures, where guid-
ance levels are given in /IA 94/, but these data are based on some national investigations and are there-
fore not necessary directly applicable in Austria.
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3. Reduction of dose limits for occupational external exposure

It is well known that the annual doses of occupationally exposed persons show a trend of decrease
with time/UN 93/. /Ne 88/ shows that about 99.6 % of the evaluated dosimeters of one dosimeter
evaluation unit in Austria show a dose of less than 30 % of the permissible dose of 50 mSv. The re-
duction of the annual dose limit to 20 mSv will therefore affect less than 0.5 % of the persons subject
to monitoring.

4. Reduction of dose limits in external exposure for the population

It has to be taken into account that Austria has never adopted the limit of 5 mSv per year for individu-
als and 1 mSv a year for the population. The Austrian legislation is at present still based on the most
obsolete genetic limit of 5 rem in a generation of 30 y, i.e. 167 mrem/a. The change to 1 mSv/a is
therefore less dramatical or even not dramatical at all, e.g. in the design of medical equipment. This is
because there are many conservative assumptions required in Austria standards in the design, e.g. the
equipment will never be operated the highest possible voltage because this condition will deliver
useless results.

Regarding measurements of external dose for licensing, an annual dose of 1 mSv/a at a fence of a
source has to be proved at operation. This implies that a mean dose rate 115 nSv/h for full time opera-
tion or 480 nSv/h for operation during working time must not exceeded. Since these dose rates are
close in the order of the natural background, a correction is required. Possibly preoperational meas-
urements might become necessary. Since even recently developed measuring devices are standardized
for a measuring range in terms of dose rate of about 500 nSv/h, some further development is required.

5. Internal exposure

In previous standards, limitation was carried out by quantities permissible" under certain circum-
stances, as permissible concentrations for individual radionuclides or mixtures of some radionuclides
in water, air etc. This concept is developed in ICRP 2 ( 1959) and is for many reasons clearly obsolete
today. The model is based upon the assumption that an equilibrium state under the considered condi-
tion exists for life. i.e. say at least for thirty years. This is due to the assumption that continuos intake
takes place, and an equilibrium result in a given organ (called: critical organ) .This in turn lead to a
certain dose rate, which is subject of limitation. Due to consideration of other organs than the
,,critical" in the dose assessment by the concept of,, effective dose", and hence the development of the
concept of the ,,effective dose" and because the assumptions shown above are extremely unrealistic,
the model was changed to single intake, the limiting quantity being a figure ALI (annual limit of in-
take) fof a certain radionuclide. Since this model includes some uncertainties, the most recent stan-
dards give only a figure for a dose per unit intake conversion factor [Sv.Bq"1] for various age groups.

This change implies, however, some changes in design and monitoring.

Design:

The development of dispersion models instead of the use of the very easy to handle and convenient
permissible quantities.

Individual modelling is, however, justified only for releases of large units . In simple cases, the devel-
opment of generic models including default values is required, taking into account very simple disper-
sion conditions for given pathways (e.g. taking only dilution in a drinking water pathway).

This development is required for some reasons as
• consistent design of different releases by different authorities
• reduction of administrative effort
• establishment of exemption levels to prevent useless model calculations for negligible releases
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• adoption of reasonable assumption for model calculations ( e.g. to replace the stupid assumption
that a person is consuming their full water need immediately from the release point of liquid waste
usually diluted by all nonradiological releases

These models are not available at present and have to be developed.

Monitoring:

permissible levels" are a extremely convenient tool to control environmental contamination. Sam-
pling is simple by definition, because any sample in any material exceeding the permissible levels"
indicates an not permitted condition, irrespective on the significance ( e.g. duration of contamination,
availability and consumption of material etc.). The new concept is multidimensional and requires
more effort for environmental monitoring as the simple compliance with the permissible levels. On the
other hand, environmental and release monitoring of individual sources must not become an useless
end in itself.

6. Unknown radionuclides

The old standards include figures for unknown or not identified radionuclides. This was a very con-
venient way to monitor negligible activity concentrations with screening methods and hence little ef-
fort. Deletion of such figures will make environmental and release monitoring complicate without
gaining a higher level of protection.

7. Conclusion

It has been shown that the implementation of the European Standards does not only require the appli-
cation of different numerical figures as the dose limits. In addition, more effort is needed to make
reasonable use of new concept and not to overrule optimization by overcautious assumption. A simple
change of the old phrases will be the wrong way. The new standards give a large space for interpreta-
tion. This in turn lead to the development of supplementary standards as an urgent need.
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THE MAIN REQUIREMENTS OF THE INTERNATIONAL BASIC SAFETY
STANDARDS

G.A.M. Webb CZ9928449

Head, Radiation Safety Section, Division of Radiation and Waste Safety, International Atomic Energy
Agency (IAEA), P.O. Box 100, A-1400 Vienna, Austria

1. Introduction

In the mid-80's, the continuing study of risk to health from exposures incurred by survivors of the Hi-
roshima and Nagasaki atomic bomb explosions had found that the likelihood of radiation induced can-
cer for a given dose was significantly higher than had been previously estimated. Primarily for this
reason, the International Commission on Radiological Protection (ICRP) undertook a major revision of
its recommendations, leading to publication of ICRP601 in 1991. This, in turn, made it necessary for
the IAEA to revise the Basic Safety Standards. The new International Basic Safety Standards for Pro-
tection against Ionizing Radiation and for the Safety of Radiation Sources2, jointly sponsored by the
FAO, IAEA, ILO, OECD/NEA, PAHO and WHO, were published early in 1996. The new Standards
incorporate the current recommendations of the ICRP.

2. Health effects

For radiation protection purposes, the health effects of ionizing radiation are divided into two classes:
deterministic effects and stochastic effects. Deterministic effects can occur when relatively large doses
are received, causing large numbers of tissue cells to be damaged or killed. This may be expressed as
impairment of organ function or clinically manifest damage to tissue. There is a threshold of dose be-
low which deterministic effects are not observed, while above that threshold, the severity of the effect
increases with increasing dose. Radiation protection against deterministic effects can be ensured by
keeping doses below the threshold levels.

Stochastic effects may be caused at all levels of exposure to ionizing radiation, including low doses.
The harmful effect most commonly of concern is radiation-induced cancer, which typically does not
become manifest until several years after the initiating exposure. An effect may or may not be ex-
pressed in an exposed individual: the likelihood of occurrence increases with increasing dose. For low
doses, it is unlikely that any effect will be observed in a particular person, but in a large population of
exposed people a small fraction of them may suffer an effect and it is not possible to know beforehand
which of them it could be. The ICRP presumes that there is no threshold for stochastic effects and that,
for incremental doses, the increase in the probability of occurrence is proportional to the additional
dose received.

3. Revision of the Basic Safety Standards

The first IAEA radiation protection and safety measures approved by the Board of Governors in 1960
included the statement that: The Agency's basic safety standards ... will be based, to the extent possi-
ble, on the recommendations of the International Commission Radiological Protection (ICRP)'. This
principle has continued to apply through successive revisions of the BSS. With adoption by the ICRP
of new recommendations in 1990, the Agency began a process of review and revision of its Basic
Safety Standards.

An important step towards international harmonization of radiation safety was taken in 1990 with the
formation of the Inter-Agency Committee on Radiation Safety and a joint secretariat coordinated by the
IAEA. Over a period of three years a number of consultants meetings, experts meetings, technical
committee meetings and working group meetings were arranged, together with four meetings of the
joint secretariat and three of the IACRS. Member States were consulted on an advanced draft of the re-
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vised BSS, and a Technical Committee of 127 participants from 52 countries and 11 organizations en-
dorsed the Standards in December 1993. An interim edition was issued in 1994 in English, which pro-
vided a period for continued technical editing and late comment and for formal endorsement by the
other organizations. The BSS was finally published as Safety Series 115 in February 1996, jointly
sponsored by FAO, IAEA, ILO, OECD/NEA, PAHO and WHO. It is issued in Arabic, Chinese, Eng-
lish, French, Russian and Spanish.

The revised BSS is closely consistent with the recommendations contained in ICRP60. It makes use of
the same technical terms, and concepts but it is written in a regulatory style which ICRP60 is not. In
some respects it goes further than ICRP60, in providing detailed guidance and numerical values for
relevant quantities.

The Principal Requirements of the BSS are divided into requirements for practices, requirements for
interventions, and general requirements that may be applicable to both practices and interventions.
These are expressed quite succinctly in only a few paragraphs. The major part of the text of the BSS is
concerned with detailed requirements in several specific areas. These are dealt with in Appendices and
supplemented by Schedules containing numerical data applicable to the detailed requirements.

3.1. Genera! requirements

The Principal Requirements section of the BSS describes its scope and purpose, making clear that the
technical terms used are to be interpreted as defined in the Glossary, defining exposures which may be
excluded from the Standards as those which are essentially unamenable to control, such as exposures
from cosmic rays and those that are exempted on the grounds of low doses. It identifies a number of
parties having responsibilities under the Standards and the basic requirements that apply to them.

Three types of responsible party are distinguished.
• The Regulatory Authority and, for interventions, the intervening organizations are responsible for

enforcement of the Standards. It is not stated, but implied that they draw their authority from an ap-
propriate legal instrument which defines their powers.

• The principal parties are the registrants or licensees and employers. They have the main responsibil-
ity for application of the Standards, as specified by the Regulatory Authority. The general responsi-
bilities of the principal parties are to establish and implement a protection and safety programme
which should be commensurate with the nature and extent of the risks involved.

• Several other parties may be identified as having subsidiary responsibilities. They include suppliers,
workers, radiation protection officers, medical practitioners, health professionals, and qualified ex-
perts. Workers, for example, have a responsibility not only to themselves but for the health and
safety of their fellow workers.

Most of the General Requirements of the BSS apply to the principal parties. The responsibilities of
other parties are specified in the detailed requirements of the Standards.

The principal parties are required to allow properly authorized representatives of the Regulatory
Authority to inspect their premises and activities and their protection and safety records. Inspections
provide one of the primary tools for the Regulatory Authority to satisfy itself that the Standards are
being adhered to, and they provide an incentive for the principal parties.

The principal parties have a duty to investigate any breaches of the Standards which occur within their
area of responsibility and to take appropriate corrective action and inform the Regulatory Authority of
the circumstances. Failure to take corrective action in a reasonable time provides grounds for the
Regulatory Authority to suspend the licence or registration under which the principal party operates.

4. Requirements for practices

All human activities that cause or may cause an increase in exposure to radiation are dealt with as
practices. This includes major industrial applications like nuclear power, medical applications, and all
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uses of radioactive sources and of equipment that emits ionizing radiation. Sources can be either dis-
crete objects or unsealed radioactive materials, including large installations, such as mines and mills.

The BSS specifies which exposures due to natural sources may be excluded from the requirements for
practices and dealt with within the context of intervention. This comprises essentially all natural
sources except for discharge and disposal of radioactive waste causing public exposure and radon
causing occupational exposure in some circumstances.

The basic obligations are that no practice may be undertaken unless the relevant requirements of the
Standards are met. The principal parties have an obligation to ensure that operations under their con-
trol comply with the Standards, and the Regulatory Authority has the responsibility to enforce that
compliance.

The principal parties have an obligation to seek authorization of their operations. The first step is noti-
fication. A legal person intending to carry out any action that would be regarded as a practice is re-
quired to notify the Regulatory Authority of that intent. For some applications, where exposures and
risks are very small, notification may be sufficient and the Regulatory Authority will permit the appli-
cation without any further requirement. For many applications, however, an authorization is required,
which can take one of two forms: registration or licensing.

Registration is a simpler form of authorization than licensing. It is suitable for practices where safety
can be ensured by the design of facilities and equipment, where operating procedures are easy to follow
and staff training requirements are minimal, and where operations and procedures are fairly standard.
An applicant is required to specify the source and facilities to be used and their location, identify the
person responsible for source safety and agree to follow all operating requirements, including mainte-
nance and disposal. Approval by the Regulatory Authority can then be straightforward: a registration
is issued if the paperwork supplied is sufficient to show that registration is appropriate, and the appli-
cation and its details are recorded by the Regulatory Authority. The use of baggage security systems,
of approved design, might be dealt with through registration, for example.

Licensing is required for applications which cannot be dealt with through notification or registration. It
applies to higher risk and more complex undertakings, and those where an accident, if it did occur,
could have significant consequences. The applicant must submit details of the proposed operation and
of the radiation protection and source safety measures to be adopted, including an assessment of the
nature, magnitude and likelihood of exposures to be expected. The Regulatory Authority can then
evaluate the application and, if appropriate, issue a licence, together with any necessary conditions of
the licence. Licences need to be revalidated periodically, typically once a year. A licence would be re-
quired to carry out industrial radiography, for example, or to operate an irradiation facility.

There are two other administrative matters that require a decision of the Regulatory Authority: exemp-
tion and clearance. Exemption is used to avoid unnecessary regulation of trivial matters. Practices
which lead to very small exposures to radiation and which are inherently safe may be exempted from
regulatory control by the Regulatory Authority. The retail sale of consumer products containing small
quantities of radioactive materials, such as smoke detectors, are likely to be dealt with through exemp-
tion. The Regulatory Authority should be aware of such practices, initially through notification, and
can determine whether exemption is appropriate. Clearance refers to sources and materials which have
been within a regulatory system, but which have been treated or have reached a condition such that
regulatory controls can be lifted. There is a close connection between clearance and exemption, par-
ticularly in regard to levels of activity or activity concentration below which exemptions or clearances
can be granted.

4.1. Radiation protection requirements

The radiation protection requirements of the BSS include justification of practices, optimization of
protection and limitation of exposure. In general, it is the principal parties - the registrants and licen-
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sees - who have the obligation to demonstrate that these requirements have been met, but the Regula-
tory Authority will need to make judgements on compliance with the requirements.

There is a de facto international consensus on the justification of many human activities which involve
exposure to radiation. Medical exposures clearly fall into this category, although particular procedures,
especially novel techniques, may require an evaluation from the perspective of justification. There are
several practices which are generally felt to be unjustified: for example, deliberate addition of radioac-
tive materials to food, beverages, cosmetics and children's toys.

Optimization of protection requires all relevant factors to be taken into account in identifying the most
acceptable form that radiation control within a justified practice should take. Dose constraints should
be used where applicable, especially in the case of exposures of members of the public from more than
one source. In medical exposure, guidance levels for particular procedures should be established
through consultation with relevant professional bodies based on what is achievable with current good
practice.

All exposure must be restricted to conform with the relevant dose limits for workers or for members of
the public, except for medical exposure, for which dose limits do not apply. The ICRP reached the
view that, for occupational exposure, the total effective dose received in a working lifetime should not
exceed about 1 sievert, received moderately uniformly year by year. For a full working life of about 50
years, this restriction implies an occupational effective dose limit of 20mSv per year. Recognizing that
the imposition of a rigid limit of 20mSv in every year might, at least initially, unnecessarily inhibit
some justified practices in which occupational exposure occurs, the ICRP recommended and the BSS
incorporates a degree of flexibility afforded by averaging doses over time. The occupational effective
dose limit is thus expressed as 100 mSv averaged over 5 years. The limit for members of the public is
expressed as lmSv per year although up to 5 mSv is permitted in a single year provided the average
over 5 years does not exceed 5 mSv.

4.2. Management and technical requirements

The BSS requires registrants and licensees to foster and maintain a safety culture, and to establish a
quality assurance programme for radiation safety. By safety culture is meant a continuing awareness of
safety and avoidance of complacency. It includes clear allocation of responsibilities, proper training,
prompt reporting of problems and the maintenance of protection and safety as being of the highest pri-
ority. Quality assurance includes procedures for reviewing and assessing the overall effectiveness of
protection and safety measures.

Registrants and licensees are also required to reduce as far as practicable, through management, the
potential for human error. This implies appropriate training and qualification of personnel and the use
of appropriate equipment and systems.

The principal parties are required to ensure that technical requirements related to equipment perform-
ance and engineering practice are met. All sources should be kept secure, so that control of sources is
not lost. A multilayer system (defense in depth) for protection and safety should be implemented, such
that failure at one level is compensated for or corrected by the next. Equipment and facilities should be
designed, constructed and operated according to good engineering practice, taking account of relevant
standards and codes of practice.

The principal parties are responsible for having safety assessments made at appropriate stages during
development of a practice and at periodic intervals during operation, and for keeping records relevant
to compliance with the Standards. The Regulatory Authority should satisfy itself that the requirements
of the BSS have been adequately met.
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5. Requirements for intervention

Human activities designed to reduce doses from existing exposure situations are called interventions.
There are two types: those dealing with emergency situations and those concerned with remedial action
in circumstances of chronic exposure.

In cases of emergency, it is presumed that the State will have determined in advance the allocation of
responsibilities, involving national or local intervening organizations, such as national emergency
services, and the Regulatory Authority. The requirements in an emergency are very different from
those that apply in the case of chronic exposure. There may be a need for swift corrective action, for
example, for which it may be necessary to use different criteria for restricting dose from those which
apply to practices. In the case of chronic exposure, such as exposure to natural sources, including ra-
don, and radioactive residues from the past, the criteria for remediation may be viewed from a longer
term perspective than is the case in emergencies, and the ordinary requirements for practices should
apply to workers involved in the remediation work.

There is a requirement on the responsible intervening organizations or Regulatory Authority to ensure
that interventions are justified - that is, they should do more good than harm - and that the form, scale
and duration of the intervention should be optimized to produce the maximum net benefit, taking into
account social and economic circumstances. These requirements are counterparts to the requirements
for justification of practices and optimization of protection for practices.

For occupational exposures during intervention action, the Regulatory Authority should determine
which of the intervening organizations and principal parties has responsibility for the detailed require-
ments set out in the Standards. For public exposure in intervention situations, responsibilities may be
assigned by government to the relevant intervening organization or the Regulatory Authority or, in
certain respects if a registered or licensed source or practice is involved, the registrant or licensee.

' Registrants and licensees responsible for sources or practices for which prompt action may be required
in the event of an accident are required to prepare emergency plans that identify responsibilities for
emergency actions and to provide for the implementation of such plans should emergency action be-
come necessary. The relevant intervening organizations are responsible for preparing generic plans for
dealing with possible emergencies and for coordinating the actions of the various responsible parties.

For chronic exposure situations, the relevant intervening organization or Regulatory Authority is re-
sponsible for ensuring that generic remedial action plans are prepared. For example, in the case of ra-
don in homes, it is necessary for national authorities to give guidance on action levels and on the types
of remedial action that may be undertaken. When remedial action is undertaken, the legal person re-
sponsible for carrying it out must ensure that it is in accordance with any relevant action plan.

When an intervention situation arises within a practice - for example, radon levels in a workplace
which exceed the action level - the registrant or licensee is responsible for notifying the Regulatory
Authority, and any relevant intervening organizations, of the circumstances and of the measures taken
to protect workers and members of the public.

5.1. Radiation protection requirements

The radiation protection requirements of the Standards for interventions specify the need to justify in-
tervening actions and to ensure that they are optimized. These judgements should take account of the
circumstances -whether it is an emergency or a chronic exposure situation, the scale of the problem and
the levels of exposure involved, the individual and collective exposures that could be averted through
intervention, and the national and local conditions, including non-radiological considerations.

During the response to emergency situations, the intervention undertaken initially in accordance with
pre-prepared generic action plans should be reviewed as the circumstances of the emergency become
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clearer, and justification for continuing intervention and optimization of intervention should be recon-
sidered, as appropriate.

6. Regulatory infrastructures

Implicit in the BSS is an assumption that national governments have put in place an appropriate regu-
latory infrastructure capable of implementing the Standards. The minimum requirements are legislation
to create a Regulatory Authority and to define its duties and powers, resources to allow the Regulatory
Authority to carry out its responsibilities, and regulations which specify the detailed requirements of
the Standards and how they are to be implemented. These requirements will be enacted differently un-
der the different legal and constitutional environments in different countries, but the purpose is the
same: to provide the Standards, or nationally developed standards which are equivalent, with the
weight of law.

While the Regulatory Authority should have powers to enforce the legislation and regulations, the
regulatory infrastructure should also make provision for addressing wider societal needs: for example,
for disposing of radioactive wastes, for control of sources for which no principal party has responsibil-
ity, such as natural sources and residues from past practices, and for ensuring that matters of judgement
in relation to justification and optimization reflect broad societal interests.

The BSS are non-binding: they have only the force which is derived from the statutory provisions of
the sponsoring organizations. They are intended as a practical guide to what is needed within national
frameworks for regulatory control of exposure to radiation. Nonetheless many countries that recieve
Technical Co-operation assistance from the IAEA are adopting them in an appropriate form as de-
scribed in another paper at this Conference.

7. Conclusion

Through its development, involving a very large number of contributors, endorsement by a technical
committee meeting of over 100 participants from more than fifty countries, and cosponsorship by six
international organizations, the new Basic Safety Standards represents a unique international consensus
for radiation protection standards. It is likely that many countries will make use of the BSS in devel-
oping national regulations for the control of exposure to ionizing radiation. A major programme of
work has been undertaken by the IAEA to revise and rationalize the many documents it publishes
dealing with radiation safety and which support the BSS. Those with a regulatory purpose will be
published in a new series to be called the Safety Standards Series, other material relevant to radiation
safety will be published in a new Safety Reports Series. It is planned to complete most of this work by
the year 2000, by which time a unified and coherent suite of publications should be available which is
consistent with the current recommendations of the ICRP.
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STRENGTHENING OF RADIATION AND WASTE SAFETY
INFRASTRUCTURES IN THE COUNTRIES OF EASTERN EUROPE
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1. Introduction

For many years, the IAEA has been collecting information on national infrastructures for assuring
safety in applications of nuclear and radiation technologies. For more than a decade, from 1984-95, in-
formation relevant to radiation safety particularly was obtained through more than 60 expert missions
undertaken by Radiation Protection Advisory Teams (RAPATs) and follow-up technical visits and ex-
pert missions. The RAP AT programme documented major weaknesses and the reports provided useful
background for preparation of national requests for IAEA technical assistance.

Building on this experience and subsequent policy reviews, the IAEA took steps to more systematically
evaluate the needs for technical assistance in areas of nuclear and radiation safety. The outcome was
the development of an integrated system designed to more closely assess national priorities and needs
for upgrading their infrastructures for radiation and waste safety.

The work draws upon the Agency's long record of safety assistance through avenues of technical co-
operation and assistance. By its Statute, the IAEA is authorized to establish or adopt safety standards
for protection of health and minimization of danger to life and property, and to provide for the applica-
tion of these standards to its own operations as well as to operations making use of materials, services,
equipment, facilities, and information made available by the Agency or at its request or under its con-
trol or supervision. The safety standards which are being promoted are the International Basic Safety
Standards for Protection against Ionizing Radiation and for the Safety of Radiation Sources (BSS),
which have been described in the opening paper at this Conference.

Regarding technical assistance in this field, the IAEA's Statute further requires that the Agency's
Board of Governors consider the "adequacy of proposed health and safety standards for handling and
storing materials and for operating facilities" before giving approval to technical co-operation pro-
grammes.

With this perspective, this paper reviews the IAEA's integrated management approach and establish-
ment of a model technical co-operation project to upgrade radiation and waste safety infrastructures in
its Member States. The project today involves more than 50 countries many of which are in Eastern
Europe.

2. Project objectives

The concept for the model project was initiated in 1994; however its scope was adjusted and strength-
ened in management and financial resources for the 1996-97 technical co-operation programme cycle.
The aim is to assist countries having an inadequate radiation and waste safety infrastructure so that
they are able to comply, at the appropriate level, with the IAEA's safety standards.

One of the first actions to implement the project was to define more clearly what constituted an ade-
quate radiation and waste safety infrastructure. This had to be carried out for different types of radia-
tion applications, ranging from simple industrial and medical uses that exist in every country to the full
nuclear fuel cycle that exists in relatively few developing countries. The work led to the preparation of
an internal document entitled "Guidance for the assessment of radiation protection and safety infra-
structures in developing Member States and strategies for enhancement of infrastructure". This set out
the basic elements of radiation protection infrastructures. These elements include the legislative
framework and regulatory structure; the compliance requirements on users; and the requirements for

Session 1 6 3



IRPA Regional Symposium
Radiation Protection in Neighbouring Countries of Central Europe. Prague. 8-12 September 1997

equipment and procedures. In the document, countries engaged in nuclear fuel cycle activities are con-
sidered to require a fully developed radiation protection and nuclear safety infrastructure, whereas the
requirements for other countries vary with respect to the levels at which they use nuclear and radiation
technologies.

During the document's development, consideration was also given to the necessary mechanisms for as-
sessing the infrastructures in each participating country of the model project. Decisions were taken
about what was needed to bring each country up to an adequate level, and about how to implement the
provision of technical assistance and how to verify results.

3. Project implementation

The main components of this implementation process were to assign officers from the Department of
Nuclear Safety and project officers from the Department of Technical Co-operation with integrated re-
sponsibilities. Major aims are to collect and evaluate information on the existing safety infrastructure;
establish and maintain country safety profiles; formulate and implement country safety action plans
needed to rectify weak or non-existent infrastructure elements; monitor the development of improve-
ments in safety infrastructure; and sustain an effective infrastructure and develop it for additional uses
of radiation.

It was originally envisaged in 1994 that some five to six countries would benefit each year from the
model project. However, material subsequently gathered indicated that more than 50 countries needed
assistance. Those currently involved in the project are shown in Table 1. Hence, programme and man-
agement adjustments had to be made, since achieving the objectives under an approach only concen-
trating on five to six countries per year would require more than a decade. An integrated management
approach thus was developed with the aim to achieve adequate national radiation and waste safety in-
frastructures in most participating countries by the year 2000. In support of the new approach, the De-
partment of Technical Co-operation appointed four "regional field managers" who are posted in Addis
Ababa, Ethiopia (for the African group); Beirut, Lebanon (for the West and East Asian group); San
Jose, Costa Rica (for the Latin American group); and Bratislava, Slovak Republic (for the European
group).

For all participating countries, assessments have been made to identify their infrastructure weaknesses.
These include, for example, inadequate information — or even a complete lack of information — on
the radiation sources in the country, and deficiencies in radiation and waste safety regulations, person-
nel dosimetry services, and the calibration and state of repair of equipment. Shortcomings were dis-
cussed by the regional field managers with national authorities as part of steps to prepare detailed
safety action plans. In essentially all of the participating countries, these plans have already been final-
ized and approved, with their implementation started.

4. National obligations

It should be noted that the model project presumes that governments and national authorities are pre-
pared to comply with their obligations as described in the Preamble of the BSS. This includes the obli-
gation for the government to establish a national infrastructure which shall include inter alia:
• an appropriate national legislation and/or regulations (the type of regulatory system will depend on

the size, complexity and safety implications of the regulated practices and sources as well as on the
regulatory traditions in the country)

• a regulatory body empowered and authorized to inspect radiation users and to enforce the legislation
and/or regulations

• sufficient resources
• adequate numbers of trained persons

The first milestone to be achieved under the model project in 1997 is the establishment of a system of
notification and authorization as required by the BSS. The regional field managers are expected to
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monitor and report on each country's compliance, and in December this year, the IAEA is scheduled to
submit a comprehensive report on the progress achieved to its Board of Governors.

5. Safety profiles of countries

The intention of the country safety profile information system is to maintain and keep updated all the
data known to the Agency on the radiation and waste safety infrastructure of the country. Although the
system includes a database which will be made available to all concerned, it is not limited to the data-
base alone. It also includes the assembly of hard-copy information including laws and regulations, mis-
sion reports, papers describing the situation, and other material and relevant safety action plans. The
essential structure of the system is provided by a questionnaire, the answers to which are the basic in-
puts for the computerized database. This questionnaire was completed initially as much as possible
within the Agency before it was sent to the counterpart in the country for final completion.
The questionnaire and derived database cover the following main sections:
• organizational infrastructure
• legal and regulatory status, including training
• extent of practices involving ionizing radiation
• provisions for individual dosimetry
• public exposure control
• radiation protection and safety of patients in medical diagnosis and therapy
• transport of radioactive material
• planning and preparedness for radiation emergencies
• quality assurance

There is provision within the database for insertion of the answer to the questionnaire given by the
country and an appraisal of those answers to determine the infrastructure status of the country. The
country safety profile will only be fully effective if it is kept continually updated. The provision of the
information to do this is one of the responsibilities of the regional field managers and designated
country safety officers. Responsibility for maintaining the database is assigned to the Nuclear Safety-
Technical Co-operation Co-ordinator.

6. Safety action plans for countries

Implementation plans are developed from an analysis of the completed questionnaires, within the
framework of requirements for an adequate infrastructure. Missing or deficient items are determined
and documented for preparation of a safety action plan specific to each country. The plan includes ac-
tions that are needed for the country to achieve a full and adequate infrastructure, commensurate with
its existing and planned applications of ionizing radiation.

Once the Department of Technical Co-operation receives the agreement by the government on the ac-
tion plan, it will start implementation of the scheduled activities. As of the beginning of 1997, more
than 90% of participating countries have officially endorsed the action plans, which were prepared by
the Agency in consultation with them.

The plans include both generic and specific activities. Generic activities apply to all countries, and as a
first priority cover notification, authorization, and subsequent control of all radiation sources, whatever
their use, within the country. Later steps will cover protection of workers, patients receiving medical
treatment and the public from environmental releases; emergency plans; transport arrangements; and
other areas. Specific activities are tailored to each country's particular needs, such as personnel training
or the provision of necessary equipment.

The development of human resources through training is an important component of the model project.
It involves not only training in nuclear technologies but covers the training of administrators, regula-
tors, radiation protection specialists, and medical personnel. The establishment and sustainability of a
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sound infrastructure for assuring radiation and waste safety depends upon national capabilities in these
areas.

Table 1. Countries participating in the Model Project to Upgrade Radiation and Waste Safety Infra-
structure

Africa

Cameroon
Cote d'lvoire
Ethiopia
Gabon
Ghana
Madagascar
Mali
Mauritius
Namibia
Niger
Nigeria
Senegal
Sierra Leone
Sudan
Uganda
Zaire
Zimbabwe

East Asia
& the Pacific
Bangladesh
Mongolia
Myanamar
Sri Lanka
Viet Nam

*Not a Member State of the Agency.
Note: Colombia and Syria have recently

Latin America

Bolivia
Costa Rica
Dominican

Republic
El Salvador
Guatemala
Haiti
Jamaica
Nicaragua
Panama
Paraguay

Europe

Albania
Armenia
Belarus
Bosnia &

Herzegovina
Cyprus
Estonia
Georgia
Latvia
Lithuania
Moldova
The Former

Republic of
Macedonia

requested the Agency to leave and join the

West Asia

Afghanistan
Kazakhstan
Lebanon
Qatar
United Arab
Emirates

Uzbekistan
Yemen
Kyrgyzstan*

Model Project

7. Conclusions

The complete system in support of the model project is targeted for implementation by the end of 1997.
It will provide the IAEA with a fully documented on-line system for assessing the current status of any
country with respect to its radiation and waste safety infrastructure and a prioritized and agreed set of
needs that should form the basis of future technical assistance projects. There will also be enough data
to assess the capacity of the country to assure the safety of other developments of technology or re-
quested items of equipment that could pose radiation hazards.

Over time, the system should provide a firmer basis for the IAEA's co-operative work with its Member
States and provision of technical assistance in areas of radiation and waste safety. Efforts can be better
directed towards achieving a situation in which no Member State that actively co-operates with the
IAEA has an inadequate radiation and waste safety infrastructure. Under an agreed action plan, this
work will encompass measures for improving the identification of needs and requirements; and en-
hancing the use of resources to further strengthen national capabilities for ensuring safety in the peace-
ful applications of nuclear and radiation technologies.
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CELLULAR LUNG DOSIMETRY FOR INHALED THORON PROGENY:
COMPARISON WITH RADON PROGENY

M. Abd El-Hady1'3, W. Hofmann1 and I. Balashazy1'2 CZ9928451

Institute of Physics and Biophysics, University of Salzburg, Hellbrunner Str. 34, A-5020 Salzburg, Austria
2Health Physics Department, KFKIAtomic Energy Research Institute, P.O.Box 49, H-1525 Budapest, Hungary

3 Physics Department, Faculty of Science, Minia University, El Minia, Egypt

1. Introduction

Thoron (220Rn) decays into its short-lived decay products 216Po, 212Bi, 212Po, which emit alpha particles
with energies of 6.119, 6.05, and 8.765 MeV, respectively. Inhaled thoron progeny are deposited in dif-
ferent regions of the human bronchial tree as functions of particle size and flow rate. This initial depo-
sition pattern is subsequently modified by radioactive decay, mucociliary clearance and transport into
epithelial tissue ^"3\

Both secretory and basal cells are presently considered as the principal target cells for the induction of
bronchogenic cancer. In order to determine the radiation doses received by these cells, it is necessary to
calculate depth-dose curves which describe the distribution of dose across the thickness of the bron-
chial epithelium(2>3).

An analytical method has recently been developed to compute radiation doses deposited by radon
(222Rn) progeny alpha particles in 1 urn spheres located at different depths in bronchial epithelium (4).
The same method has been applied in the present study to alpha particles emitted from thoron (220Rn)
progeny deposited in bronchial airway surfaces.

2. Dosimetric model

To evaluate the doses received by the respective populations of secretory or basal target cells from each
decay of 216Po, 212Bi and 212Po, it is necessary to represent the positions of alpha particle source and
cellular targets by a geometrical model: Each bronchial or bronchiolar airway is approximated by a cy-
lindrical tube. The inner surface of the tube is considered to be lined by a thin layer of fluid represent-
ing mucus ("gel layer"). This gel layer is separated from the underlying epithelium by a band of hair-
like cilia bathing in an aqueous fluid ("sol layer"). Both fluid layers have the protective effect of ab-
sorbing some of the energy of radon progeny alpha particles. This geometrical model of the airway
wall is used to calculate the radiation dose at different points in the underlying epithelium where sensi-
tive targets are found. In order to reach the target, alpha particles travel either through tissue alone
("near wall dose") or through air and tissue ("far wall dose"). The total dose received by a given
spherical nuclear target is the sum of the near and far wall dose components.

Bronchial basal and secretory cells may be irradiated by two different alpha particle sources: (i) thoron
progeny in the gel and/or sol layer, and (ii) thoron progeny within the bronchial epithelium.

In case of (i), the user can choose among three options for the dose calculations: the activity is uni-
formly distributed at the top of the gel layer (Dtg), at the top of the sol layer (Dts), and at the top of the
bronchial epithelium (Dte). For a realistic nuclide distribution, any linear combination of the three cases
can be simulated.

In case of (ii), the activity is assumed to be homogeneously distributed in equally spaced concentric
layers (Dep). The program distinguishes between two different cases: the activity is constant on all con-
centric rings ("uniform distribution") or the activity decreases in a linear fashion with depth in tissue
("linear distribution").
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In the general case, the activity is distributed partly in the mucous layer and partly in the epithelium. In
this paper we will make the following assumptions: 30 % of the activity has been transported into the
epithelium; of the remaining 70 % of the activity, 95 % homogeneously distributed within the gel layer
and 5 % within the sol layer. The total dose at a defined depth x, D(x ), is given by the linear combina-
tion

Dfx) = 0.3325 D,gfx) + 0.35 Dts(x) + 0.0175 Dte(x) + 0.3 Dep(x) (1)

where Dep is computed for either the uniform or the linear distribution.

Fig. 1 Depth-dose curve for 2I6Po, 212Po and 212Bi nuclides in airway generation 4 for uniform and linear
activity distributions in epithelial tissue.

300-

250-

o

n 
fa

ct

oIS
.

nv
ei

o
O
CD

mo
Q

.—*

E

m

pe
r

JO

CD"
c

200

150

100

50

"E

° Linear
° Uniform

£

oIS
.

nv
ei

o
o

o
se

D

o
cr
m

pe
r

CO

c
• —

G .No .4 2 1 6Po

•

10 20 30 40

Depth (jjm)

50 60

10 20 30

Depth (urn )

40 50 60

10 20 30 40
Depth (pm)

50 60

(a)

300 -
*

250 -

200 -

150 -

100 -

50 -

0 -

— ° — Linear
° U nifo rm

G .No. 4 2 1 2 p o

( b )

300 -
-

250 -

200 -

150 "

100 ~

5 0 -

o -

a Linear
° Uniform

G.No.4 2 ! : B i

p ^ o ^

° ° D

(c)

Session 2 69



IRPA Regional Symposium
Radiation Protection in Neighbouring Countries of Central Europe, Prague. 8-12 September 1997

3. Results

In this study, radiation doses to 1 jam spheres located at different depths in bronchial epithelium were
computed for 216Po, 212Po, and 212Bi alpha particles in bronchial airway generations 2, 4, 6, 10 and 15.
For the sake of brevity, only the results for airway generation 4 and for the above defined distribution
of the alpha activity (equation 1) will be presented here. The dose conversion factors plotted in Fig. 1
are normalized to an activity of 1 Bq of thoron progeny per unit airway surface area (cm2).

Fig. 2 Distribution of secretory and basal cell doses imparted by 216Po, 212Po and 2I2Bi alpha particles to
the bronchial epithelium of airway generation 4 for a uniform activity distribution within the
epithelial tissue.
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Considering the relative frequencies of basal and secretory cells at different depths in bronchial epithe-
lium (5), the distributions of secretory and basal cell doses are plotted in Fig. 2 (note: corresponding
mean doses are listed in Table 1). Two observations can be made: (i) secretory cells doses display a
relatively uniform distribution across the thickness of the bronchial epithelium, while basal cell doses
exhibit a distinct maximum at low doses; and (ii) the larger number of basal cells in airway generation
4 suggests that basal cells may be primarily responsible for the carcinogenic effects following radon
progeny inhalation.

4. Conclusions

The mean cellular doses imparted by 220Rn progeny (2I6Po, 212Po, and 212Bi) alpha particles to basal
to those produced by 222Rn progeny (218Po andand secretory cell nuclei are compared in Table 1

214Po), normalized to the emission of one alpha particle per cm2. This comparison indicates that radon
progeny doses are generally higher than those for thoron progeny, if normalized to the same surface
activity, caused by differences in related alpha energies.

Table 1. Calculated mean doses to bronchial and bronchiolar target cell nuclei (in nGy) from 1 alpha
particle per cm2 of radon and thoron progeny on bronchial airway surfaces.

Radon

Nuclide

Generation
Number

2

4

6

10
15

Target Cell
Nuclei

Basal
Secretory

Basal
Secretory

Basal
Secretory
Secretory
Secretory

Progeny
2.8p0

110.75
240.73
111.53

153
54.9

122.23
355
362

Mean

214Po

110.55
193.9

50
157

106.42
148.86
335.23
356.17

Cellular

216Po

56.6
176.69
57.124
94.137
56.27
95.44

307.38
313.89

Dose (nGy)

Thoron Progeny

2i2Po

109
170.85

109
140

109.27
138.03

302
304.77

212Bi

33.57
161.35
35.9

120.16
34.35
118.13
304.55
307.14
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EXPERIMENTAL ANALYSIS OF AN ACTIVE SUB-SLAB
DEPRESSURIZATION SYSTEM DEVELOPED FOR A RADON TEST HOUSE*

M.C. Akis1'2, H. Stadtmann1 and P. Kindl2
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2Technical University ofGraz, Institute of Nuclear Physics, Austria

Abstract: A radon test house was realised and equipped with an Active Sub-Slab Depressurization
(ASD) system. The radon activity concentration in the sub-slab region (in gravel) was increased by
means of a flow through radon-gas source of 0.1 mCi activity. The effect of ASD on soil-gas flow was
experimentally observed, such that the direction of flow of radon atoms in the sub-slab region, was in
the direction of ASD-fan while the system was in operation. The soil-gas flow-conditions in the sub-
slab area were investigated, and the soil-gas flow velocity roughly determined as 0.03 m/sec while the
ASD system was in operation. The corresponding Reynolds number is calculated as 43, in the porous
gravel bed foundation. Performance of the ASD was tested under both, high and low Rn-activity con-
centrations. A statistical analysis concerning the variation of Rn-concentration in the test-house, when
both the ASD is on and off, was also realised. The mean Rn-concentration was found as 133 Bq/m3

while the ASD is off, although it was recorded as 15 Bq/m3 when the ASD was on.

1. Introduction

The variation of radon concentration in time exhibits a complicated nature, so that pressure-driven
flow of soil-gas into buildings is accepted as the most frequent cause of elevated indoor radon levels,
rather than diffusion process [1,2]. Therefore application of a system which could induce a perturba-
tion to the pressure disbalance between indoor-air and radon-bearing soil-gas in sub-slab area, could
also change the flow-direction of soil-gas. Hence radon could be drawn to outdoors. Based upon this
idea some systems are developed, and the most successful of them is Active Sub-Slab Depressurization
(ASD) system [3].

2. Materials and methods

While doing the experiments, the indoor Rn-concentration, indoor air pressure, indoor temperature,
and the indoor air-humidity were monitored at every ten minutes in the test-house. Different type of ra-
don-detectors were utilised in accordance with the requirements of each experiment. These were Al-
pha-Guard (an ionization chamber used in combination with digital signal processing technology),
Lucas-cells (ZnS(Ag) scintillation chamber with photomultiplier detector), and E-PERMs (electret ion
chambers). As a radon-source, a flow through gas source of 0.1 mCi (37 MBq) activity was used. In
order to control the soil-gas pressure and radon activity concentration in the sub-slab area, 17 holes
penetrating the concrete slab were drilled throughout the concrete slab of the test house. When we
needed very high radon concentrations in the sub-slab region for different experimental purposes, we
simply transferred radon into the sub-slab region through a hole on the slab, by means of a pump con-
nected to the Rn-source (Figs.l&2). The test-house was also equipped with an indoor-air ventilation
system.

3. Results

Soil-gas flow conditions in the sub-slab region due to ASD

In order to observe the effect of ASD on the motion of soil gas in the sub-slab area, we performed the
following experiment. By making use of the Lucas-Cells, we measured the Rn-activity concentrations

* The project is supported by Austrian Research Centre Seibersdorf.
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at three different points in the test house, before and after the Rn-transfer into the sub-slab region. The
positions of the Rn-transfer, and soil-gas sampling points in the test-house are shown in Fig. 1 and the
results are given in Table 1 below.

Table 1. Rn-concentration increase in the direction of ASD-fan due to ASD effect, 30 min after a radon-
transfer of 3.4 MBq into the sub-slab area

Point

1
5
4

Rn Increase (Bq/m3)

855
972
7

Meaning

Large increase in Rn-level towards the ASD due to fan
Same as above
No flow of soil-gas in the opposite direction of ASD

ASD system causes a considerable increase in the sub-slab Rn-activity concentration on the left hand
side (location of ASD system) of the test house (Fig.l). This means that the flow direction of Rn atoms
in the sub-slab region (gravel), is in the direction of ASD system (Figs.l&2). In order to determine the
nature of soil-gas flow it was necessary to calculate the Reynolds number (Re) for the gravel bed in the
foundation under the concrete slab. The Reynolds number for flow through porous media is given as
Re = u.d/v by Bear [4], where u [m/s] is speed of soil-gas flow while the ASD is on, d [m] is the rep-
resentative dimension of grains, and v [m2/s] is the kinematic viscosity of the fluid. As a second step u
was determined as about 0.03 m/s and then the Reynolds number as 43. This indicates that the soil-
gas flow under the ASD effect is turbulent and therefore non-Darcian, because a safe lower limit for
turbulent flow in packed, porous gravel-beds is when Re>10 [4, 5].

Fig. 1. Plan of the test-house showing the positions of the ASD system, the Rn-transfer and the soil-gas
sampling points
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Fig.2. Cross-section A-A showing the test-house foundation, the concrete slab, and the ASD system with
side suction (ASD2 with central suction facility is not constructed, in the plan it represents the al-
ternative construction)
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Statistical analysis of single radon measurements (each 10 min)

Table 2. Comparison of statistical results with and without ASD system

Occurrence probability of EPA action level *
Repetition frequency of EPA action level
Mean Rn-Con. (Bq/m3)

ASD off
60%
100

132.86

ASD on
<1 %

*0
15.2

*EPA action level is 4 pCi/1 ( 148 Bq/m3)

Effect of ASD on radon activity concentration in the test-house

Fig. 3. (a) : High Rn-concentration peak in the test-house following a Rn-transfer of 1.95 MBq activity
into the sub-slab area, and response of ASD to high activity concentration.(b) : Response of ASD
to low Rn activity concentrations in the test-house

(a) (b)

.a-200

320 328 336 344 352 360 363

Time(h)

384 382 400

4. Discussion

In order to determine the Reynolds Number, u (soil-gas flow velocity) had to be known. To do this we
simply pumped radon-gas through holes B and C (Figs. 1 & 2) on the central axis of the test-house,
into the gravel under the concrete slab. Radon-pumping and the time measurement started simultane-
ously but unfortunately we didn't have a better time resolution than 1 min for Rn-detection. In the end
of 1 min we took a soil-gas sample through a lucas-cell from the point 5 (Figs.l&2), to compare with
the sample which was taken from the same point just before the Rn-pumping started. The number of
counts/10 min measured by Lucas-cells are increased from 10 to 55250 before and after the Rn-
pumping respectively, in one minute. This means that, in reality the velocity of soil-gas under the
ASD effect was greater than 0.03 m/s. Reynolds Number can also be given as Re = q.d / A.v.tj) [5],
where q [m3/s] is total-volume flow rate, A [m2] is cross-sectional area of flow, and (j) is the porosity of
the gravel bed. Equating this expression to the former one (Re = u.d/v) gives u = q/A<(). From this we
calculated u as 0.147 m/s. A better time resolution in radon detection could improve the value of u
further.

The case depicted in Fig. 3.a is the activity (1.94.106 Bq) transfer to the sub-slab region (gravel; 20 cm)
while the ASD system was off. Therefore, the activity concentration peak (17000 Bq/m3) is 150-200
times higher than the cases in which the transfers made while the ASD was on. In this case (Fig.3.a),
the measured indoor activity (1.06.106 Bq) at the peak position is 55% of the total transferred activity.
When the ASD system was switched on as shown in Fig.3.a (t = 313.16 h) the indoor activity con-
centration decreased until 5000 Bq/m3 in 50 min and kept on decreasing, such that almost 3 hours later
the Rn-concentration became around 500 Bq/m3 (1/34 of the peak concentration). Of course, the natu-
ral air exchange rate (-0.2 1/h in the Test-House), is also responsible partly from such a reduction.
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The Fig. 3.b represents the functional confirmations of the ASD effect by means of few more experi-
ments, performed in the presence of the low residual activity following the experimental stage with
high activity transfer explained in the previous paragraph.
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1. Introduction

In 1990 the International Commission on Radiation Protection (ICRP) published its report ICRP 60
with updated excess cancer risk estimates, which led to significantly higher risk coefficients for some
radiation qualities [1]. An increase of the radiation weighting factors for mean energy neutron radiation
increases the contribution for the neutron component to the equivalent dose by about 60%, as com-
pared to the earlier values of ICRP26. This higher risk coefficients lead to the recommendation of the
ICRP, that cosmic radiation exposure in civil aviation should be taken into account as occupational ex-
posure. In May 1996 the European Commission published in the Council Directive 96/29/Euratom ba-
sic safety standards against the dangers from ionizing radiation, which includes particular protection
(Article 42) for air crew if the radiation exposure is higher than 1 mSv p.a. [2]. This is the maximum
value of radiation exposure to the public, too. The limit for occupational workers is 20 mSv p.a. Nu-
merous recent exposure measurements at civil airliners show exposure levels in the range of 3-10 mSv
p.a. [3], [4]. Up to now no practicable and economic radiation monitoring system for routine applica-
tion on board exits. A fairly simple and economic approach to a practical, active in-flight dosimeter for
the assessment of individual crew exposure is discussed in this paper.

2. ACREM method

Because of the complex composition of the cosmic radiation in flight altitudes, detector systems used
for radiation protection in terrestrial laboratories, medicine and industry for photon radiation are not
sufficient for air crew dose assessment. Basically the exposure of air crew can be assessed by using ac-
tive or passive dosimeters. Detailed in-flight dose investigations on different positions at aircraft has
shown that individual dosimetry for each crew member is unnecessary, since the personal and ambient
dose equivalent are essentially independent of the location at aircraft [5],[6]. Additionally cosmic ray
transport codes exist which are able to calculate the radiation exposure at aviation altitudes. Even
though the calculations are in good agreement with measurement results, for monitoring and dose as-
sessment they require knowledge of the actual flight pattern and can not account for unexpected solar
particle events. To solve this problem active dosimetry is necessary.

An economical and simple active method to assess the radiation exposure, presently being studied in
our laboratory, is realised by ACREM (Air Crew Radiation Exposure Monitor) [7]. ACREM is based
on the concept that the radiation field in aviation altitudes basically consists of an ionising component
and a neutron component [8]. The relation of both components to the total radiation exposure depends
on the altitude and the geographical position. Analysing these relations by in-flight measurements with
a tissues equivalent proportional counter (TEPC) and numerical simulations with the cosmic ray trans-
port code LUIN [9] leads to conversion factors for the ionising component to the total dose for each
position. The ionising component measured by a GM-counter, is weighted with the conversion factor
for each position which is determined by a GPS (global positioning system). The result gives an esti-
mation of the ambient dose equivalent in typical time intervals of some 10 seconds, for a momentary
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Fig. 1. The concept of the active air crew dose assessment system -
ACREM

Measured
Ionising Component

flight position. The dose value
is stored in real-time mode
and direct readable on a dis-
play. A warning system tells
about unusual high dose rates.
Dose assessment to crew
members is achieved by as-
signment to the flight number.
The concept of the Air Crew
Radiation Monitor is shown in
Fig.l.

3. In-flight investigations

Several in-flight measure-
ments could be performed
with different airliners [10].
At all flight investigations a
low pressure TEPC serves as reference instrument. Additionally a Reuter-Stokes, high pressure ionisa-
tion chamber was on-board to compare results with the GM-Counter and the low-LET component of
TEPC measurements. The overall uncertainty for the detector systems is about 20 %. The position of

Fig. 2. a) In-flight measurement Washington - Cologne, August 1996: Ionising Component: GM-
Counter, Ionisation Chamber, TEPC (low-LET), LUIN (ionising component), b) Total dose
equivalent: ACREM, TEPC, c) In-flight measurement Washington - El Paso, November 1995:
Ionising Component: GM-Counter, Ionisation Chamber, TEPC (low-LET), LUIN (ionising com-
ponent), d) Total dose equivalent: ACREM, TEPC
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the aircraft was measured by a GPS. Fig. 2 a) and c) show essentially the results for the ionising com-
ponent for two different in-flight investigations of the radiation exposure measured by the GM-counter,
the ionisation chamber and the low-LET component of the TEPC. Additionally the dose equivalent rate
for the ionising component is calculated by the cosmic ray transport code LUIN for several flight posi-
tions. The integration time for the GM-counter and ionisation chamber data points was about
30 seconds. The horizontal bar of the TEPC data points indicates a measurement time of 1000 seconds.
Fig. 2 b) and d) show the results for the total dose equivalent measured by the ACREM system and
verified by the TEPC for the same flight routes from Washington to Cologne and Washington to El
Paso. The horizontal bar of the TEPC data point represents an integration time of 3000 seconds, the
vertical bar shows a uncertainty of the measurement of about 20 %. During the Washington - Cologne
flight (Fig.2 a, b) three different constant flight levels have been flown: 33000 feet (10 km) ,
35000 feet (10.6 km) and 39000 feet (11.8 km). All detectors and the calculation describe the change
of the radiation exposure caused by changing the flight level in a good correlation. The maximum
value of 7 uSv/h for the total dose equivalent was measured at 39000 feet. The total dose equivalent
for this flight was 33uSv.

The flight-level from Washington to El Paso was constant 39000 feet. The latitude decrease from 39°
north to less than 32° north rather directly. The detectors as well as and the calculations show this
change of the radiation exposure of about 20 %, caused by changing the geographical latitude in a good
agreement. The total dose equivalent rate in flight level ranges from about 5.5 uSv/h to 4.5 |iSv/h, the
total dose equivalent for this flight was 14 uSv.

Fig. 3 shows for the flight levels 33000 feet (10 km) and 39000 feet (11.8km) and a current solar po-
tential of about 510 MV a 3D world map for the distribution of dose equivalent rate. Such a view il-
lustrates the dependence of dose equivalent rate by changing flight levels and particularly changing the
latitude. Caused by the interference of cosmic ray and earth magnetic field the minimum of radiation
exposure is around the equator, in the direction to the poles there is a strong increase of the dose
equivalent rate.

Fig. 3. LUIN calculation of a 3D world dose map for the dose equivalent rate distribution at flight level
a) 33000 feet and b) at flight level 39000 feet for a solar potential of 520 MV

a) 33000 feet b) 39000 feet
dose equivalent rate in uSv/h dose equivalent rate in uSv/h

180 180
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4. Conclusion

Taking measurement uncertainties into consideration no significant differences between the detector
instruments and calculations could be observed for the ionising component of cosmic radiation during
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in-flight investigations. The results for the total dose equivalent rate determined by the ACREM sys-
tem are in good agreement with the TEPC reference instrument.

ACREM is a reliable and economical solution for active airborne dosimetry and monitoring, which
also accounts for the contribution of solar particle events, changing flight pattern and altitude.
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1. Introduction

Since several years the radiation exposure to air crews caused by cosmic rays is under discussion. The
ICRP proposed to consider air crews and other frequent flying individuals as occupationally workers.
To provide a reliable scientific basis for an overall risk assessment our in-flight measurements [1] are
compared with calculations by cosmic ray transport codes. The LUIN-Code [2,3,4] was developed by
Keran O'Brien in 1973. and continuously improved and evaluated with experimental results. The new-
est version LUIN97 describes the complex situation of the cosmic ray field in the atmosphere and uses
realistic phantom models for dose calculations.

2. LUIN-Code theory

The LUIN-Code flow chart is shown in Figure 1. LUIN needs the input data: geodetic location
(latitude, longitude), atmospheric depth (altitude), sea level barometric pressure, sea level temperature
and the heliocentric potential. Interface programs give the atmospheric depth from the geometric alti-
tude and the heliocentric potential from neutron monitor counting rates. For these conditions LUIN
outputs particle spectra, absorbed dose, dose equivalent and effective dose for all treated particles (p, n,
T T W " , u, e+, e',y).

Figure 1. LUIN Flow Chart
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Primary cosmic ray particle spectra modifications

Solar Modulation: The primary cosmic ray flux in the solar system at the earth's orbit is a mixture of
energetic protons, alpha particles and a small amount of heavier particles. The number of galactic ra-
diation particles entering the atmosphere varies inversely with the 11 year cycle of solar activity. The
period of maximum solar activity corresponds to the minimum in cosmic ray intensity and vice versa.
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It was shown theoretically that the effect on the cosmic ray spectrum of passage through the inter-
planetary medium is approximately the same as would be produced by an heliocentric potential with a
magnitude at the earth's orbit equal to the energy lost by interaction with the solar wind [7]. This 'force
field approximation' was shown to be a good one at cosmic ray energy above 50 MeV. Energies below
contribute a negligible amount to cosmic ray intensities. The force-field approximation gives the cos-
mic ray spectrum n(E) at the earth's orbit as: n(T)=no(E)[P(E)/P(T)J2, with T=E+ZU,
P(x)=(l/c).(x2+2Axmc2)1/2 where me2 is the nuclear mass(MeV), c is the velocity of light in vacuum,
no is the unmodulated galactic spectrum of atomic weight A and atomic number Z per (sr.cm2.MeV)
having an energy E MeV, and U is the modulating potential (MV). For no the unmodulated proton and
a particle spectra of Garcia-Munoz [8] et al. were used for energies below 10 GeV, above the spectra
of Peters and O'Brien [9] were used. The small galactic comic ray electron and photon fluxes are ex-
cluded from consideration. The major components of the cosmic rays have essentially energy spectra of
the same shape, i.e. with some exceptions, the proportions of the cosmic ray fluxes do not change with
energy. Hence, to simplify the computations, the small intensity of higher mass particles has been
lumped in with the a particles as the have about the same rigidity and, essentially the same energy
spectra.

Figure 2. Effective dose rate altitude profiles at Figure 3. Effective dose rate altitude profiles for
different geomagnetic latitudes different heliocentric potentials
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The geomagnetic field: The magnetic field of the earth deflects the incoming cosmic rays depending on
their rigidity*. For each angle of incidence there is a 'critical or cutoff rigidity below which the in-
coming particle cannot interact with the earth's atmosphere. In the vertical direction, this rigidity must
exceed approximately rc=15 cos4 A GV, were X is the geomagnetic latitude. The equation of motion of a
charged particle in magnetic field does not have a solution in a closed form. Reasonably accurate geo-
magnetic cutoff rigidities can be obtained by the numerical integration of cosmic-ray trajectories in
mathematical models of the geomagnetic field. Calculating these cutoff rigidities with this so called
'trajectory tracing' method is an separate task and involves a formidable amount of computer time. The

*The magnetic rigidity is defined as r=P.c/q, where P is the momentum and q the charge of the particle, c is the velocity of
light.
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values of the vertical cutoff rigidity as a function of geographic longitude and latitude were taken from
recent work by Shea and Smart [5]. Since a two dimensional cutoff distribution produces an incident
scalar spectrum quite different from either an azimuth averaged approach, or the use of the vertical
cutoff alone, 192 separate cutoffs are used as a function of both azimuth and zenith. The non vertical
cutoffs are obtained by mean of the method of Rosier, Heinrich and Spill [6] assuming that the cutoff
distribution is locally dipole in shape. The primary spectrum will be assumed unchanged in angle and
energy above the cut-off rigidity and to vanish F i g u r e 4. Effective Dose World Maps for different
below it. The determined cutoffs are acting as altitudes
high pass filters to the cosmic ray fluxes.

Cosmic-ray propagation in the atmosphere

The geomagnetic field and the solar wind alter
the shape and the time-dependence of incident
cosmic rays, but the interactions with the earth's
atmosphere are considerably more drastic. The
atmosphere provides considerable shielding, the
lower the altitude the thicker the atmospheric
layer, and therefore the higher the protection
against the radiation exposure.

The atmosphere is modeled as a spherical shell
with an inner radius of 6371 km, and a thickness
of about 34 km, with the density and tempera-
ture distribution of the standard atmosphere. It is
assumed to be composed of a single nuclear
species with an atomic weight of 14.48, atomic
number of 7.22 and an ionization potential of
98.8 V. Because oxygen and nitrogen are so
close in the periodic table, this simple assump-
tion yield the correct nuclear data.

The behavior of cosmic rays in the atmosphere
is described by the stationary form of Boltz-
mann's equation. This equation is solved using a
code based on the work of Passow [10]. This
program transports neutrons, protons and pions.
Kaon production is taken into account, but kaon
transport is ignored. To account for leakage out
of the atmosphere, an approximate two dimen-
sional treatment was applied [11]. Protons and
neutrons in the incident primary a particle flux
are treated as unbound after entering the earth's
atmosphere, (while they are interacting with the
solar wind and the earth's geomagnetic field
particles are treated as bound). The code yields
results are in good agreement with cosmic ray
pion, proton, neutron and muon spectra
[4,9,12,13].

The dosimetry of cosmic rays

The slab phantom was replaced in LUIN97 by an realistic anthropomorphic phantom. Since the effec-
tive dose is not a measurable quantity, it is determined by conversion coefficients from Ferrari, Pellic-
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cioni and Pillon [14,15,16,17]., derived in standard conditions of exposure. Since official conversion
coefficients in terms of effective dose are still completely lacking this work is very important. The
conversion factors were calculated with the FLUKA Monte Carlo code for a phantom called ADAMO.
ADAMO is an hermaphrodite phantom and is derived from ADAM, which was prepared by the GSF-
Forschungszentrum fur Umwelt und Gesundheit. The female organs were added and some other modi-
fications relevant for the evaluation of effective dose have been included. According to the ICRP 69
the higher value of doses to ovaries and to testes is applied to the gonad weighting factor for the cal-
culation of effective dose. Calculations were performed for whole-body irradiation of the phantom
placed in vacuum and various directions of radiation incidence. In LUIN the conversion factors for
isotropic exposure are used, since isotropic exposure geometry corresponds most closely to the vari-
able exposure geometry of a human moving around in an aircraft.

3. Numerical results

The effective dose rate altitude dependence at various geomagnetic latitudes is shown in Figure 2. The
current heliocentric potential of about 500 MV was used for these calculations. For this modulating
potential the latitude effect at normal jet aircraft altitudes (ca. 11 km) is about 30% percent between
43° and 55° geomagnetic latitude and about a factor of 2 between the geomagnetic poles and the
equator. The effect of the 11-year modulation cycle is similar (see Figure 3). The effective dose rates
differences between extreme solar conditions - maximum 1600 MV and minimum 200 MV - at 55°
geomagnetic latitude could be from 20 percent at sea level to 50 percent at 11 km. At 43° geomagnetic
latitude, the difference increases from 15 percent at sea level to 20 percent at 11 km. As Figure 3
shows, the solar activity dependence of the effective dose rate decreases at positions near to the geo-
magnetic equator.

To get a guess of effective dose rates magnitudes in flight altitudes Figure 4 provides 3 dose world
maps. Effective dose rates between 1 and 10 uSv/h could be observed in usual flight altitudes (for the
current solar activity). As could be seen the most important parameters are the altitude - effective dose
rates vary in usual flight altitudes by a factor of more than 2 - and the flight route with dose rate varia-
tions up to a factor 3.
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MONITORING OF RADIONUCLIDES IN SOIL IN THE VICINITY OF FLY ASH
DEPOSITION SITES

E.M. Bern1, H. Bern2 and P. Wieczorkowski2 CZ9928455

Department of Environmental Engineering, Technical University of Lodz, ul. Wolczanska 175,90 - 924 Lodz,
Poland

2 Institute of Applied Radiation Chemistry, Technical University of Lodz, ul. Zwirki 36, 90 - 924 Lodz, Poland

1. Introduction

Elevated values of activity concentration of natural radionuclides in fly ashes from coal - fired power
plants are well documented [1]. Some part of coal ashes is used in a variety of application the largest of
which is the manufacture of building materials. However, remarkable amounts of fly ashes and bottom
slags are stored in the waste disposal sites.

The rapidly increasing quantities of wastes generated by three Lodz power plants ca. 1.7-105 Mg in
1995 are a major concern for Lodz district environment [2]. In the relatively small area of 1500 km2

there are 21 municipal and industrial waste dumping sites. Improper management of these sites can
pose threat to the underground waters as well as contamination of air and adjacent soil from the mi-
grated dust particles.

The aim of this study was monitoring of the natural radionuclides and 137Cs concentration in the vi-
cinity of three already closed and recultivated fly ash dumping sites in order to evaluate hazard from
the possible migration of fly ashes outsite the deposition site. These three sites were as follow:

1. Byszewy (site No. 13) with capacity of 3.5-105 Mg; exploited in the period of 1989 - 1990 (covered
with ca. 20 cm layer of soil) and recultivated in 1991.

2. Kalonka (site No. 20) with capacity of 1.8-105 Mg; exploited in the period of 1985 - 1986 (covered
with ca. 20 cm layer of soil) and recultivated in 1987 - 1988.

3. Stoki (site No. 21) with capacity of 7.0-104 Mg; exploited in 1994 (covered with ca. 20 cm layer of
soil) and recultivated during next year.

2. Materials and methods

Three samples from different places within each of three dumping sites were collected from 100 cm2

surface and 5 cm depth layer. The similar samples were also collected in 5, 10, 30 and 150 m distance
from the eastern, northern and southern borders of the sites. In few cases additional samples from 5 -
10 cm and 10 - 15 cm depth were taken. Soil samples were dried at 110°C for 6 h, then sieved through
1 mm mesh to remove the roots, other organic materials and stones. Homogenized soil was weighed in
typical 0.5 L Marinelli plastic containers and kept for at least 3 weeks to reach 226Ra - 222Rn equilib-
rium before counting. The 500 g soil samples were analyzed by y - ray spectrometry in order to detect
radionuclide activity concentration from 232Th and 238U series including 210Pb as well as 40K and 137Cs.
Radiometric analysis were carried out using the Canberra spectrometer with an REGe detector. Reso-
lution was 0.9 keV for the 122 keV peak and relative efficiency was 20% for the 1.33 MeV peak. The
spectrometer was calibrated for given geometry by addition of the mixed gamma standard SRM - 1
(POLATOM, Poland) and homogenization of the sample. Additionally the accuracy of the calibration
was checked by measurement of two IAEA reference materials: IAEA - 375 (Th, U and radionuclides
in soil) and RGU - 1 (U - ore, diluted with silica) and it was found that relative deviations in the activ-
ity concentrations were in 0.5 + 8 % range.
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3. Results and discussion

The distribution of the activity concentration for several radionuclides in Kalonka dumping site and its
vicinity is shown on Fig. 1. The same distribution were measured for two other sites and the average
values of activity concentrations are given in Table 1.

Fig. 1. Concentration of some radionuclides in surface soil in the vicinity of Kalonka dumping site
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Table 1. Average radionuclide concentration in surface soil in the vicinity of two other dumping sites
[Bq/kg]

Distance
[ m ]

Dumping
site

5

10

30

150

Byszewy

2.0pb

21.5
±0.4
24.0
±2.5
26.4
±1.1
15.5
±4.2
30.1
±2.0

226Raa

14.2
±0.1
18.2
±2.1
21.6
±8.0
14.6
±2.3
12.9
±0.8

234T h

14.2
±0.1
20.6
±2.6
19.8
±2.9
13.7
±2.1
13.7
±0.3

232Thb

15.4
±0.2
18.3
±1.6
17.7
±2.2
14.1
±1.9
14.0
±0.3

l37Cs
2.8

±0.1
2.0

±0.1
3.8

±0.4
1.6

±1.4
13.4
+1.4

40K
316.0
±6.2
321.7
±14.1
335.3
±19.9
268.7
±27.9
302.3
±4.6

Stoki

210pb

24.5
±0.9
20.5
±1.7
23.8
±1.5
24.2
±1.9
40.6
±10.0

226Rab

23.7
±1.1
13.1
±0.3
14.5
±0.5
17.9
±0.7
35.0

±10.3

234Th

23.1
±0.5
15.6
±0.2
15.8
±1.3
20.1
±0.7
33.6
±8.2

232Thb

22.8
±1.0
14.6
±0.4
15.8
±0.1
23.4
±0.4

29.8
±6.6

137Cs
1.1

±0.2
4.0

±0.1
4.5

±0.3
1.4

±0.4
3.9

±2.6

4 0 K

331.0
±2.5
341.0
±3.3
347.0
±9.1
480.0
±29.0
414.7
±25.8

a)'
b ) D 228Ac)/3

As it is evident from the presented Fig. 1 and Table 1 no remarkable differences in the surface soil
concentrations of radionuclides within the dumping sites and an adjacent area have been found, except
of 210Pb outside the Kalonka site. The average concentrations of 40K, 232Th and 234Th were close to
those determined for eastern part of Poland [3]. It proves that the vertical migration of deposited radi-
onuclides toward surface of soil and then outside of the waste sites is negligible for Byszewy and Stoki

226Tsites. The slightly higher specific activities of Pb in comparison to its predecessor Ra in surface
soil is a normal situation as a result of 222Rn emanation from land surfaces and return of its daughter
2I0Pb to the earth's surface [4,5]. In the case of deposited fly ashes with elevated concentrations of
226Ra: 68 to 154 Bq/kg in comparison with average 226Ra concentration in surface soil ca. 20 Bq/kg
such emanation can be more intensive, if covering layer of soil is not sufficient. No significant differ-

Session 2 85



210T

IRPA Regional Symposium
Radiation Protection in Neighbouring Countries of Central Europe. Prague. 8-12 September 1997

• 2 2 6ences in Pb / Ra ratio for surface soil within and outside of Byszewy and Stoki sites (average val-
ues 1.5 ± 0.4 and 1.35 ± 0.25, respectively) have been found. However, for Kalonka, which is upheaval
type site those ratios were: 1.2 ± 0.2 and 6.3 ± 1.6 outside. The higher migration of 222Rn from Ka-
lonka site was confirmed by measurement of the soil profiles activity ratio for that site and samples
taken in 150 m distance from its border. The results are shown in Table 2.

Table 2. The 210Pb / 226Ra ratio versus soil depth for Kalonka site

Soil depth
[cm]

0 - 5
5-10
10- 15

210Pb/226Ra
in Kalonka site

1.2
1.26
1.65

210pb /226Ra

in 150 m distance

4.7
2.5
1.6

As it is evident from the Table 2 the higher values of 210Pb / 226Ra ratios are observed for the soil sam-
ples taken from surface to 10 cm depth outside the dumping site.

4. Conclusions

1. Determination of natural radionuclides in vicinity of the fly ash dumping site can be used for
evaluation of the recultivation quality.

2. 210Pb / 226Ra ratio in surface soil is an useful indicator for evaluation 222Rn emanation from the
dumping site and consequently for Rn hazard for neighbouring population.

3. In the case of Kalonka site the additional Rn exhalation rate and Rn outdoor concentration meas-
urements should be performed for final assessment of recultivation work quality.

4. Contamination of the soil by 137Cs after Chernobyl accident is negligible for Lodz area in compari-
son with eastern part of Poland.
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BIOLOGICAL INDICATORS OF EXPOSURE TO RADON

M. Beno
CZ9928456

Institute of Preventive and Clinical Medicine, Limbovd 14, SK-83301 Bratislava, Slovak Republic

1. Introduction

Biosphere consists of biological entities which may be observed and described at various levels. Bio-
logical indicators of exposure to ionizing radiation are, in other words, effects or symptoms reflecting
the biological response to this exposure at various levels of observation : molecular, cellular, tissue, in-
dividual organism and population. We categorize the effects in such a way because it is clear that dam-
aging a few molecules located within a cell with high probability does not damage the cell, killing few
cells does not appreciably damage any tissue and so on. At this staging we get to the level of an indi-
vidual human being and a philosophical question arises: what we are afraid of at the level of an indi-
vidual and at the population level? At answering this question I am obliged here to define the well
known aims of radiation protection which is defined as: to exclude the possibility of non-stochastic ef-
fects and to reduce the stochastic effects after irradiation to the level which is as low as reasonably
achievable. After low-level irradiation we expect only stochastic effect as are the mutagenesis and car-
cinogenesis - and these are the two effects we are afraid of.

In this review I would like to limit my reports to relevant findings observed at the molecular and cel-
lular level after the exposure of cells and organisms to alpha-particles which might originate from ra-
don and its daughter-products or other alpha-sources. I would like to draw your attention to a well
written review of Jostes R.F. (1996) which has got to my hands after my review was already on the
programme of this meeting. So I will limit myself only to most important items which Jostes men-
tioned and to items which appeared and were available to my hands after that date.

2. Mutagenesis after alpha irradiation

Generally, the effects of alpha particles on the entities staged previously are the same as after irradia-
tion by other radiation qualities (beta, gamma) but the physical properties of alpha particles, especially
the short track and high LET complicate the experimental work and its interpretation from the point of
view of application to human individuals or human population, as well. The techical difficulties
emerging at the irradiation by alpha particles caused that less radiobiological experimental work which
would follow the effects of alpha radiation has been done than in following the effects of other types of
radiations.

Recently, Hei et al. (1997) using a microbeam of alpha-particles showed the high efficiency of mutant
production by alpha particles. They irradiated single cells by single alpha particles and showed that if
every cell is irradiated by a single alpha particle 20% of the population dies and in the surviving frac-
tion the proportion of mutations doubles in comparing with the background mutation rate. It should be
noted that they found still about 15% surviving cells able to form colonies after traversal of 8 alpha
particles.

The two effects - mutagenesis and carcinogenesis exert themselves primarily after damaging the DNA
molecule so that mutagenesis precedes carcinogenesis. The evidence that cancerogenesis requires
more than one mutation step is rising permanently. Miller (1997) reviewed the evidence of this and
found at least six typical chromosomal aberration-types in chromosomal segments containing tumor-
suppressor genes which could be found in lung cancer. As was shown in the review of Miller et al.
(1997), the p53 tumor supressor gene is often inactivated in lung cancer. Vahakangas et al.(1992),
Taylor et al. (1994), Hollstein et al.(1997), Hussain et al. (1997) have found more point mutations at
this locus but a search for specific radon-induced mutation at the p53 gene did not show an unequivo-
cal result.
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Some mutations may be inborn, and, some may result after various chemical and physical influences
so that radiation is only one of the mutagenic factors encountered in the environment. The degree of
damage causing a mutated DNA molecule may attain various grades. It may be small, for example a
point mutation in one or a few DNA bases within the base sequence - such damage predominates in in-
herited, or spontaneous mutations. On the other side it may involve large parts of the DNA molecule
up to deletions of thousands of base-pairs or even whole genes - such damage predominates after envi-
ronmental influences. Nevertheless, the degree of damage does not influence its result, which expresses
itself in inactivating the gene involved.

The number of mutations increases with the absorbed dose after alpha irradiation by radon progeny as
was experimentally proved by Jostes et al.(1994) in in vitro experiments on CHO (chinese hamster
ovary cells). The mutation rate was about 1.4 x 10"4 per cell per gray and consisted by 70% of
HPRT(hypoxantine-guanine phosphoribosiltransferase) gene deletions. The proportions of the types of
mutations did not significantly differ from proportions obtained after x-ray irradiation.

Bridges et al. (1991) studied the frequency of mutations in the HPRT gene in human peripheral lym-
phocytes in subjects with known domestic radon concentrations and found a significant association
between log mutant frequency and radon concentration. Cole et al.(1996) after increasing the number
of probands in the same study as Bridges et al.(1991) could not find an association between the number
of gene mutations at the HPRT locus and at the BCL-2 locus on one side, and, the dose from radon and
its daughters in homes on the other side.

Wones et al. (1995) studied the mutagenic damage by HPRT, glycophorin A (loss of M and N allele in
erythrocytes) assays in a human population sample living near an uranium processing site. Although
the assays did reveal significant relations of mutation frequencies to age and smoking, they did not re-
veal relation to the time of exposure to uranium emmissions. No quantitative estimate of the exposure
to radiation was used in this study. A summary of the results gained by five laboratories
[Aghamohammadi et al. (1992) Jostes et al. (1994), Schwartz et al. (1994), Chen et al. (1992), Metting
et al. (1993), and Bao et al. (1995)] was made by Jostes (1996) and the results show that the mutation
spectrum caused by radiation is different from the spectrum of the "spontaneous" (background) muta-
tions. Much more total deletions of genes are caused by irradiation in comparing with spontaneous
mutations. The effect of alpha irradiation seems to be expressed more intensively than after
x-irradiation, as total deletions of the hprt gene comprises about 50% of all mutations and after
x-irradiation the yield is about 40%, respectively. These yields are much higher than in spontaneous
mutations where only about 15% mutations belong to the category of total deletions.

3. Chromosomal aberrations after alpha irradiation

At the cellular level the chromosomal aberrations represent a visible expression of changes in genetic
material and are considered as somatic mutations. Few in vitro alpha dose-chromosomal aberration re-
sponse relations were published (see Schmid et al. 1996, Simmons et al.1996) and showed consider-
able variability in the slopes of dose-aberration response curves made experimentally on cells of vari-
ous provenience.

Recently Schmid et al. (1996a and 1996b) published dose-response curves for the chromosomal aber-
rations and sister chromatid exchanges (SCE) in human lymphocytes after in vitro alpha irradiation by
Am-241 resulting in absorbed doses up to 1.0 Gy. The dose-response relation for dicentrics was linear
with a yield of 0.27 dicentrics per cell/Gy. The dose response of SCE was linear, with a yield of 3.4
SCE per cell/Gy Underdispersion was found for the cell-to-cell variance of the number of SCE.

The first study of potentially alpha dose-response relations in vivo which I have had available was by
Brandom et al. (1978). They showed an increasing number of chromosomal aberrations in blood lym-
phocytes at increased underground exposures in uranium miners and at increasing body burden of
Pu-239 in plutonium workers, as well. By simple calculation of pooled yields of aberrations they found
0.0004 complex aberrations per 100 cells/WLM (working level month) in uranium miners and 0.026
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aberrations per 100 cells/nCi of Pu-239 incorporated in the body. No attempt was made to analyze the
influence of smoking, or other factors which might have confounded the results . This work showed
that alpha emitters after professional internal contamination may cause considerable clastogenic harm
which might be detectable analyzing blood lymphocytes. However, this was done at high exposure lev-
els.

The question of low level cytogenetic effects of radon was started to be answered by Pohl-Rueling.
She published an impressive dose-response relation for spa-workers in Bad-Gastein, but, the accompa-
nying table did not exclude considerable gamma contribution (Pohl-Rueling 1990).

Bauchinger, M. et al.(1994) counted chromosomal aberrations in blood lymphocytes of 25 subjects
continuously living in houses with indoor radon (Rn-222) concentrations 210-3000 Bq nr3 exceeding
the German average of 50 Bq nr3. The mean frequency of cells containing dicentrics and ring chromo-
somes (1.3 S.D. 0.3 per 1000 cells) and the incidence of dicentrics and ring chromosomes per cell (1.5
S.D. 0.4 per 1000 cells) were significantly increased compared to the control levels (0.54 S.D. 0.11 per
1000 cells for both endpoints). Cumulative radon exposures for last ten years before the time of blood
sampling were between 700 and 6300 Bq nr3 a. They found a tendency for an exposure-effect relation-
ship after grouping the subjects according to the mean weighted cumulative radon exposure above and
below 1800 Bqnr3 a.

The study continued by counting translocations in FISH-painted chromosomes (fluorescence in situ
hybridization) (Bauchinger, M. et al.1996). Compared to a control group, the mean frequency of sym-
metrical translocations of the radon group was slightly but not significantly (p < 0.10) increased. A
similar tendency became apparent for a comparison of two groups of subjects with cumulative radon
exposures above and below 2800 Bq nr3 y. It was concluded that the observed relative increase (1.5-
fold) of the translocation frequency in blood lymphocytes is too small to discriminate chronic radon
exposure from background.

Maes et al.(1996) did not find a significant difference in comparing control counts of lymphocyte
chromosomal aberrations with those of a group of twelve persons living in houses where the concetra-
tions of radon were measured for 6 months.

The professional exposure of miners to radon is our interst so I have reviewed papers in relation with
that theme. Recently Zaire et al. (1996,1997) observed significantly elevated counts of chromosomal
aberrations in lymphocytes of 16 miners of a Namibian open-pit uranium mine in comparing with a
control group of non-exposed persons. No precise dosimetric results were published. The average ef-
fective dose was 1.8 mSv/year with the highest dose being 5 mSv/year. In another study, Agostini et
al. (1996) found elevated counts of chromosmal aberrations and micronuclei in Brazilian underground
coal miners. No radon exposure has been mentioned in this study.

4. Conclusions

1) much work in searching of a specific biological indicator of response to high and low doses of alpha
particles, including of those of radon on the molecular and cellular level was done but no such bio-
logical indicator has been found up to this time;

2) in following the effects of radon at both, the molecular and cellular levels there is a need for ex-
perimental work which would elucidate the influence of factors confounding the effects (smoking,
chemical mutagens) by exact methods. This would require extensive experiments with application
od various dosages of the most common environmental noxae combined with radon inhalation;

3) the low dose effects of radon have a probabilistic character. In studying such effects there is a need
for a careful biometric approach;

4) there still exist studies in the field of occupational health which, despite of importance to the people
concerned, do not contain sufficient data about exposure to radon.
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RADON CONCENTRATIONS IN NORWEGIAN KINDERGARTENS: SURVEY
PLANNING AND PRELIMINARY RESULTS

A. Birovljev, T. Strand and A. Heiberg CZ9928457

Norwegian Radiation Protection Authority, P.O. Box 55, 1345 0ster&s, Norway

Abstract: Increased awareness that children may have higher sensitivity to ionizing radiation, com-
bined with long winters and extended amount of time Norwegian children spend in kindergartens and
schools have been among the factors that turned our attention to radon levels in these types of build-
ings. During winter 1996/97 and spring 1997 the largest radon survey in Norwegian kindergartens and
schools has been started. So far radon concentrations in 2481 kindergartens have been measured. The
preliminary results of the first phase of the survey are presented. Our experiences in planning and con-
ducting of the investigations are described. Analysis of the preliminary data shows a close to lognormal
distribution of frequencies, a median of 35 Bq/m3, and an average of 69 Bq/m3. Clear dependence of
the radon levels on the year of construction is observed and discussed. Higher radon levels were meas-
ured in larger kindergartens.

1. Introduction

Sporadic measurements of radon concentrations in Norwegian kindergartens conducted some years ago
indicated that in spite of modern ventilation systems high radon levels could be found in some build-
ings. Increased interest in study of radon problems in such buildings can be noticed in the recent inter-
national literature [1-3]. Motivation is special in countries with cold climate, where children spend
longer time indoors. Norwegian children spend up to 18% of their total time during one year in kinder-
gartens and schools. The length of time spent in these buildings comes second longest, next to chil-
dren's homes where up to 70% of the time is spent.

The total exposure time spent in these buildings is up to 5 years (average 4 years), which is quite short
compared to the development time of lung cancer in adults. Nevertheless, there are a number of uncer-
tainty factors, such as sensitivity to radiation at young age that indicate importance of assessing expo-
sure in kindergartens and schools. Knowledge of exposure levels in kindergartens and schools would
also enable more precise estimates of effective doses from radon received by individuals.

Another point is related to the usually close geographic location of children's home, kindergarten and
school. Our earlier measurements in kindergartens have incidentally been good indicators of radon lev-
els in the areas where these buildings were situated. Can measurements in such buildings help identify
areas of higher radon risk?

The questions on how modern construction methods and the use of mechanic/automatic ventilation
systems influence indoor radon levels also motivated the present investigation. Newer Norwegian
dwellings have been found to have, on average higher radon concentrations [4,5] compared to older
dwellings. It was uncertain whether this trend is present in buildings like schools and kindergartens,
which often have mechanical ventilation systems. A large survey of such buildings will hopefully pro-
vide a basis for comparison and offer some explanations as well.

2. Planning of the survey

The present survey of radon concentrations in Norwegian kindergartens and schools has not yet been
completed and, here, only very preliminary results will be presented. The aim of the investigation is to
assess radon concentrations in indoor air in as many Norwegian kindergartens as possible. The results
of the survey will point out those buildings that need remedial measures to reduce radon levels to bel-
low the Norwegian action limit (200 Bq/m3). The study will enable a reanalysis of the doses that Nor-
wegian population receives from radon. Additionally, some questions regarding measurements in
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buildings with varying ventilation regime are expected to be clarified by this investigation. The find-
ings may lead to a revision of the current recommendations by Norwegian Radiation Protection
Authority (NRPA) regarding radon measurements in such buildings.

The survey was planned in two phases: first from October 96 until September 1997, and second from
September 97 until June 98. In the first phase of the survey the local health authorities in all Norwegian
municipalities were contacted. They were given necessary information regarding the project, and of-
fered radon measurements in kindergartens and schools by NRPA either during winter/spring 97 or
winter 97/98. Contact persons in the local authorities were asked to report back the number of kinder-
gartens they have, and later receive detectors from NRPA and distribute them to the managers of the
kindergartens. Each detector is accompanied by a questionnaire that had to be filled out by the manag-
ers. The managers according to written instructions placed detectors in appropriate rooms. The meas-
urement period was no less than 2 months and during the heating season. At the end of the measure-
ment period the detectors were returned directly to NRPA to be analysed.

Two main types of full-time kindergartens were included in the study: ordinary kindergartens, which
care for several tens of children and family-kindergartens which, are situated in private homes and care
for only 3-6 children including family's own children. Children spend on average 7 hours in a kinder-
garten. So far measurements have been conducted in 2481 kindergartens that care for nearly 69800
children, with average number of children per kindergarten being 28.

Another aspect of this project, which concerns public opinion and possible reactions to the investiga-
tion and the results, had to be considered in the planning stage. It is known that investigations of this
type are often socially disturbing in that anxiety and fear in the population involved are present even
before the results are available. This effect is expected to be further increased because of the involve-
ment of children. Some information strategy had to be thought of and prepared in advance.

3. Conducting measurements

Measurements of radon concentration are conducted using etched track detectors, which are analysed
in NRPA's newly established laboratory. Automatic, computer assisted, etched-track counting system
GIPSRAD is used. The material used is CR-39. Etching is conducted using 20 % NaOH over 2 hours
and 45 min. The analysed area per sample is 1.3 cm2. The capacity of the counting system is 50 sam-
ples per hour of continuous analysis. Quality control routines include regular checks of illumination
and focus, sensitivity and background determination using 2 x 6 samples from each batch containing
approx. 160 samples that belong to a single production sheet of CR-39. Samples are stored in freezer to
reduce ageing and radon exposure. The laboratory participates regularly in international intercompari-
sons.

Seasonal corrections are used for estimation of year average, based on the experience that radon con-
centration is on average double during winter months compared to summer months. NRPA recom-
mends cheaper remedial measures for all buildings and dwellings with year average radon levels be-
tween 200 Bq/m3 and 400 Bq/m3 , and above 400 Bq/m3 owners are encouraged to undertake all
necessary measures to reduce the radon concentration.

Since most Norwegian kindergartens are of moderate size (100-300 m2), not much larger than ordinary
private houses, the measurements were conducted using one detector per kindergarten. Only in certain
larger buildings two or more detectors were used.

The measurements in the first phase were conducted under the normal ventilation regime. This means
that in 1339 measured kindergartens which have mechanic ventilation, the ventilation system is off
during the night and is switched on typically one or two hours before children arrive in the morning. It
may be expected that the radon concentration in such buildings will increase considerably during the
night, reach it's peak just before the ventilation system is switched on, and then decrease. In such
buildings, a detector will measure a 24 hours average which can be considerably higher than the actual
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radon concentration during the day-time, when people are occupying the building. In this respect, the
measurements of the first phase are expected to give upper limits of radon concentrations in such
buildings. The same pattern of radon concentration time-development have been observed in dwellings
and buildings with natural ventilation, but the severity of this effect may differ compared to buildings
with mechanic ventilation.

In kindergartens where radon concentrations exceed 200 Bq/m3, the measurements will be repeated in
the second phase of the project to establish more accurate results for the day-time radon levels. During
repeated measurements the ventilation system will be on 24 hours a day. The cost of the repeated
measurements will therefore be higher than normal due to energy consumption by the ventilation sys-
tem during night-time.

4. Results and discussion

The preliminary results of the first phase are summarized in table 1. The median of the distribution is
35 Bq/m3, and the average 69 Bq/m3 . The number of kindergartens with concentrations exceeding the
action level (200 Bq/m3) is 149, or 6 % of the total number of kindergartens measured.

Table 1. The table shows a summary of the results of the first phase of radon survey in Norwegian kin-
dergartens

Phase 1. of the survey Number of Median Average
Group of kindergartens (K.G.) K.G. (Bq/m3) (Bq/m3)

All K.G. measured in phase 1
small K.G. (up to 12 children)
medium K.G. (from 13 to 30 children)
large K.G. (over 30 children)
K.G. with natural ventilation
K.G. with mechanic ventilation
K.G. above ground floor
K.G. bellow second floor
K.G. with Rn cone. < 100 Bq/m3

K.G. with Rn cone. > 100 and < 200 Bq/m3

K.G. with Rn cone. > 200 and < 400 Bq/m3

K.G. with Rn cone. > 400 and < 800 Bq/m3

K.G. with Rn cone. > 800 Bq/m3

2481
400
1043
967
940
1339
121

2366
2049
283
102
34
13

35
30
32
40
33
36
22
37

69
62
62
74
67
71
31
73

Over 80 % of indoor radon in Norwegian buildings and dwellings has its origin in the bedrock. The
most common Norwegian building materials are wood, light-concrete and concrete, all having low to
moderate radium and thorium concentrations. The median radon concentration in the kindergartens on
floors higher than the first are therefore, unsurprisingly, much lower than the overall median. Likewise
the kindergartens on floors lower than second floor have the highest median radon concentration of
37 Bq/m3.

Interestingly, both the median and the average of the radon concentrations in kindergartens with me-
chanical ventilation are higher then the corresponding quantities for the kindergartens with natural
ventilation. Possible explanation for this artefact is what appears to be strong underlying dependence
on the age of construction, which was previously seen in private houses [5]. Very few older kindergar-
tens have ventilation systems, but are also less tightly built with respect to air-currents in the building
and consequently the radon levels are lower.

This reasoning poses a question regarding effectiveness of an average ventilation system, something
that will be given closer attention in the second phase of the survey, when some repeated measure-
ments, under 24 hour ventilation activity, will be performed.
The value of the mean radon concentration, 69 Bq/m3 falls within the range 68-74 Bq/m3, which is the
estimated present average radon concentration in Norwegian detached, semi-detached, row and ter-
raced houses [6].
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Figure 1. (a) Distribution of numbers of kindergartens that have radon concentrations within 5 Bq/m3 in-
tervals, (b) Distribution with log-transformed radon concentration as x-axis. Stippled line is the
Gaussian fit to the data
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In table 1, the kindergartens were also grouped into small, medium and large, and the median and the
average of each group were calculated. Clearly, the largest kindergartens (with more than 30 children)
have the highest radon concentrations. This was not expected since these kindergartens have larger size
and better mechanical ventilation systems. In this respect they come into different category compared
to smaller kindergartens, which are similar to houses.

The distribution of frequencies is close to lognormal and is shown in figure l(a). By transformation of
the variable into logarithm a distribution close to normal in figure 1 (b) is obtained. The stippled curve
in this figure is the Gaussian fitted to the data, with the mean of 1.57 and a = 0.9. Conversion of the
mean by anti-log gives 37 Bq/m3 for the geometric mean with the standard deviation of 8 Bq/m3.

Dependence of the radon concentration on the year of construction has been given special attention to
see whether similar trends exist as in private houses. Table 2 and figure 2 summarize the data, which
reveal very similar patterns as in detached, semi-detached, row and terraced houses (reported earlier
[5]). Note that the period of interest, here, is from 1970 until nowadays, since most older houses have
undergone restoration and additional thermal insulation, which often causes radon levels to increase.
The reason being changes in building technique which produce more air tight construction above
ground, but weak, fracturing (over time) slab-construction. Almost linear increase of radon levels from
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1970 until 1995 is only deviated by the very recently built kindergartens. The same is observed for the
houses: lower radon levels in 2-3 year old dwellings compared to those built 4-7 years ago. It appears
that there exists a critical age of the house (3-4 years) when previously airtight slab-construction be-
comes permeable to soil gas inflow.

Table 2. Dependence of the average radon concentration on the year kindergartens were constructed

Construction year
-1950

1950- 1960
1960- 1970
1970 - 1975
1975- 1980
1980- 1985
1985 - 1990
1990-1995
1995- 1997

Median (Bq/m3) Average (Bq/m3) Number of kindergartens
26
30
24
21
35
40
44
50
31

52
63
51
39
58
72
96
97
57

273
128
157
190
263
206
370
355
32

Figure 2. Dependence of the average radon concentrations in Norwegian kindergartens on the age of the
buildings. Interesting period is from 1970 onwards, as most older houses have undergone signifi-
cant changes due to restoration
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In conclusion, the preliminary results of the survey in Norwegian kindergartens indicate median of
35 Bq/m and average of 69 Bq/m3 for the year average radon concentrations. The dependence on the
year of construction is clear, with an upwards trend. Larger kindergartens have higher radon levels.
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MEASUREMENT OF COSMIC RAYS ON BOARD FRENCH AIRCRAFT
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Abstract: Many new data on radiation exposure of air crew have been collected since the publication of
ICRP 60 recommendations in 1991. The experimental data obtained on board of French aircraft mainly
in the period of 1991 - 1997 are reviewed, analyzed and discussed. It follows from them that the annual
dose equivalent values for air crew members would vary between 2 and 6 mSv, following the routes
engaged and the total flight hour's numbers.

The data obtained are also compared with the values calculated by means of a transport code able to
take into account all relevant parameters. It is found that the calculated values are for subsonic flight
altitudes generally a little lower than measured ones.

1. Introduction

ICRP 60 publication recommends to consider the exposure to radiation in jet aircraft as occupational
exposure to enhanced natural radiation in the cases when the annual equivalent doses are liable to ex-
ceed 1 mSv. Since its publication in 1991 [1], many studies of this type of exposure have been under-
taken [2]. We have started such studies , under the support of Air France, already since the beginning
[3].This contribution reviews the experimental data obtained on board French aircraft mainly in the pe-
riod 1991-1997, they are also compared with the prediction based on a transport code.

2. Experimental

Detectors used

Radiation fields on board aircraft is divided to the neutron component contributing mainly in the high
linear energy transfer (LET) region and directly ionizing component (electrons; high energy protons,
photons), contributing mainly in low LET region. We used following instruments:

* NA USICAA equipment [4] with a cylindrical low gas pressure tissue equivalent proportional counter
(TEPC) as a sensor has been used to measure total dose equivalent for both low and high LET compo-
nents. It permits to determine the dose equivalent rates from 1 to 103 \iSv per hour. This type of in-
strument is generally taken as the reference one [2].

* The NM2 moderator type « remmeter » is based on the Anderson-Braun type of counter [5], with a
BF3 proportional tube. It permits to measure neutron dose equivalent rates from 0.1 to 104 fiSv/h.

* Individual electronic dosemeters have been also used to determine the dose equivalent rates due to
low LET component of the radiation. Two types have been tested, based on Si-diode or GM counters.

* Bubble damage neutron detectors (BDND 's) [6] have been used to determine the dose equivalent
doses from the neutron component. The samples available, with a 100 keV neutron energy threshold,
presented a nominal sensitivity of 1 bubble per 1 u,Sv of AmBe neutrons.

Low LET radiation measuring instruments have been calibrated with 60Co photons, high LET radiation
measuring equipment with a AmBe radionuclide neutron source. For both components, the response
has been primarily expressed in terms of the ambient dose equivalent of reference radiation..
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Flight routes

Several types of routes have been chosen to perform the measurements with the goal to characterize the
most of possible exposure types for Air France air crew members:

a) subsonic flights : Northatlantic routes to Montreal, New York, San Francisco and Los Angeles; near-
polar routes to Tokyo; and transequatorial routes to Buenos Aires;

b) supersonic flights; route to New York

Measurements have been performed in the period 1991-1997; on more than 20 round trip flights.

3. Results

Radiation quality

NAUSICAA TEPC measures directly the spectra of microdosimetric quantities , these spectra give
rather complete information on the radiation quality of the on board radiation. It was observed, that
these spectra do not depend, within their uncertainties, on the flight altitude, the typical examples are
presented in Figures 1 and 2. Average quality factor obtained is about 2.0, in agreement with some
previously published results [2].

Figure 1. Dose and dose equivalent distributions in Figure 2. Dose and dose equivalent distributions in
lineal energy; subsonic flight Paris-San lineal energy; supersonic flight Paris-New
Francisco York

Exposure level

It is known that the exposure level depends on the flight altitude, geomagnetic parameters of a flight, it
varies also with the solar activity, being higher in the period of solar minimum and vice-versa [2]. In-
formation on the level of cosmic rays presence in the Earth's atmosphere can be obtained from the data
of cosmic ray monitor's network. As an example, the counting of the monitor situated at the top of
Lomnicky stit (2653 m) in High Tatras mountains (Slovakia) are presented in Figure 3. One can see
there that the level of cosmic rays presence changes since the beginning of 1992 only a little. Only
measurements we have performed at the middle of 1991 seems to be really significantly lower than
these performed after 1992, both for Buenos Aires flight (-40% at the 13th June) as well as for New
York route (-15% for the end of April 1991), in agreement with the data of Figure 3.

It should be mentioned that the responses of different instruments expressed in terms of ambient dose
equivalent of the reference radiations vary following the type of instrument. In the case of neutrons
these variations follow from the difference in their spectrum on board and in the reference field. On
board, the high energy neutron component, not present at AmBe, is responsible for about 50% of the
dose equivalent. Due to that the response of moderator type devices as well as the bubble detectors is
lower. The comparison with the reference instrument as well as the calibration in the high energy refer-
ence fields have shown that the underestimation factor is about 2 [7].The ambient dose equivalent is
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Figure 3. Variation of month average countings of Lomnicky stit cosmic ray monitor during last two so-
lar cycles. September 1986 = 100
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also underestimated for the low LET component, due to the difference in depth dose distributions of
on-board and reference radiation. The correction for this underestimation is about 1.25 [7,8].

Directly measured as well as corrected values of ambient dose equivalent rates depends, as mentioned,
on the flight altitude. Typical examples of this dependence are presented in Figures 4 and 5 using the
reference instrument (NAUSICAA TEPC) results, both for a subsonic and a supersonic flight. Data
presented in Figure 4 demonstrate also the influence of geomagnetic position. One can see there that
the exposure level increases when flying from Tokyo (close to the geomagnetic equator) to Fairbanks
(Alaska-close to the geomagnetic pole) by a factor of more than two, while the flight altitude is varying
only a little.

Monitoring of exposure

It does not seem that the air crew exposure will be monitored by an individual dosimeter [2]. It was
even recommended to calculate the exposure level by means of an appropriate transport code. One of
them, CARI [9], has been accepted by American aviation authorities. The code permit to take into ac-
count all factors mentioned. We tried to compare the data calculated by this code with directly meas-
ured values (see Figures 4 and 5). While for a supersonic flight the agreement is good, the data calcu-
lated for a subsonic flight are, as mentioned also by other authors [2]; a little(~30%) lower than
measured ones. Some supplementary studies are necessary to find the reasons for such difference.

4. Conclusions

Many new data have been obtained on the exposure level of air crew members on board of French air-
craft. It was found that, in the period between 1992 and 1997, i.e. at rather low solar activity, it varies
(for near pole regions) between 4 and 10 uSv per hour for subsonic flights, up to 14 uSv per hour at
the level of a supersonic flight (17 km). Close to the equator this level decreases by a factor more than
two. These levels correspond to the annual dose equivalent values between 2 and 6 mSv (based on 700
blockhours limit for subsonic and 300 blockhours for supersonic flights, respectively). Further studies
are necessary to check these results and, also, to gather more data on the solar activity influence.

98 Session 2



IRPA Regional Symposium
Radiation Protection in Neighbouring Countries of Central Europe. Prague. 8-12 September 1997

Figure 4. Exposure level during the subsonic flight Figure 5. Exposure level during the supersonic
Tokyo-Fairbanks-Paris; January 1997 flight Paris-New York; August 1996
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1. The goal
The detriment caused by radon daughters inhalation is probably defined by total inhaled activity,
not by concentration. Therefore integral measurement is more suitable for estimation of professional
exposure.

In the case of dwellings there are more reasons for long-term measurement. (The use of acti-
vated charcoal in USA is after our opinion caused by commercial milieu.) The variation of radon
concentration is influenced by many factors - diurnal Earth breathing, seasonal natural and artificial
ventilation etc. It is possible to get e.g. instantaneous value and after using some model it is possi-
ble to estimate the year mean. For use this approach it is necessary to know many (9?) parameters
and their measurement is time and scientist consuming. It is not possible to apply complicated pressure
measurement in thousands of houses.

Why not use year measurement, which smoothes described changes? It exists very suitable cheap
method. The situation is not urgent, people live there many years. The uncertainty is acceptable.
The transport is cheap and simple and following instruction does not want qualification.

2. The main stream
Most of SSNTD applied in the Czech Republic has been bare (open) Kodak LR 115 used for whole
year period. The track number corresponds to sum of all alpha emitters concentration in air. This is
more close to radon concentration, than to EEC. But legal and historic circumstances led the
Czech Republic to EEC estimation. Open detectors suffer by not negligible sunshine influence.
Intercomparison in radon chambers used to be very successful, but results of many field intercom-
parison organized in last few years differ extremely. But positive points are after our opinion greater.

These detectors were in past used for two reasons:
1) To estimated the republic mean. About 5000 detectors were sent by post to inhabitants. The choice

follows electricity consumers list (the phone list would be less representing the most suitable sam-
ple). It was obtain the value

GM for EEC (EER) 52 Bq.m-3

The rough validity of this value is confirmed by use our SSNTD in EML New York and
NRPB Chilton intercomparisons. Calibration of SSNTD is realized in our Institute (part of it
being State Metrologic Center, which devices are traceable to Chilton).

2) To identify dwellings (and regions) with elevated values. This use is continuing (mostly two de-
tectors per house). The whole set is now analyzed, but tendencies would be similar to other
countries - in rural detached houses are higher concentrations, old houses are critical group etc.

The distribution has been allowed by effort of many state clerks, mayors etc. and system is described
in Abstract.

It follows the summary only greater parts of use of these detectors:
town Jdchymov (Mme Curie get part of her radium in this town)

GM of EEC 563 Bq.m"3 (more than 300 detectors)
central Czech area (Devils Burden of Bohemian Pluton)

GM of EEC 327 Bq.m'3 (3110 detectors)
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the rest of Czech Republic
GM of EEC 87 Bq.m-3 (203 140 detectors) GSD is 2.1

GM is de facto lognormal mean - exp(M + SD2/2), where M and SD are parameters of Gaussian
distribution of logarithms of original values.

The distribution is very close to geometric (lognormal), but it is not representative, because detectors
were preferably used in radon risk areas, estimated after Radon Risk Map of the Czech Republic
(constructed using geologic data and uranium exploration results).

3. The other use
At some hundreds of uranium miners WLM is estimated using two types (French ALGADE and
Czech OD88) active personnel dosemeters (foil Kodak being part of both). The mean intake is de-
creasing and is about 1 WLM per year.

For week measurement the German ALTRAC is used to estimate the level in new houses.

For tens of cave guides the radon daughters intake is by area monitoring estimated. The use of pas-
sive personnel dosemeters failed because high "background": most of tracks came from storage the
detectors in building near caves, where the concentration is not low.

For retrospective studies we tried to use polonium surface activity measurement of glass using Ko-
dak with foil for alpha energy reduction. At usual cases the results were not too comparative,
therefore we stopped this research.

4. Resting problems
1) Results seems to be overestimations (by factor 1,2-1,4). It could be caused by sunshine (UV

light?) or aging the foil (greater visualized track fraction after exposure in air with changing
temperature). We continue in studying this phenomena.

2) In some per cent of cases the foil is damaged and the information is lost. In other cases the color
is pale - the foil is overetched. The reason is still unknown.

Theoretically the uncertainty of measurement is relatively low: The influence of F variation lead to
12 %, the calibration and track statistics one could characterized by uncertainty about 11 %. Room
tests have shown the SD about 40 %. It could be caused by inhomogenity of EEC. But results of our
other measurements do not allow explain this spread by inhomogenity of concentration. All deviations
etc. are assumed for k=2 (95 % probability level).

5. Interesting aspects
The number of de-
tectors with "hot
particles" is de-
creasing. These arte-
facts are probably
caused by Chernobyl
accident fall-out.

In some cases the
picture seen in mi-
croscope could be
exhibited in Pompi-
dou Center or Tate
Gallery. The tracks
are in this case hid-
den.
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1. Introduction

Because there is a long latent period between radon exposure and lung cancer incidence, it is very dif-
ficult to investigate dose response relationships because of possible radon concentration fluctuations.

From this point of view, Samuelsson et al. [SAM 88] developed a technique to measure, in a retro-
spective way, the integrated radon concentration in dwellings over the past decades.

The method is based on the plate-out of short lived radon daughters on hard materials such as stone
and glass. These deposited daughters can get implanted in the surface by their recoil energy after a-
decay. Because of the long half-life of 210Pb (22.3 yr), the glass acts as a memory for the airborne radon
activity over several decades.

The measurement of the implanted 210Po and 2I0Bi activity can be correlated to the integrated radon
concentration using the Jacobi room model [JAC 72].

The objective of the study was to find an empirical correlation between the surface activity of hard
materials and the integrated radon concentration during the exposure of these materials.

2. The room model

The behaviour of Radon and its progeny in indoor air is described in the room model. Fig. 1 gives the
schematic decay of Radon as a daughter product from a Radium source (g). Radon progeny is divided
into four different compartments dependent on their various conditions. The translation in between
these different compartments is described by several parameters.

By assuming a homogeneously mixed indoor air the activity of the progeny in each individual condi-
tion is described in a set of 24 differential equations. By way of this set there is a mathematical corre-
lation between the surface activity of a glass and the integrated radon concentration where the glass had
been exposed to. In order to be able to solve this set all parameters must be known.

3. The passive a - track detector

As we intend to use retrospective radon assessment in large scale epidemiological studies, we devel-
oped a passive detector based on polycarbonate Makrofol foils [MEE 94]. At our etching conditions
these polycarbonate detectors have an optimum sensitivity for cc-particles with energies in between 0.3

'Jin

and 2.0 MeV [MAR 86]. Because the detector will be used to measure the a-particles emitted by Po
(5.3 MeV) a 23um mylar foil is needed as an energy absorber. This combination of the detector and
mylar is mounted on the glass by means of an adhesive tape. We shall refer to this set-up as the "210Po
detector".
This 210Po detector was calibrated using a pulse ionization chamber (fig. 2). In this way the calibration
factor was determined at 45.8 ± 3.5 (1 stdev)

4. Ratio vs exposure time

Field measurements were done in the Schneeberg area. The surface activity of several glass sheets was
measured using 210Po detectors. These detectors were fixed on indoor glass surfaces for three months.
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Fig. 1. The schematic decay of radon as a daughter Fig. 2. The calibration of the 210Po detector ap-
product of radium in the room model plying a pulse ionization chamber
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In every specific dwelling, a radon concentration measurement was done using altrack detectors. A ra-
tio was defined as being the implanted activity (Bq/m2) divided by the radon exposure of the glass
sheets (kBq.year/m3).

In fig. 3 the data is represented combined with previous measurements made by our partners of the
University College Dublin (UCD) and of the KFKI atomic energy institute in Budapest.

In the figure the same effect can be perceived that has been described by Samuelsson et al. and by
Feher et al. [CEC 92] : the ratio decreases with the exposure time. There seems to be a loss of im-
planted long lived radon daughters (LRnD).

5. Calculation of a data fit

In order to comprehend the tendency of the ob- Fig. 3. Data of retrospective measurements
served data a fit was made based on an adapted
room model. For this fit, the data was filtered as
some data points deviated ambiguously probably
caused by an alteration of the radon concentration in
the dwelling during the exposure time of the glass
sample. The data points arrowed in fig. 3 were left
out.

7.0

In the existing room model a rate constant for a loss
of implanted LRnD (called A,w) was adopted. In-
tending an analytical procedure, there were also
made some simplifications:
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• The integrated radon concentration is defined as
a constant, average value representing a non ex-
isting radon concentration being in a stationary state with its short lived progeny during the expo-
sure time of the glass.

• All LRnD are in secular equilibrium. This means that the implanted 2!0Po, 2I0Bi and 210Pb all have
the same activities.

These simplifications account for the following mathematical expressions:
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Apb(t) = APo(t)

P.ARn = —*
1 Po{(l-a3)*Afm°p + (l-b3)*AL°}

pV 1000
with: ARn = The integrated Radon concentration as defined above (kBq/ml)

APo (imp/dep)= The implanted /deposited 214Po activity (Bq/mJ
Apb(t)/Ap0(t) = The implanted 210Po/210Pb activity (Bq/m J
S/V = The surface to volume ratio of the room (1/m)
a3, b3 = See fig. 1

The ratio can be calculated:

dApb(t)

dt
= {(l-a3)*AL°p + (l-b3)*A^e°p}*A4-Apb(t)*(A4 + Aw)

= A4*Q*ARn - Apb(t)*(A4 + Aw)

A4 .„ _
Apb(t) = Apo(t) =

XA
RATIO =

/U + Aw

Q
X\ +

*2<*(l_e-l

The unknown Q and Xw can be calculated by fitting this expression to the selected data points
using the method of least squares:

F{Aw, Q}
+ Aw t.

This gives the following solutions :

Aw= 0.19 h" = in

dQ

P = 0.11 * -
V

The data fit is represented in fig. 4. The relative standard deviation on this data fit is calculated to be
about 43%. Combining this with a relative standard deviation on the ratio measurement of 13% gives a
45% deviation on a retrospective radon assessment.

6. Application of data fit

Retrospective radon measurements were done in several houses in a village in the Ardennes region
(Hatrival). The empirical correlation was used to
estimate the past radon exposure (integrated radon Fig. 4. Data fit ratio vs exposure time
concentration) out of the surface activity of several
glass samples. This estimated radon concentration
was compared with a passive radon concentration
measurement using Makrofol detectors in a diffu-
sion chamber. All radon concentrations were meas-
ured between the beginning of October (1996) and
mid-January (1997).

There seems to be an underestimation of the radon-
concentration by means of the retrospective method.

When calculating with the room model the under-
estimation is largest. There also seems to be a dif-
ferent radon concentration estimated out of the sur-
face activity of glasses with different ages. This is

zo

1,0

0,5

• H)
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probably caused by the fact that the room model does not take a clearance factor of implanted daugh-
ters into account.

Table 1. Results of retrospective measurements in houses in the Ardennes region

Age of glass
(years)

2
2

29
29
29
29
29
29
27
14
16
12
12
52

>30
>30
>30
>30
>30
>30
>30
>30

Surface Activ-
ity (Bq/m2)

36
33
84
91
115
49
85
125
230
189
240
13
16
53
53
94
53
54
43
44
42
45

Empirical-retro
Radon cone.

(kBq/m3)
6.8
6.2
5.8
6.3
7.9
3.4
5.9
8.6
15.9
13.6
17.0
1.0
1.2
3.7
3.6
6.5
3.7
3.7
3.0
3.0
2.9
3.1

Measured Ra-
don cone.
(kBq/m3)

11.4
11.4
11.4
11.4
11.4
11.4
11.4
11.4
5.1
5.1
5.1
2.4
2.4
2.6
4.9
4.9
4.9
4.9
4.8
4.8
4.8
4.8

Room model Radon
cone. (kBq/m3)

2.8
2.5
0.5
0.5
0.7
0.3
0.5
0.7
1.4
1.9
1.8
0.2
0.2
0.2

Underestimation by means of the data fit procedure is probably caused by the fact that the calibration
curve was made for the Schneeberg area and was based on spring-summertime measurements while all
radon measurements were done during the months of October until January.

The use of this calibration curve gives a much better correlation for retrospective measurements done
in Schneeberg [POF 97].

7. Conclusions

The combination of several retrospective radon measurements revealed a possible need for the modifi-
cation of the Jacobi room model concerning LRnD's. A data fit suggests the existence of a possible
loss of implanted daughters.

A data fit seems to be a useful tool for radon estimation out of a surface activity measurement. As all
possible retrospective data we could collect was used (in order to have a general idea of the validity of
the room model), indoor radon concentration measurements of different seasons were compared. For
future use of this method, a different calibration curve for each purpose should be used paying special
attention to the season when the indoor radon measurement which has to be controlled is done.

Right now retrospective measurements combined with measurements of the seasonal variation of the
indoor radon concentration is done in twenty houses in Hatrival. With this data we hope to obtain dif-
ferent calibration curves useful for application in the Ardennes region.

In the future an intercomparison of Jacobi room model programs is planned in order to clear all possi-
ble miscalculations.
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ENVIRONMENTAL DATA COLLECTION AND SIMILAR RADIO LINKS TO
PROVIDE ONE-WAY MESSAGE TRANSFER : HOW TO COVER

A MAXIMUM AREA WITH BATTERY-POWERED TRANSMITTERS ?

V. Genrich, R. Dielmann and H. Mayer

Genitron Instruments GmbH, D-60488, Frankfurt, Germany

Abstract: Based on compact and battery-powered remote sensors, a wide-range data collection network
has been set up. In its first implementation, environmental radioactivity is measured and transmitted in
an hourly cycle via a UHF radio link. In order to provide several years of maintenance-free operation in
the open air, the design effort has been directed towards ultimate stability and minimum battery con-
sumption on the transmitter side. By employing state-of the-art receiver technology at the base station,
a radio horizon of more than 100 km (line-of sight) can be covered with such an application-specific
radio sensor network.
While demonstrated with environmental monitoring, this novel approach is attractive for all kinds of
low-rate data links, especially for multiple simplex connections from remote locations. Installing an
application specific radio network can be an attractive alternative compared to the prolonged use of
public cellular services. Arguments may arise from insufficient field-strength (far away from urban ar-
eas), from aspects of accumulated cost, from maintenance interval, or simply, when link-availability in
case of a severe emergency is an important aspect.

1. Introduction

There are several parameters related to chemistry, physics, oceanography, geosciences and meteorology
which can be monitored continuously without major technical problems. Some of these are associated
with a high degree of public concern. In several countries, this has led to the installation of sophisti-
cated early-warning networks to protect the population against potential hazards: avalanches, forest
Fig. 1. Focused on the personal ^"ires' v°lcanic eruptions, earthquakes, airborne radioactivity - to

communication market in ur- mention just a few.
ban areas, public cellular net- T o d a V j t h e r e i s o n l y o n e problem remaining: Most of these sites,
works are not an appropriate w h e r £ ^ m e a s u r e m e n t s h a v e t o b e taker i ; a r e far a w a y f r o m c i v i .
v e h i c l e t o r e n v i r o n m e n t a l d a t a . . . , Ai ,, • 1 r

.. . hzation, and consequently, there is no mams power supply avail-
able, nor a telephone cable for on-line modem connection. Fre-
quently, in these sparsely populated regions - where the early-
warning sensors should be placed to ensure optimum performance
- there is no access to wireless communication services like GSM,
TETRA, DECT, DCS-1800 or US-CDMA.
In principal, these obstacles can be overcome. Historically by dig-
ging miles and miles of cable. More recently by employing con-
ventional (and power-hungry) radio-modems with a few watts of
RF-output or VSAT terminals (incl. their bulky antennas). But un-
fortunately, in these "wireless" approaches still quite a lot of wir-
ing has to be installed on-site. Weather-tight enclosures, a pylon
construction (for antenna and solar panel), protective fences etc.
add up quite a lot of extra-cost to the project budget.

| Consequently, the majority of today's network budgets is NOT
spent for the primary intention - for the "sensor" - BUT for man-

power to install, protect and maintain telecommunication gear in the open sky. Finally, considering the
net baudrate in the above mentioned telemetric systems (typically a few bytes per hour), conventional
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off the-shelf radio modems (handling dozens of kiloBaud) look a little bit like "overkill".

2. A robust terrestrical radio network specialised in low-rate data collection

The author is looking back on more than ten years of experience Fig. 2. A new generation of compact
outdoor stations for remote
gamma monitoring at Mum-
bay/India. The system, hardly
visible in the upper right (next to
the trunk), is measuring airborne
radioactivity and transmitting
data via UHF radio-link every
hour

in the implementation of systems for the measurement of envi-
ronmental radioactivity (cable-bound as well as autonomous data
logging). In this field it is important to guarantee for non-stop
operation of environmental data collection networks over years.
Recently, a new generation of compact gamma monitoring sta-
tions has been introduced, employing a terrestrial radio link with
some unique features:
• the system performs measurement of airborne radioactivity

and wireless transmission non-stop up to five years with the
first battery set

• the radio link is able to cover a radio horizon of more than
100 km (line of sight), conveying all kinds of short data
blocks at a net rate of 150 Bd with a bit error rate < 10"10

• the system is hermetically sealed and operates from 0 to
100 % rH and from -40 to +60°C without any degradation in
performance or distance

• the transmitter is designed to provide ultimate long-term sta-
bility: no retuning or any other kind of field service is needed,
even after years of operation in the open air

• in order to facilitate licensed operation under any country's
regulation, the system can be tuned to transmit at any carrier
frequency between 400 and 500 MHz and is compatible with
12.5 kHz channel spacing (NFM)

• sensor plus transmitter is relatively small and weighs only one kilogram, thus any existing pylon
(e.g. from street illumination or public high-voltage lines), or even any prominent tree, will serve as
a "perfect" system support (see Figs. 2 and 4)

3. Identifying key components under the aspect of MTBF

Careful analysis of defect-mechanisms in environmental monitoring networks (operating in the field
for a number of years) has identified three major sources of failure:
0 the power supply: often the cell capacity has expired much earlier than "calculated"
0 the enclosure: frequently due to water penetration along insufficient seals (ageing), preferably at lids

and along cable-feedthroughs and screwholes
0 the data-link: in many cases on-line connections at remote sites were found to be much less reliable

than expected (i.e. promised by the service provider)

One of the most critical aspects in optimizing the mean time between failures (MTBF) for an environ-
mental measurement station is the correct choice of the power source. The first step is the decision ei-
ther for the employment of solar energy, or for operation totally powered by primary cells. Although
very attractive at the first glance, the use of solar power is associated with a lot of handicaps.

1) The product group under discussion is expected to operate in all countries/climates over the world.
Consequently, any assumption on the mean solar flux density should also include northern European
scenarios (e.g. the installation right between the trees of the famous Nottingham forest). Note: Large
solar panels for professional outdoor applications are expensive, and not comparable to their con-
sumer-grade equivalents.
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2) Solar panels need a rigid support with the cells facing to the south. Out in the wilderness, this can be
the dominant cost-factor. In the middle of nowhere, these panels are highly attractive for thieves of
all ages (although anchored on solid foundations). And they are subject to vandalism as gunfire etc.
In contrast: The "all-in-one station" as shown in Fig. 2 can be placed simply by hiding the device in-
side a higher tree - a cost-efficient solution. Small is beautiful.

3) In the course of time, a solar panel will loose a great portion of its initial conversion efficiency.
Without regular cleaning, it will certainly accumulate dust, mud, falling leaves, bird's excrements
and eventually salt from the seaside. During the winter season it may be covered with snow and ice
for several months. And, depending on the vicinity to certain trees, the panel might gather moss
over the years. On how much conversion-efficiency can we rely after five years of exposure in the
real (dirty) world?

4) Besides the drawbacks discussed already, there is another risk in terms of reliability: Type and
quality of the rechargeable cells employed. We won't discuss the pros and cons of different secon-
dary cell technologies available on the market in this paper. Instead, we would like to ask one short
question: Are you still happy with your laptop's battery management?

What to do now, when the sunshine has gone? According to the author's experience there is only one
good advise: Bring down the power requirement to the lowest level possible .... and run the whole sta-
tion (for several years) with a reliable primary cell system - preferably of lithium type.

With such discovery, there is only one drawback: this low-power-approach demands for a high degree
of sophistication, in the data acquisition system, as well as in the wireless link. The later will be dis-
cussed in detail.

4. General considerations

In a typical environmental monitoring network, normally a bigger number of remote sensors has to be
connected to one base station receiver. Optimizing this configuration, two conflicting objectives must
be met:

• Maximum battery lifetime. Transmitter power must be kept at the absolute minimum level to pro-
vide several years of non-stop-operation in the field with the first battery set (Note: Regular service
intervention is a dramatic increase in operational cost)

• Maximum network coverage. In order to establish reliable UHF links to all sites of a typical envi-
ronmental data collection network, a link attenuation of-150 dB must be overcome (assuming real-
world propagation scenarios)

Hereby it is important to note, that high-gain antennas cannot be used, without compromising the cost-
effectiveness inherent to this novel approach: At the transmitter-side, e.g. the durable installation of
yagi antennas in a fixed direction would rule out the "simplicity of placement" for a big number of
telemetric sensors {same reason as with solar panels). And at the receiver, a directional antenna would
not really make sense, because normally the wanted signal must be expected from any direction of the
sky.

Optimizing total system cost, this translates to a more or less "simple" transmitter design (still provid-
ing a clean UHF signal with excellent long-term stability from arctic to tropical environments), but
demands for the most sophisticated receiver approach at the base station.

Consequently, the system's design goal can only be reached, when there is optimum synergy between
all the different jobs in the signal processing chain (whether implemented in hardware or software).

For the general system architecture, this urges to merge coherent communication principles, concate-
nated coding techniques, effective forward error correction and complex time diversity schemes. Each
and every component of the radio network is expected to perform as close to the absolute physical lim-
its as possible.
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5. Transmission protocol

Under the severe energy restrictions discussed already, only a simplex link can be established. In this
case, neither regular data-polling nor verification by handshake can be implemented. Although there is
a crystal-controlled real time clock available at the sensor electronics, its deviation over the years will
be too large to rely on a preprogrammed timing sequence for all the data exchange in the network.
There is only one way out: A modified ALOHA-protocol, i. e. whenever a probe has completed its
hourly measurement cycle, a set of three pseudo-random delays is calculated. Next, the fully coded
message block is divided in three individual fractions (bursts). Each of these 1.2 sec bursts is released
at a different time (randomly distributed within a time frame of 3x20 minutes). For the contents of
these bursts, see separate chapter on coding further down.

A message block does not only contain the "latest" update of the measurement data. In the protocol,
there are always "historical" values appended, in case a prior message has been lost. In total, every sin-
gle measurement point will be transmitted 27 times in an irregular scheme, concluding with a "last
trial" after a period of five days.

Looking at information theory, it is obvious, that such a way of "smearing" a highly coded (redundant)
data stream over a long period of time will provide a maximum of robustness for a simplex link.

6. Modulation and subcarrier

After highlighting the advantages of the staggered pseudo-random time-diversity protocol, now a cer-
tain disadvantage must be mentioned: At the receiver-side, there is no information available, at what
time a message might be "on the air". For strong signals this information could be derived from the
AGC-hardware in form of a RSSI signal. But this principle would not work properly at the high end of
link attenuations, to be covered by the approach described here.

In order to facilitate the identification and synchronization of the wanted signal (close to the theoretical
noise margin), a smooth phase modulation, related to a subcarrier of 1.2 kHz was chosen. This signal
coding principle is known as "Manchester coding". Introducing a discrete subcarrier in this manner
gives the advantage of focusing the search for the wanted signal on a precisely known modulation
component.

7. Concatenated coding

The ambitious goals in the system under discussion could only be reached by employing concatenated
coding. First, convolutional coding of rate 1/2 and a constraint length of nine was choosen for the outer
code.

For the inner shell, a Reed-Solomon code (40/180) was selected. The fully coded message block
(containing 180 bytes) is transmitted in three separate fractions (of 60 bytes each). The decoder is able
to identify the contents in a single fragment, as long as the raw bit error rate is not too high.

Messages arriving with an extremely high bit error rate still can
be decoded correctly, when all three fractions are available (ARQ
type 2 scheme). Certainly, in this case the fractions must be
identified beforehand. This is accomplished by attaching a label,
coded BCH (8,128), to each of the fragments, and performing
brute foreward decoding.

8. Transmitter hardware

The transmitter design is driven by the attempt to provide a clean
UHF signal with excellent long-term stability from arctic to
tropical temperatures. Therefore, a third overtone crystal oscilla-
tor with temperature compensation was designed (TCVCXO).

Fig. 3. High performance UHF radio
module incl. baseband processor
(from left to right: TCVCXO,
doubler stages, PA, harmonic
suppression filter, antenna rod)
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Fig. 4. Self-contained gamma moni-
tor (incl. radio module) fixed to a
light pole. The tubular-shaped
metallic construction guarantees
hermetic seal over many years.
The lambda/4 antenna rod is
emitting through the black POM
cap on the top

The maximum frequency deviation is kept below ±2 ppm over
the temperature range of-40 to +60°C.

Constant envelope phase modulation is accomplished by shifting
the crystal's resonant frequency a few ppm back and forth
(varicap pulling). The maximum carrier frequency deviation is
1.8 kHz. This is equivalent to a modulation index of 1.5 .

Three push-pull doubler stages multiply the signal up to the final
carrier frequency in the range of 400 to 500 MHz. Output power
can be tuned over a span of 0 to +17 dBm. Normally, the trans-
mitters are adjusted to deliver exactly +10 dBm ERP into the air.

The whole transmitter is compatible with the new European
standard ETS 300 113 "Radio Equipment and Systems; Land
mobile service". Thorough baseband filtering (raised cosine)
takes care, that the adjacent channel power is less than -70 dBc.
Any spurious emissions are less than -70 dBc over the frequency
range of 9 kHz to 4 GHz. These limits are much more stringent,
than the above mentioned standard requires.

Note: A supplementary duplex communication with the system is
provided through infrared-optics, connecting to a PC-laptop.

9. General receiver setup

In order to allow for maximum flexibility in the instal- pig. 5. The components of a base station re-
lation, the receiver chain is split into different compo- ceiver chain: top-unit, isolator, indoor-unit
nents, (Fig. 5). 19", organizer PC, LAN port

First, there is the top-unit, which should be mounted at
the most elevated point available (e.g. a stack or a
cooling-tower). Then the indoor-unit must be located
within a distance of 300 m to the top-unit. Normally, it
is prudent, to insert thorough lightning protection be-
tween the top- and the indoor-unit (see isolator in Fig.
5)

When carefully protected, the indoor-unit may be di-
rectly installed inside a computer room. When located
in a more peripheral building, the indoor-unit may as
well be configured to perform as a LAN node. Or it may
communicate through a standard telephone modem,
when placed in a far-away location.

The entire receiver chain is powered from a 24 VDC
supply with 2.5 A (typ.) of current consumption. Nor-
mally, there is battery back-up included for several days.

10. Specific receiver features

The receiver is a state-of the-art triple conversion super-
het with two analogue IFs at 21.4 MHz and 134 kHz,
and a third (virtual) IF of 20 kHz in the digital domain.

When defining the key-components for the receiver hardware, it is vital to fight for the lowest possible
noise figure in the front-end, BUT combined with lowest possible intermodulation products

100 km line of sight
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Fig. 6. In order to achieve an opti-
mum noise figure, omnidirec-
tional antenna, preselection,
LNA, first downconversion inch
LO, and cable driver are located
in a hermetically sealed "top-
unit", heading a mast

(conflicting targets). Of course, an acceptable compromise can be
realized with a high effort in preselection filtering, combined
with a VHL-classified mixer design.

The omnidirectional antenna, sharp UHF preselection
(employing a cavity resonator), a GaAsFET LNA and the first
downconversion stage are located inside the top-unit. This unit is
hermetically sealed (see Fig. 6). and specified to operate in the
open air at the same environmental conditions as the transmitter.
The total noise figure of the top-unit is 1.5 dB, combined with a
wide dynamic range of more than 85 dB (SFDR).

The received signal is transferred from the top-unit to the indoor-
unit at 21.4 MHz via a coaxial cable (see Fig. 5). There is no loss
in general receiver performance with cable connections up to the
full length of 300 m.

The main effort in recovering the extremely weak signals from
the most distant transmitter locations is performed inside the 19"
plug-in cabinet, as shown in Fig. 7.

At 21.4 MHz channel-wide crystal filter selectivity is provided
(passband ±8 kHz). Next, a fast (analogue) AGC eliminates the
signal dynamics, thus resulting in constant IF level over a span of

110 dB in the incoming signal. Typical AGC attack time is 10 ms, release time 50 ms. The residual
(noisy) 20 dB of the AGC range is left for the DSP (after ultimate selectivity has been applied).

After the next downconversion, the second IF of 134 kHz is fed through a high-Q LC bandpass and is
sampled with 154 kS/s in a 12-bit ADC, thus forming a virtual 20 kHz signal for digital signal proc-
essing.

11. Digital signal processing

The digitized data stream is processed with a Motorola
DSP 56002. Providing powerful integer arithmetic for
24-bit operands, and clocked at 80 MHz, this DSP
system performs with a respectable "number-
crunching capability" (up to 240 MOPS).

The DSP board is also equipped with 1.54 MByte of
extremely fast SRAM (BICMOS, 8 ns ), organized in
512 k words of 24 bit.

In the DSP-subsystem, the incoming signal is proc-
essed in the following steps:

• data acquisition from ADC
• 1st FIR decimation low pass
• cyclic 4k-FFT (interleaved)
• spectral shape identification
• carrier frequency estimation
• coarse bit synchronization
• block synchronization
• fine bit synchronization
• DPLL initialization (lock-in)
• conversion to baseband

Fig. 7. The indoor-unit, a heavy 19" plug-in,
containing three different system layers: a)
Analogue IF processing incl. crystal filter
for channel wide selectivity and first AGC
(six modules visible upside); b) DSP system
for modulation specific frequency control,
co-channel selectivity, and matched - filter
correlation; c) Embedded PC 486, running
Viterby-, BCH, and RS decoder procedures,
and extracting signal quality parameters
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• 2" FIR decimation low-pass
• matched filter correlator
• handover to embedded PC

Based on a powerful processing platform, the DSP-implementation of all these complex receiver-
functions could be accomplished on a "close-to-optimum" level. But, without the intensive use of this
technology, "fishing" for the highly-coded burst-signals, totally buried in thermal as well as man-made
noise, would have been a hopeless mission.

Only digital processing provides ultimate selectivity by FIR-filter algorithms (shapefactor 6/60 dB =
1.4) as well as modulation specific AFC functions covering a span of ±5kHz. Thus, the receiver system
can be made tolerant to a certain amount of long-term frequency deviation in the wanted signal, but
still maintaining a high degree of rejection for unwanted signals (working with the same radio channel
allocation). With the software techniques developed in this project, a co-channel rejection of +40 dB
could be demonstrated for strong interferers, only a few kHz next to the wanted signal.

A coherent phase-demodulation (through downconversion to zero) is accomplished by employing an
all-digital PLL with an adaptive first-order IIR-loop filter. For the correct operation on extremely noisy
signals, the loop's integration time can be extended up to an equivalent of 128 bit. In such a case, how-
ever, much care must be taken for the correct initialization. Else the PLL will not be locked-in prop-
erly, before the end of the (relatively short) message has come.

Finally, the matched-filter correlation technique is applied, and the output is handed over to a
PC-486/40 core, installed on another layer of the same cabinet. In this PC, maximum likelihood se-
quence estimation is implemented (Viterby). In the next step, BCH- and Reed-Solomon (40/180) de-
coding is effected (compare previous chapter on coding). After full decoding, any redundance is elimi-
nated, and the incoming messages are stored according to the FIFO principle.

Fig. 8. Link operating reliably with only +10 dBm of TX power over 118 km line-of sight
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12. Link quality assessment (LQA)

A very important standard-feature of the new data collection network is the automatic link quality as-
sessment (LQA). In the PC-486, a thorough evaluation often different signal properties is effected (for
each burst):
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Name

PSS
CSS

CFD
CPJ
SNR
CCI
BER
NLB
UCA
LQR

Interpretation:

panorama signal strength (wide)
channel signal strength (narrow)
center frequency deviation
carrier phase jitter (from DPLL)
signal-to-noise ratio (subcarrier)
co-channel interferer (discrete)
raw bit error rate (non-coded)
number of lost bursts {triplet)
uncoordinated channel activity
final link quality rating
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All these quality-related parameters are appended to the de-
coded message and passed over to the SQL data base (see
chapter after next). The availability of such records is very help-
ful in different situations:

At first, during the set-up-phase of a new network, favourable
transmitter locations can be found out easily by "trial and error".
Note: Using chain and deadlock for provisional fixing, it nor-
mally takes a few minutes to move a measurement station from
here to there. This kind of mobility is also relevant under the
aspect of emergency preparedness, where some measurement

locations might be changed in a hurry, in order to gain better "insight" in the course of an incident.

Second, the remote access to a long history of LQA-data (see chapter after next) is the basis for an ef-
fective teleservice worldwide.

13. A built-in standard: cost-effective teleservice

No matter, whether a potential customer runs his data collection network around Oslo or close to
Capetown, the manufacturer can identify many problems associated with "missing links" out of Frank-
furt/Main.

After thorough inspection of LQA-records polled out of a system (located anywhere in the world) the
type of malfunction can be classified by trained personnel:

• lithium battery out of power
• defective data acquisition system
• defective transmitter-module
• interfering channel activity, narrowband (either legal or illegal transmitters)
• interfering channel activity, broadband (either EMI or TVI)
• problems related to propagation (reflexion, multipath fading etc.)
• defective top-unit
• defective indoor-unit

Based on this first estimation, it is easy to propose potential remedy or, at least, to suggest action for
further investigation.

Being a rather complex system, the question of service-cost can be vital after some years of operation.
Therefore, cost-cutting utilities have been designed-in right from the start.

First of all, a strictly modular configuration results in transparency among the different hard- and soft-
ware components. Additionally, at the rear-side of the indoor-unit, roughly a dozen of check-points is
provided. With quick access to the relevant intermediate signals, the customer's first troubleshooting
can be very effective already. Even more, when assisted with step-by-step guidance from the manu-
facturer's help-desk.

Resume: The implementation of efficient teleservice utilities can reduce service-cost for a data collec-
tion network considerably no matter, whether such action is applied to a system operating in Hamburg
or in Hawaii.

14. A standard SQL-server used for data representation

In another (external) PC-Pentium system, called organizer, all messages are "sorted" properly, accord-
ing to data-source and time sequence. This kind of data base management is done using a standard
SQL server. Thus, consistent data records can be polled at any time out of the database, simply by us-
ing SQL query commands (DML).
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On the same hardware platform, there are different alarm-filters available. Prior to the final deposition
in the data base, every new message is checked whether the embedded data contain values exceeding a
(programmable) threshold. In such a case, different actions can be triggered, e.g. paging for the radia-
tion protection specialist on duty.

Finally, it is possible to determine a tolerance figure for a certain number of missing protocols. If there
was no message, longer than this tolerance figure would allow, then also an alarm can be triggered
(function equivalent to a dead-man's handle).

15. Arbitrary failure at the sensor or transmitter-side

The environmental gamma measurement system as described here, performs with some unusual fea-
tures in terms of robustness. Even in the case of (an unforeseen) severe damage to the hardware, the
negative effects (total loss of data) can be kept on a minimum level.

In a typical environmental monitoring network, total loss of function at one measurement location
normally is not critical, because there are "neighbours" that would see the same effects - more or less.
As explained in the previous chapter, the system would certainly indicate serial number and position of
the defective unit immediately.

In all those applications, where there is a limited tolerance to short-term losses, it is prudent to keep at
least one sensor unit in reserve. In case of a failure, it should not take too long, to detach the defective
unit and place a spare, whenever the dead-man's alarm has been triggered.

But, in some applications, even a short-term failure cannot be tolerated. Fortunately, due to the "small-
is-beautiful"-principle at the sensor-side, redundant placement is a sound solution, that suggests itself.
Depending on the individual system's tolerance to failure, the degree of redundancy should be consid-
ered right from the start (i.e. with the initial network-planning).

Finally, when a malfunction is restricted to the data-link only (while the data acquisition is performing
as normal), not a single value will be lost. Every gamma monitor of the type shown here, will always
store all of its hourly results in a cyclic memory for a period of 18 months. Thus, the user has plenty of
time for picking up the missing data "manually" (under sunny skies).

For this kind of "rescue", a bidirectional infrared-optical port is provided at the lower end of the tubular
housing (see Fig. 4). This allows for conveniant downloading of the instrument's total "history" into a
PC-laptop over a distance up to 10 m.

Fig. 9. Wireless data transmission in a hostile maritime environment. Here: An early-warning system to
indicate radioactive leakage from nuclear powered submarines

Hermetically sealed stand-alone probe
50 km

(battery-life 2 years)

be ptec&J aoywfcere
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Session 2 115



IRPA Regional Symposium
Radiation Protection in Neighbouring Countries of Central Europe. Prague, 8-12 September 1997

16. Link robustness: a worst-case scenario of damage to the receiver

Finally, let us assume a worst-case scenario: A flash of lightning has hit the top-unit directly: pieces
from the dismantled unit are scattered all around. No chance for instant repair!

Even this dramatic event can be managed smoothly. And certainly, without loosing a single data point!
On special contract basis with the manufacturer, the user can specify that a complete spare receiver (of
same type as in use) is delivered and installed within three days after notice in any European country.
Being designed as a turnkey receiver chain, each of the components can be plugged in order to substi-
tute the destroyed piece of hardware within less than an hour.

Next, the user has got nothing to do, but to wait for the repetions of those data that have been lost in
the meantime .... the data-gap will shrink, and shrink, and finally, disappear. According to the net-
work's transmission protocol, the last repetition will be effected regularly 128 hours (plus random de-
lay) after the initial acquisition.

Consequently, for a failing receiver system, there is up to five days of tolerance, to "survive" any kind
of outage unaffected (i.e. without the need of collecting data from the field sites "manually"). This
holds true, even for a worst-case situation. For this network attribute, we would like to propose the
term "soft data restitution" (SDR).
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1. Introduction

In all soils the Ra occurs as a trace component. The 222Rn is created by a- decay of Ra in soil
grains. A small fraction of totally produced radon atoms escapes from soil grains into pores as a result
of their recoil, when their parents atoms of 226Ra decay. Further the 222Rn is transported in the soil air
by diffusion or by convective flow.

In the soil air the Rn concentration reaches the value of several kBq.m' and it is not stable. The ra-
don concentration depends mainly on the soil type, on its 226Ra concentration but also on atmospheric
pressure, humidity of the soil, rain precipitation and temperature [1]. The consequent 222Rn concentra-
tion in the soil air presents then the result of simultaneous influence of several factors. Therefore it is
difficult to search the dependence of 222Rn concentration in soil on individual factors separately.

The interest in Rn in the soil air is connected with the fact that it represents the significant source of
radon in indoor atmosphere. In this connection it is necessary to classify soil very objectively from
point of view of radon exposure risk still before beginning of building of houses [2]. The interest in ra-
don is also connected with the possibility of its use at the forecast of earthquake [3] and its use as a
tracer at the transport of the other gases in the soil (CO2, CH4 ) [4].

In our contribution there are presented results of three-years continual monitoring of 222Rn in the soil
air. Further the average daily and annual courses of 222Rn concentration are discussed.

2. Methods

The 222Rn concentration in the soil air has been continuously measured. A scintillation cell of Lucas
type which volume is 125 ml has been used for counting of 222Rn °c- decays. The air was sucked from
the depth of 0.8 m and dried in refrigerator ( - 30 °C) before entering the Lucas cell. The flow rate of
the monitored air was 0.15 //min. This rate was selected so that 220Rn decays before getting into the
detector. The count rates in the detector have been recorded every 30 minutes. The 222Rn concentration
has been calculated by use of the data corresponding to the time interval of one hour according to the
method published by Ward and Borak [5].

3. Results and discussion

The sampling place for monitoring of the 222Rn concentration in the soil air was situated in the area of
Faculty of Mathematics and Physics in Bratislava only 5 m away from the sampling place for the at-
mospheric 222Rn monitoring [6].

The soil of this place is weakly permeable [7]. The mean concentration of 226Ra down to 1.5 m depth
is equal to 37.5 Bq/kg in this soil. The emanation coefficient Ke of 222Rn is 14.5% at the volumetric
content of soil moisture about 19%.

We measured 222Rn concentration depth profiles in the soil in various seasons. By fitting of these data
measured in March 1995 we found out the diffusion length of L = 0.43 m. The saturated concentration
of 222Rn in the soil air is reached at the depth of about 2 m [8].
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The value of saturated 222Rn concentration in the soil varies considerably depending on the volumetric
content of the soil moisture. We calculated 222Rn concentration depth profiles assuming the volumetric
content of the soil moisture of 5 % and of 27 % (Ke = 14.5 %, ^ = 3 7 . 5 Bq/kg , L = 0.43 m ). The
saturated values of 222Rn concentration are equal to (11.8± 1.3) kBq/m3 and (21.1 ± 2.3) kBq/m3, re-
spectively. The average value of 222Rn concentration at the depth of 0.8 m determined from the three
years lasted measurement is 10.6 kBq/m3.

Fig.l. The course of the average monthly Rn concentration in the soil air

1994 1995

year

1996

Based on the measured data the average monthly 222Rn concentrations were calculated. Their course is
shown in Fig.l for years 1994-1996. We can see that values vary from 9 kBq/m3 to 16 kBq/m3. How-
ever, the range of 222Rn concentrations measured in one- hour intervals is even greater, from
5.9 kBq/m3 to 20.6 kBq/m3 .

Then annual course shows two maxima in 1994 and 1995. The first one occurs in June while the sec-
ond one in the end of the autumn till winter. In 1996 no striking summer maximum was observed but
the summer values raised. The annual course can be influenced significantly by two processes at given
geographical latitude [1]. The frozen soil and by snow covered ground in winter months can cause an
increase of radon concentration in the soil air during this period. On the contrary, we can expect a de-
crease of radon concentration in the soil air during the summer months when the soil is dried up and
when an increase of permeability of the soil is occurred. As far as we know, this course can be influ-
enced by further meteorological conditions, predominantly by rainfall during a year. In our opinion
this is a phenomenon responsible for the increase of radon concentration in the soil air during the pe-
riod from April to June.

The observations did not show very expressive changes of 222Rn concentration during a day.
The average diurnal courses of 222Rn concentration for months of 1995 are shown in Fig.2. As can be
seen, the diurnal courses have not the same shapes for all months. The similar diurnal courses have
been observed from May to October for all investigated years. For these months a daily minimum is
observed in the morning ( 5 - 1 1 a.m.) and maxima in the afternoon and in the evening ( 3 - 8 p.m.).
From November to April the daily courses are usually different one another and they differ also for in-
dividual years. For example we observed a wide maximum during a day (between 8 a.m. and 5 p.m.)
and minimum from late night to small morning hours (February- April 1994, November 1994, January-
March 1995). In January 1994 and 1996 the daily courses reached their maximum in the morning and
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the minimum in the afternoon till the evening. The amplitude of these average daily courses varies for
individual months only in an interval of 0.01 - 0.04.

Fig. 2. The daily courses of the 222Rn volume activity and the atmospheric pressure [14] in 1995

0 5 10 15 20 5 10 15 20

Hour

The regular short time changes of Rn concentration in the soil air would be significantly connected
with changes of atmospheric pressure [9,10] . Because the daily courses of atmospheric pressure in
Bratislava are characterized by low average daily amplitude of about 0.065 kPa [11] , we can write a
linear relation between the deviation of 222Rn concentration during a day from its average daily value
(in the particular month) and the relative change of pressure [12,13] :

AARn =K. Apr

where K - is constant characteristic for the soil, Apr = Ap/pa - is the relative deviation of pressure,
Ap - is the deviation of atmospheric pressure during a day from average daily value pa (in the particu-
lar month).
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We tried to find out the correlation between A A%n and A p. The more significant correlation be-
tween these parameters was observed only for summer months from May to August ( the correlation
coefficient Rpe <-0.7 , -0.9> ). For spring and autumn months a correlation between AA^n and AT (
the temperature deviation from its average daily value) is more important than between A A^n and
Ap. In this case we found out the correlation coefficient RT between AA%n and AT equal to 0.86 for
some months (May 1994, April and October 1996).
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1. Introduction

The radon (222Rn) in the outdoor atmosphere has been investigated in many studies. It was found out
that daily and seasonal variations of the 222Rn concentration occur near the earth's surface air. These
variations are explicitly attributed to changes in rates of vertical air mixing [1,2]. A review of some pa-
pers pertinent to radon variations is given by Gesell [3]. Because a mechanism of radon variations is
not yet entirely known research works that pay attention to 222Rn in the outdoor atmosphere are hence-
forth topical. The verifications and precise improvements of radon variations models based on the re-
gional data are also required [1,4]. In addition to it new measurements and knowledge about radon
variations in the outdoor atmosphere can help to evaluate the population exposure originated in this
source more precisely. The important motivation for the investigation of radon in the outdoor atmos-
phere is also the possibility of advantageous utilize of 222Rn as a tracer in many atmospheric studies
[5,6].

Some results of our long-term measurement of 222Rn concentrations in the outdoor atmosphere are
given in this report.

2. Methods

The 222Rn concentration in the outdoor atmosphere has been measured since 1987. The measurement
place was situated on the open grass area in campus of Faculty of Mathematics and Physics in Brati-
slava at a height of 1.5 m above the ground surface.

The pre-concentration of radon and counting by the scintillation chambers of Lucas type was used till
1991 [7]. The outdoor air was sampled every morning at 9 a.m. from Monday to Friday. Since Febru-
ary 1991 radon in the outdoor atmosphere has been monitored continuously using large volume (-4.5 I)
scintillation chamber [7]. The flow rate of air through the chamber was selected in such a way that
220Rn was decayed still before the inlet of air into the chamber. The record of detector data has been
made every 30 minutes. The 222Rn concentrations have been calculated by means of the method pub-
lished by Ward and Borak [8], based on the data corresponding to the time interval of 2 hours.

3. Results and discussion

The extensive set of data obtained mainly by continual monitoring allows to demonstrate the average
daily courses of 222Rn concentrations for individual months and the average annual courses too.

The average daily courses of 222Rn concentration from March to October have a form of waves with a
maximum in the morning hours and with a minimum in the afternoon. The maximal amplitudes of
daily waves have been reached in the summer months, from June till August. The amplitudes of daily
waves are very small and sometimes they are unidentified at the end of an autumn and during the win-
ter months. The average daily wave of 222Rn concentration obtained by summation of all data for years
1991 - 1995 reached a maximum between 4 and 6 a.m. and a minimum between 2 and 4 p.m. The am-
plitude of this daily wave is equal to 0.26.
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By fitting of average daily wave it was determined that the 222Rn concentration reaches its average
daily value equal to 5.9 Bq/m3 at about 9 a.m. and at 9 p.m. in the evening. The ratio of maximum and
minimum daily value is equal to 1,69. This value is smaller than the values presented by Gesell [3],
(there are in an interval of 2 - 5). The more detail results of the Fourier analysis of the average daily
courses of the 222Rn concentrations were published in our paper [9].

All average monthly 222Rn concentrations obtained since 1987 till the end of December 1996 are
shown in Fig.l. The highest average monthly 222Rn concentration was found in October 1995 -
10.0 Bq/m3 and the lowest one in December 1988 - 2.1 Bq/m3 and then in April 1991 - 3.1 Bq/m3. The
annual courses of 222Rn concentration are similar for all years. They present the annual variations. The
average annual course of the 222Rn concentration calculated on the basis of all continual measurements

Fig. 1. The course of the average monthly 222Rn concentration in outdoor atmos-
phere (1987-1996)
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in years 1991 - 1995 reaches the maximum value in October and the minimum value in April. The ratio
of maximal and minimal values is equal to 1.85. The average annual course of 222Rn concentration cal-
culated from the all data is in good agreement (correlation coefficient R=0.93) with that calculated by
means of the measurements done between 8 and 10 a.m. or between 8 and 10 p.m.

For the further day periods the annual courses of 222Rn concentration differ from the average annual
course. In the Fig.2 we can see that the annual courses of 222Rn concentration mainly for small hours
of the morning present maxima shifted to the summer months (August), meanwhile the annual courses
of 222Rn concentration during daily hours (between 10 a.m. - 8p.m.) present maxima shifted to the
winter months (December, January) and minima are extended in several spring till summer months
(March - July).

The amplitudes (A) of the annual courses of the 222Rn concentration and ratios of their maximal and
minimal values (Cmax I Cmi^) are almost constant for night and small hours of the morning. These val-
ues are 0.26 and 1.72 respectively. The fast increase of both parameters sets in the time interval of (10
a.m., 2 p.m.) and a decrease between (4 p.m. , 8 p.m.). During the time interval (2 p.m., 4 p.m.) the
both parameters reach maxima, values of which are: ^4=0.45 ; Cmax I Cm\n = 2.4.

122 Session 2



IRPA Regional Symposium
Radiation Protection in Neighbouring Countries of Central Europe. Prague, 8-12 September 1997

Fig. 2. The annual courses of the 222Rn concentration for different time periods of the day (1991-1995)

O

2

12

8

4-

0
12

8-

12

4-

0

3 <1

12

12

4-

0

00.00-2.00 12.00-14.00

02.00-4.00 14.00-16.00

04.00-6.00 16.00-18.00

06.00-8.00 18.00-20.00

08.00-10.00 20.00-22.00

10.00-12.00 22.00-24.00

0 2 4 6 8 10 12 0

Month

4 6 8 10 12

Month

12

8

4

0
12

4

12

4

0
12

8

4

12

•4

12

4

The 222Rn concentration in the outdoor atmosphere also depends on a wind direction. For example -
from the radon data measured in 1995 - there was observed the highest 222Rn concentration for the
wind directions from north to east-south-east and the lowest one for the wind directions from west-
south-west to north-west. These also were the dominant wind directions in Bratislava in this 1995
year. The ratio of 222Rn concentrations from these two directions reaches the value even 2.0. This ef-
fect can be caused by wind speed because of continental location of Bratislava [10]. The wind speed in
the directions of the lowest 222Rn concentrations is even 2.8 times higher than in the directions of the
highest 222Rn concentration. The similar dependence between 222Rn concentration and wind speed
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was identified by Wilkening [11] from the measurements made in New Mexico. According to Moses
[12], when wind speed is high the vertical diffusion rates of air are high too and therefore the lower
222Rn concentrations are observed near the ground. The same result also follows from model of the
seasonal variations of 222Rn concentration in the lower layer of the atmosphere, published by Minato
[!]•
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CZECH REPUBLIC AND RADON-PRONE AREA DETERMINATION

J. Hulka1,1. Fojtfkova1, Z. Borecky1, L. Tomasek1,1. Burian2, J. Hole5ek2 and J. Thomas3

'National Radiation Protection Institute Praha, Srobdrova 48, Czech Republic
2 Institute for Testing and Disaster Medicine, Kamennd, Czech Republic

State Office for Nuclear Safety, Praha, Czech Republic

1. Introduction CZ9928463

Targeted indoor radon survey has been carried out in the Czech Republic during last ten years. The
survey organized by the State Office for Nuclear Safety and the National Radiation Protection Insti-
tute is based on long-term (1 year) measurements of average EEC by solid state track detectors
(KODAK) in free air. At least 2 detectors in each building were used in the survey. The database in-
cludes 255 843 measurements in 102 790 buildings (family houses and schools), in 19 232 of them
concentrations above Czech action level (EEC = 200 Bq/m3) were found.

The indoor radon survey was primary targeted into high radon risk areas shown in the radon risk map
of the Czech Republic.

The map was worked out using the extensive 30 year Czech uranium exploration programme and geo-
logical map of the country and was prepared by the Czech Geological Survey (dr. Barnet). The map
was used to classify each of 6231 administration municipalities into low, medium or high radon risk.

2. Results

For mapping and statistical analysis the NRPI decided to use administrative municipalities (with some
100 houses in average).The distribution of municipalities by numbers of measured houses is shown in
Table 1. Further statistical analysis was carried out only in those municipalities, where at least 10
houses and 10 % of total number of houses were measured (990 cases), and additionally for which
data were well represented by log-normal distribution (791 cases).

One of the objectives of the survey is to classify the municipalities with respect to percentage of
houses above the action level and to find radon prone areas. For this analysis, the geometric mean
(GM) and geometric standard deviation (GSD) are calculated for each municipality. Percentage of
houses above AL was estimated by using the municipality's GM. The GSD was uniformly set to 1.8.

Table 1. Number of municipalities in which were measured at least N- houses and P- fraction of total
number of buildings

houses measured
N> 1
N > 5
N> 10
N > 3 0
N > 5 0
N>100

Fraction of measured houses in the municipality (P)*
P>1 %
3275
2193
1511
674
405
179

P>5 %
1907
1709
1296
611
377
171

P>10 %
1287
1225
990
506
310
141

P>30 %
319
318
305
227
167
76

P>50 %
191
190
186
155
126
65

*P=number of measured houses/total number of houses in municipality (There is 6231 municipalities in the Czech repub-
lic)
For statistical analysis data of 990 municipalities which fit the conditions N > 10 and P > 10 % were used.

Log-normality of measurements in municipalities:
791 municipalities follow log-normal distribution
199 are rejected by the test
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The municipalities were classified into 3 categories:
low risk < 1% houses above AL
medium risk (1-10)% houses above AL
high risk > 10% houses above AL

In evaluating radon risk uncertainties in estimation must be taken into account. The standard error of
estimated percentage above AL depends on the number of measured houses in the municipality. The
95 % confidence intervals (CI) corresponding 10 and 30 measurements are displayed in Table 2.

Table 2. The 95 % Confidence interval for estimation of percentage of houses above AL in the munici-
pality

measured houses

N=10

N=30

percentage g of houses above AL (in average)

p=l %

(0.17-4.2) %

(0.39 -2.1) %

p=10%

(2.9 - 25.0) %

(5.1 - 17.6) %

geol.medium r. **"~"*"~ "* geol.low risk

3. Verification of radon risk maps

The further objective of the survey is to verify radon risk map predicted by geological method. Be-
side this, for each geological category the
distribution of the municipal G M ' s were Fig. 1. Distribution of G M for municipalities on different
evaluated. The comparison of direct in- geol, predicted radon risk
door measurements and geological predic- geoi.highrisk
tion can be seen from Figure 1. While
municipalities in predicted high risk areas
differ obviously from the others two, this
cannot be said about the differences be-
tween low and medium risk areas.

4 . Conclusion

The misclassifications of radon risk in the
municipalities is as the problem of right
interpretation of geological data as the 10
problem of right collection and interpreta-
tion of indoor radon measurements. Even
if random sample of houses is well designed, the uncertainty of percentage estimation of houses
above action level is high. It seems reasonable to be rather conservative in the strict radon risk clas-
sification of the country and strict definition of radon prone areas.

The radon risk classification is in fact an iterative process based on progressive radon survey together
with thoroughly geological mapping.

50

40

30

20

10

stated indoor low risk

Jr.
/

stated indoor high risk

i vr--"-ijrj.^-.. . . .

100

geometric mean EEC (Bq/m3)
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ON THE STUDY OF SOME ENGINEERING PROBLEMS RELATED TO
AIRBORNE RADIOACTIVITY IN UNDERGROUND PHOSPHATE MINES

A.Z. Hussein, M.I. Hussein and M.R.A. Huwait ^ _
_ _ C Z 9 9 2 8 4 6 4

National Centre for Nuclear Safety and Radiation Control, Atomic Energy Authority, Nasr City, 11762,Cairo,
P.O.Box 7551, Egypt

1. Introduction

The phosphate deposits in Egypt are known to occur in 3 main locations: the Red Sea coast, Nile valley
and Abu Tartour plateau. The Egyptian phosphate in general shows normal concentration of uranium
and thorium [1].

According to the previous results of gamma ray spectroscopy analysis, 238U was found in concentration
ranging from 100-500 Bq/Kg and 232Th in concentration ranging from 20-40 Bq/Kg [2]. It is well
known that phosphate rocks that contain the trace elements of uranium, thorium and their decay prod-
ucts are in equilibrium. All technical processing leads to a high release of long and short half life radi-
onuclides from uranium mining and milling.

2. Methods

The working algorithm for the above study is as follows :

1 - Graphical representation of the studied tunnels showing the opening ,the studied locations and their
distances from the opening.

2 - Estimation of radon and thoron decay products in units of working level in each of the studied lo-
cations using the Rolle method [3].

3 - Study of the correlation between each of radon and thoron concentrations and the distances from
the air opening of the studied tunnel.

4 - Study of the correlation between radon concentrations and thoron concentrations.
5 - Applying the multiple regression analysis on the above correlation to find out the best correlation

factors using EXCEL 5 software.

Table 1. Best fitted mathematical models and correlation factors for West Yonus mine

a) Radon in /jJ/m3 against distance in meter:

Linear: Rn(x) = 0.0087 x + 2.441 R2= 0.7851
Polynomial: Rn(x) = -1.10"13 x6 + 1.10"10x5 - 5.10s x4 + 8.106 x3 - 0.0007 x2 + 0.028 x + 2.6019 R2= 0.9991
Logarithmic: Rn(x) = 0.7336 Ln(x) + 0.2081 R2= 0.5429
Power: Rn(x) = 1.4488 x0192S R2= 0.6136
Exponential: Rn(x) = 2.6225 e00022x R2= 0.8507

b) Thoron in fjJ/m3 against distance in meter:

Linear: Th(x) = 0.0045 x + 0.5202 R2= 0.8799
Polynomial: Th(x) = - 4.1012 x5 + 3.10"9 x4 - 9.10"7 x3 + 0.0001 x2 - 0.0064 x + 0.8763 R2=0.9639
Logarithmic: Th(x) = 0.3835 Ln(x) - 0.6616 R2=0.6695
Power: Th(x) = 0.2213 x03378 R2=0.6655
Exponential: Th(x) = 0.6346 eo0O38x R2= 0.8769

c) Radon in fjJ/m3 against thoron in fjJ/m3:

Linear: Rn(Th) = 0.4577 (Th) - 0.5325 R2= 0.8998
Polynomial: Rn(Th) = 0.0188 (Th)5 - 0.2143 (Th)4 + 0.2643 (Th)3 + 4.986 (Th)2 - 20.985 (Th) + 24 R2 = 0.9592

.77
Logarithmic: Rn(Th) = 1.8846 Ln (Th) - 1.2653 R2= 0.932
Power: Rn(Th) = 0.1496 (Th)15502 R2= 0.8486
Exponential: Rn(Th) = 0.277 e03728™ R2= 0.8035
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3. Results and discussion

The obtained data were processed using differ- Figure. 1.
ent approaches to conduct different mathemati-
cal models and graphs as well. Aiming to select
the best fitted relations and to estimate the best
correlation factors for distance from the air
opening and both radon and thoron concentra-
tion. This approach was also considered to ob-
tain the best fitted relations and the best corre-
lation factors governing radon as a function of
thoron for each mine under consideration. Dif-
ferent mathematical models were considered to
compare them and to select the best one de-
pending upon the best correlation factors.

Table I shows the considered mathematical
models for the relationships, relating radon,
thoron in |jJ/m3 and distance in meters. Also
the relationships between radon and thoron
were depicted in the same table. From these
relationships the corresponding correlation
factors were deduced.

y = . 1E-10X5 - 5E-O8x4 + 8E-O6ic3 -
O.00O7X2 + D.023X+ 2.6019

R2 = 0.9991

1 1

100 200
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One may confidentially select the polynomial
models to describe the behavior of both radon
and thoron as a function of distance for each
considered mine to a great extent according to
the best correlation factors obtained. The linear
relationships were also sufficient to the first
glance. Fig. 1 is selected as an example for the
radon against distance, the thoron against dis-
tance and the radon against thoron for West
Yonus.

Examining the radon - thoron relationships one
may decide to consider the radon level as a
measuring pointer not only for radon existence
but also for thoron evaluation in any under-
ground phosphate mine.

According to the good obtained correlation
factors the natural ventilation for any under-
ground phosphate mine is considered as an
economical tool to decrease the radon and
thoron concentrations in the studied mines.

4. Conclusion

One can conclude out of this study that the ra-
don and / or thoron levels inside the under-
ground phosphate mines could be expressed as
a polynomial relationship with the distance
from the air opening of the mine. However, the
other used mathematical models were fair enough. Also the radon level in any mine can be used as a
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good indicator for the thoron level for the same mine. This step can help in saving the expenses and
time needed to estimate the thoron concentration.

One important result of this study is that the natural ventilation is an economical mean to control the
radon and /or thoron levels in any underground phosphate mine.
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RADIATION EXPOSURE IN DWELLINGS DUE TO NATURAL
RADIONUCLIDES

Z. Lendvai1, J. Somlai1, B. Kanyar1 and C. Nemeth2 CZ9928465

'Department of Radiochemistry, University of Veszprem, Hungary
2 Department of Physics, University of Veszprem, H-8201 Veszprem, P.O. Box 158, Hungary

1 . Introduction

In certain regions of Hungary people are exposed to excessive radiation in their own homes. A possible
reason for that is that the natural radioactivity of the coals mined there is 5-10 times of the world aver-
age. The by-products such as coal-slag, ash and fly-ash, that are even more enriched, have often been
used as backfill or isolation material. Therefore the external air gamma radiation has enhanced, some-
times up to 800 nGy/h. Depending on the origin and type of coal-slag, it became a potential source of
radon exhalation. The results of continuous radon measurements showed values well above the 200-
600 Bq/m3 International Basic Safety Standards recommendation.

According to the dose conversion factor given in the ICRP recommendations, the estimated dose con-
tribution under extreme conditions exceeded the limitation for employees working in radiation hazard-
ous workplaces.

In spite of the fact that the use of coal-slags mined in the region of Ajka, Tatabanya, etc., was banned
in 1960 by the Government, it has been built in many dwellings afterwards due to lack of public infor-
mation and adequate controlling.

2. Results and discussion

The radon gas concentration in the flats is strongly influenced by the type of the house (single-storey-
houses, multi-storey blocks of flats, etc.) and the used materials. Table 1 gives a rough classification of
the houses with respect to the indoor radon concentration

C(Bq/m3)

number of cases

Multi-
storey

blocks of flats

<50
20

Houses without slag

< 100
85

100-200
15

Houses with slag
(according to the origin of coal)

out from the
vicinity of city

Ajka
< 100

45

mixed

100-400
36

from the vicinity of
city Ajka

350-1200
30

From the 1-2 weeks duration measurements the radon concentrations in the houses with built-in and
detected slags from the region Ajka vary in the range of 400-1200 Bq/m3

Qualifications of slags for use as a building material
For radiological testing the usage of the slags and other by-products of the coal burning indices have

been introduced that based mainly on the Ra-226, Th-232 and K-40 radionuclide contents.

The frequently used index is the Ra eq. (radium-equivalent) by the following definition:

Ra eq = CRa + (CTh 1.26) + (CK 0.086)

The radium-equivalent limits are the followings:
I. for building houses Ra eq < 370
II. for industrial use 370 < Ra eq < 740
III. for roads and railways 740 < Ra eq < 2200
IV. as landfill material 2200 < Ra eq < 3700
V. above 3700 it is forbidden to be used for any constructions
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H =
CK-40 'Ra-226 cT
1500 150

- + •
100

<1

- Gamma index :

Radium index : radium - index =

10000 1000 700

Ra-226

200
<1

The Finnish Guides in the radiological qualification had introduced more detailed indices defined in
the following ways :

For house building materials:
c c c

I — + + < 11 200 300 3000"

- For materials used in road, playground and related constructions:

™J
2 ~ 500

i
Ra C,

+
Cs

700 ' 8000 ' 2000
<1

- As landfill materials:
CRa c. c,

+ •
Cs

1500 2000 20000 5000
<1

where CRa, CTh, CK are the activities of 226Ra, 232Th and 40K in Bq/kg.

The activity indices Ii, h and I3 are recommended to be less than 1 for usage without any restriction so
far as the radioactivity is concerned. According to the Finnish recommendation if the values of the in-
dices exceed 1, special and more detailed safety analysis are to be provided, and the decision is to be
proved on the results of the analysis.

Slag

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.

Radionuclide concentration | Bq/kg 1
Ra-226
578.5
712
774
992
1569
1966
2195
2192
2317
2666
2893

Th-232
80.61
18.4
16.1
44.9
62.2
21.6
18.7
32.5

26.0
28.4

44.8

K-40
366
44.7

335
337
386
74.1
99.2
87.7

60
157
189

Raeq.

711.5
773.6
823.0
1077
1680
2000
2227
2240
2355
2715
2966

Sample

1.
2.
3.
4.
5.
6.
7.
8.
9.

10.
11.

Activity indexes
I,

2.45
2.61
2.77
3.64
6.83
6.69
7.44
7.50
7.87
9.08
9.93

I2
1.03
1.11
1.18
1.55
2.41
2.86
3.18
3.21
3.37
3.88
4.26

h
0.36
0.39
0.41
0.54
0.85
1.00
1.11
1.12
1.18
1.36
1.49
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3. Conclusion

The indices calculated from the radionuclide content of the samples taken from dwellings around the
city Ajka, involve that most of the samples must not have been used neither as building material nor
for any other purposes in the building industry.

We consider to be important the immediate control on using such kind of materials and find an effi-
cient way of public information on the current situation.
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RADON DYNAMICS IN UNDERWATER THERMAL RADON THERAPY

H. Lettner1, W. Hofmann1, R. Rolle1'2, R. Winkler1 and W. Foisner3

'institute of Physics and Biophysics, Unversity of Salzburg, Hellbrunnestrasse 34, A-5020 Salzburg
2Grimm Labortechnik GmbH & Co KG, Dorfstrafie 9, D-83404 Ainring / Germany

3Thermalkurhaus, A-5630 Bad Hofgastein

1. Methods CZ9928466

The experiments were conducted at the treatment facility in the Thermalkurhaus in Badhofgastein on
two therapists (male: age 29 years, 191 cm, 100 kg; female: age 59 years, 163 cm, 63 kg; the data pre-
sented are from the therapist). The treatment applied in the experiment was the same as usually used
for patients, i.e. bathing in the Rn-bath ("Best'sche Wanne", volume: 600 Liter at 37 -39 °C) for 20
minutes, followed by a resting period of at least 35 min. During the bath the water surface was covered
with an aluminium foil with a hole for the head of the patient to keep it above the water surface. The
aluminium foil prevented the Rn-gas from the water to emanate into the room atmosphere as it was
intended to measure the Rn flow from the water into the body. The exhaled air of the test persons was
sampled in 2-minute intervals in radon gas tight aluminium bags from the beginning of the bath to the
end of the resting phase. During the resting phase the a-activity was measured on the skin for a period
of 45 minutes.

For the determination of Rn in the exhaled air Lucas cells were used (Pylon AB-45 and Pylon lucas
cells). For the detection of the a-activity on the skin a surface barrier detector (600 mm ) protected
with a grid, in order to establish a definite distance to the skin, was applied. The surface barrier detec-
tors were mounted in a special housing and kept in close contact to the skin with self adjusting bands.
The Rn concentration in the water samples collected in the bath tubes was determined with an ionisa-
tion chamber.

2. Results

Rn in the exhaled air

The Rn in the exhaled air is controlled by the cutano-pulmonary transfer, defined as the activity incor-
porated and exhaled by the patient (Grunewald & Grunewald, 1995) as the Rn activity concentration in
the inhaled air is negligible. The Rn activity concentration in the exhaled air reaches its maximum a
few minutes after entering the bath (Fig. 1) and remains constant during the rest of the time in the bath,
followed by a fast decrease during the resting phase. The Rn transfer-rate can be described with a dif-
fusion term, controlled by the concentration gradient, and a convective term which is controlled by the
blood stream (Grunewald & Grunewald, 1995). Applying an average minute respiratory volume of
7 Liter/min at a 222Rn activity concentration of 415 kBq/m3 in the water, the overall Rn transfer was
380 Bq (Fig.2) of which 130 Bq were exhaled during the resting phase. The data are in good agreement
with values reported in the literature where the Rn transfer was 1200 Bq with an activity concentration
of 2000 Bq/L in water (Grunewald & Grunewald, 1995).

Rn decay products (Rnd) on the skin

It was not possible to distinguish between the different a-emitters deposited as the a-peaks were dis-
torted by the absorption in the air layer between the detector and the skin and, presumably, by a thin
water-layer on the skin and the surface roughness of the skin itself. For the calculation the gross alpha-
counts were used to determine the initial values of the Rnd on the skin after leaving the bath. As no
detailed information is available on the migration of the Rnd into the skin and its distribution, for a
first calculation it was assumed that all radionuclides are deposited on the skin-surface and are not at-
tenuated by the skin. This assumption clearly underestimates the total dose delivered to the skin. The
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following assumptions were made for the calculation of the Rnd on the skin: (1) saturation for 218Po on
the skin (20min bathing phase, 3.05min half-life), (2) constant attachment rates during the bathing'
phase, and (3) a constant activity concentration of 218Po during the bathing phase. Based on these as-
sumptions the attachment rate for 218Po could be calculated. (4) The attachment rates for 214Pb and
214Bi were assumed to be of the same value and (5) no contribution of Rn decay in the skin to Rnd on
the skin. Applying these assumptions the calculated Rnd activity concentrations on the skin were:
218Po: 0.30Bq/cm2; 214Pb: 0.33 Bq/cm2, 214Bi: 0.36Bq/cm2 with an attachment rate of
0.07 Bq/(cm2 sec). For an exposed skin surface of the therapist of 20.000 cm2 the initial activity con-
centration of the Rnd after the bath is 20.000 Bq/cm2. For the calculation of the dose an average thick-
ness of 10 jam for the cuticula of the skin and 100 um thickness for the epidermis were assumed. Based
on these simplifications the calculated value for the average dose to the epidermis is 50 uGy.

3. Discussion

For Rn therapy one of the major questions is, by which mechanism the dose is delivered to the patients.
Rn is thought to represent more or less the main contribution in inhalation-therapy as well as in water-
therapy, but some authors have argued that Rnd on the skin is of much more importance than it has
been accepted (Andrejev, 1990). The preliminary results of this study also indicate that the dose to the
skin by Rnd (50 u.Gy) is much larger than the dose originating from Rn, which was calculated to be
appr. 0.3 uGy per Rn bath therapy (Hofmann, 1990). Rnd on the skin might even be much higher as
calculated because the assumption that all Rnd are deposited at the surface of the skin may result in an
underestimation of the activity. The shape of the spectra observed indicate the penetration of the Rnd,
but at present it is not possible to perform an exact calculation of the activity concentration without any
information on the migration of Rnd into the skin.
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EXPOSURE TO RADON IN DWELLINGS BELOW THE GROUND LEVEL IN
THE AREA OF ZAGREB

CZ9928467
N. Lokobauer1, Z. Franic1, E. Sokolovic1, L. Petroci1, J. Sencar1 and V. Loknerz

Institute for Medical Research and Occupational Health, Department of Radiation Protection, Ksaverska
cesta 2, P.O.Box 291, 10001 Zagreb, Croatia

Hazardous Waste Management Agency, Savska cesta 41, 10000 Zagreb, Croatia

Abstract: The paper presents results of radon measurement carried out in 44 dwellings at 22 locations
in the area of Zagreb, in order to establish differences in radon level between the dwellings below the
ground level and those on higher floors. The measurement was performed by the Honeywell profes-
sional radon monitor over the seasons spring-summer and autumn-winter. The investigation revealed
significant differences between radon activity concentrations measured in the dwellings below ground
level and the dwellings on higher floors. Average annual radon activity concentrations at 22 investi-
gated locations were 57 ± 20 Bqm"3 in the dwellings below the ground level and 35 ± 15 Bqm"3 in the
dwellings on higher floors.

1. Introduction

Most of the doses received by population result from inhalation of radon and its daughters particularly
indoors. The concentration of indoor radon may vary drastically depending on the geological composi-
tion, radium concentration in the soil, building materials, floor levels, living environment, climate,
ventilation rate, etc. (1).

In the area of Zagreb many people still live in the dwellings below the ground level. The fact that con-
centration of indoor radon depends strongly on radium sources in the soil pointed to the possibility that
increased radon levels could be measured in these dwellings.

The aim of this study was to measure the indoor radon concentrations in dwellings below the ground
level and in dwellings on higher floors and to estimate the differences in received doses from inhala-
tion of radon for two groups of population.

2. Measurement of indoor radon

The measurement, performed by Honeywell professional radon monitor, included 44 dwellings below
the ground level and on higher floors, at 22 locations (22 buildings) in the area of Zagreb. In order to
obtain average daily values, radon activity concentrations were measured throughout 24 hours at each
dwelling, over the seasons spring-summer and autumn-winter.

3. Results and discussion

Data from indoor radon measurements performed in the season spring-summer in the investigated
dwellings (below the ground level and on higher floors) at selected 22 locations in the area of Zagreb
are shown in Figure 1. In the dwellings below the ground level radon activity concentrations ranged
from 19±4Bqm'3 to 78±9Bqm'3 (mean value 41±16 Bqm"3). In the dwellings on higher floors ra-
don activity concentrations ranged from ll±3Bqm"3 to 33±6Bqm"3 (mean value 21±16Bqm"3).
The obtained average ratio of radon activity concentrations measured in the dwellings below ground
level and those on higher floors was 2.0±0.6 Bq m"3.

Figure 2 gives data on indoor radon activity concentrations measured in the season autumn-winter. In
the dwellings below the ground level radon activity concentrations ranged from 37±6 Bq m-3 to
155±12 Bq m"3 (mean value 73±28 Bq m"3). In the same season in the dwellings on higher floors radon
activity concentrations ranged from 26±5 Bq m"3 to 151±12 Bqm"3 (mean value 49±31 Bqm"3). The
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Figure 1. Radon activity concentrations measured in the dwellings below the ground level and in dwell-
ings on higher floors in the season spring-summer
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obtained average ratio of radon activity concentrations in the dwellings below ground level and those
on higher floors was 1.6±0.5 Bq m"3 which is slightly lower than in the season spring-summer.

Figure 2. Radon activity concentrations measured in the dwellings below the ground level and in dwell-
ings on higher floors in the season autumn-winter
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Average annual radon activity concentrations for the investigated 22 locations were 57±20 Bq m" for
the dwellings below the ground level and 35±15 Bq m'3 for the dwellings on higher floors (Figure 3).

Investigations performed in the dwellings in the area of Zagreb revealed significant differences in ra-
don levels between the dwellings below the ground level and the dwellings on higher floors. Popula-
tion living in the dwellings on higher floors received 40% lower radiation dose from inhalation of ra-
don than the population living in the dwellings below the ground level.

Session 2 137



IRPA Regional Symposium
Radiation Protection in Neighbouring Countries of Central Europe. Prague. 8-12 September 1997

Figure 3. Average annual radon activity concentrations in the dwellings bellow the ground level and in
dwellings on higher floors
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STUDIES ON DEPOSITION OF RADON DAUGHTERS ON GLASS SURFACE

MI.. IFh. ,Ip.lfl. iiiiiiiiiiiiiiiiiiiina
M. Lonnc, I. Feher and J. Palfalvi CZ9928468

KFKI Atomic Energy Research Institute, P.O.B. 49, H-1525 Budapest, Hungary

1. Introduction
It was discovered in a northern Hungarian village in 1992 that the average radon concentration in some
of the houses was in the order of kBq.m"3. The question is whether this level of radon concentration
can be related to an earthquake of small magnitude or to a mining activity in the vicinity, and whether
it has existed for a longer time or appeared recently. Because radon daughters can be embedded in the
upper surface layer of glass sheets by alpha recoil, someone can suppose that old glass sheets from
houses can remember past radon concentration levels via surface activity concentration of long-lived
decay products. We have investigated with, so called, retrospective radon exposure method the past ra-
don concentration levels in dwellings of a Hungarian village and a town [1]. It was concluded that the
concentration has not changed significantly during the last 50 years.
However, it was found the ratio of the embedded surface activity concentration of long-lived radon
daughters to the time integrated radon concentration decreased with the increasing exposure time and
this result was consistent with other authors' results. Few reasons can be assumed:

- lower radon concentration or lower plate-out rate in the past
- effect of the dirt contamination on the surface of the glass
- corrosion of the glass surface with the time

We have investigated the possibility of these assumptions and the methods and results are presented
here.

2. Methods

It is essential to know the recent time integrated radon concentration in air on those places where the
radon exposure of glasses is taking place. For this purpose we adopted the measuring method devel-
oped at the National Radiological Protection Board (UK). The radon dosimeter used is a small and ro-
bust diffusion chamber which excludes the radon progeny and detritus whilst allowing access of radon
gas; this subsequently decays and the emitted alpha particles are detected by the SSNTD of CR-39 type
[2].

To measure the glass surface activity concentration, for the determination of the retrospective radon
exposure, we have developed a new and fast radiochemical method [1] which is based on the meas-
urement of the 210Bi surface activity concentration by etching off a thin layer from the glass surface
following by the separation of the Bi from the solution and then measuring its beta activity.

The following exposures have been carried out:
- fresh glass sheets together with the SSNTDs were exposed in 11 dwellings in the radon prone

village for 2 years
- also old glass sheets with known age, obtained from 4 rooms out of the 11 dwellings were in-

vestigated
- fresh and previously unexposed but 38-year old glass sheets were exposed to radon in a cave

where the averaged radon concentration during the 100-day exposure time was 119 kBq.m'.
Some of the old glasses were cleaned with CCU before the exposure some of them left dirty as
they were before
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3. Results and discussion

For fresh glasses exposed in the 11 dwellings for 2 years the average ratio of the embedded surface
Bi activity concentration to the time integrated radon concentration was found to be: R=4.6±1.8

-2 -3Bq.m" /kBq.y.m

In Table 1 we present the ratio, R for the old and fresh glasses from 4 rooms, together with the current
average radon concentrations and exposure times.

Table 1. Current average radon concentration in air during the 2-year exposure of fresh glasses and the
210

Bi surface activity concentration to radon exposure ratio for fresh and old glass sheets

Location
No.

1

2

3

4

Current average
radon concentration

for two years
(kBq.m3)

2.25

0.62

0.58

0.76

Exposure
time

of glass
(year)

16
2
34
2
42
2
20

2

R

Implanted 210Bi activity (Bq.m2)
Radon exposure (kBq.y.m"3)

1.05
4.20
0.42
3.52
0.27
4.15
0.86
4.36

The average ratio, R for the fresh glasses exposure in the cave can was found to be R=12±4
Bq.m"2/kBq.y.m"3.

The effect of cleaning the old glasses before exposure in the cave can be seen by comparing the ratios:
for the cleaned glasses R=8.2 and for the uncleaned ones R=6.6.

In Fig. 1 summarizing the results, we present the recently measured and also the previously obtained
ratios, R vs. the sample exposure time. Similar curve was presented by two other authors [3,4].

We observed that the decrease rate of the ratio, R can be described as the sum of two exponential
function where the half lives are 0.9 ± 0.08 and 8.8 ±1.7 years, respectively, meanwhile the ratio of the
two components is 11.7/2.7.

We may have the following conclusions:

- based on the observation that the shape of the ratio curve was found to be very similar by
three independent investigators at three different places (in Sweden, at Schneeberg and in
Hungary) we may suppose that the drastic change in the radon concentration and/or in the
plate-out during the long exposure time of the glass can be excluded. For us, it means that in
the village investigated the high radon concentration existed during the last 50 years.

- the continuous deposition of dirt contaminants (grease, dust etc.) on the surface of the glass
and occasional cleanings during the long exposure time can cause some effect but it is not
very significant.

- the fact that the ratio function shown in Fig. 1 can be composed from two exponential curve
and also the observation that the difference of the ratios of the fresh and old glasses exposed
in the cave is already remarkable, all indicate that the corrosion of the glass surface is proba-
bly a realistic process. Therefore, further investigations are necessary to verify by some direct
method this assumption, to study the corrosion process of the glass surface.
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Figure 1. Measured ratio of glass surface 210Bi activity concentration and radon exposure plotted against
exposure time
(•) village, ( • ) town, (O) fresh glass-village, (*) fresh glass- in cave
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ON THE APPLICABILITY OF SHORT TIME MEASUREMENTS TO THE
DETERMINATION OF ANNUAL AVERAGE OF RADON CONCENTRATION

IN DWELLING 11111111111111111
CZ9928469

J. Loskiewicz, P. Olko, J. Swakon, J. Bogacz, M. Janik D. Mazur and J. Mazur

Institute of Nuclear Physics, ul. Radzikowskiego 152, 31-342 Krakow, Poland

In many national and international regulations concerning the radon concentrations in dwellings the
annual average concentration of. Rn-222 is the limiting quantity called intervention level. In practice
however, radon concentrations are determined in short term measurements, with the duration last from
a few days to a few months.

The goal of this paper was to investigate the variation of the actual Rn-222 concentration in some se-
lected houses in Krakow region in order to compare results obtained using different methods of meas-
urements such as Alpha-Guard ionisation chamber (sampling time 10 min or 60 min), canisters with
activated charcoal (a few days) and diffusion chambers with CR-39 plastic (a few weeks up to a few
months). Rn-222 concentrations, measured with Alpha-Guard, were next averaged over different peri-
ods of time, ranging from a few days to a few weeks and compared with results obtained by the other
methods.

Several measurements of radon concentration in some selected houses in Krakow region have been
carried out during last 2 years.

The climate parameters (air temperature, humidity, atmospheric pressure) and human activity were
registered during each measurement.

Fig.l. The time variability of radon concentration and air pressure in one of the measurement sites ob-
tained from the ionizatton chamber AIphaGUARD
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On the Fig.l the clear day-night fluctuations (up to 80% of the mean value) and short-time variations
of Rn concentration can be observed. These effects were not clearly connected with any single climate
parameter registered during the measurement.

142 Session 2



IRPA Regional Symposium
Radiation Protection in Neighbouring Countries of Central Europe. Prague. 8-12 September 1997

Fig.2 present the long-term integration measurement using the alpha-track detector CR-39 and contin-
uos radon level registration using ionization chamber. Integration measurement doesn't ensure obtain-
ing the proper mean value of Rn concentration.

The rapid increase of ventilation rate (the unforeseen inhabitant's intervention) caused the decrease of
Rn concentration from 280 Bq/m3 to 54 Bq/m3, whereas the result of CR-39 measurement was 156+52
Bq/m3.

Fig. 2. The effect of unforeseen human activity during the measurement
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Statistical analysis was done for all experimental data. The effort has been undertaken to determine the
duration of measurement so that the registered Rn concentration was as close to the real annual mean
value as possible.

Table 1 present results of measurements. The results of 72-hour measurements with activated charcoal
canisters show good agreement with the ones obtained from AlphaGUARD at the same time.

The same we can say about the results of long-term measurements with alpha-track detectors CR-39.

Table 1. The Rn concentration measurements in one of the selected sites (lasting 1.5 y) carried out using
different methods

Date
30.01.96-2.02.96
29.02.96-3.03.96
9.08.96-22.08.96
9.09.96- 12.11.96
10.10.96-12.11.96
8.10.96-12.11.96
7.02.97 - 22.02.97
27.02.97-20.03.97
27.02.97 - 4.06.97
18.03.97-21.03.97
27.05.97 - 4.06.97
6.06.97 - 8.07.97

13.06.97-16.06.97

Ionization chamber
[Bq/m3l

716
750
543

-
1020
1002
645
748

1125
1042
1107
1107

Activated charcoal canisters
[Bq/m3l

.
900

,

-

1150

1200

Alpha track detectors CR-39
[Bq/m3]

-

1050
1130

-
-
-

689
-
-
-
-
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However, the result of the single measurement with both CR-39 (lasting 2 months) and charcoal can-
ister (lasting 3 days) differs from the annual mean value (about 800 Bq/m3) obtained from several Al-
phaGUARD measurements of approximately 30%.

Results tend to show that the time of measurement of Rn-222 in a house, performed during a screening
measurement, should not be shorter than 4 days in order to avoid errors in annual radon concentrations
larger than 30-50%. Higher credibility can be obtained by repeating the measurement in a different
season of the year and different atmospheric conditions.

Fig. 3. The standard deviation dependence on measurement time (for short-term measurements)
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Only the short-term measurement longer than 3 days (see. Fig. 3) may give results with standard de-
viation less than 30%

Conclusions

Short-term measurements of Rn concentration should last at least 4 days in order to avoid errors in an-
nual radon concentrations larger than 30%.

The climate parameters and human activity during the measurement should be registered simultane-
ously.

The measurements of Rn concentration at particular site should be repeated several times under differ-
ent climate conditions.

The proper determination of Rn concentration in dwellings using short time measurement requires the
knowledge of seasonal variations in the region.

The more advanced conclusions would be available after carrying out much more measurements and
making the multi-parameter analyses.
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FIRST RESULTS OF THE AUSTRIAN RADON MITIGATION PROJECT

F.J. Maringer1, N.G. Akis2, H. Kaineder3, P. Kindl4, C. Kralik5, H. Lettner6, St. Lueginger7,
W. Ringer8, R. Rolle6, F. Schonhofer5, S. Sperker3, H. Stadtmann2, F. Steger2, F. Steinhausler6,

M. Tschurlovits9 and R. Winkler6

'Austrian Research and Testing Center Arsenal, Faradayg. 3, A-1030 Wien, Austria
2Austrian Research Center Seibersdorf, A-2444 Seibersdorf, Austria

3 Office of the Upper Austrian Government, Stockhqfstr. 40, A-4020 Linz, Austria
''Technical University ofGraz, Petersg. 16, A-8010 Graz, Austria

5Federal Institute for Food Control and Research, Kinderspitalg. 15, A-1095 Wien, Austria
6University of Salzburg, Hellbrunnerstr. 34, A-5020 Salzburg, Austria
Architectural Office Lueginger, Rainerstr. 14, A-4020 Linz, Austria

8Federal Institute for Food Control, Derfflingerstr. 2, A-4017 Linz, Austria
Atominstitute of Austrian Universities, Stadionallee 2, A-1020 Wien, Austria

Abstract: The Austrian radon mitigation research project* SARAH, a two-year follow up study of the
Austrian National Radon Project (OENRAP), was started in 1996. Objectives of the research project
are to find simple, cost effective experimental methods for characterising the radon situation of dwell-
ings and to evaluate technically and economically the implementation of state of the art remedial ac-
tions for Austrian house types. After an intercomparison exercise of radon measuring instruments and
detectors in spring 1996 three houses were closely examined in regions with elevated radon levels in
the federal state of Upper Austria. The methods used for the radon diagnosis and the mitigation con-
cepts are treated. For the first time an extended "Blower-Door" method (which is conventionally used
for determining the tightness of buildings) was applied to radon diagnosis of buildings. The conception
and implementation of the proposed remedial measures are demonstrated. Preliminary results of the
investigations and remedial actions are discussed.

1. Introduction

To minimize the health risk of the population due to indoor radon exposure well proven and cost ef-
fective concepts and methods are needed for remedial action in high radon-exposure houses and as
precautionary measures for new buildings in radon prone areas. This objective has led to a great inter-
national experience and to a multitude of mitigated houses in many countries (e.g. EPA, 1993;
CLAVENSJO & AKERBLOM, 1994; HAMEL et al., 1996). In Austria up to now only few houses
have been mitigated in regard to radon reduction (ENNERMOSER et al., 1994). A survey of the indoor
air radon situation in the state of Upper Austria (FRIEDMANN et al., 1994) resulted in the identifica-
tion of regions with elevated indoor-air radon levels (arm. mean > 400 Bq.m"3).

This research work should increase the experience of Austrian physicists and building engineers in ra-
don diagnosis methods, mitigation and precautionary procedures for Austrian-specific types of houses
and building characteristics. The results of this project should become the basis of an Austrian-wide

radon mitigation program. ||||||||ll|||||||||!||||||inillllllllllllllllll
2. Radon diagnosis methods CZ9928470

At the onset of the project an intercomparison exercise under well defined on-site conditions was car-
ried out to check the response of different radon measurement instruments and detectors used in this
research project. In two intervals - three days and three weeks - a set of passive radon detectors and ac-
tive instruments was exposed under defined conditions: electret detectors (E-PERM), charcoal detec-
tors with LSC- and gamma-evaluation (PICORAD, EG&G), track etch detectors (MAKROFOL & KfK
chamber) and active radon measuring devices (ALPHA GUARD, ATMOS, PRASSI, ALNOR). The

* Supported by the Austrian Ministry of Economy (project No. F-1375/1-IX/A/8/95), and the Government of Upper Austria.
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experiment was performed under realistic temperature and humidity conditions in a closed calibration
room of the Geotechnical Institute at the Arsenal, Vienna. The results, uncertainties, and limits of ap-
plication of the various radon methods are shown and discussed in MARINGER et al., 1997a.

For this study three buildings were selected for Fig. 1. Determination of the radon entry rate with
detailed investigations and remedial actions: two the extended Blower-Door method.
buildings in the southern part of the Bohemian
massif (region 'Miihlviertel'): a two-family house
in Gutau and a farmhouse near Konigswiesen. An-
other building was chosen on the gravel-terrace of
the river Traun: a one-family house in Traun. The
procedure of selection of the buildings is described
in MARINGER et al., 1997b.

The next step was the experimental investigation
of the radon sources and entry paths in each house.
The quantities representing the radon situation of a
house are primarily the radon concentration
(Bq/m3), the entry rate (Bq/s), and the ventilation
rate (1/s). But these simple quantities cannot be
determined exactly at all points of a house all the
time. To find acceptable approximations of these
quantities a two-stage diagnosis method was cho-
sen. A two to three-week continuos radon moni-
toring in one room of the house with an ionisation
chamber (e.g. Alpha Guard) combined with inte-
grating electret or charcoal detectors in other
rooms, was carried out. The evaluation of these
measurements was followed by an intensive one to
three-day measuring campaign. Additionally, a soil
gas probe with an air pump and an ionisation
chamber (Alpha Guard) gave a good indication of the radon potential of the ground. During the meas-
urement periods the meteorological parameters were recorded simultaneously because the meteoro-
logical situation strongly effects the indoor radon situation.

Together with the active radon measurement instruments a Blower-Door was applied (Fig. 1). This
easily installed tool provides an adjustable pressure reduction in the house of up to -60 Pa. Under re-
duced-pressure conditions the radon entry paths can be found easily ('sniffing') with fast responding
active radon instruments (e.g. Atmos). The quantities and time sequence of the air and radon flux
through the Blower-Door fan gave good estimates of the total average radon entry rate and the ventila-
tion rates at reduced-pressure and normal conditions. The constant reduced-pressure condition during
the Blower-Door operation strongly moderated the current and seasonal meteorological influences.
Several complementary measurements were also carried out on the sites (e.g. decay product and thoron
measurements, exhalation-rate of building materials, radon and radium analysis of local ground water,
radium analysis of local soil samples, assessment of soil permeability).

3. Mitigation concepts and methods

After the evaluation and discussion of all the measurements made on-site, a cost-benefit analysis with
regard to the necessary site-specific radon-reduction and possibilities of state-of-the-art remedial meas-
ures led to a constructional mitigation concept for each building.

For the two-family house in Gutau a sub-floor depressuration system was chosen. In two central rooms
of the basement perforated suction pipes were installed with sub-floor connections under the adjacent
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Fig. 2. Installation of the perforated suction pipes in the sub-floor aggregate (building GUT).

Fig. 3. Measurement of the radon concentr.
and the pressure reduction at the ex-
haust fan in the attic (building GUT).

rooms (Fig. 2). The three branches of the pipe system
were connected to in an exhaust fan in the attic (Fig. 3).

Because of the good soil permeability under the farm-
house near Konigswiesen a sub-house depressuration
concept was selected for this building. Two holes with a
diameter of 100 mm and a length of about 8 meters were
drilled at a depth of about 1.5 to 2 m under the basement
floor of the farmhouse (Fig. 4). Then perforated suction
pipes with a diameter of 50 mm were installed in the
holes and an exhaust fan was connected. The great ad-
vantage of this mitigation method is that there is nearly
no negative effect on the inhabitants during the installa-
tion. This mitigation method could be applied to many
similarly constructed farmhouses in Austria.

To date for the one-family house in Traun active and
passive sub-floor ventilation system have been discussed
but no final decision has yet been taken on the mitigation
concept. In August 1997 special investigations were car-
ried out to assist in the decision process.

4. Preliminary results and discussion

The efficiencies of the applied mitigation measures will
be verified in the next months. The radon reduction in
the mitigated buildings will be determined by long-term
measurements (track etch, electret) and special experiments (e.g. Blower-Door, soil-air).

In the building KOE (farmhouse near K6nigswiesen) a first test of the effect of the sub-house depressu-
ration was made. After installing the first perforated suction pipe in the ground a provisional assembly
with an exhaust fan was connected (Fig. 5). Near the wall outside of the house a soil-air probe was in-
stalled and in the basement the radon concentration below the wooden floor and in the living room was
recorded. In Fig. 6 the decrease of the soil-air radon concentration from about 40 kBq/m3 to 8 kBq/m3

during the depressuration experiment (25 June, 6 p.m. - 26 June, 1997,10 a.m.) can be seen (-330 Pa in
the suction tube). The increases of the radon soil-air concentration during the drilling activities on 24
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Fig. 4. Drilling of an 8 m/0 100 mm hole for the installation of sub-house suction pipes (building KOE),

and 25 June due to the compressed air flushing of the drilling head are also shown in Fig. 6. The radon
reduction under the wooden floor ranged from about 20 kBq/m3 to 5 kBq/m3 and in the living room
from about 1 kBq/m3 to 0.5 kBq/m3 during this first test period (16 h).
The verification of the radon reduction of all the mitigated buildings and the posterior cost-effect
analysis (investment and operation) is scheduled for completion in 1998. The observation and evalua-
tion of the long-term stability of the remedial measures are planned for a period of about 10 years.

Fig. 5. Experimental assembly for testing the effectiveness of the first sub-house suction pipe (building
KOE)

In conclusion of the project an extensive project report*, including all the details and results of the
work, will be published in 1998.

' Available in spring 1998 at 'Bundesministerium ftir wirtschaftliche Angelegenheiten, Abt. IX/8, Dokumentationsstelle der
Wohnbauforschung', Stubenring 1, A-1011 Wien.
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Fig. 6. Effects of the compressed air flushing of the drilling head and the experimental exhaust of one
sub-house pipe on the radon soil-air activity concentration (building KOE).
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Abstract: Three intercomparison exercises employing different active and passive Radon instruments
and detectors - used for investigations in various Austrian Radon studies - were carried out between
1992 and 1996. These exercises were intended to ensure and improve the quality and comparability of
the applied Radon detectors and measurement devices. In observation periods ranging from three days
to three weeks - sets of passive Radon detectors and active instruments were uniformly exposed. The
experiments were performed in a single family house and in a closed calibration room at the Geotech-
nical Institute, OEFPZ Arsenal, Vienna. The Rn-222 activity concentrations ranged from 110 Bq/m3 to
3000 Bq/m3, the ambient air temperatures were between 15°C and 25°C and the relative air humidity
was about 80 % in all cases. The main results and the associated uncertainties of the various radon
methods are discussed.

1. Introduction CZ9928471

A variety of radon and radon progeny detectors and measuring instruments are currently in use (e.g.
NAZAROFF & NERO, 1988; VOLKLE & BORCHARDT, 1991, GEORGE, 1996). For correct appli-
cation the user has to know about the quality and the limits of the various detectors and instruments.
Moreover, the measuring values must be comparable if different radon detectors and instruments are
used in the same house. Therefore, the uncertainties, the reproducibility, the stability and the reliability
of the devices have to be checked periodically.

Three radon measurement intercomparison exercises were carried out in Austria between 1992 and
1996. Ten institutions (research institutes, universities and manufacturers) participated in the 1992
field exercise held in a single family house
in an alpine village (Rottenmann, Styria) Fig. 1. Instruments and detectors used in the radon labora-

and in two laboratory exercises held at the to^ A r s e n a l > V i e n n a

Geotechnical Institute, Arsenal, Vienna in ^ ^ ^ ^ ^ ^ ^ ^ | ^ ^ ^ ^ ^ ^ ^ H n g $ £ ^ ~ V '< '
1993 and 1996. The aim of the '92 field ^ H ^ ^ ^ ^ H R \ \
study was the improvement of different ra-
don measuring methods on site (i.e. out-
side the laboratory) and to assess the com-
parability of the applied methods in an
inhabited house. The laboratory exercises
held in '93 and '96 should improve and
ensure the correct application and the
quality of active radon instruments and
passive detectors used in the Austrian ra-
don survey project 'OENRAP'
(FRIEDMANN et al., 1994) and the Aus-
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trian radon mitigation study 'SARAH' (MARINGER et al., 1997).

2. Methods

The key facts of the intercomparison runs are summarised in Tab. 1. The passive radon detectors
mainly applied in Austrian radon studies are charcoal vials (PICORAD) with LSC evaluation, electret
ionisation chambers (E-PERM) and track etch detectors (MAKROFOL in KfK-diffusion chambers)
with electrochemical and conventional etching. In Fig. 1 the instruments and detectors placed in the
closed 26 m3 radon calibration room at the Geotechnical Institute Arsenal are shown. More details
about the methods and instruments compared in the exercises can be found in MARINGER et al.,
1994, 1997 and 1997a.

Tab. 1. Key facts of the Austrian radon intercomparison exercises 1992 - 1996

year
location

duration
participants

Rn-222 source

average Rn-222
concentr.

av. progeny
cone. (EEC)

passive radon
detectors

active radon in-
struments

radon progeny
methods

special methods

1992
cellar room, single family
house, Rottenmann, Styria

1 week
4

natural
(from the bedrock)

3000 Bq/m3

1100Bq/m3

<
<
1

4

1993
26 m3 laboratory room,

Arsenal, Vienna
1 week

7
exhalation of a Ra-226

standard solution
(3000 Bq/m3)

110 Bq/m3

17 Bq/m3

1996
26 m3 laboratory room,

Arsenal, Vienna
3 days & 3 weeks

8
exhalation of. a Ra-226

standard solution
(2790 Bq/m3)

200 Bq/m3

—

' charcoal detector & LSC (CANBERRA, PICORAD)
» electret ionisation chamber (RAD ELEC Inc., E-PERM)
» track etch (BAYER, MAKROFOL DE 1-4 & KFK-chamber)
» charcoal detectors (EG&G) & gammaspectroscopy
• ionisation chamber (GAMMADATA MATTEKNIK, ATMOS 12 DPX)
• ionisation chamber (GENITRON, ALPHA GUARD PQ2000)
• Lucas cell (EDA, RDA 200)
• Lucas cell (SILENA, PRASSI 5S)
> Lucas cell (PYLON, AB5 & CPRD probe)
• diffusion chamber & semiconductor detector (ALNOR)
> filter & alphaspectroscopy (ALPHA NUCLEAR, SMART 770)
• filter & alpha counting (SILENA, 4S)
• filter & ZnS(Ag)-PM-detector (PYLON, AB5)
» electret system (RAD ELEC Inc., E-RPISU 01)
• soil gas probe & ionisation chamber (41-FRIEDMANN CHAMBER)
• Rn-222 in water (11 glass bottle & gammspectrometry)

3. Results

1992 Exercise

In the 1992 field intercomparison the measurement values of the active and passive Rn-222 detectors
showed a standard deviation of about ± 1 5 % , the Rn-222 progeny instruments varied in a range of
about ± 25 % (one week measuring period). The variation of the calculated equilibrium factors
(EEC/Rn-222) was up to ± 30 %, depending on the quoted radon and radon progeny instruments.

7993 Exercise

Under laboratory conditions the standard deviation of the one week mean value of the measured
Rn-222 activity concentrations (around 100 Bq/m3) amounted to ± 15 %. The relative differences of
one hour values can be up to 50 % for different instruments (Fig. 2). The readings of one active in-
strument (ALNOR) were systematically lower by about - 30 % compared to those of the other active
instruments employed (Fig. 2).
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1996 Exercise
Fig. 2. Readings of the Rn-222 and progeny measuring instru-

ments during the 7 days laboratory intercomparison run
in July '93, Arsenal, Vienna

The results of the passive detectors
used in the '96 intercomparison ex-
ercise are shown in Fig. 3. The sys-
tematic deviation of groups of de-
tectors - due to variation of
calibration factors, chamber volumes
and electret dimensions - can be seen
as well as large variations of some
single detectors.

The frequency of the relative devia-
tions of the Rn-222 values obtained
by the passive detectors in the '96
exercise is shown in Fig. 4. About lA
of the results are in the range of ± 10
% and % of the values lie in the
range of ± 20 %. There are a few
outliers up to + 60% and - 90 % among the electret ionisation chambers.

Fig. 3. Rn-222 values of the passive detectors, intercomparison exercise '96, Arsenal,
Vienna

400

Atmos 12DPX, Arsenal
Atmos 12DPX, Graz
Silena PRASSI 5S. Linz
Pylon AB-5/CPRD, Wlen
Alnor, Salzburg

r: don gas Instruments

Alpha Nucl. Smart770, Areenal
Silena 4S, Graz
Pvlon AB-5, Salzburu

20 30 40 50 60 70

detector No.

80 90 100 110 120

4. Discussion

The three intercomparison exercises carried out in Austria between 1992 and 1996 clearly show that
total relative measuring uncertainties of ± 15 % for passive and active radon detectors and ± 25 % for
active radon progeny instruments are reasonably achievable in integration periods ranging from 3 days
to one week.

The use of passive detectors such as electret ionisation chambers and charcoal vials requires special
care. Some few passive detectors showed relative deviations of ± 50 % and above. To avoid outliers
the passive radon detectors must be carefully handled, transported and periodically tested. The suitable
selection of the chamber volume and the dimension of electret detectors - which depend on the radon
concentration and the integration time - has a great effect on the uncertainty of the measurements. For
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decisive measurements the use of two or three passive detectors in one measuring position is strongly
recommended.

Fig. 4. Relative frequency of the deviations of the Rn-
222 values from the total mean of the passive
detectors, intercomparison exercise '96, Arse-
nal, Vienna
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A PRELIMINARY STUDY FOR THE APPLICATION OF RETROSPECTIVE
RADON MEASUREMENTS IN EPIDEMIOLOGICAL STUDIES IN THE

SCHNEEBERG AREA
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1. Introduction

The last decade, several epidemiological studies e.g. case-control studies have been carried out in order
to estimate for a possible risk factor for the exposure of the public to radon.

Due to its broad exposure spectrum, the Schneeberg/Schlema region was found to be a perfect domain
for such a case-control study. In this region, radon concentrations from a few 10 Bq/m3 up to several 10
kBq/m3 were found in dwellings.

This region lies in the Ore Mountains, which is one of Europe's traditional mining regions where there
have been mining activities for up to 800 years. In 1946, the Soviet company 'Wismut' was formed to
exploit the uranium rich ore. Until 1989 about 220,000 tons were produced in Saxony and Thuringia.

The observed high indoor radon values are unquestionably connected with these intensive mining and
especially uranium mining activities.

2. Study of lung cancer cases

The lung cancer incidence in the Schneeberg/Schlema region during three different time periods is rep-
resented in Table 1.

Table 1. Lung cancer incidence in the Schneeberg/Schlema area (source:"des Nationalen Krebsregisters
der DDR")

Time period

82-88

61-67

68-87

male
female
male

female
male

female

Schneeberg
observed

126
6
88
10

299
28

expected
54.1
7.1

48.9
4.3

179.0
19.4

RR
2.3
0.8
1.8
2.0
1.7
1.5

Schlema
observed

48
8
16
1

107
14

expected
18.5
2.4
19.7
1.8

67.0
6.7

RR
2.6
3.1
0.8
0.6
1.6
2.1

While the more frequent occurrence of male lung cancer cases might be explained by their labour in
the uranium mining industry, there is no such explanation for the female lung cancer cases. The analy-
sis of the distribution of female lung cancer cases over the Schneeberg area reveals also a main point in
the historical centre of the town. This is in conformity with the mainly higher radon concentrations that
were found in this quarter.

These data compel a more thorough epidemiological study in order to investigate whether some of
these female lung cancer cases were caused by radon exposure at home.

After intensive epidemiological studies of uranium miners, studies of the women in these mining areas
might give us an idea whether risk assessment by extrapolation of the miner population to the whole
population is granted.
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3. Indications of large variations in the radon concentrations in dwellings

There are some specific reasons why the indoor radon concentrations have altered over the past dec-
ades [LEH 97], [LEH 94]:

• There has been observed a steep dependency of the indoor radon concentration to the ventilation
rate of the mine shafts. Indoor radon concentration may be two orders of magnitude higher when the
ventilation system is turned off.

• Before 1960 there was no effective ventilation system of the mine shafts, thus there should have
been a much higher indoor radon concentration then.

• Natural ventilation of the shaft-systems causes a large seasonal and locational dependency of the in-
door radon concentration. As been observed by Lehman and Czarwinski „...there exist typical win-
ter and summer streams of mine air".

When carrying out an epidemiological study, one has to take these possible indoor radon fluctuations
into account. One possible way to do so is to combine indoor radon concentration measurements with
retrospective measurements.

4. Study of the usefulness of retrospective control

In a retrospective radon measurement, the surface activity of a glass sheet is measured using Makrofol
detectors, which are fixed on the indoor glass surfaces for three months. Out of this surface activity
measurement, the integrated radon concentration can be estimated using either the Jacobi room model
[JAC 72] or using an empirically obtained calibration factor or curve [SAM 92], [MAH 93] and
[CAU 97]. In several Schneeberg houses indoor radon concentrations measurements were compared to
retrospective estimations as a preliminary test for the usefulness in larger applications. All measure-
ments are combined in Table 2.

Table 2. Measurements in Schneeberg region.

House

1
2
3

4

5

6

7

8

Object

Window
Window
Window
Window

Glass door

Window
Glass door
Window
Cupboard
Cupboard
Glass door
Cupboard
Beer glass
cupboard

Place

Hall
Study

Kitch/Dinin
g

Dining room
Kitchen

Living room
Living room
Living room
Living/hall

Living room
Living room

kitchen

Surface
Activity
(Bq/m2)

6.6
3.1
6.1
11.2
5.7

6.7
20.3
18.3
28.0
26.6
39.1
7.7
8.2

43.7

Estimated Rn
concentratio

h (Bq/m3)
456 ±205
213 ±96
423 ±190
771±347
395 ±164

516±232
1405 ± 632
1352 ±608
1940 ±873
1840 ±828

2704 ±1217
531 ±255
566 ± 255

3014 ±1356

Measured Rn
cone. (Bq/m3)

Altrack
432 (1>

520 ±190

280 ±100

280 ±100
3480(2)

2470 ±840
2470 ± 840

490 ±70
490 ±70

1350 ±120

Measured Rn
conc.(Bq/m3)

Makrofol

510

10400
10400

635
635

(1) Radon concentration measured between May and August
(2) Radon concentration measured during one year
• Cells in gray express Radon concentrations measured in the living room
• Cells with standard deviations express the average of several radon concentration measurements over all seasons,

(corrected for the degrees of freedom)
• All Makrofol radon concentration measurements were done between April and June.

The standard deviation on a retrospective measurement is believed to be 44%.
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As can easily be deduced out of the information in the table, the retrospective radon assessment sup-
ports most of the indoor radon concentration measurements.

5. Conclusion

The combination of indoor radon concentration measurements and retrospective control can be a useful
procedure to trace possible outliners in an epidemiological study. If these outliners, e.g. houses where
the indoor radon concentration has altered over the past decades, are sorted out, the quality of the epi-
demiological study as a whole must improve.
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1. Introduction

Neutron radiation in natural environment is created in upper atmosphere of earth by fast primary ga-
lactic and solar protons. These two neutron components ," galactic" and "solar", have to be distin-
guished due to its dramatically different features. The flux density of "galactic" neutrons at the surface
levels depends on geographical latitude and is weakly modulated by solar activity in a periodical cy-
cle of 11 years. In contrary, the "solar" neutrons, are seen only during the unpredictable intense solar
flares and could reach the two order of magnitude higher levels than the intensity of galactic neutrons.
Another important difference between these components - energy spectra: wide and contant in case of
galactic neutrons, and unpredictable in case of solar neutrons.

Although the flux density and consequently the mean absorbed dose due to neutrons at the sea level
are very low, the single event spectra at cellular level are high. Lowering the dose reduces the prob-
ability that a cell can be hit but the damaging power of high LET track due to charged secondaries pro-
duced by neutrons, remains. This gives enough arguments to investigate the neutrons in the natural en-
vironment, especially during the solar flares.

A detecting system for environmental neutrons has to be characterised by very low inherent back-
ground (i.e. the background due to internal contamination of constructional materials of the detectors
by U-Th series). To determine such inherent background of a detector the measurements were carried
out in ,,neutrons free" environment in Low-Level Radiation Laboratory ( UDO) at PTB in Asse salt
mine. This reports gives the details of the measurements of the background of a 3He proportional
counter in UDO (1).

2. Materials and methods

A proportional counter, spherical with 40 mm ext. diameter, filled with 100 kPa of 3He and 53 kPa of
Xe was used in the experiments. The instrumentation consists of the portable microprocessor con-
trolled station containing HV supply and 256 channels pulse height analyser as well as the 64kB
SRAM Card as a nonvolatile storage system.

The pulse height spectra from 100 kPa counter have been investigated under different conditions of
external shielding, namely : bare counter without shielding at UDO environment , counter in a 203
mm dia. polythene sphere at the laboratory environment and finally counter exposed to Pu-Be neu-
trons and to pure gamma source of 137Cs

The measurements of the inherent back-
ground of a 100 kPa 3He counter were per-
formed at UDO Laboratory at Asse salt mine
at 975 m level. The background of a bare
counter were investigated during two 24
hours measuring sessions.

The responses in terms of fluence and ambi-
ent dose equivalent of a measuring assembly
consisting of 100 kPa He proportional
counter placed inside of 203 mm polythene,
PE, sphere were calculated. Ambient dose
equivalent and neutron fluence at selected

Fig. 1. An idealized pulse height spectrum from a He
proportional counter. Ex-edge of tritons spec-
trum, EQ-total energy peak
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place at Warsaw vicinity have been meas-
ured.

3. Inherent
counter

background of 3He

The idealized pulse height spectrum from
a He proportional counter is shown in
Fig.l.

The pulse height spectra from Pu-Be
source and from 137Cs are shown in Fig.2.
The pulse height spectra , when a bare
counter were exposed to radiation envi-
ronment at the earth surface together with
the results of measurements at Asse are
seen in Fig. 3, which gives the scale of ra-

Fig. 3. A pulse height spectra from a bare 100 kPa He
proportional counter: squares-natural radiation
environment; dots-Asse salt mine

Fig. 2. The real pulse height spectra from 100 kPa He pro-
portional counter: red line-irradiation by Pu-Be
neutrons; blue line-irradiation by Cs photons

100000

10000

1000

10 20 30 40 50 60 70 80 90 100

Channels

diation level reduction both in gamma
neutron channels.

and

c

O

uuuu

1000

100

10

1

n 1

'• •

: •
' a
i *• a

vv*
: " *«, • m

-a «*O

• « *4* * • * * * * • • • aB

0 10 20 30 40 50 60 70 80 90 100

Chan nets

The results of two 24 hours runs at Asse are
summarized in Table 1. The inherent back-
ground of applied He proportional counter as
seen from this table, are extremely low . When
expressed in ambient dose equivalent units, (
for Pu - Be neutrons ), are of order of 1 nSv
per 24 hours. This create a comfortable situa-
tion for neutron measurements at earth sur-
face i.e. the inherent background of applied He
counter can be neglected as negligibly low
compared the neutron contribution at sea lev-
els.

Table 1. The results of inherent background measurements of 100 kPa He counter

Date of measure-
ments

30/05/95
31/05/95

mean

Gamma chan-
nels

counts/24h
340
376

356 ±13

Neutron channels
counts/24h

peak area
3
1

2 ±1

full area
9
6

7.5 ± 2

Neutron channels
nSv/24h

peak area

0.5 ±0.25

full area

0.75 ± 0.2

4. Response of 3He counter in 203 mm polythene sphere

The fluence response and ambient dose equivalent response of He counter in 203 mm PE sphere were
calculated based on the following data: Hertel and Davidson (2) for PE sphere response R(E), Taber
and Normand ( 3 ) for neutron spectrum f (E). The data for conversion coefficients, h(E), are taken
from Siebert and Schumacher ( 4 ) as well as from Sannikov ( 5 ).

The following relations for mean values of fluence response, <Rf>, and ambient dose equivalent re-
sponse <Rh> have been used :

{Rf) =
\R(E)f(E)dE

\f(E)dE
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\Rh{E)f{E)dE R(E)

(Rh) = J—r- , where Rh(E) = - K

\f{E)dE h(E)

The responses were calculated in energy range 0.1 - 1000 MeV. The following results have been ob-
tained :

For<Rf>=l . l cm2

For<Rh> = 2.0nSv''

Table 2. Response of 100 kPa He counter in 203 PE sphere to Pu - Be neutrons

peak area
4

Neutron channels ( nSv'1)
full area

10

5. Pilot environmental neutron measurements

Using calculated responses the measurements of environmental neutrons at the suburbs of Warsaw
were carried out in 24 hours runs. The typical pulse height spectrum gathered during 24 hours meas-
urements is seen in Fig.4. Based on the calculated responses the following results have been obtained:

Ambient dose equivalent rate:

Flux density:

6. Discussion

195 nSv/24 hours i.e. 8.1 nSv/h

15n/cm2/h

Fig. 4. A typical pulse height spectrum registered

As seen from Fig.2. the pulse height spectrum
from 100 kPa 3He proportional counter inside a
203 mm polythene sphere, irradiated by Pu-Be
neutrons have pronounced peak at 70 channel
and large part due to wall effect between 20 to
60 channels. For the purpose of this work the
pulse height spectrum between 19 to 78 channels
are defined as the „ neutron channels". Below 20
channel we can see the gamma contributions i.e.
pulses which are generated by electrons released
from the wall od the counter i.e. the ,,gamma
channels". This is clearly seen from Fig.2 where
a pulse height spectrum is generated by 137Cs
source. Within „ neutron channels „ we can dis-
tinguish the peak area, which encompasses 55 to 78

from 100 kPa He proportional counter in PE
sphere exposed to radiation environment in
Warsaw

10000

1000

100

40 50 60
Channete

channels and full area between 19 to 78
channels. It can be see from table that the response of the device is higher when the full area under
neutron channels are used.

As seen, the inherent background of the investigated 100 kPa counter is extremely low and in terms of
ambient dose equivalent is less than 1 nSv per 24 hours. When we compare this result with the ob-
served count rates ( and ambient dose equivalent) at the ground level radiation, as seen from Figures
3 and 4, which give, in the neutron channels ( full area), 1310 counts per 24 hours, which is equiva-
lent to 131nSvper 24 hours ( in terms of ambient dose equivalent of Pu - Be neutrons), which is
less than one percent of natural neutron radiation level.

The calculated responses in terms of fluence and ambient dose equivalent have been overestimated,
up to a factor of 2, due to lack of precise data on response of He counter in 203 mm PE sphere to
neutrons in the 10 to 1000 MeV range.
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7. Conclusions

The radiation environment at UDO in Asse salt mine was used for determination of the inherent back-
groung of 3He proportional counter. It has been found that the inherent background of the investi-
gated 100 kPa 3He proportional counter is less then one nSv per 24 hours. This is less than one per-
cent of natural neutron radiation level at the ground level at Swierk .

The ambient dose equivalent due to environmental neutrons in the vicinity of Warsaw has been esti-
mated as 100 - 200 nSv per 24 hours, 4 - 8 nSv / h, (36 to 73 uSv per year).

It has been shown that a measuring assembly consisting of 3He proportional counter in polythene
sphere together with active spectrometry is enough sensitive for estimating neutron component at the
environmental levels.
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RADIONUCLIDES IN ESTONIAN OIL-SHALE AND OIL-SHALE ASHES

K.Realo'andE.RealoU CZ9928474

'institute of Physics, Riia 142, EE2400 Tartu, Estonia;
2 Institute of Environmental Physics, University of Tartu, Take 4, EE2400 Tartu, Estonia

The production of electricity in Estonia is based mainly on the use of oil-shale in two large power
plants in its NE part. As Estonian oil-shale is characterized by a low mean thermal value of about
8400 kJ kg*1 and a high ash content in the range of 40.. .50 %, about 12.3 106 T of oil-shale is used for
the production of 1 GWa of electricity and the annual consumption reaches 20 109 kg. Estonian oil-
shale contains trace quantities of natural radionuclides. The combustion process of oil-shale results in
the enhancement of radionuclide concentration and in their partitioning between various kinds of
ashes. The concentrations of radionuclides in fly-ash and flue gases, which are released to the atmos-
phere via stacks, exceed the corresponding average values in the surrounding soils. As a result of the
long-term operation of these power plants, increased concentrations of natural radionuclides are found
in the surrounding air and the surface soil (Realo et al., 1996).

The objective of the present study is to clarify the features of partitioning and the balance of natural ra-
dionuclides in the combustion processes of oil-shale. For this purpose oil-shale and ash samples were
collected within 1.5-2 hours along the technological cycle of one of the furnaces of the Baltic Power
Plant (Narva) in 1996. Following samples were collected: (1) mill-pulverized oil-shale, (2) bottom ash,
(3) vapour preheater ash, (4) cyclone ash and (5), (6), (7) ash from successive three stages, I, II and III,
of the electrostatic filter-precipitator. The availability of 3 successive fractions of filter ash enables one
to draw qualitative conclusions on the enrichment of different radionuclides on the smaller ash parti-
cles.

All samples (at least two specimens of each one) were dried, homogenized and stored in sealed plastic
containers for at least 3 weeks to prevent radon emanation. Both coaxial (for the nuclides of K,
214Pb/Bi, 228Th, 232Th, 235U and 234mPa (238U)) and planar (for the nuclides of 210Pb and 234Th (238U)
with low energy y rays) low-background HPGe spectrometers were used for the measurements. The
experimental method used in low-energy gamma analysis will be described elsewhere. The energy and
efficiency scale of the spectrometers were calibrated with the certified reference sources IAEA-RG-
SET. Gamma spectra were analyzed by using the modified GANAAS 2.5 (1992) software, provided by
IAEA.

The average concentrations of radionuclides (in Bq/kg with ±\a) are presented in Table 1 (as radionu-
clide activity concentrations in the vapour preheater ash samples are practically similar to those of cy-
clone ash, these results are not presented). In the uranium series a small systematic deviation from ra-
dioactive equilibrium between radium and uranium was observed for all samples, i.e. the weighted
mean ratio of A(226Ra)/A(238U) = 0.93 ± 0.04. 210Pb is in equilibrium with 226Ra in oil-shale only,
while in bottom and cyclone ashes the ratio A(210Pb)/A(226Ra) decreases down to 0.6 and in the finer
fractions of the electric filter ash it increases up to 1.7. The mean activity ratio A(238U)/A(235U) = 21 ±2
agrees with the natural one. A perfect equilibrium holds in thorium series with the mean activity ratio
of 228Th/ 232Th = 1.02 ± 0.02. Common features for all radionuclides are the increases in their activity
concentrations (a) from oil-shale to filter ash and (b) from filter ash I to filter ash III.

1. Oil-shale

Realo et al. (1996) have reviewed the published data on the radionuclide content in oil-shale and its
ashes and found their mean values. The present samples show about 2...3 times lower concentrations
for all radionuclides in comparison to the values above. While the ratio of activity concentrations of
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uranium and thorium series, 2.1 + 0.3 equals the one found earlier, the ratio for 40K/232Th is about two
times lower in the present samples. These results confirm a large compositional variability of oil-shale.

Table 1. Activity concentrations (Bq/kg dry weight with ±1CT) of natural radionuclides in oil-shale and
oil-shale ashes, 1996.

2,opb

226Ra
23SV
235JJ

232Th

40R

oil-shale

14.5 ±2.7
13.5 ± 1.2

16±3
0.6 ±0.3
6.7 ± 0.6
135 ±4

Activity

bottom ash

19.6 ±4.0
25.5 ± 0.8

28 ±3
1.3 ±0.3
11.9 ± 1.1
229 ±8

concentration,

cyclone ash

29.3 ±3.7
48.2 ± 0.4

48 ±4
2.2 ± 0.7
22.8 ±0.8
529 ± 10

A (Bq/kg dry wgt.

filter ash I

46.0 ±3.2
50.9 ±0.5

57 ±4
2.9 ±0.5
25.5 ±0.8
693 ±15

±lo)

filter ash II

80 ±5
57.1 ±0.5

64 ±4
2.6 ±0.7
28.4 ± 0.9
956 ± 16

filter ash III

102 ±4
61.1 ±0.4

64 ±3
3.0 ±0.9
29.5 ± 0.6
1103 ±20

2. Enrichment factors

Due to the organic matter burn-out activity concentrations of all the analyzed radionuclides increase in
oil-shale ashes. We define the enrichment factor in a radionuclide as a ratio of its activity concentra-
tions found in a given ash fraction to that of the dry oil-shale. The changes in enrichment of radionu-
clides as a result of combustion are shown in Fig.l for different ash fractions.

For all radionuclides the enrichment factors have their lowest values in bottom ash and reach their
maxima in the last fraction (III) of filter ash. Approximately similar behaviour characterizes the en-
richment of 232Th, 238U and 226Ra. Their common enrichment factors are 1.8 ± 0.2, 3.4 + 0.2 and
3.7 ± 0.3 in bottom, cyclone and filter ash I, respectively. These radionuclides show also about 12 %
and 19 % enrichment in filter ash fractions II and III relative to filter ash I, respectively. Entirely differ-
ent behaviour is observed for the other two radionuclides. While the enrichment factor of 40K equals
1.8 in bottom ash, it increases up to 4 and 5 in cyclone and filter ash I, respectively, and reaches 8 in
filter ash III. Almost a similar behaviour was found in the earlier studies by Novikova & Knizhnikov
(1985) and Realo et al, (1996). 210Pb seems to be slightly depleted (relative to those of 232Th, 238U and
226Ra) in bottom ash, significantly depleted in cyclone ash and highly enriched in filter ash (enrichment
factor up to 7). Both radionuclides also demonstrate a strong enhancement of activity concentration in
the fine-grain fractions of filter ash (II and III). Particle size distributions are known for cyclone ash
and for total (i.e. all fractions mixed) filter ash (Baltic Power Plant, 1994). Although no data is avail-
able on the particle size distribution in the separate filter ash fractions, it is reasonable to assume that
the mean particle size decreases in filter ash II and even more in filter ash III relative to that in the most
abundant filter ash I.

While the enrichment behaviour for 210Pb in the combustion of oil-shale is in principal similar
to the one observed for coal or peat (e.g., Tadmor, 1986; Hedvall & Erlandsson, 1992), it differs sig-
nificantly for 40K. For the latter all studies confirm a non-volatile and non-enrichment behaviour,
which is obviously not the case in oil-shale combustion. A strong enrichment with decreasing particle
size suggests to certain volatilization-condensation processes involving the potassium compounds in
high-temperature oil-shale combustion. The observed, practically parallel enrichment behaviour of
uranium, radium and thorium could be regarded as quite a unique feature of oil-shale. In coals uranium
is usually considered more volatile in comparison to Ra and Th (e.g., Tadmor, 1986).

3. Radionuclide balance

Using the enrichment factors above and the published data (Baltic Power Plant, 1994) on the ash con-
tent of oil-shale, on the partitioning coefficients of ash species, etc., an attempt has been made to esti-
mate the balance of different radionuclides in oil-shale combustion processes. We assumed that (a) ra-
dionuclide concentrations in the stack (i.e. escaping fly-ash) equal to those in filter ash III and (b) the
weight ratio of bottom : cyclone : electric filter : fly-ash is correspondingly 0.757: 0.184: 0.032: 0.026.
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Fig. 1. Enrichment factors of 232Th, 238U, 226Ra, 210Pb and 40K for different oil-shale ash fractions

b o t to m c y c lo n f i l t e r I f i l t e r l l f i l t e r III

For an ash content of 42 % the ash/ oil-shale activity ratios of unity for both 40K and 226Ra could be
obtained (Fig. 2). The ratios of 232Th and 238U are smaller than unity, but agree within their ±a error
limits. These results support the validity of the simple model used and confirm that the activity of the
four radionuclides is preferably bound to solid ash particles. The corresponding ratio for 210Pb is 0.7,
i.e. about 30 % of its total activity in the input oil-shale is missing. This missing fraction is most
probably discharged in the volatilized form with flue gases from the stacks to the atmosphere. This ra-
diologically important conclusion was supported by our recent results in soil profiles collected in the
vicinity of the power plant. In the upper 0-3 cm of soil layers the 210Pb concentrations were about 3... 5
times higher than in the deeper layers.

Fig. 2. The ash/fuel (total ash output to oil-shale input) activity ratio of natural radionuclides. See text

Ra226 U238 K40

Our data can be used to estimate the total activities released to the environment as a result of oil-shale-
based energy production. The produced ash is mainly deposited on the ashfield, a minor fraction is
utilized as a raw material in industry and discharged as a fly-ash to the atmosphere. Table 2 summa-
rizes our estimates of total activity and that of the atmospheric discharge per unit of produced electric
energy.

It is apparent that two radionuclides (210Pb and 40K) dominate in the atmospheric discharges. The ra-
diological significance of the latter is negligible, while the dose conversion factors of 210Pb have high
values both for inhalation and ingestion. It can be seen from a comparison of the above values to those
for the coal-fired power plants (Tadmor, 1986) that the normalized per GWad release rates of radionu-
clides from the oil-shale-fired power plants are, in general, up to 10 times larger.
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Table 2. Calculated total radioactivity in oil-shale ashes (all fractions) and in atmospheric discharges per
1 GWaei of produced electric energy (GBq/GWaei)

21°pb
226Ra
23SV

235JJ

232Th

40K

178
166
200
7.4
82

1665

Activity per unit energy
(GBq/GWaJ

Radionuclide total atmospheric discharge

68
8.6
9.0
0.4
4.1
154
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WHY MEASURE INDIVIDUAL RADON DECAY PRODUCTS?

R. Rolle1'2, H. Lettner2, W. Hofmann2 and R. Winkler2 CZ9928475

'Grimm Labortechnik, Dorfstr.9, D-83404 Ainring, Germany
2Institute of Physics and Biophysics, University of Salzburg, Hellbrunnerstr. 34, A-5020 Salzburg, Austria

Abstract: With an accuracy breakthrough in Radon decay product metrology exciting new applications
become feasible. A fractional percentage of occupied buildings have harmful concentrations of Rn de-
cay products and ought to be remediated. Screening methods for locating these buildings, and more
detailed measurements for closer investigation of suspect 'Rn' buildings, have relied largely on passive
devices for long-term integration of Rn levels and applying a dose conversion convention to arrive at
potential radiation dose estimates. For individual suspect buildings there are large variations in the ap-
propriate conversion of Rn gas integrated exposure to radon decay product exposure, which is the ac-
cepted operative agent answerable for the dose. New methods being investigated for the assessment of
long-term exposure from accurate short-term measurements of individual decay products have good
prospects of yielding dose estimates of higher accuracy than from integrated Rn gas measurements at
comparable cost. These methods have become feasible through latest developments in field instru-
mentation. The introduction of efficient radon decay product metrology will influence the formulation
of new protective regulations linking them more directly to the causative radionuclides.

1. Introduction

With aP spectrometry a breakthrough has been made in accuracy per measurement time for individual
radon decay products (Rnd) in air and this has become available for field measurement (Rolle et al.
1997). It opens the way for new applications which were not feasible at the much poorer measurement
accuracy. Besides improving the conventional laboratory measurements of Rnd, the requirements for
applications in the field, e.g. Rnd aerosol size differentiation and specific ventilation determination, are
being met.

There is an urgent need for reliable and more cost effective screening of buildings for Rnd problems,
i.e. buildings with (occupied) rooms manifesting a high long-term Rnd exposure potential. In this paper
application principles of individual Rnd measurement for:

1. ventilation determination
2. radon entry rate
3. conservative estimation of long-term Rnd exposure from short-term Rnd measurements are

given

1. Air exchange rate determination from Rnd ratio measurements

In Fig.l the dependence of Rnd activity ratios, and Rn equilibrium factor F on the air exchange rate
are shown (see appendix)*. This dependence holds for a room ventilation model where the Rnd enter-
ing with the ventilation air are negligible compared to those formed in the room, and where the Rn gas
entering and the Rnd formed are well mixed in the room. The scale of air changes shown covers the
range commonly found in closed buildings. Beyond this range, extending the air changes scale on the
lower end would increase the uncertainty from possible Rnd plateout on room surfaces, while exten-
sion on the higher end would increase the uncertainty from incomplete mixing. The accuracy to which
the Rnd ratios can be determined reflects on the accuracy of the air exchange rate determination.

The condition of negligible Rnd entry is effectively met in Rnd problem buildings in a soil abutting
room during high Rn gas entry periods. For subsequent rooms in line of the ventilation stream, where

* The dynamic behaviour of Rnd for time-variant air exchange and Rn gas entry rates is under investigation - possible de-
viations from the given Rnd activity ratio lines are probably small.
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non-negligible Rnd also enter, further analysis is feasible including the entry of Rnd, known from prior
analysis of the preceding rooms. The complexity of analysis does, however, increase and measurement
errors may propagate rapidly.

At high Rn gas entry rates the air exchange rates can thus usefully be determined for the upper Rn con-
centration rooms in buildings. Previously measurement of some other tracer gas was required to deter-
mine air exchange rates. Here the ubiquitous Rn and Rnd can act as natural tracers. Their common
source and their different decay removal on top of the ventilation removal permits ventilation determi-
nation without prior determination of the source.

2. Radon entry rate determination

In Fig. 2. the absolute Rnd concentrations, at a unit Rn gas entry rate (1 Bq 222Rn per second per room
volume), vs. air exchange rate are shown; conditions as in Fig.l - Rnd entry negligible and good mix-
ing. From a Rnd measurement the air exchange rate can be determined as above via the relationship of
Fig. 1, and using this value the units of Rn gas entry rate can be determined via the relationship shown
inFig.2..
Fig. 1. Air exchange rate determination from Rnd Fig- 2. Radon entry rate determination from Rnd

ratio measurements measurements via ratio from fig. 1

10000

^ ? n entry =1Bq/s roomvol.

air changes [room vdumatiou-] air changes [room volume/hour]

From a particle size differentiation measurement of Rnd aerosols, conveniently implemented using the
new ap field metrology, an estimate of Rnd plateout can be obtained. For significant Po plateout
the concentration scale of Fig. 2 increases inversely to the percentage plateout loss, and the 214Pb and
214Bi curves in both figures drop slightly for plateout of the respective nuclides.

3. Conservative estimation of long-term Rnd exposure from short-term Rnd measurements

Soil gas can have Rn gas concentrations several orders of magnitude higher than the atmosphere. High
Rn gas entry rates into buildings occur almost exclusively from the soil air column exchange-linked via
the building to the atmosphere. Changing atmospheric pressure, over the Pa to kPa range, compresses
or expands the soil air column causing an advective soil air flux, respectively negative or positive,
across the soil/air interface.

For a given time sequence of atmospheric pressure the advective soil gas flux can be modelled using
the soil air viscosity and a soil-column-specific permeability. Further modelling of the replenishment
growth (relative to the Rn emanation) of the Rn in the soil gas, compensating for the dilution with at-
mospheric air during positive pressure gradients, can also be performed*. This yields the advective Rn
gas flux, relative to a soil-column-specific permeability and Rn emanation depth profiles, for the given
time sequence of atmospheric pressured If during the given time sequence of atmospheric pressure the

Work still in planning stage.
f For high Rn buildings diffusive air exchange across the soil air interface is usually negligible relative to the advective
component, but could also be modelled in combination.
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Rn flux has been determined, as above, particularly during the more pronounced negative pressure gra-
dient period(s) generally occurring during the morning, then the soil-column-specific permeability and
Rn emanation depth profiles are tied down and the (building specific) Rn flux can be modelled for any
time sequence of atmospheric pressure.

Past sequences of outdoor pressure and temperature are obtainable from the local weather station at
fine time resolution over periods of years. Thus building specific, time dependent Rn entry rates deter-
mined during short term measurement(s) can be realistically extrapolated using readily available at-
mospheric pressure data. The extrapolated entry rates can be repeatedly verified and refined.

For a closed building and windless conditions the air exchange rate in a room is closely proportional
(-linear) to the indoor-outdoor temperature difference which causes the (differential air density) stack
effect totalling a few Pascal. The easy availability of long term outdoor temperature data and (reliable
estimates of) indoor temperature thus permit long term modelling of the room specific air exchange
rate. The closed building and windless conditions are not realistic over longer periods but the modelled
extrapolation defines the lower bound of air exchange rate. This lower bound, modelled with the long-
term sequence of Rn flux yields the upper bound sequence of Rnd concentrations which provides a re-
alistic conservative long-term determination of Rnd concentrations for dose assessment.

2. Conclusion

A very significant accuracy improvement in a metrology opens new avenues. The introduction of an ef-
ficient radon decay product metrology, particularly in the field, will influence the formulation of new
protective regulations linking them more directly to the causative radionuclides.

3. Reference

Rolle R., Lettner H. and Winkler R.: Efficient measurement of radon decay products with a new port-
able spectrometer, (this symposium).

Appendix - room ventilation Rnd calculations

For the first order reaction scheme:

f f̂r» > (~* ^p° > (2 ^Pb > C ^Bi >

"^"•veni ^^"vent "*"™Po plateou! ^-^venl "• Pb plaieoul ^^venl ""*^ Bi plaleoui

with reaction rate constants X and entry rates O the steady state solution for concentrations C is:
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ARn ' APo ' APb ' ABi APo ' APb ' ABi APb ' ^

lRn ' ^Po ' ^Pb ^Bi "'Po ^Pb ^Bi "Pb

For negligible Rnd entry only the OR0 term is used.

The steady-state solution involves only the time independent n term below. For time-variant O and
X,Vent (numerical) integration of the full equation is required from one state to the next:
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TO THE EXPOSURE OF AIR CREW MEMBERS TO COSMIC RADIATION

F. Spurny1,1. Kovaf1, J.F. Bottollier-Depois2, L. Plawinski2 CZ9928476

'Nuclear Physics Institute-Department of Dosimetry, Academy of Sciences of Czech Republic, Na Truhldfce
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Abstract: ICRP 60 publication (1991) recommends to consider the exposure to radiation in jet aircraft
as occupational exposure to enhanced natural radiation in the cases when the annual equivalent doses
are liable to exceed 1 mSv. Many new data on this type of exposure have been gathered in our two
laboratories since 1991. The contribution presents and analyses these sets of data as a common com-
plex. The dose equivalent rates established are fitted as a function of flight altitude, mainly for the re-
gions far from the equator. A reasonable agreement of sets of data collected in both laboratories is ob-
served. The analysis of the cosmic rays monitors data has shown, that the cosmic rays presence in the
Earth's atmosphere is rather stable since the beginning of 1992. We have therefore tried to estimate the
possible influence of the solar cycle phase by means of a transport code. The results obtained are com-
pared with experimental data.

1. Introduction

Since the publication of the ICRP 60 recommendations in 1991 [1] we have started in both our labo-
ratories to gather the experimental data on the level of air crew members exposure [2,3]. Several meth-
ods of dosimetry have been used for both components of on board radiation: with low linear energy
transfer (LET)- electrons, high energy protons, photons; as well as with high LET- neutrons mostly.
The contribution presents and analyses these sets of data as a common complex, a fitting procedure has
been adopted for that. The possible influence of solar phase cycle is also analysed by means of a trans-
port code.

2. Experimental

Detectors used [2-4]

High LET radiation (neutrons)

* The NM2 moderator type « remmeter » based on the Anderson-Braun type of counter [5], with a BF3
proportional tube as a sensitive element. It permits to measure neutron dose equivalent rates from 0.1
to 104 u.Sv per hour.

* Bubble damage neutron detectors (BDND's) [6]. The samples available, with a 100 keV neutron en-
ergy threshold, presented a nominal sensitivity of 1 bubble per 1 \xSv of AmBe neutrons.

Low LET radiation (electrons, high energy protons, photons)

* Individual electronic dosimeters based on Si-diode and/or on the GM counters. All types tested ex-
hibit the lowest measurable dose equivalent below 1 uSv.

* Environmental dose equivalent ratemeters based on GM-counters and/or a scintillator. The lowest
measurable dose equivalent rates were in all cases of the order of 0.1 uSv per hour.

* Thermoluminescent dosimeters (TLD's). CaSO4:Dy and AbC^C have been chosen as sufficiently
sensitive materials.
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AH radiation

*NA USICAA equipment [7] with a cylindrical low gas pressure tissue equivalent proportional counter
(TEPC).It permits to determine the dose equivalent rates from 1 to 103 |j.Sv per hour. This type of in-
strument is for on board measurements taken as the reference one [8].

For low LET radiation measurements the instruments have been calibrated with 60Co photons, for high
LET measurements with neutrons of AmBe radionuclide source. For both components , the response
has been primarily expressed in terms of the dose equivalent of reference radiation.

Flight routes

From the April 1991 up to the middle of 1997 the measurements on board aircraft have been performed
during more than 20 round flights of both Air France and/or Czech Airlines companies. For Air France,
only subsonic routes will be discussed in this contribution. They have been composed of the northat-
lantic routes to Montreal, San Francisco and Los Angeles, near-polar routes to Tokyo, and transequato-
rial route to Buenos Aires; mostly on board B747 and Airbus. As far as the routes of Czech Airlines are
concerned, they extended from the equator (Singapore, 1.3°N) up to northatlantic routes to New York
and Montreal, mostly on board of Airbus A310-300 and TU 154M. For both companies, the flying al-
titudes varied from 27,000 feet (8.2 km) up to 41,000 feet (12.5 km).

3. Results and discussion

It is known, that the on board exposure level increases with the flight altitude, decreases in the equato-
rial region and would be higher in the periods of solar activity minima [8]. Only very limited informa-
tion on the solar activity influence can be obtained now, the cosmic rays presence in the Earth's atmos-
phere has been nearly constant since the beginning of 1992 [9]. Typical influence of two other
parameters is demonstrated in Figures 1 and 2. One can see there, that the exposure level is nearly con-
stant at the constant flight altitude when the route is situated sufficiently far from the equator region
(more than ~ 50-55° [8]). When going to the equator, it decreases by a factor more than two.

Figure 1. Influence of the flight altitude on the dose Figure 2. Influence of the geomagnetic latitude on
rate due to the low LET component of ra- the dose rate due to the low LET compo-
diation; flight Prague-Montreal nent of radiation; flight Prague (50°N)-
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Many results like these presented in Figures 1 and 2 have been obtained during our studies, the most of
them in the region far from the equator. The responses of different equipment expressed in terms of
ambient dose equivalents due to the reference radiations were in some cases different for the different
detectors. For neutrons, these differences are related to the difference in the spectra shape, neutron
spectrum on board contains high energy part not present at AmBe source. Due to that, the direct read-
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ings of moderator type equipment NM2, as well as BDND's underestimate the dose equivalent by a
factor of about 2 [3,4]. As far as the low LET component is concerned, the most of detectors underes-
timate the on board dose equivalent due to the differences in the depth dose distributions. Correction
factor necessary to take this fact into account was estimated to be about 1.25 [10]. When applying
these correction factors, the results obtained by different instruments at different flight altitudes and on
various routes can be taken as a set. We have tried to analyse such set through different fitting proce-
dures as a function of the flight altitude. The results obtained sufficiently far from equator have been
analysed in this way, some of fitted dependences are presented in the Figure 3. One can see there, that
they do not differ too much, we have therefore fitted all these results as one set. Generalized fitting
function obtained in such way is presented in Figure 4. The total dose equivalent rate increases from
about 4.5 u.Sv per hour at 9 km to about 10.5 uSv per hour at 13 km. It should be reminded that these
values correspond to « far-equator » region and to the period 1992-mid 1997.

Figure 3. Linear regression of the dependence of Figure 4. Linear regression of the dependence of
the exposure level on the flight altitude for the exposure level on the flight altitude for
some subsonic flights all set subsonic flight far from the equator
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This period is characterized by rather low solar activity, i.e. by rather high level of the cosmic rays
presence in the Earth's atmosphere. The question is what would be the maximum influence of solar
activity on the exposure level. To estimate it we used transport code CAR! available in the USA [11].
In it, the solar activity is taken into account through « heliocentric potential » which values vary from 0
to 1600 MV [12]. We have calculated the variation of exposure levels at the places of some cosmic ray
monitors, the results obtained are presented in Figure 5. One can see there that the influence changes
with the geomagnetic position. The influence is rather low close to the geomagnetic equator (Tokyo),
the exposure level at the minimun solar activity (~ 0 MV) can be however up to two times higher than
at the solar maximum close to the geomagnetic pole (Deep River). It should be mentioned that the re-
gression dependence presented in Figure 4 corresponds to the period with the mean value of heliocen-
tric potential about 450 MV. The values presented can be therefore still up to 30 % higher.

The values of heliocentric potential can be deduced from some geophysical data [12]. Nevertheless, it
was recommended to relate them to the counting of Deep River monitor[12]. However this station is
no more working. We have tried, therefore to correlate the data of Deep River with the data available
from the monitor station at the Lomnicky stit mountain (Slovakia). Their correlation is demonstrated in
Figure 6. One can see that it is quite good, we are now able to estimate the actual value of the helio-
centric potential on the base of Lomnicky stit data as well.
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Figure 5. The influence of solar activity on the level Figure 6. The correlation of countings of two cos-
of exposure at 12 km above some cosmic ray mic ray monitors situated at the opposite
monitor stations sides of the Earth
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THE INFLUENCE OF THE WORKING CONDITIONS ON THE EQUILIBRIUM
FACTOR F AND THE UNATTACHED FRACTION fp

T. Streil1 and A. Reichelt2 CZ9928477

'SARAD GmbH, Dorfplatz 1, D-01705 Pesterwitz/Dresden, Germany
2TUV Suddeutschland, Westendstr. 199, D-80686 Miinchen, Germany

Abstract: We report on the influence of the working conditions on the dose estimation. Especially the
equilibrium factor and the unattached fraction are influenced by the working conditions. For instance
in a cabinet-maker's shop the radon concentration is strongly influenced by the ventilation system. The
factor F is influenced by dust producing work processes. For a better knowledge of the radon dosimetry
it is also necessary to measure continuously and separately the unattached fraction of the radon prog-
eny. We present first results obtained with a SARAD EQF 3020 monitor which contains three alpha
detector microsystems measuring radon in the air, attached radon daughters and unattached radon
daughters. The three components are measured quasicontinuousely with a temporal resolution of
2 hours. The measuring range is 1 to 10 MBq/m3 at a low detection limit of 0.1 Bq/m3 equivalent ra-
don concentration. The system was tested in buildings, caves, mines, waterworks and other places. By
using silicon microsystems with alpha detector, ADC, memory and logics - which are integrated on
few chips - the costs for the production of equipment are far lower than if produced by means of as-
sembled individual components.

1. Introduction

The influence of the working conditions on the dose estimation is very important. Especially the equi-
librium factor and the unattached fraction are influenced by the working conditions.

For instance in a cabinet-maker's shop the radon concentration is considerably influenced by the ven-
tilation system. The factor F is influenced by dust producing work processes.

For a better knowledge of the radon dosimetry it is also necessary to measure continuously and sepa-
rately the unattached fraction of the radon progeny. The dose factors for unattached radon daughters
are considerably higher than for radon daughters attached to aerosols. Therefore dose calculations and
assessments of remedial actions based only on radon gas or attached radon daughter concentrations
may be misleading. Reducing e.g. the aerosol concentration by aerosol filters, the attached fraction is
clearly reduced but the unattached fraction increases, resulting in a dose increase instead of a dose re-
duction.

One of the reasons why one rarely measures all three components (radon, attached fraction and unat-
tached fraction) is that there are no cheap portable instruments available which can measure them all.
A monitor built out of alpha spectrometric silicon microsystems (Streil et al. 1995 b). The first step to
use microsystems for the radiation detection was the application of special designed d-RAM cells
(Streil et al. 1991). These systems were only applicable for counting and not for spectrometry. The
small size and the low power consumption of silicon microsystems also make them ideal for portable
instruments. We present first data obtained only with this type of monitor containing three detectors
and measuring all three components with a temporal resolution of 2 hours.

2. Methods

In a previous paper we have described a radon and radon progeny monitor allowing the simultaneous
measurement of radon and radon progeny with two silicon microsystem detectors (Streil et al. 1995 b).
In this system the air passes an aerosol filter registered by the first detector and then flows through the
radon measuring chamber. We now have added a metal screen/detector assembly that can be switched
into the air flow in front of the aerosol filter to catch and measure the unattached radon daughters. A
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microprocessor controls the movement of the two radon daughter detectors and the screen. The cut-off
factor of the screen at an air flow of 2.5 1/min and the screen geometry is 5 nm. We are thus able to
measure radon progeny and attached progeny separately.

3. Results and discussion

Fig. 1 shows a long time measurement of the radon concentration, the attached and the unattached
progeny concentration in a cabinet-maker's shop. The daily variations can be seen clearly . In the
morning the ventilation system is switched on and in the evening the ventilation system is switched off.
At a high ventilation rate the unattached fraction is increased but in the evening - due to the small ven-
tilation rate and the dust producing production processes - the attached fraction is increased. In the
dusty production rooms this fact is excellently shown (especially during the weekend) in Fig. 1. On
Monday, early in the morning, the ventilation reduces rapidly the aerosol concentration, and the factor
fp increases (Fig. 2). When the production process starts, the dust increases the aerosol concentration
as well as the factor F.

Fig. 1. Radon and progeny concentration in a cabinet-maker's shop
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Fig. 2. Equilibrium factor F and fp in a cabinet-maker's shop
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Fig. 3 shows a measurement carried out in Dresden (Germany) concerning the equilibrium factor F and
fp of the unattached fraction at a work place in a school cellar next to the coal heating system.

The big variation of the fp factor is caused by the change of the ventilation rate and the aerosol con-
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centration in this cellar. The radon and radon progeny concentration is shown in Fig.4. The factor fp
ranging up to 0.11 shows that for the dose calculation the unattached fraction is not neglectable. A
long-term study in this place shows that the average value of the unattached progeny concentration is in
the order of 200 Bq/m3 and the attached progeny concentration is of approximately 2,000 Bq/m3. Us-
ing the James/Birchel lung model (recommendation of ICRP 66) for the dose calculation, the exposed
person (the stoker) accumulates during 2,000 working hours approx. 28 mSv/a from the unattached
progeny and 32 mSv/a from the attached progeny. In this way we can conclude that the unattached
fraction has almost the same dose contribution like the attached fraction at this work place.

Using this new measuring technique it is possible to get more exact information of the real dose at
work places or other interest places.

Fig. 3. Measurement of the equilibrium factor F and fp in a school cellar in Dresden
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Fig. 4. Measurement of radon and progeny concentration in a school cellar in Dresden
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Another work place is shown in Fig.5 and 6. In collaboration with Ivan Kobal and Janja Vaupotic from
the "Jozef Stefan" Institute in Lublijana (Slovenia), we measured the radon, attached and unattached
progeny concentration in the Postoina show cave in several places. Especially in the place "partizanski
rov" we measured a very low factor F in the order of 0.1 (Fig.6). This low factor F is caused by the ex-
tremely clean and aerosol-free air and the natural ventilation in this cave. In this case the main contri-
bution for the dose of the tour guides resulted from the unattached progeny with approx. 30 mSv/a
during 2,000 working hours.

174 Session 2



IRPA Regional Symposium
Radiation Protection in Neighbouring Countries of Central Europe. Prague. 8-12 September 1997

Fig. 5. Radon and progeny concentration in a show cave

radon and progeny concentration in Postoina cave ( partizanski rov )
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Fig. 6. Equilibrium factor F and fp in a show cave
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The contribution of the attached fraction is of approximately 15 mSv/a. In this cave the usual working
hours for the guides are 10 hours per day and in this way the above-mentioned dose estimation reflects
the almost real conditions.

This first study shows that at work places the working conditions have a strong influence on the real
dose of the worker due to the radon progeny . We found places with very low factors F of approxi-
mately 0.1 and dusty places with high factors F of approximately 0.8. The unattached fraction fp varies
considerably from 0.02 in waterworks (Reichelt et. al. 1994 ) up to 0.3 in ventilated rooms.
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RADON PROGRAMME OF THE CZECH REPUBLIC
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1. Introduction

By curious coincidence the Radon Programme in the Czech Republic can be divided into two distinc-
tive phases, a preparatory phase during the totalitarian socialistic regime, with typical classifying of the
problem to the population and with directive approaches, and a phase of realisation beginning with the
change to a democratic political system after the Velvet Revolution in 1989. Important information
about both phases is given here, some published in detail in [1,2,3,4].

2. The Preparatory Phase 1979 -1989

The radon problem in dwellings started in our country in 1979 with the finding that houses in Joachim-
stal, a historical silver and uranium mining town, near Schneeberg on the other side of the frontier with
Germany, have high radon concentrations. Within two years the house stock was measured completely
by a grab sampling method, but from the beginning as a secret mission (,,quality of air" was measured).
The political doctrine for solution was not to disturb the inhabitants and to solve the radon problem, as
a part of a general town planning (is not realised up to now). Concentrations (EEC) of radon up to 50
kBq/m3 and gamma dose rates up to 50 jj,Gy/h on walls contaminated with radium up to 100 kBq/kg (a
record was 20 MBq/kg) were measured. The source is more a historical man-made than a natural one.

A next period started in 1983 with the finding that a factory in Pofici near Trutnov produces aerated
concrete (as in Sweden) using flying ash with radium concentration up to 1000 Bq/kg. Building mate-
rial for about 30000 family houses was still produced. For this case of a current man-made source the
socialistic government took full responsibility, because the factory was a ,,national = state" proprietor-
ship. Within two years and with enormous (unoptimalized) costs the contamination of the building
material was decreased to 120 Bq/kg. And more - the preparatory phase for mitigation of cases caused
by man made sources was started.

Meanwhile one of the granite area with high radon risk was identified, the first representative survey of
radon exposure was finished and the action level of 200 Bq/m3 proposed but the responsibility for in-
door radon caused by radon from the ground was by the government still not accepted although evi-
dence was given that the risk from radon from the ground is much more severe.

First in 1987 after finding of a further man made source - about 3000 family houses, type START,
with material based on slag contaminated by radium up to 4000 Bq/kg - a mitigation experiment was
started in such houses in East-Bohemian region and in silence also houses with radon risk from the
ground were mitigated. At that time the socialistic decision started to cover the mitigation costs com-
pletely from the state budget.
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3. The Realisation Phase starting in 1990

The main prerequisites for a Radon programme - the action level, radon maps, list of houses with high
radon risk, some mitigation experience, the willingness even of the socialistic government - have been
ready shortly before the Velvet Revolution so the soon beginning of the Radon programme by a Reso-
lution of the new Government in 1990 is without surprise. The resolution set the leadership of the pro-
gramme, a Radon Committee as an advisory body, co-operation of central and local offices with finan-
cial insurance and financial support from the state budget for house owners to mitigate the radon risk.
A decree issued in 1991 with action levels for radon in old and new dwellings, radon in soil and water
and radium in building material. In the practice of Building offices these values were interpreted as
limits issuing from the diction of the decree - the concentration "may be"

Now a new Procedural Regulation shall come into action with July 1 based on paras of the new Atom
Act No. 18/1997 concerned with nuclear safety and radiation protection. Intervention levels are given
for EEC of radon in air in existing (200 Bq/m3) and new (100 Bq/m3) buildings and above them opti-
malized countermeasures are recommended by radiation protection inspectors but with limited com-
petence. Similar are the regulations for radionuclides in soil of empty lots, in water and in building
material. The implementation of these regulations as a good practice for building officers as well as
builders and house owners will be a hard task.

Very soon after the democratic revolution the owners of the above described START houses formed a
pressure group urging the Government to an immediate solution of their health risk. In reality only one
half of them exceed the action level but not more then two times; someone caused a mass radiophobia
so that the psychological harm exceeded the radiation one, but the perception of risk was more a fury
of a deceived customer. This group got great political support, which resulted in the possibility to get
off this property by selling it to the municipality or to mitigate it by the installation of an expensive
ventilation system with heat recovery. Both these solutions are the basis of the financial limit of the
state support that mostly covers completely the costs of mitigation. Compared with other countries in
West Europe this practice is justified beside of this man made cause of risk also by the systematic non-
care of the old house stock during the forty years of totalitarian regime and the non-existence of other
types of financial stimulation for house owners to care for the house.

The Radon programme has several sub-programmes targeted on searching for houses at risk, on devel-
oping mitigation methods, validating the measuring contractors, public relation, etc., which are shortly
described.

4. The search for houses ,,at risk"

The search for houses with radon concentrations above the intervention level is targeted by two priority
criteria:
• areas with high potential radon risk in the soil according to Regional Derived Radon Maps (scale

1:200000)
• house characteristics for high probability of radon ingress - see Table 1

The distribution of screening detectors is organised by regional radon inspectors of SONS in co-
operation with local administration officers in districts (76) and municipalities (6233). Bar Kodak foils
are used, exposed for a whole year, two detectors in a dwelling.

Up to now about 100 000 houses have been measured, 3% of the house stock, about 19 000 houses ,,at
risk" (19% of successfulness in average, but up to 85% were reached by a specialised contractor, with a
threefold higher cost, of course) are identified of the 65 000 expected (estimated from a representative
survey with the same screening method resulting in EEC average 58 Bq/m3 and a GSD of 2.2) and
searched but only about 2000 houses remedied.

A database enables evaluation of the searching programme, state of incompleteness, comparison with
radon maps, and etc. (5).
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Table 1. Building characteristics for higher/lower probability to be a building with higher indoor radon
risk

Aspect

Locality
Type of house
Position
Age
Standard
State
Floor in cellar
Floor in living room
Heating system
Ventilation system

and habit

Higher probability

Country
Family
Slope, near river
Built before 1914
Low, poor
Bad, esp. foundations
Earth, gaps, cracks
Timber, gaps
Central
Sealed windows, doors
Mould, odour

Lower probability

Town, city
Apartment
-
Built after 1945
High
Good
Concrete without gaps
Concrete without gaps
Stoves, fireplace
Balanced vent., unsealed w.
Fresh air

5. Validation system for contractors providing radon measurements

The Radon Programme can be realised only with co-operation of contractors providing radon meas-
urements in soil, air, water and building material. The validation system of SONS is voluntary but if
mitigation costs are covered from the state budget administration officers are obliged to ask the certifi-
cation.

6. Development of mitigation procedures and control of projects and realisations

To reach better effectiveness for radon countermeasures, to standardise approaches most common in
the house stock ,,at risk", to propagate countrywide good mitigation practice broad activities are
needed. Training courses are arranged for designers and architects providing radon mitigation, experi-
mental and theoretical work is done, all mitigation projects for schools, kindergartens etc. are obligato-
rily checked as well as projects exceeding the limit 250 thousand crowns for state support.

7. Co-operation with geology and water research

The Czech Republic was the first country possessing Regional radon maps for the whole country - an
indispensable tool for organising the Radon Programme. With new data collected and more experience
a revision of the maps is under work. Also the method to determine the category of radon risk on an
empty plot needs revision from time to time. A reference field, for testing contractors providing this
categorisation as a service for new builders, has to be after six years leafed and a new one chosen and
prepared for testing.

A broad survey of radon concentrations in drinking water from underground sources was done. Re-
moval of radon and of further natural radionuclides is required very often

To measure the exposure to radon at common workplaces is not part of the Radon Programme. It is the
duty of SONS to complete the regulation of radon exposure of workers in mines, caves, radon spas,
etc., where radon is utilised or it is an acknowledged part of the work place environment, also for those
workplaces where radon is an unknown and unexpected risk factor.

8. Conclusion

The Radon Programme is a complex interdisciplinary project realised by a very broad staff communi-
cating with a critical group of people who are not sure that radon mitigation is reasonable. Therefore
the organisation of the programme, good public relation, unified and effective approaches and consis-
tent control are very important to be successful.
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226Ra INTAKE IN THE POPULATION FROM BUCHAREST DURING THE
PAST TEN YEARS

M. Toader, R.A. Vasilache and V. Tomulescu CZ9928479

1. Introduction

The internal exposure to natural radionuclides can be sometimes an important risk factor, especially for
226Tareas where the natural radioactivity is enhanced due to the pollution. Among the naturals, Ra is

known since a long time as one of the most radiotoxic radionuclides and a considerable experience has
been accumulated on the exposure of workers and other particular population groups. Due to its pres-
ence in the environment, 226Ra should be a matter of concern also for the exposure of the general
population, through its in foods and in the diet. This study gives an estimate of the radium intake in the
population from Bucharest, during the last ten years, and of the doses committed due to this intake.

2. Materials and method

During 1986-1996 we have determined 226Ra, natural U, natural Th, 210Po, 210Pb, 137Cs and 90Sr from
several samples of drinking water and foodstuff. The samples were prelevated from the Bucharest area,
as follows: milk, meat, cereal, fish, eggs and drinking water samples were prelevated monthly, and the
fruits annually (during the harvesting period). 226Ra from the samples was separated using the barium
chromate co-precipitation method, then measured with a low level, high efficiency alpha counting sys-
tem. The data concerning the aliments forming the diet in Romania were taken from the values given
by the Ministry of Health, in 1992. The doses were calculated using the dose factors from ICRP 67
(1995) [1].

3. Results and discussion

The average 226Ra content in the alimentary samples prelevated during 1986 - 1996 in Bucharest is pre-
sentejd in figures 1 and 2.

226-Fig. 1. Ra content in animal products
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Fig. 2. Ra content in vegetal products and drink-
ing water

.-a - B

•"- o - - o

The annual average content for each product is oscillating between fixed boundaries, without any ma-
jor trend for an increase or decrease of the Ra content. For example, for milk the values are oscillat-
ing between 5 and 7 mBq/1, for cereals between 25 and 35 mBq/kg, etc.

The high differences between the maximum and minimum concentrations in some products (like the
cereals, eggs, or meat) are due to the differences between the areas that supply Bucharest with food-
stuff. To estimate the amount of Ra ingested by the population, we have used the data concerning
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the annual intake of different aliments. This has been done for several age groups, both for males and
females. Table 1 shows the percentage contribution of each aliment from the diet to the annual inges-
tion of 226Ra. As it can be seen, different aliments have different contributions at the intake of 226Ra in
subjects of different ages. For instance, the meat has a rather low contribution to the 226Ra intake in in-
fants (1-3 years old) - about 8% - but its contribution increases with the age, going up to about 17%
contribution to the total intake in the adults. Instead, the milk decreases from 23% contribution to the
intake in the infants to a contribution of 9% to the total 226Ra intake in the adults aged between 20 and
60 years old. It interesting to mention the change in the dietary habits which occurs at the age of the
retreat (60 years) reflected also by the increase of the contribution of the milk, compared to the contri-
bution in younger adults.

Table 1. Percentage contribution of the aliments from the diet to the intake of 226Ra

Age
group

Men, >62 y
Women, >60y
Men, 46-62 y

Women, 46-60 y
Men, 20-45 y

Women, 20-45 y
Boys, 16-19 y
Girls, 16-19 y
Boys, 13-15 y
Girls, 13-15 y

Children, 10-12 y
Children, 7-9 y
Children, 4-6 y
Children, 1-3 y
Average value

Aliment (%)
Meat

15.97
17.14
16.32
16.58
16.22
17.76
13.04
14.30
13.00
14.07
11.75
10.66
8.99
7.99
13.83

Fish

3.76
4.04
3.46
3.46
2.73
3.15
4.60
3.73
4.83
3.67
2.88
3.14
2.83

-
3.31

Milk

11.93
10.76
10.06
8.75
9.51
8.96
11.70
12.64
12.26
13.25
14.63
15.92
17.95
22.51
12.92

Eggs

7.43
5.83
11.12
9.96
13.14
12.09
11.37
12.83
11.67
12.61
13.92
15.13
17.08
12.21
11.88

Cereals

38.05
37.94
32.26
37.28
38.05
36.13
32.19
27.82
30.35
28.24
27.14
23.52
19.75
17.67
30.97

Potatoes

9.50
9.80
8.56
10.22
9.18
9.73
7.45
7.17
7.83
7.04
6.99
7.61
6.67
6.83
8.18

Fruits

5.21
5.73
4.95
6.27
5.25
5.37
6.06
5.69
5.69
5.59
5.55
5.37
5.70
8.13
5.75

Water

8.15
8.76
6.27
7.48
5.91
6.81
13.59
15.82
14.37
15.53
17.14
18.65
21.03
24.76
13.16

Starting from these data, and using the dose coefficients recommended in ICRP 67, we were able to
asses both the intake of Ra in the population from Bucharest and the doses committed due to the in-
take. The results are presented in Tables 2 and 3.

Table 2. The average annual Ra intake, and the committed doses due to this intake, for adult inhabi-
tants from Bucharest

Age group

> 60 years
46-60 years
20-45 years
16-19 years
13-15 years

Annual intake (Bq)
Male

25
34
32
15
14

Female
23
27
27
13
13

Effective dose (/JSV)

Male
7

9.6
9.1

22.1
11.4

Female
6.5
7.7
7.6
19.2
10.6

Table 3. The annual Ra intake, and the committed doses due to this intake, for children

Age group
10-12 years

7-9 years
4-6 years

Annual intake (Bq)
12
11
10

Effective dose (juSv)
9.6
6.7
9.3

4. Conclusions

226TThere is no evident trend for an increase or decrease of the Ra content in aliments forming the
diet of Bucharest population. Among the aliments forming the diet, the most important contribution
to the intake of 226Ra is due to the cereals. However, this contribution is age dependent, thus at

Session 2 181



IRPA Regional Symposium
Radiation Protection in Neighbouring Countries of Central Europe, Prague, 8-12 September 1997

small ages (1-3 years old) the most important contributor to the intake of 226Ra is the milk. The wa-
ter contributes with about 13% to the total intake.

• The amount of annually ingested 226Ra is about 10 Bq for children up to 12 years old, about 14 Bq
for youngsters between 12 and 19 years old and about 30 Bq for adults.

• The doses committed due to the 226Ra ingested are very low, reaching a maximum of 22 u.Sv for
boys between 16 and 19 years.

5. Reference

1. ICRP Publication 67, (ICRP 1995), Age dependent doses from intake of radionuclides
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AUTOMATIC ANALYSIS OF CR-39 TRACK DETECTORS FOR SELECTIVE
ASSESSMENT OF RADON AND ITS DECAY PRODUCTS

F. Trotti, M. Lanciai, P. Mozzo, V. Panepinto, S. Poli, F. Predicatori, F. Righetti, A. Tacconi and
A. Tanferi

CRR- ULSS 20 Veneto Region, Policlinico B.Roma, via delle Menegone, 37134 Verona, Italy
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CZ9928480

A self developed analysis system for CR-39 track detectors exposed to radon and its decay products is
described. This system performs both cc-particles spectroscopic analysis, where for each track the es-
sential geometric parameters are evaluated, and tracks counting only; each condition is distinguished
for its own chemical etching, microscope and scanning parameters.

The spectroscopic technique has been applied to the assessment of 210Po embedded in glasses and to
222Rn, 2I8Po and 214Po contributions discrimination in passive dosimetry.

The counting technique has been applied to the determination of indoor radon concentration by means
of passive dosimeters, containing two CR-39 detectors each.

2. Experimental apparatus

The apparatus general structure is represented in Fig. 1: the track image, enhanced through an optical
microscope, is recorded by a camera, a frame grabber converts it in digital form and data are trans-
ferred to a PC dedicated to measures managing and elaboration; this unit also rules the motors that
control the detector scanning in order to automatically analyse several images.

The software performs discrimination between pixels of the tracks and pixels of the detector back-
ground based on the grey levels analysis, being lower those associated with the tracks: at first the track
edge is identified then inside filling is carried out. Three controls are set for the tracks acceptance: lim-
its on the mean grey level (acceptance occurs if more than a fixed percentage of pixels shows grey lev-
els lower than an established value), on the eccentricity, defined as the ratio of the major axis length to
the minor one, and on the area (a comparison between the area resulting from the accepted pixels and
the area obtained applying the geometric formula is performed); elliptic shape has been assumed for
the tracks.

Fig. 1. Diagram of the automatic analysis system for CR-39 detectors exposed to radon and its decay
products

CAMERA FRAME
GRABBER
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OPTICAL MICROSCOPE
WITH MOTORS (automatic scanning
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3. Radon dosimetry

Method

Indoor radon levels are measured by passive dosimeters. According to Tommasino model [1], the do-
simeter is formed by a plastic chamber containing two opposing CR-39 detectors, wrapped in a poly-
ethylene envelope through which radon gas only enters by diffusion. These dosimeters are exposed in-
doors for about six months, then a chemical etching of detectors in a 6.25 N NaOH solution at 72° for
15 h 20' is performed; finally the tracks made by the cc-particles are analysed by our system.

While counting the software draws the tracks area frequency distribution; at the scanning end the op-
erator can select an areas range; only tracks with area included in this interval are taken to compute the
detector track density. It is then possible to calculate radon concentration, if dosimeter efficiency and
exposure time are known and providing previous background subtraction through the analysis of not
exposed detectors.

Analysis system features

Dosimeters efficiency is calculated, for each detectors batch, from the calibration data of a group of
dosimeters irradiated at a known exposure (typically about 1000 kBq h/m3) inside the National Radio-
logical Protection Board (UK) radon chamber. Common efficiency values range from 0.0015 to 0.0020
tr/cm2 per Bq h/m3.

In order to associate its own adequate uncertainty to each concentration value it is necessary to assess
the system reproducibility. Reproducibility has been evaluated as the relative standard deviation (SD)
of repeated measurements on single detectors: SD resulted to increase with decreasing tracks density
ranging from 10% for 150 tr/cm to 1% for 4500 tr/cm . Other error sources, variability in selecting
area range and background grey level variation amongst different detectors, have been accounted for as
type B uncertainties. Composing all error sources, uncertainties of about 10% (68% confidence level)
derive for detection of 150 Bq/m3 in six months; this figure can be lowered averaging over the esti-
mates of both detectors contained in the dosimeter.

Fig. 2. System linearity plot
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To test the linearity of response of the analysis system five groups of dosimeters have been exposed at
different levels: 413, 832, 1086, 3397 and 11558 kBq h/m3 in National Radiological Protection Board
radon facilities. Fig. 2 shows the resulting actual tracks density as a function of true tracks density
(obtained multiplying NRPB nominal exposure values by dosimeters efficiency): last two dots and re-
lated fitting straight line represent the range of density in saturation conditions. Saturation occurs when
tracks with area greater than the upper threshold value of the selected range are more than 20% of the

184 Session 2



IRPA Regional Symposium
Radiation Protection in Neighbouring Countries of Central Europe. Prague. 8-12 September 1997

tracks falling in the range: in this case the actual density is corrected based on the plot of Fig. 2. Densi-
ties in Fig. 2 refer to areas with no upper threshold limits in the calculation range as this condition
gives better reproducibility in saturation. A level of about 700 Bq/m3 (six months exposure) is required
to reach saturation.

4. Spectroscopic analysis

Method

For spectroscopic analysis different conditions have to be set on microscope (larger enhancement) and
on scanning parameters. After CR-39 detectors exposure, a chemical etching in 6.25 N NaOH solution
at 70° for 18 h is performed.

Tracks eccentricity depends on the a-radiation angle of incidence on the detector and for equal eccen-
tricities tracks area is in biunique correspondence with a-particles energy (inverse relation). Thus se-
lecting eccentricity windows narrow enough to assign single energies to various tracks areas, being
sure nevertheless to have significant statistics, it is possible to perform a-spectroscopy on CR-39 de-
tectors.

This methodology is applied to the measurement of 210Po embedded in glasses (in order to assess his-
torical indoor radon exposure). Analysis of the a-particles tracks on the detector, which has been in full
contact with the glass, makes it possible to separate 210Po contribution from the glass natural a-
background.

Resolution features of the method also offer the opportunity to discriminate the signals of short-lived
radon daughters in the environment.

Applications

Fig. 3 shows the area distribution of a-particles emitted from an 241Am source close to the CR-39, to
simulate the irradiation of a CR-39 applied to a glass from embedded 210Po. The selected eccentricity
limit for the reading was 1.2, giving an energy resolution of about 250 keV. For the entire 210Po meth-
odology development refer to [2,3].

The area distribution of a CR-39 detector exposed inside a radon dosimeter of the same type of the
above described ones is shown in Fig. 4. Inside the dosimeter, 218Po and 214Po are generated through
222Rn decay and tend to plate-out on detector and on the opposite surface far 1.5 cm from it: in the fig-
ure plated-out 218Po and 214Po various contributions together with 222Rn peak are distinguishable.
These results are in qualitative agreement with some previous studies of ours [4] and with Monte Carlo
simulation of the area frequency distribution in the specific geometry.

Fig. 3. Tracks area (um2) distribution of a CR-39 exposed to an 241Am source
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Fig. 4 - Tracks area (um2) distribution of a CR-39 detector exposed inside a radon dosimeter
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IMPROVEMENTS IN RADON RETROSPECTIVE ASSESSMENTS BASED
ON ANALYSIS OF 210PO EMBEDDED IN GLASSES

F. Trotti, M. Lanciai, P. Mozzo, V. Panepinto, S. Poli, F. Predicatori, F. Righetti, A. Tacconi and
A. Tanferi

CRR- ULSS20 Veneto Region, Policlinico B.Roma, via delle Menegone, 37134 Verona, Italy
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One uncertainty affecting the results of epidemiological studies on the association between lung cancer-
and indoor radon is represented by the assessment of radon exposure, commonly carried out through
short-term measurements whilst pathology originates long before its appearance. Radon levels could
have been modified through years due to dwelling restructures, occupiers changing and ageing itself of
the house [1].
A theoretical model developed by Jacobi-Porstendorfer with integrations by Cornelis [2] quantitatively
describes the formation of long-lived radon descendants in a fraction embedded in dwelling surfaces as
a result of short half-life daughters deposition. At constant radon concentration, implanted 210Po activ-
ity grows as a function of time till saturation occurs (after about 50 y): for times shorter than 210Pb
mean life (x « 30 y) this time growth can be approximated by a linear relationship. From embedded
210Po detection, knowing the surface exposure time it is then possible to estimate average past radon
concentration in that time.

Many researchers have developed methodologies according to this model [2,3,4]. In this paper, set-up
of CRR technique is illustrated, which is based on 210Po detection by means of CR-39 applied to glass
surfaces and on detectors spectroscopic analysis performed with an image analyser.

2. Materials and methods

CR-39 detectors are applied to glass surfaces for several months in order to be irradiated by implanted
210Po. Adequate chemical etching (6.25 N NaOH solution at 70°C for 18 hours) allows a-particles
tracks being visible on detectors. Readings are then performed by a self-developed image analyser [5],
the main features of which are: conversion of the analogic image (from microscope + camera) in digital
form for PC elaborations, PC ruled automatic scan of the detector, automatic focus corrections on indi-
vidual images, computation of basic geometric parameters (area and eccentricity) for each track.

Tracks eccentricity depends on the a-radiation angle of incidence on the detector and for equal eccen-
tricities tracks area is in biunique correspondence with a-particles energy; thus fixing limits on eccen-
tricities a-spectroscopy can be carried out on CR-39.

As preliminary tests, detectors in full contact with a wide area planar241 Am source have been exposed
to a-particles to simulate geometric and energetic irradiation of CR-39 applied to glasses from embed-
ded 210Po: a clear peak has come out with a resolution of 80 um2 (eccentricity limit being 1.5 - ap-
proximately correspondent to 45° incidence angle) that means about 500 keV resolution, rough cali-
bration factors being provided through exposures to point 241Am and 230Th sources. Although this is
the actual 210Po reading setting, it is useful to signal that reducing eccentricity acceptance to 1.1 in-
creases resolution of nearly 40%.

Three aspects of the methodology have been investigated and the results are illustrated in the following
section: 1. the efficiency of the analysis method in the detection of embedded 210Po has been assessed,
that is the factor for converting CR-39 tracks density for unit irradiation time into polonium surface
activity has been derived; 2. the experimental relation between indoor 222Rn exposure and 210Po surface
activity in dwellings has come out following simultaneous detection of radon concentration in air and
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polonium activity in various glass objects; 3. the influence of cleaning habits on the implantation proc-
ess has been controlled studying the not implanted fraction of deposited 210Po as a function of glass
wiping frequency.

3. Results

Po detection efficiency

A glass sample (a disc of about 1.77 cm2 area), taken from a panel yearly exposed to radon indoors, has
been analysed (for about three months) by a-spectrometry in a calibrated vacuum chamber with a sur-
face barrier silicon detector. The resulting energy spectrum is shown in Fig. 1: the 5.3 MeV 210Po peak
is evident. 210Po activity has been estimated to be 0.602 ± 0.057 Bq/m2.

Two CR-39 detectors have been applied to a piece of the same glass panel and have undergone irradia-
tion for nearly one year. The resulting tracks area distribution for one of them, obtained by means of
the outlined above technique, is shown in Fig. 2. 210Po tracks counts are derived from the spectrum se-
lecting an area window such to contain peak events only. Averaging over the detectors couple, the de-
tection efficiency value has come out to be 0.338 ± 0.039 tr/(m2 s) per Bq/m2.
Fig. 1. 210Po energy spectrum for a glass sample Fig. 2.210Po tracks area spectrum for a glass sample

analysed by a silicon detector analysed by means of a CR-39 detector
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Some comments are suggested by Fig. 2 observation. Implanted 210Po is formed within a depth of 0.1
jam with respect to the deposition surface [6] so that monoenergetic a-particles emerge from it; natural
radionuclides content is, on the contrary, spread out over the whole bulk of glass originating a continu-
ous a-background. On the other hand, natural radionuclides background is often quantitatively domi-
nant, its suppression in tracks computation being thus necessary and, due to variability caused by
manufacture and by position in the object, subtraction has to be carried out in the same analysis per-
formed on 210Po.

Relation between 222Rn exposure and 210Po activity

On ten glass objects, belonging to four different dwellings, detection of embedded 210Po has been car-
ried out for several months by means of CR-39; glasses age and surface to volume ratio of the rooms
containing the objects have been recorded. Glasses have been chosen taking care their age was not
more than 35 years and their position was possibly away from sources of air turbulence. Simultaneous
222Rn concentrations have been assessed by means of LR-115 contained in Tommasino model do-
simeters [7] for every monitored room.

In Fig. 3 resulting radon exposures versus polonium activities are shown. The best fitting regression
line is shown in the figure, too. Polonium activities are expressed in Bq/m3, having normalized data to
room specific surface to volume ratios: this correction, suggested by the theoretical model, allows in-
crease of the square of the correlation coefficient from 0.84 to 0.91.
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Uncertainties in radon exposures are estimated taking Fig. 3. Experimental curve of Rn exposure vs
into account measurement and glass age information 210P° concentration
(error margin of 10%) sources, while polonium un-
certainties, apart from detection efficiency contribu-
tion, refer to Poisson statistics.

If the fitting line slope is compared with values
coming from the model or from other authors, a re-
markable difference appears: 6 Ky/m in this study
(data not normalized for surface to volume ratios),
0.3 Ky/m from the model, 1.5 Ky/m in [3].

It has to be reminded that the curve in Fig. 3 acts as a
calibration tool for the methodology based on the as-
sumption that present radon concentrations are repre-
sentative of past ones for the entire glasses exposure
time.

Influence of cleaning on implantation

Six glass objects have been selected in relation to significant difference in cleaning frequency habits.
210Po detection has been performed by means of CR-39 for each of them both with and without pre-
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been possible to separate total Po (no pre-
liminary wiping) from its embedded fraction
(detection after wiping). In Fig. 4 the ratio of
the absorbed fraction (total - embedded) to
the total one is given as a function of clean-
ing frequency; statistical uncertainties are
also shown for all the data.

If the "I/day" frequency point is ignored,
due to large affecting uncertainty, it is evi-
dent that the absorbed fraction is always pre-
sent on surfaces, in a proportion that does
not seem to depend on the cleaning fre-
quency (mean value = 50 ± 10 %). This
would be in contrast with the thesis accord-
ing to which abundant amounts of dust in

rarely cleaned surfaces would hinder the implantation process. It has, nevertheless, to be reminded that
few data have been processed and that high cleaning frequencies have been scarcely investigated.
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4. Conclusions
210Ta-spectroscopy on CR-39 detectors applied to glass permits to accurately assess embedded Po in or-

der to estimate past radon exposures. The use of CR-39 makes it possible to carry out large sample
surveys. The high (0.91) r2 value obtained by fitting data of 210Po activity embedded in glasses versus
indoor 222Rn exposure is a sign of reliability of the methodology.

The experimental slope of the fitting line is, however, fairly different from the theoretical model one as
a result of complexity of the relation between radon daughters plate-out and house-specific parameters
ruling their behaviour in air; recent results [8] indicate that a sort of 210Po loss would occur in aged
glass and this would help in interpretating the diversity between experimental and theoretical predic-
tions. No effects seem to be related to cleaning habits as far as implantation process is concerned, but
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this conclusion still has to be better supported. Detecting material (CR-39) has, finally, shown a certain
variability in its general performance.
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A PERSONAL RADON DOSIMETER BASED ON A COMBINATION OF A
TRACK-ETCH DETECTOR AND ACTIVATED CHARCOAL

A. Van Deynse and A. Poffijn CZ9928482

University Gent, Proeftuinstraat 86, B-9000 Gent, Belgium

Abstract: To measure the radon concentration in workplaces where the occupancy is not exactly
known, it is necessary to use a personal dosimeter. The aim of this work is to construct a detector that
can measure an occupational exposure of 50 Bq/ml with an accuracy of 20 % during one working
month (typically 170 hours). For this purpose we have tested a combination of a track-etch dosimeter
and activated charcoal. Different types of activated charcoal in combination with the Makrofol detector
are tested. The optimal charcoal is Carboxen-564 and the optimal layer thickness is 2.1 mm. For this
detector we have determined the adsorption and desorption constant for radon and water at different
relative humidities.

1. Introduction

The most commonly used radon detectors up to now are activated charcoal and track-etch detectors.
The first one is used for short term measurements, typically with an exposure time of a few days. Af-
terwards the charcoal is measured with a y detector. The second detector is typically exposed for a few
weeks and then developed in the laboratory to count the a-tracks. Now we want to measure low radon
concentration in a shorter period. Therefore a new technique is developed for radon measurements,
based on a combination of activated charcoal and a track-etch detector [1].

This detector will be used as personal dosimeter for workers, preliminary to the new European Basic
Safety Standards: ,,Each Member State shall ensure the identification, by means of surveys or by any
other appropriate means, of work activities where workers, and where appropriate, members of the
public are exposed to radon." This also includes obtaining the personal dose. When the occupancy of
the worker in the different workplaces is not known it is necessary to use a personal dosimeter.

For practical use, the personal dosimeter should be able to measure low concentrations (50 Bq/m3) in
one working month (170 hours). Therefor it is important to make the current track-etch detector more
sensitive. This is possible with the proposed combination of a track-etch detector and activated char-
coal. The charcoal adsorbs radon from the air and the detector (Makrofol in our case) records alpha
particles emitted by radon and its decay products.
The detector consists of a plastic casing with at the pig. i. The personal dosimeter
bottom the Makrofol detector covered with a thin
layer of activated charcoal (2.1 mm) and a filter
(Fig. 1). The mean properties of the charcoal have ^^^m4(&iWlM~-^
to be a fast adsorption and desorption, following ^^fW^ff^^^mffjivfm^ 'charcoal
the radon concentration during the working day. \ j _ m^v-tu-h detector
The radon must be desorbed from the charcoal
during the night because we only want to measure the concentration during the working day. The
desorption of water is also important as water prevents the radon uptake.

2. Selection of the activated charcoal

A selection of activated charcoal is made. As track-etch detector we opted for Makrofol because of our
knowledge of this material. To select the most convenient activated charcoal we have exposed some
detectors with different types of activated charcoal. The thickness of the used layer above the detector
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was also changed between 2.7 and 7.7 mm. The results of the exposure with low (± 200 Bq/m3; RH=60
%) and high (± 10 kBq/m3; RH = 75 %) radon concentration are shown in table 1.

Table 1. Calibration factor (tracks/cm2 per kBq h/m3) for different kind of activated charcoal

Activated charcoal

Norit
Pittsburgh
RoIG
Carboxen-564
Norit
Pittsburgh
RoIG
Carboxen-564
Carboxen-564
No charcoal

Size layer

4.7 mm
4.7 mm
7.7 mm
2.7 mm
7.7 mm
4.7 mm
7.7 mm
2.7 mm
4.7 mm

CF (tracks/cm2)/(kBq h/m3)

2.45 ± 0.23
2.55 + 0.11
3.76 ± 0.41
7.44 ± 0.22
2.7810.11
3.3110.14
3.6010.14
8.6510.14
7.1210.05

0.434

Radon concentration

High
High
High
High
Low
Low
Low
Low
Low

From this table we can conclude that Carboxen-564 is the optimal activated charcoal from radiological
point of view. The desorption time constant is also lower than for other activated charcoals. And it has
the extra advantage that has a lower adsorption capacity for water than the other activated charcoals as
can be concluded from the study of Scarpita [2].

Table 1 shows that the layer of 2.7 mm is more sensitive than the layer of 4.7 mm. Tests are done on
thickness between 1.7 and 2.7 mm and the optimal thickness is 2.1 mm as we want a quick reaction on
changing radon concentration.

3. Testing Carboxen-564 as amplifier used in a track-etch personal dosimeter

The background of the activated charcoal is measured. Charcoal that is already used a few times is
heated at a temperature of 120°C for a period of 24 hours. Afterwards it is measured with the Germa-
nium detector of our lab. Results of this measurement can be seen in table 2. The measuring time was
300 000 s.

These values correspond with an activity of 5 Bq/kg that is near the
detection limit of the Germanium detector. With an adsorption rate
of 6.5 Bq/kg per Bq/m3 [2] for a layer of ± 2 mm, this means a de-
tection limit of less than 1 Bq/m3 due to the use of Carboxen.

The adsorption and desorption characteristics of radon and water are

Figure 2. Water adsorption at changing relative humidities and exposure times

Table 2. Background measure-
ment of Carboxen-564

Energy peak (keV)

295
352
609

Counts

276
544
375

- • - R H
- » - R H
- * - R H
- • - R H

• 5 4 %
= 65%
= 70%
= 96%

«mx » 1 sldev of the avarasa

3:00 4:00 5:00

exposure lime (h)
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determined at different relative humidities (RH). The results of these measurements are shown in fig-
ures 2 and 3 and table 3.

Figure 3. Radon uptake of a thin layer of Carboxen-564; (a) gamma measurements; (b) tracks/cm2

(a) (b)
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error =

• RH

• RH

*RH

1 stdev of the average

= 54%

= 65%

= 70%

= 96%

3:36 4:48

exposure lime (h)

From Scarpitta [2] we calculated the breakpoint of the detector. The breakpoint is reached at 0.20 g
H2O uptake per detector. Looking at the increase of weight of the Carboxen, the breakpoint is not
reached after 8 h in the case of RH - 54 %, but is reached in the case of RH = 65 % (after 7-8 h), 70 %
(after 4-6 h) and 96 % (after 3-4 h). But this information is not confirmed by the gamma and track
measurements where it seems that the breakpoint is reached later or is not reached at all after 8 h. This
can point to the influence of the radon daughters. The influence of the radon daughters itself will be
further investigated. Perhaps the configuration of determining the breakpoint is not the same as in
Scarpitta.

The response of the detector is not significant different for changing humidity. But differences can be
noticed for longer measurements (see below).

As you can see the half life clearance of radon decreases with increasing
relative humidity, indicating less active adsorption as the micropores are
already filled with water. The problem with the desorption of water is
that the relative humidity in the lab is sometimes higher than during the
exposure. As a consequence it is not always possible to detect the water
desorption. But in real conditions, this is rather a rare situation. So it is
very important to ensure a good desorption of water for practical use as
the water prevents the radon uptake.

Table 3. The half life clear-
ance of radon

RH (%)

54
70
96

Tia(h)
1.67 ±0.02
1.56 ±0.03
1.18 ±0.04

Table 4. Calibration factor (tracks/cm
per kBq h/m3) for continuous
and discontinuous measure-
ments

RH (%)

54
70
96

Tracks/cm2

continuous

4.43 ±0.15
2.22 ± 0.08
1.53 ±0.02

?er kBq h/m3

discontinuous

3.48 ± 0.07
2.84 ±0.17
2.00 ± 0.05

Continuous and discontinuous exposure can give different
results. The results of such measurements are shown in ta-
ble 4.

Discontinuous exposure gives a higher value for the calibra-
tion factor due to the multiple desorption. In the case of RH
= 54 % the discontinuous exposure has a lower response than
the continuous exposure. During the desorption the RH in
the lab was higher than 54 % and so the desorption of water
was not optimal. Consequently the radon adsorption was less

Session 2 193



IRPA Regional Symposium
Radiation Protection in Neighbouring Countries of Central Europe. Prague. 8-12 September 1997

than normally expected.

4. Conclusion

By means of a combination of activated charcoal and a track-etch detector it is possible to measure
50 Bq/m3 in 1 working month. The selection of the activated charcoal indicates Carboxen-564 as the
optimal with better adsorption and desorption characteristics than normally used activated charcoal.
For short measurements (a few hours) the influence of the RH is low, but longer measurements (a few
days) shows that the response of the detector decreases with increasing RH. Special attention has to be
paid to the desorption of water as water prevents the radon adsorption in discontinuous measurements.
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RADON AIR CONCENTRATIONS IN KARST CAVES AND ESTIMATES OF
PERSONAL DOSES AT EMPLOYEES

M.Vicanova, M.Durcik and D.Nikodemova CZ9928483

Institute of Preventive and Clinical Medicine, Limbovd 14, 833 01 Bratislava, Slovakia

1. Introduction

Radon is a naturally occurring radionuclide. The highest concentrations of radon are found in under-
ground spaces such as mines and caves. This work presents a review of seasonal variation of radon
concentrations in the air in ten Slovak tourist karst caves and estimates of personal doses received by
13 selected tourist guides from seven caves during a two year period.

2. Materials and Methods

Solid state nuclear track detectors (SSNTD) type CR-39 were used for measuring annual radon con-
centrations. Two detectors were placed in every cave at different places and were changed twice a
month.

Short-term measurements of radon and its progeny were provided by Lucas cells (volume 170 ml) and
with Silena 4S equipment.

Personal doses were measured by a pair of SSNTD type CR-39 in a passive two chamber system,
monthly during 1995 and 1996.

Electrochemical etching combined with chemical pre-etching was used for evaluating the track detec-
tors.

3. Experimental Results

A short survey of the annual measurements results of radon concentrations from each cave is presented
in Table 1 and annual average variations are shown in Figure 1.

Figure 1. Annual variations of radon concentrations
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Table 1. Estimates of equilibrium equivalent of radon concentrations (EEC) in the caves.

CAVE

Place

EEC min

(Bq.nT3)

EEC max. EEC average

(Bq.m-3) (Bq.nf3)

BELIANSKA
Dom Objavov
Hudobna siefi
BYSTRIANSKA
Krizovatka
LieCebfia

DEMAN0VSKA-SLOB0DY
SpeleolieCebftna
Razcestie
DOMICA
Majkov dom
Dom indickych pag6d
DRINY
Chodba SvStoplukova
Chodba Befiovske"ho

GOBASECKA
Mramorova siefl
Siefi vil

HARMANECKA
RieCisko
Bludny dom

JASOVSKA
Dom netopierov
Verky dom
OCHTINSKA ARAGONITOVA
Spojovacia chodba
VePka mlieCna cesta
VAZECKA
Zniteny dom
Kostnica

79
59

136
345

149
137

226
270

298
240

771
424

462
2188

162
97

102
2131

491
502

8644
9679

10758
6749

4222
5867

3342
3672

1991
1538

8861
11280

10295
10210

1733
1438

6292
7713

9407
9022

4011
2752

5785
1778

2140
2330

1390
1502

1016
926

4183
4617

4801
5043

795
733

3029
5010

5319
4899

Tables 2 and 3 present the results of the short-term measurements of radon concentrations in Vazecka
and Belianska caves.

Table 2. Short-time measurements of radon concentrations in Vazecka cave. (September 1996)

Place

Vstupna hala

Zniteny dom

Jazierkova siefi

Hiiskova siefi

D6m

Kostnica

Radon-gas

(Bq.m3)

2803 ±168

4998 ± 250

9734 ± 482

10938 ±511

14914 ± 746

12765 ± 638

Radon-progeny

(Bq.m3)

1221 ± 147

1532± 184

4360 ±480

4280 ±471

2922 ±351

F

0.44

0.31

0.45

0.39

0.23
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Table 3. Short-term measurements of radon concentrations in Belianska cave. (July 1995)

Place Radon-gas

(Bq.m3)

18.7.1995

Razcestie

Dom objavitel'ov

Zbojnicka sieft

Hudobna sierl

Dom trosiek

Radon-gas

(Bq.m-3)

22.7.1995

608 ± 43

1030 ±65

1314±118

1494 ±120

1010±81

699 ± 49

1163 ±72

1393 ±155

1388 ± 1 1 1

1263 ± 99

The comparison of the annual average effective doses from seven caves (Table 4) between 1995 and
1996 is presented in Figure 2.

Table 4. Distribution of personal dosimeters

Cave

Belianska

Bystrianska

DemSnovska-Slobody

Gombasecka

Harmanecka

Ochtinska aragonitova

Vaiecka

Number of workers

2

1

3

1

1

2

3

Figure 2. The annual average effective doses received by tourist guides in 1995 and 1996

Vaz. Ocht. Byst. Har. Deman. Bel. Qom.

1995 g£22 1996
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4. Discussion and Conclusion

The measured values of radon concentrations show seasonal variations. The minimum concentrations
were found in winter and maximum in summer presumably because the highest difference between
outside air temperature and inside air temperature in the caves is in summer. The highest levels of ra-
don concentrations were found in the karst caves - Belianska, Bystrianska, Harmanecka, Ochtinska
aragonitova and Vazecka.

The ranges of annual average effective doses recorded for selected workers are from 4.5 mSv
(Belianska cave) to 37.5 mSv (Ochtinska aragonitova cave) in 1995 and from 3.4 mSv to 28.3 mSv in
1996 in the same caves. The annual average effective doses from each cave are similar for 1995 and
1996.

Our results suggest that the Slovak karst caves should be designated as a controlled area according to
BSS 96.
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MODELLING THE DOSE-EFFECT RELATIONSHIP FOR RADON-INDUCED
LUNG TUMOUR IN RATS

W. Zhao1'2 and W. Hofmann1 CZ9928484

'institute of Physics and Biophysics, University of Salzburg, Hellbrunner Str. 34, A-5020 Salzburg, Austria
Epidemiological Research Centre, Hospital of Beijing Mining Bureau, Hospital of North China Coal Medical

College, Beijing 102300, China

1. Introduction

In principle, two different approaches can be taken to model radon-induced lung tumour risk: (i)
mechanistic models derived from in vitro cellular radiation effects, or (ii) mathematical fits to epide-
miological data. While the models based on in vitro cellular experiments are imperative for the under-
standing of the mechanisms involved in radon-induced carcinogenesis, the effect of the living organism
on the transformation of a normal cell to a malignant cell (e.g. the influence of the immune system) is
still largely unknown. Hence, cellular carcinogenesis models are very useful tools for the determination
of the relative dependence of lung cancer risk on exposure, i.e., the shape of the dose-effect curve.
However, in order to predict absolute values of the lung cancer risk per unit exposure, the construction
of empirical models by fitting epidemiological data through mathematical functions may be a more ap-
propriate approach for radiation protection purposes. Thus, in the present work we have chosen the
second approach.

The laboratory rat has successfully been used in the past to assess the carcinogenic risk of inhaled ra-
don decay products (1>2). While lung tumours are the most serious consequences of radon progeny in-
halation, other lung damages, such as interstitial edema, alveolitis and progressive interstitial fibrosis
have also been reported (3). However, the observed dose-response relationship of bronchogenic carci-
nomas provides only information about the specific carcinogenic effects of radiation, but not about
these non-stochastic radiation effects. Inhalation experiments have shown that the life span of shorter
living animals can be strongly influenced by radiation-induced damages. Therefore, the life span of the
laboratory rat after irradiation may be a useful indicator for assessing radon-induced radiation effects,
including carcinogenesis, on the organism.

The purpose of this paper is to derive semi-empirical models for the relationship between radon prog-
eny exposure and two kinds of experimentally observable radiation effects, lung cancer incidence and
life span shortening. Based on recent experimental data from the Battelle Pacific Northwest Laborato-
ries, two different models of the lung tumour incidence (I) and the life span (LS) as functions of the
cumulative radon daughter exposure (WLM) in rats will be proposed here.

2. Analysis of experimental data

Radon progeny inhalation experiments in laboratory rats have been carried out at the Battelle Pacific
Northwest Laboratories, providing experimental data about lung tumour incidences and life spans of
the rats for a variety of exposure levels and exposure rates. The data used in the present analyses were
taken from a recent compilation of experimental data, which are partly unpublished.

Among the 478 lung tumours that have been found in 3880 Wistar rats exposed to radon progeny at
different exposure levels, 396 were malignant and 63 were benign tumours. In the corresponding con-
trol groups, 5 out of 618 rats developed tumours. Due to their relevance to human environmental expo-
sures, the two lowest exposure groups are of particular interest. Here, lung tumours were detected in 3
out of 246 rats in the 20 WLM group, and in 10 out of 445 rats in the 40 WLM group. There were sig-
nificant differences between the groups with exposure levels above 80 WLM and the control group (x2

= 7.48, p < 0.01). In general, lung tumour incidence induced by radon progeny increases with rising
cumulative exposure (Fig. 1): it increases rapidly between cumulative exposures of 80 up to 1280
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WLM, but increases less steeply up to a cumulative exposure of 10240 WLM, without dropping down
at the highest exposure levels. Even at low doses (20 WLM), the incidence of the lung tumours is
higher than the incidence in the control group.

The best fit of the lung cancer incidence I (in percent) as a function of cumulative exposure (in WLM)
was obtained by the following mathematical expression (see Fig. 1):

WLM) = (Ai - A2)/(l + exp((WLM- xo)/dx)) + A2 (1)

where A2 is the initial value, and Ai, x0 and dx are the coefficients obtained by the fitting procedure
(A] - - 75.78, A2 =58.27, x0 = -329.31, and dx = 1127.05, %2 = 7.69).

Figure 1. Lung tumour incidence in Wistar rats exposed to radon progeny vs. cumulative exposure. The
dotted line denotes the fit to the experimental data (equation 1).
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Since the low exposure data are specifically relevant to human environmental human exposures, the
same data were also fitted by a logistic function on a log-log plot:

log(I(WLM)) = log(N)/(l + (WLM/Of) + M) (2)

where M is the initial value on the y axis, N is the final value on the y axis, O is the center value on the
x axis, and p is a fitting parameter (M = 0.9766, N = 65.14, O = 1267.31 , and p = 1.26).

Life spans of the Wistar rats were reported for 3751 animals at different exposure levels (Fig. 2). In
general, the average life span drops in an exponential manner with increasing exposure, except for the
lowest exposure groups (20 and 40 WLM). In both exposure groups, the mean life span is significantly
higher than the average life span of the control group (t = 4.66, p < 0.01; t = 3.53, p < 0.01). However,
there are no significant differences between the mean life spans at 80, 160 and 320 WLM and that of
the control group (t = 0.84, p > 0.05 at 80 WLM; t = 1.83, p > 0.05 at 160 WLM; and t = 1.15, p >
0.05 at 320 WLM ). From the 640 WLM group to the highest WLM group, the mean life-span is sig-
nificantly lower than the life span of the control group (t = 3.35, p < 0.01). This dependence of the life
span LS (in days) on cumulative exposure (in WLM) suggests to separate the data into two parts, a lin-
ear and an exponential one (Fig. 2):

LS (WLM) =yo+Ao WLM for WLM < 20 (3)

and
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LS (WLM) =yi + A, exp(-(WLM- xo)/t,) + A2 exp(-(WLM- xo)/t2) for WLM > 20 (4)

where y0 and yi are the initial values on the y axis, x0 is the initial value on the x axis, and Ao, Ai, A2,
ti and t2 are coefficients obtained by the fitting procedure (y0 = 657, Ao = 1.75, R = 0.8598; yi =
386.2391, Xo = 20, Aj= 175.202, A2= 113.7, ti = 3209,andt2= 1.432 E4,x2 = 1275.95).

Figure 2. Life span in Wistar rats exposed to radon progeny vs. cumulative exposure. The dotted line
denotes the fit to the experimental data (equations 3 and 4).
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3. Life span normalization factor

The lifetime of an animal after irradiation is influenced by the occurrence of different post-irradiation
lesions, including lung tumours (4). Since the life span of rats after low levels of cumulative exposures
is longer than in the controls, more time is available to give rise to a radon-induced lung tumour before
the death of the animal. In contrast, the lung tumours may not appear during the lifetime of the animal
due to the shorter lifetime of the animal after high levels of cumulative exposure. As a result of this,
the real lung cancer risk may actually be lower at very low exposure levels and higher at high exposure
levels than reported in the laboratory animal experiments. Hence, the experimentally determined ra-
don-induced lung tumour risk can be modified by a linear life span normalization factor P as defined
below:

!(%)= a.p = a.M/Md (5)

where a is the radon-induced lung tumor incidence derived from the experimental data, P is the life
span normalization factor, M is the mean life span of the control group, and Md is the mean life span of
a given cumulative exposure group.

4. Discussion

The lung cancer incidence function plotted in Fig. 1 suggests that the dose-response relationship may
be divided into two parts, a relatively steep linear increase with exposure below about 640 WLM, and
the flattening of the curve above this level. This decrease in carcinogenic potency per unit exposure at
higher exposure levels is consistent with the epidemiological observations found in uranium miner
studies. Thus, rat inhalation experiments are a valuable complement to human epidemiological studies,
having the additional bonus of a much better characterization of the exposure conditions.

The life span-exposure relationship plotted in Fig. 2 shows the interesting result that the life span at 20
WLM is significantly higher than that in the control group, dropping down again to the control level at
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about 80 WLM. Application of the life span normalization factor defined in equation 5 to lung cancer
incidences obtained in the rat inhalation experiments decreases the incidences in the exposure range
from 0 up to 160 WLM.

There is sufficient experimental evidence that low dose irradiation often induces effects opposite to
those observed at of high doses (5). Low or chronic exposure to ionizing radiation can induce processes
which protect the cell against naturally occurring as well as radiation-induced alterations that may ul-
timately lead to cell transformation. For example, studies on human lymphocytes showed that low
doses could protect cells against chromosomal aberrations and radiation-induced mutations (6). Thus
small amounts of radon progeny may not be harmful to rats and, possibly, to human beings too.
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THE COMPARISON OF DOSES AND RISKS FROM RADON, MEDICAL AND
ACCIDENTAL IRRADIATION

M.V. Zhukovsky, I.V. Yarmoshenko and S.N. Bayankin CZ9928485
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1. Introduction

During assessing of the radiation risks in Ural we need to consider the main sources of population ex-
posure:
1. Radon exposure in dwellings.
2. Consequences of radiation accident at "Mayak" nuclear plant in 1957 (the so called East Ural Ra-

dioactive Trace - EURT).
3. Radioactive contamination of some settlements by thorium enrichment tails.
4. Medical diagnostic exposure.

In contrary to the cosmic radiation and exposure due to radionuclides in human body and terrestrial ra-
dionuclides this sources have specific regional features and can considerably vary.

2. Radon exposure

The radon survey in Sverdlovsk oblast was conducted during 1993-1997 by cellulose nitrate alpha
track detectors and grab sampling of Rn and Tn daughters by modified Markov method. The measure-
ments were carried out in more than 1000 dwellings and 240 kindergartens and schools [1]. The aver-
age annual effective doses due to Rn and Tn exposure are presented in table 1.

Table 1.

Type of building

Rural dwellings
Urban dwellings
Children institutions

Rn effective dose
(mSv/year)

2.22
0.94
0.33

Tn effective dose
(mSv/year)

0.68
0.74
0.13

Rn and Tn effective dose
(mSv/year)

2.90
1.68
0.46

The effective doses were calculated assuming 7000 hours per year indoors and 2000 hours per year in
children institutions. The equilibrium factor was assumed F=0.5 - the most typical value for Ural. The
maximum average effective doses due to Rn and Tn exposure were observed for rural dwellings in
Rezh and Artemovsk districts - accordingly 4.3 and 3.7 mSv.

3. East Ural radioactive trace

In 1957 due to accident in "Mayak" nuclear plant a considerable territory of Chelyabinsk and Sverd-
lovsk regions was polluted by mixture of nuclear fission products 90Sr+90Y - 5.4%, 95Zr+95Nb - 24.9%,
144Ce+144Pr- 66%, 106Ru+106Rh - 3.7%, 137Cs - 0.036%. The surface contamination by 90Sr in Sverd-
lovsk region was from 0.1 to 7.0 Ci/km2. The external exposure and intake of radionuclides for EURT
zone due to inhalation and food chains were estimated by the official Methodical Recommendations
and ICRP Publication 56. The average cumulative effective doses (mSv) from different sources nor-
malized to surface contamination by 90Sr 1 Ci/km2 are presented in table 2.

The equivalent doses for different organs normalized to surface contamination by 90Sr 1 Ci/km2 are
presented in table 3 [2]
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Table 2.

Age at
exposure

<1
1-2
3-7
8-12
13-17

Adults

Sources of accident EURT exposure
Intake with food

23.5
27.4
22.9
20.5
17.4
13.4

Inhalation intake

0.06
0.13
0.18
0.18
0.16
0.14

External exposure

1.16
1.16
1.16
1.16
1.16
1.16

Total
effective dose (mSv)

24.7
28.7
24.2
21.9
18.7
14.7

Table 3.

Organ

Red bone
marrow

Stomach

Small
intestine

Age at exposure

0-9
10-19

Adults
0-9

10-19
20-29

0-9
10-19

Adults

Dose (mSv)

62.3
37.5
35.3
5.0
3.6
3.3
14.7
8.6
6.8

Organ

Upper large
intestine

Lower large
intestine

Lungs

Age at exposure

0-9
10-19

Adults
0-9

10-19
20-29

0-9
10-19

Adults

Dose (mSv)

74.0
44.1
32.4

211.8
128.4
94.6
15.7
13.4
11.0

4. Radioactive contamination by thorium enrichment tails

In the middle of the forties a deposit of thorium monacyte sand was found in the Urals. During 1949-
1964 in village Ozerny located in 70 km north-east from Ekaterinburg the enrichment plant processing
thorium containing monacyte sand for the purposes of nuclear and military industry was functioning.
The territory of nearest railway stations Kostousovo was used for loading and storage of radioactive
stuff. As a result the territory of the both settlements was subjected to technogenic radioactive con-
tamination. During the functioning of the enrichment plant and after closing of the plant the thorium
enrichment tails and sometimes even the monacyte itself were used in private and public building con-
structions and road paving. So the inhabitants of Ozerny and Kostousovo were influenced both external
radiation and internal exposure due to elevated concentrations of Tn daughters in dwellings [3]. For
estimation of effective doses in Kostousovo we used own survey data. Effective doses in Ozerny where
mitigation measures were conducted in 1992-1993 were assessed by using archive data on external ra-
diation levels and correlation dependence between gamma dose rate and excess thoron EEC obtained
from Kostousovo data. The data on internal and external exposure doses in Ozerny and Kostousovo are
presented in table 4. Cumulative doses were calculated assuming 25 years exposure.

Table 4.

Excess Tn effective dose
Annual
(mSv/y)

Cumulative
(mSv)

External radiation dose
Annual
(mSv/y)

Cumulative
(mSv)

Total effective dose
Annual
(mSv/y)

Cumulative
(mSv)

Ozerny

Maximum individual
Average for contami-
nated dwellings

13

2.9

300

80

12

1.2

300

30

22

4.1

600

110

Kostousovo

Maximum individual
Average for contami-
nated dwellings

4.7

0.8

100

20

15.2

1.7

400

40

20

2.5

500

60
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5. Medical diagnostic exposure

The levels of medical diagnostic exposure in Sverdlovsk oblast considerably vary for different districts.
We analyzed the data on medical diagnostic exposure in Sverdlovsk oblast in 1994-1995. For the main
types of X-ray diagnostic procedures the effective doses were recalculated for the typical exposure
conditions. Unfortunately we hadn't the possibility to take into account the difference in X-ray appa-
ratus types. So the different number of various diagnostic procedures per capita is the main cause of
difference in average medical diagnostic exposure doses. The population weighted distribution of
medical exposure doses in Sverdlovsk oblast is presented in Fig. 1.

Fig. 1. Population weighted distribution of medical exposure doses in Sverdlovsk oblast
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6. Radiation risk assessment

Statistical data on survival probability, mean life expectancy (Lm=59.7> Lf=71.4 years) and baseline
cancer risks typical for Sverdlovsk region were used for risks assessment. Relatively low regional sur-
vival probability and mean life expectancy decreases radiation cancer risks in comparison with ones in
the developed countries. During our work we used some assumptions and risk projection models :
1. Absolute risk model for risk assessment of leukaemia in EURT zone and for medical exposure.
2. Constant relative risk model for assessment of total cancer risk excluding leukaemia in EURT zone

and for medical exposure.
3. Modified relative risk model (Jakobi model) for risk assessment of lung cancer due to radon and

thoron daughters exposure.
4. Modified age-dependent risk assessment model for medical exposure [4].
5. For all risk projection models we assumed linear no-threshold dose response.

As a result of our calculations the lifetime radiation risk coefficients R and loss of life expectancy
(LLE) were estimated (table 5). So, we can see, that even for radioactive polluted territories the main
source of the radiation risk is introduced by radon and its daughters. Comparison of LLE induced by
radiation and some non-radiation socio-economic risk factors shows that radiation exposure, being the
significant risk factor doesn't dominate in the mortality structure. Thus both general welfare and envi-
ronmental factors should be considered together under comparison of risks from different sources. In
some cases of radiation accidents it's more easy and less expensive to reduce significant non-accident
risk factor (radiation or non-radiation) than primary source of radiation risk.

Session 2 205



IRPA Regional Symposium
Radiation Protection in Neighbouring Countries of Central Europe. Prague. 8-12 September 1997

Table 5. Radiation and non-radiation risks and loss of life expectancy in Sverdlovsk oblast

Risk/actors Lifetime risk R
Male Female

LIE
Male Female

Radiation risks in Sverdlovsk oblast

Radiation exposure in the EURT
zone (3 Ci/km2 of 90Sr). All cancers
except leukaemia
Age at exposure 0-9 years

10-19 years
20-29 years
30-39 years

Radiation exposure in the EURT
zone (3 Ci/km2 of 90Sr).
Leukaemia.
Age at exposure 0-9 years
older than 10 years (average)
Radiation exposure by thorium en-
richment tails during 25 years

Ozerny
Kostousovo

Medical exposure (1.4 mSv/year)
Assessing by [4] model.
Assessing by relative risk model for
all cancers and absolute risk model
for leukaemia.
Lifetime Rn and Tn exposure in ru-
ral dwellings in EURT zone (3.1
mSv/year)

0.0059
0.0025
0.0020
0.0009

0.00089
0.00059

0.0089
0.0038
0.0028
0.0012

0.00073
0.00032

0.010
0.0054

0,0070
0.0037

0.019

0,0076
0.0056

0.0034

37.4 days
15.8 days
12.7 days
5.7 days

10.0 days
6.7 days

54.7
29.6

38 days
20 days

108 days

59.6 days
25.4 days
18.7 days
8.0 days

8.2 days
3.6 days

days
days

42 days
31 days

20.5 days

Non-radiation risks in Sverdlovsk oblast

Total cancer risk
Accidents - all types.
Including : homicide

suicide
alcohol poisoning

0.171
0.20
0.036
0.044
0.026

0.138
0.067
0.013
0.014
0.008

2.43 years
5.68 years
1.03 years
1.09 years
0.75 years

2.22 years
1.92 years
0.39 years
0.32 years
0.22 years
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MEASURES TO HANDLE ACCIDENTAL CONTAMINATION OF PERSONS
WITH STANDARD COUNTING DEVICES AVAILABLE IN A DEPARTMENT

OF NUCLEAR MEDICINE

H. Aiginger1, F. Konig2, D. Lauer1, E. Unfried1 and E. Ogris2 CZ9928486

Atominstitut der Osterreichischen Universitdten, Vienna, Austria
2Abteilungfur nuklearmedizinische Diagnostik und Therapie - Donauspital, Vienna, Austria

1. Introduction

The purpose of this work was to develop measurement geometries necessary to determine the contami-
nation of patients hospitalised after a radiation accident. Therefore it is very important to know which
specimens should be sampled to determine the external or internal activity of injured persons.

In these developed geometries, quantitative measurements had been started for the detector systems
available in the nuclear medicine department of the Danube Hospital in Vienna. The decisive factors
for the selection of the best suitable counting system for the different geometries are not only counting
efficiency but also energy resolution, deadtime, minimum detectable activity and availability.

2. Materials and methods

In general, the following samples should be measured for determination of contamination: scrub sam-
ples of the skin, samples of wound secretion, nasal sweeps and saliva samples as well as blood and fe-
cal samples.

For these samples the following measurement geometries were selected:

Measurement geometries

1) Marinelli geometry:
This geometry, is especially suited for urine samples which have to be collected for at least 24
hours. The Marinelli beakers used have a capacity of 1 liter.

2) Test tube geometry:
This geometry was used for low capacity samples (volume circa 1-2 ml) e.g. blood samples.
Therefore a test tube with 1.5 cm in diameter and 10 cm length was placed as close as possible to
each detector system.

3) Beaker geometry:
There are also punctuate activities such as nasal or saliva samples and wound samples. In this
case a plastic beaker with 6 cm diameter was placed close to the detector surface.

Detector systems

The Nal detector is a so called well type detector with a crystal of 3" x 3" (7.6 cm x 7.6 cm) and a well
size of 1.7 cm in diameter with a length of 5.5 cm. The detector is surrounded by 1.9 cm lead shielding.

The germanium detector (Ge) used is an n-type detector with a size of 5.5 cm in diameter and 5.5 cm
length and is protected with a 4 cm lead to shielding against background radiation.

For the evaluation of the spectra Canberra's "Genie PC" software was used.

There are some effects which have to be considered specifically

Using well type geometry the volume of the samples has to be kept constant, because counting effi-
ciency decreases with increasing sample volume due to geometrical considerations. The calibration
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was done with a volume of 1 ml. Further measurements should therefore be made with the same sam-
ple volume.

For a threefold increase of the volume to be counted, a 5 % decrease in counting efficiency is seen, a
value which is within the range of the accuracy of the efficiency calibration. For larger volumes, on the
other hand, a decrease of counting efficiency up to 30 % has to be taken into consideration.

Another important phenomenon is a deadtime of the counting system. Both counting systems are more
or less systems with paralyzing deadtime. For deadtime determination of each counting system the
short lived isotope 99mTc was used. 99mTc was counted for several days in time intervals of 1 hour to
determine deadtime.

The data points obtained could be fitted by a function which describes both counting systems as having
a combination of a paralyzable and a non paralyzable portion of dead time (Fig.2). For the Nal - de-
tector an overall deadtime of 12.4 usec, for the Ge - detector an overall deadtime of 47 usec was de-
termined by us.

3. Results

After the energy calibration and the determination of the energy resolution, the efficiency calibration
for the different geometries for both detector systems had been performed as shown in Figure 1.

Fig. 1. Efficiency calibrations for Nal and Ge detectors in different geometries
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For the scintillation detector, the high counting efficiency in the well for the test tube geometry is char-
acteristic especially in the low energy range. For energies higher than 100 keV counting efficiency de-
creases because of the increasing part of penetration of the detector volume by high energy photons.

For the germanium detector, highest counting efficiency can be achieved using the beaker geometry
because of the small distance for photons to reach the detector, thus leading to high counting effi-
ciency.

Fig. 2. Deadtime effects for Nal- and Ge- detector
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As shown in see Figure 2, there is a linear relationship between calculated and measured counts in the
beginning of the registered curve for both systems. For the well- type scintillation detector the maxi-
mum detectable count rate is about 30 kcps, but the linear relation in true count rate is only guaranteed
up to 10 kcps. For higher count rates dead time correction has to be made to avoid erroneous results.

Fig. 3. Maximal activity for Nal- and Ge- detector in different geometries
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Because of the germanium detector's longer dead time, the maximum detectable count rate is consid-
erably lower (about 8 kcps). But the linear portion of the curve is longer in comparison to that of the
scintillation detector. A linear relationship between calculated and measured counts can be expected up
to a count rate of 6.5 kcps.

Knowing the extent of the linearity between calculated and registered counts for each detection system,
it is possible to calculate the critical activity, above which dead time correction has to be made (see
Figure 3).

4. Discussion

The identification of radionuclides by the use of a scintillation detector is restricted because of its
lower energy resolution.

It should also be considered, that for count rates which are exceeding those, lying on the linear part of
the relationship between true and calculated counts, measured activity will be lower than true activity
due to dead time loss during registration of real count rate.

Although the maximum detectable count rate of the germanium detector is lower, it is possible to de-
tect higher true activities because of its lower detection efficiency (see Figure 3).

The well- type scintillation detector, on the other hand, solely has advantages if the test-tube geometry
is used. Using this geometry the minimum detectable activity is much lower in the energy range be-
tween 100 and 600 keV. But using the well-type detector, volume has to be kept constant (calibration
has to be done for a certain volume).

In general, test tube geometry should be used for the well-type scintillation detector. Only if it is not
possible to determine the activity of a radionuclide because of the scintillation detector's low energy
resolution, the germanium detector should be used for this purpose.
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OPTIMIZATION OF THE WEARING TIME FOR PASSIVE INDIVIDUAL
DOSIMETERS

V.E. Aleinikov CZ9928487

Joint Institute for Nuclear Research, 141980, Dubna, Moscow Region, Russia

1. Introduction

Even after the proposal of the principle of "as low as reasonably achievable" (ALARA) in Publication
26 of the International Commission on Radiological Protection (ICRP) [1], most radiation protection
has been carried out qualitatively and/or intuitively in the light of social and economic considerations,
and not positively practiced on the basis of quantitative optimization. Examples of optimization of ra-
diation protection are provided in the appendices of ICRP Publication 37 [2]. In each calculations are
based on fairly well defined parameters and assumptions that were well understood. This paper de-
scribes the application of quantitative optimization techniques to the wearing time for individual do-
simeters. The optimization is based on empirical data and less certain assumptions and it may represent
typical application of ALARA principle to evaluation of specific elements of radiation monitoring pro-
grams.

2. Use of cost-benefit analysis in the optimization of the wearing time for dosimeters

Routine individual occupational radiation monitoring is necessary to ensure that exposure are kept as
low as reasonably achievable (ALARA) and that the authorized dose limits are not exceeded. The type
and extend of the monitoring depend on the nature and magnitude of occupational radiation exposure.
Optimal choice of the wearing time for individual dosimeters, T, has important consequences for
achievement of the individual monitoring objects. It was shown [3] that the choice of T depends on in-
dividual dose distribution, the lower detection limit for the detector used, the cost of the measurements
and the benefits associated with the results.

The net benefit from the introduction of a practice involving ionizing radiation is the gross benefit mi-
nus the cost of the practice [2]. This is expressed by the equation

B=V-(P+X+Y) (1)

where B is the net benefit of the introduction of a practice, V is the gross benefit of the introduction of
such practice, P is the basic production cost of the practice, excluding the cost of radiation protection,
X is the cost of achieving a selected level of radiation protection and Y is the cost of the detriment re-
sulting from the practice at the selected level of radiation protection.

For an occupational individual monitoring programme, the optimal frequency of individual monitoring
is achieved when B, the net benefit, is maximized. Assuming the relevant independent variable is the
wearing time for individual dosimeters T, the maximum benefit would be attained when

dV(dP

{dT{dT+ dT + dT

Considering V and P to be independent of T, the optimization condition is fulfilled when

where To is the optimum wearing time for dosimeters.
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Based on analysis of the functions —— and — it was shown [3], that the optimization condition for

choice of the optimal wearing time for individual dosimeters, To, is

Tn-
aki k,L\ _„ k.D"

L1P\-t-\-D'P\ = 0 (4)

where

To is the optimal wearing time,

a is the dimensional constant expressing the cost assigned to the unit collective dose for radiation pro-
tection purposes,

ki = 1 year/person and k2 = 1 year are the dimensional constants,

C is the cost of the single dosimeter used,

L is the dose limit,

P(H) is the distribution of annual individual doses H,

D is the lower detection limit of the dosimeter used.

3. Dose distribution and numerical example

The United Nation Scientific Committee on the Effects of Atomic Radiation (UNSCEAR) suggested
[4] a reference distribution of occupational individual doses in the log-normal form:

o

'1where k3= 1 rem'1 is the dimensional constant, a = 0.86641 and |o. = -1.0684, if the average dose

equivalent H = 0.5 rem.

The log-normal form of the distribution is meant to reflect the fact that in many occupations involving
radiation exposure the majority of workers receive low doses and only a few are exposed to relatively
high doses.

For the log-normal dose distribution (see (5)) (4) has analytical solutions in two specific cases: 1) the
lower detection limit for the dosimeter used D = 0, 2) the ratio C/a equals to 0.

In the first case (D = 0) the result is

To — k2k-iLe

and in the second case the solution is

T' — lr lr I T Plo~(P+al) (1\
Q — K2 K3 "V i-ilJS \ I )

or taking into account that

n — e \v)

we obtain

(9)
0 2 3 H

A plot of To as a function of D calculated by (7) for L = 2 rem, u. = -1.0684 and a =0.8664 (H= 0.5
rem) is shown in Fig.l.
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Figl. The optimal wearing time, To, as a function of the lower detection limit of the dosimeter used, D, if
C/a = 0.
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In order to calculate the optimal wearing time 7b for individual dosimeters, based on ALARA princi-
ple, (4) shall be solved. The results of the numerical solution of (4) for log-normal dose distribution for
1 = 5 rem, 7f= 0.5 rem, \i = -1.06849, a = 0.86641 and different D are given in [3].

4. Conclusions

The optimal wearing time for individual dosimeters, To, depends not only on the dose distribution, but
To depends also on both the quotient of the cost assigned to the unit collective dose, a, by the cost of
the dosimeter, C, and the lower detection limit for the dosimeter, D. If the ratio C/a is infinitesimal,
then the optimal wearing time, 7b , is directly proportional to the -JDE and inversely proportional to
the average annual individual dose H for log-normal dose distribution.
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NEUTRON SPECTROMETRY AND DOSIMETRY IN THE ENVIRONMENT
AND AT WORKPLACES

A.V. Alevra1, H. Klein1, K. Knauf1, J. Wittstock1 and G. Wolber2

Physikalisch-TechnischeBundesansta.lt, Bundesallee 100, D-38116 Braunschweig, Germany
Deutsches Krebsforschungszentrum, Im Neuenheimer Feld 280, D-69120 Heidelberg, Germany

Abstract: In order to achieve high accuracy in neutron dosimetry, a spectrometric investigation of the
neutron fields is required. We compare results obtained under a large variety of environmental condi-
tions using both spectrometric and dosimetric instrumentation. For one example, the uncertainties of
the integral quantities obtained from spectrometric investigations are illustrated.

1. Introduction CZ9928488

A well-characterized Bonner sphere spectrometer (BSS) can achieve high accuracy in the determina-
tion of the integral fluence and dose equivalent due to neutrons with energies extending from the ther-
mal region to hundreds of MeV. Low-noise/high-efficiency detection systems allow fields with rather
low spectral neutron fluence to be investigated.

The lowest neutron fluence measured was the natural background at ground level due to the cosmic-
ray-induced neutrons. The instrumental background could be determined in a salt mine gallery 850 m
below the earth surface.

Special attention is paid to the investigation of the neutron fields at workplaces. Results are reported
from measurements made at the Czech nuclear power plant in Dukovany, and in a few locations at the
isochronous cyclotron of the German Cancer Research Center in Heidelberg. As an example, a short
analysis of the uncertainties of the integral quantities obtained for one of the "Dukovany" neutron
fields is presented.

2. The PTB Bonner sphere spectrometer

The PTB BSS consists of 12 polyethylene spheres with diameters from 7.62 cm (3") to 45.72 cm (18")
and a 3He-filled spherical proportional counter (type SP9, Centronic Ltd, UK) used as central thermal-
neutron-sensitive detector, but also as bare or cadmium-shielded detector. The fluence response matrix
of this BSS is mainly based on experimental calibration data obtained with thermal neutrons1, with
monoenergetic neutrons at 12 energies between 1.17 keV and 14.8 MeV2, and with 55 MeV quasi-
monoenergetic neutrons3. The complete response matrix, covering the neutron energy range from
10'3 eV to 109eV, was obtained using calculated response functions4'5 for inter- and extrapolations.
The complete matrix has been described elsewhere6.

3. The cosmic-ray induced neutron natural background

The neutron natural background on the PTB area in Braunschweig (52° 16' N geomagnetic latitude and
about 60 m in altitude) was measured during May and June 1997 (solar minimum). The PTB Bonner
spheres were installed at 1.5 m above ground in a tent. As the neutron-induced count rates are very low
(from 1.99 • 10"2 counts/s for the 6" BS to only 7.32 10"4 counts/s for the bare counter under cad-
mium), special care was taken to avoid parasitic pulses due to humidity, dirt, mains supply, etc. The
pulse-height analysis of the detector signals indicated that these contributions were kept low and could
be well separated from the neutron-induced events. Nevertheless, the instrumental background, i.e. the
potential recording of pulses in the amplitude range in which pure neutron events take place, was in-
vestigated in the "Asse" salt mine 850 m below the earth surface, a place completely free from neu-
trons. This investigation has shown that besides the unavoidable parasitic low-amplitude pulses due to
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noise (produced mainly in the electronics), there is a component due to the SP9 counter itself which
consists of pulses almost uniformly distributed over the whole amplitude range analyzed.

This contribution, the "zero effect", depends on the individual counter and was 1.30 • 10"4 counts/s for
the counter used in the series of measurements reported here (already 18% of the lowest count rate en-
countered in this experiment), but in the worst case, using another detector, we measured 8.53 • 10"4

counts/s.

The result obtained from the net count rates of 12 BSs and of the bare and the cadmium-shielded de-
tector is presented as thick full line in Fig. 1. For corn-

Fig. 1. The neutron spectrum due to the cos- p a r i s o n j a s i m i l a r s p e c t r u m measured in 19917 (near
mic-ray-induced natural background ^ m a x i m u m ) w i t h o m y 5 B S s ( t h i n m H n e ) a n d

measured on the PTB area (thick full line) ,, , J • u- u + r
compared with a similar spectrum meas- * e fP**?™ m e f Uref m » \ g

T ^ f FgJ T T A
ured in 1991 (thin full line) and a neutron b r a t l 0 n f i e l d Produced at CERN (dot-dot-dashed his-
spectrum produced at CERN for calibra- togram) are shown. The spectra shown are normalized
tion purposes (dot-dot-dashed histogram) t o UIU't integral fluence, nevertheless the same normali-

zation factor was used for the two natural background
spectra. The old natural background spectrum is very
similar to the new one for energies from thermal up to
about 10 MeV. At higher energies, as response matrix
data above 25 MeV were not available when the old
result was obtained, the high-energy neutrons were
then forced to enter a limited energy band, which also
implied that their amount was underestimated. The old
integral values (see in Table 1 under
NAT-BG-PTB91a) for the fluence rate and dose-

equivalent rate compared well with the new ones. A later evaluation of the '91 data8, using the com-
plete response matrix and the CERN spectrum as a priori information, producted the integral values
given in Table 1 under NAT-BG-PTB91b. Fig. 1 also suggests that the CERN neutron field behind
80 cm of concrete shielding well simulates cosmic-ray-induced neutrons.

4. Neutron fields at the Czech nuclear power plant in Dukovany

Within the framework of a German-Czech cooperation project, neutron fields were investigated in one
of the four pressurized-water reactors of type VVER 440 (without containment) at the Dukovany nu-
clear power plant, at three different places where the personnel regularly carries out inspections or
maintenance work: position A, in the reactor hall, 135 cm above the reactor's protective cover; position
B, in the room of the main coolant pumps (primary cooling circuit), 150 cm above the floor; position
C, in a room near the bottom of the reactor, which was considered to be the workplace with the highest
dose-equivalent rate, where access was restricted to a few persons only, each time with special permis-
sion.
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The three neutron spectra obtained are shown in Fig. 2,
normalized to unit integral fluence. The integral neu-
tron fluence rates and the dose-equivalent rates, as well
as the mean conversion factors due to these three fields
are given in Table 1. Compared with neutron spectra
measured at power reactors with containment at Ring-
hals (Sweden)9, the Dukovany spectra are harder. Nev-
ertheless, the integral dose-equivalent values are lower
at Dukovany, obviously due to the massive shielding.
Very similar neutron spectra were encountered in the
vicinity of transport containers filled with spent fuel
elements9'10.

Fig. 2. The neutron spectra measured at three
locations in the Czech nuclear power plant
in Dukovany (for details see text)
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5. Neutron fields at the isochronous cyclotron of the German Cancer Research Center
in Heidelberg

At the German Cancer Research Center in Heidelberg, an MC32NI-Scanditronix isochronous cyclotron
is used to accelerate protons and deuterons to energies of 32 MeV and 16 MeV, respectively. Imping-
ing on a thick beryllium target they produce high-intensity fields with relatively high mean neutron en-
ergies used for radiobiological experiments. Moreover, deuterons are used together with a neon gas
target to produce the short-lived I8F isotope used as a halogen tracer in many direct chemical syntheses.
In this case, a large amount of neutrons results mainly from the deuteron breakup, but the reaction
TSTe(d,n) Na contributes as well. The accelerator and the targets are located in rooms surrounded by

heavy concrete shielding. The measurements were performed with the BSS and various dosemeters
outside the shielding, but within the laboratory hall (1 m concrete). They were aimed at a comprehen-
sive spectrometric and dosimetric characterization of the neutron fields at these locations.

Four typical neutron spectra are selected in Fig. 3, all normalized to unit integral fluence. The spectrum
Fig. 3. Four neutron spectra measured at vari- "a" originates from protons hitting the beryllium target.

ous locations at the isochronous cyclotron It was measured in forward direction relative to the
of the German Cancer Research Center in proton beam, and between the 1.5 m thick concrete
Heidelberg (for details see text) shielding of the target room and the laboratory wall.

The spectra "c" (due to Be + d neutrons) and "d" (due
to Be + p neutrons) were measured in a room just be-
low the target (1 m steel armed concrete in between).
The spectrum "b" was measured outside the neon tar-
get room, at the height of the deuteron beam, but off its
direction.

A particular feature of the spectra shown here, espe-
cially of the "a" and "b" spectra, is the relatively high
contribution of thermal neutrons, obviously due to
massive concrete shielding. In the "a" spectrum for in-

stance, the neutrons with energies below 100 keV contribute 94% to the total fluence and 40% to the
total dose-equivalent.

The integral quantities obtained from the spectra shown in Fig. 3 are given in Table 1 and correspond
in each case to 1 u A beam current on the target. It should be noted that the beam current routinely used
is about 30 uA.

6. The accuracy of the integral results obtained with Bonner spheres

For the results listed in Table 1, no uncertainties are given. There are many factors influencing the un-
certainties of the results obtained with BSSs, and even when a well-specified system, with estimated
uncorrelated uncertainties between 1.2% and 2% for the energy-dependent fluence response of the in-
dividual spheres and a fully correlated uncertainty of 3% for the whole response matrix is used, serious
problems may arise due to unstable neutron fields, combined with poor monitoring of these fields,
parasitic effects altering the measured count rates, etc. Also, the existence and the quality of a priori
information and the skill in spectrum unfolding play an important role.

In Ref. 11 it was shown that uncertainties of ± 4% for the integral neutron fluence and + 15% for the
integral dose equivalent can be achieved. The experience with many neutron fields investigated con-
firm this estimation, but there are indications that some better results are achievable. The
"Dukovany-C" spectrum measured with very good stability in time, was chosen for a new exercise
aiming to estimate the total uncertainty, including the contribution of the unfolding procedure, of the
integral results.
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Fig. 4. The "frequency" distribution of the inte-
gral fluence and integral dose-equivalent val-
ues due to "all" valid solutions, relative to the
values of the best solution
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The solution of few channel unfolding is not unique,
but a valid solution must satisfy the chi-squared
criterion for compatibility with the measured count
rates. The test is made by folding the neutron spec-
trum with the response matrix and comparing the
simulated count rates with the measured ones. If the
deviations lie within the uncertainties attributed to
both the measured count rates and the fluence re-
sponses, the chi-squared criterion is satisfied. The
exercise consisted in generating a large number
(22627) of reasonable spectra in order to uniformly
fill a space in which also valid solutions should be
found. 188 spectra satisfying the chi-squared crite-
rion were retained as valid. The frequency distribu-
tions of the integral fluence and dose-equivalent
values deduced from these solutions are shown in
Fig. 4. The frequency analysis is made in 41 chan-
nels of 1% width, covering the relative deviations
from - 20.5% to + 20.5% with respect to the solu-

tion adopted as the best one.

Approximating the frequency distributions obtained with Gaussians, the standard deviations are
± 0.9% for the fluence and ± 4% for the dose equivalent. The uncertainties of the measured count rates
and of the individual fluence responses (uncorrelated) were considered.

Adding quadratically the correlated uncertainty of the whole response matrix, estimated to be ± 3%, we
obtain ±3.1% uncertainty for the integral fluence and ± 5% uncertainty of the dose equivalent accord-
ing to ICRP74 (always in terms of 1 standard deviation, i.e. 68% confidence level) for the
"Dukovany-C" result.

7. Dosimetric measurements compared with results from spectrometry

Integral results obtained with the BSS are listed in Table 1. Besides the neutron fluence rate, we give
the dose-equivalent rate according to ICRP21 (HMADE) and ICRP74 (H*(10)), and the corresponding
mean conversion factors, which give a good indication about the hardness of the spectra. In addition,
dose-equivalent readings obtained with a Leake type rem counter (HARWELL 049) and a EG&G-
Dr.BertholdLB6411 dosemeter, both calibrated with a bare 252Cf source, are listed.

The reading of any instrument can be predicted, provided the fluence response of the instrument in the
energy range covered by the neutron spectrum measured is known. The predicted readings of the two
survey instruments used in the measurements are included in Table 1. The prediction could not be ob-
tained for the natural background field, because this spectrum extends up to about 400 MeV and the
fluence response of the instruments involved is not known for energies higher than 20 MeV.

The Leake counter overestimates the dose-equivalent, often by a factor of about two in rather soft
spectra, as confirmed by the computational predictions. The agreement between the LB6411 and BSS
results is sensibly better and less dependent on the softness of the spectra, nevertheless, a general trend
of underestimation by about 15 to 20% is observed.

8. Conclusions

The few results presented in this paper demonstrate that a well-specified Bonner sphere spectrometer is
capable of determining the neutron fluence and dose-equivalent in a large variety of neutron fields and
environmental conditions with reasonable accuracy.
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Table 1. Integral quantities of the neutron fields presented in this work, as obtained from measurements
with Bonner spheres and dosemeters.

NEUTRON
FIELD

NAT-BG-PTB-97
NAT-BG-PTB91a
NAT-BG-PTB91b
DUKOVANY-A
DUKOVANY-B

DUKOVANY-C
DKFZ-a/lBeP2
DKFZ-b / 6NeD2
DKFZ-c / 2BeDl
DKFZ-d/2BeP2

Results obtained from the BSS measurements
Fl. Rate

cm'2 s'1

0.0151
0.0122
0.0132

15.24
698.15
840.94
52.89
43.89

1.20
5.04

Dose-Equival.
Rate
uSv/h

IT
MADE

0.0127
0.0084
0.0101
2.15

84.91
191.76

5.26
6.63
0.40
2.14

H*(10)

0.0115
0.0106
0.0094
3.00

122.62
292.18

5.94
7.73
0.45
2.37

Mean Conv.
Factor

pSvcm2

Mean

nMADE

233.5
190.7
212.3
39.14
33.78
63.34
27.63
41.96
91.27

117.9

Mean

h*(10)

211.9
240.7
198.1
54.58
48.79
96.50
31.26
48.91

104.0
131.2

Predicted DE
Reading

nSv/h
LEAKE

ri
MADE

4.64
184.33
350.74

7.91
9.18
0.45
2.21

LB6411

H*(10)

2.90
109.33
243.71

5.05
6.98
0.44
2.30

Dosemeter measurements
Dose-Equival.

Rate
nSv/h

LEAKE

TJ
" M A D E

.0082

5.00
178.5
343.2

6.91
8.32
0.45
2.29

LB6411

H*(10)

2.27
88.00
221.34

4.90
6.63
0.47
2.38

Measured / Pre-
dicted

%
LEAKE

IT
MADE

107.5
96.6
97.7
87.4
90.6
99.3

103.8

LB6411

H*(10)

78.3
80.5
90.8
97.1
95.0

107.3
103.3
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OFF-SITE NUCLEAR EMERGENCY MANAGEMENT IN GERMANY UNDER
THE AUSPICES OF THE FEDERAL STRUCTURE

A. Bayer, S. Bittner and H. Korn CZ9928489

Federal Office for Radiation Protection, Institute for Radiation Hygiene, D-85762 Oberschleissheim, Germany

Abstract: Because of the federal structure of Germany, both the individual states (Lander) and the fed-
eration (Bund) are involved in the task of off-site emergency management. The states have site-related
Remote Monitoring Systems for Nuclear Power Plants (KFU), whereas the federation has a nationwide
Integrated Measurement and Information System (IMIS). The states are responsible for the disaster re-
sponse. The federation is responsible for radiation precaution measures. In the event of an accident, the
state and federal authorities make their decisions and implement the corresponding emergency meas-
ures within their domains of task and responsibility. At the same time, there is an exchange of infor-
mation and coordination of measures between both levels.

1. Protection tasks and responsibilities

The task of nuclear emergency management is to protect the population against the danger of ionizing
radiation exposure that might result from accidental releases of radionuclides. The aims and duties of
emergency management are: prevention of acute radiation damage, (2) reduction of high risks for indi-
viduals, and (3) reduction of the collective risk. Because Germany is a federation composed of 16
states (Lander), both the federation (Bund) and the individual states (Lander) are assigned tasks and re-
sponsibilities in emergency management. Figure 1 gives an overview of this arrangement.

Fig. 1. Operational Emergency Protection System of the States and Federation
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States

The states are responsible for the disaster response, which includes measures that prevent acute radia-
tion damage and reduce the risk caused by high doses for individuals. In the event of a severe accident,
disaster" control measures are generally required in the near vicinity of a nuclear facility.

Federation

The federation is responsible for radiation precaution measures, that means measures to reduce collec-
tive risk. Generally, precautionary radiological protection measures are called for in areas geographi-
cally contiguous with disaster response areas.

2. Operational emergency protection systems

2.A. Monitoring

States

The governmental authorities receive necessary information for their decision making from the Remote
Monitoring System for Nuclear Power Plants (KFU). The KFU monitors the operation of nuclear in-
stallations as well as radioactive emissions into the atmosphere and the hydrosphere; weather data that
govern atmospheric dispersion; and the radioactive concentration in air, water, and land around the nu-
clear installation.

The measuring systems are supported by a computer-based information system. Atmospheric and hy-
drospheric transport models and radioecological models facilitate the evaluation of the measured data
to gain an overview of the radiation exposure situation and the derivation of recommendations for
countermeasures. During routine operation, data are generally transmitted every 60 min. In an emer-
gency, an alarm is automatically triggered, and the data are then transmitted in 10-min intervals.

Federation

The governmental authorities receive necessary information on environmental radioactivity from the
nationwide Integrated Measurement and Information System (IMIS) for the Surveillance of Environ-
mental Radioactivity for the whole country. IMIS consists of the following systems:
• Nationwide, on-line monitoring systems with fixed locations for measurements of the gamma-dose

rate and of nuclide-specific concentrations in air.
• Ground-based and airborne mobile systems for in-situ measurements of contamination levels.
• Specialized laboratories to measure various environmental samples, such as soil, water, food, and

animal feed.
• Transport models capable of predicting the long-range transport of a radioactive plume and the re-

sultant contamination in air, soil, and water.
• Radiological models capable of predicting the levels of radiation exposure to derive recommenda-

tions for precautionary measures from the assessment.

Data are transmitted every 24 h during routine operation and every 2 h in an emergency.

2.B. Measures

States

Typical disaster control measures include (1) sheltering (staying indoors), (2) evacuation, (3) distribu-
tion of iodine tablets, (4) traffic control or decontamination, and (5) medical treatment of individuals.
They are mainly based on doses to be expected because of external irradiation and internal irradiation
via inhalation within 7 days. Disaster control measures are planned within a distance of approx. 25 km
for each individual facility. If it is necessary to take these measures beyond 25 km they will be initiated
on an ad hoc basis.
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Federation

Precautionary measures to reduce collective risk are categorized as follows:

• Direct measures
- Forbidding or limiting the distribution of food or animal feed, as laid down in legislation from the

European Union (EU)

• Indirect measures
- Recommendations to the processors and manufacturers of food and animal feed for minimal con-

tamination
- Recommendations to the public on how to protect themselves
- Recommendations to those who produce their own food

A Catalogue of Countermeasures currently in the review process, will focus on the description of pre-
cautionary protection measures:

2.C. Evaluation of Monitored Results and Formulation of Decisions for Emergency Measures

States

The state government or a subordinated authority is responsible for the evaluation of the overall situa-
tion in the vicinity of the facility and for the decision on disaster control measures. The state Ministry
for the Environment is normally responsible for the evaluation of the radiological situation and advises
the responsible authority. The state Ministry of the Interior has overall responsibility for the imple-
mentation of the decision making assisted by its comprehensive subordinated administration.

Federation

The federation is responsible for the evaluation of the overall situation on the entire national territory
and for decisions on wide-range precautionary measures. The Federal Ministry for the Environment
(BMU) has the overall responsibility for both tasks. It is supported by the Federal Office for Radiation
Protection (BfS) and advised by the Commission on Radiological Protection (SSK) and the Commis-
sion on Reactor Safety (RSK).

In the event of an accident, there will be an exchange of information and coordination of necessary
measures between the states and the federation. For optimal cooperation and mutual emergency pro-
tection, training sessions and emergency exercises are held.

3. Conclusion

For a harmonious and productive cooperation between the federation and the states, it is necessary for
the monitoring systems and programs to complement and support each other in the decision process.
Mutual exercises of the federation and the states must be carried out - independently from the INEX
exercises - in order to test the coordination process as well as the decision process and the exchange of
information.
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PREVENTIVE RADIATION PROTECTION IN GERMAN NUCLEAR POWER
PLANTS

D.E. Becker1, W. Bentele2 and K.H. Walter2 CZ9928490

'Federal Office for Radiation Protection, Postfach 10 01 49, D-38201 Salzgitter, Germany
2Nuclear Power Plant Neckarwestheim, Germany

1. Introduction

Neckarwestheim is the operating site of two nuclear power plants. Unit 1 went into operation in 1976
and Unit 2 followed in 1988. The experience in radiation protection accumulated during operation of
Unit 1, was incorporated into the design of Unit 2, and lead to substantive improvements.

The sources of radiation exposure to the personnel of nuclear power stations are, direct radiation emit-
ted from the core, radiation from fission products released from damages of fuel elements, radiation
from corrosion products which have been activated during passage through the core, and structural
material which has been activated by neutrons which have escaped from the core. Measures for the re-
duction of radiation exposure to personnel must thus mainly be aimed on the reduction of these radia-
tion sources. Design modifications to plant components, automated inspection tests, and reduction of
repair times in relevant areas also provide, however, positive contributions to the reduction of expo-
sures. The main reasons and measures, that lead to the reduction in radiation exposure are indicated,
such as:
- selection of more suitable material for the primary and secondary cooling loops
- reduction of fuel rod damages
- modifications in the design of components
- prevention of corrosion by optimizing the water chemistry, thus preventing the activation of corro-

sion products during core passage
- reduction in the amount of escaped neutrons from the core, thus reducing the activation of the reac-

tor shielding
- increased automatization of the in-service inspection of the primary loop
- development of efficient repair strategies by training with dummies
- providing for sufficient space for the carrying out of repair work, already in the design phase of the

nuclear power plant.

2.1 Application of materials - constructional design materials

The radiation field around activity-carrying systems is determined by activated corrosion products of
structural materials. Especially in older plants the dose rate contribution by Co-60 sources can reach
levels up to 90%. Important sources are cobalt-based alloys such as stellite, which are, due to their me-
chanical properties, used for resistant hardfacing alloys and plating for particular surfaces. An impor-
tant contribution to the reduction of the radiation field within nuclear power plants was provided by the
development of new, cobalt-free construction materials with comparably high load. These materials
have been introduced, step-by-step, into the construction of new plants. The reactor coolant contact
surfaces with cobalt based alloys were reduced in Unit 2 from l l m 2 to 2 m2, compared to Unit 1.
Furthermore admissible levels of cobalt impurities were defined in the material specifications. For in-
stance, around the primary coolant tubes, the contribution of Co-60 to the dose rate was reduced by a
factor of 10. The development of the dose rate in the channel head of the steam generator in the two
plants throughout the previous operational period, differs likewise by approximately one order of mag-
nitude. Correspondingly, the average annual collective dose of 1 to 2 Sv for Unit 1, has been reduced
to a level of around 0.2 Sv in Unit 2.
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Antimony can be cited as a further example of the successful replacement of materials. Antimony is
used as a supporting material in the carbon bearings and sealings of the primary coolant system pumps,
and also in the pumps of the nuclear auxiliary systems. Through the refitting of bearings and sealings
by antimony-free ones, antimony could, with only a few exceptions, be largely removed from the nu-
clear circuits. A further example for the avoidance of this particular activation product is to be found in
the general exclusion of the use of Sb/Be secondary neutron sources. Occasionally, these sources had
led to considerable amounts of antimony 124 contamination due to damage of the cladding tubes.

The structural components of the fuel elements are also a considerable source of activation, and these
can, due to the high total surface area, also provide a considerable contribution to the radiation field.
Through strict specification of admissible Co-impurities in these construction materials, and the re-
placement of austenitic materials and nickel-based alloys by zircon materials, the build-up of deposits
of these sources, for example Co-60 and Co-58, was reduced considerably.

On the basis of the operational experience gathered over many years, a range of measures can be de-
rived which are appropriate for avoiding or reducing increased radiation fields in new plants by means
of constructional and preventive measures, particularly in case of system changes or backfitting meas-
ures. Surface treatment procedures, for example, pre-oxidation or electrolytic polishing as well as the
avoidance of flow wake areas in components or in piping networks are appropriate in order to mini-
mize the deposition of radionuclides. Flushing facilities located at the deepest points in the system are
required for removing unavoidable depositions.

One example of a successful design modification is the refitting of the internal insulation of primary
coolant pumps. The coiled sheet pack with its high surface area are replaced with a solid wrought steel
body with comparable technical properties.

2.2 Water chemistry in the primary coolant circuits in pressurized water reactors

The dose rate in system components outside of the reactor core is primarily caused by the deposition of
corrosion products of constructional materials activated in the core, and their deposition in the oxide
layers of the inner surfaces of systems components. The corrosion and transport processes are mainly
dependent on the chemical conditions within the circuit medium. Therefore, the chemical operational
regime is of utmost importance for controlling the radiation field. Today, reliable data from long-term
operational experience and supplementary laboratory tests, are available on the causal mechanisms of
these processes, and on their dependence on circuit temperatures and chemical conditions. At a pres-
surized water reactor primary coolant temperature of 300 °C and without presence of oxygen an opti-
mal pH value of 7.4 can be derived.

In normal operation, the secondary coolant circuit of a pressurized water reactor is free of activity. The
barrier to the primary circuit consists of thousands of heat-exchange tubes. In the case of a leakage of
one of these tubes, the secondary circuit will be activated with all the negative impacts due to radiation
exposure.

Many measures like

• alkalization of the secondary circuit only with the volatile alkalization agents hydrazine/ammonia in
high concentration (high AVT operation)

• the periodic removal of iron oxide precipitation on the tube plates by high-pressure cleaning (tube
sheet lancing);

• the filtering of the superheat section circulating water over metal candles,

• the chemical cleaning of the steam generator, which is performed on demand, for the complete re-
moval of deposits in all areas

are carried out with the hope that there will be no problems over the operational lifetime of the reactor.
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2.3 Recurrent, non-destructive testing

The contribution of these inspections to the collective radiation exposure amounts to approximately 10
up to 20%. Only a relatively limited number of maintenance experts are affected. Notable progress in
the reduction of radiation exposure has been made in the area of non-destructive testing. The manual
examination of welded seams in pipes and components located in areas with high-level radiation fields
has been widely replaced by automated manipulators, which are guided above the test area on rails,
belts or chains. Special test systems are developed, particularly for older plants. In certain areas, dose
reductions by a factor of 10 to 20 have been achieved.

Equipment for material testing in inaccessible areas such as the reactor pressure vessel and its internals
or the steam generator heating tubes in PWR's, has also been subject to further developments leading
to significant dose reductions. Improvements to manipulator and inspection technology, shortening of
assembling times and increasing of failsafeness, so far, have resulted in halving the time for the
mechanised testing of the reactor pressure vessel. Correspondingly, the exposure to the personnel de-
creased.

Similar dose reductions have also been achieved, in the last few years, in the area of the mechanized
testing of the steam generator heating tube, an area in which, above all, the frequent necessity of en-
tering the steam generator channel head led to high individual doses. At the beginning of the eighties,
an eddy-current test on a steam generator in an old plant with relatively high radiation level resulted in
individual doses of about 30 mSv. Today the test can be carried out with doses below 10 mSv.

GKN - Annual Collective Dose
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2.4 Maintenance and repair work

In the area of maintenance and repair work on nuclear systems, a number of preventive radiation pro-
tection measures can be applied. The classic radiation protection measures, such as reduction of radia-
tion sources, shielding, limitation of distance and dwell time have been developed and refined:

224 Session 3



IRPA Regional Symposium
Radiation Protection in Neighbouring Countries of Central Europe, Prague, 8-12 September 1997

• Effective procedures with a minimum of radioactive waste are available for components and whole
systems

• Stationary shieldings were installed in areas with high radiation fields , if possible and necessary for
repair work at increased levels.

• The installation time for mobile shieldings was significantly decreased, for example, by means of
appropriately modified installation rails and pre-fabricated shielding components

• The replacement of screwed insulation panels by insulation panels in cassette form with quick lock-
sled to dose reductions during insulating work by 50%.

Technically complicated work practices are tested on a 1:1 scale dummy. Continuously optimized, and
above all, trained in order to ensure work conditions which are, also from the radiation protection point
of view, optimal for the maintenance and repair personnel.

3. Summary

In total, and as a direct result of all of these measures, the annual collective radiation dose for workers
in Unit 2, decreased by nearly a factor of 10.
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DECOMMISSIONING OF A 60Co RADIOACTIVE SOURCE FROM A
PANORAMIC IRRADIATOR AT THE UNIVERSITY OF GENOVA, ITALY

G. Castello1, F. Zorzoli2 and F. Lo Giudice3

CZ9928491
sDipartimento di Chimica e Chimica Industriale Universita di Genova, Via Dodecaneso 31, Genova, Italy

2Campoverde S.r.l, Via Quintiliano 30, Milano, Italy
3Nucleco S.p.A., Via Anguillarese 301, Roma, Italy

In the year 1960, a panoramic irradiation unit for research purposes in Chemistry was installed in a
gamma-cell at the Institute of Industrial Chemistry of the University of Genoa. The sealed 60Co source
had the activity of 1000 Ci, and was the greatest available in Italy for chemical research.

It was contained in a shielded underground well and could be extracted from its rest position into a
shielded room having a volume of about 8 m3, where different types of sample holders, heated pressure
vessels or pilot plants could be placed (Figure 1). The position of the source could be controlled with
great accuracy and adjusted with respect of the position of the samples.

The source, formed by three disks of activated cobalt contained into sealed aluminium capsules, was
obtained from the laboratory of Amersham, U.K. The producer inserted the radioactive capsules into
the source holder prepared by the University (Figure 2).

The source (1000 Ci) was shipped from England to Italy in a lead container (thickness about 220 mm)
placed on the deck of a cargo ship. The dose rate at the surface of the shield was 2-3 mGy/h. No special
rule, authorization or control were required by the existing regulation at that time during the navigation
and disembarkation.

The container was placed in the underground cell below the extracting apparatus (Figure 3). The source
holder was connected to the supporting rod and extracted from the container which was then shifted in
order to allow the introduction of the source into the shielded well. The procedure for installing the
source (introduction of the container into the irradiation room, connection of the source holder to the
supporting rod) required a time of about 30 min. The maximum dose rate was 10 mGy/h and the dose
received by the most exposed operator during the installation was 2.2 mSv.

When the source was at the bottom of the well, the shielding (lead within the supporting rod and
120 cm of magnetite-filled concrete under the floor) permitted the operators to enter the irradiation
room receiving a negligible dose. Safety interlocks avoided the extraction of the source when the slid-
ing shielded door was open and the opening of the door when the source was not in its rest position.

With this source, researches on the radiolysis of hydrocarbons and polymers, radioinduced alkylations,
polymerisation of gaseous and liquid monomers, graft copolymerisation and dosimetry were carried
out for many years.

Recently, due to natural decay (residual activity 7.6 Ci) a dose rate suitable for research was no more
available, the building had to be used for other purposes and the source was therefore removed.

This was accomplished by using a inner shield made of four parts (Figure 4) which were assembled
around the supporting rod in order to allow the extraction of the source from the well without exposing
the personnel to appreciable irradiation dose. The thickness of the shielded container was 127 mm of
lead and the maximum value of the dose rate at the surface of the shield 6 mGy/h.

The conditions of the source holder were previously monitored by a closed-circuit TV unit (Figure 5)
and some traces of corrosion were observed, probably due to the effects of gamma radiation on the
stainless steel in the humid underground environment. The possibility of contamination of the source
holder and of the well liner was therefore taken into account in the project.
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The sequence of the operations is shown (Figures 6 and 7). The inner shield was assembled around the
supporting rod of the source holder while the source was still at the bottom of the underground well.
The source was extracted from the well into the shield, the sliding lower block of the shield was
closed, the supporting rod was cutted (Figure 8) and the shielded cylinder containing the source was
sealed and extracted from the irradiation chamber (Figure 9-10).

The inner shield fitted exactly into a standard container suitable for truck delivery, CF 66 type, re-
sponding to the Euratom and Italian rules for transportation of radioactive sources. The internal part of
the shielded underground well was found to be contaminated (about 3 mCi of 60Co), and therefore the
steel liner was removed and disposed with proper safety procedures (Figure 11). The total time re-
quired for the decommissioning was two days:

• cleaning of the irradiation room
• mounting of the shields
• extraction of the source from the well
• cutting of the source holder
• extraction of the shielded container
• decontamination of the room

By following all the safety procedures the dose received by the most exposed operator during the entire
decommissioning was 54 p,Sv. The source and the contaminated parts removed during decommission-
ing were carried to an authorized storage site.
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Fig 11 fhe contaminated parts are removed

Session 3 229



IRPA Regional Symposium
Radiation Protection in Neighbouring Countries of Central Europe. Prague, 8-12 September 1997

PHOTON FIELDS ANALYSIS IN THE SPENT FUEL TEMPORARY
STORAGE

T. Cechak1, J. Klusofi1 and V. Fajman2 C29928492

CTU, Faculty of Nuclear Sciences and Physical Engineering, Dept. ofDosimetry and Application of Ionising
Radiation, Bfehovd 7, 115 19, Praha 1, Czech Republic

2State Office for Nuclear Safety, Senovdzne ndm. 9, 110 00, Praha 1, Czech Republic

1. Aims and methods of measurements

Spent fuel temporary storage was built on the Dukovany nuclear power plant territory and opened for
trial operation at end of 1995. The Castor 440 containers are used for the burnt up fuel assemblies
storing, maximum capacity of the store is sixty containers.

The set of periodical measurements was performed in order to get basic information on the time de-
pendence of the photon fields spatial distributions and spectral characteristics at the temporary storage
hall and its vicinity. Aim of this photon field analysis was to assess the radiation risk inside of storage
and influence of the storage on environment at its vicinity as well as evaluate and estimate time de-
pendence of these factors, corresponding to the gradual storage filling.

Spatial distributions of the air kerma rates / dose rates in the analysed photon fields were determined
by two methods:
• directly, using portable dose / dose rate monitor
• indirectly, calculating the energy distributions of corresponding quantities from scintillation gamma

ray spectrometry data

For the direct measurements the high sensitive dose / dose rate portable monitor NB 3201 (Tesla,
Czech Republic) with special combined scintillation detector, compensated for the energy and direc-
tional dependence, was used. At least five readings (averaging time 100 s) were taken at each measur-
ing point and mean value and standard deviation were calculated.

The (j,-Nomad (EG&G Ortec) portable scintillation spectrometer with <|>3"x3" Nal(Tl) detector was
used for the spectrometry measurements. The deconvolution technique based on the knowledge of the
detection system response matrix and Scofield-Gold iterative method was used for the spectrometry
data mathematical processing. This technique enables to calculate the spectral distributions of the re-
quired dosimetric quantities. Knowledge of this spectral distributions makes it possible to identify (in
limits of detector resolution) main radionuclides, contributing to the analysed photon field and evaluate
their contributions. Necessary detection system response matrixes were calculated using Monte Carlo
method. For correct interpretation of the results of low level (natural) background measurements it is
necessary to consider that spectra in energy interval up to 3 MeV do not cover main part of cosmic ray
component response and calculated values correspond practically only to terrestrial component.

All measurements were done in arrangement with center of the detector in reference height 1 meter
above ground.

2. Results
Twelve reference measuring points inside the storage hall and nine points (a .. i) at the close vicinity
(on the guarded area borders) of the temporary storage building were selected.
To follow development of the photon field characteristics with gradual filling the storage, the set of
identical measurements was repeated periodically (7 times up to now). First measurements were car-
ried out for empty storage before opening the operation.

The spatial distribution of the air kerma rate in the storage hall (in the reference height 1 meter) was
calculated from values measured in the individual points. Example of the isolines map (for last meas-
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urement from 19/08/97) is in the Fig. 1. The shape of isolines near to containers is only rough due to
relative low number of measuring points (see marks in the map), mutual screening among containers,
etc.

Fig. 1. MSVP-EDU, isolines dKa/dt [nGy/hod], on 19 August 1997

Spectral analysis of the gamma field shows about 10% contribution of the high energy component (up
to 3 MeV). In order to interpret the high energy response, the additional study of neutron fields using
the Bonner spectrometer was done. Relatively high neutron fluences were confirmed. It was concluded
that high energy response consist of the two parts: a) response to prompt gamma radiation, b) response
to neutrons due to sensitivity of Nal detector to them. Not negligible neutron sensitivity of the Nal de-
tector and impossibility to distinguish responses to photons and neutrons makes difficulties in exact
interpretation of the spectra and needs application of some method, suitable for mixed fields, in future.

Next set of measurements was done for the points in the close vicinity of the storage. Examples of the
time development of the measured air kerma rate values for two selected points are in the Figs. 2, 3.
Point e was selected on the side, from which the storage is filled (i.e. closest to the stored containers),
point i is just on the opposite side. All measurements lies safely in the 15% error band (guarantied
measuring method accuracy), systematically lower values at 11/12/95 and 11/03/96 are due to about

Fig. 2. Measurements at the spent fuel temporary Fig. 3. Measurements at the spent fuel temporary
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15-20 cm snow layer. Similar results for another points shows, that storing of the spent fuel has no in-
fluence (in the measurement accuracy limits) on the photon fields at the storage vicinity. This conclu-
sion was confirmed also by in-situ gamma ray spectrometry measurements. Spectrum on the Fig. 4,
measured in the reference point c for the empty storage represents typical spectrum of the natural back-
ground. Distribution of the differences between spectrum for empty storage (see Fig. 4) and spectrum
for partly occupied storage (measurement from 18/11/96) in reference point c, shows the close to zero
mean value. It confirms that there is no substantial difference between both spectra in any energy re-
gion.

Fig. 4. Typical background at the spent fuel temporary storage vicinity (point c)
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Spectrometry method gives interesting result by comparing the air kerma rate spectral distributions in
the points c and e. Comparison makes it evident, that the great part of this spectra difference is due to
higher contribution of the natural radionuclides (40K, Th-series), originated from the material of the
closer massive shielding barrier (for point e). It shows that stored containers give no or very low con-
tribution (in limits of the measurement method accuracy) to higher value of the air kerma rate in the
point e (and similarly in points g, f on the same side of the storage), in comparison with point c (or e.g.
i, compare Figs. 2, 3).

3. Conclusions
Performed photon fields analysis in the temporary spent fuel storage and its vicinity give a basic view
and assessment of the radiation risks and trends of development of this risks. It was confirmed, that
there is no measurable influence of the storage on the photon fields and environment in the storage vi-
cinity up to now.
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TRENDS OF RADIATION DOSE TO THE SLOVAK POPULATION FROM
DIAGNOSTIC NUCLEAR MEDICINE EXAMINATIONS DURING THE PERIOD

FROM 1985 TO 1995

S. Ftacnikova and P. Ragan CZ9928493

Institute of Preventive and Clinical Medicine, Limbovd 14, 833 01 Bratislava, Slovak Republic

1. Introduction

Medical uses of ionizing radiation contribute significantly to the radiation exposures of indi-
viduals and populations. This exposures (0.4 - 1 mSv annually per caput (1) far exceed those from
other man-made sources. There is need to analyze the frequencies, doses and trends of diagnostic and
therapeutic medical radiation procedures world wide. Such information could also be used in optimi-
zation of the dose for radiation protection purposes because the use of ionizing radiation in diagnostic
nuclear medicine procedures is associated with the risk of the damage of organs not only on the actual
patient but also on the next generation. The radiation dose depends on the type of used radiopharma-
ceuticals, the tested organ, the amount of administrated radioactivity, patient's age and weight and on
the velocity of physiological processes in the human body.

In our Institute of Preventive and Clinical Medicine we are following up the radiation burden to the
patients of nuclear medicine departments from diagnostic procedures during the period of 11 years.

2. Materials and methods

The effective dose provides a possibility of expressing the radiation risk to patients undergoing
different radiodiagnostic procedures by means of single figure. To evaluate the radiation dose to popu-
lation from radiodiagnostic procedures a mathematical formalism was proposed (2), (3). In Slovak
Republic are located 12 hospitals with nuclear medicine departments. For 1992 and 1995 we have sent
the questionnaires to all hospitals in Slovakia and received 100 % response. The requested information
was about the type of used radiopharmaceuticals and the mean administered radioactivity per examina-
tion, about the frequency of examinations and in period 1994 - 1995 also the information about the
age distribution of the pediatric patients was received (these were divided to the 4 age groups - up to 1
year, 1 to 5 year, 6 to 10 year and 11 to 15 year old).

The mean effective dose for the procedure was determined by multiplying the administered radioac-
tivity by the value of effective dose per unit of applied radiopharmaceutical's activity. These latter
quantities were taken from the work of Stabin at al. (4), in which the values of effective dose per unit
of administered activity were published for 6 different age groups (newborn, 1 year, 5 year, 10 year,
15 year old children and for adults) and for different radiopharmaceuticals used in nuclear medicine
procedures.

3. Results and discussion

The collective effective doses (SE), total numbers of examinations (N), the value of mean effective
dose per exam (E i) and per caput (E /caput) as well as the number of examinations per 1,000 inhabi-
tants during the period from 1985 to 1995 in Slovak Republic are summarized in Table 1. Table 1
shows also these values for another countries (USA, UK, Czech Republic, Bulgaria and Holland). The
value of SE in Slovakia demonstrates no significant changes during the examined period. However
there is some maximum in 1991 and after this time stable decrease till today. The total numbers of
performed examinations and the values of Ej demonstrate the similar patterns. Favorable is the de-
creasing trend of the value of mean effective dose per exam which occurred from 1991.
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This is mainly caused by replacing 131I labeled compounds with 99mTc radiopharmaceuticals what re-
duced radiation exposure significantly. In Figure 1A the relative frequency of examinations per-
formed using different radionuclides in SR is compared for years 1992 and 1995. Similarly in Figure
IB the relative contributions of radionuclides to the annual collective effective dose to the Slovak
population is displayed for the same years 1992 and 1995.

There is a need for the evaluation of the radiation dose from diagnostic nuclear medicine in pediatric
patients. The more precise analysis is included in the contribution (Ragan, Ftacnikova) presented at this
Symposium, in which the authors summarized the radiation burden to the children during the period
from 1994 to 1995 in Slovak Republic. Table 2 comprises an information about diagnostic nuclear
medicine practice for pediatric and adult patients during the period 1992 and 1995. From this table one
can see that during examined period the value of SE and Ej for adults has decreasing tendency and for
the children they increased.

Table 1. Collective effective dose SE, mean effective dose Ej and E per caput, and the number of examina-
tions in Slovak Republic in comparison with other countries.

Country

Slovak Republic

Czech Republic

Bulgaria

Holland

UK

USA

Year

1985

1986

1987

1988

1989

1990

1991

1992

1993

1994

1995

1987

1980

1985

1982

1982

SE [manSv]

68.1

69.7

80

83.5

79.9

76.7

112.7

98.6

92.4

66.1

54.6

609

980

112

950

32,000

Ei [mSv]

2.81

2.92

2.87

2.97

2.96

3,1

3.63

3.22

2.67

2.37

2.13

2.44

8.4

2.7

2.5

4.3

E/caput [mSv]

0.014

0.014

0.016

0.017

0.02

0.015

0.023

0.018

0.017

0.012

0.010

0.059

0.11

0.037

0.02

0.14

# ofexams

23,645

24,163

24,353

26,258

26,025

23,214.

31,055

30,645

34,532

27,855

25660

250,000

116,666

41,481

380,000

7,441,860

#/1,000 inhabitants

4.7

4.8

4.9

5.3

5.2

4.6

6.2

5.8

6.5

5.2

4.8

24.2

13.1

13.7

7.2

32.6

Table 2. Overview of nuclear medicine diagnostic practice for pediatric and adult patients during period
1992 -1995 in Slovak Republic

Year

1992

1993

1994

1995

#of
exams

Total

30,645

34,532

27,855

25660

#of
exams

Adults

28,663

33,564

26,113

24,151

#of
exams

Children

1,982

968

1.742

1509

SE[Sv]

Total

98.6

92.4

66.1

54.6

SE[Sv]

Adults

95.6

90.6

62.5

52.0

SE [SV]

Children

3.0

1.8

3.6

2.6

Ei
[mSv]

Total

3.22

2.67

2.37

2.13

Ei
[mSv]

Adults

3.34

2.7

2.39

2.15

E; [mSv]

Children

1.53

1.79

2.06

1.71

N/1000

Adults

7.7

8.6

6.5

5.8

N/1000

Children

1.4

0.7

1.3

1.3
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Figure 1A. Changes in usage of radionuclides in Slovakia
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4. Conclusion

The radiation dose in nuclear medicine examinations might be used as the criteria for the quality of
health care of patients. This is done by evaluating the mean effective dose per examination. This con-
tribution represents the overview of the evaluation of diagnostic nuclear medicine produced ionizing
radiation exposure in Slovak Republic during the 11 years period. In comparison to other countries the
ionizing radiation exposure is relatively low (Table 1), suggesting a very judicious use of radiopharma-
ceuticals in the country. On the other hand, the number of diagnostic procedures per 1,000 inhabitants
is significantly lower ( and still has a decreasing tendency) than in most developed countries (Table 1,
Table 2). This fact is explained by the lower capacity of health care facilities in SR, related to the de-
pressed economic situation.
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72 MeV PROTON CYCLOTRON FOR BORON NEUTRON CAPTURE
THERAPY IN SLOVAKIA

M. Ftilop, P. Ragan and S. Fta5nikova CZ9928494

Institute of Preventive and Clinical Medicine, Limbovd 14, 83301 Bratislava, Slovakia

1. Introduction

CYLAB (Cyclotron Laboratory) is a cyclotron complex which is being built in the area of the Slovak
Institute of Metrology in Bratislava. The main equipment - cyclotron producing 72 MeV protons and
light and heavy ions up to 129Xe20+- is going to be manufactured in the Joint Institute for Nuclear Re-
search (JTNR ) in Dubna, RF. The basic applications of CYLAB will be in medicine, physics and me-
trology, Fig. 1.

The Slovak Republic is one of the European Countries in which the cancer and the cardio-vascular dis-
eases have rapidly increasing tendency. Early
diagnostics of the diseases is necessary to be
up-dated urgently. One of the solutions is an
improvement of nuclear medicine diagnostic
methods, including the Positron Emission
Tomography (PET), which gives us the op-
portunity of diagnostics on the metabolic
level.

Radionuclide production will be performed
mainly for radioisotope of 123I for lowering of
the doses in diagnostic nuclear medicine and

Fig. 1. Plan of the main applications at CYLAB
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cay by positron emission. The detection of the
two annihilation gamma rays, emitted in coin-
cidence and in opposite directions is the basis
for positron emission tomography and by

PET enable to localize the event with high precision. PET is the most sensitive and selective technique
for imaging of metabolic processes in human body.

Another solution is to improve the tumor treatment by the neutron and proton therapy. High accuracy
treatment (proton therapy and neutron capture therapy) is required when the tumor is close to vital
structures (eye, brain, spinal cord, etc.). A crucial factor of the existing treatments is that about 20 % of
tumors are radio resistant, i.e. they do not respond to the treatment with photons or electrons; but they
are, however, sensitive to neutron beams.

In the CYLAB :
- for the fast neutron therapy (FNT) the 66 MeV p-Be reaction is chosen to obtain the neutron thera-

peutic beam. The cyclotron will deliver a neutron dose rate of about 0.5 Gy min"1 at the maximum
dose for a 10 x 10 cm2 field

- the neutron capture therapy (BNCT) will be based on spallation reactions of 72 MeV p on tungsten
target. The therapeutically useful fluxes of thermal neutrons (therapeutic dose rate of 2 Gy min"1 at
tumor depth of 7 cm) will be obtained with the proton current of 50 uA

- the 72 MeV protons with current of 100 nA will be used for the eye therapy (EPT)

Both improvements in nuclear medicine and in radiotherapy will be realized by CYLAB equipment
which will produce radioisotopes and treatment beams of protons, epithermal neutrons and fast neu-
trons.
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Therapy planing
for 3 modalities
if radiotherapy by:

- 66 MeV neutrons. [FNTJ
- 72 MeV protons, |EPT]
- thermal neulrcn capture, [XCTJ

The medical applications and radionuclide Fig. 2. The project of medical physics in diagnosis and
production will consume more than 80% of radiotherapy at CYCLAB
the working time of the CYLAB.

Technologies for medical applications of the
CYLAB can be divided into diagnostic and
radiotherapeutic parts, as shown in Fig. 2.

Diagnosis

Data from XCT (X-ray Computerized To-
mography) are extremely useful for this pur-
pose and about 60-80 sections are necessary
in general. It is mandatory that they are ac-
quired with the patient in the same position
as for the treatment. Added information of a
different kind, mainly from Magnetic Reso-
nance Imaging (MRI), PET, SPECT (Single
Photon Emission Tomography) and US
(Ultrasonography), can be very useful and """ ""
the treatment planning system should be
equipped with a common visualization system where different data can be integrated into multimodal
and/or multisensor imaging. In radiotherapy PET is used to detect tumors in its early stage. In addition,
PET enables to image a medicament distribution in tumor tissue and to prove the treatment response.
This possibility is utilized in neutron capture therapy treatment for imaging of 10B distribution in tumor
and surrounding healthy tissue.

Radiotherapy

The fundamental points for a correct clinical use of therapeutic beam are represented by :
- Treatment planning system, which is a multistep task, which extends from the initial evaluation of

patient anatomy, through the therapy simulation to the 3D display of dose distribution.
- Simulation, by which the patient is displayed, as he is ,,seen,, by the beam (beam eye view). Simu-

lation permits to choose the beam directions, usually not all in the same plane, in order to provide
the greatest separation between the target volume and the critical structures, for sparing them.

- Beam control of the therapeutic beams is a complex system of monitoring and of reference and
relative dosimeters which control and determine the absorbed dose in a tissue element exposed to
therapeutic beam.

- Patient positioning to minimize the volume of normal tissue irradiated.
- Beam feed back and ON-LINE imaging for verification and correction of the treatment dose and the

volume outlined during the planning phase and the one actually irradiated.

The presented work deals with searching of possibilities to use Slovak cyclotron for Boron Neutron
Capture Therapy for Cancer.

2. Boron Neutron Capture Therapy

Boron Neutron Capture Therapy (BNCT) is a treatment modality which utilizes the combination of two
phenomena. The first is that one can concentrate in tissue a stable isotope 10B which has a high neu-
tron capture cross section with respect to the elements present in the tissue. The second is represented
by the fact that thermal neutrons produce short range high Linear Energy Transfer radiation when cap-
tured on 10B.
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The interaction of the 10B with a thermal neutron leads to excited compound nucleus, UB* that
promptly disintegrates into an alpha particle (4He) and a 7Li nucleus, very damaging the cells. They
have a combined path length in tissue of 14 (am, or roughly the diameter of one or two cells.

Thus the most of ionizing energy imparted to tissue is located to 10B-loaded cells. It is the distribution
pattern of the boron compound that is the key to the effectiveness of the BNCT.

In preclinical research aiming at BNCT hospital routines in the near future a straight forward clinical
approach is followed. There are a number of such programs in various stages of development. In Japan
two groups have treated glioblastoma and melanoma patients for more than a decade. BNCT in USA
has entered into a new phase with the initiation of clinical trials at Brookhaven National Laboratory
(BNL) and at Masachussets Institute of Technology (MIT). Also in Europe the first patient in Peten
(Netherlands) was treated this year. If these trials are successful, there will be an immediate demand for
using of BNCT in more hospitals. Our article deals with one of the two basic problem of the BNCT :
epithermal neutron beams.

In order to succeed the BNCT, sufficient number of thermal neutrons must be delivered to an individ-
ual tumor cell. The poor tissue penetrating properties of thermal neutrons have led to the development
of epithermal neutron beams. For deeper seated tumors the high hydrogen content in tissue is exploited
to thermalize the epithermal neutrons providing sufficient amount of thermal neutron flux density at
the tumor site. Epithermal neutrons can be obtained by an appropriate configuration of moderators, re-
flectors, absorbers and shielding. To date, only nuclear reactors JRR-2 and KUR in Japan, BMRR and
MIT-I in USA have been used for producing the epithermal neutron beams for BNCT.

3. Gantry for BNCT based on 72 MeV/50 |aA proton cyclotron

Because the public acceptance of nuclear reactors is presently very low, neutrons generated by the
charged particle beams are more attractive for the hospital environment. Typical configuration of mod-
erator/reflector/absorber assembly based on point neutron source is shown on Fig. 3^l\

Three various types of accelerator neutron sources are perspective for BNCT: p- 7Li (or 9Be), d- 9Be
reaction and p-W spallation process. The neutron source based on p-W spallation process is considered
to be used for Neutron Capture Therapy at cyclotron in Slovakia. The spallation process is an effective
mechanism of the neutron production.

Fig. 3. Classical moderator-reflector assem-
Evaporated neutrons (of energy spectrum which is j,iy

similar to that of fission neutrons) are produced by ir-
radiating of heavy elements such as copper, lead, tung-
sten and uranium with high energy protons. The
therapeutically useful epithermal neutron beam based
on the 72 MeV 100 uA proton beam which incident
upon the tungsten target was obtained(2).
The 100 uA beam intensity of the 72 MeV protons is
two times higher, than that one projected for the Slo-
vak cyclotron. Therefore it was necessary to develop
moderator/reflector/absorber assembly with improved
effectiveness in production of epithermal neutrons for
BNCT. The assembly (gantry) proposed in this work will be able to move the therapeutic beam relative
to the patient. The gantry utilizes a new type of reflector system based on an anisotropic scattering of
fast neutrons in heavy materials, Fig. 4. The neutron source is at the center of the reflector system. The
reflector system is rotationally symmetric around the axes crossing the target and the focus and con-
centrates neutrons to the place of the tumor irradiation. Reflector system is the main difference of the
proposed gantry from classical configuration (see Fig. 3), where the losses of neutrons in its compact
reflectors can not be neglected.
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;antry focus, the focused neutrons are partially
4. Design of the gantry BNCT based on for

neutrons from p-W reaction

Biological shielding

Besides of increasing the neutron flux density in the g
moderated, which makes possible using smaller Fig,
moderator configurations for slowing down the
neutrons to the epithermal energies.

Design of the gantry was simulated by Monte
Carlo three-dimensional code MCNP(3)

Materials of reflector system of different shapes
and dimensions were modeled and dimensions,
configurations and materials composition of the
moderator were chosen to maximize the number
of epithermal neutrons and minimize the fast neu-
tron component. As a final test of the therapeuti-
cal suitability of neutron beam emerging from
moderator with photon and thermal-neutron ab-
sorber, the resulting absorbed dose distribution in
ellipsoidal phantom(4) consisting of skull and brain
tissue-equivalent material*^ was determined. The
value of RBE-dose rate and thermal neutron flu-
ence per one produced neutron in the tumor depth
of 7 cm for accelerator based based BNCT neutron
source are given in Table 1.

Tab. 1. Parameters of a neutron capture therapy beam based on spallation process driven by 72 MeV/
50 uA proton beam in the tungsten target (cyclotron)

Technological channel

Neutron
source

cyclotron

No. of moderator con-
figuration

9

n,h flux density at 7 cm [cm' .s~ ]

4.109

RBE dose rate at
7 cm [Gy.miri1]

3.5

For beam quality, which is similar to that presented in^ RBE dose rate 3.5 Gy per min at 7 cm depth
in the tissue will be reached at Slovak 72 MeV/50 (iA proton cyclotron. This value of RBE dose rate is
better than that one requested in radiotherapy praxis.

4. Conclusion
The CYLAB is a multipurpose equipment with basic applications in the field of experimental and
teaching physics, nuclear medicine and radiotherapy.

To introduce a Boron Neutron Capture Therapy in Slovak Republic a gantry with high efficiency of
epithermal neutrons production for BNCT based on proton cyclotron has been proposed. In compari-
son to the equipment with classical configuration of moderators, reflectors, filters and shielding, theo-
retical calculations by MCNP have showed significant improvements in epithermal neutron production
which leads to a higher RBE dose rate at 7 cm depth of the brain.
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IAEA ACTIVITIES TO IMPROVE OCCUPATIONAL RADIATION
PROTECTION IN NUCLEAR POWER PLANTS IN CENTRAL AND EASTERN

EUROPE

M. Gustafsson and G.A.M. Webb CZ9928495

Radiation Safety Section, Division of Radiation and Waste Safety, International Atomic Energy Agency (IAEA),
P.O. Box 100, A-1400 Vienna, Austria

1. Introduction
The objective of the IAEA Occupational Protection Programme is to promote an internationally har-
monized approach for optimizing occupational radiation protection through:
• the development of guidelines for restricting radiation exposures in the workplace and for applying

current occupational radiation protection techniques
• the promotion of application of these guidelines
The purpose of this paper is to present the status of the parts of this programme that are of special in-
terest to the nuclear power plants in IAEA Member States in Central and Eastern Europe.

2. Developing standards
Basic guidance for IAEA Member States is provided through the hierarchical Safety Standards Series -
Fundamentals, Requirements (previously called Safety Standards) and Guides. While the Safety Stan-
dards Series documents are directed at national Regulatory Authorities, the Safety Guides may present
detailed information that is also of value for senior management in the contractor or licensee organiza-
tions responsible for establishing and managing occupational radiation protection programmes.

Guidance on application of the International Basic Safety Standards for Protection against Ionizing
Radiation and for the Safety of Radiation Sources (BSS) [1] to occupational protection will be elabo-
rated upon in three draft Safety Guides currently under development, Occupational Radiation Protec-
tion: Application of Principles, Occupational Radiation Protection: Assessment of Occupational
Exposure to External Radiation, and Occupational Radiation Protection: Assessment of Internal Ra-
diation Exposure for Occupational Protection.

Guidance specifically for nuclear power plants will be given in the Safety Guide Radiation Protection
and Management of Radioactive Waste in Nuclear Power Plants, which is also under development,
comprising a revision and merging of two previous NUSS Guides. Complementary advice on specific
topics in occupational radiation protection is published in Safety Reports (previously called Safety
Practices).

3. ISOE
ISOE was launched in response to interest by Member States in facilitating the exchange of techniques
and experience in occupational exposure reduction. ISOE is co-sponsored by the Nuclear Energy
Agency (NEA) of the Organisation for Economic Cooperation and Development (OECD) and IAEA,
through an agreement reached in 1993, by which the IAEA acts as Regional Technical Centre, inviting
those IAEA Member States who are not members of the NEA to participate in the programme.

The objective of ISOE is to make available to the participants:
• broad and regularly updated information on methods to improve the protection of workers and on

occupational exposure in nuclear power plants
• a mechanism for dissemination of information on these issues, including evaluation and analysis of

the data assembled, as a contribution to the optimization of radiation protection
A growing number of IAEA Member States are participating through the IAEA. As of 1 January 1997,
there are eight utilities and four authorities from seven countries participating; i.e., all utilities in Bra-
zil, China, Lithuania, Romania, Slovakia, Slovenia and South Africa (representing 15 reactors) and the

Session 3 241



IRPA Regional Symposium
Radiation Protection in Neighbouring Countries of Central Europe. Prague. 8-12 SeptembeM997

regulatory authorities in China, Romania, Slovakia and Slovenia. Two invitations are pending
(Bulgaria and India), and three more countries, Armenia, the Russian Federation and Ukraine, were in-
vited in 1997.

As Technical Centre the IAEA is collecting and forwarding the annual occupational exposure data
from their participants to the central database. Thus the IAEA is responsible for the quality control of
the data provided by their participants, which prompted the Agency to include in a current intercom-
parison some of the dosimetry services providing these data. In addition the Agency has, for example,
organized a one week meeting for representatives from IAEA ISOE participants, supported the partici-
pation of ISOE contact persons in the annual ISOE meetings and Topical Sessions and purchased a
world-wide (except in OECD countries) license to distribute the software learning programme RA-
DIOR and make it available in Russian.

4. Providing assistance
The Technical Cooperation (TC) programme is the mechanism used to provide direct support to meet
Member State national needs. There are currently about 150 national, regional and interregional proj-
ects in the general area of radiation protection. Many of these are aimed at upgrading national radia-
tion protection infrastructures, with emphasis on safe use of sources and developing occupational
monitoring programmes. The national projects may include expert missions, fellowship training for
national staff, or provision of equipment.

A new TC supported activity in occupational radiation protection is a Regional Project launched in
1997 on Improving Occupational Radiation Protection in Nuclear Power Plants in Central and Eastern
Europe and in Republics of the former Soviet Union. The objective of this project is to improve the
implementation of the optimization principle in accordance with the BSS [1] by facilitating the ex-
change of feed back experience, ensuring the dissemination of an ALARA culture and assisting in in-
vestigations of radiation exposure of workers and in the implementation of proper measures to reduce
this exposure.

The first activity under this project was a Meeting for Health Physicists from WWER Nuclear Power
Plants, held 5-7 May 1997, hosted by the Loviisa NPP in Finland. The objective of the meeting was to
bring together WWER Health Physicists and to initiate an organized group of physicists who will have
regular meetings on common radiation protection issues. The meeting was attended by 15 participants
from Bulgaria, Czech Republic, Hungary, Finland, Russian Federation and Ukraine and in addition
lecturers from the US, Finland and France.

The group decided to have an informal organization without electing a chairman, secretary etc. It also
decided to have combined meetings for WWER and RBMK Health Physicists, with separate sessions
for specific plant issues. The next meeting will be organized in Paks Nuclear Power Plant in November
this year with the following proposed topics: ALARA implementation at national and plant level in
France, Basic requirements for operational dosimetry, Standardization of dose rate measurement pro-
grammes and Issues on chemistry.

The second activity under this TC project was the CEC/IAEA Regional Training Course on Optimiza-
tion of Radiological Protection in the Design and Operation of Nuclear Power Plants, held in Prague,
Czech Republic, 1-5 September 1997. This course was directed to all those associated directly or indi-
rectly with designing and implementing radiation protection programmes, including regulatory
authorities, in nuclear power plants. The aim of the course is to present tools and structures that can
help implementing the optimization principle at the practical level, particularly in work management.
This course was the eighth of these courses organized by the CEC and the first supported by the IAEA.
It was attended by about 25 participants from nine different countries in the region.

It has been recognized that the implementation of the principle of optimization in a nuclear power plant
will not be successful if there is not a strong commitment at the highest management level. An
"ALARA Awareness Workshop" is therefore planned to be held in the IAEA Headquarters in Vienna,
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22-23 April 1998. The target audience for this workshop is Nuclear Power Plant Management and
Senior Staff from Regulatory Authorities responsible for Radiation Protection and/or Nuclear Safety.
The workshop will introduce the Basic ICRP Recommendations on Radiation Protection and include
"peer" presentations by both utility managers and regulators from western countries and target coun-
tries on ALARA Policy, Application, Benefits, Regulatory Framework for ALARA and Interface with
Nuclear Safety, The Workshop, which will end with Group discussions, is expected to be attended by
50-75 participants.

5. Intercomparisons
Complementary to the IAEA's Technical Co-operation Programme is the Agency's Research Contract
Programme with the primary objectives of stimulating advances in scientific knowledge, assisting the
developing countries whenever possible to increase their participation in nuclear research and to co-
ordinate research between the Agency and national centres. Several intercomparisons have been per-
formed and are currently performed as Co-ordinated Research Programmes.

In view of the technical difficulties associated with the introduction of the new radiation quantities for
measurement and reporting, endorsed in the recently adopted BSS [1], it is important that the Agency
assists Member States in their provision of appropriate dosimetry for occupational protection. Dosime-
try intercomparisons have proved to be a cost effective method to provide this support. Taking into ac-
count the Agency role in ISOE and the concerns about nuclear safety and radiation protection that have
developed in Eastern Europe and the Republics of the former Soviet Union it was found to be appro-
priate to initiate an intercomparison that would focus on IAEA Member States in Eastern Europe and
on personal dosimetry services for nuclear power plants. The main objectives of this Co-ordinated Re-
search Programme are to give participants an opportunity to assess:
• the recommendations of the IAEA to use the operational quantity //p(10) in individual monitoring
• the energy and angular dependence of the response of their dosimeters
• their ability to measure external photon radiation fields in terms of//p(10)
This programme, which implies co-operation with and financial support of the CEC, consists of three
phases which partly overlap. The focal point of phase I, the preparatory phase, was the first Research
Co-ordination Meeting, organized as a workshop in May 1997, making the participants familiar with
the new operational dose equivalent quantities, in particular with the operational quantity personal dose
equivalent. Phase II, the "type-test" intercomparison, will provide the participants with data about the
variation of the energy and angular dependence of the response of their dosimeters with respect to this
operational quantity. Finally, phase III, the "Simulated Workplace Field" intercomparison, will enable
the participants to judge the performance of their dosimeters under realistic conditions arising in prac-
tice. The final results of the programme will be discussed in a Research Co-ordination Meeting in the
middle of 1999 and published at the end of that year.

Twenty personal dosimetry services from thirteen different countries in this region participate with per-
sonal dosimeters in the ongoing Phase II of the CRP. Standards laboratories in Austria, Great Britain,
Hungary and the Russian Federation provide technical support for the Co-ordinated Research Pro-
gramme and the Physikalisch-Technische Bundesanstalt (PTB) in Braunschweig, Germany, provides
technical co-ordination and support, compilation and review of the results.

6. Conclusions
By means of these co-ordinated efforts the IAEA aims at improving occupational radiation protection
in Nuclear Power Plants in Central and Eastern Europe. The objective of these activities is not only the
transfer of knowledge and technology but also to encourage co-operation between the health physicists
in these countries as well as with health physicists in western countries.
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ENVIRONMENTAL MONITORING AT CERN: PRESENT STATUS AND
FUTURE PLANS FOR THE LARGE HADRON COLLIDER (LHC)
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1. Introduction

The operation of particle accelerators is usually accompanied by the generation of stray radiation and
the production of induced radioactivity. This occurs as a result of beam losses either in the machine it-
self, in beam transfers lines, or in production targets. The environment may be affected depending on
the design of the machine and its supporting systems, and on the type and the energy of the accelerated
particles. Hence, environmental monitoring of the accelerator installations must be performed to ensure
compliance with laws regulating the protection of the staff and public against stray radiation and radio-
activity.

CERN - the largest accelerator complex in the world - has a well established environmental monitor-
ing programme. Presently the Electron-Positron Collider (LEP), the Super Proton Synchrotron (SPS),
the Proton Synchrotron (PS), and the Isotope Separator on Line installation (ISOLDE) are the major
sources of stray radiation and induced radioactivity. In 2005 the Large Hadron Collider (LHC) will
start its operation. As a proton machine with a beam energy of up to 7 TeV, the LHC will have a
greater potential for producing induced radioactivity than the existing LEP machine presently housed
in the same tunnel. Therefore, the environmental programme of CERN will have to be enhanced.

2. Present status

A detailed description of the present status of the environmental monitoring at CERN is given in Ref.
[!]•

All emissions of radioactivity in airborne and aqueous forms released from the CERN installations are
monitored. There are 14 differential ionisation chambers and 15 aerosol filters installed at the ventila-
tion outlets. The ionisation chambers measure mostly short-lived airborne radionuclides (nC, 13N, 14O,
15O, 41Ar, etc.) directly and continuously whilst the aerosol filters collecting the radioactivity bound to
aerosols are analysed off-line in the environmental laboratory for beta and gamma radioactivity (mostly
7Be). Releases of 3H in airborne form are assessed from the 7Be releases with an assumption that the
ratio between the concentrations of 3H and 7Be is not greater than ten.

Discharge water from six CERN water release points is checked continuously using Nal crystals im-
mersed in water tanks. Seven automatic samplers collect water samples integrated during a whole
month. The samples are analysed for total dissolved beta radioactivity, tritium, and gamma activity
(usually 22Na and 24Na) in the environmental laboratory.

The monitors operating continuously are connected to a centralised system surveying the current re-
leases and detecting possible problems. For a more detailed information, in particular for long-lived
radionuclides, the results of the laboratory analyses are used.

Stray radiation is monitored using 30 monitors placed near the CERN fences and 13 monitors placed
on the CERN sites. Argon-air filled ionisation chambers and moderated BF3 proportional counters are
used for gamma and neutron dose rate measurements, respectively. The monitors are connected to the
centralised system as well and can be read out on-line.

To check the environmental impact, samples from the environment around CERN are taken regularly
and analysed in the environmental laboratory for 3H, beta, and gamma radioactivity. There are 8 aero-
sol sampling points, 2 points for precipitation, 11 points for river water, sediments, moss and water
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plants, 4 points for tap and well water, and 9 points for grass and soil. Agricultural products are ana-
lysed as well. In 1996 the environmental laboratory processed 1489 samples.

The results of the measurements are expressed in ambient dose equivalent for stray radiation and the
release of activity for various radionuclides. The actual figures in uSv and in GBq at CERN in 1996
and the corresponding effective dose in u,Sv to the critical group of the population living in the vicinity
of the CERN Meyrin site (Swiss part) are given in Table 1 [1]. The effective dose was determined from
the release and reference values calculated on the basis of the Swiss Richtlinie HSK-R-41/d [2-4]. A
high degree of conservatism was included in each step of the calculation such that the actual effective
dose is much smaller.

Table 1. Ambient dose equivalent of stray radiation in uSv and release of radionuclides in GBq from
CERN in 1996 and the corresponding effective dose in uSv to the critical group of the population
living in the vicinity of the Organisation.

Stray radiation in uSv:*
Air releases in GBq:
Tritium (as gaseous HTO)f

7Be (as aerosol)
Beta/gamma activities (T<1 day)
Other beta/gamma emitters (T>1 day)
Radioactive iodine
Alpha emitters (as aerosol)
Liquid effluents in GBq:
Tritium (as HTO)
7Be
Beta/gamma activities (T<1 day)
Other beta/gamma emitters (T>1 day)
Alpha emitters
Total

Release in 1996
64

19
0.62

18000
0.019
0.000082
0.26

42
-
—
0.13
—

Effective dose in uSv
14

< 0.001
0.004
0.95
0.095

< 0.001
14

< 0.001
—
-
0.09
-

29
* Ambient dose equivalent wit 21% occupation time assumed.
+ All 3H is assumed to be released as water vapour for which the dose factor is the highest.

The prevailing part of the total effective dose of 29 \xS\ originated from stray radiation and releases of
alpha activity from ISOLDE. The largest CERN installation, LEP, contributed only negligibly. The ra-
diological impact of CERN on its environment in 1996 and in previous years was exceedingly small.

3. Plans for the LHC

Following the phase of the important physics results obtained with LEP, the natural extension of the
CERN experimental programme is the construction of the Large Hadron Collider (LHC) in the existing
underground LEP tunnel. It is planned that the LHC will start its operation after 2005. Several studies
of its environmental impact have been done. The most recent one is described in Ref. [5].

To distinguish between the future impact of the LHC, the natural radiation and radioactivity, and the
impact of the other installations, a study of the original radiological situation was performed. It was
based on a similar study for the LEP, on the results of the routine monitoring as well as on special
measurements done mostly around the future LHC pits. Though, in general, the radiological impact of
CERN is negligible comparing to the natural background in the region («780 u.Sv/a) [1], there are sev-
eral parameters which might exceed the natural levels in the future and which will have to be followed
carefully. As the natural level of the neutron background is very small («60 uSv/a) [1], even minute
contributions from the accelerator operation can be detected. It is not excluded that slightly elevated
concentrations of 7Be in the air (up to «20 mBq/m3) and in river sediments (up to «20 Bq/kg) at some
places might be a consequence of the CERN activities. Another radionuclide typical for the operation
of accelerators, which might be detectable in the future, is tritium [5].
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The LHC will have two proton beams, each max. 4.7x1014 of 7 TeV protons, circulating in opposite di-
rections within a tunnel of 27 km in circumference placed 50-100 m underground. In a later phase
heavy ions up to Pb will be accelerated. The LHC ring will be divided into eight octants with eight
points that will contain important components of the complex. Experiments (ATLAS, CMS, ALICE,
LHC-B) will be placed at the Points 1, 2, 5, and 8, respectively. The Octant 4 is reserved for RF cavi-
ties, the Octant 6 for beam dumps, and the Points 3 and 7 for collimators cleaning the beam. More de-
tails can be found in Refs. [5, 6].

The layers of rock and soil above the tunnel will ensure sufficient shielding against stray radiation. The
only path for the penetration of stray radiation and induced radioactivity to the surface will be through
the access pits placed in the vicinity of the eight points.

The starting point of calculations concerning the environmental impact of the LHC was the estimation
of the beam losses during its operation. For the machine operating 180 days per year, the number of
protons lost in its main components per year was estimated as follows [5]: 1.6xlO16 in each experi-
ment, 4xlO16 in the collimators, 1017 in the beam dumps, and 3.4xlO15 around the collider ring during
the machine operation.

The stray radiation and induced radioactivity were estimated in Monte Carlo simulations using the
codes FLUKA for simulations of hadronic and electromagnetic showers and MARS for detailed simu-
lations of muons [5]. To keep the level of stray radiation low enough so that the surface sites could
have free access, some pits will have to be equipped with additional shielding. This concerns the pits
which will have a direct sight at the beams, that is the pits of the experiments ATLAS (PX14), ALICE
(PX24), and CMS (PX56), and the machine pit PM18. The pits leading to the collimator regions will
have elbow-like access tunnels and no extra shielding will be necessary. There will be no access pits to
the beam dump caves. Although muons are much more penetrating than hadrons, they will not contrib-
ute to the surface dose as they will be emitted mostly in horizontal direction.

Most of the induced radioactivity will be confined in the construction parts of the machine and the ex-
periments but some will be produced also in the surrounding rock and groundwater. During ten years
of the LHC operation with two experiments it has been estimated that about 144 GBq of induced ra-
dioactivity (3H, 22Na, 7Be, 54Mn, etc.) could accumulate in the rock mostly around the collimators and
the experiments [5]. This figure is comparable to the natural radioactivity of the rock excavated from
the tunnels. The radionuclides possibly found in groundwater due to the LHC operation will be 3H and
22Na. Their annual production is estimated as 72 GBq and 15 GBq, respectively [5]. However, this ra-
dioactivity remains immobile as there is no water exchange between the groundwater in 80 to 150 me-
tre depth and the water table just below the surface.

Induced radioactivity in technological water will consist mostly of 3H, 7Be, and short-lived products of
oxygen spallation. However, the total radioactivity drained per year calculated as 0.052 GBq of H, 1.2
GBq of 7Be, and 750 GBq of short-lived radionuclides [5] will be negligible. About 68% of the total
3H and 7Be release in aqueous form could be discharged into the river Nant d'Avril from the LHC
Point 1 whilst 31% might be drained out of the Point 3 (PM32, collimator). On the other hand, the
short-lived radionuclides in aqueous form may be discharged mostly from the Point 3 (93%) whilst the
Point 1 will add only 5%. The contributions of the other points will be negligible.

Induced radioactivity released in airborne form will comprise a number of radionuclides produced in
spallation reactions and neutron capture reactions on nuclei contained in the air of the underground
tunnels and halls. The annual release of the short-lived radionuclides could be about 50 TBq mostly
from the Points 1 and 5 (experiments, 35% each), and 3 (collimator, 20%). About 3.7 GBq of long-
lived radionuclides, in particular 7Be, might be released per year, mainly from Points 3 (67%), 5 (12%),
and 1 (10%) [5].

The present environmental monitoring programme at CERN will be enhanced to cope with the future
number of potential release points for radioactivity and stray radiation. Ventilation outlets of the ex-
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periments and the machine will be equipped with aerosol filters and differential chambers to monitor
airborne radioactivity. A filter installation will be put at each point to check the immissions of airborne
aerosol-bound radioactivity including the air from the beam dumps (Octant 6) which are ventilated
from the main machine tunnel. A mobile high-volume aerosol sampler with a high monitoring sensi-
tivity will complement these filter measurements. The existing installations for checking the discharge
water will be completed so that there will be a water sampler at each major release point and continu-
ous water monitors at the Points 1 and 3 (PM32). There will be at least one stray radiation monitor at
each point including the Point 6. Two of them will be installed at the two islands PZ33 and PM32 of
the Point 3. Considerably more environmental samples from the vicinity of the Organisation will be
analysed. The present sample throughput of the environmental laboratory will be substantially in-
creased mainly performing gamma spectroscopy and tritium counting.

4. Conclusions

The present radiological impact of CERN on the environment is negligible. It is estimated that this will
also be the case for the LHC starting operation in 2005. Nevertheless, the environmental monitoring
programme at CERN will be further extended. It is important to demonstrate to the public living in the
vicinity that the Organisation fully complies with the standards and limits for the environmental impact
of nuclear installations as set up by the authorities in the CERN's host countries.
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1. Introduction

The medical treatment of patients having cancer requires in more than 50 % of the cases radiotherapy.
Some of these Patients have implanted pacemakers; every year approximately 30 patients with im-
planted multi-programmable pacemakers are treated in Vienna University Hospital.

Since most pacemakers are implanted in the ,,fossa infraclavicularis", special care has to be taken when
irradiating this region. A high percentage of these patients are women with carcinomia of the mamma.
Some scientific papers report functional disorder or complete destruction of pacemakers due to the ac-
cumulated absorbed dose, whereas the clinically administered dose should still be much higher for
adequate radiation therapy of this kind of cancer. Functional disorders were already observed at doses
of2Gy!!(Marbach[l]).

2. Theory

From the historical and technological point of view, three kinds of pacemakers were developed and
sold on the market: The first type of pacemaker to be designed was equipped with bipolar technology,
while the second type combined the bipolar and CMOS-technology (complementary metal oxide semi-
conductor) and the third type was a monolithic CMOS pacemaker. The main components of the elec-
tronical circuits are transistors which are designed in the classical bipolar technique (emitter, collector,
base) or in more advanced field effect technique (MOSFE-transistors).

The advantages of the first type mentioned are the following: Pacemakers incorporating bipolar com-
ponents only were very resistant against ionizing radiation (up to 1400 Gy accumulated dose Vencelaar
[2]).

The following characteristics are to mentioned about the second type: Pacemakers based only on
CMOS-devices were cheaper and needed less electrical energy. First generation equipped with CMOS-
devices had an 8um isolating gap (gate oxide), while the following generations had gaps with 5 and
3(am. Investigations carried out by McGarrity [3] showed, that this gap is responsible for permanent
malfunctions of MOSFETs when irradiated with ionizing radiation, self-repairing effects are not sig-
nificant and can be neglected. Functional disorder during irradiation is not expected and was never re-
ported. The reason for this is the respectably low doserate in radiotherapy.

Figure 1. Charge distribution within the Within the isolating Si- or Ge-Oxide-Layer, electron-hole
pairs are produced during irradiation. Some holes are trans-
ported through the oxide layer by means of ,,hoping trans-
port" without recombination with electrons, while few holes
are permanently trapped near the metallic gate contact,
known as deep-hole-trapping. This trapped charge induces a
voltage between the metallic contact and the inversion chan-
nel on the other side of the oxide layer. This mechanism is
similar to that of a capacitor, where the space between the
two contacts is filled with isolating material. Assuming that
the charge on the capacitor is kept constant, the voltage has to
increase in accordance with the increasing distance.

MOSFET after irradiation
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The characteristics of the whole device is influenced by the permanently trapped charge in the MOS-
FET. In the worst case a n-channel-MOSFET is permanently in conducting state even without gate
voltage.

The comparison with the capacitor explains the following findings: Cardiac pacemakers based on 8um
technology are more radiation sensitive than 5 urn CMOS pacemakers, and these are more sensitive
than 3 urn based pacemakers. The same charge in a grater distance to the inversion channel produces
more voltage thus increases the possibility of pacemaker failure.

3. Experiments

14 multiprogramable pacemakers and 2 intercardial defibrilators were exposed to Co-60 radiation
(Theratron 780C), to 9 MeV electrons and to 6 and 10 MV
photon radiation (GE Saturne 43 LINAC). The pacemakers
were placed into a water phantom, 0.5 cm under watersur-
face and with 25 cm of water below to allow for backscatter.
The irradiation was carried out similar to patient treatment.
The dose was given in fractions of 0.5 Gy in time intervals
of 120 seconds, based on the conclusion of McGarrity's in-
vestigations on relaxation time of MOSFET's receiving
short irradiation pulses.

The following parameters of the pacemakers were checked:
telemetry, battery, pulse frequency, pulse amplitude and pe-
riod at an accumulated dose of 2, 5, 7.5, 10, 12.5, 15, 17.5,
20, 25, 30, 35, 40,45, 50, 55, 60, 70, 80 and 100 Gy.

Each one of the following facts entailed the failure of the
pacemaker: 20% deviation from the set data; complete
breakdown of telemetry; 10% deviation from adjusted pulls
frequency; low battery after irradiation. 10 pacemakers functioned satisfactorily up to 80 Gy, 3 reached
15 Gy and 3 could not stand much more than 10 Gy.

4. Conclusion

According to our measurements and the literature the following conclusions can be drawn:
Pacemakers in CMOS / Bipolar technology should not be exposed to an absorbed dose of more than 5
Gy, the same dose limit applies to pacemakers in 8u CMOS technology, the latest generation of pace-
makers in the 3um technology will function satisfactorily to an absorbed dose of up to 70 Gy (Holzer
[4])-
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RADIATION RISK OF PERSONNEL DURING THERAPEUTIC USE OF
IODINE-131

c „.. . i „ . . . 2 J C ^ • i CZ9928498F. Konig , H. Aigmger and E. Ogns

Abteilungfur Nuklearmedizin - Donauspital, Vienna, Austria
2

1. Introduction

Atominstitut der Osterreichischen Universitaten, Vienna, Austria

The therapy of benign and malign thyroid disease with 131I is a common therapeutic procedure in Nu-
clear Medicine. For the therapy of thyroid cancer activities of 3.7 - 7.4 GBq of 131I are administered.

For this purpose, several radiation protection procedures according to international and national regu-
lations have been established. Therefore, from the aspect of radiation protection, the handling of l3II is
the most important procedure in Nuclear Medicine.

There are three sources of possible radiation exposure in connection with radioiodine therapy:
1) External radiation exposure has to be considered. The dose rate of 3.7 GBq in a distance of 1 m

is about 0.2 mSv/h.
2) Considering that about 70% of the administered activity is excreted by urine, stool and sweat,

external contamination might lead to radiation exposure.
3) The third source of radiation exposure is inhalation of gaseous 131I. Due to this aspect, primarily

the air of the patient rooms must be considered as a source of possible incorporation.

In addition to the international and national safety regulations, internal controls have to be established
to take care of corresponding radiation protection procedures. External radiation exposure measure-
ment is done by TLD (or film) badges. Internal radiation measurement is done by whole body counting
or measurement of thyroid uptake.

2. Material and methods

External dosimetry

External dosimetry is made by TLD badges. The evaluation is performed by the "Priifanstalt fur Radi-
ologie und Elektromedizin" in Vienna. Reports are created monthly and controlled by the radiation
protection officer.

Whole body counter

The Whole Body Counter (Canberra ACCUSCAN) is build in shadow shield-geometry with 10 cm
strong steel slabs. Two detector-systems are available for radiation detection: A Nal-scintillation-
detector with a crystal size of 12.5 x 7.5 x 50 cm (5 x 3 x 20 inches) is mostly used for quantitative
evaluation because of its higher efficiency. In addition, a co-axial Germanium-detector with 30% rela-
tive efficiency is mainly used for the radionuclide-identification because of its higher energy-
resolution.

Routine acquisition is done quarterly by a technologist, and reports are automatically generated by a
DEC- Micro VAX 3300 system using Canberra's ABACOS-plus for VMS software. The system pro-
vides a minimal detectable activity (MDA) of about 90 Bq 13!I in a 70-kg bottle phantom.

Aerosol monitoring

Aerosol monitoring is performed by an Iodine monitor (BERTHOLD BAI 9123-1). A sodium iodine
crystal of 5 cm thickness and 5 cm in diameter is shielded by 5 cm lead. 5 mm in front of the detector
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an activated carbon filter of 0.5 mm thickness and 5 cm in diameter is placed (Schleicher & Schiill No.
509).

The readout of the detector is made by digital electronics (BERTHOLD MultiLogger LB 5310).

3. Results

30 persons, employed at our department have access to the therapy unit and are therefore checked for
Iodine inhalation. Split up into different occupational categories there were: 7 Physicians, 5 Technolo-
gists, 8 Nurses, 3 Cleaning Personnel and 6 Physicists/Engineers.

Fig. 1. Results of external dosimetry (see text)
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Figure 1 shows the results of external dosimetry. On the left hand, mean values of quarterly received
occupational doses are shown. The graph on the right hand shows the sum of effective doses per quar-
ter (to be compared with figure 2). Reported mean doses are between 2 and 3 mGy/a. Even during the
year 1996 no changes in doses can be seen.

Figure 2 shows the results of incorporation control with our whole body counter. From the time period
1/95 to 2/96 5 persons usually showed 131I incorporations. Detected activities were low: a total of
0.5 kBq to 7 kBq was measured during this period. In the second half of the year 1996 an increase of
incorporations can easily be seen: 14 persons showed measurable 1-131 Incorporations. The sum of the
reported activity at that period exceeded 40 kBq.
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Tab. 1. Results of wipe tests

Location activity
Lead shielding, outside
Lead shielding, inside
Lead shielding, bottom
Glass bottle, outside
Seal of glass bottle

1,8 kBq
11.4 kBq
11,1 kBq
3,1 kBq
33.5 kBq

Capsule (outside) 141,6 kBq

Wipe tests were carried out, to detect the source of internal contamination. The outer containment of
the capsules (lead shielding) showed measurable contamination with 131I (see Table 1). The result of
the wipe test of the capsule surface gave evidence that 131I in gaseous form was emitted to the air.

Fig. 3. Air activity concentrations related to the opening of the containment seal
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Figure 3 shows the results of measurements of activity concentrations in air. Time axis is calculated in
relation to the opening of the seal (glass containment). After this moment the activity concentration in-
creased to 60 kBq/m3 and remained nearly unchanged for the next 60 hours (not seen in figure 3).

4. Discussion

Of the various types of radiation exposure for the personnel of a Nuclear Medicine department effec-
tive dose caused by external exposure is usually low (2.8 mSv/a). Considering the fact, that natural ra-
diation exposure is included in the measurements, the values range within a few mSv/a. This radiation
dose is caused mainly by the manipulation of radioisotopes and by exposure from patients after ad-
ministration of radiopharmaceuticals.

The group of persons which has usually the highest radiation burden in a Nuclear Medicine department
is the group of Technologists because of regularly eluting of the Mo-99/Tc-99m generators and label-
ing of radiopharmaceuticals.

The group of persons which has the second highest radiation exposure dose is the group of medical
doctors due to the injection of radiopharmaceuticals and regular administration of therapeutic doses of
radioisotopes.

Radiation burden due to incorporation of radionuclides on the other hand is a very rare case in our ex-
perience. Measurements of radionuclides incorporation reveal activities of not more than 1 kBq per
person. Considering an ,,annual limit of intake" (ALI) of 1 MBq for 13II (ICRP 30) this is less than 1%
of ALI, and no further examinations had to be done so far.
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Therefore, it was a remarkable event, when an amount of 15 kBq of I31I was found in a medical doctor
in the 3rd quarter of 1996. Taking into account the higher efficiency of the thyroid geometry - routine
spectra are evaluated with whole body efficiency calibration - this value has to be multiplied by a fac-
tor of 2.

In search for possible causes of this incorporation, working procedures were controlled. It could soon
be detected, that the incorporation was caused by a leakage of gaseous 131I from the capsules contain-
ing the therapeutic doses of radioiodine.

The incorporation was a consequence of the inhalation of I31I during administration of the therapeutic
dose. The procedure usually was done by a person once a week in turn and lasted 15 min. A wipe test
carried out at the outer surface of the capsule revealed activities, which were in the range usually used
for diagnostic purposes.

Opening of the lead-shielded glass-containment with exhaustion minimized the amount of activity in-
corporation by the individual person, but not the number of persons showing internal contamination's.
13 lI but not the number of internal contamination itself. Because of our complaints and similar obser-
vations, made by an other Nuclear Medicine institution, the manufacturer stopped the production of
this therapeutic device.

Federal regulations prescribe control measurement for incorporation once a year. Because incorpora-
tion control of all persons is done quarterly in our department, the problem could be detected within
the first 2 months. Regular monitoring for internal contamination is therefore recommended by us to
detect changes in inhalation risk doing routine procedures.
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CHARACTERIZATION OF NEUTRON FIELDS AROUND HIGH ENERGY
X-RAY RADIOTHERAPY MACHINES

M. Kralik and T. Novotny CZ9928499_
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1. Introduction

The photon beams of therapeutic linacs are collimated by lead and tungsten to limit the size of the
treatment field. Since the linacs are often operating above 10 MV, photons are accompanied by unde-
sired neutrons which are chiefly due to giant dipole resonance reactions inside the high Z materials of
the accelerator head structures, both directly by electrons in (e, e'n) reactions and by bremsstrahlung
photons in (y, n) reactions. The neutrons are nearly isotropic and contribute to the whole body dose to
the patient undergoing radiotherapy.

The neutron field inside the treatment room consists of neutrons coming directly from the accelerator
head and neutrons scattered by the concrete walls. Measurement of energy spectra of these neutrons by
active detectors is extremely difficult due to many undesirable interferences such as high frequency
electromagnetic fields or abundant leaked and scattered photons. Since the linac operates in a pulse
mode, a dead time correction of the measured count rate requires a more complex approach. For these
reasons overwhelming majority of neutron spectra measurements were done with passive detectors.
Considering the fact that active detectors can give more details, this work focused on the characteriza-
tion of photoneutron spectra using spectrometer with the active detector - Bonner spheres spectrometer
with a small 3He proportional counter.

2. Experimental

Most of the measurements were performed around the linear accelerator SATURNE 43 produced by
CGR MeV, France. Few measurements were done in the vicinity of the SATURNE 2 which is of the
older type. The maximum energy of the primary electron beam was either 18 MeV (SATURNE 43) or
20 MeV (SATURNE 2). The photon beam was collimated to an area of 10 cm x 10 cm at one meter
from the target. The measuring positions were chosen to be at the maze entry and on the axis of the
treatment couch at a distance of 50, 100, and 150 cm from the isocentre. The basic parameters of the ir-
radiation were as follows: the width of the linac pulse -10 (as, the repetition rate - 200 Hz, the total de-
livered photon dose - 2 Gy, and the irradiation time - 60 s.

The Bonner spheres spectrometer of CMI [1,2] consists of a set of polyethylene spheres (mean density
0.921 g/cm3) with the following nominal diameters usually given in inches (1 inch = 2.54 cm): 2, 2.5,
3. 3.5, 4, 4.5, 5, 6, 7, 8, 10, 12, and 15. The detector of thermal neutrons used at a centre of the spheres
is a cylindrical proportional counter of type 0.5 NH 1/1K made by LCC Thomson-CSF, France. Its sen-
sitive volume has a diameter of 0.88 cm, a height of 1 cm and it is filled with 3He gas. The dead time
of the detector and electronics is 3.32 |j.s.

The neutron flux during the short linac pulse (10 jis) is very high. However, because of moderation of
neutrons prior to their detection, the time interval in which the neutrons can be detected is broader [3].
Taking into account data of [4] we estimated the width of the detection time interval to 500 fas which
was then considered for determination of the measured count rate and subsequent dead time correction.
The more precise approach based on the measured neutron detection time distributions [3] was not
possible due to limited access to the accelerator.
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3. Results and discussion

The dead time corrected readings of Bonner spheres related to one Gy of the photon dose delivered at
the isocentre are given in Fig. 1 whereas Fig. 2 shows neutron spectra obtained by unfolding of the
measured readings. The 15 inch sphere was not included in the unfolding procedure because the am-
plitude distribution of the detector pulses was slightly distorted and the explanation was not yet found.

Table 1 lists values of neutron fluence in three energy regions which roughly correspond to a region of
thermal and epithermal neutrons, a region of evaporation and scattered neutrons, and a region of direct
neutrons. The ambient dose equivalent values listed in Table 2 were derived from the spectral neutron
fluence using the conversion function according to [5].

Figure 1. Bonner spheres readings related to 1 Gy of X-ray dose at the isocentre
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Table 1. Neutron fluence at different measuring positions around SATURNE 43

E (MeV)
10"9-10-3

io""3 - i
1-20

10-9-20

50 cm
87.8 %
1.1%
11.1%
100.0%

lJlxlC^cm^Gy1

Measurin
100 cm
84.7 %
1.4%
13.9%
100.0%

1.89xl06cm-2Gy-'

I position
150 cm
83.0 %
1.3%
15.7 %
100.0%

2.00xl06cnT2Gy-1

maze entry
76.4 %
4.0 %
19.6 %
100.0 %

l.SOxK^cm^Gy"1
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Table 2. Neutron ambient dose equivalent at different measuring positions around SATURNE 43

E (MeV)
10"9-10"3

i6'3 - i
1-20

10"9-20

50 cm
15.5 %
2.2 %
82.3 %
100.0 %

99.6 \xSv Gy'1

Measurin
100 cm
12.9 %
1.9%

85.2 %
100.0 %

131.3 nSvGy"1

I position
150 cm
11.4%
1.5%

87.1 %

ioo.6 %
154.2 nSvGy"1

maze entry
8.4 %
7.5 %
84.1 %
100.0 %

147.0 nSvGy"1

Very similar results were obtained from the measurements around the SATURNE 2 linac, namely
2.54x106 cm'2 Gy'1 and 83.4 |LISV Gy"1 at 1 m distance perpendicular to the axis of the treatment coach.
From Table 2 it is obvious that the dose equivalent does not strongly depend on the position on the
treatment couch. Assuming that a patient undergoes irradiation in 10-20 sessions with 2 Gy each, the
neutron effective dose to the whole body may rise up to 6 mSv.

4. Conclusion

The photoneutron spectral fluence in the vicinity of the therapeutic linac SATURNE 43 has been
measured using the Bonner spheres spectrometer. The neutron ambient dose equivalent to the whole
body as derived from the measured neutron spectral fluence amounts roughly 10" of the X-ray dose.
More detailed investigations concerning especially the dead time correction of the detector reading are
necessary.
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TLD AUDIT IN THE RADIOTHERAPY AT THE NATIONAL LEVEL

D. Kroutilikova1, J. Novotny2, H. Zackova1 and I. Pfidal3
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2 University Hospital Motol, Vuvalu84, 150 00 Prague 5, Czech Republic
3University Hospital, I.P.Pavlova 6, 775 20 Olomouc, Czech Republic

1. Introduction

According to a new law, which was implemented in the Czech Republic, each radiotherapy department
has to undertake an quality independent audit every year. It was decided by the State Office for Nuclear
Safety (SONS), which is responsible for radiation protection in the Czech Republic, to establish an
auditing group from experienced medical physicists working in the field, which is attached to the Na-
tional Radiation Protection Institute for performing audits. It was decided by that auditing group that
TLD postal audit combined with a film dosimetry will alternate with ,,in situ" audit every two or three
years. Therefore, a local TLD measuring network has to be established.

The Czech local measuring centre for TLD postal audits in the radiotherapy was established in the Na-
tional Radiation Protection Institute (NRPI) in Prague. Activities of NRPI reside mainly in providing
of measurements and expert opinions for SONS' requirements. Consequently, NRPFs TLD audit is
intended not only for an improvement of clinical dosimetry in the radiotherapy centres, but also be-
comes an important source of information for state supervision in the radiotherapy.

Pertinent methods for TLD audit were taken from EROPAQ and EURAQA projects in 1996 and were
adjusted to conform to Czech local conditions. First TLD audits were started in February 1997. During
the time between February and September, a total of 60 beams was checked : 26 Co-60 beams, 10 Cs-
137 beams, 15 X-rays beams and 9 electron beams.

2. Material and methods

2.1. TLD system

Lithium fluoride thermoluminescent virgin powder type MT-N (LiF:Mg,Ti - natural abundance, doped
with magnesium and titanium) of Polish production was used for the irradiations and read with the
Harshaw TLD reader - model 4000.

Annealing of the powder was made by using a temperature cycle of 400°C/lhour and 100°C/2hours.
The powder was encapsulated in waterproof containers in portions, which were large enough to obtain
about 10 independent readings.

Irradiated powder was dispensed into measuring containers, which were put onto readers planchette.
Following time-temperature reading cycle was used :

Temperature (preheat)

(rate)

(max)

Time (preheat)

(acquire)

130°C

10°C/s

250°C

8s

20 s

During all readouts the glow curves were recorded in order to eliminate possible errors due to the tem-
perature shift of the reader.
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The TL-response of samples of irradiated powder to 2 Gy followed a Gaussian distribution with a
mean value of 3503 nC and standard deviation of a single reading, a = 2.3%. Standard deviation of the
mean (SD) for single TLD capsule does not exceed 0.8%. (The experiment was made by reading of 20
capsules irradiated to 2 Gy during the same date, each capsule provided 9 samples.)

2.2. Organisation of TLD postal audits

Each participant (radiotherapy centre) of the audit was provided with :

• an instruction sheet describing the method of irradiation of TLD capsules

• a data sheet to enter specifications of the therapy machine, dosimetry equipment, and details con-
cerning TLD capsules' irradiation

• the IAEA holder stand, in which TLD capsules are placed for irradiation

• a group of TLD capsules

The following scheme shows the time organisation of TLD audit:

NRPI NRPI NRPI

Laboratory i ^ m i B ^ ^ o _.•

preparation ^ l l^ l jSII H R e a d i n 9
hospital

NRPI - National Radiation Protection Institute

The participants were requested to irradiate the capsules in sequence to the absorbed dose of 2 Gy and
to check the beam output with their dosimetry system before irradiation of TLDs. The irradiations in
participating centres were done during a determined irradiation window. At this time, the NRPI irradi-
ated one reference sample per centre with 2 Gy from Co-60. The irradiation of all capsules during a
determined time period helped to control the fading and made better the ordering of the audits. The
time between irradiation and reading usually didn't exceed three weeks.

2.3. Irradiation

Capsules were irradiated in a water phantom using a IAEA holder stand.

A/ For beam calibration check, capsules were inserted into upper of the two holes of the holder at the
depth of 5 cm. In case of a need of the depth of 10 cm (dependingly on beam quality) the holder was
lengthened by a distance indicator. The water level was adjusted precisely to the top of the holder and
the axis of the beam was aligned with the holder axis. Field size of 10 cm x 10 cm and common SSD
were set up.

B/ For beam quality check, capsules were inserted into the both holes of the lengthened holder. After
adjusting of the water level to the top of the holder, the upper capsule was at depth of 10 cm and the
lower at depth of 20 cm. Field size of 10 cm x 10 cm and SSD = 100 cm were set up.

2.4. Dose calculation

The absorbed dose to water, D (Gy), at the location of TLD was calculated from the TL signal, R, reg-
istered by the reader using the following formula

D = R Kca\ Kun Kfad Ken

where :
R is the TLD reading normalized to the mass of aliquot of the powder,
KCai (Gy/nC) is the calibration factor and was determined for 2 Gy from Co-60 beam,
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Kiin is the dose linearity correction and was determined on the basis of experimentally determined line-
arity function,
Kfad is the fading correction and was determined on the basis of experimentally determined fading
function,
Ken is the X-ray energy response correction and was determined by comparing the TLD response to the
same dose to water in a high energy X-ray beam and Co-60 beam, in reference conditions.

2.5. Reporting and analysis of deviations

The evaluation of the results was made by comparing the TLD measured values to the values stated by
physicist, who irradiated the TLD capsules. For each capsule the mean reading value and standard de-
viation were determined. The average reading value of three capsules (evaluated absorbed dose) was
calculated.

A/ For beam calibration check, a deviation between measured (TLD) and stated dose was reported :

AD = (DJZD/DS- 1)100%

B/ For beam quality check, a deviation between measured (TLD) and stated QI was reported :

AQI = (QITLD/QIS-1)100%

Analysis of deviations was based on values of A :
/ AI < 3 % means acceptance level
3 % < /A/ < 6 % means minor deviation, investigating causes and/or repeating of TLD audit is nec-
essary
I A j > 6 % means major deviation, ,,in situ" audit in details is necessary

3. Results and discussion

Results of all TLD audits, which were done in the Czech Republic from February to September 1997,
are summarized in Figure 1. The Figure 1 shows distribution of deviations D for beam calibration
check. Most of the checked beams complies with the acceptance level, but there were two beams with
major deviations, which were very carefully analysed and it was reported by medical physicists from
both departments that they had made a set-up mistakes.

First checks performed within the first half of this year show a good agreement or at least compatibility
with the results obtained during previous check through EURAQA and EROPAQ projects or with in
situ dosimetric measurements with ionisation chambers.

TLD audits combined with a film dosimetry using a multipurpose phantom could in future supplement
an in situ audit in the radiotherapy department, because basic beam data can be obtained from these
measurements. In our country we propose that postal audits will be performed every year for each
clinically used beam and in situ audits within a period of two or three years. In the case that department
will exhibit permanently major deviations then in situ audit will be requested more frequently. Since
the radiotherapy departments will have to pay for both audits, we expect that the financial aspect will
stimulate improvement in clinical dosimetry as well.

The necessity of TLD network has been enforced by the new law for radiation protection and safe han-
dling of sources in our country. Thanks to the transfer of know-how from the projects, EROPAQ and
EURAQA, it was possible to establish this network within a very short time. A financial support from
IAEA for starting the national TLD network was acknowledged very much as well and help to solve a
lack of resource at the beginning.
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Figure 1.
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IMPROVING THE EMERGENCY RESPONSE BY EDUCATION AND
TRAINING

J.R.A. Lakey C Z " 2 8 5 0 1

John Lakey Associates, 5 Pine Rise, Meopham, Gravesend, Kent DA 13 OJA, UK

1. Introduction

The education and training of professional and technical staff and the provision of information for the
public are vital components of the emergency plan. I met many members of IRPA during my term as
IRPA President 1988-92 and found that they'shared [1,2] a common concern about the need to im-
prove public information in all aspects of radiological protection but especially in the response to a
nuclear emergency. Everyone agreed that the public should be better informed about ionising and non-
ionising radiation. But who should tell them and what should be the message? There was also a belief
that we could communicate more efficiently and possibly cause less anxiety if people were better edu-
cated about radiation and radiation protection. In this paper I will discuss the characteristics of the
messenger, the nature of the message and examine some obstacles in the path of communication.

The situation

We live in a radioactive world and all people are immersed in ionizing and non-ionizing radiations.
The vast majority rely on medical applications of radiation for some health care and for other scientific
and engineering applications including the production of electricity from nuclear power with less re-
lease of greenhouse gases. Radiation is required to maintain our standard of living.

Unfortunately radiation protection has a poor image; international figures like Dr. Uematsu in the
foreword to the Nuclear Energy Agency/OECD Report [3] described it as a subject which is impene-
trable to the layman and as wide as it is complex. Perhaps there is a deep rooted phobia which may ex-
plain why many people appear to believe that radiation hazards exceed all others? Whatever the reason
their attitude influences government agencies to apply resources unnecessarily to some aspects of ra-
diation protection at the expense of other areas.

2. The messenger

2.1 Characteristics of the messenger

There is considerable agreement about the desired characteristics of the messenger in risk communica-
tion. The UK Chief Medical Officer of Health, Dr. Caiman initiated a campaign for better communica-
tion and quoted [4] the desired attributes of risk communication including the importance of credible
sources of advice, openness, sharing uncertainty and the need to accept the public as partners. He
stressed the need for careful planning, listening to concerns, coordinating with credible sources and the
importance of meeting the needs of the media.

2.2 Obstacles to risk communication

There are many obstacles to radiation protection communication which include the complex methodol-
ogy which leads in turn to a complex language. Our jargon must be translated for the benefit of the
media and the public. However, it is very difficult to express the relatively the high level of uncer-
tainty in risk assessments in the face of intense distrust from the media.

2.2.1 Concepts

The ICRP Commission states that ionizing radiation needs to be treated with care rather than fear and
that radiation risks should be kept in perspective with other risks. The exhortation to keep doses "as
low as reasonably achievable, economic and social factors being taken into account" known as
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ALARA tends to give the impression that radiation risks are exceptional. In practice ALARA has re-
sulted in substantial reductions in dose from man made radiations.

2.2.2 Language

The language we use is weakened because the concepts of dose, dose limits and ALARA are
themselves disputed and so they do not dispel the fear of radiation. Prof. Moeller listed 34 units for
dose [5] which reveals the complexity of old and new quantities and units. Most of these units are
specific quantities and do not express the total quantity delivered.

2.2.3 Distortion

The greater part of the information which we provide will reach the public through the media, so that
allowance will have to be made for the possibility of distortion of even the most simple facts.

Our subject was distorted by a total change in the names and magnitudes of the units to permit the in-
troduction of the SI system. The change was proposed for international consistency which I welcomed.
With hind sight we now know that it has taken too many years to become effective. The selection of SI
prefixes was made to assist some engineers who calculate to three significant figures by slide rule, but
very few do. Unfortunately few people are able to use the SI system for mental arithmetic and must
rely on a pocket calculator with a high rate of entry errors!

Two other factors conspire to distort our message. Messages to the public sent out in an emergency
may be affected by "social amplification" :- distortion and feedback possibly caused by the growth of
rumours [6], The distortion may occur at a higher level in the community. For example, the influence
of socio-economic and political factors in the decision making process which occurred in the Soviet
Union after the Chernobyl accident [7]. Radiation protection logic was discarded and action taken to
avoid life time doses at a level similar to natural background.

2.4 Action to improve the messenger

2.4.1 Professional credibility

It is essential to improve the status and credibility of the profession. This may be achieved through the
education of radiation protection professionals and in my opinion is the key to improvement in com-
munication. The UK Society for Radiological Protection held a meeting to review communication with
the media [8] and were urged by a science correspondent to help members improve communication
skills.

2.4.2 Professional support

We must recruit support from professional groups, teachers, physicians, engineers and technologists
and see that they are well informed about radiation. We should participate in awareness training for
other professional groups. A example of such an exercise has been produced by the Hazards Forum
with the publication of a syllabus [9] for an undergraduate awareness course emphasising the engi-
neer's responsibility for health and safety of the public. The course extends over 6 lectures and is
backed by a series of case studies. The book of lecture notes has now been published [10].

3. The message

3.1 Characteristics

There is considerable disagreement within the profession about the content of the message. Most peo-
ple would be surprised if we were unanimous; conflicting theories are not our main problem although
we must be prepared to explain them in our message. It is of the utmost importance to be sure that our
message is "tuned in to the wavelength of the audience".
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3.2 Obstacles

3.2.1 Scares

A major obstacle is the dominant effect of "scares" on public opinion. It is incongruous that 30% of
UK adult population still smoke when the adverse effects of smoking is widely accepted. This lack of
attention to a proven hazard is reflected in the lack of preparedness which is found each year in areas
subject to recurring floods!

3.2.2 Language and concepts of dose, dose limits and ALARA

The report of Sir Richard Doll for US Office of Technology Assessment (Doll and Peto) was updated
in 1995 [11]. The report refers to the International Agency for Research on Cancer who list 118 agents
which are probably carcinogens; 60% of these are products of the chemical and pharmaceutical indus-
try. It is very difficult to make quantitative allocations of risk because many agents are synergistically
linked and thus two or more are responsible for one case. The new report covers electromagnetic ra-
diation and this is allocated between 5 and 10% of all cancer deaths.

This 1995 estimate uses ICRP risks factors and so ionizing radiation is allocated 4.5% with 85% of
this due to natural radiation. In the UK the share of cancer deaths estimated for the whole population
due to the dose received by nuclear power workers is 3 deaths a year, plus one death per year due to
environmental radiation from nuclear power. These individual deaths cannot be identified.

3.2.3 Emergency response

This task was codified for the European Union by a Council Directive on public information in the
event of a radiological emergency was adopted 1989. It defined action which must be taken when an
emergency occurs but it also emphasised that the public should understand the issues involved and be
prepared in advance of the emergency. After the Three Mile Island Reactor accident the NRC evolved
and promulgated a plan of action [12] which represents a comprehensive attack on the consequences of
an accident to a PWR, it still represents a model for future plans and I can testify about the robust from
experience of many table top exercises based on that plan [13].

An emergency is an occasion where professional skills and engineering judgement must be exercised;
unimaginative training schemes which encourage a rule driven response are likely to fail. A profes-
sional approach is essential for the conduct of Emergency Procedures and for the Off-site Emergency
response. There may be a gap between the on-site and off-site resources which can only be filled by the
application of engineering judgement and professional skills [14].

The message must be credible and conducted through communication channels which are already open
with continuity maintained by an identifiable spokesman. Training should encourage familiarity with
the plant or with similar situations. Familiarity will itself reduce stress [15] if an accident does occur.
Information need not be complete or perfect but participants must be aware of the reasons for lack of
information. Communication must continue after the emergency so that long term consequences can be
explained and rumours avoided.

3.2.3 The training of response personnel

Training in communication about emergencies is necessary for all participants in emergency response
and this has been an important component of the well established courses at the School of Public
Health, Harvard University [13]. The need for a table top exercise to support this training was recog-
nised and I was invited to develop a generic exercise to simulate the first three hours of an incident on
a typical PWR site. This exercise follows the early response of the station staff and their subsequent
communication with contacts in the utility, in government, in the local authority and in the media. The
initiating event is played in a linear fashion but off-site play is open and conducted in real time. The
RASCAL programmes are used by the directing staff to predict the reports of the monitoring teams and
the same programmes are available to the players. The scenario is based on actual events which are
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modified and scaled to raise the significance of the scenario. The six groups of players are separately
briefed. In a typical run of the exercise the message rate rises to about 30 to 40 messages per hour. The
pressure is high and for some participants it represents the first time that they have been required to
carry out their task in front of other people. The most common problem has been the communication of
the scale of the event to the local authority public and media groups. Unfamiliarity with the situation is
a factor in raising stress [15] and so it is suggested that frequent use of table top exercises based on the
specific site should make an important contribution to response in a real accident.

Radiation emergencies are fortunately rare and so there is little practical experience of these events. A
series of short courses, funded by the European Commission, have been conducted by SCK/CEN Mol,
Belgium mainly for colleagues in Eastern Europe. The aim is to transfer Western Europe developments
in a one week course addressed to the radiation protection community and to those called to take re-
sponsibility for assessment or decision making in the case of an off site emergency. Courses have been
held in Belgium for CIS, Ukraine and Baltic States), in Czechoslovakia, in Lithuania (for other Baltic
states), in Greece (for Bulgaria and Romania) and in Slovenia. The course papers have been edited as a
limited publication text book entitled "Off-site Response to Nuclear Accidents" CEC Radiation Pro-
tection No 60.

The technicians involved in emergency response must have training in radiation protection skills and
must be competent in the use of technical language when communicating with specialist advisors.
They must take precautions to protect themselves against all hazards at the site of an emergency. In a
manual entitled Radiation Protection for Emergency Workers- the principles on ionizing radiation
control for emergency team members is to be published by the CEC as Radiation Protection No 79
Guidelines are provided as an aid to the application of the ALARA principle in emergency response
and are offered to encourage an intelligent and confident response. The advice is summarised in the
seven steps listed below:
1. See the Source - make every effort to identify the type of radiation hazard. Search for the trefoil

symbol, recognise the shape of standard sources and their containers, get expert advice, notify
proper authorities.

2. Seek containment - do not move a damaged source, avoid breaking protective enclosures, close
doors and windows. Cover all exposed skin. Do not eat, drink, smoke, rub eyes or apply skin prepa-
rations such as sun tan lotion and cosmetics.

3. Stop Spread - monitor and cover or decontaminate surfaces, do not spread activity by your own
movements and set up a barrier or control line at a safe distance out of range of the source.

4. Shorten Exposure - keep exposure time as short as possible, reduce the time of working close to the
source, move away into a clean or low dose rate area to think, to discuss. Rehearse all actions.

5. Step away - keep as far away as possible, never touch the source, use appliances such as long han-
dled tongs, view the scene through a telescope, use a mirror to see round a corner. Position vehicles
and command post up-wind, out of smoke and away from liquids.

6. Shadow Shield -install a radiation shield which is as thick and as heavy as possible, place it as close
to the source as possible, work behind a shield, make use any available structure as a shield.

7. Self check - check your dosimeter frequently, check your own clothing for radioactive contamina-
tion at the barrier, look out for non-radiation hazards. Communicate with the controller.

3.3 Evidence about the message

Considerable thought should be given to the ways in which the public should be informed about the
actual and predicted emergency problems from the pollutant itself and the protective measures.

3.3.1 Risk language

The Chief Medical Officer of Health addressed the question of Science and Society and the communi-
cation of risk in his Annual Report on the State of the Public Health 1995 [4]. He proposed a "Risk
Language" applicable to all human hazards which relies on assessment of risk factor which is often
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disputed. Descriptions of risk were introduced in relation to the risk of an individual dying in any one
year or developing an adverse response. He designated the risk range of 1:100 as "High" and gave as an
example the risk of transmission of HIV from mother to child. He designated 1:10,000,000 as
"Negligible" and gave as an example the level of risk to residents near a nuclear power station!

3.3.2 Scales and indices

Sir Richard Doll has estimated the risks of cancer attributable to industry [11]. It is difficult to use of
this comparative information for communication with the public. The message must be made more di-
gestible and so we have to rely on scales and indices to convey the information about radiation risks.

INES

The INES scale for use in nuclear emergencies extends down to incidents which may occur at high
frequency without harming the public. Frequent reports of low scale or even below scale incidents
could damage the credibility of the nuclear site!

The International Nuclear Event Scale for Prompt Communication of Safety Significance [17] is
widely used for communications to the public about accidents or incidents at nuclear power plants.
This is an event scale classifies only the nuclear or radiological safety significance of the event on a
scale of seven levels. The lower levels, 1 to 3, are termed incidents and the upper levels, 4 to 7, are
termed accidents. At each level the scale is characterised by the off-site impact, the on-site impact and
the degradation of defence in depth in the plant. The scale is logarithmic so that the radiological conse-
quences increase by a factor of 10 on each upward step. It is interesting to compare the radiological
factors with the source terms published by the Lawrence Livermore Laboratory [18] showing the
dominance of releases due to weapon tests.

NCRP

The USA National Council on Radiation Protection and Measurements (NCRP) [19] are aware that
most people do not understand a logarithmic presentation and point out that a logarithmic scale is open
ended (no zero) and length along the scale is not proportional to the effect. The same criticism applies
to the Richter Scale which is a logarithmic scale for communicating the magnitude of earthquakes.
NCRP suggest the use of Index Values of radiation dose which they identify by giving Bench Mark
values expressing the effective dose in appropriate units rounded to a simple integer value. Index Value
1 is assigned to the radiation dose to the public at the Three Mile Island reactor accident which was
less than 0.01 mSv (1 millirem). The graphic display of this scale presents practical problems since it
must cover at least 5 decades and so a "magnification" approach is used to show the detail at different
levels.

3.4 Action in schools

The Commission of the European Communities has undertaken a range of activities in support of
public information including the publication of a video on ionizing radiation [20] and a brochure
entitled "Radiation and You" [21]. The Commission also organised several seminars on Public
Information and at a Seminar held in 1988 it was suggested that teaching material on radiation
protection should be developed for use in Schools of Member States [22]. The European Union which
has sponsored the book on "Radiation and Radiation Protection - a Course for Primary and Secondary
Schools" (23) and the Directorate General XI (DG XI) carried out the task.

A first draft of the Teacher's Manual was developed and from this point the competent authorities of
the member states contributed their invaluable support. Radioactivity, ionizing radiation and non-
ionizing radiation are fairly complex and abstract subjects in particular for younger and less advanced
pupils and so the option of a "spiral curriculum" was chosen. This means that items recur in a
gradually more complex form. The material was set out in five levels covering ages 6 - 16. In the first
three levels emphasis is placed on relating the pupils personal and every day experiences and they are
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made aware of the risks and benefits of ionizing radiation. In the final two levels a more detailed
examination is made of the subject from both a technical and social point of view.

The original text was tested in five members states by the University of Utrecht. The reactions of the
participating schools were generally favourable, a number of suggestions were made and the course
thoroughly modified and edited into a convenient loose leaf format.

International circle for radiation education in schools teaching radiation and radiation protec-
tion

I reviewed the education and training aspects of the European Union response to nuclear emergencies
in a paper presented to the IRPA Congress in Vienna [24]. There was considerable interest in the CEC
Course on Radiation and Radiation Protection [23] and interested participants commented that material
of this type should be made available outside the European Union.

I believe that individual members of the radiation protection profession, especially those writing
educational material, should develop a partnership with schools. I therefore propose to create an
International Circle for Radiation Education in Schools to encourage correspondence about the
teaching of radiation and radiation protection. Please let me have your views about this proposal and
suggest others who might wish to join this correspondence circle.

4. Conclusions

We should encourage education about the understanding of risk and hazards. We must support educa-
tion about our own subject and we should contribute to the development of the national curriculum.
Above all we should try to help individual school teachers. We should try to provide a radiological
protection input to courses on hazards and safety culture for undergraduates.

We should be try to improve the status of the profession and to ensure awareness of the profession in
the Universities. The criteria for corporate membership of professional societies should specify a pro-
fessional education. We should see ourselves as partners with the media but we must learn interview
technique.
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IN VIVO MEASUREMENT OF RADIONUCLIDES EMITTING LOW-ENERGY
GAMMA OR X-RAYS

I. Malatova CZ9928502

National Radiation Protection Institute, Srobarova 48, 10000 Prague, Czech Republic

1. Introduction

Use of whole body counting for the determination of activity of radionuclides in vivo in human body
or individual organs is a method developed mainly in sixties. Since this time, it has been widely used
for the monitoring of internal exposure of professionals and in special cases, for monitoring of internal
contamination of the population. Use of whole body counting in nuclear medicine for diagnostic pur-
poses was in previous time an important tool, too.

Development of technology enabling production of large detectors, both scintillation and semiconduc-
tor ones, had significant impact on whole body counting. However, basic approaches - use of shielded
rooms, phantoms, geometry of measurements are principally the same as in the beginning. Detection
of radionuclides which emits gamma rays of energy above 200 keV and its interpretation in terms of
activity in human body is usually an easy task. When energy of emitted gamma radiation is lower,
there are problems arising from detection of low energy gamma rays in the presence of Compton con-
tinuum from radionuclides with higher energy and from not known or not exactly known distribution
of radionuclide of interest in human body. Special problem has detection of pure beta emitters in the
body through their internal and external bremsstrahlung. Only radionuclides emitting beta particles
with energy high enough could be detected by this method.

2. Detectors

From the point of view of detection of low energy gamma and X-rays, significant step was construc-
tion of the first dual phosphor sandwich detector from Nal(Tl) and Csl (Tl) (phoswich) in late sixties
by Laurer^. The phoswich detector suppresses the background under the low energy peaks which are
the subject of interest and therefore, detection limit is decreased. Introduction of phoswich detectors
into praxis was followed by progress in the field of knowledge of the kinetics of many transuranium
and some other low energy emitting radionuclides.

Another important innovation was construction of special low energy semiconductor detectors from
high purity germanium. For the detection of radionuclides in vivo, usually more detectors are used ei-
ther as an array of two or more detectors or just more detectors in individual cryostats. Wide use of
such device began in mid-eighties(2).

Both phoswich and semiconductor LEGe detectors are used at present time. Efficiency of the detection
systems, which is given by active area of the detectors, compared for very advanced systems is of
course much higher for phoswich detectors. Systems using up to 3 phoswiches(3) with the active area
about 970 cm2 are used in many laboratories, also LEGe detectors are used in arrays - there is de-
scribed system of 6 detectors with active area about 122 cm2 (4). In comparison with semiconductor
detectors, phoswich is much cheaper, has high detection efficiency, but poorer energy resolution and
needs more sophisticated electronics. Superior energy resolution of the LEGe detectors is very impor-
tant feature as it not only enables to resolve peaks with small difference in their energy, but also be-
cause the contribution of background beneath the peak is smaller, decreasing thus significantly
detection limit. Comparison of energy resolution could be demonstrated for 241 Am 59.6 keV energy
line which is about 0.5 keV for LEGe and about 13 keV for phoswich. Analysis of spectra from
semiconductor detectors is much simpler than the ones obtained with phoswich. Special advantage of
the use of LEGe detectors for in vivo counting is their ability to resolve peaks in the presence of an-
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other radionuclides. In the human body, there is always 40K present and often significant amount of
l37Cs too. Subtraction of Compton scattering
of these radionuclides increases detection
limit for low energy radionuclides.

Any detector for the detection of low energy
gamma or X-rays needs thin entrance win-
dow as to decrease absorption of radiation
in it. Aluminium, beryllium or carbon-epoxy
windows are used for this purpose. Atten-
tion has to be paid to contamination of mate-
rial by radionuclides - presence of 210Pb in
beryllium windows of HPGe detectors has
been reported(5) and presence of uranium
and thorium series in aluminium depends on
its origin(6). Good shielded room is neces-
sary when using either phoswich or semi-
conductor detectors, because especially in
low energy region many peaks from natural
radionuclides are always detected. In addi-
tion to it, Compton continuum from radi-
onuclides which emits photons of higher
energy increases significantly background
in the low - energy region. Even inside
shielded rooms, there is significant contri-
bution from radionuclides present in mate-
rial of shielding, in detection system,
scattered radiation from outside and last but
not least radionuclides present in the meas-
ured person which are not subject of interest
and which are interfering with the spectra of
radionuclide studied (Figures 1 a., b, c).

3. Calibration with phantoms

For the interpretation of measured spectra in
the term of activity of radionuclide in the
human body or organ, the proper calibration
is necessary. Human body consists from
materials which can significantly attenuate
photons - bones, muscle, adipose tissue etc.
Above 100 keV, the mass attenuation coeffi-
cient fj/p is fairly constant for such materi-
als, which enables use of simple phantoms.

In the Figure 2, there is transmission factor
in dependence on the energy of photons, cal-
culated for the different thickness of two
main attenuating materials in the body - soft
tissue and bone. Transmission factor / ex-
presses attenuation of the photons of given
energy in the layer of material. It is defined
as:

Fig. 1 a. Spectrum of background in the WBC shielding,
detector LEGe (No. 13); beryllium window. Time
of measurement: 300 000 s
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Fig. 1 b. Spectrum of background in the WBC shielding,
detector LEGe (No. 13); carbon-epoxy window.
Time of measurement: 300 000 s
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Fig. 1 c. Spectrum of an uncontaminated person (near
the knees), detector LEGe (No. 13); carbon-epoxy
window. Time of measurement: 5 400 s
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f=N/N0

N/NQ = exp (-iu/p)x

where No is a number of counts in a peak without absorbing layer

N is a number of counts in the same energy peak with an absorbing layer present

ju/p is mass attenuation coefficient (m2.kg"1)

x is absorbing layer (m)

The density of different soft tissues is not significantly different from lg/cm3. According to(3), density
of adipose tissue is 0.92 g/cm2 and of lean body mass 1.00 to 1.10 g/cm3, therefore transmission fac-
tor for soft tissue of 1 g/cm3 is presented. For the bone, density gravity 2 g/cm3 (11) was chosen.

Fig. 2. Transmission factor for different body tissues

1E2 1E3
Energie (keV)

1E4

Soft tissue 0.1 cm

Bone 0.1 cm

Soft tissue 1 cm —•— Soft tissue 5 cm

Bone 1 cm —v— Bone 5 cm

The degree of attenuation depends on the location of the materials and the energy of the photons being
emitted with respect to the position of the detectors. It follows from Fig.2 that for energies above 100
keV and soft tissue equivalent thickness 5 cm, the transmission factor differs approximately by factor
of 2. Having in mind these differences, it is possible to estimate uncertainties to which use of the indi-
vidual phantom could lead.

It is obvious that when radionuclides emitting photons below 100 keV are the subject of interest, the
proper choice of the phantom and suitable measurement geometry are the basic conditions for obtain-
ing realistic results. As a matter of fact, when estimating the content of such radionuclides in human
body in vivo by whole body counting, it is better to refer to organ / tissue measurements rather than the
whole body measurements.

In praxis, there are few radionuclides emitting low energy gamma or X-rays, important from the view
of radiation protection. In the nuclear fuel cycle and related research, transuranium radionuclides, ura-
nium and thorium isotope are the subject of interest. Also l25I, widely used in nuclear medicine, be-
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longs to the radionuclides emitting low energy gamma photons (Ey=35.5 keV), but estimation of its ac-
tivity in thyroid is usually not a problem.

Assessment of the cumulative exposure to radon of uranium miners through deposited 210Pb was ex-
perimentally used(7) . At present time, effort to use this technique for exposure of population from
dwellings with increased radon concentration is underway(8).

Common problem of the detection of above mentioned radionuclides (with exception of 125I) is their
complicated and not always known distribution in the human body. They are mostly so called "bone
surface seekers", i.e. they are from large part deposited on the bone surfaces, however, with bone
growth they are covered by new bone. They have usually long residence time in the lungs and some of
them are for quite a long time deposited in reticuloendothelial system. Of course, their physico-
chemical form in the time of intake is most important.

There exist(9'10) phantoms of the chest, enabling to model distribution of radionuclide in lungs and in
liver, simulation of different thickness of overlaying tissue by these phantoms is also possible. Such
phantoms are important especially for monitoring of workers where inhalation intake is possible.

Calibration of body / organ counter for the radionuclide in the bone is very important, too. It is practi-
cal to use for the estimation of radionuclide activity in the skeleton measurement of a region of a
body that is relatively isolated or can be shielded from interference by activity in the rest of the body,
for example the skull or the knee. To infer total skeletal deposit, it is necessary to estimate the frac-
tional skeletal activity deposited in the region viewed by the detector. The advantage of using skull is
that it consists from thin layer, usually about 6 mm of cortical and spongious bone. Calibration for
knees is rather difficult..

Calibration could be performed with computational phantoms too. The degree of calibration accuracy
obtained by using computational phantoms is partly a function of the anatomical accuracy by the
phantom, partly a function of the radionuclide distribution in the body. The main advantage of com-
putational phantoms is that they are a tool for estimating accuracy of measurement (range of possible
values). The importance of computational phantoms is increasing as the use of computers is no prob-
lems any more fast for all laboratories. Also, imaging techniques are bringing detailed anatomical in-
formation as input for such models.

Calibrations using autopsy materials is a very important tool, nowadays it is performed mostly because
of effort of US Uranium and Transuranium Registry ( USTUR) which is collecting autopsy material
from deceased people with internal contamination and some of it uses for calibration purposes too.

4. Description of WBC in Prague with special detectors for low energy photons

The detection system for the measurement of radionuclides emitting low energy photons in vivo was
designed, consisting from two LEGe detectors with carbon-epoxy windows of thickness 0.5 mm. Ac-
tive area of each detector is 2000 mm2. Energy resolution of both detectors is less than 400 eV for
5.9 keV energy line and about 600 eV for 122 keV. The detectors are placed into the shielding of
whole body counter with walls 21 cm thick from old steel.

For the measurements of bone seeking radionuclides (241Am, 210Pb) they are placed 3 cm to the skull
in temporal region of the subject (see Fig. 3)

Calibration for the homogeneously distributed radionuclide in the skull was performed by shifting pla-
nar source of 24lAm and 210Pb over the outer and inner surface of the real skull and as a resulting value
of efficiency, the geometric mean was used. There was also calibration performed for the measure-
ments with one LEGe detector only. In such case, detector was placed . over the top of the skull. For
calibration, parts of three different real skulls were used.

Efficiency for the 59.6 keV of 241Am in skull was estimated to be 0.0131. Minimum detectable activ-
ity on the 95% confidence level and for the time of measurements 5400 s is 2 Bq for 24IAm in the
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Fig. 3. In vivo measurement with LEGe detectors

In the frame of international intercomparison in
which a person with real old contamination by

Am was used, there was compared calibration
with shifting of planar source over the skull with
the skull phantom, over which inner and outer
surface was homogeneously distributed solution
of 4 Am. When measurement was performed in
the standard positions, the differences in calibra-
tion factors obtained with 2 different phantoms
were not greater than 15%. Results of both
measurements are in fairly good agreement.

This detection system was used for 210Pb detec-
tion in the skeleton with the aim to estimate pre-
vious exposure to radon . This programme was
aimed mainly on people living in dwellings with
significant increase of in-door radon concentra-
tion.

By the measurement with the detectors near to
the head of the person, MDA (for the whole
skeleton) 90 Bq was found. When detectors were
placed near to the knees, MDA 70 Bq was found.
Time of measurements was 5400 s, confidence level for the calculation of MDA 95%.

MDA decreased to less than 30 Bq when spectra of few people were added together. However, up to
now, no significant difference in the measured spectra from "radon" dwellings and unexposed people
was found. It seems that further reduction of background and increase of efficiency is needed. Also,
into formula for calculation of MDA, uncertainty of the skull calibration has to be incorporated.

5. References
1. Laurer,G.R. and Eisenbud,M.1968."In vivo measurement of nuclides emitting soft penetrating radiations.

Diagnosis and Treatment of Deposited Radionuclides". Excerpta Medica Foundation. 189 - 207).
2. Palmer and Rieksts,1984," The use of planar high -purity germanium detectors for in vivo measurement of

low energy photon emitters". Health Physics, 47, 569 - 578.
3. Doerfel, H., Zieger, A. Neukalibrierung des Teilkoerperzaehlers fuer 241Am Depositionen im Skelett,

Jahresbericht 1991 der Hauptabteilung Sicherheit des Kernforschungszentrums Karlsruhe, KFK-Report
5030,164-165(1992).

4. Spitz,H.B., Bushbum,R.L., Rieksts.G.A, Palmer,H.E., A new method of analyzing high-resolution spectra
from whole body counter in vivo measurements, Health Phys.,47, 1085-1096, 1984

5. Malatova, I., Drabova,D., Kropacek,J., Rulik,P.: Determination of 210Pb Low Activity by Gamma Spec-
trometry, IRPA 9, International Congress on Radiation Protection, Vol.3,125 - 127, Vienna, 1996.

6. Brodzinski,R.L., Brown,D.P., Evans,J.C et all An ultralow background germanium gamma ray spectrome-
ter, Nucl. Instr. Methods Phys.Res., A239, 207-213,1985

7. Laurer,G.R., Gang,Q.T., Lubin,J.H., Jun-Yao,L., Kan,C.S.,Xiang,Y.S,Jian,C.Z.,Yi,H.,De,G.W.and
Blot,W.J- Skeletal 210Pb levels and lung cancer among radon-exposed tin miners in Southern China.Health
Phys., 64 (3), 253 - 259, 1993

8. Scheler,R., Dettmann,K.: Retrospective Estimation of Exposure to 222Rn Progeny by Measurements of
210Pb in the Skull Workshop Intakes of Radionuclides, Occupational and Public Exposure, 1 5 - 1 8 Sep-
tember 1997, Avignon, France.

9. Phantoms and Computational Models in Therapy, Diagnosis and Protection, ICRU Report 48,1992
10. Direct Methods for Measuring Radionuclides in the Human Body, Safety Series 114, IAEA Vienna, 1996
11. Report of the Task Group on Reference Man, ICRP Recommendation, Pegamon Press, 1975

272 Session 3



IRPA Regional Symposium
Radiation Protection in Neighbouring Countries of Central Europe. Prague. 8-12 September 1997

THE EXTERNAL GAMMA DOSE MEASUREMENT IN NUCLEAR POWER
PLANT KRSKO AND SURROUNDINGS

G. Omahen CZ9928503

Institute of Occupational Safety, Bohoriceva 22a, 1000 Ljubljana, Slovenia

1. Introduction

Neutron measurements in the past years showed that there is elevated neutron radiation in the direction
of the equipment access hatch in Krsko nuclear power plant. We were interested if there is the eleva-
tion in a gamma dose too.

2. Methods

An external gamma dose was measured with Panasonic TL dosimeters, model UD-802AS. Each do-
simeter has two detectors made of calcium sulfate (CaSO4) doped with thulium and two detectors
made of a lithium borate (I^E^O?) doped with copper. Dosimeters were read in the Panasonic reader,
modelUD-716AGL.

The dosimeters were placed on 70 different locations, on each location two dosimeters, in and off site
for the period of four months.

3. Results

According to the measured absorbed dose in air we divided results in four dose intervals:
< first with a dose between 170 uGy and 220 uGy
< second with a dose between 220 u-Gy and 270 jaGy
< third with a dose between 270 uGy and 320 uGy
< fourth with a dose greater than 320 jiGy

There are 12 measurements in the first interval, 29 in second, 14 in third and 5 in fourth. The measur-
ing points can be seen on the map of the Krsko power plant.

In the first dose interval there are areas close to the fence of the plant, mostly on the south by the Sava
river. Low doses are due to asphalt, concrete and water surfaces (lower terrestrial radiation).

The majority of the measurements Figure 1. Dependence of absorbed dose in air on distance from the
are in the second dose interval.

In the third group are areas at
distance 50 - 75 m from a waste
storage facility or equipment ac-
cess hatch in direction of the
equipment access hatch.

Doses are highest close to the
equipment access hatch or radio-
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The dose decreases with the dis-
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can be seen on the graph. The
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When the border of the controlled area is crossed the dose rises. The reason is in the terrestrial radia-
tion and Chernobyl contamination, which are smaller inside controlled area because of large asphalt
and concrete areas which contain less natural radioactivity or cesium. Outside controlled area are or-
chards and the dose is stabilized at app. 300 (j.Gy.

4. Discussion

The measurements show that the gamma dose is elevated in the vicinity of the containment in the di-
rection of the equipment access hatch. At the distance 50 m from containment the dose is still twice the
background inside controlled area.

The calculated annual effective dose for the workers working at distance 50 m from the containment
2000 hours per year is 180 (aSv.
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INITIAL EXPERIENCE OF TRITIUM EXPOSURE CONTROL AT JET

B. Patel, D. C. Campling, P. A. Schofield, P. Macheta and K. Sandland

JET Joint Undertaking, Abingdon, Oxfordshire, 0X14 3EA, UK

Abstract: The Joint European Torus (JET) project aims to demonstrate the scientific feasibility of con-
trolled nuclear fusion using magnetically confined plasmas. Recent experiments have involved signifi-
cant use of tritium and deuterium as fuels for plasma discharges. The project imposes tight limits on
radiation exposure to its staff. This paper describes some of the safety procedures and controls in place
for work with tritium, and discusses initial operational experience of handling tritium. A description is
given of work to rectify a water leak in a JET neutral beam heating component, which involved man-
access to a confined volume to perform repairs, at tritium levels of -100 DAC (80MBq/m3, HTO).
Control measures involving use of purge and extract ventilation, and of personal protection using air-
fed pressurised suits are described. Results are given of the internal doses to project staff and of atmos-
pheric discharges of tritium during the repair outage.
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1. Introduction CZ9928504
The JET project is part of a collaborative EURATOM research programme, investigating the long-term
feasibility of controlled nuclear fusion as source of energy. On JET, the gaseous fuels, isotopes of hy-
drogen, are heated to temperatures in excess of 100M°C within a vacuum vessel. The JET device, Fig
1, uses a toroidal magnetic field to confine and isolate the hot plasma. The fusion power output is de-
pendent on achieving sufficient values of temperature, density and confinement time. The plasma is
heated initially by passing a large electric current through the gas mixture, with additional heating sup-
plied by RF and neutral beam injection (NBI). In May 1997, plasma operations commenced with sig-
nificant amounts of tritium in the deuterium fuel mix.

Although tritium is regarded as a low radiotoxicity nuclide (E P(max)~18.6 keV, t]/2=12.3y, ALI=lxlO
Bq (ICRP-61)), there may be significant risks to workers and the public whenever large quantities are
handled and it is in its more hazardous oxide form.

The foremost method of controlling tritium exposure at JET has been the use of UHV technology to
provide high integrity containment for all active gas handling processes. However, there exists greater
potential for worker exposure to tritium during beaches of containment for maintenance or repair work.
One such task became necessary when a water leak developed on one of the NBI systems which had
been exposed to tritium. The only feasible method of repair involved manual intervention to an area
with high levels of tritium, and this required a controlled approach to limit worker doses and minimise
aerial discharges of tritium.

2. Regulations, limits

In the UK the Ionising Radiations Regulations 1985, specify the standards for dose-limitation, control
of work, dosimetry, monitoring, medical surveillance. The dose limits in the 1985 regulations relate to
the 1977 recommendations of the ICRP[1]. The project's own policy on radiation exposure to workers
under JET control is to restrict dose to its classified persons to 5mSv/year, and lmSv/year to all others.
This limit is regarded as stringent even now, compared to forthcoming changes to statutory limits, and
has been a prime factor in attaining compliance with the principles of ALARA.

JET had to obtain regulatory approval to hold tritium and accumulate and discharge tritiated waste, in
accordance with the UK Radioactive Substances Act, 1993. Prior to the use of tritium, JET also com-
pleted a safety assessment and accident analysis to demonstrate to external auditors that it could safely
handle PBq quantities of tritium. JET currently holds 20g (7.4x1015Bq) of tritium, although it has
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authorisation for up to 90 g. Approvals have also been granted for aerial and liquid discharges to the
local environment. JET aims to limit discharges, so as to restrict off-site doses to below 50|^Sv/year.

3. Tritium handling and control

A dedicated active gas handling plant serves to store the tritium gas and supply it to torus gas injec-
tors. The process systems are shown in Fig 2. These systems receive torus exhaust gases, process and
purify them and isotopically separate them using cryogenic techniques. The exhaust de-tritiation sys-
tem (EDS) is designed to remove excess tritium from the processed gas stream prior to discharge
through the building stack. Catalytic re-combiners and molecular sieve beds oxidise and trap the trit-
ium, achieving de-tritiation factors of 1000 [2],

Figl. Schematic View of JET Machine Fig2. Active Gas Handling System

4. Operational experience

Doses to plant operators have been barely measurable in over a year of processing several tens of
grams of tritium. Several small breaches of primary containment were made during this period. The
procedure has been to pump out the containment volume, and purge with moist air to allow tritium ex-
change. This is repeated several times until the process ion-chambers show the concentration is low
enough to permit opening. Even then, local exhaust ventilation provided by a flexible, large diameter
hose, is used to reduce tritium concentrations in the breathing zone of the worker. Airborne concen-
trations of several tens of DACs of HTO have been observed for short intervals. Only simple protective
clothing has been prescribed in these situations, i.e., coveralls, rubber gloves and overshoes, mainly to
avoid spread of surface contamination. Greater tritium concentrations have been found in waste water
streams. Regeneration of the EDS dryers has yielded tritiated water with activities of lOOGBq/litre,
whilst some vacuum pump oils show 100MBq/l. Work with tritiated oils or water has required further
protection involving use of PVC aprons and boots.

5. NBI intervention

Neutral beam heating is achieved by accelerating beams of charged ions (deuterium and tritium) to
high energies, neutralising them and directing into plasma. This also serves to refuel the plasma. The
injector comprises of several beam sources and a large 8m high vacuum chamber containing neutralis-
ers, deflection magnets, beam dumps, cryopump and calorimeter (Fig3). Two NBI boxes are connected
to the torus and form part of the tritium containment. Typically during operations, 0.2g of tritium is fed
to the injectors for each pulse. Only l%-4% of the injected tritium enters the torus, the rest being
trapped on liquid helium cooled cryopanels. Following operations, several grams of tritium is con-
tained on the cryopanels. They are regenerated periodically, and gases recovered for reprocessing.

Recently, a water leak on a coolant hose to a shutter mechanism compromised further injection of trit-
ium to the torus. The only feasible method for repair was to make man access to the affected vacuum
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box to locate the leak, cut out the faulty pipework, and weld in a replacement. As such the work repre-
sented a major breach of containment.

The radiological condition of the box was such that even after several regenerations of the cryopump,
~100 TBq of tritium remained in the box, both implanted and as surface contamination. For the pur-
poses of controlling tritium uptakes during the intervention, a dose constraint figure was established at
2mSv/person. This was set to be compatible with the previous experience of the average dose accrued
by JET workers undertaking specialist tasks in radiation areas. On this basis, the maximum tolerable
exposure would be 1 DAC (HTO) for the 80 hours estimated to complete repairs.

Given the potential for large tritium uptakes, there was a clear need to extract as much of the tritium as
possible beforehand and then ventilate the box. However, direct pumping and discharge to stack would
not be possible, since a target of 40GBq/day aerial discharge was agreed with regulators.

Initially dry nitrogen was introduced into the box, and later moist air. The air was allowed to soak the
tritiated atmosphere prior to recovery via EDS. The in-box concentration fell from 32GBq/m to
6GBq/m3 after 9 pump/purge cycles. The in-box off-gassing rate was estimated to be » 1 0 0 GBq/day.
Further analysis of the tritium content showed that >99% was in the oxide form. The intention was to
ventilate the box through the EDS during the period of personnel access. Given a capacity of 300m3/hr
of the EDS, this permitted only 5-6 air changes per hour. This implied concentrations >100 DAC in the
box initially. Given the dose-constraint on exposure to 1 DAC averaged over 80 hours, and the limit on
discharges to the atmosphere, the only workable option was to use personal protection in the form of
air-fed pressurised suits. Protection factors for pressurised suits in excess of 1000, in laboratory tests,
have been reported [3]. Even assuming a protection factor of 100, and a mean concentration of 100
DAC, the dose constraint could be met. However there were considerable logistical difficulties in es-
tablishing suited access to the NBI box. The main difficulty was the confined work area, 1.3-2.9m x
3.6m , and the problem of entry and egress from the 8m height. Further, some of the work required ac-
cess to various heights in the box, and demanded additional safety precautions to counter conventional
safety hazards.

Prior to establishing access, the 7m high central support column, which was a major source of tritium
itself, had to be removed. Without the benefit of containment, exposures were controlled by using
building ventilation in purge mode. The problem of storage of the column during the repair was solved
by transferring it to the second, less tritiated NBI box.

The prescribed protection for in-box entries was full pressurised suits. The JET air-fed pressurised suit
is a one-piece PVC or polyurethane unit with integral hood and gloves. The suit material has a thick-
ness of 0.3mm. It is supplied with compressed breathing air, at flow rates >3201/min, controlled by a
mobile air regulator. Given the high levels of surface contamination likely to be encountered, addi-
tional protection in the form of an oversuit (0.15mm) was worn. For work at height, a pressurised suit
incorporating a fall arrest system and safety harness was utilised.

Access to the NBI box was achieved by means of a purpose made change area cabin, assembled from
modular fibre-glass panels and metal floor mounted over the top of the box. The cabin served as a
change area/access control point for suited work. Audio and visual communications allowed safety su-
pervision. The interior surfaces of the cabin were spray coated with a thin peelable coating (0.1mm) of
PVA formulated solution (Gramos 6121), to assist with subsequent de-contamination. Entry and exit to
the box was arranged using a purpose made man-access lift suspended over the box, lowered and
raised by a winch.

With a ventilation rate of ~5 air changes/hour, the initial entry indicated tritium levels >80MBq/m3 air-
borne, and 7000 Bq/cm2 surface. Initial analysis of urine bioassay samples showed uptakes of
2|j.Sv/hour. This indicated a suit protection factor nearer 1000. However, later operations were likely to
raise concentrations further. In the event, one of the first tasks following inspection of the repair area
was to use high capacity air heaters to dry out the coolant pipes. The box temperature was raised to 50-
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200°C for -36 hours. This had the effect of further increasing gross airborne levels, but later meas-
urements after cooldown showed that the in box levels had fallen to a few DAC (Fig 4).

Fig 3. Schematic View of NBI Box Fig 4. In box tritium concentrations for
first 12 days of NBI intervention
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In total, 217 man-hours of suited work was carried out. Levels in the box reached 180 DAC, and in the
change areas 5 DAC. Surface levels of 56kBq/cm2 were found on the columns. For the entire

7 week operation (involving transfer of columns, establishing access, leak detection, cutting, welding,
and leak checking), a total of 65 persons were involved in the containment breach. The highest indi-
vidual dose was 70faSv, the collective dose was 500u.Sv. Residual contamination levels in the cabin
were 80-300 Bq/cm2, the PVA coating on the cabin reducing levels further by factors of 2 to 40. The
total tritium discharged in the 7 week period was 300GBq (HT) and 360GBq (HTO), giving negligible
impact off-site.

6. Conclusion

Initial experience of tritium handling at JET shows that the methodology of using containment and
ventilation systems, with tight radiological control has been important for minimising worker dose to
tritium. Procedures for containment breaches involving pump/purge cycles and local and general ven-
tilation have been found to be effective. Large containment breaches have required careful prescription
of dose-constraints and personal protection. However, future operations are likely to require greater
controls, particularly with the handling and disposal of tritiated solid wastes, water and oils. This initial
experience of tritium handling will be useful for planning future maintenance operations at JET, in-
volving much larger quantities of tritium.
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THE EVALUATION OF DIAGNOSTIC MEDICAL EXPOSURES IN THE
CZECH REPUBLIC

ilium mi
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1. Introduction

Since 1994 there is an effort to find the best way for statistical evaluation of medical exposures to ion-
izing radiation in the Czech Republic. There are three main sources of data - Institute of Health Statis-
Tab. 1

Examination

bone marrow imaging
bone imaging
bone imaging 3f
brain imaging dyn.
brain imaging static
brain imaging (SPECT)
myocardial imaging stress
myocardial imaging stress
myocardial imaging
rn ventriculography
rn ventriculography stress
rn angiography
rn phlebography
chromexcretion function
liver and spleen imaging
funct.biliary system imaging
lung perfusion imaging
lung perfusion imaging
lung ventilation imaging
lung ventilation imaging
lung ventilation imaging
lung ventilation imaging
scintigraphy Ga
rn nephrography
rn nephrography
rn nephrography
rn residuum in urin.bladder
renal imaging
renal imaging
renal imaging dyn.
renal imaging dyn.
renal imaging dyn.
renal imaging dyn.(+GR)
thyroid imaging
tomograph.imaging (SPECT)
tomograph, imaging (SPECT)
TOTAL

Radiopharmaceutical

99mTc nanokoloid album
WmTc methylendifosf.
99mTc methylendifosf.
99mTc pertechnetat
99inTc pertechnetat
99mTc HM PAO
99mTc MIBI
2C1T1 chloride
201Tl chloride
99mTc RBC
99mTc RBC
99mTc DTPA
99mTc MAA
1 3 1Irosebeng.
99mTc colloid
99mTc trimethyl HIDA
99mTc MAA
81Krm

99raTc MAA
99mTc DTPA
99mTc MAA

Ga citrate
99mTc DMSA
wmTc D T p A

13'i hippuran
1311 hippuran
99mTc DMSA
123I hippuran
99mTc DTPA
99mTc MAG3
123I hippuran
99mTc DTPA
99mTc pertechnetat
99mTc MIBI
201Tl chloride

Nun. of pro-
cedures

87
30 143

2 766
2 837
3 521
3 111
1 178
1480
1431
1470

139
346

6 094
1251
2412
1 152

20 147
2 148
1225
1224
1744
1 778

824
1 530
2 349

18613
1 729
4 023
1 552
3 826
5 121
1389
2 269

11 352
2 348
3 192

147 801

Average of ad-
ministered ac-
tivity FMBq]

773.5
746.1
678.8
752.8
702.8
756.3
646.5

98.8
97.3

689.0
728.3
441.5
340.8

1.3
188.8
239.3
236.3

1.0
199.8
737.3
233.8

1.0
185.3
139.5
339.3

1.0
1.5

136.0
1.0

303.0
174.5

1.6
266.3
136.0
755.3
106.8

Conversion fac-
tor [mSv/MBq]

1.37E-02
5.47E-03
5.47E-03
1.27E-02
1.27E-02
1.19E-02
1.48E-02
2.19E-01
2.19E-01
6.97E-03
6.97E-03
8.37E-03
1.37E-02

1.27
9.07E-03
1.96E-02
1.37E-02

0.05
1.37E-02
8.37E-03
1.37E-02

0.05
1.10E-01
9.91E-03
8.37E-03
1.00E-01
1.00E-01
9.91E-03
2.45E-02
6.63E-03
9.91E-03
2.45E-02
8.37E-03
1.27E-02
1.48E-02
2.19E-01

Collective ef-
fective dose

fraSvl
921.9

123018.6
10270.3
27123.3
31426.9
27998.9
11271.3
32023.1
30492.7
7059.4

705.6
1278.6

28452.6
2125.0
4130.3
5403.2

65222.1
107.4

3353.1
7553.6
5586.1

88.9
16795.6
2115.1
6671.0
1861.3
259.4

5422.0
38.0

7686.0
8855.7

54.4
5057.4

19607.2
26247.0
74658.3

600941.6
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tical Systems of Ministry of Health, Hospitals and Health Insurance Comp. Recently there is very good
co-operation between radiation protection bodies and General Health Insurance Comp. (GHIC) and
databases of GHIC seem to be the best source of data for purpose of radiation protection. Data obtained
from GHIC databases enable us to sort patients undergoing radiological or nuclear medicine or radio-
therapeutical procedures by age and sex what is the first and essential step for correct evaluation of
medical exposures from the point of view of patient's detriment.

2. Data and results

The first evaluation of obtained data allows calculating population irradiation factors for population of
patients in Prague, which are 0.68 for X-ray and 0.72 for nuclear medicine procedures. Concerning the
numbers of examination we can observe increasing trends generally. First results show that CT and
mammography procedures are growing very fast. This is mainly due to new equipment in medical fa-
cilities and also due to new system of health insurance in our country, when physicians depend on the

Tab. 2. Results of national survey in nuclear medicine departments in the Czech Republic in 1996
y./number of departments using individual procedures and average administered activity

Type o f examinat ion
Circulation o f cerebrospinal fluid imaging
Thyroid uptake
Thyroid scan
Nephrography
Chromexcret ion function
Myocardia l imaging - stress
Myocardia l imaging
Myocardial imaging - S P E C T
Ferrokinetics
Scintigraphy 6 7 Ga
Renal imaging - dynamic
Brain imaging - dynamic
Brain imaging — static
RN ventr iculography
RN angiography
RN phlebography
Myocardia l imaging
Liver imaging
Renal imaging
Renal imaging with determ. func. rat io
Bone imaging
Brain imaging - perf.
Imaging with labelled white cells
Determ. of gastroesofag. reflux
Liver and spleen imaging
Lung imaging {perf.
Lung imaging / S P E C T
Renal imaging / dynam.
Bone imaging
Lung perf. imaging
Bone mar row imaging
RN lymfography
Thyroid imaging
Mecke l ' s div.
RN cystography with reflux examinat ion
Brain imaging - static
Brain imaging - S P E C T
Cardio- angiography first pass
RN angiography

T y p e of radiopharmaceuf ieals
H 1 I n D T P A
131I
131I
1 3 ' i O I H
1 3 ' i bengal rose

201Tj
201^1

5yFe
67Ga
99mTc DTPA
99raTc DTPA
99raTc DTPA
99mTc ery in vitro
99mTc ery in vitro
99mTc MAA
99mTc PYP
99mTc diethyl IDA
9S*"Tc DMSA
99mTc DMSA
99mTcHDP
99mTc HMPAO
99mTc HMPAO WBC
99mTc koloid
99mTc koloid
99mTc MAA
99mTc MAA
99mTc MAG 3
99mTc MDP
99mTc microsfery alb.
99mTc nanokoloid
99mTc nanokoloid
9 9 mTc04
99raTc04
9 9 mTc04
9 9 mTc04
9 9 mTc04
99mTcO4
9 9 mTc04

No. of department
11
5
8

28
8
17
17
10
4
16
32
9
7
5
3

27
8
8

28
28
9
17
10
17
35
38
5

26
34
2
13
12
39
25
3
30
3
10
11

A |MBqj
27

0.62
7

0.8
1.1
91
83
92
2.5
165
250
754
643
700
767
236
625
199
188
171
706
741
424
59
148
188
260
197
730
218
530
187
128
247
53

625
437
584
608
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numbers of procedures performed.

During 1997 data from whole country concerned to nuclear medicine procedures were evaluated. Fre-
quencies of procedures, average of administered activity and collective effective dose from the most
frequent and important examination in the period VII. - XII. 1995 and I. - VI. 1996 are presented in
Tab.l. After first evaluation of obtained data we assess effective dose 0.7-0.8 mSv/per inhabitant and
3.8 mSv/per patient. We have to take into account also that GHIC cover not all people in the Czech
Republic (in accordance with the annual report of GHIC - 75 %) and some procedures we have not
still estimated by effective dose (about 15 % of all procedures).

During 1997 we obtained also the results from national survey on the type and amount of administered
radiopharmaceuticals (see Tab.2). The questionnaires of survey were distributed to all from 50 nuclear
medicine department in the country and 48 department answered. Based on the survey results, the ref-
erence levels (dose constraints) for nuclear medicine procedures were defined and implemented into
new Czech legislation (Regulation No. 184/1997) - Tab.3.

Concerning the X-ray examination the same way for their evaluation is followed, but number of proce-

Tab. 3. Reference levels of administered activity for some diagnostic procedures in nuclear medicine re-
lated to adult patient (70 kg)

Examination

BONE
BRAIN

THYROID

LUNG

LIVER &
SPLEEN

CARDIO-
VASCULAR

STOMACH
G.I. TRACT

KIDNEY,
URINARY
SYSTEM,
ADRENALS
MISCELLA-
NEOUS

Bone imaging
Brain imaging static
Brain imaging (SPECT)
Cisternography
Thyroid imaging

Thyroid metastases(after
abl.)
Parathyroid imaging
Lung ventilation imaging

Lung perfusion imaging
Lung imaging (SPECT)
Liver, spleen imaging
Functional biliary system im.
Liver imaging (SPECT)
First pass blood flow studies
Myocardial imaging
Myocardial imaging
(SPECT)

Stomach/salivary gland im.
Meckels diverticul. imaging
G.I. bleeding
Oesophag. transit and reflux
Gastric emptying
Renal imaging static
Renal imaging dynamic
Renal imaging (SPECT)
Nephrography
Tumor or abscess imaging

Neuroectodermal tumor
imaging
Abscess imaging

Radionuclide

9 9 m Tc
9 9 m Tc
9 9 m Tc
' " I n

9 9 m Tc
123j

2 0 ' T l
8 1Krm

9 9 r aTc
9 9 m Tc
99mT(,
9 9 m Tc
9 9 m Tc
9 9 m Tc
9 9 m Tc
9 9 m Tc
9 9 m Tc

201 .-pi

9 9 m Tc
9 9 m Tc
9 9 m Tc
9 9 m Tc
9 9 m Tc
9 9 m Tc
9 9 m Tc
9 9 m Tc
9 9 m Tc

131j

6 7 Ga
201-p.

I23J

"'I
9 9 m T c

Chemical form

Phosphonate and phosphate compounds
TcO"4.DTPA
TcO"4. DTPA, HM - PAO
DTPA
TcO-4

r
r

Tl chloride
gas
DTPA aerosol
Human albumin
MAA
Labeled colloid
IDA derivate
Labeled colloid
TcO4

Phosphonate and phosphate compounds
isonitriles

Tl chloride
Phosphonate and phosphate compounds
TcO'4
TcO'4
Labeled normal red blood cells
Labeled°colloid
Labeled colloid
DMSA, gluconate and glucoheptonate
DTPA, MAG3
DMSA, gluconate and glucoheptonate
Hippuran
citrate
Tl chloride
MIBG
MIBG
HM - PAO labeled white cells

Administered
activity [MBq]

800
600
800
40
150
7

400

80
6000
150
200
300
150
250
300
900
600
800

110
800
100
400
600
60
60

200
250
300

1
150
100
200
20
600

Session 3 281



IRPA Regional Symposium
Radiation Protection in Neighbouring Countries of Central Europe, Prague. 8-12 September 1997

dures is much higher of course and the evaluation of data will be terminated on the end of this year.
Data obtained from GHIC databases were however partially used for filling of UNSCEAR question-
naires and results are presented in Tab.4.
Tab. 4. Form 2: Diagnostic X-ray examinations

Examination Num. of proce-
dures per-

formed
annually

Effective dose
(mSv)

Mean Variation

Age distribution

0-15 15-40 >40

Sex distribution

M

Chest radiography
Chest photofluorography
Chest fiuoroscopy
Limbs and joints
Spine Lumbar

Thoracic
Cervical
Whole

Pelvis/hip
Head
Abdomen
Upper gastrointestinal
Lower gastrointestinal
Cholecystography
Urography
Mammography screening

clinical dg.
CT head

body
Angiography Cerebral

Cardiac
Other

Interventional procedures
PTCA
Other

Pelvimetry(indicate etal
dose)
Other

TOTAL

MEDICAL 1
1 498 000

255 417
51442

2 374 579
565 376
395 763
560 245
28 268

678 451
904 601
209 230
123 988
54 245
37 932

124 134
0

122 321
232 000
116 000

4 634
11 583
41 698

316 246

447 749

9 153 902

0.05
0.70

2.00
1.76
0.28

1.26
0.28
3.00
3.00
8.50
1.26
2.04

0.50+)

1.10
9.20
2.80
3.60
8.90

EXAMINATIONS
10.2

18.1
6.3
9.7
5.4

28.1
20.5
24.4

4.4
2.9
2.6
0.1

10.8

0
8.4
4.6
4.1

0
6.4

0

9.0
2.6

13.1

12.9

17.6

31.1
28.2
35.0
30.3
32.4
15.9
36.0
20.3
25.3
15.6
10.4
17.7

37.2
22.4
15.3
22.4

4.7
9.0
4.3

16.1
87.2

14.8

25.3

72.1

50.8
65.6
55.2
64.3
39.5
65.5
39.6
75.3
71.7
81.8
89.4
71.5

62.8
69.2
80.1
73.4
95.3
84.6
95.7

74.9
10.3

72.1

62.0

49.5

47.5
42.8
43.7
37.4
44.3
35.2
47.6
48.9
43.0
40.6
36.3
55.2

0.9
47.2
49.0
55.7
76.3
66.2
77.4

58.9
15.4

56.3

45.4

50.5

52.5
57.2
56.3
62.6
55.7
64.8
52.4
51.1
57.0
59.4
63.7
44.8

99.1
52.8
51.0
44.3
23.7
33.8
22.6

41.1
84.6

43.7

54.6

DENTAL EXAMINATIONS
Intraoral 2 000 000+ 0,10

+' average effective dose calculate for whole examination of breasts (4 projections) with risk coef. 0,05
++) qualified estimation based on the numbers of dental X-rays machines in the country, the high increase of number of den-
tal examination in comparison with the previous period is attributed to the high increase of the numbers of private dentists
in our country after 1989 y.
POPULATION BASE For numbers of exam : whole country

For age and sex distribution : capital city ( about 10% of population ), the same distribution
is assumed for whole country

282 Session 3



IRPA Regional Symposium
Radiation Protection in Neighbouring Countries of Central Europe, Prague. 8-12 September 1997

THE ASSESSMENT OF OCCUPATIONAL EXPOSURES IN THE
CZECH REPUBLIC

K. Petrova and Z. Prouza
CZ9928506

State Office for Nuclear Safety (SONS), 110 00 Prague 1, Senovdzne ndm. 2, Czech Republic

1. Introduction

Recent new legislation in the Czech Republic (Law on Peaceful Use of Nuclear Energy and Ionising
Radiation) is based on the ICRP Report 60 and New International Basic Safety Standards. Concerning
the personal monitoring of workers, licensee will be responsible not only to designate controlled areas
where specific protective measures are required for control of occupational radiation exposures (ORE)
and prevention of the spread of contamination during normal working conditions, but shall also main-
tain exposure records for each worker for whom assessment of ORE is required. This duty of licensee
is given in new Regulation on radiation protection No. 184 adopted in August '97. In accordance with
this Regulation one duty of licensee is to send results of personal monitoring to State Office for Nu-
clear Safety. The Central Registry of Occupational Exposures (CROE) was regularly established for
this purpose in the State Office for Nuclear Safety and rules for handling, maintenance and protection
of data were defined.

CROE is create in the Czech republic from 1993 year and recently is already in the stage of validation
of data.

The registration system of CROE allows sorting workers to different occupational groups and to evalu-
ate dose, sex and age distribution of workers. The collections of data are managed through the special
registration cards and special format for electronic transmission of data is also described. Dosimetric
data are recently collecting mainly in the co-operation with dosimetric services. The structure of CROE
databases is described in Scheme 1 and in Table 2 the categorisation of licensees and workers recently
used in CROE are presented. This categorisation, however, can be modify in the future in dependence
on the international recommendation, which is recently works out by the special working group of
NEA/OECD.
Scheme 1.

ACCIDENTS

IC of accidents
Personal IC
IC of employer
Dosimetric values
(HE,MS,HI,HN,HT)
Authority
Period

FIVE YEARS VALUES

Personal IC
Years (from - to)
HE5

HELP REGISTRIES

Occupational categories
Employer's categories
Type of source
Type of radiation
Type of irradiation

DOSIMETRIC VALUES

Personal IC
HE01 -EDE, January
VALE01 - validity of value
HS01 - SDE. January
VALHS01
HN01 - neutron component
VALHN01
HI01 -CEDE
VALH01

VALHI12-December
HE - EDE for the year
HS
HN
HI
Code for extremities
Period identification
First period

PERSONAL DATA

Personal IC
Birth number
Date of birth
Sex
First name
Surname
Degree
Education
Lifetime CED
Lifetime Ed
Date of registration
IC of employer
IC of dosimetric service
IC of occup. category
IC of radiat. type

EMPLOYER'S DATA

IC of employer
Name of utility
Name of workplace
Address
Responsible person
Rad. protection authority
Date of first registration
Date of terminal registration
IC of dosimetric service
(DS)

DOSIMETRIC SERVICE

IC of dosimetric service
Type of dosimeters
Type of radiation
Address
Responsible person
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2. Results

Data from CROE were partially used for evaluation of occupational exposures in the frame of UN-
SCEAR questionnaires for period 1990-1994 years. The results and comparison of period 1985-89 and
last period 1990-94 is presented in the Figure 1.

The average values and trends of individual effective dose equivalent (HE) are comparable with those
in developed countries (only 20-30 % of values ORE was higher than the recording level 0.2 mSv).

The significant part of the annual collective dose equivalent arises from diagnostic use of sources of
ionising radiation, but is adequate to number of investigations per habitant. In uranium industry values

Table 1. Work facility classification in CRPO

10 Health service
11 Hospitals
12 Other medical facilities
13 Special medical facilities
20 Education, research
30 Electric power industry
31 NPP Dukovany
32 NPP Temelfn
33 Others
40 General industry

41 Engineering
42 Chemical
43 Mining
44 Building
50 Uranium industry
60 Defence
70 Agriculture, food
80 Transport
90 Specialised facility
91 Customs, Inspectors, Supervision
92 Services, Repairs, Tests

Table 2. Worker classification in CRPO

100 Defectoscopy workers
110 Fixed defectoscopy
120 Mobile defectoscopy

200 Well logging workers
210 Fixed
220 Mobile

300 Workers with radioisotopes
310 Production
320 Research
330 Distribution, transport
340 Tests - unsealed sources
350 Tests - sealed sources
360 Elimination
370 Sterilization

400 Uranium industry workers
410 U mining
420 U enrichment, milling
430 Waste handling
440 Deposition, Decontamination
450 Special measurement

500 NPP workers
501 Manager, technician
502 Manual worker
503 Fire control
510 Inspection, control
511 Control technician
512 Defectoscopy
513 Metrology

• •

520 Radiation protection workers
521 Operational dosimetrist
522 Specialist
530 Operation, maintenance
531 Operator
532 Technician
533 Measurement, regulation
535 Instrumentation
536 Operational chemist
540 Chemistry
550 Fuel handling
560 Waste disposal

600 Medicine
610 Radiodiagnostics
611 Cardiology
612 Mammography
613 Surgery
614 Stomatology
620 Nuclear medicine
621 Diagnostics in vivo
622 Diagnostics in vitro
623 Therapy
630 Radiotherapy
631 Dermatology
632 Brachyterapy
633 Orthovolt
634 Megavolt
635 Telecurie
640 Veterinary medicine
700 Others specialised workers
710 Inspection
720 Rescue
730 Customs officer
740 Services and repairs
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of HE from radon, its daughters and from ore dust constituted about 50-80% of its total value. Average
individual values of HE in NPP Dukovany are lower or comparable with those in the other NPP's
PWR - type. In the period 1985-94 (operational time of NPP Dukovany) the HE values have been reg-
istered in the interval (0.38 - 0.87) mSv with average value 0.56 mSv.
Figure 1. The statistical comparison of main groups of radiation workers in last ten years

12,00-r

8,00-

0,00

1985-89 1 9 9 1

Number of monitored workers

100,00

1992 1993 1994

10,00-

w

0,10-1

1985-89 1991 1992

Annual average effective dose

100

1993 1994

1985*9

Annual collective dose

1991

uranium ind.
medicine

industry
NPP
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IMPLEMENTATION OF PATIENT'S RADIATION PROTECTION IN
RADIOTHERAPY

2

CZ9928507
I. Pfidal1, T. Klaclova1, J. Novotny2 and H. Zackova3

1 Oncological Clinic, University Hospital, Olomouc, Czech Republic
Stereotactical Radiation Neurosurgery Department, Hospital Na Homolce, Prague, Czech Republic

3National Radiation Protection Institute, Prague, Czech Republic

1. Introduction

About 18.000 new cancer patients per year in Czech Republic undergo the radiation treatment in
some stage of their disease. In spite of the fact that the quality of patient care should be, foremost, the
interest and concern of the medical practitioners, an appropriate community standard as well as radia-
tion protection and radiation safety of the patients shall be ensured during administration of the
therapeutic exposures.

It has been increasingly acknowledged that systematic approach to Quality Assurance (QA) pro-
gramme in radiotherapy will prevent failures and errors of the equipment and minimise the incidence
of the delivery of unplanned medical exposures. At the same time QA programme enables to verify
that one meets community standards.

The efficient implementation of QA programme on national level depends on the given infra-
structure and on available resources in a country and it could be achieved through the co-ordination of
the actions in the following main areas :
- the appropriate legislation for radiation protection and sufficient measures for supervision
- the provision of standards to ensure traceable measurements with calibrated dosimeters
- the suitable education and training system for qualification of the radiotherapy professionals

2. Current state of quality assurance programme in radiotherapy in Czech Republic

Since 1993 the general principles and objectives of the QA programme are being incorporated to ra-
diotherapy practice in Czech Republic :

• Between May 1994 and May 1995 the outputs of 53 photon therapy beams used in 20 radiother-
apy centres in Czech Republic were checked through mailed TLD audit in the framework of
EROPAQ project (pan-European Radiation Oncology Programme for Assurance of Treatment
Quality). The results summarised in the paper of Izewska et al. Ill revealed 11 deviations lager
than ± 6 % . After corrective actions and repeated intercomparisons there was observed great im-
provement in dose determination and that was why it has been strongly recommended to perform
quality audits on regular national basis. Thanks to a transfer of know-how from EROPAQ proj-
ect and financial support of Czech Ministry of Health, State Office on Nuclear Safety and IAEA
the Czech local measuring centre for TLD audits in radiotherapy was established in the National
Radiation Protection Institute in Prague. First audits started in February 1997 and up to now 60
radiotherapy beams were checked.. The method of TLD audit and results obtained are summa-
rised in presentation of D.Kroutilikova et al. 111.

• Since 1994 the Czech Ministry of Health has supported the activities in that field by financial
support of two projects, which enabled :

0 to prepare and to publish a set of Recommendations on QA in Radiotherapy and to provide
them to all radiotherapy centres in Czech Republic (project IGA MH CR No. 1011-3, 1993-
1994) 131

0 to establish register of RT centres together with the database of their equipment and prac-
tices and to install national infrastructure of regular quality audits which enable to carry out
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more comprehensive dosimetric intercomparison ( project IGA MH CR No.2625-3, 1995-
1997)

• The recent new national legislation (Law on Peaceful Use of Nuclear Energy and Ionising Radia-
tion) requires to establish a system of quality controls for every radiotherapy equipment used in
clinical practice. It shall include

= measurements of the physical parameters of the radiotherapy equipment at the time of com-
missioning and periodically thereafter (i.e. constancy and status tests)

= appropriate calibration, dosimetry and monitoring of the therapy radiation beams
= verification of the appropriate physical and clinical factors used in patient treatment
= written records of relevant procedures and results
= regular and independent quality audit reviews

3. Structure of quality audits in Czech Republic

A regular external control of the performance of radiotherapy equipment has to be arranged through
legal inspections as well as independent reviews and measurement through Dosimetry or Quality
Audits. With the financial support of SONS and IAEA to NRPI the functional system of external
audit from radiation safety point of view has been installed and current state of the radiotherapy
practice in the country has been surveyed.

Organisation structure of External Quality Audits in hospitals (licensee) as well as the role of Na-
tional Radiation Protection Institute and relations among the main bodies in the country is shown in the
next picture:

Licensee

t
Measurement, i
assessment '

Consultations* Professional
societies

Compliance
audit

Consultations,
reco mmendatio ns

QC registrants
(firms, med p ftysicists)

NRPI
(QualityAudit Group)

Jj SSDL

The activities ofNRPIinthe field of external audits in radiotherapy and main aims of Quality Audit
Group, which involves experienced qualified medical physicists from radiotherapy departments, shall
be co-ordinated with requirements of State Office of Nuclear Safety and in the framework of the ac-
tivities of SSDL. The consultations and professional contacts with the Medical Society of Radiation
Oncology Biology and Physics are necessary .The main activities can be summarised :
a) organisation of regular postal TLD audit of all photon and electron beams
b) "in situ" measurements whenever a new installation is to be commissioned and then at regular

checks
c) providing technical assistance and co-ordination in the set-up of QA programmes and acceptance

and commissioning of new installations
d) ascertaining the adequacy of QA at radiotherapy department level and advising accordingly
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e) developing, adapting and disseminating recommendations, codes of practice, regulations, standards
etc., produced and endorsed by national organisations

f) ensuring the provision of/or access to calibration facilities
g) providing assistance in the analysis of the results of Q A programmes in finding means of improving

performance of therapy units
h) organising training in QA

4. Results

Equipment of radiotherapy centres in Czech Republic :

1) There are 35 radiotherapy centres in Czech Republic (10 mil. inhabitants). 8 of them are equipped
on the world standard level (i.e. at least with 1 LA, simulator, TPS etc.), other 6 centres are equipped
with betatron (they are usually on the good level but with obsolete type of source). 11 centres are
equipped with radionuclide machine only - they are often not completely equipped, but a physicist is
permanently present there. 9 centres are not completely equipped at all and there is not a physicist
permanently present either. 1 centre in Czech Republic is equipped with Gamma Knife unit.
2) Auditing of radiotherapy sources :

TYPE OF RT EQUIP-
MENT (SOURCE)

LIN.ACCELERATORS
BETATRONS

Co-60 MACHINES
Cs-137 MACHINES

No. of RT units in
theCR (1997)

13
6
35
21

yw v:';-!75:'v::-:ll:1-J:

No. of unit audited in
EROPAQ project (1994-5)

6
7

25
11

No, of unit audited by
TLD/NRPI (1997)

9
5

20
10

ii:,-;. inn iVi:H4|;; ;i;; -^ur^ •;•

No . of unit
audited in situ
(1996-7)

9
1
14
5

• I P : • • l : ; : . : : 2 5 , . : . i . • • -

3) The method and results of TLD postal audits are presented in separate presentation/ 2/
4) The main parameters and their tolerances tested by ,,in situ" audit

PARAMETER

DOSIMETRY PARAMETER FIGURE 1

Absorbed dose at reference point (Dco _ D x , Dei)

Min. output factor (Ofmin )

Max. output factor (OFmax )

Wedge factors ( WF1, WF2, WF3 WF4)
Quality index ( Q I )

MECHANICAL PARAMETERS FIGURE 2
Distance indicator accuracy (Lam)
Gantry angle indicator accuracy (Alf)
Light beam axis vs. radiation beam axis coincidence (Sig)
Radius of collimator axis circle of convergence (Eps)
Collimator rotation axis vs. radiation beam axis coincidence (Ro)
Light field vs. radiation field coincidence (Gam)
Numerical field size vs. radiation field size correspondence (Del)
Radius of sphere of convergence of gantry rotation isocentre (lot)
Laser beams coincidence (Bet)
Laser alignment vs. gantry rotation isocentre coincidence (Ksi)
Isocentr. rot. axis of treat.table vs. isocentre coincidence (Omg)
Treatment table top vertical movement accuracy (Fi)
Treatment table top sagital movement accuracy (Tet)
Treatment table top position stability (Tau)
Rigidity of the table (Mi)

Tolerance
Co-60

2%

1%

1%

3%

2 mm
1°

1 mm
2mm
2mm
2 mm
2 mm

2.5 mm
2 mm
2mm
2 mm
2 mm
2mm
2mm
2 mm

Tolerance
LX,BX

2%
1%
1%
1%
3%

2 mm
1°

1 mm
2 mm
2 mm
2 mm
2 mm
1 mm
2mm
lmm
1 mm
2 mm
2 mm
2 mm
2 mm

Tolerance
LE,BE

3%
3%
3%
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Preliminary evaluation of the results obtained by ,,in situ" audit at the first 20 radiotherapy centres

Fig. 1. Dosimetric parameters: {for explanation of parameters see the upper Table)

Dosimetrical parameters - 20 RT centers

8,00

Dx Eo De Di OF1 OF2

Parameter

KF1 KF2 KF3 KF4

Fig. 2. Mechanical parameters

Mechanical parameters- 20 centres

14,00

Lam Alf Sig Eps Ro Gam Del lot Bet Ksf Omg Ff Tet Tau Mi

Parameter

5. Conclusion

Evaluation the main sources of deviations has shown that the reason is very often the old equipment
and the lack of qualified medical physicists in the radiotherapy department.

The system of audits has shown that it is possible to reach improvement at least of dosimetric pa-
rameters with repeating measurement which calls for installation of external quality audits on regular
basis.
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STUDY OF THE B1ODISTRIBUTION AND BIOKINETICS OF
165-DYSPROSIUM-FERRIC-HYDROXIDE USING THE SHADOW-SHIELD

WHOLE-BODY COUNTER IN THE GENERAL HOSPITAL VIENNA

U. Priifert1, H. Aiginger1, Ch. Pirich2, E. Havlik3 and H. Sinzinger2

1 Atominstitut der Osterreichischen Universitdten, Stadion Allee 2, 1020 Vienna, Austria
Department of Nuclear Medicine, University Vienna, Austria

Department ofBiomedical Engineering and Physics, University Vienna, Austria

1. Introduction
CZ9928508

Treatment of chronic rheumatoid synovitis is directed to control the inflammatory process causing pain
and disability. Radiation synovectomy is suggested to be an alternative to surgical treatment III,111.
Safety is one of the most important aspects when this method is applied. The physical properties sug-
gest minimal exposure to non- target organs by the reduction of leakage of the radionuclide Dy-165
131,i'41,151. The aim of this study was to evaluate the application of the whole-body counter in the Gen-
eral Hospital Vienna for the study of the biodistribution and biokinetics of 165Dy-DFH 161.

2. Materials and methods

During this study (1995-1996) it was possible to measure 16 out-patients and 3 in-patients, who were
treated with 165Dy-DFH. The use of Dy-165 has some considerable advantages: The half-life of Dy-165
(only 2.3 hours) is important to reduce the whole-body dose due to the relative high activity of ap-
proximately 11000 MBq («300 mCi) applied. The maximum soft tissue penetration of its P-particles is
5.7 mm, which is the range necessary to penetrate the inflammed synovia. The emission of y-radiation
accounts to two thirds of the 6 % of the whole disintegration is with an energy of 95 keV. This radia-
tion is used to monitor the kinetic distribution of 165Dy-DFH after injection with the whole-body
counter.

The clinical whole-body counter

The clinical whole-body counter is placed in a room of the
Department of Nuclear Medicine, which is specially built for
the use of this instrument. The walls to the adjacent rooms are
shielded with 6 mm lead to reduce the environmental back-
Figure 1. Inside arrangement of the whole-body counter

Tab.l. Scanning parameters used for
the measurements of Dy-165 in
patients

home position
start position
end position

scanning time
measurement steps

scan length
slit width

150
200
3645

600 sec
345

3450 mm
2.5 mm

SHIELDING

ground radiation. All coulers, lacquers
and floor coverings used have very low
radioactive concentration to reduce the
background in the room (Figure l).The
tunnel construction consists of the
transport construction and the shield-
ing. The transport construction carries
the guide rails of the movable patient-
bed, the shielding of the measurement
area and the holding device of the de-
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tectors and collimators. The lead shielding is divided in a measurement tunnel with 10 cm lead shield-
ing and a shadow shield with 5 cm lead shielding. The patient-bed is made of acrylglass which guar-
antees a negligible absorption of the gamma radiation in the bed. Two slit collimators of 10 cm
thickness can be brought in front of the detectors. The slit width can be varied continuously from 0 mm
to 300 mm with an accuracy of ±0.3 mm.

The localization of 165Dy-DFH is measured with four Nal-detectors of 6" diameter and 4" thickness.
The detectors are arranged in pairs above and below the bed. The scanning motion of the bed, the data
acquisition separately for each detector, the storage of the data and the output of the results are con-
trolled by a computer.

Tab.2. Parameters of the 19 patients

Patient

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19

Sex

m
f

m
f
f

m
f
m
m
m
f
m
m
f
m
m
m
m
f

Joint

right knee
left knee
left knee

right knee
right knee
right knee
left knee

right knee
right knee
left knee

right knee
right knee
right knee
right knee
left knee

right knee
right knee
left knee

right knee

Bladder

v'
• /

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

Lymphatic node

-

-

-
-
-
-
-
-
-
-
-

-
-
-
-
-

applied Activity [MBq]

519
8445
9407
8888
6436
6444
3352
8144
6404
7966
6298
6227
7132
9848
9896
9175
8033
9998
9755

3. Results

Measurements with the whole-body counter result in activity profiles displayed as a plot of counts
(impulses/channel «1 cm) against position along the scan-length (= longitudinal axis of the body),
showing a peak as a activity deposit is traversed. Figures 2-6 show such activity profiles.
Figure 2. Profiles of a patient where no leakage is Figure 3. Profiles of a patient where no leakage is

detectable (applied activity 3352 MBq) detectable, but due to the high activity ap-
plied (8932 MBq) the effect of scattered rays
can be seen
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The results of the measurements of 19 patients can be summarized as follows:

With the aid of the whole-body counter it was possible to monitor the distribution of activity. The ap-
plied activity ranged from 520 MBq to 10000 MBq (Tab.2.). The activity profiles of 14 patients
showed a uniform distribution of the nuclide in the whole knee joint. The measurement of 1 patient
showed a concentration in the area of the hollow of the knee and in the case of 4 patients with small or
no effusion the Dy-DFH became concentrated in the area under the knee-cap. The activity profiles of
17 patients showed a considerable increase of the counts on both sides of the peak, as can be seen in
figures 3-6. This increase is not the result of a leakage of the injected activity outside the knee joint,
but can be explained as an effect of scattered rays of the highly energetic peaks in the y-energyspectrum
of Dysprosium-165. This effect arises only at activities above 6000 MBq. In 14 patients no leakage
could be monitored (i.e. Figures 2 and 3). In 5 patients it was possible to determine some leakage out-
side the knee joint. In 3 cases occurred a concentration of this activity in the urinary bladder (i.e. Fig-
ures 4 and 5). Using the software MIRDOSE II (Oak Ridge lac.) we determined the dose to the
bladder, which amounted to about 15 mGy, 64 mGy and 50 mGy, respectively. A more detailed inter-
pretation of the activity profiles of patient two, four and fourteen revealed a small leakage of the in-
jected activity out of the joint whereby a concentration was seen in the inguinal lymphatic nodes of the
same leg (i.e. Figures 5 and 6). The doses calculated to the lymph nodes were 0.54 Gy, 0.89 Gy and
2.41 Gy, respectively.

Figure 4. Profiles of a patient where it is possible to Figure 5. Profiles of a patient where it is possible
determine a leakage in the urinary bladder and
the effect of the scattered rays of the highly en-
ergetic peaks in the y-energy spectrum of Dys-
prosium-165, which results in an increase of
the counts on both sides of the main peaks

to determine a leakage in the urinary bladder
and in the inguinal lymphatic nodes of the
treated leg (patient 2; left knee). The effect of
scattered rays can also be seen
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i
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SCAN LENGTH Iran)
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Monitoring of activity profiles of more complex anatomical or pathological structures was also possi-
ble using the clinical whole-body counter. One patient suffered for an approximately 12 cm long effu-
sion in the recessus suprapatellaris. The 165Dy-DFH was homogeneously distributed into both the joint
and the recessus. The analyses of the activity profiles clearly showed an increase in the counts in the
direction of the thigh, corresponding with the fact that 165Dy-DFH was distributed in the joint and in
the recessus.

4. Discussion

The measurements with the whole-body counter represent a reliable method for the localization of
165Dy-DFH in the course of some hours after application. By the aid of the activity profiles of the four
detectors it is possible to localize an incorporated or injected radionuclide with an accuracy of ±1 cm
in the three coordinates. The main peak marks the position of the knee joint, the small peak on its right
side (Figures 4, 5 and 6) represents the position where a small amount of activity had escaped. The
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count-rates of the four detectors make it possi-
ble to determine the position of this small peak
and relate the peak to an

anatomical structure. The rather high back-
ground activity results from scattered rays
(Figures 3-6). With data received from phan-
tom-measurements it was possible to deter-
mine the amount of activity applied and the
exposure to non-target organs i.e. the urinary
bladder and the lymphatic nodes. Using the
MIRDOSE II software we determined the en-
ergy dose in these organs. The radiation expo-
sure of the patient in the case of a
concentration of escaped activity in the urinary
bladder can be reduced by advising the patient
to use the toilet immediately after detection of
the leakage. This method guarantees a very
detailed information about the activity distri-
bution. Our results show, that the leakage of
!65Dy-DFH out of the joint is neglectable. The
radiation exposure due to this treatment is
relative low.

Figure 6. Three measurements 2,4 and 6 hours after
application of Dy-165. The effect of scattered rays
can be seen. Further it is possible to determine a
leakage in the inguinal lymphatic nodes of the
treated leg. It can be seen, that the peak of the
leakage maintains its level in the course of some
hours after application so there must be a
,,delivery" of Dy-165
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1SOO0| 1 1 1 1 "~ ' -

10000

8

5000- EFFECT OF
SCATTERED RAYS LEAKAGE

500 1000 ^500 2000
SCAN LENGTH [mini

3000

Using the whole-body counter of the Department of Nuclear Medicine in the General Hospital Vienna
activity leakage could be detected with much higher sensitivity than by using a gamma camera. Bio-
distribution of 165Dy-DFH could be determined, leakage could be localized and related to organs.
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THE ANNUAL EFFECTIVE DOSE EQUIVALENT DUE TO INHALATION OF
SHORT-LIVED RADON-222 DAUGHTERS IN URANIUM MINE

,,AVRAM IANCU" (ROMANIA) BETWEEN 1970-1990

CZ9928509
Institute of Public Health, 3400 Cluj-Napoca, 6, L. Pasteur street, Romania

1. Introduction

The control of radiation doses for uranium miners is a complex procedure, involving to assess the ex-
posure from three different pathways, namely gamma rays, radon progeny and radioactive dust. The
main factor involved in internal radiation dose is the radon progeny exposure.

The lack of an individual active dosimeter for uranium miners in our country lead us to evaluate the
equivalent effective dose on the basis of measurements.

In Romania two teams are involved in the surveillance of occupational exposed workers in uranium
mines, the first one is the radiation protection department of the mine and the other one is the radiation
hygiene laboratory of Institute of Public Health.

The personal from the dosimetric laboratory of the mine are measuring weekly the Radon-222 air con-
centrations and gamma dose rates and twice in a year the Radon-222 progeny exposure in each work-
ing places. The data are used to evaluate the mean equilibrium factor between Rn-222 progeny and Rn-
222 gas. Besides of high values for Rn-222 progeny measured, the mean equilibrium factor is consid-
ered to be 30%, as result of the high number of measurements made in the main gallery used to trans-
port the miners by train for a distance of about 3.5 km.

On the basis of this equilibrium factor of 30%, monthly values for Rn-222 progeny are calculated from
the measured Rn-222 air concentration. The data are monitorised for each miner.

In a previous paper III we presented a comparison between real values for Rn-222 progeny and calcu-
lated one, conducting in an underevaluation of the exposure.

Hygiene Radiation laboratories are making measurements of Rn-222 gas concentrations in air, Rn-222
progeny exposure and gamma dose rate. The measurements are made twice in a year, in more than
90% of working places. Two or three separate measurements for each working place are made at the
beginning of the work, before and after the explosion.

The paper presents the mean annual effective dose equivalent for workers in A.I. uranium mine during
1970-1990.

2. Methods and material

Lucas cells and Rock's method /2,3/ were used to measure Rn-222 gas concentration and Rn-222 prog-
eny exposure, respectively.

A.I. uranium mine is very large and the principal ventilation system did not changed essentially during
the last year. As the mine area grow, the air flow rate become insufficient, mainly because the same air
is passing from one horizon to the other one. In this way, Rn-222 progeny are cumulated in some area
were the Rn-222 emanation from the ore is low. So, it is difficult to predict the values of Radon-222
progeny from the Radon-222 gas concentrations.

Arithmetic mean values for Radon-222 concentration and Radon-222 progeny exposure were sepa-
rately evaluated for each horizon and each sampling interval. The weighted annual values was also es-
timated.
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A Curiemeter VA-J-100 was used to measure gamma dose rate.

The mean annual effective dose equivalent was calculated using the conversion factor proposed by
UNSCEAR Report 1993 /4/.

3. Results

The annual mean Radon-222 concentrations and Radon-222 exposure during 1979 are presented in
Figure 1-8.

Figure 1. Radon-222 concentration in 900 horizon Figure 2. Radon-222 concentration in 955 horizon
(Dibarz) (1979)
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Figure 3. Radon-222 concentration in 720 horizon Figure 4. Radon-222 concentration in 975 horison
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Figure 5. Radon-222 concentration in 1,000 hori- Figure 6. Radon-222 concentration in 1,024 hori-
zon (1979)
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Annual arithmetic mean of Radon-222 concentration in almost all working places exceed the maxi-
mum permitted value (1,110 Bq.m"3) /5/.The mean values for Radon-222 progeny exposure are higher
then maximum permitted value of 0.3 WM. The highest values were obtained during 1983-1985 when,
from the economic reasons, the ventilation system was interrupted during night time. The gamma ra-
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diation dose rate ranges between 0.010-0.025 mR/h. The cumulated mean exposure during 1970-1990
is presented in Figure 9.

Figure 7. Radon-222 concentration in 1,085 hori- Figure 8. Mean annual exposure for Radon-222
zon decay product
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mean annual exposure lent during 1970-1990
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Using the data from our own measurements the average annual effective dose for underground miners
is presented in figure 10.

The obtained values ranged between 43.37-60.20 mSv, much higher then recommended international
values.

4. Conclusions

1. Arithmetic annual mean concentrations in almost all of the working places are higher than maximum
permitted level.

2. The levels of Radon-222 progeny exposure are higher than the ICRP recommended value for the oc-
cupational exposure (0.3 WL) 161.

3. The mean annual values for the effective dose equivalent are much higher than the recommended
international value (20 mSv/I) III.

4. These results are the first step in a future cohort study of the lung cancer risk for Avram Iancu ura-
nium miners.
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Abstract: Organ doses in a tissue-equivalent antropomorphous child phantom (corresponding to the
age of 1 to 3 years) were measured during chest radiography by thermoluminescence dosimetry. The
effective dose obtained by children of selected age was 0.044 mSv. The reproducibility of dose deter-
mination on phantom and on patient are compared. The obtained results are analyzed from the stand-
point of optimization and reduction of patient doses.

1. Introduction

Chest radiography accounts for the most frequent radiological examination of children. Every effort
should be made to keep doses to a reasonable minimum because of the higher expected risk of radia-
tion induced effects in children than in adults. To specify radiation protection measures as well as to
justify the diagnostic treatment, the exact knowledge of doses delivered to different organs or to the
whole body is needed. From the dosimetric aspect, dose measurements in X-ray diagnostic are not
simple, because very low doses at low and variable energies have to be measured. On the other hand,
there is a considerable variation in radiation doses delivered to patients from the chest examination car-
ried out with different X-ray equipment or by different personnel. To date very few data have been
published on the contribution of this kind of exams to the annual radiation doses of pediatric pa-
t i en t s^ .

In our former work the dose distribution on the body surface of children was determined during pos-
teroanterioral (PA) and lateral chest radiography as function of the age of patients, and of irradiation
conditions(1).

In this work the organ doses in a tissue equivalent antropomorphous child phantom(5) (corresponding to
the age of 1 to 3 years) were measured during chest radiography. The reproducibility of dose determi-
nation on phantom and on patient are compared. The obtained results are analyzed from the standpoint
of optimization and reduction of patient doses.

2. Experimental

The phantom was an anthropomorphic heterogeneous tissue-equivalent phantom(5). The phantom was
irradiated in a Specialized Children Hospital, Bratislava, identified as Centre 1, using a Philips Medio
50 CP-H X-ray equipment. Four measurements run was carried out. The irradiation conditions are
given in Table 1. 95 detectors were placed inside the phantom at different organs (Table 3) and body
parts (Table 1) in each measurements run.

The chest X-ray diagnostics of patients was carried out in the Children Hospital for Tuberculosis and
Lung Diseases Srebrnjak, Zagreb, identified as Centre 2, on a Multix facility with rotary tube and
stand-alone screen. The irradiation technique is described in detail in reference (1). The entrance skin
dose was measured on five 3-4 years old patients during postero-anterial expositions. The dosimeters
were located on the back (primary entrance beam), sternum, thyroid, right eye, right gonad and right
armpit. The irradiation conditions are shown in Table 2.

For dosimetry measurements individually calibrated Harshaw TLD-700 detectors were used. The en-
ergy dependence of the TL response was determined earlier(6). During patient, phantom surface and
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calibration irradiation the detectors were packaged in light-tight black plastic and a rubber holder. The
detectors were placed inside the phantom without any package. The TLDs were annealed for 60 min at
400 °C followed by 120 min at 100°C in an automatic microprocessor controlled PTW TLDO oven.
All readings were made with a modified computer controlled TOLEDO 654 (Pitman/Vinten) reader in
the Ruder Boskovic Institute, Zagreb. Before readout, external (100°C for 20 min) and internal (100°C
for 6 s) pre-heat treatments were used. The readout temperature was 270°C. The laboratory calibration
was performed with an irradiation device containing a I37Cs source(6).

All readings were corrected(6'7) for dose contribution of the national or international transit as well as
for the contribution of storage, zero dose reading.

3. Results and discussion

The surface skin doses at chest diagnostic treatment on the phantom are shown in Table 1, and in Table
2 for patients, respectively.

The doses measured on patients are similar to our former results^1'6-1 taking into account that previously
two (PA and lateral) radiographs were taken of each patient (50 patients in five age groups), and in the
meantime the dosimetry system was improved. The high standard deviations (up to 150%) even within
the same age group indicate the real situation during routine examination, and are caused by different
conditions of irradiation, as well as various body absorption and radiation scattering, according to the
patient's weight and height. For comparison, the standard deviation of TLD-700 detectors in the irra-
diation field of Centre 2 without patient was ±4.3%, and the reproducibility of the irradiation was 21%.

High variations of surface dose values measured on the child phantom were found (Table 1). The thy-
roid surface doses measured in different measurement runs show significant variations. The same was
observed in the thyroid doses measured on children in the age group from new-borns to 3 years. The
reason is that thyroid of small children, as well as of the child phantom is very close to the primary ra-
diation beam, while the radiation field was 20x15 cm. The thyroid organ doses inside the phantom
showed similar variations as the surface dose, they varied from 0.16 mGy to 1.01 mGy.

Table 1. The surface skin doses measured on the tissue equivalent phantom* during PA X-ray diagnos-
tics** (in Centre 1) of chest***

Dose (mGy) on
in
l.Run
2. Run
3. Run
4. Run
Mean value
Standard deviation

Back

0.91
0.90
0.71
0.77
0.82
0.10

Sternum

0.16
0.04
0.04
0.05
0.07
0.06

Thyroid

0.11
0.14
0.63
0.78
0.42
0.34

Right eye

0.02
0.005
0.00
0.00

0.006
0.009

Right gonad

0,09
0.00
0.00
0.00
0.02
0.04

* The phantom corresponds to the age of 1-3 years, the height was 78 cm, the weight 9 kg.
** The potential, the current of the X-ray tube, the exposure time, the focus to film distance were 55-60 kV, 3.2-5 mA,

5-12 ms and 150 cm, respectively.
*** The number of exposure in all measurement runs was 20.

Table 2. The surface skin doses measured on 5 patients* during PA X-ray diagnostics** (in Centre 2) of
chest

Dose (mGy)

Mean value
Standard deviation

Back

0.08
0.04

Sternum

0.04
0.04

Thyroid

0.02
0.03

Right eye

0
0

Right gonad***

0.01
0.01

Right armpit

0.03
0.03

* The average age, height and weight of patient was 3 years, 85 cm and 18 kg, respectively.
** The potential, current of the X-ray tube, the exposure time and the focus to film distance were 115 kV, 1.8-2.2 mAs,

0.01-0.15 s, 150 cm, respectively.
*** Gonad shields were systematically used.
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Effective dose defined by ICRP 60(8) relates solely to the probability of stochastic radiation effects. In
X-ray diagnostics (where w r l ) the effective dose E defined by equation 1 is used for radiation risk as-
sessment:

E=ZwTDT (1)
where Wj is the tissue weighting factor, and DT is the absorbed dose averaged over the organ or tissue
T. Table 3 shows the effective dose calculated from the organ doses measured in child phantom in four
measurement runs using the ICRP 60(8) weighting factor for adults. The conditions of irradiation are
the same as in Table 1.

The calculation of the effective dose in paediatric radiology is uncertain because the absorbed doses
show high variations even under experimental conditions. In routine praxis where different personnel
carry out the thorax treatment on physically very different patients using various equipment, these de-
viations are even larger. On the other hand, the ICRP 60 weighting factor allows a sufficiently precise
estimate of detriment for examination of adult patients, although it will underestimate the risk for pedi-
atric patients by a factor two.

Table 3. Effective doses calculated from the averaged organ doses in a child phantom during one X-ray
treatment of chest

Organ
Gonads

Red marrow
Lungs

Urinary bladder
Breast
Liver

Thyroid
Bone surface

Others
Total E

DT (uGy)
3.8

23.25
24.95
0.00

24.80
18.30
25.65
27.65
19.40

wT

0.20
0.12
0.12
0.05
0.05
0.05
0.05
0.01
0.35
1.00

E(uSv)
0,76
2.79
2.99
0.00
1.24
0.92
1.28
0.28
6.79
17.05

We can conclude that for the risk estimation of children from X-ray diagnostic treatments highly sta-
tistical dose measurements are needed in spite of the quick development of the mathematical modelling
of phantoms, as well as of the increasing efforts to calculate doses by the Monte Carlo method.
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15 YEARS OF RADIATION PROTECTION IN CEZ, INC. - NUCLEAR POWER
PLANT DUKOVANY

P. Rydlo, V. Kulich, Z. Zelenka and. L. Kroupa CZ992851J_

d,EZ, a.s., Nuclear Power Plant Dukovany, 675 50 Dukovany, Czech Republic

Nuclear Power Plant (NPP) Dukovany has 4 units PWR WWER 440 MW each. The first unit was put
in operation in May 1985 and the last one in July 1987. Since July 1982 the Laboratory for the Radia-
tion Examination of the Surroundings has been in operation.

In the structure of NPP Dukovany Department of Radiation Protection belongs to important factors en-
suring reliable and safe operation of NPP Dukovany. The breaking down of the department corre-
sponds to basic tasks of the department. They are as follows:
* The Radiation Examination of Operation ensures:

> monitoring of technological systems, working environment and outlets by:
- continual measuring dosimetry system
- daily gamma spectrometric measuring of medium samples
- continual measuring of I6N activity in the secondary circuit

> the examination of keeping the general principles valid in the radiation protection
* The Personal Dosimetry Examination ensures:

> monitoring of individual dose equivalents (IDE) and collective dose equivalents (CDE) of
workers:
• external exposure by:

- film badge as the legal dosimeter
- albedo dosimeter with 6LiF + 7LiF as the neutron dosimeter
- thermoluminescent dosimeter with aluminophosphate glass

as the operational dosimeter
- electronic dosimetry system as the secondary dosimetry system

• internal contamination by:
- whole body counter with HP Ge detector (gamma spectrometry)
- 131I activity measuring in the thyroid by Nal(Tl) detector
- gamma spectrometric measuring of excretas
- liquid scintillators (3H activity measuring in urine)

> planning of exhausting CDE and IDE
* The Radiation Examination of the Surroundings ensures:

> balancing of outlets from NPP and watching the influence of them to the surroundings by:
- teledosimetry system around NPP in 20 km distance in 36 points
- TLD system

> law active samples measuring of environment, agricultural products food-stuffs by:
- gamma spectrometry
- proportional detector (90Sr activity samples measuring)
- liquid scintillators (3H activity measuring in water samples)

> cooperation in preparation of inhabitants for the case of accident

In 1996 were accepted several precautions to bring down CDE of workers:
- direction of exhausting of IDE by exposition works by outages
- daily CDE monitoring system
- monthly CDE exhausting analysis.

The law values of the CDE of workers (Fig. 1) and of outlets (Fig. 2 and 3) show, that the technology
is stabilized and the individual contaminants are functional. Only 3H activity in water samples of the
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river Jihlava is measurable as the NPP Dukovany contribution to environment. That fact is presented
by the development of inhabitants CDE of outlets (Fig. 4.). The model for counting of the inhabitants
CDE of outlets includes 1.023 mil. of population, living in the distance 50 km from NPP Dukovany.
All presented data are taken from 1988, since all 4 units have been in operation.

The summary of the presented data of NPP operation shows, that NPP Dukovany reaches very good
results in the radiation protection by comparing with advanced countries NPPs and that its operation is
safe and reliable.

Fig.l

I Development of CDE and Number of Workers

1988 1989 1990 1991 1992 1993 1994 1995 1996

Year

Year

1988
1989
1990
1991
1992
1993
1994
1995
1996

CDE [Sv]

1.31
1.60
1.02
1.27
1.87
1.48
1.41
1.69
1.45

N. of workers

2392
2017
2142
2262
2287
2574
2516
2489
2396

1 , 1 CDE tSv] ' N. of workersJ

0,1

0 , 0 1

0 , 0 0 1

Fig. 2

D e v e l o p m e n t o f A n n u a l R a d i o a c t i v e N u c l i d s O u t l e t s t o
A t m o s p h e r e - % E x h a u s t i n g o f L l m I t J
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RIG [ % 1 CZ3 R « . i o d i n e • [ % ] A e r o s o l ! ["/. ]

Year
RIG [ % ]
Ra. iodines [ % ]
Aerosols [% ]

1988
0.032
0.1
0.02

1989
0.015
0.48
0.103

1990
0.002
0.002
0.055

1991
0.006
0.003
0.056

1992
0.027
0.015
0.118

1993
0.103
0.023
0.116

1994
0.106
0.005
0.082

1995
0.13
0.003
0.103

1996
0.077
0.028
0.047

Annual limits of gas outlets:

Radioactive inert gases (RIG):

Radioactive iodines:

Aerosols:

4.1 E15Bq

4.4El lBq

1.8EllBq
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Fig. 3

Development of Annual Radioactive Nuklids Outlets to
Water Flows • % Exhausting of Limit I

100 T

o

1

1988 1989 1990 1991 1992 1993 1994 199S 1996
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Year 111 988
H-3 f % ] 59.5
A&FN[%] ||l 4.7

1989
85.9
14.8

1990
91.4
9.2

1991
83.2
15.7

1992
87.7
5

1993
84.5
20.6

1994
70.9
18.7

1995
65.8
8.5

1996
78.8
4.6

Annual limits of liquid outlets:
Tritium (3H):

Activated & fission nuclides (A&FN):

Fig. 4
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Development of Annual Values of Inhabitants'
Exposure in Surroudings of NPP of Outlets to

Atmosphere and to Water Flows I

1988 1989 1990 1991 1992 1993 1994 1995 1996

Year

OCDEofL. O. [Sv] •CDEofG.O. [Sv]I
Year
CDEofG.O. [Sv]
CDEofL. O. [Sv]
Summary CDE [ Sv ]

1988
0.0003
0.0364
0.0367

1989
0.0003
0.044

0.0443

1990
0.0001
0.0408
0.0409

1991
0.0024
0.0405
0.0429

1992
0.0017
0.0441
0.0458

1993
0.0017
0.0515
0.0532

1994
0.0015
0.0384
0.0399

1995
0.0028
0.0379
0.0407

1996
0.0019
0.0419
0.0438

G. O. - gas outlets
L. O. - liquid outlets
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REMANENT RADIATION FIELDS AROUND MEDICAL LINEAR
ACCELERATORS DUE TO THE INDUCED RADIONUCLIDES

J. Sabol1, O. Khalifa1, Z. Berka1, P. Stankus2 and L. FrencI3

Faculty of Nuclear Sciences and Physical Engineering, Czech Technical University, 115 19 Prague 1,
Bfehovd 7, Czech Republic

2Radiotherapy and Oncology Clinic, 100 00 Prague 10, Srobdrova 48, Czech Republic
3Radiation Oncology Clinic, 180 00 Prague 8, Na Truhldfce 100, Czech Republic

1. Introduction

The paper describes and interprets some results of the experimental evaluation of radiation fields
around two medical linear accelerators, namely Saturn 43 and Saturn 2 Plus, used for the radiothera-
peutic treatment of cancer patients. The Saturn 43 accelerator is installed in the Radiotherapy and On-
cology Clinic (ROC1) in Praha-Vinohrady while the other linac is used in the Radiation Oncology
Clinic (ROC2) in Praha-Bulovka. The measurements included the determination of the dose equivalent
rate resulting from photons emitted by induced radionuclides produced in reactions of high-energy
photons with certain elements present in the air and accelerator components as well as in shielding and
building materials in the treatment rooms, which are irradiated by high-energy X-rays, and due to radi-
onuclides formed by capture of photoneutrons, which can also contribute to induced radioactivity.
While scattered photons and photoneutrons are present only during accelerator operation, the residual
radioactivity creates a remanent radiation field lasting for some time following the machine shutdown.
The activity induced in the accessories with which the staff come into direct contact is also a important
source of unwanted exposures.

2. Medical linear accelerators

Medical linear electron accelerators [1,2] are widely used in radiotherapy, where both electrons and
X-rays are applied to deliver a sufficient dose to the cancerous tissues or organs. The electron spectrum
is essentially monoenergetic, with energies usually ranging from about 6 to 40 MeV. In an X-ray mode,
electrons are slowing down in a suitable target where, a large fraction of the electron beam power is
converted into bremsstrahlung photons characterised by monolithically decreasing energies extending
up to the initial electron kinetic energy. The photons produced are emitted predominantly in the for-
ward direction of the electron beam.

As far as shielding and radiation protection aspects are concerned, electrons generated by linear accel-
erators do not themselves pose any special difficulties. Actually, the electrons travel only a finite dis-
tance through matter; e.g., the range of 20 MeV electrons in water or tissue is only about 10 cm.
However, a completely different situation obtains with electron accelerators used for production of
high-energy X-rays and its acceleration potential exceeds about 10 MV. Photonuclear interactions in
the machine parts, shielding components and other materials in the treatment room as well as in the air
lead to generation of photoneutrons, which give rise to creation of induced radioactivity formed as a re-
sult of both neutron production and neutron capture processes [3-5].

3. Induced activity

Interactions of high-energy photons of bremsstrahlung radiation with some elements existing in the air
and in machine parts such as the target, the collimator and beam flattener as well in other structures,
including the beam dumps and shielding materials, which are intercepted by a primary beam result in
production of radionuclides having various half-lives. Many of induced radionuclides are pure f$
(positron) emitters where for each positron emitted, two 0.51 MeV photons be produced in the annihi-
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lation process. It is therefore impossible to separate these radionuclides by gamma spectrometry. The
dose equivalent rate curves have to be followed to identify the radionuclides by their half-lives.

Most of induced radioactivity comes from photoneutron reactions, namely (y, n), but to certain extent
also from the reactions (y, 2n) and (y, in). In these photonuclear processes, which can be observed for a
wide range of target elements, X-rays are the incident radiation. The product nucleus is often radioac-
tive and resulting photoneutrons may be absorbed, forming a second radioactive nucleus. Photonuclear
reactions are characterized by a threshold energy and a probability of their occurrence represented by
the relevant cross section. Giant resonances occur in the reaction cross-section, with photons of ener-
gies about 20 MeV.

Photoneutrons which originate in the target, primary collimator, and flattening filter contaminate the
useful beam. Others are filtered through the treatment head, while some are generated in the patient,
patient support components (including the stretcher), and beam dump (also the counterweight), and
most are multiply scattered by the barriers comprising the room, where elemental composition of
building materials used is an important factor.

The photoneutrons, leakage and scattered X-rays, together with radiation emitted by induced radionu-
clides affect - each in its specific way contributes to the exposure of both the patient and the operators
as well as maintenance technicians.

As to materials contained in machine parts, especially the target, collimators, field flattener and inside
surfaces of the head shielding, their correct composition is usually not known and is generally different
in various accelerators. Some typical elements, however, may be anticipated and resulted radionuclides
assessed.

In some cases, the induced activity in the treatment aids, such as plastic trays, lead, shielding blocks,
aluminium plates, lucite trays, and wax and brass devices (including wedges), may also cause signifi-
cant dose rates at their surfaces or at close contact.

Some other radionuclides are induced in accelerator components, and room walls, ceiling and floor.
The actual composition of these materials is usually not known and they may differ one machine or in-
stallation to another.

4. Dose equivalent rate resulting from induced radionuclides

The measurement was carried out by a sophisticated gamma monitor GammaTRACER [6] which was
continuously monitoring the dose equivalent rate every 1 or 10 minutes and automatically stored the
results in the internal memory. Using a modem, the information was transferred via infrared radiation
to a computer, where dose equivalent time profile could be displayed and further processed.

The accelerators were run in the X-ray mode and set to 21 MV (ROC1) and 18 MV (ROC2) with the
field size 10 cm x 10 cm. The standard water phantom was used to simulate the patient body. The
monitoring instrument was placed at different points in the treatment room and at the control desk. The
spectra of photons and photoneutrons during the machine operation were also measured (to be reported
later). The main aim of conducting the measurements was to assess the levels of external photons fol-
lowing the accelerator runs under the typical clinical conditions.

As to the effect of induced radionuclides on the radiation level at the control desk, no contribution was
detected even due to the activated air inside the treatment room. However, in the case of the higher
photon energy and unfavourable shielding-geometry factors, at the RO1 facilities, clear contributions
from the scattered X-rays were noticed (Fig. 1).

The situation in the treatment room is illustrated in Fig. 2, showing the time profiles of the dose
equivalent. Its values close to the treatment head immediately after machine operation were in the
range of 5 to 30 uSv/h, the maximum 80 uSv/h at the collimating jaws. The levels dropped to their
halves in about 10 minutes.
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Fig. 1. Dose equivalent rate as a function of time measured for several days at the control desk of the
Saturn 43 accelerator working in various modes. The radiation level increases during morning and af-
ternoon sessions while during the night returns to steady background. The actual dose rate depends
also on the gantry angles; the maximum dose equivalent rates may reach as high as 0.5 - 0.6 uSv/h
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Fig. 2. The time profile of the photon dose equivalent in the treatment room during two typical runs at
21 MV X-rays (the monitor was 2 m from the isocentre at 1 m above the floor). Although due to the
dead-time losses, the maximum levels during the machine operation were not recorded adequately
(the actual dose rate during the machine operation is much higher), the tail following the runs illus-
trates the presence of induced radionuclides with shorter and longer half-lives. The interval between
the monitor readings was 10 minutes
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The equivalent dose rate in the treatment room of the accelerator from the accelerator operating at
18 MV are shown in Fig. 3 and 4. The sampling time interval was 1 min in this case. From Fig. 3 it can
be seen that it takes several hours (actually about 16) for the radiation level in the treatment room to
reach the background dose rate following the intensive operation of the machine. Some more details
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concerning the time variations of the equivalent dose rate during a normal treatment session are given
in Fig. 4.

Fig. 3. Time variations of the contribution from the induced radionuclides to the equivalent dose rate in
the treatment room of the Radiation Oncology Clinic in Prague (2 m from the isocentre)
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Fig. 4. Dose equivalent rate from its background level (after the machine was not operated during
2 days) following the typical regime of operation starting with the morning quality assurance tests
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5. Discussion and conclusions

The exposure due to induced radionuclides in the treatment room of linac facilities may constitute an
important contribution to the occupational doses of the operating personnel and especially maintenance
engineers. Although, under normal circumstances, the total exposures are not expected to exceed the
current dose limits, applying the ALARA principle, however, even these unwanted exposures should
be reduced to a very minimum consistent with the operation and maintenance of the machine, where
special care should be taken particularly in cases when X-ray beams above 15 MV are used for long
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treatments, such as total-body exposure. This is particularly important for the maintenance immediately
after the last irradiation.

It may be desirable to pay more attention in analysing the composition of materials in the construction
components of the accelerator head and other accessories which come in contact with the beam in or-
der to identify the most prominent induced radionuclides so that the proper choice of materials in these
parts of the accelerator could result in reducing unwanted remanent radiation fields.
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CHERNOBYL LIQUIDATORS". A COMPARISON*
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At the Kurchatov-Institute a database of biomedical and dosimetric data for actual participants of the
liquidation works after the meltdown of the NPP at Chernobyl was implemented and perfected.

As a result of analytical research dose estimates were successfully brought together for the first time
with collected medical and biological data that are useable for expert estimations.

As a consequence of the collaboration in the frame of the IOTAS project it could be demonstrated that
doses in excess of legal limits have biological effects.

1. The database

An attempt at reconstruction of radiation doses of personnel undergoing radiation-hazardous work was
undertaken in the study. For this purpose real working situations are simulated using the standard
documentation accompanying work and results of interrogations of the participants. In determining the
undocumented doses the information gathered in interviews and talks with some of the participants be-
came a decisive complement. It has to be mentioned that best results concerning a reconstruction of
working procedures from the individuals subjective memory of events were achieved when questions
were asked by competent and well prepared interviewers (see Figure 1 b). The amount of information
collected is sufficient for a reliable reconstruction of detailed working procedures.

At present the data base contains information on 672 persons, however 199 of them have been dis-
missed from work at the Kurchatov Institute during recent years, so information on them could not be
updated. An overview over the data pool can be illustrated :

Figure 1. Distribution of the liquidation worker cohort in the database according to dose group classifi-
cation a) official dose record b) expert re-evaluation of dose

>25 retn (2

5-25 rem (116)

>25 rem (39

5-25 rem (109)

0-5 rem (356) 0-5 rem (353)

2. Dose modelling

With the help of own specialised software or a computer graphics package dose profiles appropriate to
working routes are plotted using maps of radiation fields. Using these profiles radiation dose on the
way to and at the work place was determined. An example of work on the roof of the object

* This work was partly financed by INTAS under the project number: INTAS-94-2569.
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Figure 2. Distribution of the liquidation worker cohort of the
database by age and dose value. Compared to the whole
cohort, the mean age of highly exposed persons is lower.
Dosimetric recordings for particular individuals during
the work on "mitigating on accident consequences"
(MAC-works) at radiation-hazardous sites after the
Chernobyl NPP unit 4 explosion in 1986 could be divided
into four evident categories of information: lost or not re-
corded and partly or completely available

Number of MAC
Participants

12

30

10 20
Birth-year

"sarcophagus" is given (see Figure 3 and
4) , working situations are modelled,
doses are estimated. The dose of a par-
ticipant who had no individual dosimetric
datum was calculated on the basis of ac-
cordance of a set of modelled and meas-
ured doses.

For the example chosen the following
documents were available:

=> The work program, approved by the
heads of the departments involved, the
chief of the Chernobyl department of
the Kurchatov Institute and the engi-
neer in chief of the NPP. It contains as
topics: concordance of plans with real
local conditions, points of entrance,
goals of the mission, material re-
quired, aims and descriptions of tasks,
and protection of workers.

Appended to the program are:
=>The official order to insert the do-

simetric cords, including time Tables
for mission duration of the personnel
and the schedule of labour

=> The working plan including necessary
steps, general instructions, equipment
with means of dosimetric survey and protection, preparation of tools, operative instructions, divi-
sion of participants into work groups, and the sequence of actions needed to complete the mission

=> A layout of positions and labelling of hatch-covers on the roof and a diagram of radiation fields in-
cluding date and equipment used in its measurement

3. EPR spectrometry

EPR spectrometry of tooth enamel has been implemented as a routine method of retrospective dosime-
try for radiation workers at medium to low exposures, the detection limit is at about 6 cGy given a
sample mass of at least 50 mg. To achieve this, research to improve sample preparation, measurement
procedures and spectra evaluation, and to control for relevant parameters as varying sample composi-
tions was performed as well as new equipment installed. Using these advanced practices, tooth samples
from a newly established bank of reference enamel specimen were analysed for dose estimation, results
for liquidation workers from the Kurchatov Institute were reported for comparison with estimates from
other sources.

4. Chromosome analyses

Chromosome analyses were carried out in peripheral blood lymphocytes out of a suitable cohort of liq-
uidation workers from the Kurchatov Institute. The amount of chromosome aberrations were deter-
mined, either by measuring the frequency of dicentric and ring chromosomes in first division
metaphases, or by measuring the frequency of stable translocations using two-colour fluorescence in
situ hybridisation (FISH) with composite whole chromosome-specific DNA libraries for the human
chromosomes 1, 4 and 12. Above background rates could be found for several of the liquidators by
conventional chromosome aberration analysis, but due to the complex exposure histories and the tem-

5-10
Dose value

20-25
15-20

>25
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poral decline of unstable chromosomes dose estimations remain uncertain. Determining symmetrical
translocations using FISH provides an alternative biodosimetric approach to conventional dicentric
analysis for a retrospective assessment of radiation doses above 20 cGy.

A direct comparison of the applied dosimetric methods proved unfeasible due to a lack of specimen
simultaneously available for all methods from the same donors.

Figure 3. Route across the sarcophagus roof in inspection and dosimetric reconnaissance mission of the
responsible person (later participant 11), and dose rate values measured in cGy/h
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44) 264
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Figure 4. Dose rate profile along the route shown in Figure 3
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Table 1. Total dose of liquidation workers from the Kurchatov Institute, estimated by using enamel of
teeth

No.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

Sample Code

816
817
818
820
821
822
823
825
826
827
828
903
902
951
952
953
954
955
923
922
991
992
993
994

Mass of enamel
[mg]
9.7

45.6
54.9
53.9
19.4
50.0
10.9
17

12.6
19.5
43.9
20.0
61.5
27.0
32.0
46.0
66.0
24.0
30.0
35.0
49
34

64.9
23

Dose[cGy]
Mean ± S.E.
8.8 ± 3.5
2.9 ± 1.4
30.2 ± 8.4
10.8 ± 4.4
11.9 ± 9.1
10.4 ± 6.7

68.9 ± 14.2
26.8 ± 9.1
21.3 ± 7.9
70.1 ± 12.6
84.1 ± 20.8
10.7 ± 6.6
21.4 ± 6.5

70.9 ± 12.9
3.0 ± 2.1
18.4 ± 4.7
62.9 ± 9.1
2.8 ± 2.2
17.7 ± 4.5

39.1 ± 11.4
56.6 ± 9.4

28.7 ± 12.6
23.4 ± 8.4
26.8 ± 9.6

Radiation EPR signal were compared with Co-standard.
Co-standard is 62 mg pure tooth enamel irradiated with 2000 cGy Co-60-g in air.

Table

code

52
414
467
13

434
343
176
244
295
366
288
56
180
204
118
409
449

2. Summary of individual dosimetric results

official and physical dose assessment

odr
(cGy)

15,25
8,57

24,85
22,29
27,27
27,2
24,45
12,6

33,49
8,45
10,71
1,55
4,63

41,69
0,11
9,03
32,36

Part,
agrees

+/-
+

+/-
+/-
+

+/-
+
+
+
+
+
+
+

+/-
+
+

+/-
+/-

exposure
history

1986
*
*

1986
*
*
*

1986
*

1986
*
*

1986
1986
1986
1986

re-evaluated
dose

I D (cGy)
25,0

>40,0
52,0

>25,0
35,0-40,0

59,0
>25,0
25,0
40,0
50,0
11,5

4,0;50,0
8,5

>42,0
background

<20,0
<60,0

EPR

code No.

903,T12,822

923,T19

T21
954.T17

827/T10
T22

953,T16

823,T7

rel. intensity
(Kds)

5.49±3.67

8.87±0.38

31.43±4.57

35.04±6.32

9.20±2.34

34.43±7.12

EPR-dose
estimate
Dz(cGy)
10.7±6.6

17.7±1.0

-
62.9±9.1

70.1±12.6
56.6±9.4
18.4±4.7

68.9±14.2

FISH

FISH dose estimate
(95% c.l.) (Gy)

NS
0.61(0.26, 0.85)

NS

NS
0.26(0.01,0.51)
0.32(0.01,0.55)

NS
NS

0.31(0.01,0.53)
0.23(0.01,0.43)

* - there is a description of an extended exposure history in the records
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5. Comparison of results

Volunteers for donation of biological samples were searched for and sample collection organised by
the database group. Originally the intention was to render possible a direct comparison of methods of
biological retrospective dosimetry. However it turned out that in spite of expectations, the subgroup of
volunteers giving a tooth and blood samples and belonging to the highly exposed subcohort was too
small. In the stage of final above background results, there were only three matches (see cases 467, 180
and 204 in Table 2). Therefore, the goal of a systematic direct comparison of methods had to be aban-
doned. For the individual methods it can be said that for the very few cases showing a FISH result
above background, the match with doses according to expert re-evaluation is satisfactory, while for the
larger set of EPR data the discrepancies are more substantial.

Comparison with results of retrospective biological dosimetry shows that a biological effect of the
doses received, especially of medium (25 - 100 cGy) to high- (> 100 cGy) ones is confirmed. It is how-
ever difficult to get a precise dose response dependency out of the present data. Still, cases of doses in
excess of legal dose limits that did not show up in other biomedical parameters could be demonstrated.
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LUNG CANCER RISK FROM RADON - A JOINT ANALYSIS OF THREE
CZECH MINERS COHORTS

L.Tomasek1, V. Placek2 and A. Heribanova3 CZ99285U_

'National Radiation Protection Institute, Prague, Czech Republic
2Institute for Emergency Expertises and Control, Pfibram-Kamennd, Czech Republic

3State Office for Nuclear Safety, Prague, Czech Republic

1. Introduction

Epidemiological studies of workers have provided a great part of knowledge on carcinogenic
effects of ionizing radiation. Historical studies of uranium miners, who experienced in the past rela-
tively high exposures, have clearly demonstrated the linear effect of cumulative exposure. One of such
studies is the cohort of uranium miners in West Bohemia (Jachymov) established by the late Josef Sevc
in 1970 [1]. As occupational and environmental exposures today are generally much lower, studies at
such conditions hardly show an effect. Nevertheless, the risk from lower exposures is assumed to fol-
low the same linear (non-threshold) relationship. The verification of this assumption was possible by
virtue of further cohort studies delineated also by Sevc.

2. Methods

The study population involve three cohorts of miners exposed to radon and its progeny. The
oldest cohort (S) comprises 4320 uranium miners at Jachymov and Horni Slavkov firstly exposed in
the period 1948-59, 5624 miners of the second cohort (N) entered the Pfibram uranium mines in 1968-
74, and the third cohort (L) includes 914 burnt-clay miners in the Rakovnik district employed under-
ground in the period 1960-80. The follow-up of the studies relied on the population registry, the pen-
sions office, local enquiries, and direct correspondence, the details are given elsewhere [2]. As the
employment of miners cover distinct calendar periods, the exposures experienced by the members of
the three cohorts substantially differed (Tab.I). In the S study, exposure estimates were derived from
large numbers of measurements of radon concentrations made in each mine-shaft since 1949. Mean
number per year and shaft was 223 in the period 1949-60. Each man's annual exposures to radon prog-
eny were estimated combining measurement data with the men's registered employment details (time
spent underground in particular mine-shafts and job category). In the whole N study and in the L study
since 1978, the exposure estimates were based on personal dosimetric records. Before 1978, the radon
concentrations in the L study were extrapolated using ventilation data. For historical reasons, the expo-
sures are given in terms of Working Level Months (WLM) \

The statistical analyses were based on relative risk models in the general form
O = c E ( 1 + ERR(W,Z) ), where O denotes the observed number of cases, E is the number expected
from national mortality data (age- and calendar year- specific), ERR is the excess relative risk function
depending on exposure W and modifying variables Z, and c is an intercept term that allows the mor-
tality rate for the 'unexposed' cohort to differ from that in the general population, in other words, the
value cE stands for an estimated number of cases in the cohort at hypothetical zero exposure. The
most simple model of relative risk assumes a linear dependence on total cumulative exposure W
lagged by 5 years. The coefficient of proportionality b (-ERR/WLM - Excess Relative Risk per
WLM) is constant in time and does not depend on any other factors: ERR(W,Z) = b W . The potential
effect of time related modifying factors is studied by the method of exposure windows which consists

f One Working Level equals any combination of radon progeny in one litre of air which results in the ultimate
emission of 1.3 xlO5 MeV of energy from alpha particles. WLM is time-integrated exposure measure, i.e. the
product of time in working months (170 hours) and working levels (1 WLM=3.54 mJh m"3).
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in separating the individual total past exposure into segments corresponding to different time periods
and age categories. For instance, to analyze the effect of age at exposure (-29,30-39,40-) and time
since exposure (5-14,15-24,25-39), the total W divides into 9 parts and the model of ERR takes the
form:

ERR(W,Z) = a -29b5-i4W .29 5-14+a -29bl5-24W -2915-24+a -29b25-39W -29 -39 +

+ a30-39 b5-l4 W30-39 5-14 + &30-39bl5-24 W30-39 15-24 + S30-39 b25-39 W30-29 25-39 +

+ a40- b5_i4W40- 5.14+ a40- bi5-24W40- 15-24+ 340- b25-39 W40- 25-39-

3. Results and discussion

By the end of 1995, a total of 888 cases of lung cancer were observed in the three cohorts (Tab.l),
most of them in the S cohort, reflecting thus the high exposures and age.

Tab.l. Cohorts status by 1995

Cohort

S
L
N

Since

1952
1960
1969

Size

4320
914

5624

Cases

771
61
50

O/E

4.67
2.23
1.38

Died

66%
4 5 %
1 1 %

WLM

155
18
6

Duration

9
14
5

The simple model of relative risk gives the ERR/WLM estimate of 0.014 for the whole range of cu-
mulative exposures 1-860 WLM (Fig.l). The intercept estimate in this model is 1.58 (95%CI*: 1.32-
1.89). The data relevant to very low exposure categories suggest a somewhat steeper slope.

Fig.l. Relative risk by cumulative exposure in the joint cohort (S+N+L)

ERR/WLM
0.014

1OO 200 300 400
WLM

When exposures are restricted to <100 WLM (Fig.2), the ERR/WLM estimate is 0.023 (95%CI:
0.004-0.043). The intercept estimate of 1.25 (95%CI: 1.14-1.37) corresponds better to relative mortal-
ity (O/E) in the cohorts for very low exposure categories.

It is worth noticing that the relative risk in the exposure category 10-20 WLM already shows a signifi-
cant difference from the baseline rate.

The main reasons for differences between the above two global estimates of the ERR/WLM (Fig. 1
and 2) are: (1) the so-called exposure rate effect, which was observed in most miners studies [3], (2)
different periods of follow-up since exposure, and (3) age structure of miners at work, as all these three
factors modify substantially the linear model of relative risk (Tab. 3).

Cl = confidence interval
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Fig.2. Relative risk by cumulative exposure below 100 WLM

ERR/WLM
0X123

- Background
Rate
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WLM

Tab.3. Linear relative risk model modified by time-since-exposure, age-at-exposure, and exposure rate
in the joint cohort (S+N+L)

ERR/WLM *)

Time Since Exp
5-14

15-24
25-

Age at Exp
-29

30-39
40-

Exposure Rate
<8WL
>8 WL

0.123

1
0.25
0.06

1
0.55
0.25

1
0.35

95% CI

0.085-0.181

0.16-0.32
0.03 - 0.09

0.33 - 0.80
0.16-0.33

0.03 - 0.69

*) relative to TSE: 5-14 and AE: -29

The parameters of the complex model (Tab.3) translated into age-at-exposure and time-since-exposure
specific ERR/WLM coefficients simply illustrate changes in the risk coefficients (Tab.4).

Tab. 4. TSE & AE specific coefficients of ERR/WLM for exposure rate <8 WL

TSE

5-14
15-24

25-

-29

0.123
0.031
0.007

Age at Exposure

30-39

0.068
0.017
0.004

40-

0.031
0.008
0.002

The above models of lung cancer risk were developed without considering any influence of smok-
ing. As the S cohort was set up in 1970, when most of the members were not available for collecting
smoking data, the interaction of smoking and radon exposure was studied only in the N and L cohorts,
where smoking habits were available for 83% of the miners. In such analyses, the crucial point is a
sufficient number of cases among non-smokers. By 1995, only 3 cases of lung cancer were observed
in the non-smoker group. In order to analyze the effect of smoking, the miners were classified into two
groups: (1) non-smokers, ex-smokers, and regular smokers of less than 10 cigarettes per day, and (2)
regular smokers of at least 10 cigarettes per day. In this arrangement, about 60% of the cohort mem-
bers are in group 2.
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Tab.5. Relative Risk from Radon and

Smoking

Low (1)
High (2)

Cases

11
82

Smoking

O/E

0.43
3.04

ERR/WLM

.054

.060

Prague. 8-12 September 1997

95% CI

-0.027-0.136
0.006- 0.115

The estimated risk coefficients in the two groups show very little differences (Tab.5). In the joint
analysis of 6 cohorts of miners [3], where data on smoking were available (64 cases among non-
smokers), no significant difference was found as for the smoking status, though the risk coefficient
among non-smokers was higher. So far, the present results suggest that the linear relative risk model
is justifiable in any group of workers with any smoking prevalence. A conclusive inference can be
made when larger numbers are available.

4. References
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tality among uranium miners in West Bohemia with varying rates of exposure to radon and its prog-
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[3] Lubin JH, Boice JD, Hornung RW, Edling C, Howe GR, Kunz E, Kusiak RA, Morrison
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RISK AND BENEFIT ASSOCIATED WITH PREVENTIVE MAMMOGRAPHY
EXAMINATIONS

M. Vladar and D. Nikodemova CZ9928515

Institute of Preventive and Clinical Medicine, Limbovd 14, 833 01 Bratislava, Slovakia

1. Introduction

Breast cancer is one of the most frequent cancers. This fact leads to the consecutive spread of the pre-
ventive mammographic examinations. In Slovakia there are examined yearly about 50 thousand fe-
male, from which approximately 30% create preventive examinations. Concerning important
prognostic role of early diagnostic of breast cancer the screening programme implementation in many
hospitals required. However this examinations could be associated with additional risk of breast cancer
induction. Assessment of the lifetime additional risk connected with this irradiation is the subject of
our paper.

2. Methods and results

Assessment of the cancer risk induction by preventive mammographic examination requires the
knowledge of:
• probability of spontaneous breast cancer incidence
• radiation load by mammographic examination
• relationship between age-at- exposure and breast cancer risk
• quantitative expression of the ratio of spontaneous incidence to radiation induced cancer in Slovak

population

Standard breast cancer incidence (SIR) in Slovakia
during the years 1991-1993 is shown on the Figure 1.
For radiation load estimation were surveyed data about
type of mammographic equipment, work procedures,
patient age and breasts thickness distributions. The en-
trance doses in 15 hospitals were measured on tissue
equivalent mammographic phantom (35 mm thick) us-
ing TL-dosimeters LiF 700. Distribution of the entrance
doses K, is shown on the Figure 2. The most measured
entrance doses were less as 5 mGy. The distribution of
breast sizes is given in Figure 3, with the mean value
of 57 mm.

0 10 20 30 40 50 60 70 8D 90
Figure 1,

STANDARD INCIDENCE RATE
(SIR), SR1991-93 [1]
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For projection of lifetime excess risk in Slovak female
population, regarding the relationship between age-at-

exposure and breast cancer risk, were applied four models [2-5]. Coefficients for excess relative risk
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(ERR) are shown in Table 1.

Table 1.

LIFETIME

Study

Thompson etal. [2]
Miller etal. [3]
Baral et al. [4]
Boice et al. [5]

EXCESS RELATIVE RISK, <

0-9
3.4

10-19
2.5
5.1
2.5
0.7

[ERR)

Age at exposure [years]
20-24

1.3
25-29

1.4
2.1
1.9
0.5

30-34
1.2

35-39
1.4

0.72
0.4
0.2

AT1 Sv

40-49
0.7

>50
0.7

0.23
0.1
0.2

0.7

0.S

|T 0.4
- 0.3

0.2

0.1

0

Figure 4.

Relationship of the mean glandular dose with
compressed breast thickness

for a single institution

ERR = (Observed/Expected) -1

The mean glandular dose (MGD) for our calculations was assessed by the equation

MGD = Kg [mGy]

where K = entrance dose [mGy], g = conversion factors [6]; [mGy.mGy"1]

In Figure 4 is for illustration given the relationships of the
mean glandular dose with compressed breast thickness for a
single institution, where thanks of the technical parameters of
the equipment, the entrance dose was less than 1 mGy. The
MGD by 75 mm is about two time higher as by 45 mm.

In order to make possible the risk assessment of preventive
mammographic examinations in the Slovak population has
been calculated:
• the average number of excess breast cancer for MGD 1

mGy and 105 females (Table 2)
• the ratio between spontaneous incidence and radiation in-

o

o

(

-

J

p—•

o

———
o

o

o

———•

•

j
40 50 60 70

TOckness [mn].

80

duced breast carcinomas (Figure 5)

Table 2

INDUCTION OF BREASTS CARCINOMA PER 105 FEMALES,
( MGD = 1 mGy)

Age

Group
20-24
25-29
30-34
35-39
40-44
45-49
50-54
55-59
60-64

Incidence

per 105

1.1
5.7
15.3
42.2
68.3
107.1
96.4
127.7
142.0

Calculation by Study

Thompson [2]
2.14
2.12
1.60
1.57
0.77
0.85
0.72
0.51
0.30

Miller [3]
3.5
3.2
1.0
0.8
0.3
0.3
0.2
0.2
0.1

Baral [4]
3.13
2.88
0.53
0.45
0.11
0.12
0.10
0.07
0.04

Boice [5]
0.82
0.76
0.27
0.22
0.22
0.24
0.21
0.14
0.09

Average
2.39
2.23
0.84
0.76
0.34
0.37
0.32
0.22
0.13

3. Discussion and conclusion

From the Figure 5 it is evident that also MGD of lmGy per one exposure, for the women of less as 40-
ty years old, could be connected with risk of 1 radiation induced carcinoma to less as 100 positive de-
tected by the preventive examinations. It can be supposed that the variability of real MGD at various
hospitals can be quite large. Unfortunately in present study we have mostly phantom measurements
only, but despite of this fact we can assume that the national average value of MGD reaches more as
3 mGy for national average values of the breast size 55 mm. In this situation is necessary the data given
in Figure 5 to modify towards higher ages.
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RISK OF BREAST'S CARCINOMA INDUCTION, AFTER
SINGLE EXPOSURE (MGD = 1 mGy)
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RADIATION SAFETY ASPECTS OF THE LINAC COHERENT LIGHT
SOURCE*

V. Vylet, A. Fasso and S. H. Rokni CZ9928516

Stanford Linear Accelerator Center, P.O. Box 4349, Stanford, CA 94309, U.S.A.

1. Introduction

The Linac Coherent Light Source (LCLS)^ is a project proposing to use 7 to 15 GeV electron beams
from the existing SLAC linac to drive a fourth generation light source. In this type of device, using
Self-Amplified-Spontaneous-Emission (SASE), a very high coherent power can be achieved in a free-
electron laser in a single pass of a high brightness electron beam through a long undulator, without the
need for an optical cavity. LCLS would generate coherent X-rays with wavelengths from 1.5 to
0.15 nm. In this wavelength range LCLS would exceed parameters of any existing or planned facility
by many orders of magnitude in the area of peak power and brightness, coherence and shortness of the
light pulse.

Radiation safety concerns for LCLS are similar to those encountered at both high energy electron ac-
celerators and synchrotron radiation facilities, with some unique features of its own. The design of the
facility is far from finished and various options are being contemplated. At this stage of the project in-
put from radiation safety specialists is needed in areas of shielding, personnel protection and beam
containment. In addition, methods used for shielding calculations can also provide useful information
regarding estimates of component activation, radiation damage and radiation background in various
detectors. The purpose of this paper is to review areas of concern at this facility and to present results
of initial studies.

2. Description of the facility

Figure 1. Planned layout of the LCLS in the FFTB enclosure (not to scale). Only the second half of the
enclosure (and the undulator) is pictured

One attractive feature of the LCLS project is the use of existing SLAC facilities. It would take advan-
tage of the existing SLAC linac and use its electron beams in the enclosure currently occupied by the
Final Focus Test Facility (FFTB). This enclosure is located at the end of, and in line with, the two-mile
long linac. It starts in the underground area of beam switch yard and its second half emerges out from
an earth berm into the research yard. This second half is pictured in figure 1. A 100 m long undulator

1 Work supported by the US Department of Energy under contract DE-AC-03-76SF00515.
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will replace a major portion of the FFTB beam line. After exiting the undulator the electron beam is
deflected downwards by a series of permanent magnets and terminates in a beam dump. The photon
beam will pass through the dump shielding into an experimental hutch, where it will be deflected by a
mirror under a very grazing angle. With exception of this hutch, most of the FFTB enclosure will re-
main unchanged. While FFTB uses electron beams with energies up to 50 GeV, LCLS beams will be
limited to the range between 7 to 15 GeV. The beam power of 2.5 kW currently allowed in FFTB will
be also sufficient for LCLS.

3. Radiation protection systems

Personnel Protection System (PPS), Beam Containment System (BCS) and shielding are three major
aspects of radiation safety of accelerator facilities. Their implementation in LCLS will be inherited
from FFTB with only minor modifications. FFTB systems were described in detail elsewhere^ . Most
of the shielding will remain adequate, because the total beam power, expected beam losses and usage
of the facility will not exceed currently allowed values. The existing BCS, related to the electron beam,
consists of protection collimators, devices limiting the total beam power (toroids) and beam losses
(current comparators, long ionization chambers). The PPS consists of access control, beam shutoff
ionization chambers (BSOICs), beam stoppers and emergency buttons. The presence of the synchrotron
radiation line and a new experimental hutch will require an extension of these systems, in particular
hutch stoppers shown in figure 1. The presence of an opening in the electron dump shielding and the
immediate proximity of an occupied experimental hutch requires an assessment of potential radiation
sources in this area.

4. Radiation sources and methods of their assessment

The following radiation sources may be of concern in LCLS: bremsstrahlung from beam/halo interac-
tions with beam line components, gas bremsstrahlung, synchrotron radiation, neutrons, muons and in-
duced activity. Some of these can be estimated using relatively simple methods, while others require
more elaborate means. Tools used to perform these estimations and initial results are presented below.

Bremsstrahlung and neutrons from electron beam losses

The SHIELD 11 program[3] is used to perform simple slab geometry shielding calculations. It uses sim-
ple analytical expressions to evaluate production and transmission of photons and neutrons from fully
developed electromagnetic showers in thick targets. It is adequate for situation when high energy elec-
tron beams hit thick beam line components such as magnets, collimators and dumps. This code has
been used to calculate most of the shielding at FFTB[2] and other SLAC facilities. We used it also to
perform estimates of the dose to electronics inside the FFTB enclosure resulting from beam losses on
collimators and in the undulator. In the latter case, SHIELD 11 is a viable alternative to the more accu-
rate Monte Carlo method while the exact beam line geometry has not been finalized yet.

The FLUKA Monte Carlo code[4] is used to evaluate more complicated beam loss scenarios, where the
electron beam has a grazing incidence and/or the geometry is complex. The latest version of this code
is capable of generating photoneutrons. FLUKA has been used to study the effect of collimators up-
stream of the undulator and their effect of minimizing the radiation dose to permanent magnets in the
undulator. In another series of calculations we studied the effect of beam "halo" scraping towards the
end of the undulator on and the resulting radiation inside the experimental hutch. Due to the length and
complexity of the geometry, it is a challenge to obtain meaningful results with reasonable usage of
CPU time.

The beam line layout has been simplified to a cylindrical-slab geometry. In these simulations most of
the elements are symmetrical relative to the beam line, with exception of a few crucial beam line com-
ponents which are modeled in full detail. The extent of the geometry in the radial direction around the
beam pipe is very constrained up to the experimental hutch. Particles exceeding this radial limit are
killed in order to save computation time, because they have an extremely low probability of reaching

322 Session 3



IRPA Regional Symposium
Radiation Protection in Neighbouring Countries of Central Europe. Prague. 8-12 September 1997

the scoring regions in the experimental hutch. In order to improve statistics, importance biasing was
implemented setting the relative importance as a function of distance from the source. High energy
cutoffs, importance windows and leading particle biasing were also necessary. An example of results
from these calculations is shown in figure 2.

Figure 2. Tissue dose as a function of distance from beam axis at the end of the experimental hutch. No-
tice the penumbra behind the bremsstrahlung dump
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2D 40 CD BO
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Gas bremsstrahlung

Gas bremsstrahlung will arise from beam interactions with the residual gas in the vacuum chamber
over a straight portion of the beam line, including the undulator. A length of about 130 m was consid-
ered. In comparison with storage rings, the length of the straight section, beam energy and residual
pressure are higher, while the beam current is lower. Using an analytical formula proposed by Fer-
rari^1, an extrapolation to LCLS parameters yields an estimated 50 mGy/h in the center of the beam
line in the experimental hutch. However, it is not obvious that the formula can be extrapolated to such
straight section lengths and energies. A full Monte Carlo simulation is planned in the near future.

Synchrotron radiation

In addition to the extremely narrow laser beam, spontaneous synchrotron radiation will be emitted in a
cone with a complex angular and energy distribution. This distribution was employed in FLUKA by
means of a custom user code. In the first stage this code was used to estimate the dose to the undulator
permanent magnets from synchrotron radiation. With more elaborate biasing it will be used in regions
of interest downstream. However, it seems necessary to implement into FLUKA reflection and refrac-
tion properties of low-energy x-rays, to properly simulate interactions with surfaces at extremely small
grazing angles in mirrors and collimators.

Muons

The 15 GeV electron beam terminating in the beam dump will be a non-negligible source of muons.
Preliminary estimates of muon dose rates behind the concrete and iron shielding of the FFTB beam
dump have been done with the MUON89 code[6]. Approximately 6 m of iron shielding, in addition to
the existing FFTB dump shield, would be needed to bring the dose rate in the forward direction below
50 nSv/h, assuming that the beam power is 2.5 kW. These estimates were confirmed by another simple
method described by Sullivan[7]. If the beam is sufficiently deflected downwards by the permanent
magnets, the narrow maximum of the muon beam might emerge from the FFTB dump shield already
underground, in which case no additional shielding would be needed.
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Induced activity

Radiation levels from induced activity in the undulator magnets were estimated using DeStaebler's
method[8] and values of saturation activities tabulated by Swanson[9]. The magnet material was as-
sumed to consist of equal parts of cobalt and iron. The total dose rate from an activated magnet imme-
diately after shut-down is conservatively estimated to be 50 ^Sv.h "'.W"' at 1 m. It is dominated by a
0.8 MeV gamma from 58Co with a half-life of 71 days. With the expected low level of beam losses in
the undulator, the activation of the device, and resulting personnel exposure are expected to be very
low.
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1. Introduction

Monitoring for occupational incorporation of 238U and 232Th is usually carried out by urinary excretion
analysis. The interpretation of a measured value of a worker requires the knowledge of the natural ura-
nium and/or thorium excretion and its dependence e.g. on age, gender and residential area. Up to now,
these factors are not satisfactorily known since the commonly used analytical methods such as alpha
ray spectrometry are hardly useful to investigate non-exposed subjects (Dang et al. 1992).

Inductively coupled plasma mass spectrometry (ICP-MS) provides a tool for rapid measurement of
very low concentrations of uranium and thorium in biological fluids (Gladney et al. 1989, Allain et al.
1991, Karpas et al. 1996, Schramel et al. 1997). This technique enables studies even on larger groups
of non-exposed subjects since the measurements can be carried out on unprocessed urine.

The present study was aimed at the assessment of the variation of renal 238U and 232Th excretion with
age and gender in non-exposed subjects.

2. Subjects and methods

A total of 63 healthy volunteers were included in the study. Of these, 33 were females (mean age
43 ± 21 years (mean ± SD), range 11 to 84 years) and 30 males (mean age 41 ± 18 years, range 7 to 73
years). None of them had a history of previous occupational exposure to uranium or thorium. Subjects
were asked to collect total urine for 24 hours under normal living habits in polyethylene bottles.

After addition of 50 ml.I"1 cone, nitric acid
(subboiling distilled) the urine was kept at 4°C until
measurement by ICP-MS (ELAN 5000, Perkin-
Elmer, Sciex). The method has been described in
detail elsewhere (Schramel et al. 1997). The quality
criteria (precision as well as detection limits) are
summarised in Table 1. In a total of 15 samples data
of urinary 238U concentration obtained by ICP-MS
were intraindividually compared to results of con-
ventional alpha spectrometric analysis (Fig. 1). In
general a good agreement was obtained but part of
the uranium concentrations were below the detec-
tion limits of the alpha spectrometry.

3. Results

The 232Th excretion in urine in relation to the age is
shown in Fig. 2. The geometric mean of all 63 sub-
jects investigated is 34 uBq.day"1 (SD 1.90). For
the 33 females it is 30 uBq.day"1 (SD 1.78) and for
the 30 males 40 uBq.day"1 (SD 2.01). The differ-
ence between males and females is statistically not

Fig. 1. Correlation of data for the simultaneous
determination of urinary 238U concentra-
tion by alpha spectrometry and by ICP-
MS. Where values were below the limit
of detection, a line is drawn up to that
limit of the particular analysis

mBq*l"
100.0 -

10.0 -

1 . 0 •:

0.1 -

1.0 10.0
8U-Alpha-Spectrometry

100.0,mBqT1

Session 3 325



IRPA Regional Symposium
Radiation Protection in Neighbouring Countries of Central Europe. Prague. 8-12 September 1997

significant. There is some increase in 232Th excretion with age. But assuming a linear relationship, the
correlation coefficient (r = 0.19) is statistically not significant (p > 0.05).

Table 1. Precision and detection limits (3 SD of background signal) for measurement of 232Th and 238U in
urine by ICP-MS

Isotope

232T h

2 3 8 u

Detection limit
HBq.T1

4
12

Pre<
same day

%
7.9
8.5

:ision
day to day

%
8.5
12.2

238The U excretion in urine in relation to the age is shown in Fig. 3. The geometric mean of all subjects
, - iis 237 uBq.day"1 (SD 2.50). For the 33 females it is 200 ^Bq.day"1 (SD 2.81) and for the 30 males

287 uBq.day"1 (SD 2.09). The difference between males and females is statistically not significant.
238U excretion increases with age although even at ages above 60 years low values are obtained. As-
suming a linear relationship, the correlation coefficient of r = 0.35 is statistically significant (p < 0.01).

Fig. 2. Relationship between data of daily urinary
excretion of 232Th and age in non-exposed
subjects

Fig. 3. Relationship between data of daily uri-
nary excretion of 238U and age in non-
exposed subjects

120 •

80 80

In two of the subjects, 232Th excretion and 238U excretion were followed for up to 17 consecutive days
(Fig. 4 and Fig. 5). There is a remarkably high day-to-day fluctuation both for thorium and uranium.
But, whereas the mean values for thorium are quite congruent there is a significant deviation in the
uranium excretion.

4. Conclusions

ICP-MS provides a tool for rapid and sensitive determination of long-lived radioisotopes in biological
materials. Especially, measurements of 232Th and 238U in urine may be carried out on unprocessed
samples of a few ml with low detection limit but high precision and accuracy. Therefore, ICP-MS can
be considered as an alternative technique for routine monitoring of workers regarding excretion analy-
sis of long-lived radionuclides.

Data obtained in this study for 238U excretion in urine of non-exposed subjects are somewhat less than
those given in ICRP-Publication No. 23 for the reference man (600 to 6,000 ^iBq.day'1) but they are in
quite good agreement with more recent results of Dang et al. (1992).
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Fig. 4. Day-to-day variations in urinary excre-
tion of 232Th in two male non-exposed
subjects (52 and 55 years) for a period
of up to 17 days
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Fig. 5. Day-to-day variations in urinary excretion
of 238U in two male non-exposed subjects
(52 and 55 years) for a period of up to 17
days
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1. Introduction

The Nuclear Medicine Clinic, situated at the Faculty Hospital in Prague - Motol, has been specializing
in diagnosis and treatment of thyroid gland diseases, particularly in thyroid related carcinomas. The old
ward of the clinic had 30 beds, where cancerous thyroid patients were treated using solely orally ad-
ministered I31I-NaI, with weekly totals going up to about 40 GBq. In addition to radiotherapeutic use of
13ll, standard diagnostic procedures using mainly 99mTc-labelled radiopharmaceuticals were also em-
ployed. Recently, the clinic has moved to a new complex, where its activities continue in much spa-
cious and better conditions, including possible improvements in the radiation protection situation.

The penetrating gamma photons emitted by 131I from patients seem to be the principal contributor to
the radiation fields at the most places within the Nuclear Medicine Clinic. This paper addresses the
time variations of these fields in terms of dose equivalent rate, which has been monitored in order to
evaluate the relevant exposures incurred in the practice of nuclear medicine at the clinic, where some
similar measurements were carried out some time ago [1]. From the data presented, it is possible to as-
sess the magnitude of personal doses to those directly associated with the use of radioactive materials,
those who provide nursing care to the patients containing radiopharmaceuticals, as well as the mem-
bers of the public, be they waiting patients, other (nonradiation) health care personnel, accompanying
persons or visitors.

2. Radiation protection considerations

Essentially, there are two kinds of sources contributing to radiation fields at a nuclear medicine work-
places: the radioactive materials themselves and the administered patients who can be considered as
moving radiation sources irradiating nearby persons.

The first type of source can affect only some specially designed places and contribute to doses of a
relatively limited number of professionals, whose exposures can be adequately limited by suitable ra-
diation protection procedures related to the receipt and delivery of radioactive materials, and their
in-house handling, transportation as well as radiopharmaceuticals preparation, calibration and admini-
stration.

While the location and movement of the first type of sources can be fully controlled and its contribu-
tion to the radiation fields predicted, the second type of source always represents a unique group of
several individual sources containing various radionuclides with generally different activities. Al-
though the movements and whereabouts of the nuclear medicine patients can also be restricted to a
certain extent, at wards with many patients and at busy nuclear medicine departments it is practically
impossible to foresee their actual minute by minute activities and the resulting radiation levels at some
particular places within the facilities. This is why it is desirable to have time profiles of radiation fields
at selected points in order to obtain a realistic picture about the potential exposures to persons who may
spend some time at these locations. The dose equivalent rate will obviously depend on the time after
the administration and the distance from a patient.

In order to obtain the relevant information needed for assessing the actual levels of external gamma ra-
diation at the ward, the photon dose equivalent rate was continuously monitored at regular 1 or 10 min
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intervals for several days. The time profiles of the mapped radiation fields revealed useful data, which
can be of great help in optimizing and reducing the exposures received by the involved personnel and
also by other persons coming in contact with cancer patients.

The patients who received radiopharmaceuticals for diagnostic purposes present minimal potential for
exposure to persons nearby since the administered activities are relatively low (typically up to
740 MBq of 99mTc-based radiopharmaceuticals). While the total effective dose to these patients may be
in the order of several mSv, the dose equivalent rate at 1 m from such patients is usually about
10 p.Sv/h [2,3]. However, the dose equivalent rate at the same distance from a patient to whom a thera-
peutic quantity of I31I was administered may reach values in the range of 0.1-0.5 mSv/h. In close con-
tacts with the patient, and this cannot be excluded in some emergency or intensive health care
situations, the accumulated dose to the personnel handling the patient may easily reach levels close to
the relevant occupational dose limits. One has to realize that at a distance of 10 cm from the surface of
the patient body, the dose rate can amount to more than 10 mSv/h [4],

3. Instrumentation

Time profiles of the photon dose equivalent rate were obtained using a sophisticated monitor Gamma-
TRACER [5], which can measure radiation levels in the range of 10 nSv/h to 10 Sv/h. The results of
the measurement are stored in the memory and can be later transferred into a PC for further evaluation
and presentation. The measuring interval can be selected from one minute to two hours. The monitor is
based on two energy compensated GM counters. The final results are used to illustrate the changes in
the radiation fields at some selected places. This information gives a more comprehensive picture of
the existing situation as to real and potential exposure at nuclear medicine workplaces.

4. Results

The present work was concentrated on such places as patients' rooms, adjacent corridors as well as the
gamma camera rooms. The measurements were carried out in both old and new buildings of the Nu-
clear Medicine Clinic. The maximum dose equivalent rate reached 3 to 100 (JSv h"1 depending on the
number of patients treated, activities applied and the occupancy or movement of patients in the vicinity
of the measuring point.

Some results of the time profile of the dose equivalent rate in the room (at about 2 m distance from the
adult patient) and in the corridor are shown in Fig. 1 and Fig. 2, respectively. The radiation field in the
room of a child patient during and following the application of 5.5 GBq of 131I-based radiopharmaceu-
tical is illustrated in Fig. 3.

In order to assess the potential exposure which a technician can receive in the camera room during a
typical skeleton scanning (after the administration of 99mTc), the radiation level was monitored at a
2 m distance from the patient (Fig. 4). The actual dose equivalent rate of a person at the control desk
during the examination of several patients is shown in Fig. 5. These measurements were carried out in
the new building of the clinic and the results indicate the levels lower by about 20% comparing to the
doses from the same examinations in old premises.

5. Discussion and conclusions

The results presented show a potential use of a field environmental photon monitor, which continu-
ously measures external radiation levels indicating dose equivalent rate and total exposure incurred by
a patient following the administration of radioactive materials. Such information can form a useful ba-
sis for implementing the ALARA principle, which is aimed at the further reduction of unnecessary ex-
posures to nuclear medicine personnel, especially from radiotherapy applications of 131I-based
radiopharmaceuticals. Since the dose rate at short distance to the therapy patients - being in some cases
even over 20 mSv/h - may result in cumulated doses to the health care personnel which can exceed the
relevant annual limits for professional exposures.
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Fig.l. The dose equivalent rate as a function of time showing decrease of exposure following the admini-
stration of Nal. The activity of 131I applied was 3.7 GBq to one patient on September 16 shortly be-
fore 12.00 PM and a total of 12.56 GBq administered on September 20 to three patients occupying
the same room. The sudden decreases are always appearing when the patient leaves the room. It is
very important to avoid any unnecessarily close contacts with those patients unless emergency or
other urgent procedures occur
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It is very important to avoid any unnecessary close contacts with those patients unless emergency or
other urgent procedures are required. Administration of high activities to several patients sharing a
room in the ward should also be taken into account when handling the patients including food service,
housekeeping, changing linen etc. Under normal circumstances, the radiation level in the corridors and
other places accessible to cancer patients within the clinic are usually below 5 u.Sv/h averaged for
1 min intervals.

Fig. 2. The dose equivalent rate in the corridor adjacent to the patients' room. It can be seen that during
the nights the radiation level is steadily lower, in contrast to the daily dose equivalent rate, where
spikes from the nearby patients are clearly visible
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The records of the time profiles of radiation fields may also be very helpful in investigating the cause
of therapeutic misadministration and, retrospectively, in assessing exposures of persons without indi-
vidual dosimeters, including visitors.
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Fig. 3. Dose equivalent rate in the ward room 2 m from a child patient after administration I-MIBG
with the total activity 5.5 GBq. The intravenous application from a shielded source took about 6
hours, which resulted in the increase of radiation field during this time. After reaching the maxi-
mum corresponding to 40 fiSv/h, it was falling down with the effective half-life. The local maxims
and minima were caused by movement of the patient in the room and outside
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Fig. 4. The dose equivalent rate in the two-head camera room during the SPECT skelet scanning of 14
patients with the administration of 99mTc-radiopharmaceuticals (700 MBq). The monitor was posi-
tioned at 2 m distance from 2 m from an examined patient
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Fig. 5. Time profile of the radiation field at the control desk of the two-head gamma camera. The moni-
tor was at the control desk situated behind the viewing window in a shielding wall separating the
camera room from the control enclosure
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1. Introduction

In the frame of the Kosovian basin ( Yugoslavia) there are more than as much as 10 billion tons
of coal (1). Kosovian coal belongs to the group burning typical lignite. It is known for its high con-
tent of ash (over 15%) and low thermal capacity (ranged from 5 400 kJ.kg"1 to 10 500 kJ.kg"1).
The largest amount of coal was used as unrefined energetic solid fuel in Kosovian power plants.

Coal power plant Kosovo A is an old type plant. It consists of 5 blocks which by its chimneys emits in
the atmosphere about 15% of producing ashes, that is for 5 000 h of yearly working of the plants it
emits about 1 200 000 tons ash per year. The second coal power plant Kosovo B consists of
two energetic blocks and it is a contemporary plant and emits about 1 000 000 tons ash per year.

The content of natural radionuclides in coal and the products of combustion during the operation of
Kosovian plants has been measured in air. The influence of chemical pollution due to ashes, dust and
gases from the emissions of stacks is much more than radioactive pollution. Regarding the risk of ra-
dionuclides released during the operation of the coal power plants for producing of electrical energy a
coal power plant of 1GW yearly results in a collective effective dose of 20 man Sv (2).

2. Materials and methods

The coal samples have been collected from the surface mines of Kosovian basin Belacevac and Dobro
Selo. The samples of deposited ashes have been taken from all phases of the electrofilters and in some
way on deeps and lagoons . The samples of slags have been taken below the bunker in a heating state
and from the places where they are in a coal state.

The inspection of radionuclides content in the soil has been done on the samples collected from 20
measuring spots. The measuring spots were distributed within the range of 40 km, with the Kosovo
A and Kosovo B coal power plants being in the centre. To compare the measuring results, the samples
were taken from the 4 measuring spots that were out of the coal power plants influence.

All samples after complex quartering and drying at 105 % granddad to the granulation of the fine
powder and bring down to some volume. After acquiring the homogeneity of samples, they were
measured in Marinelli beakers. The Marinelli beakers were welded by beeswax to be airtight . Pre-
paring by a such way, they left to repose 30 days (before the beginning of the measurement) in order to
establish radioactive equilibrium between 222Rn and its parent nuclide 226Ra. The measuring gamma
activity of the samples has done by a HP Ge detector with relative efficiency 20% and resolution (
FWHM) 1.8 keV at 1332 keV 60Co. The energy calibration has been done by standard point sources
(Coffret d1 etalon ECGS-2, Sacle) which contain the following radionuclides I33Ba, 60Co, 137Cs, 22Na
and 241Am. The geometric efficiency was given by the reference material-soil, contained the following
radionuclides 22Na, 57Co, 60Co, 88Y, 133Ba and 137Cs and the total uncertainty was about 5 % (3).

Measuring of the absorption dose of gamma radiation in air and at the level of natural background ra-
diation at close and further environment have shown. TL dosimetry on the basis of CaSO^Dy have
used. Each of the dosimeters was pleased in especially wooden cases on high of 1 m from above of the
soil ground. They there are on 20 locations inside the circle around the CPP of with the radius of 20
km, that has shown in Fig. 1.
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3. Results and discussion
The results of the experimental measurements of the specific activities of the natural radionuclides in
coal, ashes and slag samples are shown in Table 1.

Table 1. The range specific activity of the natural radionuclides (Bq.kg1) in coal , ash and slag from
Kosovian coal-fired power plants

Radionuclide
226Ra
m T h

"• 2 5 i u
mii
*>K

Lignite

3.1-14.1
1.7-18.6
0.3-3.5
6.5-77
14-97

j Bottom ash

i 12.5-63 i
j 13.6-31 j
1 1.7-6.9 i
i 37-138 j
i 111-243 i

Collected fly ash

15.4-61
14.8-32
2.2-5.5
48-119
208-243

Escaping fly ash

21-67
22-31
4.1-6.5
89-138
152-236

Figure 1. The positions of the measuring locations around the Kosovian coal power plants

N
20 km

W

The results of determination of the natural radionuclides specific activities in the soil samples from 20

inspected locations are shown in Table 2.

Table 2. The range of specific activities of natural radionuclides in the soil samples ( Bq/kg ) in closer
and the surrounding of the Kosovian coal-fired power plants

Locality

On the grounds CPP

Locations at low
altitudes and <6 km
from the CPP
Locations at higher
altitudes and >6 km
from the CPP
The places for
the comparison

Soil Depth (cm)

0-5
5-10

10-15
0-5

5-10
10-15
0-5

5-10
10-15
0-5

j 5-10
10-15

! 226Ra

I 36-46
! 23-44
I 19.4-39
j 35-44
i 36-44
\ 32-39
1 25-35
I 21-35
1 17.5-36
i 13.3-20
i 15.3-19.3
1 14.8-17.1

| 232Th i

I 35-53 I
i 18-48 i
I 17.7-47 i
i 29-51 i
1 41-45 !
I 29-36 i
i 21-46 i
i 18-38 i
i 17.2-29 I
i 16.3-19 i
i 17.1-20 I
i 16.5-19 !

235U

2.2-3.1
1.1-3.0
1.2-2.8
2.3-2.8
2.2-3.0
2.0-2.8
1.3-2.4
1.4-2.6
1.2-2.1
0.9-1.4
1.0-1.3
0.8-1.2

238U

48-68
24-66
27-62
50-62
48-66
43-62
29-52
30-56
26-46
20-30
22-28
18-26

4 0 R

345-489
332-467
312-454
354-595
389-589
230-476
240-358
205-340
91-310
109-132
110-129
99-106
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Table 2 indicates that inspected natural radionuclides are identified in the samples of the soil from all
the locations. Locations away from 1-6 km from coal power plants, are follows: Obilic, location No-7,
location No. 16 - Plemetina settlement, No. 9 - Krusevac settlement, location No. 7 - Mazgit settle-
ment, as well as, the samples from the location No. 18, 19 - Kosovo Polje. The activities concentra-
tions of natural radionuclides are the biggest and the ranges of their values are: from 19-46 Bq/kg for
226 .232-Ra ,17-51 Bq/kg for *"Th, 43-66 Bq/kg for 2J8U and 230-595 Bq/kg for 4UK.

Locations away from 6-15 km from coal power plants, are follows: Belacevac (No. 4), Kuzmin (No.
15), Pristina (No. 3), Sofalija (No. 3), Babin Most (No.8), Lebane (No. 10) and Breznica (No. 6). The
specific activity radionuclides of the soil from these locations has got wide range of values from 17-36

. 226TBq/kg for / / 0Ra, 17-46 Bq/kg for 2J2Th, 26-56 Bq/kg for 2JSU and 91-358 Bq/kg for 4UK .

The measuring activities of the samples of soil of the used locations for the comparison at that the
influence of the CPP are minimal, they are in the range : from 13-20 Bq/kg for 226Ra , 16-20 Bq/kg

. 232for / J /Th, 18-30 Bq/kg for ^8U and 99-132 Bq/kg for 4(JK.

The results of the gamma dose in air measured using TLD are given in Table 3.

Table 3. Range of gamma dose in air using TL-dosimeters in the vicinity Kosovian CPP

Locality

On the grounds CPP
1-6 km from CPP

6- 15 km from CPP
> 15 km from CPP

I
265-354
245-327
225-274
232-256

Quarterly dose (mGy)
II III

324-387
313-371
222-281
186-247

303-405
291-382
234-272
217-231

IV
332-422
351-401
301-360
210-290

Annual dose
(mGy.y"1)

1.445-1.456
1.251-1441
0.980-1.146
0.906-0.957

Hourly dose

k MyA.1)
151-204
121-151
102-142
84-119

Industrial yard with the location No.5 (Fig.l) possess the biggest value of the annual gamma dose
which amounts to 1.456 mSv. Then follows the gamma dose has measured close to the CPP which
values are in the range 1.322-1.411 mSv. These settlements are during the time without the wind and
very often the days with the foggy they have exposure to the enormous amounts of the fly ash from the
chimney of the Kosovian CPP. The month amount of that ash is 2500 mg/m2d. Annual gamma dose
the places for the comparison are in the range 0.906-0.957 mSv.
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THE MONITORING OF RADIOACTIVE CONTAMINATION AND RADIATION
EXPOSURE IN THE ENVIRONMENT IN GERMANY

A. Bayer
CZ9928520

Federal Office for Radiation Protection, Institute of Radiation Hygiene, D-85762 Oberschleissheim, Germany

Abstract: A brief historical development of the monitoring of radioactivity in the environment is pre-
sented. The monitoring systems are introduced and their technological implementation is described.
Finally, an account is given of the progressive co-ordination of the national monitoring systems, as
well as of the integration of these monitoring systems into international monitoring and information
networks.

1. Brief historical outline

The monitoring of radioactivity in the environment started in Germany in the early fifties with the
measurement of radioactive fallout. With the Treaty on the Foundation of the European Atomic Com-
munity (EURATOM) in 1957, the Federal Republic of Germany took over, among other things, the li-
ability to monitor environmental radioactivity.

In particular since the end of the sixties / beginning of the seventies, when nuclear energy was initially
used on a large scale, the focus of monitoring shifted from the general environment to the monitoring
of the vicinity of nuclear facilities (vicinity monitoring) and the monitoring of those facilities' emis-
sions.

An event in the Gundremmingen NPP (Germany) in 1977 was then the cause for the implementation of
,,Remote Nuclear Power Plant Monitoring (KFU)". With the help of this system, selected safety-related
operational parameters of the nuclear power plant, the emissions, meteorological parameters and im-
portant immission quantities in the vicinity of the plant are transferred on-line to the supervising
authorities.

In 1986, the accident of the Chernobyl NPP (Ukraine) occurred and the large-area contamination re-
sulting from this was the cause to make the large-area environmental monitoring more effective and
to expand it with the help of data processing technology to a comprehensive integrated Measuring-
and Information System for the Monitoring of Environmental Radioactivity (IMIS)".

2. Implementation of the monitoring systems

The installation of monitoring systems in Germany is, on the one hand, determined by

- the specific monitoring tasks and the available monitoring methods (measuring-, evaluating- and in-
formation techniques) developed for this

and, on the other hand, by

- the legal classification of the specific monitoring tasks to the authority responsible for the corre-
sponding monitoring task.

2.A. Environmental monitoring according to the guideline on Emission and Immission
Monitoring of Nuclear Facilities (REI)"

The monitoring task according to the ,,Guideline on Emission and Immission Monitoring of Nuclear
Facilities, (REI)" is plant-related. As far as it concerns the immission part, this one refers to the vicinity
of the plant (vicinity monitoring). ;?

Irfunission monitoring in the vicinityAof nuclear facilities for air, precipitation, soil/-surface,
plants/vegetation, surface inshore waters, groundwater is carried out by the operator.
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In addition to controlling measurements, the programs of the independent measuring institutions pro-
vide the monitoring of air, precipitation, soil/surface, feedstuffs, food chain on land, milk and dairy
products, surface inshore waters, food chain in water, drinking water.

Furthermore, the quality of the measurements is secured by the participation at the interlaboratory
comparison.

2.B. Monitoring according to the ,,Outline Recommendations for Remote Nuclear Power Plant
Monitoring (KFO)"

An additional automatic monitoring of the operation and the effects of the operation of nuclear facili-
ties on the environment was created at the end of the seventies by the installation of the ,,Remote Nu-
clear Power Plant Monitoring (KFU)".

KFU makes it possible for the supervisory authorities of the Federal State - generally these are the Fed-
eral State environmental ministries - to monitor continuously the operation of nuclear power plants by
the recording of safety-relevant operational parameters, emissions, meteorological parameters and im-
missions. In the case of unusual operating conditions, the system reports independently with alarm re-
ports.

As emissions, the y-dose rate, radioactive rare gases, aerosols and iodine-131 are measured and (in
some countries) also immissions in the vicinity, that means the y-dose rate as well as radioactive aero-
sols and iodine-131.

Model programs are often connected to this systems with the help of which short-time transport- and
deposition computations as well as contamination- and exposure computations can be derived on the
basis of the ingoing measured values.

2. C. Monitoring according to the ,,Outline Recommendations for Emergency Management in
the Vicinity of Nuclear Power Plants"

In the ,,Outline Recommendations for Emergency Management in the Vicinity of Nuclear Power
Plants", measuring teams to be deployed in the case of an event are denominated and the measure-
ments required and their performance are described.

The measuring sections of the operators are deployed in the previously determined central zone and in
the mainly affected area of the middle zone, the emergency teams for the detection of radiation and, if
necessary, the independent expert measuring institutions mainly in the remaining area of the middle
zone and in the outer zone. (The central zone has a radius of up to 2 km, the middle zone of up to 10
km and the outer zone of up to approximately 25 km.)

2.D. Monitoring according to the precautionary Radiation Protection Act (StrVG) and ac-
cording to Art. 35 of the EURATOM Treaty

Following the accident at the Chernobyl NPP in Germany, the precautionary Radiation Protection
Act" was passed in 1986, providing the installation of an integrated Measuring and Information Sys-
tem for the Monitoring of Environmental Radioactivity, (IMIS)". When implementing this system, the
installations and organizations which have existed since the conclusion of the EURATOM Treaty were
extended in order to monitor representatively the whole area of the Federal Republic of Germany. The
measuring technology was also considerably extended and brought together in a data network.

The following is monitored:

• by the federal institutions:
air, precipitation, gamma-local dose rate, federal waterways as well as the North Sea and Baltic
Sea.
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• by the Federal State institutions:
foodstuffs, articles of daily use, medical drugs and their basic materials, feedstuffs, drinking
water and groundwater, radioactivity in surface waters other than federal waterways, sewage
and waste waters, sewage sludges, residual materials, wastes, soil and plants, fertilizers.

With regard to the transport of the radioactive material in the atmosphere, forward- and backward tra-
jectories are made as a matter of routine by the German Meteorological Service (DWD). Models for
transport computations in the air are likewise available.

The results of the automatically working measuring devices go in every 2 hours in the case of an event.
The radiological evaluation of the ongoing data is performed with the help of the real-time model
PARK (Program system for the estimation and limitation of radiological consequences) which was de-
veloped by the Research Centre for Environment and Health (GSF).

2.E. Environmental monitoring systems of the Federal States

In addition to the ,,Integrated Measuring and Information System for the Monitoring of Environmental
Radioactivity, (IMIS)", single Federal States have implemented own environmental monitoring sys-
tems.

2.F. Co-ordination of the monitoring systems

The mentioned monitoring systems were initiated and/or implemented for different reasons and at dif-
ferent times. Because of this, they are of a certain heterogeneity.

However, in order to facilitate in the case of an event an optimum information recording and -
processing for a rapid and proper evaluation of the situation, the decision was taken 1993 to co-
ordinate these monitoring systems correspondingly. This co-ordination is essential in order to fulfil the
international obligations resulting from the directives on the ,,EU Rapid information system" and on
the ,,IAEA Agreement on Early Notification in the Case of an Event". A co-ordination was additionally
required, since in certain emergency situations certain measuring teams must fulfil tasks according to
REI as well as within IMIS. A general clarification must be brought about here.

2. G. International network of monitoring- and information systems

The events in Chernobyl, however, have shown that an international co-operation with regard to the
measuring and information systems is urgently required, in order to be able to exchange at least the
most important data in the case of such an event. This recognition led to the information institutions of
the supra- and international organizations EC and IAEA who, as a legal requirement, must be informed
by the member and/or treaty countries. Notifications were formalized with the help of an information
structure which forms the basis for an internationally standardized notification form (CIS format -
Convention Information Structure). The notifications transmitted with the code EMERCON in CIS
format contain coded identification lines and information provided with line numbers.

2. /. Monitoring programs and involved institutions

The data gained with the help of the corresponding monitoring systems are first transferred to the re-
spective Federal State authorities or federal authorities for further processing and evaluation. For the
Federal States, those are in most cases the Federal State offices for environmental protection, for the
Federal Government it is the Federal Office for Radiation Protection (BfS), assisted by the Co-ordina-
ting Offices.

The data worked at forwarded to the federal and Federal State authorities, in the case of an event pro-
vided with recommendations. For the Federal States, those are mostly the environmental ministries (in
case of emergency including the respective Federal State ministry of the interior), for the Federal Gov-
ernment it is the Federal Ministry for the Environment, Nature Conservation and Nuclear Safety
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(BMU). The data are then evaluated and decided upon with regard to measures possibly to be ordered
or recommendations to be given.

The information paths lead to EC and IAEA, IAEA being a very important factor in the international
information network.

Finally, with regard to nuclear power plants located near the border there are specific bilateral agree-
ments between Germany and Switzerland, France, the Netherlands and Austria. Information between
those countries is performed directly between the regional emergency management authorities.

3. Prospect

As shown in the preceding chapters, the environmental radioactivity monitoring systems are, due to
their different legal attribution and thus the attribution to different areas of responsibility and their dif-
ferent implementation, quite heterogeneous.

In order to be able to use all information available in the different monitoring systems in the case of an
event - this is absolutely required for a co-ordinated evaluation of the total situation -, a co-ordination
of the systems is necessary, which is at present being done and has already been accomplished in most
cases.

This co-ordination process is expedited by the IAEA Agreement on Early Mutual Information in the
Case of an Event and corresponding decision of the Council of Europe. Both demand the transmission
of data collected by the Federal States and the Federal Government. This contractual international
framework requires a quick bringing together of data from different areas of responsibility.

The full text and an extended list of references can be found in:

Bayer, A.: Uberwachung der radioaktiven {Contamination und der Strahlenexposition in der Umwelt -
Aufgaben, Techniken, Realisierungen. Kerntechnik 62, 53 - 66 (1997)

Bayer, A.: The Monitoring of Radioactive Contamination and Radiation Exposure in the Environment
in Germany. (Report in preparation).
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GAMMA RADIATION AND RADON CONCENTRATION LEVELS AT THE
RADIOACTIVE WASTE REPOSITORIES ,,RICHARD" AND ,,BRATRSTVI"

Z.Ber^M.WandJ.Sabol" I • 11111111H
CZ9928521

'Faculty of Nuclear Sciences and Physical Engineering, 115 19 Prague, Bfehovd 7, Czech Republic
2ARAO, Radiovd 1, 102 27 Prague 10, Czech Republic

1. Introduction

Disposal of radioactive wastes underground after appropriate conditioning is generally considered to
be a feasible method of providing adequate protection for the population and the environment. In the
Czech Republic most low and intermediate level radioactive wastes are deposited in two repository
sites - abandoned mines - operated by the ARAO, Ltd., Prague, namely the Richard Repository near the
town of Litomef ice and the Bratrstvi Repository located in the Jachymov area [1],

2. Monitoring tasks

Although both repositories are routinely monitored in accordance with the requirements of the State
Office for Nuclear Safety, some more detailed measurements were carried out inside and outside these
waste disposal facilities. Primary attention was paid to the assessment of the gamma dose equivalent
rate at selected places in the repositories and in their vicinity. Further measurements were focused on
radon concentration monitoring, where some other parameters as air temperature, humidity and atmos-
pheric pressure were also observed.

3. Instrumentation

A continuous monitor GammaTRACER [2] was used for dose equivalent rate measurements. The in-
strument is based on two energy compensated GM detectors whose signals are processed and evaluated
by sophisticated electronics using custom-made hybrid chips. The monitor, which also measures tem-
perature, has sufficient memory capacity to store results of dose equivalent rates and temperatures for
several days or months depending on a set time interval. The data can be transferred easily, via a mo-
dem using infrared radiation, into a PC for display and for further evaluation of the dose rate time pro-
file. The monitor is capable of detecting radiation levels in a wide range - from about 10 nSv/h to 10
Sv/h. A long-life lithium cell supports the operation for the minimum of 5 years.

Radon concentration was continuously measured by a portable radon monitor AlphaGUARD [3]. In
addition to the radon concentration in the air, the instrument can also simultaneously measure and rec-
ord ambient temperature, relative humidity and atmospheric pressure using special integrated sensors
and its high storage capacity. The monitor incorporates a pulse-type ionisation chamber along with
digital signal processing and evaluation. The range of measurable radon concentrations is between 2
Bq/m3 and 2 MBq/m3. This multiparameter instrument is characterised by its imperviousness to high
humidity and its automatic data logging of all results, with a memory capacity sufficient for 21 days of
continuous operation. Also in this case, the monitor can communicate with the PC, for which full soft-
ware support with numerical and graphical presentation tools is available.

4. Results of measurements

The map of the repository structure and results of the measurements are illustrated in the attached fig-
ures.

Fig. 1 shows the labyrinth of the Richard Repository together with the values of the dose equivalent
rate in nSv h"1 at the selected locations. The highest radiation levels were found near the stored barrels
containing various low and intermediate radioactive waste.
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As it was expected, inside the repository, the excessive radon concentrations in the air were observed
(Fig. 2). The actual radon levels strongly depend on the ventilation (see Fig. 2, e.g., the interval F -
where during working hours, the radon concentration was decreasing when the ventilation system was
on).

In order to assess the dose equivalent due to the external gamma radiation, the measurement were car-
ried out at some points at the height of lm above the ground both within the boundary of the repository
facilities and outside these boundaries, including the top of the air ventilation shafts (Fig. 3). Except
elevated dose rates at some places close to the buildings, which some time ago were used as laborato-
ries for the treatment of some wastes (these places show some residual contamination), the dose rate at
other measuring points is comparable with the normal radiation background.

Due to much higher concentration of natural radionuclides, the situation in the Bratrstvi Repository (a
former uranium mine in the Jachymov region) is substantially different, especially as to the radon con-
centration. Its level can reach values as high as 400 kBq m2 (Fig. 4). In addition, also the dose equiva-
lent rate is showing levels exceeding several times radiation background typical in the Czech Republic
(Fig. 5).

Fig. 1. Radiation levels at the Richard Repository
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Fig. 2. Radon concentration at the selected places at the Richard Repository
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Fig. 3. Gamma radiation levels around the Richard Repository ( nSv h"1)
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Fig. 4. Radon concentration at the Bratrstvi Repository
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5. Conclusion

The photon equivalent dose rates in the corridors in the Richard Repository due to the shielding against
cosmic radiation are usually slightly lower than those outside. However, in places close to barrels con-
taining radioactive wastes, the dose rate may reach the values as high as several tens of jiSv/h. Because
of high concentrations of natural radionuclides (in the soil - Jachymov is a uranium mining area, and in
the inside atmosphere - due to radon decay products), the dose rate in the repository Bratrstvi is gener-
ally much higher, in some places about 5 times that of normal background.

It has been found that radon concentration shows some specific time variations which are modified by
ventilation. In the case of poor or no ventilation, extremely high radon concentrations were detected:
up to 300 kBq m"3 and 30 kBq m"3 in Bratrstvi and Richard repositories, respectively.

The personal exposure of the workers depends on the total time spent underground and on the ventila-
tion rate. While the contribution from the photons can easily be kept low enough to be well below the
relevant limits, the radon related doses may be significant and even exceed the professional limits if no
precautions are taken. The results presented can be useful for assessing the expected exposure levels
and for the optimisation of radiation protection procedures.
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GENERAL ASPECTS AND RESULTS OF THE NATO SEMIPALATINSK
PROJECT

P. Bouisset1, D. Calmet1, P. Hill2, R. Hille2, J. Klusofi3, A. Seisebaev4 and S. Smagulov4

'institut de Protection et de Surete Nucleaire, Laboratoire de Mesure de la Radioactivite de
l'Environnement,Batiment 501, Bois des Rames, F-91400 Or say, France

2Forschungszentrum Jiilich GmbH, Abteilung Sicherheit und Strahlenschutz, D-52425 Jiilich, Germany
Czech Technical University, Faculty of Nuclear Sciences and Physical Engineering, Bfehovd 7, 115 19

Praha 1, Czech Republic
4National Nuclear Centre, Institute of Radiation Safety and Ecology, Kurchatov, Kazakhstan

1. Introduction
CZ9928522

To determine the long-term consequences of atmospheric atomic bomb tests for the population in the
surroundings of the former nuclear weapons test site near Semipalatinsk, studies were performed by
international cooperation between Kazakh, French, Czech and German institutions at two measuring
locations (Moistik, Maisk) in Kazakhstan on a fieldmission in September 1995 /hill96/. Moistik is a
village close to Dolon and downwind of the first atomic bomb explosion on August 29th, 1947. Maisk
is close to Kurchatov and not too far from ground zero.
More than 450 tests were conducted. A total of 124 nuclear weapons were exploded in the atmosphere.
All other tests were underground.

Only a few tests were the main contributors to the radiation impact on areas outside the test site. The
first test in 1949 produced the largest radiation impact. Depositions stretched up to the Altai region in
Siberia. Atmospheric tests were finally stopped in 1962.

The radiological situation on the former test site and surrounding territories as caused by the nuclear
weapon tests is very complicated and a comprehensive and reliable assessment of the radiological
situation in the area is needed. As a first stage to meet this objective, the present project is to be seen as
a preliminary and small measurement programme in a limited area to collect field data and gain experi-
ence as a basis for further planning. Due to the large territory covered by the site, the study was con-
ducted in two villages, Moistik, which is situated close to Dolon and was affected by the plume of the
radioactive cloud from the first atomic bomb test, and Maisk, which is close to Kurchatov and nearer
to the test site.

With financial support from NATO, nine experts from Europe went on a field mission to Kazakhstan
in September 1995 to assess, together with Kazakh scientists, the radiological situation as far as exter-
nal doses, environmental contamination and body burden of man are concerned.

2. Methods

The external air kerma rates / gamma dose rates were determined by two methods:
• directly, using portable dose / dose rate monitor
• indirectly, calculating the energy distributions of corresponding values from scintillation in-situ

gamma ray spectrometry data (terrestrial component only)

In-situ gamma ray spectrometry was performed with a <|)3"x3" Nal(Tl) scintillation detector. The de-
tector response matrix and deconvolution technique were used to calculate the dosimetric value distri-
butions in energy. This method makes it possible to identify radionuclides (group of radionuclides)
contributing to the analyzed gamma fields and to estimate their contributions to the gamma dose at the
point of measurement. All measurements were performed at the reference height of 1 meter above
ground.
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Various samples of soil and food chain Fig. 1. Field laboratory for y-measurements of environmental
components were collected. 48 samples samples
were prepared and measured in a field
laboratory using gamma spectrometry
equipment. Considering the low-level
contamination of the samples, two soil
profiles, from 0 to 25 cm and 0 to 30
cm depth, were collected to be meas-
ured in the LMRE Orsay laboratory in
France to quantify the artificial radionu-
clides present at low-level activities.
Supplementary measurements of 90Sr
were performed on 6 samples of soil
collected in local vegetable gardens.

For the examination of the body burden
of man two general methods were used.
First a whole-body counting system, which is sensitive to y-radiation, for direct examination. 137Cs is to
be detected with this system. Second the examination of urine samples. This enables the detection of
radioactive isotopes which decay by emitting weakly penetrating radiation (e.g. 90Sr,
isotopes).

3. Results

239Pu, uranium

Results of all external gamma dose rate measurements for both villages are summarized in Tab. 1. The
quantity air kerma rate (recommended for interpretation of the free-field measurements) was used in
this table. The minimum, maximum and mean values for each individual region and for the whole of
the Moistik and Maisk localities were calculated. For a simple comparison, the corresponding mean
values of the exposure rate and photon dose equivalent are given.

Table 1. External gamma dose measurements

Region

Moistik
village
Moistik - north
Moistik - east 1
Moistik - east 2
Moistik - south
Moistik - west
all regions

Type

village

forest
pasture
mixed

cultivated
forest

Points

16

6
6
7
10
9
54

Readings

57

23
25
23
44
38
228

min.
dK /̂dt

[nGy.li-1]
77

91
97
92
89
70
70

max.
dK,/dt

[nGy.Ii-1]
83

107
104
106
100
83
107

mean
dK,/dt

[nGy.hl]
80

98
100
100
93
76
88

dX/dt
f^R-lr1!

9.1

11.2
11.4
11.4
10.6
8.6
10.1

dH/dt
[nSv.h'I

87

107
109
109
102
83
96

Maisk - village
Maisk - north
Maisk - south
Maisk - west
all regions

village
pasture
pasture
pasture

31
11
8
9

59

114
42
28
33
217

68
82
83
82
68

87
92
96
90
96

80
85
90
86 .
83

9.1
9.7
10.3
9.9
9.5

87
93
98
94
91

All in-situ gamma ray spectra represent a typical natural background with a low content of U- and Th-
series elements in the soil surface layer. The only man-made radiation that can be recognized in most
of the spectra is Cs. The contribution originating from the 662 keV line of this source is about 2-5 %
of the total air kerma rates. No substantial differences in the gamma background between the Moistik
and Maisk locality nor among individual measuring points were observed. All differences lie below the
common natural background variation.
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In Kazakhstan, 48 soil and foodstuff samples were analyzed using gamma spectrometry. Because of the
low level of contamination observed in Kazakhstan samples, 10 samples were shipped to France.

Supplementary gamma spectrometry analyses were done on these samples at LMRE Orsay to confirm
those values with a higher degree of sensitivity. 90Sr analyses were also done on 6 soil and vegetable
garden samples.

Four artificial radionuclides were quantified: 60Co, 137Cs, 241Am and 90Sr. They were only detected in
soil and faces samples and in one mushroom sample. 137Cs, 60Co and 241Am were quantified in soil
samples from levels of a few Bq kg"1 dry to a maximum value of 37 Bq kg"1 dry. This contamination
level is too low to give a transfer in the food chain component levels detectable with the techniques
used.

Soil sample results show that the village of Maisk is more contaminated than Moistik village. I37Cs
levels are higher by a factor of two, on average, in Maisk than those of Moistik. Similarly, 90Sr levels
are higher in Maisk, ranging from two to ten times higher, than in Moistik.
I37Cs results in connection with the 134Cs detection limits show that the contamination is predomi-
nantly a result of fallout from nuclear tests rather than due to the Chernobyl accident fallout.

Contamination levels found in soil samples are close to those measured on French territory far from
nuclear facility sites and lower than those Fig> 2. Whole-body counting
found in some French regions contaminated
by the Chernobyl atmospheric fallout.

In Moistik a total of 293 persons have been
examined by whole-body counting, in Maisk
as many as 476 persons. Not a single body
burden of 137Cs could be detected. All re-
sults were below the MDA of 300 Bq, which
limits the individual exposure from I37Cs to
less than 12 uSv in 1995.

A total of 105 urine samples were collected
in Moistik and Maisk, mainly from older ^ ^ ^̂
persons who during the aboveground atomic " ^ I
bomb tests had still been in the growth
phase, during which 90Sr is particularly readily incorporated into the bones. A control group of nine
young persons served to identify incorporation attributable to the uptake of 90Sr from food.

The urinary excretion rate of 90Sr had a log-normal distribution for all three groups and was signifi-
cantly higher than the excretion rate of a reference group in Jiilich. The excretion rate in Maisk was
significantly higher than in Moistik. Nevertheless, there was no significant difference between the ex-
cretion rates of younger and older inhabitants of Maisk. Therefore it must assumed that the Sr excre-
tion in Maisk is due to actual uptake. The maximum exposure from 90Sr in 1995 was estimated to be
about 5 u.Sv.

There was no observable excretion of 239+240Pu. The method of analysis might however be improved

Furthermore, the excretion rates of 238U and 238U were also determined. In their natural abundance
these nuclides are presumably of primordial origin and are taken up via the food chain. Isotope ratios
have been investigated to search for indications of the presence of 238U from atomic bomb explosions.
No indication has been found. Mean excretion rates however are higher than in North Germany by a
factor of 3-4. Mean internal doses in 1995 from both nuclides are still negligible.

Full scale dose reconstruction is beyond the possibilities of this small project. But, two scenarios for
internal doses from 90Sr accumulated in 1949-1995 have been studied, which both provide order-of
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magnitude estimates. Scenario 1 assumes the observed body Fig. 3. Chemical field laboratory
burden to be completely due to inhalation of radioactive parti-
cles at the time of the first Soviet atomic bomb test in 1949.
The second scenario assumes the body burden to be com-
pletely due to ingestion, intake starting in 1949. Reality will
be best described by a model in between the two scenarios.
Real mean accumulated doses from incorporation of 90Sr
therefore will be somewhere between 1 and 22 mSv.

4. Conclusion

The results of the 'NATO-Semipalatinsk project' indicate that
life in the villages of Maisk and Moistik today does not cur-
rently involve any radiological hazards for the inhabitants
neither from the incorporation of radioactive substances nor
from the environmental contamination.

However, dose reconstruction for the inhabitants directly af-
fected by the aboveground atomic weapons tests remains diffi-
cult and needs further effort. Though the estimated accumu-
lated dose from the incorporation of 90Sr does not exceed the
limits given by the recommendations of the ICRP, it has to be
noted that this only a fraction of the total accumulated dose.
To get a comprehensive dose assessment, in which also the other higher contaminated villages near the
test site are included, further research work is needed.

5. Reference

/hill 96/ P. Hill, R. Hille, P. Bouisset, D. Calmet, J. Kluson, A. Seisebaev, S. Smagulov, Radiological
Assessment of Long-Term Effects at the Semipalatinsk Test Site; NATO-Semipalatinsk Project
1995/96, Berichte des Forschungszentrums Julich; JUL-3325, Dezember 1996.
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SURVEY OF ENVIRONMENTAL RADIATION LEVELS AT A GREEN-FIELD
SITE

D.A. Bradley CZ9928523

Department of Physics, University of Malaya, 50603 Kuala Lumpur, Malaysia

Abstract: Results are presented from a programme of environmental radiation surveys at a green-field
site, the surveys being conducted prior to construction of a minerals processing facility. The surveys
entailed in-situ radiological measurements and sampling of various media (air, soil, flora and water).
Concentrations obtained using standard sampling and analytical procedures are listed for gamma-
emitting radionuclides, gross-a and gross-p emissions and instrumental neutron activation analyses
(INAA) for U and Th. Concentrations of radium in flora have been found to be relatively high.

1. Introduction

Prior to the construction of a minerals processing facility on a green-field site (located some 60 km
SSE of Kuala Lumpur) the Malaysian Atomic Energy Licensing Board (AELB) required that the op-
erator of the proposed-facility undertake a baseline study of prevailing radiation levels. The study
comprised of six individual radiological surveys, each survey being of one-months' duration. The
whole exercise was undertaken over a continuous period of six months. For samples of air and other
media, including soil, water and flora, the applicant was required to report results of gross-a and gross-
P analyses, gamma spectrometry for the radionuclides 226Ra, 228Ac, 40K, and INAA for U and Th. In
situ measurements of gamma dose-rate were conducted using hand-held dose-rate meters, the values
being confirmed through use of LiF TLDs (each being exposed for a thirty-day period). Rn and
220Rn progeny levels were also measured, the sampling being conducted in mid-morning periods. The
exercise presented an opportunity to add to an existing but somewhat sparse map of the natural radia-
tion environment of the country.

2. Methodology

Sampling stations were specified by the AELB, based upon factors which included wind-rose data, the
location of ground-water and surface-water, planned utilisation of surrounding land and the location of
bordering residential areas. Data were obtained from sampling stations in three zones, these being: (i)
stations within the boundaries of the proposed site; (ii) at a distance of lkm from the proposed site,
and; (iii) at a distance of 5 km from the proposed site. The area is typified by a sandy but stony top soil,
overlaying a generally granitic base; areas of secondary layered rock are also known to exist in the
area.

For air sampling, use was made of a High Volume Air Sampler, HVAS, (Control Engineering Serv-
ices, Sierra, USA), operating at a pumping rate of 70 m3 h"1 over a period of 24 h, providing 1680 m3

of sampled air at each specified sampling station. The HVAS was used in conjunction with low-
background fibreglass air filters of dimension 18 cm x 23 cm. Counts obtained from typical blank fil-
ters were subtracted from sample gross counts. Gamma spectrometry was conducted using an Oxford
HPGe (30% relative efficiency), while for gross-a and gross-p analyses use was made of an Oxford
Low Background system (LB 5500). The gamma spectrometry and gross-a and gross-P systems used
in these analyses belong to an ISO/IEC Guide 25 accredited laboratory. For INAA use was made of a
TRIGA Mk. 2 research reactor and counting facilities situated at the Malaysian Institute for Nuclear
Technology and Research (MINT). Note that for analysis of 226Ra the 226Ra y-emission at 186.2 keV
was used. With no correction being made for the contribution due to 235U at 185.7 keV the reported
concentrations represent an overestimate. For soil the magnitude of this overestimate is expected to be
close to an order of two (1) (with secular equilibrium being expected for an undisturbed environment).
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3. Results

Summary results are reported for samples of Figure 1.
air, flora (fresh weight), soil (dry weight) and
water (from 7 litre samples), as well as in
situ measurements of radon progeny, thoron
progeny (both of the latter using a modified
Kusnetz method) and gamma dose rates. All
reported values are from the two zones sur-
rounding the site of the proposed mineral
processing facility. For analysis of air, flora
and water, a significant fraction of the data
were found to be below the limits of detec-
tion (i.e. ND or Non Detectable). Positively-
skewed frequency distributions have been
observed for many of the radiological pa-
rameters.

For U and Th in air use was made of INAA; figure 1 shows summary results for U. In the case of U,
Figure 2.

PUB-OPERATIONAL DATA (1995-]W«)
RADONrROaeNYOONCBNTSATIONIN WOttUNOLBVElOVL): SURVEY I TOSUXTOY6

0.0MS-OWH OCOU-OiOCM . MOB-MOM UKM-tWH MM5U0H 0.UKOHU UOH-UOn-

°Ra (3.8 10"2 to 0.85 Bq m"3); 228

66% of the samples (23 out of a total of 35
samples) reported detectable levels, the
geometric mean of the gross concentrations
corresponding to approximately
11 uBq m"3. The background obtained from
fresh (blank) fibreglass filters accounted for
in excess of 70% of gross counts. The re-
sulting net concentration of U in air was
found to be 3.0 uBq m"3. For Th, 57% of
measured samples gave rise to detectable
levels, yielding a net concentration in air of
3.6 uBq m~3; 30% of the gross counts were
due to background. For 226Ra, 228Ac and
40K, all measurements in air were ND;
Minimum Detectable Concentrations

toAc ( 6.9 10"2 to 0.19 Bq in 3 ) ; 40K (1.4 10"2

Figure 3.
PRE-OPERATIOHA1.DATA <I9M - 1 » S )

ACCUMULATED RADIATION LBmSCTlW SURVEY 1TO SURVEYS

(MDC) were: 226

0.98 Bq m"3). In each case net gross-a and gross-(3 levels in air were found to be of the order of 40 uBq
m"3; blanks indicated background to be some 50% of gross counts.

Table 1 provides a summary of results for
water, flora and soil. In the order in which
they are presented the results included in
this table pertain to: (i) detectable concen-
trations, often being indicative of a highly
limited number of samples (other samples
containing non-detectable concentrations).
The cited values are either a geometric or
arithmetic mean, depending upon the form
of the distribution; (ii) the percentage of
samples providing detectable levels (for
soil this was 100% so that this information
has been replaced by the range of observed
data) and; (iii) typical MDC's. For the
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methods used herein some of the measured parameters were observed to be close to detection limits, a
situation which has been discussed by Benes (2).The detection limits obtained using present facilities
and procedures are comparable with the published performance figures of others(3). Figure 2 provides a
summary of in situ measurements of the progeny of 222Rn (in Working Levels) while Figure 3 shows
the TLD evaluation of dose-rate (in mSv per month).

Table 1. Activity concentrations in water, flora and soil

Cone, in
water

Cone, in
flora
(Bq/kg)
Cone, in
soil
(Bq/kg)

238U

~7mBq/l
30%
6mBq/l
0.30
78%
0.12
40
20 - 200
6

32Th
~2mBq/l
30%
2mBq/l
N D

0.4
70
55-95
2

M 6 Ra
ND

O.lBq/1

6
2 1 %
3 - 1 0
140
70-210
10

228Ac

~ 0.2Bq/l
11%
0.1Bq/l
14
67%
10

80
51-200
10

4o K

ND

O.lBq/1
200
79%
74
300
210 - 500
20

214Bi
0.2Bq/l
47%
0.1 Bq/1
5
50%
2.5-5.5
60

36-55
35

Gross-oc
lBq/1
31%
0.06 Bq/1
1
100%
0.11-0.16
200
60 - 350
2.2 - 6.4

Gross-P
l-2Bq/l
39%
0.1 Bq/1
100
100%
0.10-0.17
400
210-500
2.4 - 6.9

4. Discussion and conclusions

A considerable variation in the concentrations of activity have been observed for many of the moni-
tored parameters, this possibly reflecting variation in the character of the underlying rock, viz. granitic
or secondary formations. For a significant fraction of flora samples concentrations of both radium and
radium progeny have been found to be rather high, comparison being made with values reported in
general background areas elsewhere (4). The flora results were reproducible to within measurement un-
certainties; additional support being obtained from measurement of a single large sample made up
from several individual high value aliquots of ashed flora. Soil values are indicative of a typical gen-
eral background (4>5), although there are again some samples whose values appear to be on the high
side. Comparison of 226Ra and 214Bi values for soil indicate an expected order of two overestimate in

99r»

the Ra, as mentioned previously.
Values for U and Th in air appear high when compared with reported normal values (6) (of the order of
1.2 uBq m"3 for both U and Th). Underlying granitic material may lend some support to the observa-
tion of this and other apparently elevated levels. Further investigations of the flora of this region are
indicated, in particular in attempting to seek confirmation of the observed concentration ratios between
flora and soil.
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LIMITATION OF RADIOACTIVE DISCHARGES FROM NPP BASED ON
RADIONUCLIDE SPECIFIC MONITORING

I. Bucina, I. Malatova and J. Vidlakova CZ9928524

National Radiation Protection Institute, Srobarova 48, 10000 Prague, Czech Republic

1. Introduction

Monitoring of nuclear power plant (NPP) discharges into atmosphere and hydrosphere based on par-
ticulate-iodine-gas (P-I-G) measurements and gross beta or gamma plus tritium measurements respec-
tively is being improved by radionuclide specific measurements employing semiconductor gamma and
alpha spectrometry and radiochemical methods. In connection with this progress new concept of
authorized effluent limits and the related regulations being implemented in the Czech Republic is pre-
sented. Activity of all principally contributing to the effective dose radionuclides discharged during a
year multiplied by a Sv/Bq conversion coefficient based on a standard multi-pathway model should be
summed up and the effective dose is compared with the new limit. These limits should be for dis-
charges into atmosphere authorized as per capita collective committed effective dose in the NPP sur-
rounding and into the hydrosphere as committed effective dose to the critical group member. (The pre-
liminary version of this paper was already presented as a poster at IRPA9, Vienna 1996)

2. Old limits

Old annual limits are authorised as partial limits:
• for releases into hydrosphere

- activity of tritium
- gross beta activity (2(3) for all other radionuclides

• for releases into atmosphere
- P-I-G activity i.e. gross gamma or beta (£(3, Sy) activity of all radionuclides in par-

ticulate, iodine and gas components as measured by the authorized monitoring de-
vice

- activity of strontium radioisotopes in particulate

The Sp or Ey is not proportional to the sum of effective doses due to individual radionuclides. Since
radionuclide specific monitoring system for releases(1) is already implemented in the Czech Republic
the old limits are obsolete.

3. Conversion into new limits

As to be fair both to the NPP operator and the surrounding population the new limits are suggested as
virtual equivalent of the old ones.

The partial old limit AL [Bq] converts into new limit EL [SV](3)

by mean conversion coefficient [Sv/Bq]

13
where Aj [Bq] is the mean activity in yearly discharges of radionuclide i as monitored during recent
few years

hi [Sv/Bq] is a conversion coefficient for radionuclide i calculated by an authorized multi-
pathway standard model including the h(g) [Sv/Bq] taken from the International Basic Safety Stan-
dards(2).
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For a newly commissioned NPP (Temelin) is suggested to authorize transitory limits calculated from
estimated yearly discharges Aj of respective radionuclides based on experience at some similar NPPs.

4. New limits-water ( hydrosphere)

For hydrosphere the discharge limits and radionuclide activity conversion coefficients are authorised as
committed effective dose to a critical group member living at NPP Dukovany down the river.
• full mixing of releases in the river is supposed
• adult persons living there for the next 50 years and consuming water from the river only are sup-

posed
• for tritium a separate discharge limit is authorized since 3H releases are dominant, however, rather

beyond control of the NPP operator
• limits are valid for both the normal and the abnormal NPP operation conditions

Examples of the conversion coefficients for some radionuclides are shown in Table 1.

5. New limits-air (atmosphere)

For atmosphere the discharge limits and radionuclide activity conversion coefficients are supposed to
be authorised as per caput collective committed effective dose to inhabitants in the NPP surrounding
up to 5 km at the average wind velocity and weather conditions and
multiplied by the number of wind direction segments (i.e. by 16)
providing committed effective dose to a virtual critical group mem-
ber, supposing the whole yearly releases just in one direction (as in
an abnormal operation condition).
• adult persons living there for the next 50 years and consuming

local products only are supposed
• for carbon 14 limiting is supposed for 14CO2 only, since other

chemical forms have very small local impact; a separate limit is
considered since 14C real releases (see Table 3) are dominant at
the normal operational conditions, however, rather beyond con-
trol of the NPP operator, and the I4C inventory is small. The
variation of 14C releases is year to year in the range given by a
factor of 2±l

• limits are valid for both the normal and the abnormal NPP opera-
tion conditions

• since argon 41 releases are also rather beyond control of the NPP
operator for 41 Ar similar policy as for 14C might be considered

Examples of the conversion coefficients for some radionuclides are shown in Table 1.

6. Compliance assessment with the new limit-water annual

Table 1. Examples of conversion
coefficients

3H
51Cr
54Mn
58Co
60Co
88Kr
90Sr
95Zr
I MRu
13.J
133Xe
137Cs
u 4 C e
239+240pu

24!Am

WATER
hWii [Sv/Bq]

8.0 10"20

2.4 10-19

3.2 10"18

4.4 10"'8

3.2 10""

1.2 10'16

5.8 10"'8

4.9 10"18

9.8 10""

5.8 10""
3.9 10""
2.5 10"15

2.5 10'15

hA,i

5.2
1.5
1.6
3.6
4.3
8.8
2.0
4.8
2.6
8.0
1.6
9.5
1.8
3.8
4.0

AIR
[Sv/Bq]

io-21

io-19

10'"
IO- ' 7

io-16

10"21

io-16

10"18

10"18

lO"18

lO"22

1 0 " "
1 0 " "
io-15

io-'5

evaluation and reporting to the regulatory authority quarterly
monitoring by samples from waste water tanks individually or composed for some time periods
in exceptional cases estimates from known activity ratios to other radionuclides is allowed(6)

tritium recycled from river to cooling towers could be subtracted and accounted in discharges into
atmosphere

of any radionuclide originating by fission or activation in the NPP should be reported inclusive 3H,
14C, 89Sr, 90Sr, " T c , 129I, 2 3 8 P U , 2 3 9 + 2 4 0 P U , 241Am, 242Cm, 2 4 4Cm and other transuraniums and must be
included - with exception of H - when
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Thus minimum detectable activity AM should be for radionuclide i

AiM < 0.01. Err,L.hw/'

Separately for 3H as tritiated water (HTO)

EH,L ^EH = hH. AH or AH,L = EH . hH'! >AH

7. Short term

• reporting monthly

A waste water tank could be discharged when

0,05 . EH,L ̂ hH.AH or 0.05. AH,L >AH and 0,05. EW,L >Ew = i;hWj . A ,

Contributions should be included when

0.002. Ew,L>hw,i.Aj

It is allowed - for this purpose only - instead of specific monitoring of other radionuclides than 3H to
measure the integral gamma ray response (Zy) of a scintillation detector interpreted as 137Cs activity
and using its h\y.

• the flow in the discharge water canal should be > ft 7 ms.s~'

To verify the waste water tank accounting monitoring, proportional samples are taken also from the
common discharge water canal from the NPP to the river and continuous measurement by a scintilla-
tion detector is provided at the canal
with the response interpreted as Table 2. Comparison of limits for NPP Dukovany-water
137Cs activity.

The values of the old limits, conver-

others

AL [Bq/a] F[Sv/Bq] EW ,L [Sv/a] E w [Sv/a]
old limit conv.coeff. authorised new limit real releases

2.20 1013 7.95 10'20 1.75 10"6 1.46 10"6

2.00 109 2.50 10-'7 5.00 lO"8 4.18 lO^9

sion coefficients F and the author- 1991

ized new limits for the NPP Duk-
ovany are presented in Table 2,
where, for comparison, values of the real releases in 1991 are also presented.

8. Compliance assessment with the new limit-air annual

EAiL>EA = EhAJ.Ai

• evaluation and reporting to the regulatory authority
• monitoring by direct measurements in ventilation stacks and by samples measured individually or

composed for longer time periods
• direct measurement and sampling continuous, however, for less contributing radionuclides periodic

are allowed
• discharges from ventilation stacks (e.g. in the Dukovany NPP the V3 and V4 - double reactor blocks

and the supporting buildings), by cooling towers (recycled 3H), waste management and any other
source in the NPP

• proportional and for particulate also isokinetic sampling is requested
• periodic sampling by a cascade impactor is also requested(4)

• when from noble gases only 133Xe and 135Xe are measured continuously, contribution of the others
radionuclides is periodically monitored for accounting purposes by samples in pressurized flasks
and HPGe spectrometry^

• in exceptional cases estimates from known activity ratios to other radionuclides are allowed*-
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A; of any radionuclide originating by fission or activation in the NPP should be reported inclusive 3H
(in any chemical form), 14C, 89Sr, 90Sr, 85Kr, 99Tc, 129I, 238Pu, 239+240Pu, 24IAm, 242Cm, 244Cm and
other transuraniums and must be included - with exception of 14C - when

0.01 .EA,L> hAii.Ai

Thus minimum detectable activity AM should be for radionuclide i

AiM<0.01.EA,L.hAy'

Separately for 14C as 14CO2 is considered

EC,L ^EC =hc.Ac or AC,L =EC . hc'
! > Ac

4C in other chemical forms should be also monitored and reported

9. Short term

• reporting monthly

Weekly discharge limit or investigation level

0.1 .EAiL>EA =ZhA,t.Ai

Contributions should be included when

0.002. EA,L > hAri.Aj

need not be included 89Sr, 90Sr, 3H, 14C , 85Kr, 99Tc, 129I and transuraniums not detected by gamma
spectrometry

10. Daily investigation levels

The values of the old daily limits for P-I-G will be saved as the daily investigation levels corresponding
approximately to the respective fractions of the new weekly limits:

component activity measurement response as
gas 55 TBq/d continuous 133Xe
iodine 6 GBq/d continuous l31I
paniculate 2.5 GBq/d 24 h after cont. sampling I37Cs

The values of the old limits, conversion coefficients F, contributions to the new limit and suggested
new limits for the NPP Dukovany are presented in Table 3, where, for comparison, values of the real
releases in 1991 are also presented.

11. Comparison with the dose constraints

In the Czech Republic the dose constraints for optimization the NPP discharge limits at normal and ab-
normal operation conditions are set by the State Office for Nuclear Safety as 50 p,Sv/a for releases to
hydrosphere and 200 p.Sv/a to atmosphere.

The authorized new limits for the hydrosphere releases are set to

1.75 10'6 Sv/a for tritium
5.0 10"8 Sv/a for the others

i.e. totally 1.8 10"6 Sv/a, which is less than the dose constraint 5.0 10"5 Sv/a
The suggested new limit for the atmosphere releases is

3.4 10"5 Sv/a, which is less than the dose constraint 2.0 10"4 Sv/a

In this comparison the contribution of the local impact of carbon 14 is not respected, however, the new
limit for I4CO2 not yet presented in Table 3 will not be much higher than the real releases and thus the
resulting contribution to the value compared with the dose constraint will be negligible.
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In calculations aimed at suggesting the new limit the local impact of globally important radionuclides
(3H, 14C, 85Kr, 99Tc, I29I, and transuraniums) was considered only.
The estimated effective doses for the virtual critical group member are for 1991 releases

.29, 8.0 1Q-16 Sv/a
85Kr 4.0 10-'4 Sv/a

2.2 10^9 Sv/a
1.1 10-7Sv/a
3.0 10-14 Sv/a

14CasCO2
14C as CO and hydrocarbons

In the releases is 14C as CO2 from 10 to 20% - in 1991 value of 16% was found - and this chemical
form is absorbed in the locality by plants and causes doses mainly by ingestion. Remaining 84% 14C in
combustible form as CO and hydrocarbons is oxydated to CO2 with a supposed half - life more than 6
years, so this 14C fraction is supposed to be in the locality taken in by inhalation only and the commit-
ted effective dose is very small due to low solubility of these gases in the blood.

Table 3. Comparison of limits for NPP Dukovany-air

particulate (fission and activa-
tion)
iodine (gaseous)
gas (noble)
89Sr+90Sr (from particulate)
3H
85Kr (estimate from l33Xe)
129I (estimate from 131I)
Total
14CO2

AL [Bq/a]
old limit

1.8 10 u

4.4 10"
4.1 1015

5.7 10s

-
-

-

F [Sv/Bq]
conv.coeff.

8.0 10-17

8.0 10-'8

3.8 10-21

5.9 10-17

6.2 10-20

1.2 10-23

3.7 10-15

2 .1 1Q-17

EL' [Sv/a]
contribution
to new limit

1.4 10-5

3.5 10-6

1.6 10-5

3.4 10"8

-
-
-

-

EA,L [Sv/a]
suggested
new limit

-

_

-
-

-
-
3.4 10"5

<1.0 10'6

EA

real

5.8

5.8
1.4
5.1
2.2
4.2
8.0
1.7
1.1

[Sv/a]
releases
1991
1 0-io

10-11

io-8

lO" 1 2

1 0 - 9

l O " 1 4

1 0-.6

io-8

10-7

12. Acknowledgement

The experience in radionuclide specific monitoring was gained chiefly during our years lasting experi-
mental monitoring at the ventilation stack of the NPP - VI Jaslovske Bohunice, Slovak Republic. The
authors are indebted to the staff of the NPP, especially to Ing. Karol Feik for their kind support. The
authors appreciate also comments on formulation of the suggested regulations from the members of
Czech Joint Commission on NPP Metrology.

This work was budgetary supported by the grant 1927 - 3 of the Internal Grant Agency of the Czech
Ministry of Health.

13. References
1. Bu£ina I., Malatova I., Kunz E., Sevc J., Thomas J.: Gigieni£eskije trebovanija k sist6mam radiacionnogo monitoringa

dlja AES, in: Sbornfk dokladov nauCno- techniCeskoj konferencii SEV, Vilnius 1982, Energoatomizdat, Moskva, 1983
2. International Basic Safety Standards for Protection against Ionizing Radiation and for the Safety of Radiation Sources,

Safety Series No. 115, IAEA, Vienna, 1996
3. Bu£ina I., Malatova I., Vidlakova J.: Limitation of radioactive discharges from NPP based on radionuclide specific

monitoring, 25th International Symposium Radiation Protection Physics, Dresden, September 1994
4. Malatova I., Rulik P., BuCina I.: Study of the radioactive aerosol particle size distribution in the effluent air from NPP

with the use of cascade impactor, BezpeCnost jaderne^ energie, 1 (39), 1993, No. 3, pp. 102-106
5. Malatova I., Rulik P., Bu£ina I.: Method of analysis of a mixture of radioactive noble gases in airborne effluents from

nuclear power plant, BezpeCnost jaderne" energie, 1 (39), 1993, No. 4, pp. 129-132
6. Rulik P., BuCina I., Drabova D., KuCa P., Malatova I.: Radionuclide correlation in ̂ aerosol effluents from NPP VI

Jaslovske" Bohunice in Slovakia, IRPA9, 1996 International Congress on Radiation Protection, Vienna, April 1996

Session 4 357



IRPA Regional Symposium
Radiation Protection in Neighbouring Countries of Central Europe. Prague. 8-12 September 1997

VOLUME ACTIVITIES OF 137Cs IN AIR DURING YEARS 1993-1996 ON THE
TERRITORY OF SLOVAK* ||||||||||||||l|I||l|||I!||||||ll|l||

H. Cabanekova1, M. Vladar1, N. Dobiasova2 and F. Durec3 CZ9928525_

'institute of Preventive and Clinical Medicine, Limbovd 14, SK-83301 Bratislava, Slovak Republic
2State Specialized Health Institute, Kosice, Slovak Republic

3State Specialized Health Institute, SK-97556 Banska Bystrica, Slovak Republic

1. Introduction

Radiation Monitoring Network of Slovak Republic (RMN) was established after the Chernobyl acci-
dent. It works in two regimes, that is routine operation in normal situation aimed at early detection of
possible accident and intensive operation aimed at evaluation of consequences of such an accident. The
environmental radiation levels are in normal situation monitored by three sub-networks (Figure 1):
• territorial TL-dosimeters network (TLD) in 65 ensuring points on the whole territory of Slovak Re-

public
• network of Measuring Points of Air Contamination (MPAC) with two main functions: continuous

measurements of gamma dose rate using the system IRIS and continuous measurements of aerosols
in air (high volume air samples and gamma spectrometric analyses)

• network of laboratories and monitoring groups of State Health Offices, Ministry of Defence and
Ministry of Interior for analyses of the samples from environment (food, soils, etc.)

Fig.l. The measuring points of Radiation Monitoring Network

Territorial TL-Dosimetws Network
System IRIS
Measuring Points of Ail' Contamination

2. Materials and methods

Regular collection aerosol samples has been provided in six Measuring Points of Air Contamination
(MPAC) from March 1993. The MPAC were located on the stations of Hydrometeorological service
and they had the same parameters for installation of the high volume sampler and the same conditions
for the collection of aerosols.

The high volume samplers, type VAJ 01 with flow of air 200 m^h"1 were situated 1 m above the free
area in an appropriate distance from impediment (houses, trees, etc.). For sampling of aerosols FLPES
PC-9A PND 5913388 filter (SLZ Hnusfa) have been used. The active surface of filter is 0.35 m2 and
the collection efficiency for particles up to 0.2um is greater than 99 %.
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The aerosol samples were taken away in the first week of every month and the length of collection
period has been 7 days. During this time, using the sampler VAJ 01, the volume of sucking air is about
36 000 m3. The exposed filters were measured in the form of pellets created by pressing of exposed
filters under the pressure of 400 kp.cm'2. The diameter of pellets is 6.4 cm and their height is 1.6-1.75
cm, depending on the quantity of the dust particles absorbed on the filter.

The aerosol filters has been measured by gamma-ray spectrometry, using the HPGe detector PGT (high
resolution 1.9 keV at 1.33 MeV 60Co, efficiency 33 %) and the multichannel analyser. The measuring
time has been usually 150 000 - 200 000 s. The typical gamma-ray spectrum of an air filter obtained by
using the HPGe detector is shown in Figure.2.

Fig. 2. The typical spectrum of an air filter obtained by using HPGe detector
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3. Results

During the years 1993-96 has been analysed 306 samples of aerosol filters at all. (Table 1.) From this
137 samples were under minimal detectable activity (MDA). The values of MDA were into span 0.3 -
3.0 nBq.m" in several laboratories. The highest measured value of volume activity of Cs in air was
about 14 nBq.m"3. The medians from values of the volume activity of I37Cs over the MDA lay in range
from <1.8 up to <3.0 nBq.m"3.

Table 1.
VOLUME ACITIVITY OF Cs-137 IN AIR DURING 1993 -1996

Locality

NPP Mochovce
NPP J. Bohunice

East Slovakia
Middle Slovakia
West Slovakia

Slovakia

Samples
Nr.
48
96
46
78
38

306

<MDA
48
12
43
20
14

137

MDA

3
0.3
1.8
1.0
0.9

0.3 - 3.0

MIN
nBq

<3
0.4

<1.8
0.41
1.1

<0.3

MAX
.rrf3

<3
3.5
3.1
13.8
4.4

13.8

Median

<3.0
1.2

<1.8
2.0
1.7

< 1.8-3.0

137,
In this monitoring period is possible to observe the certain decrease of the volume activity of Cs in
air, but this is not statistical important. From this occasion, the radiation load from this source of the
ionizing radiation in the environment, was negligible.
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DEPENDENCE OF RADIOCAESIUM BIOLOGICAL HALF-LIFE IN
FRESHWATER FISH ON WATER POTASSIUM CONCENTRATION AND

TEMPERATURE

M.C.V. Carreiro and J. A.G. Corisco CZ9928526

DGA /DPSR, ENn° 10, 2686 Lisboa Codex, Portugal

Abstract: The main purpose of this study is to search for the influence of environmental potassium
concentration and temperature on the elimination of radiocaesium by a freshwater fish. Results from
short term experiments (35 to 49 days) showed that the elimination rate increases with potassium in-
crease in water, decreasing the biological half-life, but only from 0.35 to 3.5 ppm of K+; higher K+

concentration in water seems not to affect the elimination rate. With decreasing water temperature
(experiments were carried out at 20, 12 and 5°C), there is a tendency to lower elimination rates, there-
fore to higher biological half-lives. It is suggested that in water bodies of low K+ concentrations, up to
2 ppm, potassium addition might increase the elimination rate, lowering the biological half-life, what is
more effective at higher temperatures.

1. Introduction

Radiocaesium bioaccumulation shows a large variability in nature being affected by environmental pa-
rameters such as water chemical composition and temperature. As caesium and potassium are chemi-
cally analogues, potassium concentration in water is of the utmost importance on radiocaesium accu-
mulation. Generally in oligotrophic lakes with low potassium concentration the bioaccumulation is
higher than in fresh waters with high potassium content [1]. Radiocaesium concentration in fish is
directly proportional to the radiocaesium content in water and is inversely related to potassium con-
centration in water [2, 3]; this inverse correlation was found over the range 0.8 to 3.6 ppm K+, [3], and
between 0.35 and 3.5 ppm K+, [4, 5]. A significant inverse correlation between l37Cs concentration in
fish and K+ concentration in water was reported by other authors [6, 7, 8].

Radiocaesium biological half-life in freshwater fish shows a range of values, reported in the literature
[6], [7], [9], [10]. It is referred that generally biological half-life increases with decreasing temperature.

There are several studies on fish behaviour according to the environmental temperature [11] to [15].
Some authors, [16, 17, 18], also observed a decreasing elimination rate of radiocaesium with decreas-
ing water temperature.

A series of experiments was programmed to study the role of potassium concentration and temperature
on 134Cs accumulation and elimination by fish. This study was done under the framework of a EU
Contract.

2. Materials and methods

Experiments were carried out in small aquaria filled with 5 liters of an artificial freshwater medium.
Artificial water was prepared keeping the main cation concentrations and changing K+ concentration,
which mean value, in the natural environment (Fratel Reservoire in Tejo River) is 3.3±0.3 mg I"1 .The
artificial medium was composed of distilled water to which some salts were added, in order to get a ba-
sic cationic composition similar to that of the Fratel Reservoir: Ca2+, Mg + and Na+ concentrations
were, respectively, 36, 11 and 25 mg I"1. 134Cs was added to aquaria in a solution 0.1 M of chloridric
acid with a concentration of 2ug Cs+mr]. Radioactivity in each aquarium water was approximately
20Bqml"1.

The aquaria had no water filtration system. Aeration was maintained by aquarium air compressors and
artificial light by fluorescent tubes was added to natural sunlight, during 8 hours a day, except for
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weekends. Three temperatures were selected to carry out the experiments: 20 ± 2°C, 12 ± 2°C and
5±1°C.

Juvenile fish specimens of the Cyprinid Chondrostoma polylepis polylepis, aged less than one year,
were fed 5 days a week with milled soft parts of bivalves, containing 0.9 mg (K+) g'1, each meal repre-
senting about 5% of the total fish weight. Fish growth rate was evaluated for each experimental group;
rates were low varying from 0 to 0.0018 day"1. Each group offish was previously acclimatized to the
artificial medium and temperature, for 10 days, before contamination with radiocesium (direct uptake
from water), which lasted for 4 weeks, followed by a decontamination period of 6-7 weeks.
134Cs radioactivity was measured using a Nal(Tl) well-type detector with a multichannel analyser. Ra-
dioactivity measurements were made on pre-weighed live fish, anaesthetized in an aqueous solution of
0.3 g I'1 of MS-222 (Sandoz). Fish were kept in inactive water while being counted.

Data are expressed in Bq g"1 fresh weight offish along with the 0.95 confidence interval. Retention, Rt,
represent the percentage of the initial radioactivity offish during the elimination phase. Biological half-
life Tb is the time needed for a retention compartment to loose 50% of its radioactive content.

Uptake and loss kinetic curves are based on a model described by Gamier- Laplace [19] and Badie
et al. [20], which is based upon a multicompartmental analysis of retention.

3. Results and discussion

For this short term experiments (35 to 49 days) radiocaesium elimination by fish seems to be affected
by the external potassium concentration in water. Actually, from Fig. 1,2,3 and Table it is observed
that the elimination rate increases, although slightly, with the potassium concentration in water, spe-
cially at the temperature of 20°C, because at 12 and 5°C the elimination rate is similar for the concen-
trations of 3.5 and 35 ppm of potassium. Therefore, the biological half-life decreases with potassium
concentration.

Fig. 1.134Cs elimination by a freshwater fish at different [K+] and temperature 20°C
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Table. Radiocaesium

Parameters

Tb2 (days)
Elim. rate

0.35
86

0.009

excretion

20°C
K+ppm

3.5
67

0.011

parameters

35
57

0.013

0.35
157

0.004

12°C
K+ppm

3.5
119

0.006

35
100

0.007

0.35
220

0.004

5°C
K+ppm

3.5
119

0.007

35
115

0.007
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134
Fig. 2. Cs elimination by a freshwater fish at different [K+] and temperature 12°C
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Fig. 3. 13 Cs elimination by a freshwater fish at different [K+] and temperature 5°C
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As the effect of water potassium concentration on radiocaesium accumulation by freshwater fish is
stronger below a value of about 2 ppm [2] and [4], it may be expected that the elimination rate might
be influenced in a similar way.

The elimination rate also increases with the temperature for the three potassium concentrations stud-
ied, however, the effect is more marked at 20°C. The biological half-life decreases with the tempera-
ture increase, specially for 0.35 ppm of potassium in water.

4. Conclusions

The excretion rates decrease with the temperature, therefore biological half-life of the longer compo-
nent increase at lower temperatures.

For the three temperatures studied, increasing potassium concentrations in water increase fish excretion
rate and consequently biological half-life of the longer component decreases.

These experiments suggest that in water bodies of low K+ concentrations, up to 2-3 ppm, potassium
addition might increase the elimination rate, lowering the biological half-life, what is more effective at
higher temperatures.
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INTERNATIONAL EXCHANGE OF RADIOLOGICAL INFORMATION IN
EMERGENCY CONDITIONS
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1. Introduction CZ9928527

Immediately after the accident at Chernobyl NPP, both the International Atomic Energy Agency
(IAEA) and the European Commission (EC) set up systems to meet the requirements for early warning
and the rapid exchange of information in nuclear emergencies.

The IAEA system was established under the Early Notification Convention [l] (27 October 1986) and
the Early Assistance Convention f2] (26 February 1987). The basis of the EC system is the Council De-
cision of 14 December 1987 [3], which resulted in ECURIE. By this system the EU Member States can
receive from and submit to the Commission the information required by the Council Decision. Since
the majority of the aims and needs for the IAEA and the EC systems overlapped, both organisations
decided to collaborate as much as possible. This resulted in the establishment of a common code
(Convention Information (CI) Structure) and Coding/Decoding Software (CDS).

The current ECURIE system, however, is not tailored to the exchange of real-time monitoring data.
Integration of national data exchange at a European level would speed up the availability of monitoring
data on a large scale, essential for model calculations of accurate and timely predictions and indispen-
sable to give current, rapid overviews of contamination levels. The JRC detected these needs and - be-
ing in an appropriate position to act on them, having the necessary expertise and already supporting
ECURIE and other relevant work for EC DG XI.C.l, Radioprotection, Luxembourg - decided to set up
a European-wide radiological information exchange system (EURDEP).

2. The ECURIE System

2.1. General description of the current system

The current ECURIE system was set up in 1987-1988 and consists of a telex based communication
network between the EC and the Member States, through which radiological information can be ex-
changed.

At present, all ECURIE telex messages pass through the Commission Telex Centre, Brussels. To re-
ceive priority treatment the messages are addressed to a dedicated telex number, which allows for
automatic processing of ECURIE messages. The structure used for exchanging information is the Con-
vention Information (C.I.) Structure (latest version of 6 June 1991) [4]. In order to avoid language
translation problems it was developed as a short code of specific meaning. Each type of message that
might be transmitted is represented as a block of code. Within each block the parts of a message are la-
belled as line numbers. The C.I. Structure does not only provide for information on radiological meas-
urements, but also on predicted values, site meteorological data and decisions taken (countermeasures).

Coding-Decoding Software (CDS) has been developed to reduce the time needed to code and decode
the messages and to improve the reliability. The part of the software for decoding messages was writ-
ten by the IAEA whereas the encoding program was developed at JRC-Ispra. The encoding software is
a menu driven program that helps the user to produce a valid C.I. Structure code, mostly by means of
selection tables, and performs a validity check on the type of input. Additional help on-line for most
line numbers is provided. In the present version of the CDS a hard-copy of the encoded message can be
made but the message can be sent directly via an automatic telex device. Decoding software translates
the encoded C.L Structure message into a plain text message.
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Additionally incoming ECURIE messages are automatically loaded in the on-line ECURIE data base at
JRC-Ispra. Via World Wide Web (WWW), fhttp://iava.ei.irc.it. the original messages can be viewed
and the database can be accessed by nominated contact points.

2.2. Experience gained

Between 1992 and 1996, 7 exercises with exchange of simulated accident data (ECURIE exercise level
3) have been held. From November 1996 these exercises have been combined with the world-wide
INEX2 exercises organised by NEA. Although that in most cases the majority of the exercise objec-
tives were met (transmission of the messages, contact of national radiological duty officers, coding and
decoding of messages), significant scope for improvement was detected [5]:
- the joint development of the CDS by the IAEA and the JRC has lead to inconsistencies between the

coding and decoding modules and excessive memory demands
- the present communication system (telex) is too slow for multiple message transmission demands;

the queuing system could lead to messages to the same addresses being out of order and graphical
transmissions are not possible. Also the communication link between telex and the EC internal
electronic mailing system appeared to be not reliable enough for genuine emergency situations

2.3. Future developments

Because of above mentioned deficiencies the following two actions are foreseen ^ .
• improvement of the CDS software. The new CDS, called CoDecS, will be running under Win-

dows NT, and will satisfy the following requirements:
- automatic decoding/encoding of messages
- generation of summary reports
- unattended and automatic daily exercises
- signalling of incoming messages by aid of a relay box
- bi-language user interface
- automatic forwarding of messages
- transport of graphical information in the VISEC format

• message transfer will use Simple Mail Transfer Protocol (SMTP) to improve speed and reliability,
ISDN will replace telex as the default system for transmissions, although telex will remain available
as a backup

3. The European Union radiological data exchange platform (EURDEP)

3.1. General objectives

The tasks foreseen under EURDEP were to:
• set-up a regular exchange of radiological data between most or all European countries
• investigate the feasibility of using public networks for the exchange of this data
• use the information about national monitoring networks submitted by the European countries to de-

fine which radiological data could be exchanged now and in the future
• define a common format for the exchange of data and develop software to convert the national for-

mats automatically into this common format
• establish a "European radiological network" based on existing monitoring stations

During the second workshop (Arona, June, 1996), more general objectives were agreed upon: volun-
tary participation of European countries in a rapid exchange of information relevant to the latest ra-
diological situation in Europe in order to support nuclear emergency response, and exploration without
prior commitment, regarding the feasibility of using EURDEP for meeting relevant EC requirements in
routine and emergency conditions (Arts. 35-36 of the Euratom Treaty, Council Decision 87/600).
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3.2. Description

3.2.a The European monitoring network

The basis of the current data exchange platform is a "European radiological network" consisting of
existing gamma dose-rate monitors - which will be extended in the near future to continuous aerosol
and deposition measurements - selected by the participating national institutes or authorities.

Bringing together measurements from existing monitoring stations not only has advantages (financial
and operational), but also drawbacks. Due to the specific needs of, and the different nuclear situation in
each country, the national automatic monitoring networks differ with respect to the spatial and tempo-
ral resolution, energy response and measuring ranges of their detectors; this leads to an inhomogeneous
network. In the long term it may prove necessary to perform intercomparison studies and exercises.

The frequency of reporting during the on-going testing phase is weekly. From the beginning of 1998
the planned objective is to go to a daily message exchange in normal situations. In case of a nuclear
emergency the system should be capable of handling two-hourly data exchange or better.

3.2.b Data exchange format

The various data items, based on the information available from the existing national formats, include
the following: geographical information about the sampling locations; measurement information
(primarily on gamma dose-rate and airborne concentration, but with the possibility of including other
sample types); additional sample characteristics; meteorological information at the sampling location
and; information about the sender.

The key elements that influenced the data exchange format (more detailed information can be found in
a dedicated publication1-61) are threefold:
• flexibility: the EURDEP data format has been defined such that it allows inclusion of future radio-

logical data types as they become available and compaction of the message
• compatibility: the format was designed such that it can be read and produced by software running on

different platforms
• robustness of the format: errors generated during the transmission can be detected easily while the

wrapping of lines or adding headers or footers by e-mail software have no impact on the successful
interpretation

This results in a robust yet simple and expandable data description format built up from a header sec-
tion, a declaration section and a body section. All is written in plain ASCII; each record has a well de-
fined begin- and end-of-line character and data are preceded by English-like keywords. Flexibility is
guaranteed by the ease of defining further keywords and because the order and number of parameters
in the activity records can be adapted to the user's needs, while remaining compatible with data-sets
produced by other organisations.

The format definition underwent some minor changes when conversion software between it and na-
tional data-formats was developed and when additional radiological items were added to make the
format suitable for the Prototype project and to include World Meteorological Organisation (WMO)
data. The simplicity with which these extensions were implemented clearly showed the advantage of
the chosen concept.

3.2.c The feasibility study

In February 1995, a start was made with the exchange of radiological data. The initial set-up was very
simple: each participating country sent the results of its radioactivity monitoring network - using a na-
tional data-format - to the JRC, where other national contributions were appended and returned to all
participating countries. By December, 1995, six conversion routines were completed by the JRC that
allowed conversion between the EURDEP format and the national formats of Germany, Denmark,
Norway, Sweden, Finland and the UK. During 1996 Germany, Denmark, Norway and Sweden in-
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stalled this conversion software and are sending their data in the EURDEP format, as are Spain, the
Netherlands, Romania, Portugal and the Czech Republic. The latter countries developed conversion
software themselves. This means that, of a total of 15 participating countries, nine already send their
data in the EURDEP format and six in their national format. Of these six national formats, the data
from Finland and the UK are converted at the JRC, so that, in total, eleven contributions are distributed
in the EURDEP format.

The experience regarding data communication gained during this period of time are:
a. The store-and-forward nature of E-mail makes the delay in delivering mail vary largely. Therefore

most messages will arrive within a few minutes, but a delivery, even within hours, cannot be guar-
anteed. We also experienced several cases in which messages disappeared (the explanation could
be that some mail servers purge expired messages). This indicates that public E-mail might not be
reliable enough to exchange radiological data in case of an alert, although an improving trend in
time can be noticed.

b. Mailboxes are not always read frequently, so that communications regarding the exchange of data
may only be acted on after an appreciable delay.

c. Establishing a first contact using X.400 may take up to 5 months due to the involvement of the
various national telecom organisations and requires a large amount of work and time.

d. File transfer protocol (ftp) is used by four participants, but the usage of a generic Unix server for
the task has been found to be insufficiently reliable.

3.3. Future perspectives and developments
a. A further expansion of EURDEP is expected in both the number of participating countries and in

the number of contributions to the EURDEP format. We expect the participation of four other
countries - France, Switzerland, Poland and Belgium - before the end of 1997 and the adoption of
the EURDEP format by an additional three states - Ireland, Luxembourg and Austria - giving a total
of fourteen countries (including the UK and Finland, for which data are converted at the JRC-Ispra)
with a common format. Not only does this mean that the monitoring data of fourteen European
countries will be presented in one identical format, so that they can be combined into a single data-
set; it also means that any one of the fourteen can have monitoring values from fourteen national
networks in its own national format! Other countries have announced plans for writing conversion
software at a later stage. An automated aggregation of all the contributions - at the JRC-Ispra - is in
a final stage and will be completed by the first quarter of 1998

b. After the second Workshop, the frequency of transmissions was increased from once per fortnight
to weekly. Towards the end of 1997 the feasibility of migrating to a daily exchange of data will be
discussed with the participants

c. The network should also be used to exchange monitoring data in emergency situations. In this case
the temporal and spatial resolution should respectively be increased to data transmissions each two
hours and the sending of data from all available stations (static and mobile equipment). Testing
should show the behaviour of the system under such a load

d. In the longer term, more intensive discussions will be needed to come to a more homogeneous
"European monitoring network". Since the European network is composed of existing national
automatic networks, differences - with respect to the type of detectors being used, position, spatial
and temporal resolution - will become evident

e. For further increasing the usefulness of the EURDEP system, an interface is planned towards RO-
DOS [7], as well as a further development of the EURDEP database. The interrogation of the rela-
tional database system by JRC staff uses PC-based clients, while external access is possible
through the WWW. A preliminary version of the EURDEP database is available for testing and
obtaining feedback on http://java.ei.jrc.it

f. While currently all data are transmitted by E-mail (Simple Mail Transfer Protocol and X.400) and
File Transfer Protocol using the public Internet, we foresee investigating the feasibility of migrating
towards an Intranet solution. A first step in this direction is the testing of the usage of standard In-
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ternet protocols over ISDN (Integrated Services Digital Network). The testing will be performed
between the JRC and some Member States which offered their support during the second Work-
shop. Software has also been developed to improve monitoring of the speed and reliability of the
currently used public Internet. The results of the above tests will be reported at the third EURDEP
Workshop in 1998 and will be the basis for the discussion regarding how to make EURDEP trans-
missions faster, more reliable and more secure

4. Conclusions

The Chernobyl accident has triggered the development of regional on-line monitoring networks as well
as the improvement of rapid national and international data transfer. However, the existing situation
must still be characterised as inhomogeneous. Although EURDEP now foresees a common format for
data exchange, which has been successfully implemented in nine European countries, and regular exer-
cises for data exchange have been performed for some two years, important efforts will still have to be
accomplished to come to a more homogeneous and consistent European system for radiological infor-
mation exchange.
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SURVEY OF POST-CHERNOBYL CONTAMINATION IN SUMAVA REGION
USING VARIOUS METHODS
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1. Introduction CZ9928528

For the evaluation of fall-out and soil contamination after the Chernobyl accident a nation-wide survey
was organised in the Czech Republic between June 16 and 18, 1986. Altogether 1,300 bare soil sam-
ples were collected on sites not shielded by buildings, shrubs and trees, with no grass surface, prefera-
bly on agricultural land not tilled since April 26, 1986, with the slope less than 3°, principally not on
sandy soil. The deposition ranged in more than three orders of magnitude. The arithmetic mean of
137Cs deposition calculated from the lognormal distribution is 6.5 kBq/m2. Maximum value of 137Cs
deposition found at that time was 95 kBq/m2, while there were some samples with activity of 137Cs
lower than detection limit. The deposition could be underestimated by about 20% as the dry deposition
by impaction and interception on the surface of the vegetation was not included. The comparison of the
deposition distribution with the precipitation distribution in the days of passage of contaminated air
masses manifested good agreement. The deposition was predominantly due to the coincidence of pre-
cipitation occurrence with the high activity concentration of radionuclides in the air. However, the
short-term deposition during the cloud passage was not most probably proportional to the quantity of
precipitation; the occurrence of a small rain or just dew could cause rather high an extremely inhomo-
geneous deposition(1>2\

However, there were areas especially in the south-western Bohemia near the Bavarian and Austrian
border with restricted access where sampling or survey by other means was not possible in 1986. By
coincidence those were also the places with the highest post-Chernobyl contamination. To map the

7Cs deposition in one of those areas the airborne scintillation and semiconductor spectrometric sys-
tems were used. Ground in-situ spectrometry and measurements of soil samples complemented the
aerial survey.

The main aim of the survey were:
• To get the 137Cs deposition information from area with supposed high levels of Chernobyl fallout
• To use the opportunity of higher levels of 137Cs deposition to compare various systems and methods

of ground contamination

2. Methods

Classic geophysical system®

The results gained by the classic airborne scintillation spectrometer for geophysical surveys were used
for airborne localisation of places with highest values of l37Cs deposition in mapped region. Due to
systematic error in calibration for 137Cs the results were only of qualitative character, nevertheless lo-
calising quite accurately extremes in deposition. The spectrometer consists of Nal(Tl) detectors with
total volume of 33.6 L. One additional detector with the volume of 4.2 L is used for measurement of
the cosmic component contribution to the8 spectrum. Measured spectra are accumulated in 256 chan-
nel analyzer GR 800 D (Geometries). The energy range of measured spectra is 0.2 - 3 MeV. The en-
ergy calibration is stabilized using the 40K peak. Measuring time is 1 s which represents about 40 m of
flight. The spectrometer was calibrated on calibration pads with known amount of K, U, Th. For navi-
gation global positioning system (GPS) was used.
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ENMOS 2001(6)

For the detailed 137Cs deposition mapping in chosen locality with the area of about 15x5 km2 the
ENMOS 2001 airborne monitoring system developed by Picodas Group Inc. was used. The ground
contamination part of the system consists of:
• PGAM 1000 gamma scintillation spectrometer
• Data acquisition system
• GPS or GPS-GLONAS navigation and pilot guidance
• Geographical database - digital map to overlay collected and recalculated data over in real time
• Pre-flown gridded data base for instant comparison of old and new collected data
• Real time algorithm to calculate ground contamination by up to seven radionuclides and the total

dose rate related to one meter above ground in real time

For the survey Nal(Tl) crystals with total volume of 16 L were used. Flight height was 80 m, velocity
of the helicopter about 120 km/h, sampling time 1 s.

Mobile measurement system of NRPI

For the Radiation Monitoring Network of the Czech Republic a prototype of the small system for dose
rate measurements and nuclide activity estimates in case of ground contamination was designed, cali-
brated and tested in National Radiation Protection Institute(3>4). The system can be used on foot, in car,
in helicopter and in fixed wing aircraft as well. The system was used for verification of results gained
by ENMOS.

The system consists of semiconductor HPGe detector, scintillation 3"x3" Nal(Tl) detector, two multi-
channel analysers, high pressure ionisation chamber or proportional counter and portable computer
working in multitasking mode for storing and evaluating of the spectra as well as for dose rate data
handling, recording, storing, searching and presentation. One of three available HPGe detectors with
relative efficiency from 15 to 55% can be used. For accumulation of spectra the MCA Portable Plus
and Inspector (Canberra Inc.) are used. The information about actual position is provided by the GPS
Garmin 95 on-line connected to the computer. This information is used later on to create the maps of
contamination using small desktop mapping (GIS) system. The system is powered from inner batteries
or from external 12V car batteries.

So/7 sampling

For further verification of the results the soil was sampled at 10 places in surveyed area. On each place
3 or 4 samples were taken in the corners of a square 10x10 m2 or in the apices of a equilateral triangle
with the side of 10 m. Soil was sampled from the area 0.2x0.2 m2 in three layers to the total depth of
30 cm. Samples here dried, homogenised and measured in NRPI spectrometric laboratory by semicon-
ductor gamma spectrometry.

3. Results

Results of the survey in some points are presented in Tab. 1. Only average 137Cs deposition is pre-
sented for the points where soil sampling was carried out. Soil samples proved extreme inhomogeneity
of deposition. The activity of 137Cs in individual soil samples in each sampling point varied by more
than one order of magnitude. The inhomogeneity is smoothed somewhat when using ground in-situ
spectrometry where for 1 m detector-ground distance the deposition in one measurement is averaged
from the area of about 100 m2. The averaging of deposition is much more pronounced for airborne sur-
vey where one measurement represents about 10000 m2 depending on the velocity of aircraft and the
flight height. Nevertheless airborne survey is very useful and efficient tool in case of an emergency for
fast localisation of areas of further need for more detailed ground mobile measurements or soil sam-
pling.
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Tab. 1. Results of the survey in some measurement points4. Conclusion

The Chernobyl accident has clearly
demonstrated the importance of es-
tablishing environmental monitoring
systems for obtaining rapid informa-
tion in accidental situation on the ra-
diological conditions at the affected
area and providing suitable data to
the competent authorities for deci-
sion making.

The basic methods for radiological
assessment after a nuclear accident
are the measurements of dose and
dose rate in wide range, ground sur-
face contamination, nuclide specific
activity concentration in air (with
special attention to iodine in aerosol)
as well as in other samples like soil,
water, vegetation, food-stuff etc.

For assessment of ground surface
contamination measurement of soil
samples and different mobile detec-
tion systems are used. The mobile
systems are important especially
when large contaminated areas are to be mapped or large areas are to be searched for lost source.

During the survey of post-Chernobyl contamination in the Sumava region in the south-western Bohe-
mia the highest levels of post-Chernobyl deposition on the territory of the Czech Republic were found.
Found values up to 120 kBq/m2 of 137Cs (corrected for the radioactive decay to the time of the first na-

Sampling or
measurement

point

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22

137Cs deposition [kBq/m2]
(July 1996)

Airborne meas-
urement ENMOS

12.7
29.3
25.1
40.1
28.0
35.7
32.7
37.2
64.4
63.6
64.4
59.0
43.4
41.7
28.3
57.7
50.2
55.1

54.2

Ground in-situ
gamma spec-

trometry

15.4

20.3

35
43.1
37.6

52.7
72

61.4
29.6
30.9
13.4
62.4
30.9
43.4

8.5
4.3
29.7

Soil sampling

20.9
19.9
23.1
80.9

51
44.4

23.2
76.4

7

6.5

tion-wide survey in June, 1986) are in excellent agreement with data on
side of the border.

137,Cs deposition on Bavarian

Various methods and equipment for the assessment of ground contamination were used and compared
during the survey. Reasonable agreement of the results proved that all described methods are ready for
contamination mapping carried out by Radiation Monitoring Network in case of a nuclear accident.
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EARLY WARNING NETWORK OF THE CZECH REPUBLIC
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The Early Warning Network (EWN), part of the Radiation Monitoring Network of The Czech Repub-
lic, has been established after 1990 to provide overview information on radiation situation across the
territory of CR and to raise an alarm in case of unreported accident outside the territory of CR.

The EWN measuring sites are equipped with two-probe system LB-111 / LB 6360 / LB 6500-
manufactured by EG&G Berthold, BRD. As a result of combination of a low-range probe (proportional
counter LB 6360, dose-rate range 10"8 to 10"3 Sv/h) and a high-range probe (Geiger-Miiller counter LB
6500-3, dose-rate range 10"5 to 1 Sv/h) the system is able to cover the dose-rate range from natural
background to values in real emergency situation. The energy range covered is 20 keV to 2 MeV and
55 keV to 2 MeV, respectively.

The EWN consists of 48 measuring sites covering the whole territory of CR (Fig.l), 38 of them located
at observatories of Czech Hydro-meteorological Institute (CHMI) - 28 at round-the-clock manned ob-
servatories, 10 at unmanned (automated) observatories (AIM) - and 10 located at Measuring Points of
Air Contamination (MPAC) operated by National Radiation Protection Institute (NRPI) and Regional
Centres of the State Office for Nuclear Safety (RC SONS).

Fig. 1. Early Warning Network - part of the Radiation Monitoring Network of the Czech Republic

RC SONS /NRPI

CHMI - meteorological
observatories

C H M I - AIM M»Gisi.i«.t..3a«M.i-cz
(Air Immission Monitoring) Cl" t td**ORMS tn

Each EWN measuring site provides values of integrals of dose-equivalent over 10 minutes, starting at
00, 10, 20, 30, 40, 50 minute of each hour; measuring sites operated by CHMI provide in addition ba-
sic meteorological data (temperature, atmospheric pressure, wind speed and direction, precipitation,
dew-point - all, cloudiness, category and trend of weather - only manned).

All data (both radiation and meteorological) are transferred to the Centre of Radiation Monitoring
Network (CRMN) located in NRPI; data from part of EWN operated by CHMI using dedicated com-
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munication lines from observatories to CMHI and through leased line from CHMI to NRPI/CRMN;
data from part of EWN operated by NRPI/ RC SONS at MPAC using dial-up lines and modems.

Fig. 2. Data-Flow Chart of the Early Warning Network of the Czech Republic

Mode of Operation

Standard

Alert

Emergency

CHMI
Observatories

(manned)

lx per hour

averaged value
calculated from
six 10-minutes
measurements

+
meteorological data

lx per hour

six values
of 10-minutes
measurements

+
meteorological data

lxper30 minutes

three values
of 10-minutes
measurements

+
meteorological data

CHMI
AIM

(automated)

lx per hour

averaged value
calculated from
six 10-minutes
measurements

+
meteorological data

lx per hour

six values
of 10-minutes
measurements

+
meteorological data

lxper 30 minutes

three values
of 10-minutes
measurements

+
meteorological data

SONS/NRPI
Regional Centres

(manned during working hours
or on request)

lx per day

set of 144 values
of 10-minutes
measurements

lxper hour

six values
of 10-minutes
measurements

lx per 30 minutes

three values
of 10-minutes
measurements

In NRPI / CRMN data are processed by Central Information System of CRMN, stored into a database
and displayed over the map of CR (Fig.4). Furthermore, processed data and resulting maps, graphs and
tables are communicated to Crisis Co-ordination Centre (CCC) of SONS and to EURDEP (via E-mail).

The EWN can operate in one of three modes, the standard mode, the alert mode and the emergency
mode. The modes of operation differ in frequency of data transmission as follows (Fig.2):

• in standard mode, data from part of EWN operated by CHMI are preprocessed directly at the meas-
uring point, at the beginning of each hour the hourly average value for the last hour is calculated and
only this value accompanied with meteorological information is transferred (the transfer occurs
about at fifth minute of each hour); data from part of EWN operated by NRPI/RC SONS at MPAC
are transferred once per day (sets of 144 values of 10-minutes integrals of dose-equivalent)

• in alert mode, data from all measuring points of EWN are transferred to NRPI/CRMN every hour
(sets of 6 values of 10-minutes integrals of dose-equivalent accompanied with sets of meteorologi-
cal data for CHMI sites)

• in emergency mode, data from all measuring points of EWN are transferred to NRPI/CRMN every
30 minutes (sets of 3 values of 10-minutes integrals of dose-equivalent accompanied with sets of
meteorological data for CHMI sites)

As a result, processed data and resulting maps, graphs and tables are available about the tenth minute
of every hour (plus about the fortieth minute of each hour in emergency mode).

Basically the EWN operates in standard mode, to the alert mode or to the emergency mode it switches
either automatically using a decision scheme based on reaching preset dose-rate levels or manually on
request of CRMN.

Session 4 373



1.111.96 1.IV.96 1.VI.96 1.VII.96 31.VII.96

Date / Time of measurement

31.VIII.96 30.IX.96 31.X.96 30.XI.96 31.XII.96

IRPA Regional Symposium
Radiation Protection in Neighbouring Countries of Central Europe. Prague. 8-12 September 1997

When preset level for both alert and emergency mode on manned sites are reached, the operators are

Fig. 3. EWN-Measuring site Churanov-1996 (dose equivalent rate calculated check-out of the
from 10-minutes integrals)

equipment using
calibration source
(Cs-137). The levels
for alert mode are set
specifically for each
site so that they are
expected to be
reached approxi-
mately once per
month to keep the
operator ready to use
the equipment (and
not to be reached too
often to disturb nor-
mal work of the op-
erators); the level for

emergency situation is set to the value of 500 nSv/h for all sites (this value we consider as not reach-
able due to fluctuation of natural background).
The alarm function of EWN is assured by paging and GSM-messaging system; each time when infor-
mation that preset levels are reached on any site the server of Central Information System of CRMN
contacts the server of a paging service and transmits a warning message to pagers on members of
CRMN (in close future, it will also transmit a message using GSM-messaging system). Members of
CRMN have a possibility to remote log-in to the server of Central Information System of CRMN via
notebook and GSM data services, check the situation (i.e. whether the increase of dose-rate was caused
by fluctuation of natural background) and adopt proper measures.

In future, we assume on- F i g - 4< EWN-Measuring site Dukovany-1996 (dose equivalent rate calculated
line connection of EWN from 10-minutes integrals
RMN CR with other ex-
isting or projected net-
works both on national
(network of the Czech 2

Army and network of the
Czech Civil Defense) and „2

international (EURDEP, I
RODOS) levels. " ,

Typical time-course of
10-minute integrals of 1

dose equivalent for a
mountain and lowlands
sites are shown in Fig.3
and Fig.4.

^LJ*MMJ^
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INCIDENT INVOLVING RADIOACTIVE MATERIAL IN STEEL SCRAP
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1. Introduction

From 1995, i.e. from re-organisation of Czech Radiation Protection, 49 events of the suspected loss of
control over sources during transport or dismantling or as suspected theft or violent intrusion to work-
places maintaining such sources were reported. The suspicion was confirmed in 25 events, these, how-
ever, were not very significant from the radiation protection point of view. 24 events were evaluated as
unsubstantiated reports, caused by various factors such as wrong measurements of exported metal
scrap or the other transported material, measuring instrument malfunction, finding of insignificant ra-
diation sources, and wrong recording.

At beginning of March 1996 a wagon with steel scrap going for melting from Czech Republic to Italy
had been returned back as strong contaminated material. Based on integral dose rate (dose rate
650 mGy/h in front of the wagon was measured) and spectrometric measurements and evaluation these
data inspectors of SONS could conclude that in incriminated wagon an unshielded cobalt-60 source
(1.6 TBq, or 43.5 Ci, at the time) was detected.

2. Chronology

Notification

28.2.1996 An unofficial notice to State Office for Nuclear Safety (SONS) from media monitoring
department of US embassy in Prague concerning the Italian news reporting the wagon
with scrap from the Czech Republic investigated at Vicenza steel works for the presence
of strong source of ionizing radiation

29.2.1996 Private company C exporting scrap to Italy reports to SONS the information from
Vicenza steel works on the situation. The information is not clear and reports no exact
values concerning the radiation situation. The wagon was checked by simple dose rate
meter at the premises of company C by one of the employees before departure to Italy and
no source of radiation was found. Further enquiry at C premises found no possible source
of contamination.

1.3.1996 Company C provides to SONS written complaint form Vicenza steel works stating that
the scrap load, which left the Czech Republic on 15 Feb. 1996 through check point Horni
Dvof iste-Summerau, is contaminated. The results of measurement carried out by Italian
authorities report the dose rate at the distance 0.2 m from the wall of the wagon to be 380
mGy/h, the source of contamination was identified as cobalt-60. The wagon is isolated
on the side track under strong supervision with no access of public.

Private company A reports to SONS the lost cobalt-60 source with actual activity of 1850
GBq. The source was a part of an irradiation facility used for sterilization of food, since
1980 it was not used but only stored at the premises of former state research institute and
after privatization of this institute it passed into company A ownership. Company A re-
ports that the source in the lead storage container was probably stolen. Company A is not
able to specify the time of the suspected theft.

Decision of Italian authorities to return the wagon back to the Czech Republic
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Evaluation of situation, planning for intervention

4.3.1996 The wagon arrives at Horni Dvofi§te check point, it is put to the side track and guarded by
the Civil Defence emergency unit to prevent accidental access of public. The first do-
simetric survey confirms the results of Italian authorities. The maximum dose rate at the
distance of 0.2 m from the side of wagon - 650 mGy/h indicates the probability that in-
side the wagon is lost source belonging to company A.

5.-7.3. 1996 SONS together with NRPI, local authority, police and civil defence prepares the plan for
the safe liquidation of the incident. The process slightly suffers from not completely clear
legislative responsibilities of individual authorities.
Detailed dosimetric survey is carried out by NRPI. The presence of cobalt-60 is con-
firmed by spectrometric measurement in-situ.

Intervention

8.3.1996 Since the source is to be localized in 40 tons of scrap a technical support for careful un-
loading the wagon which can not be provided directly at the check point, SONS decides
that wagon will be transported to better equipped premises about 20 km from the check
point. The transport is carried out under the dosimetric control provided by NRPI.
At the chosen premises the scrap is gradually unloaded using the derrick for about
2 hours. Continuous dosimetric control is provided by NRPI. Companies A and C provide
technical assistance during the process. The unshielded source is found and moved to
empty space in another wagon. A remote video is used for exact localization of the
source. From the video it is confirmed that the source is part of the irradiation facility. No
container is found in the wagon. SONS asks company I providing services in transport
and liquidation of big radionuclide sources to assist the liquidation and bring from Prague
container suitable for safe transport of found source. The plan is worked out for quick
removing the source from the empty wagon to container. All three components of practi-
cal radiation protection i.e. time, distance and shielding are used.
About midnight, i.e. after more than 12 hours after the start of unloading the scrap, the
action is completed, source is safely in the container and under the police and SONS su-
pervision transported to Prague for definite identification and temporary storage in spe-
cialized premises of company I before it will disposed of in radwaste storage.

Dosimetric control was carried out during the intervention using :
• portable dose rate meters for high dose rates some of them with telescope holders
• semiconductor detector for radionuclide identification
• personal electronic dosemeters with alarms (most exposed liquidators and dosimetrists)
• film badges for legal dosimetry (all liquidators)

For people not equipped by personal dosemeter the time schedule of their possible stay nearby the
wagon with the source was reconstructed and the dose was assessed from the dose rate measurements
in the vicinity of the wagon. No one is supposed to obtain dose equivalent higher than 1 mSv.

3. Conclusions
• obvious unprecedented in the Czech Republic violation of safety culture in radiation protection
• proven legal responsibility of companies A and C
• localization of unshielded source of small dimensions in 40 tons of scrap was extremely compli-

cated
• need for specialized dosimetric equipment and electronic personal dosemeters
• no serious radiological consequences proven by thorough investigation
• problems with appropriate legislation for mitigation of such situations
• lack of emergency procedures for such a case
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PLANNING COUNTERMEASURES ON PASTURE-MILK PATHWAY IN
NUCLEAR EMERGENCY

K. Eged, B. Kanyar and Z. Kis CZ9928531

Department of Radiochemistry, University of Veszprem, H-8201 Veszprem, Hungary

1. Introduction

The pasture-milk-human exposure pathway has been modelled with respect to the countermeasures in
nuclear emergency. The investigated measures were both of the feed and the milk substitutions by un-
contaminated ones with cost-benefit analysis1 and uncertainty analysis4.

In a real situation the management of measures in details are influenced both by global and local pa-
rameters like as seasonably, agricultural production, meteorological data, technical resources. But in
most of the cases there are many parameters to be determined by the decision makers mainly based on
the local and real situation. Naturally the decisions should be based on some kind of optimizations by
introduction an objective function on the effectiveness of the measure. One of the functions could be
the difference between the costs of the averted dose and the costs of the intervention. The optimal in-
tervention yields a maximum of the cost-benefit function.

2. Method

The cost-benefit rate function1:

where
a : cost of unit collective dose [HUF.Sv"1.person"1]

[HUF: Hungarian Forints, 1 USD = 200 HUF]
r| : cost rate of intervention [HUF.day ~l]

Fig.l. shows the effect of intervention in averting dose (8E). The dose averted is the integral of the
dose rate between ti and t2. In Fig.l. we have Fig. 1. Averted dose: 5E
used exponential functions to describe the dose
rate against the time.

The costs of intervention can be written in the
following form: ^ ^

"*~ ^~ without intervention

0)

where P(t) refers to the time depending of costs, 3
in which Po refers to the permanent cost of inter-
vention, while Pi refers to the excess cost of early
intervention (k is the decreasing constant of the
excess cost of early intervention). In the case of
feed substitution the value of 5 gives the mass of ° tx Time[day]
dry feed needed to produce one litre of milk. In
the case of milk substitution the value of 8 is equal to 1.
The cost-benefit function (time-input of the rate function) is the integral of B(t,p) between tj and t2.

u = |B(t,p)d1
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The radionuclide concentration in fodder-plant and the milk of the animal can be described by com-
partmental model3'5 (with a linear different equation system) consisting of GIT (qi), central circulation
(q2), thyroid, faeces, urine and milk as compartments (ao is the activity-concentration of feed at t=0, ki-
s are rate constants, Qa is the quantity of dry fodder-plant consummated by cow per a day, A,w and A,R
are weathering2 and decay constants). The linear different equation system of the model:

qx = Qaaoe-{lR+Xw)l - {kx + k2 + I R)qx

q2 = ktfx - (k3 + k4 + X R)q2

In the case of intervention the d.r.s. has to be solved at three different, but being depended, initial val-
ues to obtain the right concentration and so the averted dose.

According to the modelled scenario there is no intervention between to and ti, (qi(0)=0, q2(0)=0) yet
(see Fig.l.). The dates of the intervention (second domain) are ti and \i. During this domain the con-
tamination of the fodder-plant have decreased from ao to ao*:=(l-s)ao <ao (correction for decay and
weathering needed), where s is the ratio of uncontaminated feed (qi(ti)>0, q2(ti)>0). The range of the
third domain are t2 and co with initial values of qi*(t2)>0, q2*(t2)>0, where qi* and q2* refer to the end
of the second domain. After X2 the activity-concentration of milk will be increasing to the value which
should be without intervention corrected for decay and weather effect.

If the delay of comsumption2 is x for a milking the activity-concentration of milk consummated with-
out intervention is the following (y: transport constant between circulation and milk):

3. Results of simulation

Comparing the maximal value of benefit of the two types of interventions it turns out that optimal exe-
cuting of feed substitution already yields greater benefit than optimal executing of milk substitution in
all of the real scenarios.

Fig.2. Comparison of Umax for different age-groups in the case of feed and milk substitution

Adult Child
Age-groups

Baby

It seems that in the early time the excess cost of the intervention is the main parameter that influences
the cost. Later on the initial activity (ao) gives a high correlation with the cost-benefit function. The pa-
rameters a and A,w become important later on about from t>0.5 and t>5 day.

4. Conclusions

According to the simulations on the 131I transport in the pasture-cow-milk pathway and the cost-benefit
analysis in nuclear emergency the 131I-contaminated pasture should be replaced over nearly 500 kBq/kg
(d.w.) activity concentrations, depending strongly on the population groups and other local parameters.
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The duration of the pasture substitution depends strongly on the initial 131I contamination of the pas-
ture.

Fig.3. The time dependence of the effect of different parameters on the value of the cost-benefit function
provided by parameter uncertainty analysis

For a relatively small values of activity-concentration the optimal date of withdrawing the intervention
increases linearly with the logarithm of the initial radionuclide concentration in pasture, but the maxi-
mal value takes nearly 40 days. Either for milk or for feed substitution the effect of excess cost of the
early intervention reduces the maximal value of the cost-benefit function. In every real case the optimal
feed substitution is a more optimal intervention action than the milk substitution.

According to the uncertainty analysis the time delay of the consumption, the feed costs and the extra
cost have greater importance at the beginning period, whereas some days later the weathering constant
became more important.
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THE EUROPEAN TRACER EXPERIMENT ETEX: A REAL-TIME LONG
RANGE ATMOSPHERIC DISPERSION MODEL EXERCISE IN DIFFERENT

WEATHER CONDITIONS

G. Graziani CZ9928532

Environment Institute, Commission of the European Communities, JRC Ispra, TP 321, 21020 Ispra (VA), Italy

1. Introduction

Two long range tracer experiments were conducted in Europe in Autumn 1994 , releasing for 12 hours
an inert, non-depositing tracer at Rennes, Brittany, France. The 168 sampling ground stations were run
by the National Meteorological Services and the whole experiment was sponsored by the EC, the
WMO and the IAEA. 24 Institutions took part in the real-time forecasting of the cloud evolution with
28 long range dispersion models. They simulated surface concentration evolution at the locations
where the tracer was sampled.

Within a few hours from release notification, the participants sent to Ispra by fax the horizontal projec-
tions of the cloud evolution over the map of Europe. This information, together with the real-time
chemical analysis performed at three aircrafts flying over Northern France and Germany indicated from
the very beginning (at least for the first release) that the experiment was successful. Thereafter the real-
time modellers sent to Ispra the results of their calculation in a specified format. After the chemical
analysis of ground samplers were completed, the measured concentrations were compared with the re-
sults of model calculations for both experiments, using a number of statistical parameters.

2. Participants and real time models

The ETEX participants were asked to forecast both the flow and diffusion to calculate concentration
evolution in real time. Therefore, differences between models calculations may be due to flow model
initialization, to the type of flow or dispersion model used. The main characteristics of the models em-
ployed can be found in Archer et al.(1995).

3. Description of the weather situation during the releases

First release

On Sunday 23 October, the following weather criteria were matched:

i) a rather strong West to South-westerly flow, advecting the tracer during the experiment over many
stations; ii) no centre of high pressure or low pressure, no extending ridges or troughs passing the re-
lease site during the release or being very close to it; iii) no frontal system passing the release site short
before or after the period of release.

Possible problems for the dispersion models caused by the meteorological situation:

Advection Speed: Due to the rather strong surface winds during the first twelve hours, the mixing layer
depth was probably rather large during the night following the emission. Therefore it is possible that
some models which consider a fixed stable layer during the night, have kept the tracer cloud to lower
levels, then using too low wind speeds to advect it.

Advection Direction: It is expected then that only marginal differences in dispersion direction solutions
are likely to occur. However, there was a definite shear of the wind with height and those models that
used higher wind speeds could show a more veered direction positioning of the cloud.

Second release

The synoptic situation on November 14 (date of the second release) was characterised by a deep Low,
between Iceland and Norway, slowly moving East and filling. An associated cold front over Denmark
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and Holland bent towards the Channel, with a minor frontal wave along the front. On the release site, a
very strong south-westerly wind was blowing, adverting stable and mild warm air. The cold front
passed at Rennes at about 0300 UTC on November 15. After the frontal passage, the surface wind de-
creased in strength and veered to West.

Possible problems for the dispersion models caused by the meteorological situation:

Advection speed: A forecast of an earlier passage of the front would also influence the cloud speed,
since at the end of the dispersing cloud , the surface wind speed was steadily decreasing. Due to the
strong shear in wind speed with height, some models might split the cloud into two parts, while a
deeper boundary layer is building up during 15 November daytime.

Advection direction: The frontal position as evaluated by various meteorological models is critical for
the dispersion, since immediately after the wind veered and dropped. During the release, contrary to the
first one, the boundary layer was about 600 m deep and the temperature profile in the lower atmos-
phere was stable and wind direction was about constant. These conditions may have produced a rather
narrow plume during the first 12 hrs after the release start. The NW movement of the cloud during the
first period of time had to change on the day after when the cloud should bent more to the East.

4. Statistics used in the comparison

Similar to what has been done in ATMES (Klug et al., 1992), statistical comparison has been per-
formed globally, pairing model results with observations independently of time and space, or with a
time-dependent analysis where the results were examined for a number of selected sites, or with a
space-dependent analysis for given time intervals. Among the indicators used, it is important to men-
tion: i) the time series plots of model predictions over time and the associated with it the Figure of
Merit in Time(FMT), i.e. the total percentage agreement between observed and predicted values over
the time period; ii) Figure of Merit in Space (FMS), evaluated for a fixed time, that is defined as the
percentage of common area between two spatial distributions; iii) bias; iv) correlation coefficient; v)
NMSE.

5. Results

Participants provided in real-time forecasted and analyzed data. Here, only the full forecasted results
will be discussed.

First release

Figure 1 shows the calculated versus measured cloud projection on the map of Europe for one of the
most successful models (Model#6) at 24 and 36 hrs after the start of the release, that is capable to re-
produce the average shape and dimensions of the tracer concentration at ground at the selected time

Figure 1. Release#l, FMS for Model 12 at 24 0.10 ng/m3 contour
hrs (left)and 36 hrs(right) after start values are 40%(left) and 67%(right)

intervals. The time evolution of observed and calculated concentration at the sites indicates that differ-
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ences of 3-6 in time of arrivals and a factor 3 in peaks concentrations should be seen as the present
achievable performances of those models (Figure 2).

Figure 2. Released; FMT at F21 for model #6 (left, FMT=18%) and model#12 (right, FMT=34%)
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Second release

Similar to the first, the tracer cloud projection over the map of Europe is compared with the measure-
ments for one of the best models in the evaluation (Figure 3). This time, however, due to the much
stronger wind field during the first period, shorter time intervals are considered, 12 and 24 hours. For

Figure 3. Release#2, FMS for Model 25 at 12 0.05 (left) and 0.01 (right) ng/m3 contour
hrs (left)and 24 hrs (right) after start values are 51%(Ieft) and 33%(right)

these intervals, the model reproduces correctly the north-westerly cloud displacement during the first
12 hours and so does for the next period, when the cloud elongates more towards East. For this inter-
val, however, measured concentration values are much lower than the calculated ones. The contours
shown in the Figures are at the lowest concentration level (0.01 ng/m3). For higher levels, the compari-
son worsen considerably. This indicates that the general features of the flow were correctly estimated;
however, due to the sudden variations of the meteorological conditions during the release, large part of
the cloud escaped the sampling network and could not be measured. In fact the tracer evolution at the
sites close-to-source presents similar features to the first release.

6. Conclusion

The results of this comparison indicated that a limited group of models (7-8) were capable to obtain a
good reproduction of the cloud displacement throughout Europe for the first release. Large differences
were however found when examining the predicted tracer concentration at a particular location. For the
second release, large differences were found between measured and calculated cloud, in particular after
a front passage, which indicates that some efforts have still to be spent before obtaining a widespread
consensus on the model reliability. The thorough analysis and understanding of the results of the two
ETEX experiments will take much more time than was available till now. Preliminary conclusions as
presented here, however, indicate that the initial cloud development in the mesoscale region tends to
determine its future evolution. This is particularly true for specific meteorological conditions as those
of release #2.
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PUBLIC RELATIONS AND THE CHERNOBYL ACCIDENT
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I. Introduction
CZ9928533

In 1991-93 the Federal Republic of Germany has carried out a large scale measuring progfarrTto assess
the radiation burden of the population in regions polluted by the Chernobyl accident. The primary goal
of this project was to objectively inform the population about their actual radiation exposure, to reduce
unjustified fears and to enable countermeasures where appropriate. Furthermore, a comprehensive
overview of the radiation situation was obtained for the regions examined.

To the inhabitants of the contaminated regions elevated radiation levels represent an invisible threat.
The stress caused by fear is difficult to handle under the given severe economical and social circum-
stances. This made us rank high wide publicity, openness of information and direct relationship to peo-
ple during the course of our radiological measurements. The experiences gained by these public rela-
tions efforts are evaluated and compared with experiences obtained by others.

Channels were regularly sought and found to communicate with the more than 250 000 individuals in-
volved in the measuring program, as well as with scientific institutions and the public. Direct commu-
nication of the results to the persons examined by means of a certificate including a short explanation
proofed to be very essential to create an atmosphere of trust. This point was missed by campaigns be-
fore (e.g. IAEA).

2. General aspects of the measuring program

The investigations started in 1991 in Russia. They were extended in 1992 to Belarus and to a limited
extent also to the Ukraine. In 1993, the measurement campaign was continued in all three states with
particular emphasis on the Ukraine. The operational areas are shown in Fig. 1. In Russia measurements
were carried out in the regions of Bryansk, Tula, Kaluga and Orel, priority being given to the Bryansk
region. The measurements in
Belarus were performed in Fig. 1. Working areas of the German measuring program shaded
the regions of Mogilev,
Gomel and Brest, and in
Ukraine in the Kiev, Shitomir
and Rovno regions. All to-
gether more than 240 settle-
ments were included in the
measurements.

The principal objective of the
measurement campaign was
to examine the inhabitants for
incorporated substances
mainly taken up with food.
More than 315,000 meas-
urements of the body burden
of 137Cs have been done and
used to estimate internal
doses. Only about 2 % of the
results were high enough to
establish a need for further
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attention to the radiation burden of the people concerned. Moreover, 6000 environmental measure-
ments were performed : food and soil samples were examined and area dose rates measured. Body
doses resulting from external radiation exposures were determined, as an example, for one region in
Russia using thermoluminescence dosemeters (7000 measurements). In the Ukraine the program was
complemented by a small biological dosimetric investigation carried out in cooperation with the Ger-
man Federal Health Office. The total costs of the campaign amounted to 13 million German Marks.
From the German side more than 200 persons were involved. Operations planning was mainly gov-
erned by the humanitarian objectives of the measurement campaign. They had priority over scientific
aspects, for example also in selecting the measurement sites.

3. Public relations aspects of the measuring program

The stress to the inhabitants caused by fear is difficult to handle under the given severe economical and
social circumstances. Partly due to bad experience with the first official communications after the
Chernobyl accident, the population often did not belief the results of measurements done by their own
scientists. No wonder, fear extended to regions having contamination as low as in Southeast Bavaria
(Germany). The goal of this project was to reduce unjustified fears by providing reliable information to
the people. A significant part of the population had to be involved in the examinations and involve-
ment had to be on a voluntarily basis. An atmosphere of trust had to be build up. This made us rank
high wide publicity, openness of information and direct relationship to people during the course of our
radiological measurements.

3.1. Getting in touch

A careful preparation of the measurement action in each settlement was essential. First of all the local
administration was informed early enough before the measurement campaign started. After our contact
to the local responsibilities they gave us the necessary support by letting us use their infrastructure and
motivation of the population to participate in the measurements. In addition the main individual opin-
ion-makers like teachers and physicians were contacted and informed in special courses. The local
public media, press, radios and television, showed much interest in making interviews and giving in-
formation to their clients. Posters and a small brochures illustrated in Russian and German were pre-
pared to be distributed to anyone in the region.

3.2. Communication of the evaluation of the radiation burdens

It was essential to avoid any contradictions to the national scientists. A public discussion on methods
and mistakes would have been completely contradictory. Therefore, we carried out many intercompari-
sons and intercalibrations with measuring devices and the information to the population was given in
such way that the trust in the local scientists was strengthened.

3.3. Communication with the scientific community

In some regions the population was tired of being measured again and again, also by foreign services.
They argued that these investigations were without any benefit because they never heard of the results.
We prepared a form in which the results were noted down and explained in Russian. The explanation
was based on a simple classification scheme for low (<7 kBq), medium (7-25 kBq) and high (>25 kBq)
contamination. This information was fairly accepted by the people. In addition, we were lucky to have
the support of our colleagues from East-Germany who were able to speak Russian. Thus, the informa-
tion could be supplemented by some discussions.
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Fig. 2. Certificate (whole-body counting) Fig. 3. Immediate communication of results
proved to be quite essential in creating an at-
mosphere of trust

Fig. 4. Articles in local newspapers Fig. 5. Information in two languages brochure

Mofiprogromm
iur Ermlttlung ti«r Strahlenbelastung

der Bevaikerung und Umwelt
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ESTIMATION OF RADIATION DOSE IN SAKKARA AREA
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1. Introduction

One of the main tasks of the national radiation safety programme is the estimation of radiation source
term wherever it is [2]. Potential radiation hazard may exist not only in nuclear power plants or ura-
nium mining industry but also in unexpected areas that seems safe for the public. Sakkara area is a
good example for that.

Our aim as radiation safety inspectors is to estimate the potential hazard and propose the suitable cor-
rective actions taking into consideration the social, technical and economical factors.

Radon levels seemed relatively high in some deeply seated caves in various places in Egypt [3]. This
has been attributed clearly to the U and Th content in the rocks lining the burial places that are situated
deep in the ground. This showed clearly the importance of initiating a research plan to estimate the
potential radiation hazards more systematically.

The engineering parameters as well as the working conditions for the workers and visiting conditions
for the public are taken into consideration for the precise proposal of corrective actions.

2. Experimental

A systematic radioactivity measurement programme was conducted. This included the following :

A) Measurement of external P and y exposure levels in mR/h is performed by using portable p and y
Eberline survey meter model L.B. 1200, which has calibrated using standard Cesium - 137 gamma
source. Direct reading were obtained in mR/h.

B) To monitor the levels of radon and its daughters four tombs were selected. These measured tombs
cover Sakkara area. An alpha scintillation cell ( Lucas cell ) of 160 ml volume coated with silver
activated zinc sulphide phosphor was used. Air was passed through high efficiency filter paper
(millipore) before reaching the cell to trap radon daughters.

Sampling continued for 5 min with a flow rate during sampling of 10 1/min . Scintillations from
Lucas cell were counted using a photomultiplier tube in a light - tight enclosure and a counting sys-
tem made by EDA of Canada. Filter papers were counted using the same counting system by plac-
ing the filter paper on a scintillation tray coated with the same material as the Lucas cell. The con-
centration of radon decay products in units of working level were evaluated by the Rolle method
[1], [4]:

R
' EVTF

where : R - recorded count rate in count/min, E = counting efficiency (0.25), V- volumetric sam-
pling rate in 1/m, T = sampling time in min, F ~ conversion factor, may be approximated by 212 for
sampling periods from 1 to 20 min [4]. To estimate radon concentration all counts took place 3 h
after the end of sampling for equilibrium to be reached between radon and its daughters. The con-
centration of radon gas is calculated by the following formula:

C^ =1.612-*

where R is the recorded count / min, and 1.612 is the cell factor.
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C) The effective dose equivalent is estimated using the relation 1 WL = 62.5 jj,Sv/h. This dose is con-
sidered as a result of the exposure to p, y and radon [5].

D) Annual dose for the workers was evaluated considering the average time spent by the workers in
certain location and the number of working days per year.

3. Results and discussion

The levels of p, y radon decay product concentration, effective dose equivalent and annual dose for the
workers for Sakkara area are shown in Table 1.

Table 1. A summary of exposure rates, effective dose, radon daughter concentrations and annual dose in
Sakkara area

LOCATION

MERIROKA
TOMB

TETOMB

ANKHMAHOR
TOMB

SERAPUM
TOMB

POINT OF
STUDY

1
2
3
4
5
1
2
3
4
5
6
1
2
3
4
5
1
2
3
4
5
6
7

p AND y LEVEL
mR/h

0.018
0.02
0.01
0.02

-
0.02
0.01
0.01
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.03
0.02
0.02
0.05
0.02
0.02
0.02

RADON
DAUGHTERS

CONC.WLxlO'3

3.88
10.5
5.91
5.28
3.47
0.805
1.045
2.016
1.045
4.180
4.180
6.918
6.792
4.940
6.175
5.887
248.3
198.5
205.2
103.5
88.01
128.9
60.6

EFFECTIVE DOSE
EQUIVALENT

Î Sv/h
0.4225
0.8563
0.4694
0.5300
0.2169
0.2503
0.1653
0.2256
0.2653
0.4613
0.4613
0.6324
0.6245
0.5088
0.3859
0.5679
15.8187
12.6062
13.0250
6.9687
5.7056
8.2563
3.9875

ANNUAL DOSE
FOR THE

WORKERS mSv/y
0.440
0.893
0.489
0.553
0.226
0.2610
0.1724
0.2353
0.2767
0.4810
0.4810
0.6595
0.6513
0.5305
0.4025
0.5923
16.497
13.146
13.583
7.267
5.950
8.610
4.158

It is clear from the reported values that there is no considerable radiation risk for the workers in the Sakkara area. The
visitors as well are not liable to any radiation risk.

It is clear from Table 1 that the P and y levels in Meriroka tomb, TE tomb, Ankh Mahor tomb and
Serapium tomb are within the range 0.01 - 0.05 mR/h which is also within the natural background level
and we notice that the Serapium tomb has the highest levels in investigated tombs.

With respect to radon daughters levels, we notice that only point of no.l in Serapium tomb shows
higher value (0.248 WL) than EPA recommended concentration for the public (0.02 WL). This point is
very deep and it has bad ventilation. On the other hand the Meriroka, TE and Ankh Mahor tombs have
very low radon daughters levels which ranged from 0.0007 to 0.01 WL. In fact there exists opening in
the Meriroka, TE and Ankh Mahor tombs which provide continuous ventilation all the time. This
shows that efficient natural ventilation is the most important factor to decrease the radon gas concen-
tration.

Table 1 also contain the values for effective dose and annual dose for the workers, we notice that the
Serapium tomb has maximum value of annual dose for the workers (16.49 mSv/Y) this value is lower
than the ICRP recommended value for the workers (20 mSv/Y).
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AFTER THE COMPLETION OF THE FIVE-YEAR STATE PROGRAM FOR
RADIATION SANITATION OF THE URAL REGION: RESULTS AND

PROBLEMS

V.N. Chukanov and B.A. Korobitsin CZ9928535

Institute of Industrial Ecology, Ural Branch of Russian Academy of Sciences, Sophya Kovalevskaya Str., 20-a,
GSP-594, Ekaterinburg, 620219, Russia

In 1989, the Soviet government began disclosing information about the Mayak facility (the Soviet Un-
ion's first plutonium production complex). It became known that routine activities of the Mayak facil-
ity for over 40 years as well as the radiation accidents that occurred have led to an unprecedented ra-
dioactive contamination level in a considerable part of the Ural region. In 1991, the State program
focusing on radiation sanitation of the contaminated territories of the Ural and on medical rehabilita-
tion of the radiation-affected population up to the year 1995 was developed.

Leading regional organizations participated in realization of the State programme:

- Mayak facility (Radioactivity monitoring in the environment and radiation sanitation of the ter-
ritories of Mayak facility site including Lake Karachay and Techa reservoirs, radiation wastes man-
agement);

- Radioecological Research Station of the Mayak facility (Radioactivity monitoring in the envi-
ronment and radioecological studies; agroindustrial production at the radioactively contaminated terri-
tories);

- Branch N° 1 of the Biophysics Institute (Dose reconstruction for the stuff of Mayak facility; as-
sessment of health effects of radiation exposure);

- Ural Centre for Radiation Medicine (Dose reconstruction for the inhabitants of the contami-
nated territory; assessment of health effects of radiation exposure);

- Institute of Industrial Ecology (Analysis of all scientific results of all organizations which par-
ticipate in the realization of the State program; radioecological studies; assessment of health effects of
radiation exposure).

The prime objects of the State programme were defined as follows:

1. Environmental remediation, social and economic rehabilitation of the radioactively contaminated
territories and medical rehabilitation of the exposed population;

2. Reduction of the risk of new radiation accidents due to accumulation of the huge amount of radio-
active waste within the boundaries of the Mayak facility.

The part of the State programme dealing with problems of the territory outside the boundaries of the
Mayak facility, was aimed on rehabilitation of the territory and population suffered from two radiation
accidents:

1. Dumping of radiochemical waste with an activity of 2.8 million curies into the Techa River in 1949-
1952 resulted in the radioactive contamination of the Techa-Iset-Tobol river system in Chelyabinsk
and Kurgan Oblasts. Some 28 thousand people received substantial external and internal radiation
dose. The greatest effective dose, estimated to be up to 2.0 Sv, was received by the critical age cohort
of inhabitants of the village of Metlino. More than 900 cases of chronic radiation disease were ob-
served among the population. Approximately 5500 inhabitants of 22 riverian localities were resettled.
So far, the regime of normal vital activities along the river has not been restored, with 8000 ha of
farming land abandoned to date.

2. In the September of 1957 a storage tank for liquid high activity waste at the Mayak site exploded.
Radionuclides with an activity of two million curies were discharged outside the territory of the
Mayak facility, thereby giving rise to the East-Ural Radioactive Trace (EURT). The northern part of
the Chelyabinsk Oblast and the southern part of the Sverdlovsk Oblast suffered a radioactive con-
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tamination. For an activity of up to 2.0 Ci 90Sr/km2 the length of the trace was about 150 km and the
width was 10-15 km. The average effective dose received by inhabitants of the three most contami-
nated villages reached 0.6 Sv. Twenty-three rural localities within the radioactive contamination zone
were abandoned and 10,400 dwellers were resettled.

The State programme was started more than 30 years after these radiation accidents. But it turned out
that in spite of such long period, there were no reliable data on the radioactive contamination of the ter-
ritory and health consequences of the radioactive exposure that could be used as a basis for the realiza-
tion of practical rehabilitation measures. The existing information was isolated, incomplete and contra-
dictory. So the main efforts were aimed on the following investigations which had not been considered
as of the highest priority when the State programme had been designed:

1. Determination of contemporary and reconstruction of initial levels of the radioactive contamination,
assessment of trends of the radiation situation;

2. Reconstruction of the accumulated doses received by people living on the contaminated territory,
estimation of contemporary annual doses;

3. Research on health effects of chronic exposure of population and risk assessment.

In the results of field investigations performed in 1992-1995 by combined efforts of a number of or-
ganizations, a detailed impartial information about contemporary radioactive contamination of the ter-
ritory neighbouring the Mayak facility was received for the first time. At present the first official maps
on 137Cs and 90Sr contamination of the Ural based of these data are near completion. It was found out
that the initial and contemporary levels of radioactive contamination of the Ural are higher than was
considered when the State programme was developed. In 1957 initial 90Sr contamination of the west
part of the town Kamensk-Uralsky (with the population about 160,000 people) exceeded 4 Ci/km2, not
0.2 Ci/km2 as was reported before. Up to now the contamination of the Techa River is extremely high.
Within the village of Muslumovo (78 km downstream from the discharge point) the 137Cs contamina-
tion of fioodlands is 102-103 Ci/km2, 90Sr contamination is 101-102 Ci/km2, plutonium contamination is
0.1-1.0 Ci/km2. The radiation situation at the EURT is quite stable, the only factor conducive to
changing the radioactive contamination of the territory is the physical decay of °Sr. In the Techa River
basin the situation is more complicated. The radioactively contaminated bottom sediments are moved
downstream. Radioactive waters from the Mayak facility continue to enter the river.

Dose reconstruction studies were carried out in two directions. First, an official guide for calculation of
accumulated and current doses for residents of the Techa riverside and the EURT territory was pre-
pared. So calculated doses are the official background for administrative decisions on social protection
of the victims of the radioactive accidents. Such official dose calculations are fulfilled for 15 riverian
Techa villages, which exist at present. It terns out that in all these villages there are age cohorts with
the accumulated doses exceeding 70 mSv. Accumulated doses for people who were born in 1935-1937
and have been living since that time in the village of Muslumovo are more then 350 mSv. At present,
current annual dose rates for all population cohorts in all riverian Techa villages are less then 0.1 mSv.
For the settlements at the territory of the EURT the official dose reconstruction will be fulfilled after
the official map on 90Sr contamination of the Ural will be issued.

Secondly, individual doses were reconstructed for estimation of excess cancer risk and other health
consequences of radiation exposure. By this time individual measurements of Sr in the skeleton were
carried out on more than 12,000 people who lived on the Techa River banks during the period of the
massive release. Individual doses resulting from 90Sr internal exposure were reconstructed for 7620
residents of the Techa riverside. Individual doses due to external exposure and internal exposure from
incorporated plutonium were also reconstructed for more than 4,000 workers of the Mayak facility.
However, there are no reliable data about individual doses resulting from external exposure for the Te-
cha residents. Reconstruction of individual doses resulting from 1957 accident and from routine emis-
sion of radionuclides in the atmosphere at the beginning of the Mayak activity also seems to be unsolv-
able problem.
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The combination of a dose reconstruction studies and epidemiological analysis of cancer morbidity and
mortality of workers at the Mayak facility and exposed population have been used to estimate risk of
long-term consequences of chronic radiation exposure. These studies are based on the following regis-
ters:

1. Register of the Mayak facility's workers (more than 6,000 persons, about 150,000 person-years of
observation);

2. Register of the exposed population (more than 90,000 persons, including exposed at the Techa
River, at the EURT territory in Chelyabinsk Oblast, their children and grandchildren);

3. Register of persons who participated in liquidation of the Mayak accident in 1957 (40,000 persons,
collective dose about 13,200 Sv).

The excess relative risk factors of external chronic gamma-exposure for hemoblastosis, breast cancer
and the sum of malignant tumours, as well as the risk factor of internal exposure from incorporated
plutonium for lung cancer were founded for the Mayak workers. For the inhabitants of the Techa River
and the EURT settlements the excess relative risk factor for leukaemia was founded. These risk factors
are used for estimation of additional cancer cases in the cohorts of exposed workers and population.

On the base of highly sensitive biochemical diagnostic tests for premorbidity identification of the ma-
lignancy increase, groups of high cancer risk were selected from exposed workers and population for
permanent observation, deep examination and early treatment.

The main points, characterizing the results of the realization of the part of the State programme dealing
with problems of the territory outside the boundaries of the Mayak facility are:

1. The results of investigations carried out in 1992-1995 are of the great scientific importance and pro-
vides essential information foundation for decision making on environmental remediation, social and
economic rehabilitation of the radioactively contaminated territories, medical rehabilitation and social
protection of the exposed population;

2. Because of the State programme was realized during the period of severe troubles in Russian econ-
omy, funding was extremely scarce. That is why the most part of the planned practical measures has
not been realized. The State programme failed in the social and economic development of the con-
taminated territories up to the average level of Russia.

3. The most severe problem is the contamination of the Techa river system within riverian settlements.
The river and its floodlands (8,000 hectares) are excluded from use by people. For the environmental
restoration of the Techa river system it is necessary first to solve a problem of the cascade of artificial
reservoirs in the upper reaches of the river (about 1000 Ci of radionuclides leek annually from these
reservoirs into the Techa River) and to improve radically the low-level waste management practice at
the Mayak facility.

As for reduction of the risk of new radiation accidents due to accumulation of the huge amount of ra-
dioactive waste within the boundaries of the Mayak facility, the following problems were considered as
of the highest priority when the State programme had been designed:

1. Some 120 million Ci of long-lived radionuclides is accumulated in drainless Lake Karachay. Radio-
activity from the lake enter the ground water, radioactive underground flow reach the Mishelyak
River. Dispersion of radioactivity from the shores of the lake is the cause of contamination of the
neighbouring territories.

2. A cascade of four artificial reservoirs was created along the Techa to isolate the most contaminated
part of the river from the open hydrographic network. 400 million m3 of radioactive water with the
activity of 200,000 Ci are accumulated in the cascade. Because of filtration through the dam this wa-
ter enter the Techa River. The Mayak facility used contaminated water to cool reactors, thus increas-
ing evaporation. After the shut down of five reactors a new danger was identified - overfilling the
reservoirs with natural water and even failure of the dams, sending contaminated waters into the riv-
ers of the Ob basin.
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3. About 550 million Ci of liquid high-level radioactive solutions and 150 million Ci of high-level ra-
dioactive waste sediments are stored in waste tanks.

4. In 1992-1995 the following was done:
5. Two-thirds of Lake Karachay was filled by concrete blocks and covered over.
6. The dam of the last reservoir of the Techa cascade was increased 1 m up; To catch the underground

flow of natural water into the cascade and prevent its overfilling a number of wells were set in ex-
ploitation.

7. A technology for reprocessing and vitrification of old high-level radioactive waste solutions and
sediments from storage tanks was designed and prepared for industrial exploitation.

8. About 60 million Ci of old radioactive wastes were vitrificated.

But in spite of these results the problem of the risk reduction as a whole is not solved. The reason is not
only the lack of funding but also the extremely difficulty of the situation. The most serious unsolved
problems are:

1. One-third part of Lake Karachay is not rilled. Efforts to eliminate the lake are paused now.
2. The construction of the plant for reprocessing and vitrification medium-level liquid radioactive

waste is not finished. Today medium-level waste is still being added to Lake Karachay. It dos not en-
able to finish the elimination of the lake.

3. Underground radioactive water continues to migrate from the lake. Radioactive underground flow
reaches the Mishelyak River and radionuclides enter the river contaminating it. Radioactive flow also
reaches the drinking wells of the settlement Novogornyi which force to shut down their exploitation.
The are no realistic projects on localization of contaminated halo.

4. In spite all efforts to stabilize the level of the Techa cascade reservoirs, water continue to rise. Also
increases the filtration of radioactive water through the dam into the Techa River.

5. The most part of old high-level radioactive waste solutions and sediments from storage tanks is not
vitrificated.

That is why new Federal program up to the year 2000 was developed and adopted by the Russian Gov-
ernment in 1996.S
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ANALYSIS OF DOSIMETRIC DATA OF THE NATIONAL LIQUIDATOR
REGISTRY OF UKRAINE

V. Chumak and A. Bondarenko CZ9928536

Scientific Centre of Radiation Medicine AMS Ukraine, 254050 Kiev-50, Melnikova str. 53, Ukraine

Dosimetric data is one of the inevitable components of any meaningful epidemiological follow-up of
exposed population. Large scale epidemiological health-effect studies on Chernobyl liquidator popula-
tion are presently seeking for reliable individual dose records. The most significant array of dose rec-
ords is available at the State Chernobyl Registry of Ukraine. However, dosimetric information of the
Registry is traditionally considered to be of low quality and, furthermore, in many cases intentionally
distorted. Due to these concerns, more than 90k individual dose records of Chernobyl liquidators re-
main unused for the needs of follow-up. Meanwhile, since, the retrospective dosimetry of liquidators -
alternative source of dosimetric information - is difficult and expensive, verification of existing do-
simetric data would be the most cost-effective way of dosimetric support of post-Chernobyl health
studies.

The method of verification of dosimetric data of the Registry should be based on consideration of sta-
tistical regularities of the data. Insight of the statistical properties of dosimetric data may give a clue to
evaluation of trustworthy and, furthermore, to the quantified estimation of quality of the data.

As may be seen from Fig. 1, the shape of distribution of doses is polymodal and does not comply with
commonly accepted [1] log-normal distribution law.
However, this dose distribution should be treated as a Fig.l. Frequency distribution of individual do-
mixture of several distributions corresponding to vari- ses for liquidators of 1986-1987
ous groups of liquidators and different periods of
time after the accident. Certainly this assumption has
solid background because the cohort of liquidators is
extremely heterogeneous both in terms of tasks per-
formed at clean-up as well as affiliation. The last fac- ^
tor is very important because different affiliation re- £
fleets also variety of organizational patterns and S
dosimetric approaches practiced at the time of the ac- £
cident. Since dosimetric monitoring and dose man- :.!-"-'j 'j-
agement were conducted by, at least, four independent l'*?.'*£ 'I\fM
bodies, quality and efficacy of such activities varied •• '••̂ •-"'••""l

significantly. Therefore, separate consideration of par-
i i

10 IS 20 25 30 35 40 «S 50

tial distributions gives a clue to solving the problem of Dose, cSv
evaluation of the quality and consistency of available dosimetric data. Of coarse, statistical analysis of
the dose distribution does not allow for judgement of the quality of individual record, however general
conclusion about quality of whole subset of data may be derived from such analysis.

As an illustration of such approach we will consider the most numerous cohort of liquidators - military
reservists (called in Chernobyl jargon "partisans"). Preliminary considerations had revealed that infor-
mation about doses of this cohort is of the most questionable quality. Dose distribution of liquidators
of 1986 (Fig.2a) has quite unusual shape with moderated left side and sharp cut-off above permissible
dose limit. Consideration of the same distribution using histogram with enhanced number of classes
(Fig.2b) reveals another strange feature of this distribution - very high fraction of round dose values.

These two features may be considered as argument for the scenario of falsification of dose records
when round doses close to the dose limit were assigned administratively to all liquidators with no re-
spect to real doses received by those individuals. From the other hand, similar regularities may be ob-
served in case of another realistic scenario: at the time of accident took place extremely strong dose
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Fig. 2. Frequency histograms of individual doses for military liquidators of 1986 with dif-
ferent number of classes. Plot a - 26 classes, plot b - 1000 classes,

(a) (b)
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management and the recorded dose values were rounded down to integer figures. Indeed, such dose
management when liquidators worked until they were released from Chernobyl upon achieving dose
limit was practiced during the clean-up; such unique type of dose management was possible only under
conditions of the Soviet Union when practically unlimited resource of man-power was available for
performing unskilled tasks in coarse of the clean-up. The reason for recording round dose values lays
in the fact that dosimetry of military liquidators was conducted using so-called "group-commitment"
method when doses were evaluated by dosimetrist with respect to the dose rate at working place and
period of work; such single dose assessment was assigned to the whole group of liquidators performing
the similar task. Clearly, accuracy of such dosimetry is very low, however intentional distortion of do-
simetric information is not implied by this approach. Limited accuracy of "calculated" dose assess-
ments leads also to recording of rounded dose values.

Obviously, analysis of dose distribution itself does not allow for solving this dilemma. Additional in-
formation which may contribute to verification of dosimetric data is recorded duration of work in
Chernobyl. Distribution of periods of work is very broad and does not have pronounced peaks corre-
sponding to the multiples of one week or one month. This fact rather gives indirect evidence to advan-
tage of the second scenario when liquidators were released from Chernobyl upon receiving maximum

permissible dose. Moreover, the following transforma-
Fig.3. Frequency histogram of individual dai- t i o n o f d o g e tQ d o g e r a t e ( d a i l y d o s e ) .

ly doses of military liquidators of 1986
d = D/t (1)

where D is individual dose and t is period of work,
changes distributions significantly. As may be seen
from Fig.3, daily doses d are represented by rather
broad unimodal distribution which is consistent with
ones observed in the most cases of occupational expo-
sure. As known from the literature [2], the case of oc-
cupational exposure in the presence of dosimetric
control may be satisfactory described by the hybrid-
log-normal (HLN) distribution:

f(d)=(2nJ)-1/2(p+(l/d))exp(-(ln(pd)+pd-nf/(2c?))

(2)

1000-

500-

0,0 0,5 1,0 1,5 2,0
Daily dose, cGy/day
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where the value ln(pd)+pd is distributed according to the normal law. Parameter p is called constraint
factor and has dimension of (mSv"1). Physical meaning of constraint factor is clear from the relation-
ship where inverse constraint factor is equal to the dose limit. This model introduced in 1981 by Ku-
mazawa gives good approximation to most of occupational dose distributions. According to the model,
doses much below the limit are distributed according to log-normal law; closer to the limit, doses are
controlled more rigorously reducing the distribution to the normal case.

Fig. 4. Normalized probability plot for indi- The daily dose distributions (Fig. 3) were tested with re-
vidual daily doses of military liquida- spect to HLN hypothesis and parameters of distributions
tors of 1986 (Oranoje). Hybrid-log- were determined using the maximum likelihood method
normal hypothesis [3]. Normalized probability plot presented at Fig.4 dem-

i°o i g onstrates good agreement of experimental data with
I HLN law. Values of the parameters are presented in the

£ Table 1. For illustration, some other cohorts of liquida-
? tors were analyzed in similar way.

* As may be seen from the table, the values of mean daily
dose and constraint factor are in a good agreement with
expected exposure; time dependence of these parameters
is consistent with evolution of dose fields and conditions

• of work on the Chernobyl site. The value of standard de-
^ * viation is also quite indicative. As was observed [4], in

• the most cases of occupational and accidental exposure,
the value of coefficient of variance (C.V.) of dose distri-

"• ' ' • ' bution is slightly more than 1. Too broad or too narrow
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probability distributions are unusual and give evidence of either ad-
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ministrative distortion of data (low C.V.) or presence of
a mixture of several data sets in case of too broad distributions (high C.V.). This rule is illustrated by
data related to liquidators who based in the cities of Pripjat and Chernobyl (Table 1). Indeed, in these
two cases with known heterogeneous population, the value of C.V. is quite high, indicating a mixed
nature of the data. However, the data related to military liquidators looks quite uniform and consistent.

Table 1. Parameters of daily dose distributions for some groups of liquidators in 1986-1987 (HLN hy-
pothesis)

Group of liquidators
(settlement of residence at time of

clean-up)
military reservists (Oranoje)

military (Korogod)
various (Chernobyl)

civil (Pripjat)

<b>
0.677
0.440
0.767
1.153

1986

a

0.69
0.46
1.46
2.66

P

0.585
0.678
0.431
0.318

<b>
0.317
0.218
0.328
0.253

1987

a

0.47
0.27
0.66
0.41

P

1.535
3.452
1.852
2.739

Conclusions

The analysis of data on individual doses of military Chernobyl clean-up workers ("partisans") put for-
ward two possible scenarios leading to such unusual distributions: either strong administrative pressure
on dosimetric service leading to falsification of data, or strong dose management under condition of
unlimited man-power source. Further consideration revealed that distributions of daily dose rates com-
ply very well with known regularities of occupational exposure; the daily doses of military liquidators
were distributed according to hybrid-log-normal law; parameters of the distributions are consistent
with a priori and experimental considerations. The main lesson which may be derived from this con-
sideration is proving rather presence of strong dose management at time of clean-up than intentional
distortion of dose records. However, this conclusion does not mean high accuracy of dose records
themselves - dose commitment method used for dosimetric support of these activities by its nature is
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very inaccurate and the errors endowing this data are quite large. Further verification and validation of
dosimetric data of the State Chernobyl Registry will require more sophisticated consideration of higher
statistical moments of the distributions as well as validation of dose records by means of independent
dosimetric techniques (including retrospective).

References

1. UNCEAR 1977: Sources and effects of ionising radiation, Annex E. United Nations, New York
1977.

2. Kumazawa, S. and Numakunai, T.: Why do we need dose distribution models?. Radiat. Prot. Dosim.
36(1991)269-273

3. Groer, P.G. and Uppuluri, V.R.R.: Bayesian estimation of the hybridisation parameter for the nor-
mal-log-normal case. RadiatProtDosim. 36(1991)275-277.

4. Nossovsky A.,V., ed. Retrospective dosimetry of Chernobyl clean-up workers. Seda-style, Kiev
1996 (in Russian), p. 256..

Session 4 3 9 7



IRPA Regional Symposium
Radiation Protection in Neighbouring Countries of Central Europe. Prague. 8-12 September 1997

MANAGING OF RADIOACTIVE WASTES INCLUDING VARIOUS
CONTAMINATED MATERIALS FROM APPLICATION OF RADIONUCLIDES

IN MEDICINE, INDUSTRY AND RESEARCH IN THE CZECH REPUBLIC
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ARAO a.s., Raaiova 1, 10227 Prague 10, Czech Republic CZ9928537

1. Introduction
The company ARAO provides collection and disposal of institutional radioactive wastes1, which in-
clude wastes from applications of radionuclides in various branches of industry, medicine, agriculture
etc., on the territory of the Czech Republic (CR). The effective protection of public and biosphere from
the potential hazards arising from these wastes is the main objective of radioactive wastes manage-
ment. Many investigations and efforts in this field have led to the general agreement that underground
disposal, with the wastes suitably immobilized and isolated, can provide adequate protection for man
and his environment for a sufficiently long period of time.

2. Conditioning and transport of radioactive wastes
Radioactive wastes are transported and disposed of by the ARAO staff. The wastes must be prepared
for transportation and disposal according to the ,,Acceptance Criteria for Radioactive Wastes" en-
dorsed by the State Office for Nuclear Safety.

The present acceptance criteria define technical requirements for waste conditioning and organizational
and legislative relations between ARAO and the institutions producing radioactive wastes. The docu-
ment defines the classification and characterization of wastes, the methods of their treatment, condi-
tioning, and preparation for transport and disposal, duties and responsibilities of the waste producers
and ARAO, and general and legislative regulations.

At present, the double-conditioning with concrete is the principal requirement. In the first step the
wastes, packed usually in plastic bags, are put in a 100-litre inner barrel and fixed with concrete. Soft
solid wastes are pressed in 100-litre barrels prior to cementation. Then the inner 1 OO-litre barrel with
the fixed wastes is placed into a 200-litre external barrel which is provided with a 5-cm thick concrete
layer at its bottom. The free space between the two barrels is filled with 5 cm of concrete. The barrels
are made of steel plated from both sides with a zinc layer and sealed with a hermetic lid. The surface of
barrels is painted with bitumen after 14 days of concrete hardening. Wastes in the inner barrel should
be distributed and provided with shielding so that at a distance of 5 cm from the surface of the external
barrel, the dose rate equivalent would not exceed 1 mSv/h. The contamination on the surface of the
external barrel should not exceed 3 kBq/m2 for natural and alpha-toxic radionuclides, 300 kBq/m2 for
explicitly specified low-toxic radionuclides and 30 kBq/m2 for other radionuclides.

Liquid wastes, that cannot be easily solidified, are transported in a special tank to a treatment facility
for evaporation and fixation of concentrates in cement in 200-litre drums.

Organic solutions, especially those containing 14C and 3H, are fixed in cement containing synthetic
resin VAPEX to absorb organic compounds.

Special attention must be paid to biological radioactive wastes. They are incinerated and the ash is
fixed in cement. When this procedure is not possible, they are treated for 30 days in formaldehyde, put
into plastic bags with chlorinated lime and fixed with concrete in steel barrels.

The handling of spent radiation sources used in various applications, e.g., in oncology, industrial
gauges, well logging, fire detection devices, etc. is another special problem. These sources contain
mostly 60Co, I37Cs, 241Am, 226Ra. In CR a special system of safety supervision on the movement of
these sources was adopted. Each organization intending to use sealed radioactive sources must obtain a
license to be issued by the State Office for Nuclear Safety. Each sealed source is provided with a cer-
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tificate of the producer. This certificate is transferred to ARAO together with each discarded spent ra-
diation source sent for disposal. After the activity has decreased below the given level, radiotherapeuti-
cal Co sources are reused for other purposes, e.g., in technological irradiators , etc. For such radiation
sources, a special tube bunker was built in one of the chambers of the repository Richard. Radiation
sources destined for ultimate disposal are fixed with their shielding containers in concrete in 100-litre
barrels. If necessary, barytconcrete, instead of normal concrete, could be used in order to reduce the
dose rate on the surface. Then the 100-litre barrels are placed in 200-litre barrels and the space between
their walls is filled with concrete or barytconcrete. The barrels containing spent source with artificial
radionuclides, such as 60Co, 137Cs, 239Pu, 241Am, 85Kr, and others, are disposed of in the repository
Richard and the barrels containing sources with natural radionuclides, such as 226Ra, 210Po, etc., are
disposed of in the repository Bratrstvi.

At the present time a new type of radioactive waste from industry is growing up. This is the contami-
nated steel by Co. This waste cannot be packed in the normal way in 200 1 drums because its volume
and weight is rather high (several tons) and therefore this waste is with permission of State Office for
Nuclear Safety stored in the repository Richard as steel parts covered with plastic folios.

Up to the present time about 4.1016 Bq of sealed sources have been disposed of.

A special truck is used for transport of conditioned wastes. Liquid wastes are transported in a special
tank for liquids.

3. Characterization of the repositories

3.1. The repository Hostim
The repository Hostim was established and put into operation in 1959. Building of this repository and
the beginning of the waste-disposal services was initiated by the government. The repository is situated
in the galleries of the abandoned limestone mine. The repository was closed in 1965 by the decision of
the local Hygiene Office of the Central Bohemia Region. Before the repository was closed, the con-
tainers (barrels, packages) with higher activities were transferred to the repository Richard.

The characteristics of the repository Hostim (gallery B) are as follows:
- the waste volume in gallery B: 110 m3

- number of packages: 2000, and some unpacked wastes
- total remaining activity: 0.1 TBq
- predominant radionuclides: 3H, 14C, 60Co, 90Sr, 137Cs
- the total volume of the gallery B: 1200 m3

Similar data on the disposed activity are valid also for the gallery A. The total volume of this gallery is
about 400 m3.

This repository constitutes no real danger to the environment. This conclusion was verified by on site
monitoring system. The proposal of the final solution of the repository Hostim assumes that the re-
maining wastes will be left in place.

After all these activities are finished, the entire volume of the repository will be filled with inert mate-
rial consisting of clay and cement and the repository will be sealed. A detail study evaluating the pres-
ent state and final solution of this repository was worked out. The final sealing should take place till
the end of 1997.

3.2. Repository Richard, Litomerice
The repository Richard2 near Litomefice has been in operation since 1964. It was built as a relatively
large-capacity repository for low and intermediate level radioactive wastes and spent sealed sources in
the area of the abandoned limestone mine Richard II. During World War II, an underground factory
working for military purposes was situated in this mine. The cost for the adaptation amounted to more
than 10 mil. Czech Crowns. However, only a part of the mine Richard II was used as repository. Up to
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the present time the total volume of the disposed radioactive wastes amounts to about 2700 m3. The
underground water level is approximately 50 m below the disposal modules in a sandstone layer and
the repository is continuously monitored for possible contamination of water, land, and air.

The repository Richard II accepts only wastes with artificial radionuclides. Its total volume capacity is
16 684 m3. Out of this figure 8 612 m3 is the volume available for disposal and 8 072 m3 is used for
communications (gangways and corridors). By 1996 about 5 200 m3 were filled with wastes so that
about 2 800 m3 still remain free for disposal. As the filling factor is about 40%, about 1 1320 m3 re-
main still free for emplacement of future packed wastes.

The total disposed activity is estimated in the range of 1016 Bq. Out of this amount about 31% of the
activity is 90Sr, about 31% 241Am, 30% 60Co, 3% !4C, 2% 3H, 1% 137Cs, the rest being small amounts
of 239Pu, 204Tl, 36C1, 75 Se, 57Co, 85Kr, 144Ce, 22Na, 133Ba, 88Y, 54Mn, 45Ca, 55Fe, 65Zn, 238Pu5

 109Cd,
134Cs. About 95% of the total activity is in the form of sealed sources.

From the remaining unsealed sources 96% of the activity is 3H, 1.7% 137Cs, 1.4% 14C, 0.7% 239Pu,
0.6% !44Ce, 0.3% 60Co, and 0.2% 241Am.

From these figures it is evident that tritium is one of the most important radionuclides from the point of
view of radiation hygiene, especially because of its volatility and difficulty with immobilization. Other
critical nuclides are 241Am, 239Pu, 137Co, 14C and 90Sr.

A detailed safety study has been worked out that is being used for the enhancement of radiation safety
of the radioactive wastes disposal in this site.

3.3. The repository Bratrstvi, Jachymov
The repository Bratrstvi near Jachymov was built in the gallery of an abandoned uranium mine with
five chambers for disposal. It is appointed for wastes containing natural radionuclides, predominantly
226Ra, 210Po, 210Pb, and the uranium and thorium isotopes. The wastes also contain spent sealed sources
and neutron sources, mostly with 226Ra and 210Po. The main reason for the separation of these wastes
from other wastes is the radon emanation (see also the other paper in these Proceedings3) that would
cause safety problems in the repository Richard.

The cost of the basic adaptation of the former uranium mine amounted to about 1.2 million Czech
Crowns. The repository had been in operation since 1974.

The characteristics of the repository are as follows:
- the volume of disposed wastes is about 250 m3

- the free capacity is still about 40 m3

- the repository will be completely filled in several years
- the disposed activities are: about 1012 Bq of 226Ra, 109 Bq of 232Th and about 109 Bq of other ra-

dionuclides

The possibility of the repository expansion has been rejected by the local authorities for the time being.

The acceptance of the repository is based on the fact that only a small part of the activity that was
originally mined from this locality has been returned to the repository.

4. References
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DISTRIBUTION OF 90Sr AND 134Cs/137Cs IN SOIL AFTER CHERNOBYL
ACCIDENT IN SLOVENIA

P. Jovanovic" and B. Berkopec CZ9928538

Institute of Occupational Safety, SI-6100 Ljubljana, Bohoriceva 22, Slovenia

1. Introduction

Within the permanent radioactivity monitoring of human environment in the Republic of Slovenia, ac-
tivity concentration measurements of radionuclides in samples of air, atmospheric precipitations, soil,
drinking water, food and fodder are carried out. This article presents only the results of activity con-
centration of radionuclides in Slovenia after Chernobyl accident in the period from 1986 to 1996 in
soil. Others are presented in articles (1,2). During the first month after the nuclear accident in Cherno-
byl, the ratio between 137Cs and 134Cs was 2:1 and between 89Sr and 90Sr 6:1. The highest values of
137Cs and 90Sr were measured in Kobarid (the mountain region) about 40 kBq/m2 and 700 Bq/m2, in
Ljubljana about 30 kBq/m2 and 130 Bq/m2 and in Murska Sobota 6 kBq/m2 and 200 Bq/m2 respec-
tively.

2. Methods of determination

Samples of soil were taken from uncultivated fields from 1-5 cm, 5-10 cm and 10-15 cm depth twice a
year (April and October). The sampling technique has changed in 1992 from spade digging sampling
to a sampling tube. At spade digging method, a small trench was dug and than samples were taken
from the exposed vertical wall. The sampling tube has a defined surface and can be inserted to a de-
fined depth.

Sampling field is latticed into 16 sectors lm square (3). One sample is taken from each of them. Loca-
tions were due to purposes of national monitoring chosen in two different locations in different parts of
Slovenia. Locations have different meteorological conditions. Average annual fall outs in Murska
Sobota (800 mm/year) are approximately one third of those in Kobarid (2500 mm/year). Ljubljana has
an average annual fall out 1200 mm/year.

Before analysis samples are cleaned - roots, herbs, rocks are taken out. The rest is dried at 50 °C,
grinded, sifted through 2 mm sieve and weighted.

Samples were placed in cylindrical vessels and stay three weeks to reach radioactive equilibrium be-
tween 26Ra and his daughters. Then we used gamma spectroscopy with high purity Ge detector and
analysed gamma emitters.

The soluble part of 90Sr is extracted from the samples with 10% solution of CH3COONH4 in the pres-
ence of a strontium carrier (4). Calcium and strontium are then concentrated by precipitation as car-
bonate. The carbonates are ignited and the residue is dissolved in cone. acid. Residual iron and alumi-
num are removed as hydroxides. Calcium and strontium are precipitated as carbonates.

The strontium is separated from calcium by successive precipitation as nitrate by fuming nitric acid and
purified by two barium chromate scavenges and an iron hydroxide scavenge. A yttrium carrier is added
and after three weeks separated, mounted and counted in Low level background cc,p\ counter
(Tracerlab CE14 or Berthold LB770).

3. Results

Measurement results of 90Sr, 134Cs and 137Cs are presented in Tables 1,2 and in Figures 1,2,3,4. As we
can see, the soil contamination with 90Sr is in Kobarid twice higher than in Ljubljana. The difference
between concentrations of 90Sr in all three layers in Ljubljana is smaller than in Kobarid. Contamina-
tion of soil with 137Cs is about one third higher in Kobarid than in Ljubljana.
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Table 1. Soil surface activity of Cs-134/137 and Sr-90 from 1987 to 1996 (Ljubljana)

Year
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996

Cs
0-5 cm
7800
2000
1590
1500
1200
610
550
200
200
140

- 134 (Bq/m2)
5-10 cm 10-15 cm
830
450
710
650
1000
280
220
200
180
90

250
120
100
500
400
410
140
76
63
40

Cs-
0-5 cm
27000
9000
11500
12000
11000
10000
11000
7400
9800
6800

137(Bq/m
5-10 cm
4100
3100
5500
6000
12000
6200
5600
6000
7900
6700

2)
10-15 cm
950
810
800
3700
4000
4400
3600
3300
3600
3200

Sr
0-5 cm
110
110
85
140
87
110
120
64
65
50

- 90 (Bq/m
5-10 cm
270
120
95
94
91
79
120
67
91
67

2)
10-15 cm
110
90
88
120
120
110
130
65
47
52

Figure 1. Soil surface activity of Cs-137 in Ljubljana from 1987 to 1996
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Figure 2. Soil surface activity of Sr-90 in Ljubljana from 1987 to 1996
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Table 2. Soil surface activity of Cs-134/137 and Sr-90 from 1987 to 1996 (Kobarid)

Year
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996

Cs
0-5 cm
9000
1600
2200
1700
1500
890
780
360
170
130

- 134(Bq/m
5-10 cm
1200
750
780
620
600
430
360
160
130
90

2)
10-15 cm
390
220
235
350 .
250
120
150
90
55
65

Cs
0-5 cm
32000
6600
14000
14000
14000
11000
15000
11000
11000
8400

-137 (Bq/m2)
5-10 cm 10-15 cm
6600
3700
5400
5700
7000
8700
10000
5500
7400
6200

2800
2100
2000
4000
4200
2500
3300
3000
3200
3400

Sr
0-5 cm
520
410
400
380
230
160
310
290
280
125

- 90 (Bq/m2

5-10 cm
370
300
370
430
370
290
200
210
110
140

)
10-15 cm
240
170
280
240
270
180
180
120
100
130

Figure 3. Soil surface activity of Cs-137 in Kobarid from 1987 to 1996
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Figure 4. Soil surface activity of Sr-90 in Kobarid from 1987 to 1996
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4. Conclusions

Presented results are from two different meteorological regions of Slovenia. Kobarid is in the mountain
region and on average has about twice times more fall out than Ljubljana. That why average deposition
of radionuclides has approximately the same ratio. All the curves in Figures 1 to 4 shows decrease of
the radionuclides concentrations due to radioactive decay. The moving trends between the layers are
also recognizable due to washing out. The concentrations of radionuclides in the second layer are in-
creasing.

All the results can be discussed only as orientation. Samples are taken only twice a year and the results,
of two samples taken from the same location, differs. An explanation for this is in homogeneity of
contamination and sample manipulation before instrument measurement which can produce consider-
able errors.
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RADIONUCLIDES IN RIVERS AND SEDIMENTS IN SLOVENIA

P. Jovanovic and B. Kuhar
_CZ9928539

Institute of Occupational Safety, SI-6100 Ljubljana, Bohoriceva 22, Slovenia

1. Introduction

Concentrations of natural and artificial gamma emitting radionuclides in rivers and sediments have
been investigated. The goal of the investigations was to find if it is necessary to include more meas-
urements in national survey program. By our regulations the effective dose from intake of radionu-
clides in drinking water must not exceed 0.5 mSv/year.

Measurements of concentrations of natural radionuclides in water in different countries (1,2,3) show
differences between concentrations in rivers, underground water and drinking water especially in min-
eral water.

Concentrations of U in drinking water ranging between 0.1-50 Bq/m3 and in underground water 4
times higher. Measurements of 226Ra in rivers showed very low concentrations, only few Bq/m3, but
concentration in underground and mineral water reached also 200 Bq/m3. Concentrations of 210Pb were
low, few Bq/m3 (4). Concentrations of 228Ra were in the same range like concentrations of 226Ra.

2. Methodology

25 1 of not filtered water samples in two legs and seven rivers and 0.5 kg of sediment samples in seven
rivers were taken and dried at 60 °C and at 110 °C, respectively. Dry water samples were placed in cir-
cle aluminium planchet with diameter 2.5 cm, dry sediment samples were weighed and placed in plas-
tic cylinders 6 cm in diameter and 2 cm high. Both type of samples were aged three weeks and pre-
pared for gamma spectroscopy with high purity Ge detector to reach radioactive equilibrium between
226Ra,214Biand2l4Pb.

Specific activity of 238U was determined by two gamma lines of 234Th (we suppose radioactive equilib-
rium between 238U and 234Th), 63.3 keV and 92.6 keV. Concentration of 238U in water samples was
determined also by activation analysis, because by specific activities lower than 10 Bq/1 the accuracy of
gamma spectroscopy was not good. Specific activity of 226Ra was determined by gamma line on
186 keV and by gamma lines of 214Pb and 214Bi, 295.2 keV, 352 keV and 609.4 keV. Concentrations of
2I0Pb, 40K, 7Be and l37Cs were determined by there lines 46.4 keV, 1460.8 keV, 477.6 keV and
661.6 keV, respectively.

3. Results

Specific activities of radionuclides in samples of sediments are presented on Table 1. Specific activi-
ties of natural radionuclides like 238U, 226Ra, 210Pb, 232Th and 228Th ranging from 19-35 Bq/kg, ex-
cept for 40K, where specific activities ranging from 200 - 410 Bq/kg. Specific activities of 137Cs from
Chernobyl accident were in range from 1.2 - 8.2 Bq/kg. In two samples also 134Cs was determined
(around 0.1 Bq/kg).

Concentrations of radionuclides in rivers are presented in Table 2. Concentrations of U and Ra
ranging from 5 - 2 0 Bq/m3. Higher concentrations of uranium in water caused by rainfall in time of
sampling and together with water also more sediments were taken. Concentrations of 40K were in range
from 13-75 Bq/m3. In all samples of rivers 7Be was determined. Concentrations were in range from 5
- 42 Bq/m3.

Concentrations of I37Cs ranging from 0.1 - 2.4 Bq/m3. Concentrations of 210Pb ranging from 6 -
43 Bq/m3. The highest values were find in Sava, our largest river, where pollution comes from several
factories along there stream. In water sample from Ljubljanica river 580 Bq/m3 of 131I was determined.
Iodine come from Nuclear Medicine Department of University Clinical Centre from Ljubljana.
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Table 1. Specific activities

Nuclide
2 3«u
2 2 6 Ra
2iopb

Th( 2 2 8 Ra)
228Th
4 G K

7Be
134Cs
137Cs

Sava Zagorje

35 ±6
28 ± 14
26 ±7
17 ±2
14 ±2

200 ±7

2 ±0.2

of natural and

Sava Trbovlje

19±9
21 ±2
15±6
19±3
18±2

240 ±9

2.6 ±0.5

artificial radionuclides in sediments in Bq/kg

Sava Hrastnik

21 ±6
19 ±2
21 ±7
20 ±3
17 ±2

250 ± 12

2.9 ± 0.4

Sora Sk. Loka

28 ±6
24 ±2
20 ±7
28 ±3
25 ±2

410±13
11 ±4

0.07 ±0.05
4 ±0.5

Mura Petanjci

18±7
21 ±2
30 ±6
22 ±2
20 ±2
250 ±8

8.2 ±0.5

Savinja Celje

21 ±8
20 ±2
16±7
23 ±3
20 ±2

340 ± 14

0.1 ±0.06
1.2 ±0.7

Table 2. Concentrations of natural and artificial radionuclides in rivers in Bq/m3

Nuclide

2 3 8U
2 2 6 Ra
2.opb

Th
(228Ra)
228Th
4 0 K

137Cs
7Be
,3,j

2 3 8 U +

Sora
SkLoka

20 ±1
6 ± 2

26 ±10

L 14±8

0.9 ±0.6
10±6

25.7 ± 1

Ljubljanica
Zalog

8 ± 5
5 ± 4

43 ± 10

29 ±18
0.8 ±0.6

16± 1
580 ±45

6 ± 1

Sava Zagorje

16±2
14 ±5
10±7

8 ± 6
4 ± 3

65 ±25
1.6 ±0.8
42 ± 17

16.1 ±1

Sava
Trbovlje

9 ± 7
5 ± 4
8 ± 6

23 ±15
1 ± 0.7
6 ± 3

4.7 ± 0.5

Sava
Hrastnik

6 ± 4
24 ±13

6 ± 5

26 ±15
0.8 ± 0.6
34 ± 11

5.6 ± 0.4

Savinja
Celje

9 ± 7
6 ± 4

34 ± 18

Mura Petanjci

7 ± 5
10 ±6
14 ±9

6 ± 4

75 ±23
2.4 ± 0.9

5.7 ±0.6

*Jozef Stefan Institute, activation analysis

4. Conclusions

Results show necessary to include more measurements in national survey, especially in rivers where
contamination from radioactive isotopes used in nuclear medicine is expected.
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STUDY OF 137Cs AND 90Sr RADIOACTIVITY LEVEL IN GROUND WATER
AND SURFACE WATER IN THE SURROUNDINGS OF ZAGREB

K. Kosutic, Z. Grahek and S. Lulic
_CZ9928540

Rudjer Boskovic Institute, Bijenicka 54, 10000 Zagreb, Croatia

Abstract: The influence of Nuclear Power Plant Krsko on the level of radionuclides 90Sr and I37Cs in
the water of the Sava River and in ground water has been examined in this paper. According to the
measurement results, it can be seen that the normal operation of NPP Krsko does not cause any in-
crease of the above mentioned isotopes. Furthermore, the measurement results have shown that in case
of a larger release, a pollution of ground and drinking water may occur rather soon, which in turn may
threaten the human existence in that specific area for a longer period of time.

1. Introduction
90Sr and l37Cs are radiotoxic long-life isotopes, dangerous for human health. For this reason, the
obligatory control of radioactive strontium and caesium concentrations has been introduced within the
monitoring of environmental radioactivity, particularly within the control of nuclear power plants re-
lease.

The city of Zagreb is situated on the Sava River banks. In the vicinity of the city there are the aquifers
which are exploited for drinking water supplies of its inhabitants.

Nuclear Power Plant Krsko, situated on the Sava River, some 60 km north-west of Zagreb, takes the
river water to be used in its cooling system and releases the water back into the river. Since the waters
of the Sava River are connected with the aquifers, which are exploited for drinking water supplies, it is
necessary to conduct constant monitoring of the radioactivity level in the river and ground waters in
order to estimate the risk to the population.

In this paper the results of 90Sr and l37Cs concentration measurements in surface and ground waters in
the surroundings of Zagreb will be presented, with regard to possible impacts of Nuclear Power Plant
Krsko on the environment, particularly on the population of Zagreb.

2. Methodology

K r § k o a n d I o c a t i o n

LJUBLJANA

The isotopes 90Sr and 137Cs were determined within the
monitoring of Nuclear Power Plant Krsko in the ground g '
water samples taken on the locations Sibice and Medsave,
as well as in the water of the Sava River on the location
Jesenice.

All three locations are situated downstream from NPP
Krsko and were marked on the map shown in Figure 1.

The Sava River water samples are taken continuously, 24
hours a day, throughout the month, in order to obtain a
representative composite sample. Ground water samples
are taken on a monthly basis. The drilling depth on the lo-

v Of)

cations Sibice and Medsave was 10 m. The isotope Sr
1 "3*7

was determined by a standard method (1), and Cs
gamma-spectrometrically in monthly samples. The average mean values were calculated and the results
were presented in tables and graphically.

ZAGREB
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3. Results and discussion

NPP Krsko is situated 60 km north-west of Zagreb, on the Sava River, and was put into operation in
1981.

The riverbed of the Sava River in a broader area of Zagreb is hanging and superficially cut in the wa-
ter-bearing horizon with a high permeability coefficient, so that an intensive infiltration of the river
water into the ground occurs (2). In this area the ground water flow velocity amounts to 36 m/day on
the observed location Sibice and 150 m/day on the location Medsave. These are the average values of
flow velocity and they change with the change of river water levels. These relatively high velocity val-
ues are the consequence of the terrain structure that is largely composed of gravel layers deposited
during previous geological periods. Such velocity values have an impact on the rapid transport of radi-
onuclides into the ground water and, consequently, represent a threat of radiocontamination. However,
one should take into account that the layer composition - that is their sorption properties and the ex-
change capacity of the soil - play a decisive role in the radionuclides transport (3,4,5).

The city of Zagreb is supplied with water from alluvial aquifers of the left and right river bank areas
and the above mentioned impact of the Sava River on ground water represents a high level of risk for
the population supplied with drinking water from such sources.

For that reason the control of the radiocontamination levels in the Sava River and ground water is con-
stantly conducted. Within that procedure the isotopes 90Sr and 137Cs are measured.

The measurement results from 1983 (the start of operation of NPP Krsko) until 1995 on the mentioned
locations are presented in Tables 1 and 2.

The results presented in Table 1 showed that the level of 137Cs in the Sava River water was the highest
in the first couple of years of the NPP Krsko operation after which it declined to the zero level which it
had in 1981. The level of 90Sr was in the range 2-6 Bq/m3 and also reached almost the zero level that
was an average of 3 Bq/m3.

Table 1. The average annual activity values of 90Sr and I37Cs in the Sava River

Y E A R

1983
1985
1986
1989
1991
1993
1995

S A V A R I V E R -
J E S E N I C E / D O L E N J S K E M

90Sr

Bq/m3

3.75 ± 0.50
5.60 ± 2.50
9.44 ± 8.52
3.40 ± 0.65
4.20 ± 1.20
2.80 ± 0.60
2.40 ± 0.40

137Cs

Bq/m3

28.5 ± 14.1
4.9 ± 5.8

36.8 ± 57.3
2.7 ± 2.0
1.4 ± 0.6

< 1
< 1

Furthermore, the results presented in Table 2 showed that until 1986 the isotope 137Cs could not be
90rdetected in the ground water. From 1987 until 1995 its level was very low. The level of Sr was 3-

7 Bq/m3 which was also within the zero level.
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Table 2. The average annual activity values of Sr and Cs in the ground water

Y E A R

1983
1985
1986
1989
1991
1993
1995

6.00
5.74
6.35
5.30
4.60
3.30
3.40

90Sr

±
±
±
±
±
±
±

M E

1.74
0.50
1.58
1.77
1.40
1.30
0.30

D S A

Bq/m3

V E

8.02
3.00

1.56

137Cs

-
-
±
±
<
<
±

5.08
1.76
1
1
0.20

6.44
4.20
4.10
3.60
3.30

90Sr

-
±
±
±
±
±

S I

1.17
1.21
0.50
1.50
1.00

B I C

Bq/m3

E

9

1

137Cs

-
-

0 ±
<
<
<

.4 ±

7.7
1
1
1
0.3

The exceptions were the results for 1986 when the values were increased both in the river water and in
the ground water, as a consequence of the Chernobyl accident. The results are presented in Figures 2.a
and 2.b, where the average monthly values for 1986 are given. It should be pointed out that a detailed
interpretation of the obtained results would require a more thorough knowledge of the hydrogeological
structure and the hydrological situation in the observed period. Generally one can say that the Sava
River has a direct impact on the ground water and that the contamination of the Sava River largely re-
flects on the ground water.

4. Conclusion

The above results show that under the conditions of normal operation the release from NPP Krsko has
an insignificant impact on the ground water and ground layers. However, the Chernobyl accident
showed that in case of a larger emission of radionuclides it would soon come to a large-scale contami-
nation of the ground and drinking water, which would in turn constitute a threat to the entire popula-
tion for a longer period of time.

Fig 2a. The average monthly activity values of Sr and Cs in the Sava River
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Fig 2b. The average monthly activity values of 90Sr and 137Cs in the ground water
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ARTIFICIAL AND NATURAL RADIONUCLIDES IN THE RIVER DANUBE -
ESSENTIALS OF A THREE YEAR INVESTIGATION (1993 -1996)

F.J. Marine A. Ra™ and G. Rezniczek J l 1 1 1 H II 1 1 1
CZ9928541

Austrian Research and Testing Centre Arsenal, Faradaygasse 3, A-1030 Vienna, Austria

1. Introduction

The Danube is the second longest river after the Volga in Europe. It rises in the Black Forest of south-
western Germany and, after a course of 2857 km and a total drainage area of about 817000 km , flows
into the Black Sea (STANCIK, 1988). The Danube has several Alpine tributaries (e.g. Lech, Isar, Inn,
and Enns), which drain from the Central Alps, the northern Limestone Alps and the northern Alpine
foothills. The long-term median of flow rate in Austria is about 1500 m3/s. The upper river has a
maximum discharge in late spring and early summer, owing to the melting snows of the Alps, some-
times causing the Danube to flood severely. Precipitation on its upper course ranges from 1000 to 1500
mm per year.

In the Austrian Danube section, with a length of about 350 km, 8 hydropower plants with a total in-
stalled power of 2000 MW are in operation. These plants split up the river into a cascade of partially
free streaming and reservoir sections with impounding dams. The decreasing flow velocities in the res-
ervoir sections from about 2.5 m/s to 0.3 m/s causing an increase in sedimentation of fine grained sol-
ids.

The average chemical water parameters of the Danube's upper part are: pH: 7 - 8 , electrical conductiv-
ity: 200 - 300 uS/cm, Ca2+: 50 mg/1 (CaCO3 - Ca(HCO3)2 - CO2), NH4

+: 0,4 mg/1, PO4
3": 0.2 mg/1,

NO3': 5 mg/1, AOX: 20 ug/1. The mineralogical main components of the Danube's upper part sedi-
ments are about 44 % clay and mica minerals, 30 % quartz and feldspar, 22 % carbonates and 4 % or-
ganic matter. The grain size of the sediments are distributed at an average into 15 % clay fraction
(< 2 urn), 70 % silt fraction (2 - 63 urn) and 15 % fine sand fraction (63 - 250 um). The high precipi-
tation activity in the Alps, together with the weathering processes in the high mountain, cause a wide
variation (four orders of magnitude) of suspended matter concentration in the Danube and its tributar-
ies.

Fig. 1. Collection of a sediment sample in an Alpine stream The environmental contamination of the
(Obersulzbach, Hohe Tauern, GroBvenediger, 14. 7. hydrosphere in the last decades (atomic
1994) weapon tests, Chernobyl accident) caused

an increase of anthropogenic radioactivity
in the Danube. Several investigations and
long-term routine monitoring on the Da-
nube's radioactive contamination were
done to observe the radioactive radiation
and evaluate dose assessments (e.g.
FRANTZ, 1967; TSCHURLOVITS et
al., 1979; RANK, 1990).

In a three year research study1 the radio-
ecological behaviour of the Austrian part
of the Danube was investigated. Main
objectives of this work were the im-
provement of possibilities for the char-

1 Supported by Verbundgesellschaft and Danube Hydro Austria (coordination Dipl.-Ing. Johannes Riegler)
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acterising of radioactivity concentration, age and origin of m 2> C o l , e c t i o n o f a 2 0 j w a t e r s ,e

sediment particles. Additionally, the effects of hydrologi- d u r i n g a flood p ^ ^ Otten-
cal and ecological parameters on the radioactivity should sheim, 21.7.1993)
be examined.

2. Methods

Water and sediment samples were continuously collected
at three locations of the Austrian part of the Danube (river
km 2146.7; 2094.5; 1949.2). The samples were collected
inside the cooling water circuit (mud deposition tub) of
hydro power plants. The routine sampling concept was
based on a daily removal of 2 litres of water and continu-
ous sedimentation of suspended soil particles in traps. Ad-
ditionally, several water and sediment samples from the
Danube, some tributaries, and flood depositions outside
the rivers were collected during and after flood events in
order to evaluate the influence of flood hydrology on ra-
dioactivity behaviour (Fig. 1, Fig. 2, Fig. 3).

To obtain the suspended material, each water sample of
about 60 1 of volume was treated in a flow-through centri-
fuge (Heraeus Labofuge 15000) for about 3 hours at 10000
rpm. By this procedure, solid particles with a density of 2.6
g/cm3 of grain size (Stake's) diameters > 0.4 \im were
separated from the water samples.

The centrifuged water samples free of suspended solids were evaporated in high volume vacuum rota-
tion flasks (Rotavapor) to generate measurable concentrations of dissolved radionuclides. This proce-
dure took about 24 hours for each 60-litre water sample and produced a residue of about 20 g.

For radiometric analysis of homogenised and dried (105°C) sediment samples low-level gamma-
spectrometry was used. By this method, which was carried out with three low-level Germanium de-
tectors in a specially shielded laboratory, the activity content of the gamma emitting radionuclides in
the samples were analysed. Because of the relatively low radioactivity concentrations long measuring
periods (24 to 72 hours) were necessary

Fig. 3. Collection of a fine sediment sample in a hydro
power plant reservoir with a dredge shovel (Danube,
Austria, 29.6.1994)

The determinations of the grain size dis-
tributions of the sediment samples were
carried out by stepwise wet sieving be-
tween 500 and 40 urn and below 40 um
by a Sedigraph analyser (Micromeritics
5000 ET).

3. Results

In the investigation period (1993 - 1996)
the median activity concentrations in the
Austrian part of the Danube in water (free
of suspended particles) are for Cs-137
about 1.2 mBq/1, for K-40 75 mBq/1, and
for Ra-226 2.0 mBq/1. The median activ-
ity concentrations of K-40 in solid parti-

to obtain reasonable counting statistics
for all the radionuclides of interest.
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cles in the Danube (sediment and suspended matter) is about 600 Bq/kg (dry weight), and of Ra-226
about 50 Bq/kg.

Fig. 4. Activity concentrations of monthly continuously collected fine sediment samples, Danube km 2147
- 1949, Austria (flow rate data: Danube Hydro Austria)

Pb-2i0ex

1993 1994 1995
time

1996

The average Cs-137 activity concentration of sediments decreases from 100 Bq/kg in June 1993 to
70 Bq/kg in June 1996 (Fig. 4). The Cs-137 concentration of suspended matter is about 1.67 times
higher than the Cs-137 concentration of bottom sediments.

Suspended matter and sediments are of high importance for the transport of Pb-210 and Cs-137 and of
less importance for K-40 and U-238 in the Austrian section of the Danube river. On average, 50 % of
K-40, 70 % of Ra-226, and 90 % of Cs-137 are transported with suspended solid particles. During
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flood periods the main part of annual radioactivity budget, which is mainly bound on particles, is
turned over.

The ecological half-life of this general exponential decrease since 1987 (240 Bq/kg) is about 4.5 years.
The fitted values were calculated from the measured values in consideration of the grain size distribu-
tions, the organic matter contents (biological influence), and the activities of natural radionuclides
(geochemical origin) of the sediment samples, and the general long-term decrease of Cs-137 in Danube
soil particles (MARINGER & JACHS, 1996). Therefore the great influence of the grain size distribu-
tion on the activity concentration is almost eliminated.

The average Pb-210 excess activity concentration (Pb-210ex) of Danube sediments is about 17 Bq/kg
(Fig. 4). As for Cs-137 the Pb-210ex concentration of sediments decreases in periods with higher pre-
cipitation and flow rates.

In Fig. 5 the monthly frequency distributions of the relative deviations of the fitted Cs-137 and
Pb-210ex values of Danube sediments
(investigation period 1989 to 1996) - Cs-137t and F'g- 5. Distributions of the deviations of the Cs-137t

and Pb-210exn activity concentrations of
sediment samples from the long-term aver-
age (box: 25 % to 75 % quantiles with me-
dian line; error bars: 10 % and 90 % quan-
tiles)

200

I

m

o
•§
•>

<u

Pb-210exn - are shown. It can obviously be seen
that from May through to September the activity
concentrations are generally lower and from Octo-
ber through to March are generally higher than the
long-term average activity concentrations. This is
due to more intensive weathering processes and
soil erosion in the alpine part of the Danube's
catchment in spring and summer. In the vegetation
period much more soil particles from deeper layers
(with less Pb-210ex and Cs-137 contamination)
come into the runoff than in winter. During the
winter when the soil has frozen only the upper
layer of the ground with a higher amount of fine
grained particles (clay) with higher Pb-210 excess
(atmospheric origin) and Cs-137 concentrations
come into the runoff.

4. Discussion

In the Austrian Danube's section the annual total
radioactivity load (dissolved in water and bound
on suspended particles) in the investigation period
(1993-1996) - calculated from the activity concentrations and the daily suspended matter flux - for
K-40 is about 6 TBq, for Ra-226 0.3 TBq, and for Cs-137 0.5 TBq.

The quantitative consideration of the grain size distribution on the Cs-137 and Pb-210 activity concen-
trations of sediment samples is strongly recommended in regard to the evaluation and interpretation of
activity measuring values. Additionally, the disturbing biological effects and regional (geochemical)
origin on the activity concentrations can be reduced by taking into account the organic matter content
(mass loss at 360°C) and a factor calculated from the activity concentrations of natural radionuclides
(K-40, Ra-226, Ra-228, and U-238).

The Cs-137 and Pb-210ex activities are very strongly and resistantly attached on the clay particles of
suspended matter and sediments. Therefore the Cs-137t approach is a meaningful 'time stamp' for
dating the Danube's sediments. It makes the dating of sediments with a resolution of 1 year and shorter
possible. The determination of the Pb-210exn activity concentrations of Danube sediment enables - like
a 'origin stamp' the distinction between resuspended reservoir sediments and - on the occasion of a
flood event - recently eroded soil particles.

May Jun Jul Aug Sep Oct Nov Dez Jan Feb Mar Apr

month
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INTERCOMPERISON MEASUREMENTS OF MOBILE RADIOLOGICAL
LABOARATORIES - BLED 96

R. Martincic, D. Glavic-Cindro, M. Korun and B. Pucelj CZ9928542

Jozef Stefan Institute, Jamova 39, SI-1000 Ljubljana, Slovenia

1. Introduction

After the reactor accident in Chernobyl the importance of mobile radiological laboratories became evi-
dent and in-situ gamma-spectrometry has become a common method for a rapid detection of radionu-
clides in the environment. Periodical intercomparison exercises of mobile radiological laboratories
have been organized since then by different institutions in European countries in order to improve the
measuring methods and to gain a good basis for quality assurance.

At the 8th Workshop in Prague in 1995 the decision was made that J. Stefan Institute, Ljubljana, Slove-
nia will organize the 1996 Intercomparison Measurements of mobile radiological laboratories. Fol-
lowing this decision the 9th Workshop was held at Bled, Slovenia from September 30 to October 4,
1996. 20 teams from 9 countries registered for the Workshop from which 15 arrived and participated in
workshop. There were altogether 44 participants and two observers.

The goals of 1996 Intercomparison Measurements were to promote the knowledge and experience of
mobile radiological laboratories, to promote cooperation among different institutions in Europe and to
test the ability of the teams to produce results on the spot.

2. Programme of the workshop

The programme of the workshop consisted of field exercises and presentations. Exercises consisted of
dose rate and in-situ gamma spectrometry measurements while during the presentations the Prague-95
intercomparison results, new upgrades of the mobile laboratories and some interesting emergency cases
were reported.

The following six field exercises were prepared and conducted: (i) dose rate measurements during a
helicopter flight over Cs-137 source, (ii) in-situ gamma spectrometry measurements of natural radio-
activity and Chernobyl fallout, (iii) in-situ gamma spectrometry measurement in front of the radioac-
tive waste storage facility, (iv) dose rate measurements at ventilation exhausts of the radioactive waste
storage facility, (v) in-situ gamma spectrometry measurements of a buried source and (vi) search for a
"lost" Co-60 source by mobile radiological laboratories.

3. Results

Only some interesting results are discussed and shown here. The full report on intercomparison meas-
urements can be found in [1].

EXERCISE No. 1: Dose rate measurements during a helicopter flight over Cs-137 source
Figure 1. Results of the dose rate measurements Figure 2. Estimated activity of Cs-137 source. The

during helicopter flights over Cs-137 source correct value is 5.5 GBq
eeo

eoo
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The aim of this exercise was to measure dose rates during the helicopter flight over the source on the
ground and to estimate the activity of the source from the measured data. There were three repeated
flights at 50 km/h and 30 m above the source. 12 teams participated in this exercise. Nine different in-
struments were used for dose rate measurements. Results are shown in Figure 1 and 2. The middle line
represents the average of measured values and the thin lines ±CT. The activity results are around two
times lower then correct value due to the absorption in helicopter bottom, which was not taken into ac-
count.

EXERCISE No.2: In-situ gamma spectrometry measurements of natural radioactivity and
Chernobyl fallout

The goal of the exercise was to measure concentrations of natural radionuclides and Cs-137 in soil by
in-situ gamma spectrometry. 14 teams participated in this exercise. Uniform distribution for natural ra-
dionuclides and surface distribution for Cs-137 was supposed. The results for U-238 and Cs-137 con-
centrations are shown in Figure 3 and Figure 4 respectively.

Figure 3. U-238 concentrations in soil Figure 4. Cs-137 deposition
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The results show that most of the teams are experienced in using in-situ gamma spectrometry method.

In Exercise No.3 in-situ gamma spectrometry was used to identify the sources in waste storage facility.
Fourteen teams took part and all of them identified major isotopes present in depository.

Eleven teams used 6 different instruments to conduct Exercise No.4 - dose-rate measurements 1 m
above ground. In spite those measurements are very basic and of routine nature, results were scattered
by nearly a factor of two. This clearly shows again that in any emergency situation survey meters have
to be checked (calibrated) before use.

EXERCISE No 5: In-situ gamma spectrometry measurements of a buried source

Figure 5. Estimated depth at which Zn-65 source Figure 6. Measured activity of Zn-65 source. Cor-
was buried. Correct value is 47 cm rect value is 22 MBq
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The aim of the exercise was to promote the valley-to-peak method and to encourage the teams to ex-
tract information from the spectra, which is not related to peaks only. A Zn-65 source with 22 MBq
activity was buried 47 cm deep in soil. The task of the teams was to identify the source, to measure the
activity and to estimate the depth of the source in the soil. Ten teams participated in this exercise. The
results are shown in Figures 5 and 6. The middle line represents the average of measured values, the
thin lines ±CT and the thick line the correct value.

EXERCISE No. 6: Search for a "lost" Co-60 source by mobile radiological laboratory

The task was to ,,find" the Co-60 source and to estimate its activity without living the vehicle. Thirteen
teams participated in this exercise. Each team used its own mobile laboratory and instruments by their
choice. Along the predetermined route nine teams measured dose-rate. Four used Nal or Ge detectors
and multichannel analyzers, one in a multichannel scaling mode. The teams had to report position of
the source (position on the road and the distance from the source to the road edge) and its activity. The
results are shown in Figures 7 and 8. On average better results were obtained with dose-rate measure-
ments.

Figure 7. Measured position of the source from the Figure 8. Estimated activity of ,,lost" Co-60
road edge. The correct distance is 10 m source. The correct value is 350 MBq
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4. Conclusions

The workshop showed again that such exercises are needed to improve the response preparedness of
emergency teams and to harmonize different measuring techniques. The knowledge and experience of
teams strengthened. The workshop contributed to better cooperation among different laboratories and it
proved that the results could be produced on the spot, which is of primary importance in radiation
emergencies.

The next 10th Intercomparison Measurements Workshop will be organized in Switzerland in October
1997 by Swiss Federal Office of Public Health.
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ALKALINE EXTRACTION: CAN IT BE USED FOR THE REMOVAL OF 137Cs
FROM SOIL?

G. Nageldinger1, A. Flowers1 and J. Entwistle2 CZ9928543

'School of Applied Physics, 2School of Geography, Kingston University, Penrhyn Road, Kingston upon Thames,
Surrey KT1 2EE, UK

1. Introduction

The management of contaminated territories requires that the migration and fixation mechanisms of
radionuclides in soil are clearly understood. Current understanding suggests that radiocesium is fixed
partly between REC (regular ion exchange complexes) and FES (specific sites in the frayed edges of
clay minerals). Cation exchange processes are used as a model to describe the availability of radionu-
clides in the soil solution . The non-exchangeable fraction is believed to be "fixed" and the exchange-
able fraction available for migration and plant uptake (Cremers et al., 1988; Thiry and Myttenaere,
1993; Andersson and Roed, 1994; Shand et al, 1994). However, this view neglects the presence of hu-
mic substances in the soil by which radionuclides may also become fixed.

Humic substances are defined as a general fraction of naturally occurring, biogenic heterogeneous or-
ganic substances. Based on their solubility in alkali and acid solutions, humic substances are divided
into three major fractions:
(i) Humic acid (HA) fraction: that fraction which is not soluble in water under acid conditions (below

pH2), but becomes soluble at greater pH.
(ii) Fulvic acid (FA) fraction: that fraction which is soluble under all pH conditions,
(iii) Humin: an insoluble fraction which is not soluble in water at any pH values (glossary, Aiken at al.

1985).

It is still not known how humic substances are formed, but it is generally agreed that they originate
from degradation of plant remains and microbial synthesis of new material. A review of mechanisms
by which humification occurs can be found in Hatcher & Spiker, 1988. They group hypotheses for hu-
mification into two contrasting categories. One is the condensation polymerization pathway theory,
which postulates the initial degradation of plant biopolymers to small molecules which then repolym-
erize. The other is the degradative pathway theory which postulates a central core of humic substances,
where increasing degradation leads to a progressive evolution of humin. This then degrades into the
more soluble HA and finally the most soluble fulvic acids representing the most humified fraction of
humic substances. Both theories see humification as a dynamic process with no unique unidirectional
vector. This indicates that the transformation from FA to HA to humin is possible.

The aim of this paper is to show the presence of radiocesium within the HA fraction through a titration
extraction procedure. It is also shown how the alkaline extract might be applied to remove radiocesium
from soil.

2. Materials and methods

In analytical chemistry a titration procedure is applied to determine the amount or concentration of a
substance. The titrant, a solution of known concentration, is added to a solution of unknown concen-
tration until a reaction occurs or is completed. Conductivity and pH value are commonly used parame-
ters to identify the start or completion of the reaction. The required amount of titrant is used as a meas-
ure to determine the unknown concentration.

A titration extraction procedure applied to soil operates in a similar way. An aliquot of soil is sus-
pended in a number of titration extraction solutions of different pH values. After extraction, the liquid
phase is separated from the soil particles through centrifugation and the total amount of extracted ions
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and the final pH value is used as a measure to describe the fixation of extracted ions. The extraction
ratio rext is defined as

_ extraction volume (ml) ...

amount of soil (g)

The total amount of extracted ions also depends on the extraction time, extraction volume and the con-
ditions under which 137Cs has been sorbed (water content in soil, soil batch etc.). In this study, the ex-
traction ratio was 1 ml g-1(50 ml extraction solution on 5 g soil), which is similar to the recommended
extraction ratio used by Tessier et al., (1979) and Rauret et al., (1996). NaOH and HC1 were used as
extraction solutions. The concentration of the NaOH extracts were 1M, 0.5M, 0.25M, ..., 5*10"7M and
for the HC1 extract 12M, 6M, 3M, 1.5M,..., 5*10"6M. After an extraction time of 4 hours the solid
phase was separated from the extract through centrifugation (15 minutes at 4000 rpm) and filtration
through an 0.45 jam filter.

The titration extraction procedure was applied to a silty-clay (based on UK soil classification system)
with 10% Sand (63-2000 jam), 47% Silt (2-63 jam) and 43% Clay (<2 |im), based on hydrogen perox-
ide treated soil (i.e. on an organic-free basis). The organic matter content of 9.32% was determined by
loss-on-ignition at 375 °C. The silty-clay soil was spiked with 137Cs, i.e. 5g of air dried soil was placed
into a beaker and suspended in 20 ml distilled water containing 20 kBq 137Cs. The soil suspension was
air dried for 8 weeks prior to extraction.

3. Results and discussion

The results of the titration extraction are shown in Fig. 1 for silty-clay. About 10-20% of the added
137Cs was found in the 0.25M NaOH extract and about 80-90% in the strong 12M HC1 extract. Only
trace amounts of 137Cs were found between a pH of 1 and 7. This demonstrates the high immobility of

1 1*7

radiocesium over this pH range. The amount of extracted Cs increases above pH of 7, reaching a
maximum at
HA fraction.

maximum at a pH of 12. This increase in the alkaline region suggests the presence of 137Cs within the

Fig. 1. Titration Extraction of a I37Cs spiked silty clay, with an extraction time of 4 hours and an extrac-
tion ratio rM of 10
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This can also be shown through the visible spectroscopy performed on the extracts. Fig. 2. shows the
increased absorbance in the alkaline region. The light absorption of humic substances has been used in
qualitative and quantitative applications and increases with its total carbon content (Schnitzer & Khan,
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1972). Significantly less 137Cs was found in the NaOH extract at concentrations >0.25M and might be
explained through the high NaOH saturation of the extract.

The high molecular weight of humic substances possibly causes rapid saturation of the alkaline extract
and a significant amount of HA is not extracted. To exclude this effect, the same soil was extracted
with an increasing extraction ratio, see Fig. 3. An increasing extraction caused a slight decrease in the
amount of extracted l37Cs for the 0.1M NaOH extract and slight increase for the 12M NaOH extract.

Fig. 3. Impact of extraction ratio rex on the amount of extracted 137Cs for silty clay
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If the alkaline extract is applied to soil as a removal procedure, radiocesium will precipitate with HA
during protonisation. This process can be used to separate a significant amount of radiocesium from
the alkaline extract (Fig.4). To demonstrate this effect 0.1 to 2.0 g of Aldrich HA was placed in 50 ml
centrifugation tubes and dissolved in 40 ml of 0.25 M NaOH solution containing 0.25 kBq ml'1 137Cs
and protonised with 2ml of 12M HCI. The protonised HA fraction was separated from Fulvic Acid
through 15 minutes of centrifugation at 4000 rpm and 10 ml of the Fulvic Acid fraction was used to

1 "XI

determine the amount of precipitated Cs.

Fig. 2. Visible spectrum of extracts Fig. 4. Coprecipitation of Cs during pro-
tonisation of Humic Acid

100

b 80
0 70 f
5 60
"S 50-
1 40
% 30 +
£ 20
°- 10 +

0
0.0 0.5 1.0 1.5 20

(2)

The amount of precipitated 137Cs, mcs-137, can be described with

mCS-137=60%(mHAk)0-2

where mHAis the amount of Aldrich HA Sodium Salt (g) and k a constant of 1 g"1. About 60% of 137Cs
precipitate during protonisation of lg Aldrich HA dissolved in 40ml of 0.1 M NaOH.

4. Conclusions

1. A titration extraction procedure was applied to a silty clay which was spiked with 137Cs. At least
20% of spiked 137Cs silty clay was found to be associated with the HA fraction. This shows that HA
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contributes significantly to 137Cs fixation in soil and radiocesium is not only fixed between REC and
FES. About 85% of 137Cs was found in the 12M HC1 extract.

2. The applied titration extraction procedure is useful to investigate the impact of the soil pH on the
radiocesium mobility. Only trace amounts of 137Cs were found between a pH of 1 and 7. This dem-
onstrates the high immobility of radiocesium over this pH range.

3. If the alkaline digestion is applied to soil for the removal of radiocesium then these can be signifi-
cant separated from the extract by protonisation of the extracted HA.
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REGULATORY CONTROL OF SOLID LOW LEVEL RADIOACTIVE WASTE
DISPOSALS IN THE UK

S. Newstead and P. Schwemlein . CZ9928544__

National Centre for Compliance Assessment, Environment Agency, UK

1. Introduction

IAEA safety standards

The International Atomic Energy Authority specifies the key elements of a national framework for ra-
dioactive waste management in Safety Standard III-S-l: Establishing a National System for Radioactive
Waste Management. Included in this standard is broad guidance on the responsibilities of Member
States for:

• Establishing and implementing a legal framework
• Establishing a regulatory body
• Enforcing compliance with legal requirements
• Implementing the licensing process

UK legislation

The disposal of radioactive waste to the environment is subject to the provisions of the Radioactive
Substances Act 1993 (RSA'93)(I). Although a recent Act its purpose was to consolidate an earlier one,
the Radioactive Substances Act 1960 (RSA'60)(2) with amendments introduced by subsequent legisla-
tion including Part V of the Environmental Protection Act 1990(3). RSA'60 also replaced earlier legis-
lation; the Radioactive Substances Act 1948. There is therefore a long-established legal framework in
the United Kingdom for exercising regulatory control over radioactive wastes.

Authorisation

Limits and conditions on the disposal of radioactive wastes are detailed in site specific Authorization
Certificates. Over 1100 sites in England and Wales are authorized. The majority of these consist of
hospitals, universities and industrial research- or manufacturing centers. The more significant radioac-
tive discharges however are from a relatively small number of sites licensed under the Nuclear Instal-
lations Act 1965^. There are generally referred to as "nuclear sites" and are also authorized under
RSA'93 to discharge radioactive wastes. These nuclear sites include nuclear fuel fabrication and re-
processing plants, nuclear power plants, atomic research establishments and isotope production cen-
ters.

Technical implementation documents

In the case of nuclear sites, requirements for compliance monitoring and environmental monitoring to
be undertaken by the operator are detailed in Technical Implementation Documents. These will typi-
cally define the frequency, locations and methods of sampling, analytical methods and reporting crite-
ria.

2. Regulatory authorities

The Environment Agency

The Environment Agency (the Agency) is responsible for administration and enforcement of RSA'93
in England and Wales. Separate but similar arrangements exist in Scotland and Northern Ireland where
the Scottish Environment Protection Agency (SEPA) and the Environment and Heritage Service are
the respective regulatory authorities.
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The Agency has widespread responsibilities under environment legislation for management and regu-
lation of the water environment, and for controlling industrial pollution and wastes including those
arising from the nuclear industry. Bringing these together in a single national Agency provides the op-
portunity for more coherent and integrated environmental protection, and for a more streamlined serv-
ice to industry and the public.

The Agency is organized into eight directorates reporting through Directors to the Chief Executive.
The Agency's field staff are brigaded into eight Regions within the Operations Directorate. Policy and
technical support is provided by the Environmental Protection Directorate.

Certain specialist activities are concentrated in National Centers. One of these National Centers, the
National Center for Compliance Assessment (NCCA), provides a range of monitoring support to the
field and policy staff and includes managing a comprehensive programme of independent radioactivity
monitoring. This programme allows checks to be made on the results provided by the operators to the
Site Inspectors and also provides independent data on exposure of the public. The results of the radio-
activity monitoring programme are published annually(5). As a part of this programme consignments of
solid, low-level radioactive waste (LLW) destined for land disposal are seized by Agency Inspectors
and sent to the Agency's Waste Quality Checking Laboratory (WQCL).

3. Inspection

Following issue of an authorization an operator's compliance with the limits and conditions is assessed
through regular site inspections, investigation of incidents or complaints and analysis of monitoring
data. The Agency's Pollution Inspectors visit sites to carry out:

• Authorization Related Inspections: To discuss proposed revisions to extant authorizations or
applications for new authorizations

• Reactive Inspections: To investigate reported incidents and complaints
• Compliance Inspections: To carry out routine checks on compliance with authorized limits

and conditions

During 1994/95 a total of 2055 inspections were carried out. A breakdown between nuclear and non-
nuclear sites and inspection types is given in Table 1.

During the course of inspection visits, inspectors will examine processing plant, operating procedures,
maintenance records, discharge/disposal records and monitoring arrangements.

Table 1. Inspection statistics

INSPECTION TYPE
Authorisation Related
Reactive
Compliance
Others
Totals

NUCLEAR SITES
2.3 %
15.8 %
1.1 %
1.9%
21.1 %

NON-NUCLEAR SITES
6.8 %
63.5 %
8.0 %
0.6 %
78. 9 %

4. Waste categories

Solid radioactive waste is classified under the following broad categories, according to its heat-
generating capacity and activity content .

• High Level Waste (HLW) - Wastes in which the temperature may rise significantly as a result
of their radioactivity, so that this factor has to be taken into account in designing storage or
disposal facilities. In practice this is taken to apply to the concentrated solution of fission
products which is produced from the first cycle of the reprocessing process. This waste is be-
ing vitrified for long term storage and subsequent disposal. This vitrified waste is also classi-
fied as HLW.

• Intermediate Level Waste (ILW) - Waste with an activity content exceeding the upper bound
of LLW, but which does not require heat output to be taken into account in the design of stor-
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age or disposal facilities. In practice some ILW will have a significant rate of heat output.
• Low Level Waste (LLW) - Waste containing no more than 12 GBq/te (12 kBq/g) of

beta/gamma emitting isotopes, or 4 GBq/te (4 kBq/g) of alpha emitting isotopes.
• Very Low Level Waste (VLLW) - Waste which can be safely disposed of with ordinary refuse,

each 0.1 m of material containing less than 400 kBq of beta gamma activity, or single items
containing less than 40 kBq of beta gamma activity.

The largest volumes of solid LLW originate from the nuclear fuel cycle plants operated by British Nu-
clear Fuels pic (BNFL), the UK's Magnox, AGR and PWR power stations and the research establish-
ments of the UK Atomic Energy Authority and Ministry of Defense facilities.

5. Disposal routes for low level waste

Local disposal
Several landfill sites receive solid low level radioactive wastes for controlled burial. These are wastes
which can be disposed of safely, with special precautions, at many well operated landfill sites. Gener-
ally disposals are completed on the day the wastes arrive at the site by covering with at least 1.5 m of.
inactive refuse or soil. Limits on the radioactive content ofwastes, the landfill site to be used for dis-
posal and the precautions to be employed when disposing of the wastes are specified in an authoriza-
tion issued to the waste producer. Such authorizations are issued for disposal only to landfill sites with
the necessary characteristics and after consultation with the appropriate public and local bodies.

Drigg
However, the primary disposal route for solid low level waste in the UK is to the repository operated
by British Nuclear Fuels pic (BNFL) at Drigg. This site is located in West Cumbria about 6km south-
east of BNFL's reprocessing facility at Sellafield. The site started operations in 1959. It receives waste
mainly from Sellafield but also from other nuclear and non-nuclear establishments elsewhere in the
UK. The site occupies about 120 hectares (300 acres) close to the Cumbrian coast.

Wastes were historically deposited by tumble tipping into trenches cut into clay to a depth of about
8 meters. This method of disposal ceased in 1994. Suitable wastes, mainly from Sellafield, are now
compacted and placed in ISO-containers in the Waste Monitoring and Compaction facility at Sel-
lafield. After transport to Drigg the wastes are fixed in a concrete grout prior to their orderly emplace-
ment in a concrete lined vault.

The majority of waste disposed of at Drigg typically comprises discarded protective clothing (overalls,
overshoes, gloves, paper hats etc.) and general refuse from areas of low contamination. The waste, ex-
cept that originating from Sellafield itself, is generally accumulated in 200 liters drums and the total
activity of such a drum of uncompacted waste is typically 1 to 2 MBq beta/gamma but can vary be-
tween 1 kBq and 20 MBq due to the inherent inhomogenity of this type of waste. Annual disposal lim-
its and activities actually disposed of during 1995 are detailed below in Table 2.

Table 2. Annual disposal limits and 1995 disposals

Radioactivity

Tritium
Carbon-14
Cobalt-60
Iodine-129
Radium-226 plus Thorium-232
Uranium
Other alpha"
Others'^

Annual disposal limits
TBq

10
0.05

2
0.05
0.03
0.3
0.3
15

Disposals during 1995
TBq % of limit

0.191
0.00735

0.297
0.00169
0.00356
0.0214
0.0836
4.22

1.9
15
15
3.4
12
7.1
28
28

a With half-lives greater than three months
'Other beta emitting radionuclides but including iron-55 and cobalt-60
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Quality management systems

Waste producers are required to have appropriate quality management systems in place to ensure
wastes are produced to specification. These underpin the reliable estimation of waste consignment ac-
tivity contents which are based on the quality control of the waste generating process supplemented as
necessary by waste stream fingerprinting.

6. Inspection of disposal routes

Inspectors visit waste producers, the local landfill sites and BNFL's Drigg site to ensure that disposals
are being made in accordance with authorization conditions and limits. Inspectors focus on:

• Waste producers' quality management systems
• The quality of waste packages. In particular whether containers are correctly identified and of

sound construction and thereby not likely to leak and cause contamination and secondary
waste

• Arrangements for emplacing waste consignments
• Record keeping
• Environmental aspects of the site. In particular monitoring arrangements for the site leachate,

ground water and local watercourses

7. Waste quality checking

In addition to carrying out inspections, inspectors can select waste consignments of LLW for inde-
pendent checking.

The agency's laboratory

The WQCL monitoring facility is located on the Winfrith nuclear licensed site operated by the
UKAEA. This provides facilities for consignments of radioactive waste to be received at the laboratory
and secondary waste arisings to be disposed of via site services. The laboratory also makes use of other
site services such as security. The facility is housed in part of a large building, once used for an ex-
perimental reactor, and consists of a suite of offices, laboratories, a workshop and waste receipt and
storage areas.

Waste consignments can be transported to the laboratory in a variety of containers, these include full
height and half height ISO freight containers, individual drums and loose or packaged waste in skips.
Following acceptance of the waste at Winfrith and receipt of the consignment at the WQCL, the trans-
port container is moved to a suitable area for unloading. For most consignments this takes place at the
WQCL waste receipt area, where the container undergoes a series of checks prior to opening and un-
loading. These are described in more detail under non-destructive testing. For drummed waste received
in ISO freight containers the drums are unloaded and stored in this area. For loose or packaged waste
received in skips, a tented enclosure can be erected for repacking the waste into drums in preparation
for non-destructive testing.

In addition to the waste receipt area the ground floor of the facility also houses the gamma spectrome-
try laboratories and a permanent, shielded X-radiography facility. The upper level of the facility com-
prises office accommodation and a suite of radiochemistry laboratories where the destructive testing
and waste sampling is performed.

The main task for the laboratory is the routine quality checking of solid low level radioactive waste
consigned for disposals in England and Wales in support of the Agency's regulatory work. Waste gen-
erators are increasingly using compaction and there are also some sites which utilize super-compaction.
Agency Inspectors seize waste for independent checking before it has been super-compacted. The ma-
jority of consignments selected have been taken after they have been delivered to the Drigg site but as
some waste may be compacted prior to delivery, consignments are also seized before dispatch to Drigg.
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Accreditation

All the quality checking operations undertaken at the laboratory are carried out within a quality assur-
ance system which was developed to ensure that all the work is performed to recognized and accept-
able standards. All of the key test methods are accredited by the National Measurement and Accredita-
tion Service (NAMAS) as part of the UK Accreditations Service (UKAS) . Formal accreditation
provides assurance that the measurements made on the waste are accurate and traceable to national and
international standards.

Non-destructive testing

After the completion of the receipt procedures, the waste consignment is opened and the contents un-
loaded. For drummed waste received in ISO containers the drums are unloaded directly into the waste
receipt area of the laboratory and are logged into the QA system. Non-destructive testing is carried out
on the whole of the waste consignment and involves two tests: X-radiography and Segmented Gamma
Scanning (SGS).

Firstly each drum is X-radiographed to determine its contents. A total of nine X-radiographs are taken
with three equally spaced around the circumference of the drum and at three equally spaced positions
down the height of the drum . Following processing, each X-radiograph is examined by trained staff to
determine the contents of the drum. This is important for the identification of prohibited items as de-
fined in Authorization Certificates and the BNFL's Conditions of Acceptance for wastes for disposal at
Drigg. The identity of any drum containing non-permitted items is noted for opening and more detailed
examination and any non-permitted items found are removed from the waste.

The most important non-destructive technique used in waste quality checking is Segmented Gamma
Scanning (SGS) . Using this technique the gamma emitting radioisotopes within each drum can be
identified and quantified. Each drum is placed in turn on a turntable within the instrument which al-
lows the radioactivity within defined segments of the drum to be determined. Up to 40 segments can be
defined within a single drum.

The total radioactivity within the drum is then calculated by adding the results from each segment. A
correction for the attenuating effect of the drums waste content is made by use of an external gamma
emitting transmission source. The instrument is routinely calibrated and checked using reference radio-
active sources traceable to national standards.

The wide range of waste material densities together with the large number of gamma emitting radioi-
sotopes found in LLW can give rise to significant uncertainties in the radioactivities determined by the
SGS. In an effort to reduce these uncertainties and achieve NAMAS accreditation for SGS measure-
ments, an extensive research programme has been undertaken. Experimental measurements have been
made using known reference sources with a wide range of gamma ray energies placed at different po-
sitions with a series of drums which have been filled with materials of differing densities. Analysis of
the data collected from these experiments has enabled the laboratory to identify areas where improve-
ments can be made. On completion of the non-destructive testing campaign the gamma emitting radioi-
sotopes identified are listed and the total gamma emitting radioactivity for the waste consignment is
calculated for comparison with the waste producer's declaration.

Destructive testing

In order to determine the alpha and beta emitting radioisotopes within a consignment of LLW, destruc-
tive testing must be performed on a representative portion of it. In general approximately 5 % of the
packages or drums within a consignment are analyzed destructively for radiochemical content. Repre-
sentative sub-samples are then taken and transferred to a fumehood for radiochemical analysis.

Destructive testing begins with the preparation of an aqueous solution of the solid sample taken from
the waste. This can be accomplished in a variety of ways depending on the type of waste material
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found. Methods such as acid dissolution, fusion, digestion or leaching, are commonly used, the princi-
pal objective being the extraction Of all the radioactive species into solution. Once the primary solution
has been prepared, aliquots are first taken for the determination of total alpha, total beta, total and indi-
vidual gamma emitting radioisotopes.

In addition to total alpha, beta and gamma analytical techniques, the laboratory has a number of other
specific radioisotopic methods which can be used for destructive testing.

The determination of specific radioisotopes by destructive testing first requires radiochemical separa-
tion from the other species found in the primary sample solution. The method adopted will depend on
the chemistry of the element being isolated and may involve solvent extraction, distillation or ion ex-
change. The laboratory has analysis methods for most of the radioisotopes commonly found in low
level radioactive waste. To ensure that the methods used and the results obtained from destructive
testing are acceptable the laboratory participates in regular inter-laboratory comparison exercises.

8. Reporting and application of results

All the results produced by the laboratory from quality checking operations on waste consignments are
reported to the Agency. Written reports are produced on the finding of the non-destructive and de-
structive testing campaigns, these are then forwarded to the Agency for review.

Some typical results obtained from the quality checking of a waste consignment are shown in Table 3.
The tables compare the results obtained by NDT and DT for 4 different drums taken from 3 separate
waste streams within a single waste consignment. It can be seen that in general there is very good
agreement between the two techniques.

Table 3. Comparison of activity determinations by different methods

Waste Stream 1, Drum 080201

Radioisotope

Mn-54
Co-60
Zn-65
Cs-137

NDT Results
(kBq/Drum)

12.4 ±5.1
954 ± 90

52.3 ± 22.5
N/D

NDT % of Total

1.2
93.6
5.1
0

DT Results
(kBq/Drum)

2.4 ± 0.4
1005 ±13
12.8 ±1.5
65 ±10

DT% of Total

0.2
92.6
1.2
6

Waste Stream 1, Drum 080223

Radioisotope

Mn-54
Co-60
Zn-65
Cs-134
Cs-137

NDT Results
(kBq/Drum)

1033 ± 322
18910 ±2470

1543 ±498
150 ±68

N/D

NDT % of Total

4.8
87.4
7.1
0.7
0

DT Results
(kBq/Drum)

1600 ±100
26000 ± 300
1900 ±400

128 ± 29
1.9 ±0.2

DT% of Total

5.4
87.7
6.4
0.4
0

Waste Stream 2, Drum 080228

Radioisotope

Mn-54
Co-60
Zn-65
Cs-137
Eu-155

NDT Results
(kBq/Drum)

53.5 ±19.2
2278 ± 226

197 ±63
3.04 ±1.07

N/D

NDT % of Total

2.1
90
7.8
0.1
0

DTResults
(kBq/Drum)

69.8 ± 9.7
2691±24
275 ± 37

0.011 ±0.008
12.6 ± 2.4

DT% of Total

2.3
88.3

9
0

0.4

Waste Stream 3, Drum 080237

Radioisotope

Co-60
Cs-137

NDT Results
(kBq/Drum)

2840 ± 348
56.9 ±12.6

NDT % of Total

98
2

DTResults
(kBq/Drum)

1772 ± 42
82 ± 7

DT% of Total

95.6
4.4
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From the regulatory point of view the results of the checking process may be considered as being in
two distinct categories. Firstly, there are qualitative issues such as whether there was free liquid in the
waste or whether the waste contained other non-permitted items. Secondly, quantitative results can be
compared with the activity as declared by the waste producer. Results reports are always issued to the
relevant Agency Site Inspector who makes the judgement as to what action, if any, should be taken
against the waste producer. Qualitative issues are usually an indication that either the operator's proce-
dures are deficient in some way, or that the procedures have not been complied with. These are con-
crete issues which the Inspector would take up formally with the operator and would ensure by subse-
quent site inspections that adequate corrective actions had been taken. Quantitative issues can be much
more complex, particularly where the results are from destructive testing and analysis. Results from
SGS analyses are not dependent on sampling as all drums in the consignment are analyzed whereas for
chemical analyses a proportion of the drums are selected and a further selection of material within a
drum is sampled. Nevertheless the correlation of total activities calculated by the two methods is gen-
erally much better than might be expected. This increases confidence in the results. If the check analy-
ses indicated that authorized or declared activities had been exceeded further samples or analyses
would be carried out to confirm the results. In all cases the follow up action is taken by the Inspector
for the appropriate site and in severe cases an operator would be liable to prosecution. Independent
monitoring has so far given confidence that operators have taken a responsible and thorough approach
to complying with disposal authorizations. Non-compliances found have been in the nature of qualita-
tive breaches as described above and appropriate corrective actions have been undertaken by operators.

9. European Network activities

Since October 1992 the laboratory has participated in the European Network of Testing Facilities for
the Quality Checking of Radioactive Waste Packages. This Network was formed to promote co-
operation between laboratories within the European Union who are involved in quality checking ac-
tivities. The countries represented in this network are: Belgium, Germany, France, Spain, Italy, The
Netherlands, Austria and The United Kingdom. Each country has laboratory participants and regulatory
observers represented on the Steering Committee and Executive Board of the Network and a number of
working groups have been established to focus on important aspects of quality checking. There are cur-
rently 5 working groups whose remits are: gamma measurements, volatile releases from waste pack-
ages, quality assurance, neutron measurements and destructive testing.

The Steering Committee and Working Groups meet twice a year to discuss technical issues and matters
of mutual interest. The Network is currently involved in jointly submitting a number of research pro-
posals to the European Commission as part of the fourth framework programme on nuclear fission
safety. This research programme attracts joint funding from the European inter-laboratory comparison
test for gamma measurements on 220 liters waste drums. This exercise will have obvious benefits to
the quality assurance of SGS measurements performed at the WQCL. In 1997 two further research
projects on the optimization of gamma assay techniques and the control of alpha emitting radionuclides
in radioactive waste were entered into by the laboratory in conjunction with other European partners.

10. Conclusions

The Environment Agency exercises regulatory control over the discharge and disposal of radioactive
waste under the Radioactive Substances Act 1993. Independent monitoring is a key element of this
control and, in the context of solid LLW, the Waste Quality Checking Laboratory fulfills an important
role. The quality and reliability of the laboratory's work is underpinned by formal accreditation of its
test methods under the UK's National Measurement and Accreditation Service and its participation in
the European Network of Testing Facilities for the Quality Checking of Radioactive Waste Packages.
The results from this work confirm that in general waste consignors have appropriate systems in place
to ensure compliance with authorization requirements. Identification of non-compliances continues to
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be useful feedback to Agency Site Inspectors who use such information for identifying where opera-
tors' procedures and application of procedures can be further improved.
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RADIOLOGICAL EMERGENCY MANAGEMENT IN ITALY
AFTER THE CHERNOBYL ACCIDENT

A. Parisi1, M. Roberti2 and A. Rogani3 ___CZ9928545

National Institute for Prevention and Safety at Work, Via Urbana, 167, 00184 Roma, Italy
Environmental Protection National Agency, Via Vitaliano Brancati,48, 00144 Roma, Italy

3 National Institute of Health, Viale Regina Elena, 299, 00161 Roma, Italy

1. Introduction

In Italy the emergency planning is regulated by the Law Decree n.230, march 1995 (1), where the pro-
cedure for setting the emergency plan is established referring to both accidental events occurring in
Italian nuclear installations and to other types of radiological emergency which can involve the Italian
territory, such as accidents in nuclear plants outside of Italy or aboard nuclear-propelled ships, falling
of satellites using nuclear power units etc.

The protective actions to be taken following an accident in a nuclear plant are set up on the basis of an
analysis of the possible accidents and of the consequences associated with them.

After the Chernobyl accident, the Italian Government decided to shut down nuclear power plants, fol-
lowing the referendum for a nuclear moratorium, and the decommissioning activities started. Four nu-
clear power plants were operational in Italy; only in the Caorso plant the fuel is still present in the core
and in the decay pool, while in the Trino plant it is partially present in the pool. For the remaining
plants (Latina and Garigliano) the fuel has been removed from the plant. Whenever the fuel is still in-
side the core, the reactor is maintained in subcritical conditions; the residual thermal power is carried
away by natural air circulation and dispersion.

In these conditions the possible accidents are linked to moving the fuel, to fires in particular areas of
the plant or to an accidental leak of radioactive liquids. The health impact on the population is limited;
then these types of accidents require only limited emergency measures, such as the control of the envi-
ronmental radioactivity.

For the other types of radiological emergency, which can cause radioactive fallout over vast areas, a
National Emergency Plan has been developed after the Chernobyl accident.

2. National emergency plan

The Italian National Emergency Plan identifies a reference scenario for nation-wide emergency inter-
ventions and the structures (decisional, technical and operational) involved in the radiological emer-
gency. The various aspects of public information are also dealt.

2.1 Reference accident scenario

The Plan considers severe accidents occurring in a foreign nuclear plant near Italian borders (about
150 km from northern border). This category of events is characterised by the fusion of the fuel and the
degradation of the containment system; however it is assumed that human interventions could avoid,
with a large margin of success, the immediate loss of containment.

The release starts 3 hours after the beginning of the accident and lasts 3 hours. For a 1000 MWe light-
water reactor the caesium and iodine release is about 10"3 of the related inventory, corresponding to
about 3000 TBq. It is assumed that atmospheric diffusion conditions are characterised by a wind field
such to cause the radioactive contamination of vast areas of the Italian territory during the first
24 hours after the accident. The air concentration and ground deposition as a function of the distance
from the plant have been calculated by the APOLLO model (Atmospheric POLlutant LOng range
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dispersion). Apollo is a Lagrangian particle model which allows the real-time assessment of the at-
mospheric dispersion on large scale of radioactive material (2,3).

On the basis of the air concentration values evaluated for distances variable from 100 km to 400 km
from the release point the radiological impact of the above-mentioned accident on the Italian popula-
tion has been calculated. In Fig.l the thyroid equivalent dose from inhalation of contaminated air is
reported for different age classes; infants (0-1 y) and children (7-12 y) are the critical groups.

Fig.1 Inhalation thyroid equivalent dose
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The performed dosimetric evaluations show that on the Italian territory the dose reference levels rec-
ommended by International Bodies are not achieved (4). However, the Plan foresees the timely control
of the atmospheric diffusion conditions and the implementation of specific protective measures, such
as the sheltering or the administration of stable iodine, for particular local meteorological conditions.
Regarding the actions aiming to reduce the internal irradiation due to ingestion of contaminated food,
the Plan foresees the increase of the frequency of the measurements performed by the monitoring
network and the implementation of a radiometric survey of the food chain in all the areas through
which the radioactive cloud passed.

2.2 Organization-oriented structures

In Italy the Department of Civil Protection is the competent authority for national emergencies man-
agement; it is supported by the following structures:

- Decisional unit ( Prime Minister assisted by the Operational Committee of Civil Protection and
the Committee for High Risks).

- Technical unit ( Center for Data Elaboration and Evaluation, CEVaD, formed by radioprotection
experts from different national Institutes: National Environmental Protection Agency, Fire Brigade,
National Institute of Health, National Institute for Prevention and Safety at Work and Meteorological
Service).

- Territorial operational unit (Police, Fire Brigade, National Health Service, etc., whose task is im-
plementing the protective interventions adopted by Decisional unit).

- Support unit ( Services of Civil Protection, which have to assure the functionality of Decision-
making bodies and relations with the press).
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The technical structure was set up by the Law Decree n.230 (1); it is activated by the Minister for
Civil Protection in all the situations which require nation-wide actions and its support can also be de-
manded by the Prefect in local radiological emergencies. The tasks of the CEVaD are to estimate the
accident scenario and its evolution, to evaluate the temporal and spatial trend of environmental radio-
activity levels on the basis of radiometric data from monitoring network and to assess the related health
impact. The Center transmits its own technical evaluations to the Decisional unit, in order to allow the
adoption of adequate protective measures.

For a timely and effective intervention a technical Operative Manual (5) has been prearranged by the
members of the Center; it includes:

- procedures for activation;

- standardized experimental methods, both for sampling and measurement;

- list of matrices whose monitoring is considered significant during the different emergency stages
for dosimetric evaluations;

- procedures for data transmission;

- criteria, methodology and parameters for data elaboration and dose calculations;

- Derived Emergency Reference Levels (DERL) for the different protective measures correspond-
ing to Emergency Reference Levels (ERL) recommended by European Union in the early phase after a
nuclear accident (4). In particular, DERLs of time-integrated air concentration and ground contamina-
tion have been tabulated for the lower ERLs for the age classes above-mentioned. Regarding the in-
gestion pathways the maximum permitted levels of radioactive contamination of foodstuffs laid down
by European Commission are adopted (6).

A specific chapter of the Manual deals with the radiological emergency due to falling of nuclear
powered satellites, where the problems regarding the search of radioactive fragments are discussed.

2.3 Public information

The problem of public information is very important for a proper radiological emergency manage-
ment. In the Plan the content of the information, the procedures and the sources of information are de-
fined in a real radiological emergency. The Press Office of Civil Protection Department takes care of
information dissemination by using mainly the national and local radio or television; the radioactive
contamination values measured on the Italian territory are provided to Civil Protection by CEVaD, in
order to avoid contradictory information.

The population actually affected in the event of a radiological emergency will be rapidly and regularly
informed about the characteristics of the radiological emergency, the protection measures to be taken
and the competent authorities in charge of public information.

The general format of information to be provided to the population when a radiological emergency oc-
curs, is prearranged by a Committee formed by 15 experts of radioprotection, civil protection and
mass-media; it was set up by the Law Decree n.230 (1), where the following basic principles are laid
down, complying with the Directive of the Council of the European Communities n. 618/89 (7):

- the information must be given not only during a radiological emergency, but also in a normal
situation to the population likely to be affected in the event. The prior information includes the basic
facts about radioactivity and its effects, the various types of radiological emergency which could in-
volve the Italian territory both at local level and national level, the countermeasures;

- the information must be provided without any request being made and must be available to the
public, then the competent authorities must allow to consult the local or the national emergency plans;
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- adequate information must be given to persons involved in the organization of emergency as-
sistance.

The tasks of the above-mentioned Committee are also to prearrange and update the content of prior in-
formation, to indicate the communications channels and the frequency of information dissemination .

The public information is one of the objectives of the second international nuclear emergency exercise,
INEX 2, organized by OECD Nuclear Energy Agency.

Civil Protection Department and CEVaD took part in the first two Regional exercises of INEX2, per-
formed in 1996 and 1997; the radiometric monitoring network was activated, too. The many aspects of
public information, such as press releases, media interactions and direct contacts with the public, are
exercised.

The lesson learned is that information could be provided very early and repeatedly to be effective,
since ignorance of the facts may produce loss of credibility; then the competent authorities should
open a dedicated communication channel with the media to facilitate the readiness and the complete-
ness of information provided to the public related to the event, and to evaluations, actions and activities
performed. Moreover it is important that in the future along national and international organizations
would develop the facilities (Internet site, videotex, teletex, etc.) and the procedures aimed to give in-
formation.

3. Radiometric monitoring network

Two types of network exist in Italy for the control of radioactivity in the environment and in food on a
national scale: a national network and a regional network.

The national network, mainly directed to evaluate the global impact of all the radiation sources on the
Italian population, consists of some laboratories of the local network, around the nuclear installations,
and of some laboratories in universities and institutes adequately equipped (some tens). The geographi-
cal distribution of the laboratories and the samplings aim at assuring a uniform coverage of the Italian
territory. The National Environmental Protection Agency (ANPA) coordinates the measurements car-
ried out by laboratories, promoting standardization criteria of the measurement techniques, according
to the international recommendations (8).

The regional network consists of 21 reference laboratories for the control of environmental radioactiv-
ity managed by each region or independent province, according to the guidelines set by Ministries of
Health and Environment. These guidelines concern the standardization and the intercalibration of the
experimental methods, both for sampling and measurements, too. An automatic system, inside the
Health Information System, provides the data transmission.

During a radiological emergency the two networks must send the environmental contamination data to
CEVaD; moreover, on the grounds of the situation, the Center can suggest ad hoc operational measures
for the networks.

As regards the system for the monitoring of radionuclides in air in real time, the building up of the first
three stations of the national alarm network for the detection of the radioactivity in air is in progress,
with a view to crossborder nuclear accident scenario. They are placed in Sardinia, Puglia and Friuli;
other four stations will be set up in Piemonte, Emilia Romagna, Sicilia and Rome, at ANPA. These
stations will be connected via computer to a central unit located at ANPA. In the meanwhile 5 labora-
tories (3 in Northern, 1 in Central and 1 in Southern Italy) carry out daily measurements of gamma
spectrometry (1-131, Cs-137) on atmospheric particulate collected on filter over a 24 hours period. The
results are sent daily, by telefax, to ANPA together with gamma spectrometry on weekly collected
sample. The lowest detectable activity is of the order of 10"2 Bq/m3.
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MULTIFRACTAL ANALYSIS OF THE 137Cs - FALLOUT PATTERN IN
AUSTRIA RESULTING FROM THE CHERNOBYL ACCIDENT
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2Division of Radiation Protection, Austrian Research Center Seibersdorf A-2444 Seibersdorf Austria

1. Introduction

Fractal analysis has first been introduced into geostatistics by Lovejoy (1981) when he investigated
cloud and rain area shapes. Since then it has been demonstrated that multifractal analysis can be a use-
fill tool for determining the ability of a monitoring network to actually detect certain fallout phenom-
ena. The result was a correlation (or cluster) dimension of the network of Dn = 1.8 ± 0.2, indicating an
almost 2D homogeneity of the net. Raes et al. (1991) have shown that sub-nets formed by the points of
the basic net with contamination levels above a given threshold C [kBq m"2] can also be described as
fractal systems, with dimensions D(C), forming a multifractal structure up to a level of C=20 kBq m" .
In their work, D(C), also called fractal spectrum, is a monotonously falling function, from D(2) = 1.9 to
D(20) = 1.0, so that for very high thresholds C very low D(C) values can be expected. The
"dimensional resolution problem", as demonstrated by Lovejoy et al. (1986), which would allow the
monitoring network to miss phenomena with fractal dimension D(C) < 2 - £)„, was of no concern in the
case of the German network due to the near homogeneity of the monitoring net. Another indication of
the multifractality of a phenomenon is the hyperbolic frequency distribution of the related field variable
Co (such as the 137Cs contamination), i.e., extreme values have a higher probability of occurrence than
one would expect from normal or lognormal distributions. The lower the "hyperbolic exponent" h, de-
fined by

prob(c > -h 0)
for large Q values, the higher is the probability of occurrence of extreme values c.

2. Results

We investigated the fractal structure of the network of 1881 monitoring points which were used to de-
termine the fallout pattern of 137Cs in Austria. The data are taken from a survey carried out by the Fed-
eral Environment Agency of Austria (FEAA) and the Federal Ministry of Health and combines all
available measurements of 137Cs in soil
made in Austria after the Chernobyl acci- Fig- 1. Probability distribution of 137Cs values using the as-

dent. The geographical information for
each measuring point is defined in Lam-
bert-coordinates (FEAA 1996). Although
the measurements were made at different
times, ranging over a period of a few years,
all contamination values were normalized
to 1 May 1986, considering to the radioac-
tive half life of 137Cs. The hyperbolic ex-
ponent, h, of the probability distribution
prob(c > Co) of the variable 137Cs [kBq m'
2] is around 4.0 (Fig. 1), which is higher
than the values found by Salvadori et al.
(1995). According to eqn (1), this reduces
the probability of occurrence of extremely
contaminated zones in the present study as
compared to their analysis. For the corre-

ymptotic hyperbolic distribution The hyperbolic
exponent h is estimated by the value of the slope
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lation dimension, Dn, the mean number of points, <(n(r))>, of the net within a distance r [km] of a
point (not including the point from which the circle with radius r is drawn), averaged over all points,
was calculated. The correlation dimension was estimated for sub-nets c > Co up to CQ = 100 kBq m"2.
While the correlation dimension of the whole net is D(0) = 1.426 ± 0.022, we found a dimension
D(100 kBq m"2) = 0.706 ± 0.047.

Figure 2 shows the relation between <(n(r))> and r (see eqn (2)) in a double-logarithmic plot. From
this plot the correlation dimensions for
various thresholds can be calculated as the

Fig. 2. Calculation of the fractal dimension Dn of the 137Cs
fallout pattern shown in Fig. 1. Dn decreases with
increasing threshold from 1.426 ± 0.022 to 0.706 ± s l o P e s b ? s l m P l e rcgression- T h e l i n e a n t y
0.047, while rmin decreases with increasing
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V Co> 75 kBq m"2 Dn=0.788±6.027
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of the graphs holds only between certain
limits of r because of the finite and discrete
nature of the set. The corresponding limits
of r are called rmax and rmin, respectively.
The relation between the mean number of
points <(n(r))> and the correlation dimen-
sion Dn is given by

<(n(r)>~rDn (2)

The correlation (cluster) dimension is al-
ways smaller than or equal to the Euclid-
ean dimension of the space in which it is
embedded. The smaller the dimension the
more inhomogenous, sparse or cluster-like
is the object (Raes et al. 1991). The corre-

l09rlkml lation dimension Dn decreases with in-
creasing threshold while rmin decreases with increasing threshold from about 2.5 to 0.25 km. For an ex-
act evaluation of rmin for Co > 100 kBq m~2 we do not have enough data points, however the upper limit
fmax was determined to be 250 km for all Q .
Figure 3 shows the corresponding fractal F J g 3> F r a c t a l s p e c t r u m o f t h e ™Cs deposition density
spectrum. The function D(C) is monoto- measurements in Austria
nously decreasing up to a threshold value C
of about 90 kBq m"2. Deviations from this
behaviour at higher C levels result from the
paucity of points with 137Cs contamination
levels above this value.
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Our analysis suggests that the dimen-
sional resolution problem may indeed be
significant for the Austrian 137Cs monitoring
data set. As 2 - £>„ = 1 - 1.43 = 0.57 = Dcrih

the maximum C value which can be de-
tected reliably with the network, is probably
around 160 kBq m~2; this is the threshold
value CCrit for which D(Ccrn) can be obtained
by linear extrapolation (Fig. 3). In other words, zones with contaminations above around
Ccn /» 150 kBq m"2 are sparse enough to slip undetected through the monitoring network. It must be
mentioned, however, that the monitoring points have been selected to be denser in regions in which
higher contaminations could be expected from related monitoring results (e.g. high rainfall between 27
April and 10 May 1986, dose rate data, milk and grass contamination). In other words, the points of the
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soil monitoring network investigated here are not located randomly with respect to the phenomenon
they are supposed to detect. Therefore, the dimensional resolution problem is probably less significant
than one would expect from the above findings. A problem of spatial resolution which cannot be
solved by fractal analysis, however, is the existence of "hot spots". Such hot spots can be very small
and therefore remain undetected due to the grid distance of the monitoring stations, i. e., not because of
the sparsity of the phenomenon but due to its small spatial extension. For example, in a region of rela-
tively high mean deposition (Weinsberg Forest), with a 137Cs concentration of 53 ± 14 kBq m"2, the
mean size of hot spots with a mean > 100 kBq m"2 (around twice the regional mean) has been esti-
mated to be 440 m2; with a mean > 150 kBq m"2 (around 3 times the regional mean), it is even only
2 m2 (FEAA 1997). Salvadori et al. (1996) derived a hyperbolic exponent of 1.73 for the Austrian 137Cs
deposition listed in the Radioactivity Environmental Monitoring (REM) data base of the Joint Re-
search Centre (JCR), Ispra, Italy, which means a higher probability of extreme values as compared to
our analysis. The reason for this discrepancy might be explained by two factors: the FEAA sampling
net is much more homogenous than the one which the Ispra data set is based on; and, our data set in-
cludes more medium range values, therefore making the frequency distribution appear more normal or
log-normal. It should be noted, however, that their data base contains only 97 monitoring points com-
pared to the 1881 measurements used in our analysis.
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MEASUREMENT OF ACTIVITY OF MUD FROM SPENT FUEL STORAGE
POOL

M.P. Pesic CZ9928547

The Institute of Nuclear Sciences 'Vinca', P. O. Box 522, NET-150, 11001 Belgrade, Yugoslavia

Abstract: Irradiated fuel elements, from the 6.5 MW heavy water research reactor 'RA' in the 'Vinca1

Institute, are stored in a 'Spent Fuel Storage Pool' from 1960 up to now. Last examinations of chemical
and radiological quality of the water show its pure quality and fact that mud is deposited at the stainless
steel walls of the pool. Samples of the water taken from the pool and steel containers with irradiated
fuel were contaminated by Co-60 and Cs-137. In this paper, results of gamma activity analysis of the
mud samples from the storage pool are given. It was shown that the mud is contaminated by Cs-137
and Co-60, suggesting that the 1 mm thick Al cladding of the irradiated fuel elements be penetrated by
corrosion.

1. Introduction

The research reactor 'RA' [1] in the 'Vinca' (former 'Boris Kidric') Institute of nuclear sciences was op-
erated, with few shorter interims, at 6.5 MW from 1959 up to 1984. The 2% enriched U-235 metal
uranium fuel elements (up to 1976) and 80% enriched U-235 uranium dioxide fuel elements (from
1976) manufactured in former Soviet union are used. The reactor is moderated and cooled by heavy
water. Approximately 5000 irradiated 2% enriched fuel elements ('segments') are stored in a 'Spent
Fuel Storage Pool' from 1960 up to now. The 2% enriched fuel irradiation history is given in Table 1
[2].

The fuel element (slug) is an aluminium cladded hollow cylinder. Temporary 'spent fuel storage pool'
consists, actually, of four connected water pools (6 m
deep) and one annex pool connected by water passage
to the nearest pool. To increase the spent fuel storage
capacity, some of the oldest metal uranium fuel ele-
ments have been taken out of the original stainless
steel containers and repacked in 30 sealed aluminium
barrels, each containing 30 aluminium tubes receiving
up to six irradiated fuel elements per a tube. The bar-
rels are filled with demineralised water and placed in

two layers in the annex pool. Cadmium strips were placed in some barrels with aim to provide the nec-
essary subcriticality.

The storage pool is filled with ordinary water. Tap water is poured into the pool sporadically without
any mechanical or chemical purification. Gamma activity of the pool water is measured occasionally
and weak activity of Cs-137 is found in 1976 and attributed to one lost fuel slug into the water slit be-
tween the reactor hall and the storage pool room.

Examination of chemical and radiological quality of the water done in last few years have shown its
pure quality and fact that mud is deposited at the stainless steel walls of the pool. Thickness of the mud
was from few centimeters up to 12 cm at some positions at the bottom of the pool. Samples of the wa-
ter taken from the pool and steel containers with irradiated fuel are measured at the Ge gamma spec-
trometer. High activation of the water samples by Co-60 and Cs-137, taken from the steel containers
with irradiated fuel elements, suggests that 1 mm thick aluminum cladding of the fuel elements is
penetrated by a corrosion process [3].

Table 1. Fuel irradiation history

Burnup
[GWd/t]

0- 2
2 - 5
5 - 8
8-11
>11

Average
bumup
fGWd/tl

1.8
4.6
7.2
9.9

Number of
fuel

elements
100
1729
2300
760
39
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2. Mud sample measurement

Mud samples are made by collecting the deposits (mud) from walls and bottom of the pool. The col-
lected mud is drained from the water and filled in 10 cm3 of volume of the plastic disk shaped boxes.
The thickness of the plastic box wall is 1.45 ± 0.05 mm, while the thickness of the mud wafer in the
box is 10.70 ± 0.05 mm, and diameter of the disk shaped mud sample is 34.50 ± 0.05 mm.

For appropriate energy and efficiency calibration of the Ge gamma spectrometer, the standard volume
gamma sources are produced. These sources are made in the same plastic boxes (as for the mud sam-
ple) filled with high-purity NaCl, MnO2 and KMnO4, and irradiated at well-defined flux position in the
'RB' research reactor [4] at 10 W for 30 min. Determination of activity of these standard volume
gamma sources with maximum uncertainty of 10% is based on well-known intensity of the neutron
flux at the irradiation position in the 'RB' reactor [5], and material (n, y) cross sections taken from the
ENDF/B-VI file, JEF Report-14 [6], TRS-273 [7] and IAEA-TECDOC-619 [8]. The absolute activity
of these standard sources is calculated taking into account the correction for the thermal neutron flux
perturbation caused by the irradiated standard source and the thermal neutron flux depression into the
thick source, as well as the activation product's gamma-ray attenuation into the source medium. Mate-
rial for these standard volume gamma sources is selected according its availability, nuclide abundance,
purity, chemical form and stability, target activation cross-sections, activation products gamma lines
energy ranges (Er up to 3 MeV), activation products disintegration half-time (T1/2) and activation prod-
ucts gamma rays yield (p) data.

Data for gamma lines from these standard volume gamma sources (irradiation's products: Na-24, Cl-38
and Mn-56) with corresponding total uncertainty, including calculated nuclide absolute activity (A) in
these standard volume sources, are given in Table 2. These data are used for energy and efficiency
calibration (in range from 50 keV to 3 MeV) of the Ge detector and associated the MCA with 8K
channel ADC measuring system at few distances of the volume source and for few various orientations
of the source.

Mud samples are measured by the calibrated Ge gamma activation system, mentioned above, at the
pre-calibrated positions and into pre-calibrated sample orientations. As an example, a measured
gamma spectrum from the mud sample at the 5 cm distance from the front-end of the Ge detector, col-
lected for 247100 s is shown at Figure 1. It can be seen that only peaks from gamma-rays attributed to
the Cs-137 and Co-60 exists, beside few gamma peaks from the background spectrum (exp., K-40,
etc.,).

Table 2. Volume gamma source irradiation product nuclide data

Na-24 (Ref. [81)
A = 86.504 ± 4.325 kBq

Tw = 14.956544±0.00408 h
EJkeVI

1368.633±0.006
2754.030±0.014

P [%]
99.9936±0.0095

99.855±0.005

Cl-38 (Ref. T71)
A = 0.201 ±0.010 MBq
T1/7 = 37.18±0.06min

Er[keV]
1642.42
2167.55

P [%]
32.5 ± 0.3
44.0 ±0.1

Mn-56 (Ref. [71)
A =1.749 ±0.087 MBq
T,,, = 2.5785 ± 0.0006 h

Ev[keV]

846.754 ± 0.020
1810.72 ±0.04
2113.05 ±0.04
2522.88 ± 0.06
2657.45 ± 0.05
2959.77 ±0.06
3369.60 ±0.07

P [%]
98.87 ± 0.03

27.2 ± 0.8
14.3 ± 0.4
1.00 ±0.03
0.66 ±0.02
0.31 ±0.01
0.17 ±0.01

3. Results and conclusion

Evaluation of the absolute activity of the mud samples is carried out using APOGEE [9] and GANAAS
[10] computer codes. Well-determined gamma background at the measured location, collected for
163400 s (almost 19 days), is subtracted from the mud sample (foreground) gamma spectrum. Follow-
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ing nuclides average specific activities in the mud samples (average mass: 6.3383 ± 0.0005 g) are
found:

Cs-137: 13.37 kBq/g ± 17.3%
Co-60: 122.67 Bq/g±17.7%

confirming a suspicion that the aluminum cladding of the irradiated fuel elements is damaged by a cor-
rosion process.

Figure 1. Gamma spectrum from the mud sample taken from the spent fuel storage pool
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DETERMINATION OF INVENTORY AND REPACKING OF RADIOACTIVE
WASTE

B. Pucelj, D. Glavic-Cindro, M. Korun and R. Martincic CZ9928548

Jozef Stefan Institute, 1000 Ljubljana, Jamova 39, Slovenia

Abstract: During the decontamination procedure that followed a radiological incident in 1961 at the In-
stitute for Oncology in Ljubljana a large volume of low-activity radwaste was produced. It was stored
in an abandoned military barrack in an uninhabitated place. Although periodic controls did not reveal
any environmental impact, a certain discomfort was felt among nearby population. For this reason the
facility was reopened in 1996, the inventory thoroughly assessed and the waste repacked.

1. Introduction

In June 1961 a radiological incident took place at the Institute for Oncology in Ljubljana. The contents
of a radium needle, containing 370 MBq of 226Ra, contaminated several rooms and corridors at two
floors of the hospital. During the decontamination process 75 drums of radioactive waste were pro-
duced. The drums and some other contaminated items were stored in an abandoned military barrack in
uninhabitated place about 30 km from Ljubljana. The room with radioactive waste was hermetically
closed. The facility was controlled once per year by the Republic Sanitary Inspectorate and the Mobile
Ecological Laboratory. No environmental impact could be detected. Nevertheless, there was discom-
fort in population and rumours aroused that other radwaste had been stored. Additionally, there were
worries about the condition of the waste. For this reason the Agency for Rad-waste Management initi-
ated the project for accessing the inventory and appropriate re-packing of the waste. After a thorough
planning the task was performed in ten days in September 1996 by the Mobile Radiological Labora-
tory. The measurements confirmed the presence of 226Ra of the expected activity; however, 60Co, 137Cs,
and 14C were also discovered. The contents was repacked and moved back to the facility until the final
solution is found.

2. Determination of inventory and re-packing of the waste

All the items were removed from the facility; they were visually inspected, photographed, weighed, the
dose-rates measured and in-situ gamma spectrometry was performed. Some of the drums were found to
be considerably corroded. All the items were repacked in 300 1 drums that were appropriately marked.
All information was documented into details. In-situ gamma spectrometry showed that, besides the ex-
pected 226Ra, some other isotopes (60Co and 137Cs) were present. Portable monitors also revealed the
presence of a pure beta emitter - laboratory analysis showed that it was C.

The activity of the waste was estimated primarily by in-situ gamma spectrometry and additionally from
the dose-rate measurements. In-situ gamma spectrometry was performed for each item at a distance of
two metres. The drums were rotated during the measurement that typically lasted a few minutes. The
activity was estimated assuming a point source in the centre of the drum and the self-absorption was
taken into account.

Additionally, the activities were determined from the dose-rate measurements taken by the Reuter-
Stokes RSS-112 ionization chamber at two meters. The activity was determined by use of relation:

dD Be-*
-— = —j—TA
dt x2

where B denotes the build-up factor due to the scattered gamma rays, x the measuring distance, e"̂ y is
the attenuation of unscattered rays, T the constant relating the dose-rate to the activity of the specific
radionuclide and A the activity of the isotope. In calculations the point source in the centre was as-
sumed; the build-up and self-absorption were neglected - in practice they cancel each other to a signifi-

cant extent.

Session 4 4 4 3



IRPA Regional Symposium
Radiation Protection in Neighbouring Countries of Central Europe. Prague. 8-12 September 1997

The results of the total activity of radwaste are shown in Table 1. The agreement between the two
methods is excellent.

Table 1: Estimation of total activity of radwaste

method

in-situ gamma spectrometry
dose-rate

estimated total activity (MBq)
60Co

16.4 ±0.6
17

l37Cs

22.6 ±0 .3
20

226Ra

463 ± 26
366

3. Radiation protection aspects

A special attention was paid to all aspects of radiation protection of team members as well as of the
environment.

As for protection of the team members the following pathways of exposures were taken into account
- external exposure to gamma rays
- inhalation of radon and its progeny
- inhalation of radioactive dust, containing 210Pb and 226Ra
- skin contamination with dust

Due to the low activity of 226Ra no significant external exposure was expected. The presence of 60Co
and 137Cs of activities comparable to that of radium did not change the situation significantly. All of
the team members wore TLDs and electronic dosemeters were used additionally for continuous moni-
toring. The highest external dose logged during the whole operation amounted to 18 uSv.

Measurement of radon air concentration was performed during the operation. In the closed unventilated
room the concentration of radon was about 30 kBq/m3. During the work the ventilation was operating
continuously and the concentration was kept to about 200-300 Bq/m3.

To prevent inhalation of radioactive dust the workers wore protective masks and aerosols were col-
lected continuously with an air pump. The air concentrations proved to be of the order of tens of
mBq/m3.

The workers wore protective cloths, gloves and shoe covers that were monitored for surface contami-
nation before leaving the contaminated area. Only on a few occasions insignificant levels of contami-
nation were detected. The contaminated items were disposed of as radioactive waste.

For obvious reasons the whole operation was critically observed by the local population and mass me-
dia. Although no environmental impact was expected, great attention was paid to environmental
monitoring. Thus, before the start of the work the dose-rates, radon concentrations were measured
around the facility and in a nearby village and sticky plates were placed at both locations. The same
monitoring procedures were applied during the operation. As expected no environmental impact could
be observed.

4. Conclusions
- The inventory of radioactive waste was determined by use of in-situ gamma spectrometry and by
dose-rate measurements with ionisation chamber. The agreement between both methods was excel-
lent.
- Because of thorough planning, strict control and proper use of protective equipment the radiological
exposure of the team was insignificant.
- As expected the environmental impact proved to be negligible.
- Because of the sensitivity of the operation great attention was paid to public relations. The work was
performed in as open way as possible and mass media were all the time informed about the progress.
Nevertheless it seems that some disbelief and discomfort remained in part of the local population.

444 Session 4



IRPA Regional Symposium
Radiation Protection in Neighbouring Countries of Central Europe, Prague. 8-12 September 1997

THE MEASUREMENT OF Cs-137 IN LATVIAN FOREST LITTER

D.Riekstina and O.Veveris
CZ9928549

Nuclear Research Center, 31 Miera street, Salaspils,LV- 2169, Latvia

Abstract: The investigation evaluates the role of forest growth, in dissipation in the territory the radi-
onuclide Cs-137 accumulating in the soil of Latvia forests after the Chernobyl accident. The compari-
son of the concentration of Cs-137 in the upper layer of the soil was carried out in the pine, spruce and
birch forests, and outside forest territories as well in Rucava (influence zone of the Chernobyl acci-
dent) and in Taurene (nonpolluted zone). Within limits of the same pine forest in Rucava the concen-
tration of Cs-137 fluctuates within limits of 108-724 Bq/kg, in the spruce forest 205-2270 Bq/kg, out-
side forest territory 15-30 Bq/kg. In Taurene the fluctuation of these indices is in the pine forest
42-157 Bq/kg, in the spruce forest - 19-133 Bq/kg, outside forest territory - 3-19 Bq/kg. These data
confirm the great role of the coniferous forests in both the adsorption of Cs-137 from the air, and its
redistribution within borders of the forest.

1. Introduction

The accident of Chernobyl Nuclear Power Plant changed the radiological situation acutely in many
countries. Some countries were touched only a bit, but in others it became a national disaster. Never-
theless in these countries which were subdued to relatively small radioactive pollution it is necessary to
do research work as regard pollution and its influence on the environment.

After the decay of the short- and medium-lived radionuclides, the radioactivity background due to that
is mainly created by radionuclide Cs-137. Without the data about the pollution the knowledge is neces-
sary about its vertical distribution in the soil, its mobility, its ability to accumulate in plants and living
organisms. For our study of the radioactive pollution we chose litter. This choice was made because
the greatest accumulation of the products of nuclear fission from atmosphere is observed in forest /I/.
In their paper the authors 121 explored some Latvian forest reserves and stated that before Chernobyl
accident the concentration of Sr-90 and Cs-137 was between 37 to 370 Bq/kg in the needles of pines
and soil. Partial results (autumn 1991) of a large survey of radioactive contamination in Polish forests,
predominantly coniferous, are presented in the paper 131. In paper /4/ experimental data on the content
of radioactive nuclides of Cs in individual components of Lithuanian pine biogeocenosis after the
Chernobyl accident are presented.

The aim of the study was to obtain data about the migration, accumulation, and distribution of the
Cs-137 contamination in Latvian forest territories. It was important to investigate experimentally:
• the depth of the Cs-137 migration within 8 years after the Chernobyl accident
• the pollution level in specific regions
• whether the pollution level differs depending on various tree stands
• relation between the number of samples analyzed and the level of credibility of the obtained results

(at various levels of probability)

The special attention should be paid to the investigation of the pollution levels in the forest in relation
to various tree stands. The regions with the different level of the radioactive pollution were selected: at
Rucava in South-western Kurzeme which was passed over by the tail of the radioactive cloud of Cher-
nobyl and Taurene in Vidzeme, outside the area influenced by Chernobyl.

2. Materials and methods

The samples were collected in the summer of 1994 and 1995. For the investigation of the accumulation
of Cs-137 in the forest litter the samples of the acknowledged standard size, that is, of 5 cm thick layer
were gathered. The migration of Cs-137 was acquired at various depths (5 levels: from 0 to 25 cm).
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The size of the sample areas was 50x50 m. The samples in both different areas of the investigation
were gathered choosing stands:

• of the similar age, and height, etc
• growing in the similar type of soil
• of the level area

The samples were dried and homogenized in the "runner mill". The measurements of the radioactivity
of Cs-137 were performed, using the semiconductor gamma-spectrometer with 70 cm3 HPGe detector.
The background of the radioactivity was minimized by using the 80 mm thick shield of lead and cop-
per plate. The samples were measured in the Marineli vessel at the top of the detector, the volume of
the sample was 1 liter. The certified standard of Cs-137 with the activity of 1040 Bq was used in the
process. The measurement time was selected for the statistical error of results. It didn't exceeded 3-5%.

3. Results and discussion

Experimentally estimating the migration of Cs-137 in the forest soil up to 25 cm depth, it was estab-
lished that even after 8 years the Chernobyl accident up to 96% of Cs-137 is concentrated in the upper
5 cm layer. It confirms other author's 151 data that 90-95% of Cs-137 is located in the soil in fixed
(insoluble) condition and its migration takes place very slowly.

The results shows that the correlation between the relative quantity of Cs-137 in forest litter and the
relative quantity of needles there is the linear one. It enables us to conclude that in thicker forests more
polluted place with Cs-137 could be found.

In the forests of Taurene (in the nonpolluted zone by the Chernobyl accident) the concentration of
Cs-137 in all forests, regardless of their structure, is significantly higher than in the clearing outside the
forest (Fig. 1).

The mean concentration of Cs-137 of Taurene's forest is 79 Bq/kg; but in volume of soil- 57 Bq/1.
Outside the forest territories they are respectively 9 Bq/kg and 13 Bq/1. The highest variations of
Cs-137 are in the spruce forest - 19-133 Bq/kg; the variations of the concentration of Cs-137 in the
pine and the birch forests does not exceed these limits. Significantly different indices are in the forests
influenced by the Chernobyl accident of Rucava (Fig.l).

Fig.l. Content of Cs-137 in the forest litter, Bq/kg
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The highest content of Cs-137 is established in the spruce forest; the mean values are 813 Bq/kg or
342 Bq/1. There are large differences in Cs-137 concentration in the same forest. The results obtained
in two separate spots within 10 m distance one from another differ more than ten times: 205 and
2268 Bq/kg (Tab. 1).

Table 1. Content of Cs-137 in the forest litter, Bq/kg

Area

Rucava

Taurene

Q(R)/Q(T)

Pine

110-720
446

42-160
97
4.6

Spruce

810-2270
718

19-130
69

10.4

Birch

43-130
69

37-79
48
1.4

Arable land

15-30
23

4-20
9

2.5

A little lower amplitude of the fluctuation occurs in the pine forest: the concentration of Cs-137 in the
samples analyzed are within limits from 108 to 724 Bq/kg. The mean value are 446 Bq/kg or 196 Bq/1,
that is significantly lower than in the spruce forest.

The lowest concentration of Cs-137 is in the birch forest: in average 71 Bq/kg or 79 Bq/1. These indi-
ces do not differ significantly from the indices in the Taurene birch forest that was not influenced by
the Chernobyl accident. It confirms the large abilities of adsorption of the crowns of the coniferous
trees. It is useful to remember that during the Chernobyl accident the birch trees didn't have leaves yet,
therefore their ability of adsorption was low.

In the territories outside the forest near Rucava the content of Cs-137 in the soil is in average 23 Bq/kg
or 31 Bq/1, that is, approximately three times less than the content of radiocaesium in the birch forest,
20 times less than in the pine, and 40 times less than in the spruce forest.

Alongside with the adsorption qualities of the forest these data illustrate also a very important feature
of the method, namely, in order the results obtained could characterize the average level of the pollu-
tion in the chosen forest. The method allows one to compare pollution in different areas. The special
attention should be paid to the number of gathered samples of the soil.

There exists a real probability (approximately 12%) that in the accidentally collected sample of the for-
est soil the concentration of Cs-137 in the nonpolluted pine forest of Taurene could be higher than in
the pine forest of Rucava influenced by the Chernobyl accident.

Taking into account the fact that the radioactive pollution gets into the soil mainly with litters of the
coniferous and foliage trees and in the areas with a larger amount of litter in the upper layer of the soil
is looser than in the areas with the thinner layer of litter, the credibility of the average data in relation to
the chosen measurements Bq/kg or Bq/1 could be questioned.

Our material confirms that in the outside of the forest territories where the coefficient of the variations
of the density of the soil (g/cm3) V is small (7-8%) the fluctuation of quantities of the radioactive Cs-
137 are of the same kind, regardless the use of the measurements either of volume or of weight: in Ru-
cava V is 18% and 21%, in Taurene V is 44% and 45%. The different coefficients of the variations V
are in the forests. For instance, In the spruce forest in Rucava Bq/1 - V=53% and Bq/kg - V=72%.

4. Conclusion

• The pollution of Cs-137 gets into the soil with litters and 95% of the pollution accumulates within
upper layer of 0-5 cm with rather different density, that in our samples fluctuated within limits from
0.328 to 1.308 g/m3.

• The average indices of the radioactive pollution in the pine forest of Rucava are 4.6 time higher than
in the forest of Taurene (446 and 97 Bq/kg); in the spruce forest this difference reaches 11.7 times
(813 and 69 Bq/kg); in outside of the forest territory 2.6 times (23 and 9 Bq/kg). In a view of the
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fact that during the Chernobyl accident, the birch trees were not in leaf yet, the proportion of the soil
pollution in the birch forest is only 1.5.

• Because of the mosaic-like structure of the radioactive pollution of the soil to obtain the average
sample (in our case) confidence level 0.90 in the pine forest the 20 sample taking spots are neces-
sary; in the spruce forest they are 50, in the birch forest and outside of the forest territory - 10 sam-
ple taking spots are necessary.

5. References

1. Aleksakhin R.G., Narishkin M.A. Migration of Radionuclides in Forest Biocenosis. Moscow, 1977
(in Russian).

2. Narishkin M.A., Romanov G.N., Mishenkov N.N., Laivinsh M.J. In: The Environment condition in
the Latvian Preserves, Riga, 51-56,1987 (in Russian).

3. Mietelski J.W., Macharski P., Jasinska M., Broda R. Biological Trace Element Research, 43-45,
715-723, 1994.

4. Styro S., Tamulenaite O., Nedveckaite T., Kurlavicius P. Atmospheric Physics, 16, 109-110,1994.

5. Romanov G.N., Martyushov V.Z., Smirnov E.G., Filatova E.V. Geohimia, 7, 955-962, 1993 (in
Russian).

448 Session 4



IRPA Regional Symposium
Radiation Protection in Neighbouring Countries of Central Europe. Prague. 8-12 September 1997

CONTENT OF 137Cs, 7Be, 210Pb AND 85Kr IN THE AIR OF CZECH REPUBLIC
MEASURED BY RADIATION MONITORING NETWORK
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l
2 - 8
9

NRPI + ID CAS
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IESEE
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NPP Dukovany (in operation)
NPP Temelin (under construction)

National Radiation Protection Institute, Srobdrova48, 10000 Prague, Czech Republic

1. Introduction

Results of the activity concentration of 137Cs, 7Be and 210Pb in aerosols and 85Kr in air measured and
evaluated by the Radiation Monitoring Network of the Czech Republic (RMN) are in the paper. The
RMN of the Czech Republic was established after the Chernobyl accident and it is improved system-
atically all the time. One of its subnet- , m » ^ T . , „ , ^

i 11 ** • n • * r A- F'g« 1« Aerosol sampling localities of RMN in the Czech Re-
works are 21 Measuring Points of Air 6 . F &

Contamination (MPAC). These perma-
nent stations are equipped, besides oth-
ers, with aerosol samplers (see Fig. 1).
One station for aerosol sampling is
placed on the territory of National Ra-
diation Protection Institute (NRPI) in
Prague-Vinohrady (locality 1), 85Kr is
sampled on the territory of Institute of
Dosimetry of Czech Academy of Sci-
ence (ID CAS) in Prague-Liben (signed
locality 1, too). By Regional Centres of
State Office for Nuclear Safety (RC
SONS) are operated 7 stations (locality
2 - 8), one station is on the territory of
Institute for Expertises and Solving Ex-
traordinary Events in Pfibram (IESEE, locality 9), 4 stations are in the surrounding of NPP Dukovany
(locality 10), which is in operation since 1985 and 8 stations are in the surrounding of NPP Temelin
(locality 11), which is under construction.
2. Measurement

All stations are equipped with an aerosol sampler with a throughput of 60 to 900 m /h. Aerosols are
collected on the filters (mostly type PC-S, produced in SLZ Hnust'a, Slovakia) usually in intervals of
one week. The aerosol filters are measured without any treatment by semiconductor gamma spec-
trometry after decreasing of the activity of the short-lived radon progenies. Besides artificial radionu-
clide 137Cs coming from higher levels of atmosphere and from the resuspension of the original fallout
on ground surface, the activity concentration of the cosmogenic 7Be and of the radon progeny Pb is
evaluated by gamma spectrometry routinely. The evaluation of these natural radionuclides helps to as-
sure the quality of the sampling and measurement in individual laboratories. In addition to it radio-
chemical separation followed by alpha or beta spectrometry is also used for the determination of Sr
and transuranium radionuclides on aerosol filters from Prague. The method of determination of the
global 85Kr activity concentration in the air originating from the tests of the nuclear weapons in atmos-
phere and from nuclear fuel reprocessing plants is measured in one point in Prague. It is based on sepa-
ration of krypton from air by cryogenic adsorption on beds of active charcoal and radiometry of Kr by
CaF2(Eu) scintillation detector. Afterwards, analysis of the separated sample for krypton element on a
gas chromatograph aimed at the separation efficiency evaluation is performed.
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3. Results

The time course of the month averages of the 137Cs, 7Be and 210Pb activity concentration in NRPI in
Prague (locality 1) in the time period from June 1986 to December 1996 is presented on Fig.2. The
time course of the 137Cs activity concentration from the all sampling points of RMN of the Czech Re-
public are on Fig.3. The values are so low that they are often under the minimum significant values,
however, the minimum detectable activities are not displayed. Decreasing of the activity concentration
of Cs is, besides slow radioactive transformation, caused mainly by 2 ways: the fallout of the aerosol
particles from atmosphere and the migration of transferred 137Cs in the soil causing lower mass activity
of Cs in the resuspended particles. At the time being the activity concentration of 137Cs in the air is
about 1 uBq/m3 (see Fig.2 and 3).

On Fig.4 and 5 there are the monthly mean values of 7Be activity concentration during the whole time
interval from March 95 to November 96 which was chosen so as to obtain averaged values for all 11
sampling localities above the detection limit. The arithmetic mean values and their standard errors of
Be activity concentration over the above mentioned time interval for individual sampling localities are

on Fig.4. The arithmetic mean activity concentration is in the range from 2x10"3 to 4.5x10"3 Bq/m3. The
whole time interval (March 1995 to November 1996) arithmetic mean values and their standard errors
of 7Be activity concentration for 11 sampling localities are on Fig.5. Beryllium 7 shows typical sea-
sonal variation with the maximum in the summer due to thermal convection of the air masses. Ex-
pected influence of the cosmic ray variations on the time course of 7Be is not observable since the
evaluated time interval is too short in comparison with the duration of the sun cycle. The mean value
for 7Be for locality 1 from 1986 to 1996 is 2.8xlO"3 Bq/m3. The slow decrease of the 7Be activity con-
centration during 10 years (see Fig.2) is probably caused by decrease of the observed dust concentra-
tion on the sampling place.

The mean value of 210Pb activity concentration at locality 1 from 1986 to 1996 is 5.2xlO"4 Bq/m3. No
seasonal variation of the activity concentration on the significance level 0.01 was observed. The slow
decrease of the activity concentration is probably caused by decrease of the observed dust concentra-
tion on the sampling place. The mean value of 210Pb activity concentration in 1996 is 3.5X10"4 Bq/m3

(see Fig.2). The arithmetic mean values and the respective standard errors of activity concentration of
210Pb from weekly samples in the years 1995 and 1996 for 11 sampling localities are on Fig.6. The
arithmetic mean values and their standard errors were in this case estimated supposing logarithmic-
normal distribution of the data from the set of data including also those being below the detection limit.
All values are in a narrow range. Only sampling locality 6 has higher value, however, the laboratory
intercomparison shoves that the values are measured correctly; this effect is under further investigation.

Activity concentration of 85Kr is on Fig.7. The increase of the activity concentration is about 4% per
year and its actual value lies above 1 Bq/m3 . It is smaller than the forecasts from the eighties, because
of the slower development of the nuclear energy production and the smaller quantity of the reprocessed
nuclear fuel than expected.

4. Conclusions

The quality assurance of NRPI performed through laboratory intercomparisons arranged by IAEA and
others organisations has been successfully extended to the whole RMN of the Czech Republic by the
every year analysis of monitoring results presented here. The results on 7Be as on 85Kr are in a good
agreement with internationally recognised data for geographical latitude of the Czech Republic. The
conclusions can be extended on the monitoring of 137Cs and other artificial radionuclides and on the
uneasy measurable natural 210Pb as well. The presented analysis contributes to the assurance of well
acceptable preparedness on the field of monitoring the atmosphere for a case of both the major and the
minor radiation and nuclear accidents.
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Fig. 2. Monthly mean of 137Cs, 7Be and 210Pb activ-
ity concentration in air aerosol. Sampling point
- NRPI Prague (locality 1)

137/Fig. 3. Monthly mean of Cs activity concentra-
tion in air aerosol for aerosol sampling locali-
ties
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RADIOCESIUM CONTAMINATION OF DEER IN SALZBURG 10 YEARS
AFTER THE CHERNOBYL ACCIDENT

Ch. Sichler1, W. Hofmann1 and F. Steger2 CZ9928551

'institute of Physics and Biophysics, University of Salzburg, Hellbrunnerstr. 34, A - 5020 Salzburg, Austria
2Divisionfor Radiation Protection, Austrian Research Center Seibersdorf, A - 2444 Seibersdorf Austria

1. Introduction

Game is known to be a sensitive bioindicator of the fallout contamination with Cs-137 and may be
still a potential source of radiocesium for humans. Hence, ten years after the Chernobyl accident and
the extensive contamination of parts of the Austrian territory, we studied the distribution of radioce-
sium in game in a large valley of the national park "Hone Tauern" in the south of the province of Sal-
zburg. This study was made possible by the voluntary help of local hunters. All tissue samples from
heart, liver, kidneys, muscle and the content of the stomach were taken during the hunting season.
From a radiation protection point of view, the contamination of muscle is of particular importance, as it
is a popular part of the diet in Austria. We further analysed samples from the vegetation in order to
obtain information about the radiocesium contamination of the potential feed of the game.

2. Material and methods

chamoise

Bq/kg FW Mean

Fig. 1. Cs-137 activities in tissue samples (mean and In this study, deer samples were collected in
standard deviation) from red deer, roe deer and the Rauris valley with the help of local hunt-

ers during the hunting season from September
to December 1996. The major criterion for the
selection of the game samples was simply
availability; the total numbers of animals in-
vestigated was 22. We also took samples from
the vegetation occurring in the natural habitat
of the deer.

300-
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heart liver kidneys muscle

All samples were dried at a temperature of
105°C for 48 hrs and then homogenized. Sub-
sequently, they were measured with a high pu-
rity germanium detector from EG&G Ortec
with a relative efficiency of 36%. The meas-

uring time was about 30.000 sec, resulting
in an overall statistical uncertainty of the Cs-
137 activity of about 10% for most of the
tissue and vegetation samples.

3. Results

Figure 1 shows the four mean values of the
cesium contamination in the different tissue
samples. In most cases, the highest Cs-137
activity was found in muscle and kidneys.
Indeed, the highest value, 2168.3 Bq per kg
fresh weight, was measured in the kidneys
of a young doe. On the other hand, the low-
est activities were consistently observed in
liver samples.

Fig. 2. Cs-137 contamination, mean and standard devia-
tion, of the three species (average over all tissue
samples)

o/kn

300-

200-

100-

o-

FW

i

Mean

Red deer chamoise Roe deer

452 Session 4



IRPA Regional Symposium
Radiation Protection in Neighbouring Countries of Central Europe. Prague. 8-12 September 1997

Fig. 3. Cs-137 distribution of 6 different vegetation samples selected T h e r e s u l t s o f o u r s t u d y i n d i '
from 5 locations
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cate that young animals do
not have higher concentra-
tions of radiocesium than
adult animals living in the
same habitat.

The mean values (see Fig. 2)
do not demonstrate signifi-
cant differences between the
three species. But one roe
deer has reached much higher
levels than the others. Al-
though contamination of
game is expected to vary with
elevation, we could not detect

a dependency on topographical factors.

Figure 3 presents the contamination of the vegetation. The vegetation samples are a potential resource
for the animals during wintertime. The sprouts of Picea abies collected in "Seidlwinkel" show the
highest contamination with Cs-137.

In most of the cases the highest ac-
tivity was found in the leaves of
Larix decidua and in the sprouts of
Picea abies (see Fig. 4).

4. Discussion

Mean

Fig. 4. Mean values with standard deviations of the Cs-137 con-
tamination of the potential feed
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Ten years after the fallout contami-
nation of Austria in the wake of the
Chernobyl accident, the radiation
burden of game in an alpine region
in the south of the Province of Sal-
zburg is still relatively high. From
all the data collected, we can draw
the conclusion that contamination
of deer is a very complicated proc-
ess. A variety of parameters, such as species, age, habitat, etc. seem to influence the contamination of
the game to varying extent. Since too many variables influence the radionuclide transfer, no "transfer
factor" could be derived. But we think that game can be used as a bioindicator in the sense that it dem-
onstrates, at least qualitatively, the presence of radiocesium. However, no conclusion should be drawn
as to the quantitative extent of environmental contamination.
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RISK COMMUNICATION: HOW TO CONSIDER RISK AND BENEFIT IN
JUSTIFICATION OF EXPOSURE

M. Tschurlovits CZ9928552
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1. Introduction

The radiological judgement of a practice which might lead to detrimental effects as operation of
sources possibly emitting ionizing radiation is still a very sensitive subject leading to public discussion
and political controversies. In addition, recent European standards require the execution of the con-
cepts of justification and optimization. The present radiobiological background indicates a stochastic in-
duction of possible detrimental effects by a radiation, and so called stochastic effects are the main issue in
radiation protection at doses in the order of dose limits. This in turn implies that there is no immediate
perception of possible radiation effects, where the benefit can be either immediately perceived (a radio-
logical technique > diagnosis > treatment > healing of the disease ) or also not perceived ( industrial
use of radiation source > improvement of quality in welding ). This implies that the use of the subject
,,risk" is necessary, and probability considerations have to be carried out. The present biological back-
ground gives well-proved figures on radiation risks. The realisation of Justification and optimization pro-
cedures requires, however, the expression of the non-radiological risk of alternatives, non-application of
the procedure or the practice and also for the benefit. It is therefore an immediate need for quantitative
and objective procedures to compare at least in the first approach non-comparable issues, namely
• a possible harm associated with the implementation of a practice leading to an exposure
• the harm associated with the non- implementation of the practice
• the benefit associated with the practice,
even when they are not immediately perceivable.

In order to carry out reasonable calculations, some suggestions on the quantities used in the required pro-
cedures can be done are discussed. The present situation in not satisfying and leads to useless contro-
versies producing headlines as "Wieviel Tote durch Rontgenstrahlen?" /Bi 95/. This lead to the re-
quirement that the justification procedure has to satisfy scientific requirements, but has to fulfill also
requirement of risk communication.

2. General considerations

In order to carry out a transparent and objective cost -benefit analysis , both the detriment of a given
exposure ( i.e. the fictive cost), but also the benefit have to be expressed in common terms, and the
application is justified only when the following conditions apply

A) for one practice

Benefit >> Risk (1)

B) for different alternative practices

Benefit of practice a / Risk of practice a » Benefit of practice b / Risk of practice b (2)

where „ practice" includes also non- application.

To prove this conditions, it is required that both sides of the equation have the same unit, i.e. a com-
mon language has to be developed in order to express the possible detrimental effects and

the benefit of the considered practice. The problem of expressing harm is rather easy for each indi-
vidual part, but difficult for both sides of equations (1) and (2).
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3. Importance of the term ,,risk"

In order to carry out reasonable consideration, it might be reasonable to have a short look to the term
,,risk":

The term „ risk" has a general meaning, but is frequently used to express specific purposes not covered
by the common meanings. The development in time was from something unexpected to something
bad. /Li 94/. Today, some synonyms as danger, peril, jeopardy, hazard are used as to have the same
meaning than risk as: „ the state or fact of being threatened with loss of life or property or with a seri-
ous injury to health or moral integrity or the cause or source of such a threat" These meanings (
might be called as everyday meanings ) do not include any quan-titative assessment, neither to likeli-
hood nor to the consequence.

For scientific application, a quantitative approach is required as suggested by /Li 94/, as risk has to
have two characteristic attributes:
i.) the probability of the possible dreaded event
ii.) the consequence of that event

Both terms have to be combined, and the product is the mathematical expectation of the consequence
under consideration.

4. Radiobiological considerations

The basic process which might lead to the possible development of detrimental effects/ IC 90/ is
mainly by ionisation. This process might modify the structure of molecules containing them perma-
nently or transiently, where the most important process take place in living cells, in particular in the
DNA. Damage in the DNA may prevent survival or reproduction of the cell, but frequently the damage
is repaired by the cell.. When the repair is not perfect, a modified cell may survive. This view indicates
that a number of independent processes have to take place in the sequence from the ionisation of an
atom to the development of cancer, and therefore the effects are called stochastic.

In order to develop a common terminology, it seem reasonable to have a look to possible expression of
risk as used for ionizing radiation and to check the applicability for the other side of equ. (1)

5. Presentation of radiation risk

The presentation of radiation risk can be done by
i.) scientific directed presentation {original data to estimate risk)
ii.) user directed presentation (derived data to perceive risk)

The assessment of radiation risk leading to a scientific directed presentation has the goal to prove a
scientific basis for radiation protection standards. The presentation of the results of these investigations
has high level professionals as the target group and has to be in the most extent complete, precise and
will hence become complex because of description of limitations of the model and predictive power.
As a result, the knowledge will become forwarded only to a few fellow experts. A simple user will be
lost in the complexity of the presentation as demanded by the requirement of an indisputable scientific
presentation, and eventually resign.

On the other hand, a person subject of both risk and benefit from the same source ( e.g. a patient in
medical exposure) or either risk or benefit ( e.g. a member of the public ) needs a simplified user di-
rected presentation of radiation and other risk, where the scientific basis has to remain traceable, cor-
rect and unbiased . In particular, a presentation has to be used to permit a comparison between the al-
ternatives e.g. between use and non-use of a certain source, the performance and non performance of a
medical investigation or the risk and the benefit of a certain practice.

If the risk is expressed in a scientific directed presentation, a single figure is available, as a given ex-
posure lead to a probability of 10"x of induction of a malignant disease or to mortality. Information in
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this form is most important to compare derive risk factors to be incorporated into standards, but gives
no idea at all on the importance of the consequences, because the relation to other risks is missing. To
prove a relation, a reference risk has to be adopted.

If we consider again medical exposure as an example, the following references might be taken to get a
better expression of the risk of a practice:
• comparison with the risk and benefit associated with non-radiological techniques
• comparison with the risk and benefit associated with other radiological techniques
• comparison with the consequences of doing no action (e.g. no investigation)
• relation to common risks

This indicates again that it is absolutely required to develop a common language and common terms to
make quantitative comparisons.

This requires a characterization of the risk from some points of view as shown below, and an agree-
ment has to be found on the most appropriate quantity.

1) unit dose or unit practice
The data has to refer either on a single practice, a practice as a whole, a practice in a year , individual
or collective dose, annual dose etc. Both the dose and the practice have to be specified and recent dose
quantities have to be taken / Ts 94/

2) property of the figure
because risk can be expressed in many forms: upper value, as mean (arithmetic, geometric, weighted),
average over lifetime, both sexes, expressing mortality, incidence, annual risk, lifetime risk etc.

3) Reference quantity -absolute or relative
absolute terms
i.) total number of casualties per million persons per unit dose
ii.) annual mortality per million persons per unit dose
relative terms
iii.) relative annual mortality rate in relation to natural annual mortality rate (see table 1)
iv.) loss of life expectancy /Co 91/
Table 1. Calculated increment of attributable death probability of annual mortality rate from an annual

dose of 1 mSv from birth over lifetime, (data from IC 91). The figures show that the increment
of death probability rate at prolonged exposures of 1 mSv/a is well below one percent of the age
specific annual death probability rate by all causes as well as below the standard deviation in the
considered age, [1] After Table C-2a (IC 91)

age
(years)

5
10
20
30
40
50
60
70
80
90
100

age specific natural
annual death prob-

ability rate
[per million and
year](standard-

deviation)

230(15)
180(13)
860(29)
1080(33)
2000(45)
5300(73)

13500(116)
35000(187)
90000(300)

220000(470)
520000(721)

calculated at-
tributable

annual death
probability
by 1 mSv/a
from birth

over lifetime

m
i
i
4
5
18
27
64
143
294
561
1010

increment of
attributable

annual death
probability
by 1 mSv/a
from birth

over lifetime

0.005
0.006
0.005
0.005
0.009
0.005
0.005
0.004
0.003
0.002
0.002
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These presentations have in brief the following properties /Ts 97/
i.) best available figure, no information on time - or age- dependence
ii.) no relation to natural annual mortality
iii.) clear and imaginable, unit perhaps difficult
iv.) even more imaginable, to be expressed in units of days

i.) is most realistic, because this quantity is based upon on most direct assessments. The other quanti-
ties are derived from i.) by introducing complementary data.

However, all these figures are in terms of a probability, and do not solve the fact that they are a col-
lective risk, but individuals are interested in individual risk, which is not predictable by definition.

It is therefore necessary for improvement of risk communication and risk perception and hence justifi-
cation to take advantage of a relative assessment where two different risks are set in relation, i.e. ap-
pear as quotient. Even possibly not justified for mathematical reasons, the probabilities can be consid-
ered as to go out and hence simplifying the equation, and the quotient remains as bare and expressive
number.

This can be done, however only, when the benefit can be expressed in same terms.

6. Conclusions

The present knowledge on radiation risk is much better proved that the risk by other environmental
factors, but includes still some systematical uncertainties. The stochastic relation between the dose and
the implies the turn to think in terms of probability .

Regarding the procedure to express the benefit in comparable terms, the situation is more difficult. In
medicine as the same person is affected by both risk and benefit, the communication in terms of
lengthening or shortening of life expectancy can easily be used and easy expressed . In addition, as
seen in fig.l, low doses can be considered as insignificant in relation to the mortality risk by natural
and conventional reasons, and an individual Justification might be not justified ( as e.g. by guidance
levels in /IA 94/).

Some work will be required to make a reasonable justification of the practice and the optimization of
protection. It seems a challenge to produce a consistent system for an objective justification procedure
adopting terms already coined in radiation protection. However, it seems important to define areas
below which low doses do not justify the evaluation, because it is going to become useless .
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TECHNIQUES AND RESULTS OF AIRBORNE TRITIUM MONITORING AT
PAKS NUCLEAR POWER PLANT

G. Uchrin1, E. Csaba1 and G. Volent2 CZ9928553

'AKTIVITAS2000 Bt, 3232 Mdtrafiired, Hegyalja ut 10, Hungary
2Paks Nuclear Power Plant, P.O.Box 71, H-7031 Paks, Hungary

1. Introduction

Monitoring of airborne tritium is a special task of radiation measurements due to the physical charac-
teristics of 3H. Techniques developed and applied depend on the concentration to be measured. Re-
quirements and possible solutions are shown in Fig. 1.

Real-time measurement of tritium concentration in the air is achievable only if the level is around or
higher than kBq.m"3. Special instruments based on proportional or ionization chambers are commer-
cially available for such purposes they are rather delicate, expensive and not differential.

Lower 3H concentrations - environmental level, discharges from nuclear installations, etc. - need dif-
ferent techniques: continuous sampling and integrated measurements. A generalized diagram of tritium
sampling is presented in Fig.2.

Institute of Isotopes, Budapest was engaged with different aspects of tritium measurements for nearly,
30 years including development and application tritium-in-air samplers [1,2,3]. Nowadays tritium proj-
ects are not continued at the Institute of Isotopes but development and production of tritium samplers
belongs to the AKTIVITAS 2000 Bt, Hungary.

Fig.l. Airborne tritium monitoring, requirements
and measuring techniques

Fig.2. Generalized diagram of integrating tritium
samplers
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Different samplers have been developed and used for NPP airborne tritium monitoring. A differen-
tial sampler which is used for stack monitoring collects tritium as tritiated vapour, HTO, and triti-
ated molecular hydrogen, HT. Molecular sieve, MS, is used as absorber for HTO collection and a
column filled with Pd coated molecular sieve, MSPd, kept at elevated temperature converts and ad-
sorbs HT. The sampling period is one or two weeks, the flow rate of sampling is appr. 15 L h"1.
Vacuum desorption is applied to remove water samples from the columns and tritium activity is
determined by liquid scintillation counting. The sensitivity of technique developed is equal to 0.5
Bq.m'3. Differential environmental HT/HTO sampler has been developed and used from 1989.
Water vapour is adsorbed on molecular sieve while HT is converted at ambient temperature on Pd
catalyst with a H2 carrier gas produced by a small electrolytic cell. Present levels of HT and HTO in
the environmental air can be followed if high sensitivity liquid scintillation technique is used for
activity measurement.
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Bench-type and portable samplers have been developed and used for continuous or occasional moni-
toring of tritium in air. The reactor hall during the maintenance and outage is monitored with a sampler
based on bubblers while in the spent fuel storage building more sensitive technique, HTO absorption
on molecular sieve, is applied.

2. Tritium monitors

Five different monitors have been developed two of them are differential. Two samplers are discussed
in more details.

Differential HT/HTO stack sampler Model T-1

The flow diagram of the samplers is shown in Fig.3 and its specification is given in Table 1.

The monitoring tritium releases from Paks Nuclear Power Plant has been started in 1985 using the dif-
ferential HT/HTO Model T-1 sampler [4]. A yearly discharge pattern and the summarized discharge
data are given in graphs, Fig.4 and Fig.5.

Fig.3. Flow diagram of differential HT/HTO stack sampler Model T-1
oJr in air out

meter

furnace
with

eatctfys*

The sources of tritium in nuclear power plant are the primary coolant and the fuels. In order to control
the 3H concentrations in the premises of the NPP and regularly monitor tritium concentration in the re-
actor halls during the outage periods a portable and an installed HTO sampler has been developed.

Tritium HTO samplers, Model T-3 HTO-B-P utilizes isotopic exchange between HTO and H2O in a
suitable designed bubbler filled with tritium free water. In order to reduce loss of activity two bubblers
are connected in series. Due to dilution the sensitivity of the sampling method is limited.

The flow diagram of sampler model T-3 HTO-B-P is shown in Fig. 6 and its specification is given in
Table 1.

Both portable and installed HTO sampler are designed for individual of regular tritiated water vapour
concentration monitoring. They are successfully used at Paks NPP to monitor 3H concentration in the
reactor hall during maintenance and outage periods, as an example see Fig.7.

Fig.4. Airborne tritium discharge pattern at Paks NPP, reactor block 3-4 in 1993
H-3

1CQO

100 -

WMi* of 1983
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Table 1. Specification of tritium samplers

model T-l HT/HTO model T-3 HTO-B-P

sampling period
flow rate

HTO adsorber
type
mass

saturation indicator
sensitivity
HT>HTO converter

type
mass
temperature

carrier

housing
overall outer dimensions
weight
power supply

operational conditions
temperature
pressure
humidity

sample recovery
pressure
temperature
duration
measurement

sensitivity HTO
HT

1-2 weeks
20L/h

molecular sieve
A4
400g/column
coloured silicagel column
change at 0.2 g water

Pd or Pt catalyst
100 g
300°C
tritium free water vapour

metal case, glass window
320*500*700* mm
16 kg
220 VAC, max 500 W

5-40°C
0.1 MPa+10%
max 90% RH

vacuum desorption
50 Pa
400°C
3hrs
LSC
0.5 Bq/m3

0.1 Bq/m3

min 30 mins, max 24 hrs
25-408 L/h

tritium free
water
2x200 mL
-

-

-

metal suitcase
460*390*160* mm
6 kg
rechargeable battery 6 V or 220 VAC,
max 10 W

5~40°C
0.1 MPa+10%
max 90% RH

none

LSC
20 Bq/m3

-
conditions: measurement LSC, sample volume 10 mL,

background 2.5 cpm; efficiency >22%; counting time 3600 s

Fig.5. Tritium released by airborne effluents at Paks NPP, Hungary
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Fig. 6. Flow diagram of tritium sampler Model T-3 HTO-B-P. l-aerosol filter; 2-regulating valve; 3-
rotameter; 4-buffer; 5-bubbIers; 6-diaphragm pump; 7-transformer and regulating unit; 9-
timer; 10-battery; 11-battery charger; 12-fuse

AMR 1IN6 OUT

i f 330V
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Fig. 7. Tritium-HTO concentration in the reactor hall during the outage period in 1996, 3-4 reactor
block, Paks NPP
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MEASURING THE ACTIVITY OF RADIOCARBON AND ITS CHEMICAL
FORMS AT THE PAKS NUCLEAR POWER PLANT

G. Uchrin1, E. Csaba7, G. Volenr and I. BarnabasJ

CZ9928554
'institute of Isotopes, H-152 5 Budapest, P.O.Box 77, Hungary

2AKTIVITAS 2000 Bt, 3232 Mdtrafured, Hegyalja u.10., Hungary
3 Paks Nuclear Power Plant, H-7031 Pahs, P.O.Box 71, Hungary

1. Introduction

Radiocarbon is produced in light water reactors by neutron activation of oxides in the fuel, moderators
and coolant [ 7O(n,a)l4C reaction] and by the 14N(n,p)14C reaction for impurities in the fuel, moderator
and coolant. The mean values of 14C production rates for pressurized water reactors (PWRs) are
0.57 TBqGWe-y, 0.97 TBqGWe'V1 and 0.19 TBqGWe'V in fuel., structural materials and coolant,
respectively, when a concentration of 5 ppm nitrogen is assumed in the coolant (Kunz 1985). The 14C
discharged with liquid and solid wastes is <5% of the gaseous discharge.

Uchrin et al. (1992) compiled 14C release data for PWR-type nuclear power plants (NPPs). The domi-
nant chemical forms of radiocarbon are hydrocarbons and to a lesser degree, carbon dioxide. Only a
few operational results are available on discharges of Soviet-type PWRs.

The Hungarian NPP at Paks, which also uses Soviet design PWRs consists of four power units of 440
MWe capacity each. A program was begun in 1988 to determine the l4C discharge of the Paks NPP.

2. Methods

We developed a differential 14C sampler to obtain integrated samples for measuring of 14C in chemical
forms such as CO2, CH4 and other hydrocarbons. Atmospheric CO2 served as a carrier gas to avoid
difficulties that might originate from the minute amount of the sample to be collected in the case of
hydrocarbons. 14C is collected in the form of CO2 for all chemical species because hydrocarbons are
oxidized by a palladium catalyst kept at 600°C. The CO2 that is present or being formed is then ab-
sorbed in trapping columns filled with 3 M NaOH solution.

We measured the activity of the samples using two methods. Samples of lower activities were analyzed
using the proportional counting method (Hertelendi et al. 1989).

Most of the samples were measured by liquid scintillation counting (LSC). The discrimination factor
between the 14CC>2 and ]4CnHm fractions was close to 100, and the absorption of CO2 in the 3 M
NaOH solution was 99 % when using a specially designed bubbler-type trap. The conversion efficiency
of hydrocarbons into CO2 exceeded 99.7 %. Uchrin and Hertelendi (1992) give a detailed description
of the sampling devices.

Two differential 14C samplers were installed in the ventilation stacks of the NPP, and five samplers
were used in the vicinity of the Paks NPP.

3. Results and discussion

Routine 14C sampling of discharged air at the Paks NPP began in 1988. The two ventilation stacks,
each of which carried the effluents from a twin reactor unit, were equipped with the sampling systems.
The air throughput of each stack was 5.5xl05 m3^1. Figure 1 shows the emission data based on a bi-
weekly sampling period for reactor units 1-2, for year 1996.

The 14C discharge data are illustrated in Figure 2. The normalized total 14C release was
0.89 TBqGWe"1/1; 94 % of the total 14C discharge was apportioned to hydrocarbons and the remaining
fraction, 6 % to CO2. The chemical composition of 14C compounds in effluent gas at Paks NPP agrees
well with other published data (Kunz 1985, Uchrin et al. 1993).
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Results of these measurements indicate that the released 14C activities are distinctly higher than the
European average, 0.22 TBqGWe-'y'1, (UNSCEAR, 1982) or 0.35 TBqGW^V'1 and 0.12 TBqGWe"1/1

for time periods 1980-1984 and 1985-1989, respectively (UNSCEAR, 1993). To determine the source
of the enhanced 14C production, we analyzed the dissolved gases in the coolant water. Results show
that the 14C is in the form of hydrocarbons and its concentration is ca. 4 kBq liter' water.

Fig.l. 14C discharges in the form of CO2 and hydrocarbons from reactor unit 1-2 at Paks NPP in 1996
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Fig.2. Summarized data of 14C gaseous effluents at Paks NPP
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We also measured excess 14C in the vicinity of the Paks NPP by sampling environmental air. The sam-
pling sites Al, A4, A6, A8 were equipped with similar samplers to those used in the stack. They are ca.
2 km from the 100-m-high stack. For reference a sampler was operated at station B24 ca. 20 km from
the NPP. Continuous sampling was started in 1989 at station A8, and since 1992, monthly air samples
are taken at four stations around the NPP, Figure 3 and Figure 4. The long-term average excess due to
the NPP corresponded to max. D14C=5 % for CO2 and max. D14C=100 % for hydrocarbon forms.
14C release into the environment has both local and global radiological impacts. The calculated maxi-
mum effective dose equivalent for the Paks NPP is 90 nSv y"1 if only of the 14CO2 form is considered
and 1.6 jaSv y'1 when the hydrocarbons are accounted for (conservative estimate) Table 1.
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Table 1. C gaseous release data of the Paks (Hungary) and the radiological impact

Average annual emission(TBq y"!)
Mean CO2/ CnHm ratio (%)
Normalized discharge rate(TBq
Total energy generated (GWey)
Total released 14C activity (TBq)
Radiological impact

local (nSv y1) 90(1600)**
global (man-Sv) 2228 (1734)*

* estimates if one unusual year, 1992, is disregarded
** values in brackets correspond to a conservative estimate

1.44(1.19)*
8.9 (6)*
0.887 (0.690)*
17.79
15.8(12.3)*

Fig.3. 14C excess in the environmental air in the
CO2 form at stations Al, A4, A6, A8 and
at the reference station B24

Fig.4. 14C excess in the environmental air in the
CO2+CnHm form at stations Al, A4, A6, A8
and at the reference station B24

96

The long-term effects of 14C discharges are estimated on the basis of collective effective dose equiva-
lent commitment (CEDEC) from a nominal unit release (1 TBq) of 14C from the nuclear industry. The
UNSCEAR (1993) report gives a range between 67 and 59 man-Sv per TBq for collective effective
dose per unit release. In our calculation, a conservative value of 141 man-Sv per TBq (McCartney,
Baxter and Scott, 1988) was used (Veres et al. 1995). The CEDEC due to I4C release from the Paks
NPP is calculated to be, 170 man-Sv for the year 1993 and 2228 man-Sv based on the total period of
the NPP's operation 1983-1996.

4. Conclusion

Experience gained from 9 yr of monitoring I4C discharges from the Paks NPP shows that the normal-
ized release rate is 0.89 TBqGWV'y'; this figure is about four times higher than the mean value of
Western European PWR 14C discharges. The annual effective dose equivalent to individuals, based on
a conservative estimate in the vicinity of the Paks NPP in 1993 due to 14C release, is 1.6 |aSv. In gen-
eral, the local and regional impact of reactor-generated 14C is low compared with 14C of natural origin
and from weapon tests. These latter items still amount to 2.5 p,Sv y"1, which is more than an order of
magnitude greater than that of reactor 14C. The global impact of 14C released to the environment is of
importance because its collective effective dose equivalent commitment is far higher than the contri-
bution from other global radioactive contaminants.
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RADIOACTIVE MATERIALS IN METAL SCRAP
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. Introduction CZ9928555
In the past 10 to 15 years some incidents have occurred with radioactive sources that were found be-
tween metal scrap. The consequences of not intercepting radioactive sources before they enter the recy-
cling process can be enormous: Health of workers and members of the public can be in danger through
exposure to internal and external radiation, the environment can be damaged by contamination with ra-
dioactive materials, and the financial consequences for companies that are liable can be immense, they
can even go bankrupt.

In recent years Dutch metal scrap traders have taken measures to intercept radioactive materials. The
larger companies have installed stationary radiation detection systems, so-called portal detectors, that
measure the external radiation level of every incoming load, see Figure 1. Usually metal scrap is trans-
ported by trucks in open or closed containers, and upon arrival at the site of the metal scrap trader, the
truck must go through the portal detector. In case of transport of loads of metal scrap as bulk in ships,
the scrap is first loaded into containers that are driven through the portal detector to inspect for the
presence of radioactive materials. Smaller scrap traders use portable radiation detectors to inspect for
radioactive materials.

Figure 1. A truck passing a portal detector manufactured by Exploranium.

2. Dutch law and regulations on radioactive materials

According to the Dutch Radiation Protection Ordinance a license is required to possess radioactive
materials of which the specific activity is higher than 100 Bq/g, and of which the total activity is higher
than a limit that depends on the radio-toxicity of the material. The latter limit ranges from 5kBq for
materials with a very high radio-toxicity to 5 MBq for materials with a low radio-toxicity. Further the
ordinance states that it is not allowed to dispose of radioactive materials of which the specific activity
is higher than 100 Bq/g without a license.

According to the Dutch Nuclear Energy act, anybody who comes or suspects to have come in the pos-
session of radioactive materials without having a license must report to the relevant local authorities.
One usually reports directly to the Dutch Environmental Inspectorate.

There is no law or regulation that obliges metal scrap traders to perform radiation measurements on in-
coming loads of metal scrap.
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3. Guideline for the industry

In July 1997, the Dutch Environmental Inspectorate has published a guideline for the metal recycling
industry. The guideline advises to add conditions in trading contracts to prevent the supply of radioac-
tive materials, and it advises to perform radiation measurements on incoming loads of scrap. Further it
describes how a metal scrap trader has to act in case a radiation level above background is measured:

Without unloading or opening the container the maximum radiation dose rate on the outside of the
container has to be measured, and the extension and shape of the radiation field has to be determined.
The information has to be reported to the Environmental Inspectorate together with a description of the
load, the supplier, the destination, and the transport company.

The metal scrap trader also has to add a proposition on what to do with the container. In general there
are two solutions:

A. A container can be send back to a foreign supplier

The following conditions must be met: the maximum external radiation dose rate is less than 5 |j.Sv/h,
and one does not suspect that the radiation field is caused by a big radioactive source. Approval from
the Environmental Inspectorate is required, and the trader has to inform the Inspectorate on the way of
transport, the name of the transport company, the date on which the transport will take place, and the
destination of the load. He must submit a prove that the container is unloaded at the destination.

B. Investigation of the load and isolation and removal of the radioactive materials

c i • .- ,. , , r , , . Figure 2. A container with metal scrap.
Such an investigation may only be performed by an expen- 6 r

enced company, or by the metal scrap trader himself, pro-
vided that he possesses an appropriate license. The company
that performs the investigations has to submit a plan of action
to the Environmental Inspectorate that describes how the ra-
dioactive materials will be isolated and removed from the
load, what protective measures for workers and the environ-
ment will be taken, and how the radioactive materials will be
disposed of. An example of a typical container load is shown
in Figure 2.
If possible, radioactive contaminated materials can be de-
contaminated at a licensed facility, or be handed over to
COVRA, the Dutch Central Organisation for Radioactive
Waste. Another possibility is to send the isolated radioactive
materials back to the deliverer. One should note that in the
latter case the appropriate transport regulations have to be
met.

4. Difficulties related to radioactivity in metal scrap

Measurements

While portal detectors only detect y-rays, sources that only emit a or p particles will not be intercepted
with these detectors. Due to shielding, either by original source holders or by the surrounding metal
scrap, also radioactive sources emitting y-rays may not be intercepted. On the other side, the portal de-
tectors that are present on the market are very sensitive.

In case of open sources, for instance scrap originating from installations that were contaminated with
Naturally Occurring Radioactive Materials (NORM), there always has to be performed gamma spec-
trometric analyses to determine if a license is required to possess the material. This means extra time
and costs must be spend before a decision on how to proceed can be made.
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"False alarms"

The main purpose of the installation of the portal detectors was to intercept radioactive sources to pre-
vent radiation incidents. However because the alarm of the portal detectors is triggered at levels just
above background, also radioactive materials that do not require a license, and pose no real danger to
man and the environment, are intercepted, and refused.

Some of the Dutch containers in which the metal scrap is transported are contaminated and cause the
alarm of portal detectors to go off. This is because they were built from materials from the Oil and Gas
Industry that were contaminated with NORM.

Origin of radioactive materials

The origin of a load of scrap and of the radioactive materials found in it can not be traced easily be-
cause of the many different international routes it may have followed.

5. Services provided by Rontgen Technische Dienst bv (RTD)

RTD provides equipment and services to the metal scrap industry. The trading department is a repre-
sentative for manufacturers of radiation detection equipment, including Exploranium, a Canadian
manufacturer of portal detectors. The department Radiation Protection Services performs measure-
ments on radioactive materials, including dose rate measurements, contamination measurements and
gamma spectrometric analysis. We may perform investigations as stated under B above. We are located
in Rotterdam, which is the Mainport of Europe, and the biggest metal scrap harbour in the World.

Whenever a metal scrap trader measures a radiation level on a container that is above background
level, he can order RTD to draw up a plan of action to investigate the cause of this higher level. After
approval of this plan by the Environmental Inspectorate, our radiation safety experts carry out the in-
vestigation, isolate the radioactive materials from the load, and take and analyse samples.

In case it turns out that the container contained radioactive materials that require a license to posses
and dispose of, our radiation safety experts will assist the metal scrap trader to dispose of it properly.
But also in the case that no license is required, because the specific activity is less than 100 Bq/g, we
will assist the metal scrap trader in finding a proper way of disposal.

6. Experiences by RTD

The kind of radioactive materials we found can be divided in the following categories:

Scrap bearing sealed radioactive material (encapsulated sources)

During the last two years, the most spectacular discovery was the finding of two Plutonium sources
originating from the Baltic States, see Figure 3. Fortunately, they were intact.

Scrap contaminated with radioactive material

These kind of materials are found most of the time. Usually these materials originate from industrial
installations that are contaminated with NORM, e.g. from the Oil and Gas Industry, but we have also
encountered materials that were contaminated with 137Cs, and thus probably originate from the Nuclear
Industry.
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Figure 3. Intercepted encapsulated radioactive sources.

Inherently radioactive scrap

These kind of materials vary from stone wool that contains 232Th and its progeny to metal strips con-
taminated with 60Co.
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COST - BENEFIT ANALYSIS FOR RECULTIVATION OF THE TAILING
PONDS OF THE URANIUM MINE MECSEK, HUNGARY

Z. Varkonyi1, B. Kanyar1, M. Csovari2 and Z. Koleszar2

University ofVeszprem Department ofRadiochemistry, Veszprem, Hungary
"Mecsek" Uranium Ore Company, Pecs, Hungary

1. Introduction CZ9928556

In recent years considerable efforts including international projects have been devoted to developing
procedures in close-out of uranium mines and restoration of the waste sites [1, 2, 3]. The site specific
plannings of the environmental restorations are based mainly on the radiological impact to humans and
the principles of intervention recommended by the ICRP can be applied [4]. In most cases the man-
agement of the remediation work is very complex and in addition to the radioactive contamination
chemical hazards are to be included in the studies.

Hungary has one uranium mine site located in the south part of the country. According to the govern-
mental decision the uranium ore mining and milling in the mountains "Mecsek" is to be closed by the
end of 1997 following more than 40 years mining operation. The main activity of the Mining and
Milling Company is to be turned to the close-out procedures and the environmental restoration of the
contaminated sites. The isolation of the uranium waste-stockpiles is in progress since 1992 and the
largest stockpile has already been restored [5].

Due to the still lasting mining activity the recultivation of the two almost 1 million m2 large tailing
ponds has not been started yet. The final decision on the treating of the 20 million tons accumulated
radioactive waste has not been made, therefore there is a need to analyse the procedures and compare
various alternatives.

Our investigations have focused on the impacts from the radioactive contamination of the tailing ponds
and the optimisation analysis based on the costs of the restoration work and the averted collective dose.

2. Environmental features of the tailing ponds

The uranium mining and milling sites are located on the southern slope of the mountains "Mecsek"
near the city of Pecs. In the respect of radiation protection it is of great importance that there are some
small villages with some thousands of inhabitants in the close environment of the tailing ponds. These
people are strongly exposed to radiation dose caused by radon exhalation and y-radiation when visiting
the area.

Besides the underground water as a radiation pathway is a very important factor, too. Though the dis-
tance between the subsoil layer and the surface is quite long, by this time communication has devel-
oped between them. One of the reasons is that the tailing ponds rise from their environment and there-
fore strongly effect the hydropressure conditions. The other reason is that the wells in a distance of 1-2
kilometres result in a great depression in the area. These wells have an important role in the water sup-
ply of Pecs, a neighbouring town of more than 200.000 people.

The radiation state around the tailing ponds can be described as follows:

Concentration of Rn-222 at 1 m
Exhalation rate of Rn-222
y-radiation

Present

800 Bq/m3

4 Bq/m2/s
2500-3500 nGy/h

Recommended after recultivation [6]

40 Bq/mJ

0.7 Bq/m2/s
300-350 nGy/h
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According to the above mentioned features it can be stated that the main radiation pathways are the
followings:

• drinking of contaminated water (226Ra)
• inhalation of 222Rn gas
• y-radiation from the surface of the tailing ponds

3. Choosing the process of recultivation

According to international experiences in the case of acid ore dressing the thickness and content of the
applied layer is determined by the rate of 222Rn exhalation. Therefore choosing the appropriate method
the modelling of the migration of 226Ra - the parent element of 222Rn - is of great importance.

The dissolved quantity of radium spreads in the subsurface water by convection and diffusion. The
process can be described by Fick's II. law:

dc/dt = - pKd dc/ct -X(c- pbKj c) - div (vc - D grad c)

where: c: concentration of 226Ra (Bq kg"1)
/: time (s)
p: density of porous media (kg m'3)
Kj. distribution coefficient (m3 kg"1)
X: decay constant of 226Ra (s"1)
v: Darcy-velocity (m3 m"2 s"1)
D: diffusion constant of 226Ra (m2 s"1)

The differential equation was solved using 3DFEMWATER/3DLEWASTE2 software developed by
United States Environmental Protection Agency. We modelled the migration in the following
1000 years in sandy, sandy-clayey and clayey media.

The simulation showed an increasing concentration of radium in the lower -20 centimetres of the
clayey layer. Within -10 centimetres the activity-concentration was 10 times larger than the original
value. The time dependent change of the activity-concentration of radium on the border of the clay
cover and the tailing ponds can be seen in the figure on the next page.

4. The chosen process of recultivation
In order to protect the water-base from the effect of rainwater it is necessary to form a drainage-layer.
This can only be solved if the morphology of the tailing ponds is transformed to hills with -3° slopes.

As the size of the two ponds is similar and the pond I. contains three-quarter of the total waste it seems
economical to carry the waste of pond II. over the other. It results in a significant reduction in costs,
because the layer of revegetation on pond II. can be much thinner.

According to this consideration we found the following combination optimal for the pond I. containing
20 million tons waste after the carrying over:

1st layer: 30 cm/lying ashes from power stations
2nd layer: 20 cm clay
3rd layer: 20 cm drainage
4th layer: 30 cm soil and grass-seed

After the carrying over it is not necessary on the pond II. to create a clay and drainage layer, and a
10 cm soil layer is satisfactory for the grass. On this pond it is possible to combine the grass with some
islands of alder and willow trees in depressions.

2'Three-dimensional Finite Element Model of WATER Flow through Saturated-Unsaturated Media, and Hybrid Three-
Dimensional Lagrangian-Eulerian Finite Element Model of WASTE Transport through Saturated-Unsaturated Media
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5. Cost-benefit analysis

The economic analysis of the recultivation can only be performed with uncertainty and neglecting
some of the factors. The attempt to calculate the value of landscape is in vain, because of the numerous
subjective parameters. The estimation of noise and air pollution damages caused by the restoration
works is rather difficult, too. However it can be useful to define the return on investment, it can help
making decisions.

Among the expenditures we took into consideration the cost-price of the applied cover-materials and
plants, the operational costs, the cost of pumping water from the still operating pond I. and the labour
costs. On the other side stands the benefit coming from the averted collective dose. As there is a need
of an enormous quantity of covering materials and plants we supposed that the organisation responsible
for the recultivation ("Mecsek" Uranium Ore Company) is in the position of obtaining these materials
much cheaper than the trade prices.

The total costs of the investment: 21.900.000 USD

To estimate the cost of the averted collective dose per unit we used the recommendation of the Inter-
national Commission for Radiation Protection. This recommendation makes a significant distinction
between developing, developed and rich-developed countries when defining the value of human health.
On the basis of the continually increasing value of the averted dose in our calculations we optimisti-
cally took Hungary into account as a rich-developed country.

The total benefit coming from the averted dose per year: 160.000 USD

Obviously the value of the averted dose will increase faster than the inflation rate in the future, there-
fore we should calculate the present value of benefits using an uncertain and different factor for each
year. As we tried to consider this effect in the estimation of the value of averted dose, the return on in-
vestment can be derived simply as the quotient of the investment costs and the benefits:

Return of investment & 135 years
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As can be seen this period of time is not in the same magnitude as a return on an ordinary profitable
investment. But without the restoration works this dangerous situation would remain for hundreds of
years so the need of covering the tailing ponds is unquestionable.

5. Summary

In our presentation we surveyed the possibilities of the recultivation of the tailing ponds in Mecsek
uranium mining and milling area endangering the environment. We found a combination of 30 cm
flying ashes, 20 cm clay, 20 cm drainage and 30 cm soil with grass-seed cover optimal for the pond I.
containing 20 million tons waste after the carrying over:

After the carrying over it is not necessary on the pond II. to create a clay and drainage layer, and a
10 cm soil layer is satisfactory for the grass. On this pond it is possible to combine the grass with some
islands of alder and willow trees in depressions.
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APPLICATION OF THE SCALING TECHNIQUE FOR THE
CHARACTERISATION OF DIFFERENT RADIOACTIVE WASTE AT

NPP PAKS
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'Technical University of Budapest, Department of Physical Chemistry, Radiochemical laboratory, Budafoki

1. Introduction CZ9928557

In 1992, Paks Nuclear Power Plant Ltd. initiated a comprehensive, waste characterisation program for
the non-destructive determination of gamma-emitting radionuclides in solid or solidified waste pack-
ages. Within the framework of this program radioanalytical methods for the long-lived, difficulty
measurable nuclides (DTM) nuclides have been developed and tested by Hungarian laboratories
(Institute of Nuclear Research of the Hungarian Academy of Sciences, Institute of Nuclear Techniques,
Technical University of Budapest and the Department of Physical Chemistry, Technical University of
Budapest) [1]. In 1994, this team participated in a CEC PECO project (F12W-0034-PECO EXTEN-
TION) entitled "Inventory of Relevant Radioisotopes-Non-Destructive Determination by Correlation
with Key Nuclides". As a result of this programme, considerable amount of data has been collected at
NPP Paks. The objective of this paper is the discussion of the application of the scaling technique for
the characterisation of different radioactive waste.

2. Calculation of scaling factors (SF)

According to the recommendation of the US Nuclear Regulatory Commission (NRC) [2] the SF is de-
fined as:

^DMN = SF C K N (1)

Where CQMN and CKN are the activity concentration of the difficulty measurable nuclide and the key
nuclide, respectively. The model given by eqn.l. is called here as the SF-model. The best method for
the estimation of SF is the following [2]:

i

SF = 10 N (2)

where N is the number of data pairs used for the estimation. According to this equation SF is estimated
as a logarithmic mean average (LMA), because the data have proven to exhibit a log normal distribu-
tion, and therefore this gives the best estimate of the expected values among widely varying data. The
standard deviation of SF is the logarithmic mean dispersion (LMD), which is calculated as:

LMD = 10 N(N-l)
(3)

The maximal acceptable value of LMD is 10 [2]. If LMD is greater then 10 the application of SF cal-
culated by eqn.2 is not recommended. It is well known however that even if LMD is smaller then 10,
the validity of the SF-model is not sure. For this reason correlation analysis should always be per-
formed.

3. Correlation analysis

The validity of the SF-model can easily be checked by regression analysis and/or F-test. The qualifica-
tion of the correlation can be done on the basic of the regression coefficient R, which gives the per-
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centage of the explained variation using a given model. If R is greater then 0.7, the SF-model can be
accepted. In order to say how significant the correlation is, F-test is used, which compares the ex-
plained variance and the unexplained variance. If our model is correct their ratio shows F-statistics.
This value of F therefore must be compared with the appropriate value in the table of F-statistic corre-
sponding to 95% of significance (FCRIT). If F/FCRIT is greater than 1 the correlation is significant at the
95% level.

In most cases it is expected that the correlation between the relevant nuclide and the key nuclides are
better if instead of eqn.l the following model is used (LOG-model) [3]:

'DMN = a*(CKN) (8)

The determination of the parameters a and b can easily be done after the linearization of eqn.8 via lin-
ear regression. The significance of correlation is determined as explained above.

4. Database

The data used for processing is originated from the following waste streams: evaporation residues (S),
spent ion-exchange resins (G) and other liquid waste (E). In Table 1, we present generic scaling factors
as calculated using eqn.2 and all of the data.

Table 1. Generic scaling factors calculated
Data pair
90Sr/137Cs
"Tc/137Cs

129I137Cs
"C/^Co

5W°Co
59Ni/°Co

239,240pu/60Co

239,24Opu/137Cs

238pu/239,240pu

2 4 ] Am/ 2 3 W 0 Pu
244Cm/239,240pu

235 U / 6 0 C O

2 3 8 u / 6 0 C o

from the database
Number of data

52

10
12
20
11
11
40
39
36
29
29
23
27

ofNPPPaks.
SF

8.4E-4

6.6E-5
8.1E-6
1.5E-1
2.0E+1

2.4E-1
3.4E-6
1.6E-6
8.0E-1
7.2E-1
4.6E-1
7.5E-7
1.2E-6

LMD
9
9
7
8
4
5
13
16
2
2

3
13

14

The comparison of our results to the values presented by EPRI [4] is demonstrated in Fig. 1.

Figure 1. Comparison of the generic scaling factors between NPP Paks data and EPRI.

1.00E+03

1.00E+02 -

1.00E+01 ••

1.00E+00 -

1.00E-O1 -

1.00E-02--

1.00E-O3 • •

1.00E-04 -•

1.00E-05 -

1.00E-06 ••

1.00E-07 -•

1.00E-O8--

1.00E-09 -•'

1.00E-10

Session 4 475



IRPA Regional Symposium
Radiation Protection in Neighbouring Countries of Central Europe. Prague. 8-12 September 1997

It can be seen from Table 1 and Fig. 1, that there is an acceptable agreement between the individual SF
values, which again shows that the general trend of these SF factors are valid for most PWR reactors.

The comprehensive presentation of the waste stream specific data and the detailed correlation analysis
is beyond the scope of this paper. As an example of the correlation analysis however, the result for the
correlation between S5Fe/60Co is shown in Figure 2.

Figure 2. Correlation analysis between 55Fe and 60Co for all data.
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It can be seen from Fig.2, that there is an acceptable correlation between 55Fe and 60Co nuclides and the
correlation is better if the LOG-model is used. This is in line with the facts that both nuclide are pro-
duced by the absorption of thermal neutrons in steel materials and mainly present in non-soluble col-
loidal form in the primary coolant, and therefore correlation is expected.

5. Conclusion

Using all available data significant correlation was found for 238Pu/239"240Pu and 241Arn/239"240Pu. In
these cases the LOG-model is identical to the SF-model with parameter b close to unity. The SF-model
is also acceptable for l4C/60Co (R>0.7) and there is a significant correlation. There is no linear relation
(i.e. the SF-model is wrong) for 99Tc/137Cs, l29I/137Cs, ^ i / ^ C o and for 244Crn/239-240Pu, but in these
cases the LOG-model shows acceptable correlation. For the rest of the nuclide pairs no correlation was
found at all. In these cases waste stream specific analysis was performed. The detailed discussion of
those result is not presented here due to the limited volume of this article.
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BACKGROUND GAMMA-RADIATION IN MONTENEGRO
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1 Faculty of Sciences, University of Montenegro, P.O.Box 211, 81001 Podgorica, Yugoslavia
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5Faculty of Electrical Engineering, University of Montenegro, Podgorica, Yugoslavia

Abstract: Background gamma-radiation from soil sources was measured at 42 sites in Montenegro by
the method of in situ spectrometry. Medians of the measured specific activities are found to be
223 Bq/kg for 40K, 19 Bq/kg for 232Th, 19 Bq/kg for 238U, and 152 Bq/kg for 137Cs. Ground contami-
nation by 137Cs , in the first approximation, follows topographical map of Montenegro: it is negligible
on the Montenegrin Coast, while in the mountings it rises up to 74 kBq/m2. Radioactive caesium is
mostly retained in the surface part of uncultivated soil, in average 6 cm in depth. ||||||| ||||||||||]|||||||||||j j | | | ] | |

1. Introduction CZ9928558

A systematic attempt to measure background gamma-radiation of the terrestrial origin in Montenegro
(Yugoslavia) has been made at the end of 1994. A regular 15 x 20 km sampling grid covered the
whole territory of Montenegro. One measuring site, typical for the region according to its geological
and pedological characteristics, was chosen in each of the grid rectangles. To this basic grid of 42
measuring sites, the other 28 specific sites (sea, beaches, outcrops, plantations, tourist resorts) were
added. Only the results of measurements from the basic grid will be presented here.

The method of in situ gamma-spectrometry1-1"3^ has been used for measuring environmental radioactiv-
ity in Montenegro. This method has two essential advantages over a traditional laboratory method:
(i) the results obtained from a single measurement are more representative, because spectrum origi-
nates from photon sources in a large volume of soil, (ii) activities of radionuclides and penetration
depth of radiocesium in soil, as well as dose-rate from each of the radionuclides can be obtained from
only two measurements at a site.

2. Experimental

Portable gamma-spectrometer, consisting of HPGe detector (n-type, beryllium window, 100 cm3 active
volume, 1.95 keV FWHM at 1332 keV), 4k-multichannel analyzer and lap-top computer, has been
used for in situ measurements.

At each measuring site, chosen to be away from buildings and trees, two gamma-spectra were taken,
each with lh acquisition time. In one of these two measurements, the detector crystal was 1 m above
the ground, and detector pointed downwards. In the other, the detector was positioned inside a hole
(diameter of 15 cm and depth of 28 cm), made in the ground, so that the crystal is at a depth of 10 cm
in uncultivated and 20 cm in cultivated soil.

In order to find parameters of the radiation sources and their photon field on the basis of registered
gamma-spectra, beside metrological parameters of the spectrometer, the models of radiation objects are
needed(1"4). We have used the following two models, both with two semi-infinite media (ground and
air) which are divided by a flat surface:

1) One of the media contains homogeneously distributed radioactive substances. Detector is in the
other medium, at a given distance from the dividing surface. Specific activities of naturally occurring
nuclides in the ground and their dose-rates in the air are calculated by this model;

2) One of the media contains radioactive substance in a layer of an unknown thickness. Specific activ-
ity is either constant in that layer, or decreases exponentially with distance from the dividing surface.
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This model was used for calculating surface and specific caesium activities in the soil and caesium
dose rates in the air.

3. Results and discussion

Specific activities of 40K, 232Th and 238U at 42 measuring sites from the basic grid in Montenegro are
shown at Fig. 1. The lowest 40K concentration (78 Bq/kg) in soil is found in Ostros, at the place with
an intensive agricultural production. The highest values of the specific activities of 232Th (74 Bq/kg)
and 238U (166 Bq/kg) belong to Krasici. The cause of the increased natural radioactivity at this site is
probably a terra rossa type of soil.

Fig. 1.
40K,232Thand238Uinsoil

(a)
mean: 246 Bq/kg
median: 223 Bq/kg

(b)

mean: 23.7 Bq/kg
median: 19.0 Bq/kg
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(C)
mean: 29.3 Bq/kg
median: 18.5 Bq/kg
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Specific activity of 232Th [Bq/kg]
50

238,
150

Specific activity of ""8U [Bq/kg]

Dose-rates in the air, 1 m above the ground, due to the gamma-sources naturally occurring in soil, are
shown at Fig. 2 (a). Their mean value in Montenegro of 4.4 uR/h is lower than the corresponding one
in the world, which is 5.7 \\RJh.(5).

The region of Montenegro, as the most part of Europe, has been contaminated by cesium of Chernobyl
origin. Our measurements show that 137Cs contamination, in the first approximation, follows topog-
raphical map of Montenegro, increasing with altitude of a region. The highest contamination of
74 kBq/m2 is found in the mounting, while it is negligible on the Montenegrin Coast (5 kBq/m2). The
measured specific and surface activities of 137Cs are given at Fig. 3.

Fig. 2. Dose-rates from terrestrial gamma-sources
(a)
mean: 4.4 p.R/h
median: 3.7 jiR/h 15-

(b)
mean: 6.3 jiR/h
median: 5.6 (j.R/h

0 2 4 6 8 10 12 14
Dose-rates from natural isotopes [uR/h]

Fig. 3. Activities of 137Cs in soil
(a)

mean: 227 Bq/kg
median: 152 Bq/kg
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Total dose-rates from soil sources
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(b)

mean: 17 kBq/m2

median: 14 kBq/m2
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Specific activity of 137Cs fBq/kg'
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The penetration depths of 137Cs in soil are shown at Fig. 4 (a). At the uncultivated areas in Montene-
gro, cesium is still mostly retained in the surface layer, to the depth of 5 cm. The dose-rates of 137Cs are
given at Fig. 4 (b). Their mean value is 1.9 u.R/h, that is 43 % of the average dose-rate from the natural
radionuclides in soil. The relative increase of natural gamma background due to 137Cs contamination is
presented at Fig. 4 (c). An increase higher than 100 % is found at the six measuring sites. All they are
in mountainous part of Montenegro, at the altitudes higher than 1000 m above sea-level.

Fig. 4. Ground contamination by 137Cs
(a) (b)

mean: 1.9 \xWh
median: 1.9|iR/h

mean: 7.3 cm
median: 6.2 cm

(c)
mean: 56.0%
median: 26.8 %

0 2 4 6 8 10 12 14 16 18 20
Penetration depth of 137Cs [cm]

0 1 2 3 4 5
Dose-rates from I37Cs

0 50 100 150 200 250
Dose-rate increase due to 137Cs [%]

The chart at Fig. 5 and the histogram at Fig. 2 (b) show the total dose-rates of all terrestrial gamma
sources, both natural and technogenic.

Fig. 5. The basic grid of measuring sites in Montenegro and a chart of the total dose-rates from soil y-
sources

1 1 0-3

I

o Measuring site

4. Conclusions

Our measurements of the background gamma-radiation in Montenegro confirm that the method of in
situ gamma-spectrometry is very appropriate for environmental radioactivity research.

The gamma-background in Montenegro has increased for about 50 % (in average) due to the ground
contamination by cesium, but it is still at a level of the corresponding world average before the Cher-
nobyl accident.
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QUALITY ASSURANCE IN ENVIRONMENTAL MEASUREMENTS

I. Winkelmann, M. Naumann and U.K. Schkade
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1. Introduction

Within the scope of the project Registration, Investigation and Radiological Assessment of Mining
Residues", measuring programmes have been performed in numerous laboratories. Quality assurance
measures for the determination of natural radionuclides in environmental samples play a very impor-
tant role within the framework of this project. The organisation of intercomparison run by the Federal
Office for Radiation Protection, is one of these measures.

The following three intercomparison analyses have been carried out since 1993:

• 1993: Gamma spectrometric determination of natural radionuclides in soil, 20 participants

• 1994: Radiochemical determination (radiochemical or other methods - except gamma spec-
trometry) of natural radionuclides in plant ash, 18 participants

• 1995: Gamma spectrometric determination of natural radionuclides in soil, 34 participants

The participating laboratories were requested to determine the activity concentrations of the radionu-
clides 238U, 235U, 226Ra, 210Pb, (232Th), 228Ra, 228Th, 227Ac, and 40K by gamma ray spectrometry. In
1994 the radionuclides 238U, 234U, 235U, 226Ra, 210Pb, 210Po, 232Th, 228Ra, 228Th, 230Th, and 227Ac were
to be determined by radiochemical or other methods - except gamma spectrometry. The participants
were requested to carry out five individual sample measurements each.

Sample material was made available by the Federal Office for Radiation Protection. Material of natural
origin, with a radionuclide content at a level slightly above the normal range, has been prepared by
means of drying, breaking down, sieving and, where necessary, ashing and then homogenized.

2. Data evaluation

The statistical evaluation of the data reported by the participants was carried out according to DIN 38
402, Section 42 [1] and ISO/DIS 5725 [2]. A normal distribution of the measurement values was as-
sumed. Three types of outliers were taken into consideration:

• Type 1: Individual results of a participating laboratory differ significantly from the rest of its re-
sults. The outliers found were eliminated and the calculation of laboratory mean value
and standard deviation was repeated

• Type 2: A laboratory mean value of a participating laboratory differs significantly from the
mean values of the other participants. In this case, all individual values used for the cal-
culation of the laboratory mean value were rejected

• Type 3: The standard deviation calculated for the data of a laboratory differs significantly from
standard deviations of the other laboratories. The individual results of this laboratory
were rejected

Type 1 and 2 outliers were identified applying the GRUBBS-test, type 3 of outliers by applying the
F-test.

The following characteristic data of the intercomparison run were determined:
• Overall mean value
• Reproducibility standard deviation
• 95 % confidence interval
• Repeatability standard deviation
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3. Results and discussion

The percentage of results reported for the individual radionuclides and the percentage of values suit-
able for the statistical evaluation were different and dependent on the type of the measurement proce-
dure. As an example the results of the second and third intercomparison run in 1994 and 1995, respec-
tively, are reported.

In the second intercomparison run (1994) more than half of the participants reported results for 230Th
and the uranium isotopes 238U, 234U and 235U suitable for a statistical evaluation (at least three outlier-
free values were reported and the requested measuring method was used). About 40% of the partici-
pants reported results for the radionuclides 232Th, 228Th, and 226Ra, and about 30% for 210Po. Mean
values for 210Pb and 227Ac, which were only reported by a few participants, were not evaluated statisti-
cally. Values for 228Ra were determined by gamma spectrometry only and were not accepted. The third
intercomparison run (1995) with a significantly larger number of participants shows better yield com-
pared to those of the second intercomparison run. The percentage of values reported and suitable for
statistical evaluation was more than 50 % for all radionuclides, except 227Ac with only 44 %. The Fig-
ures 1 and 2 show the percentage of results reported and suitable for statistical evaluation.

Figure 1. Second intercomparison run 1994: Per- Figure 2. Third intercomparison run 1995: Per-
centage of lab mean values reported and centage of lab mean values reported and
suitable for the statistical evaluation suitable for the statistical evaluation
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As an example in the Figures 3 and 4 are shown the results for 238U obtained from the second and third
intercomparison run in 1994 and 1995, respectively.
Figure 3. Second intercomparison run (1994), radiochemical and other methods-except gamma ray spec-

trometry; results for U (plant ash)
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The evaluation of the intercomparison runs which have been carried out so far show that the radio-
chemical procedures have apparently not been applied as successful as the gamma spectrometric pro-
cedures.

Intercomparison exercises for the determination of natural radionuclides will be continued in the next
years. The fourth intercomparison run for the determination of natural radionuclides in model water
and real water samples are being carried out at present . A further intercomparison run in 1997 (soil
sample) is in the preparation stage.

Figure 4. Third intercomparison run (1995), gamma ray spectrometry; results for 238U (soil)
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INTERNATIONAL AERIAL MEASURING CAMPAIGN IN FINLAND 1995 -
MEASUREMENT RESULTS OF THE GERMAN TEAM

I. Winkelmann and M. Thomas

Bundesamt fur Strahlenschutz, Kopenicker Allee 120- 130, 10318 Berlin, Germany

1. Introduction

In August 1995, the Finish Geological Service had scheduled an international intercomparison cam-
paign with airborne measuring systems in helicopters and fixed wing aircrafts over selected areas in
Finland. A total of 11 teams from seven European countries and one Canadian group participated in the
measuring campaign. As a participant in this exercise, Germany was represented by the Federal Office
for Radiation Protection, together with the German Federal Border Police, who operated the helicopter.
The measuring flights started from a small airport in Vesivehmaa near Vaaksy in the vicinity of Lahti,
about 150 km north-east of Helsinki. The intent was to conduct aerial measurements over two different
areas to measure the soil contamination and to detect hidden sources of radioactivity.

2. Measuring system

The aerial measuring system consists of several components that can be separately installed in an
Alouette II Astazou type helicopter operated by the German Federal Border Police. The central unit
consists of a computerized gamma ray spectrometer with two different detector systems. For the nu-
clide specific measurements of soil contamination, a high purity Ge-semiconductor detector is used
with a relative efficiency of 50 % (with a 1.2 1 dewar for liquid nitrogen). A 12 1 NaI(Tl)-scintillation
detector array is used for detecting sources of radioactivity. The computer is equipped with spectromet-
ric cards comprising each the high voltage and the power supply for the detectors and, further, the main
amplifiers and the analog-digital-converters. The adjustment of the individual measurement parameters
is computer aided, as well as the recording of all measurement values. The data are shown in flight on
a monochrome screen and continuously stored on a hard disc. A GPS-satellite navigation system inte-
grated in the measuring system is determining the position of the helicopter. A CCD-video camera with
a wide angle lens allows for continuous recording on magnetic tape and on-line-displaying the flight
route on a screen for viewing by the technician. Pointing forward, the camera is fitted to the instrument
panel in front of the pilot.

The altitude is continuously measured by radar altimeter. The indicator gauge is fitted into the instru-
ment panel for easy in flight viewing by the pilot. The German Federal Aviation Agency approved the
operation of this system in an Alouette II Astazou type helicopter.

3. Measurements and results

So/7 contamination measurements

For measuring the 137Cs soil contamination in a given area of about 20 kn\ the HPGe-detector was
used. Flights were performed at an altitude of 70 m at a flying speed of about 100 km h"1. On account
of a relatively high 137Cs contamination of some 10 kBq nf2, a measuring time of 30 s was sufficient
for HPGe-detector measurements to achieve a statistically significant peak at 662 keV. For evaluating
the measured spectra, a depth distribution parameter a/p= (0.44 ± 0.21) cm2 g'1 was used [1]. Devia-
tions in altitude were corrected (standardized to 70 m). No corrections were made for gamma ray ab-
sorption by trees. The measurement uncertainty was calculated according to the error propagation law.

The measured 137Cs data were used to produce a fallout map shown in Figure 1. The 137Cs mean value
amounts to (70 ± 20) kBq m"2 with a maximum value of about 120 kBq m'2. Lowest values of about
60 kBq m"2 for I37Cs were measured in the southern part of this area and in a small area near the north-
ern boundary. The activity values show an increase from south to north; the highest values of more

Session 4 483



IRPA Regional Symposium
Radiation Protection in Neighbouring Countries of Central Europe. Prague. 8-12 September 1997

than 100 kBq m" are reached in the centre and in the northern part of this area. The mean Cs soil
contamination was measured to be (3.0 ± 0.9) kBq m"2. The measured values are in good agreement
with result from other measurements /I/.

Figure 1.137Cs soil contamination measured by HPGe-detector
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The task was to detect and localize hidden unknown radiation sources, to identify the individual radi-
onuclides and to assess their activity. Ten artificial radiation sources with activities ranging from about
26 MBq to 560 GBq were disposed within an area of about 5 km2 121. Type, activity, location and
number of the hidden sources were not known to the participants.

The radionuclides used were 60Co, 99mTc, 137Cs and 192Ir. One of the sources was a line source (about
200 m in length) consisting of six individual 60Co point sources with activities between 37 MBq and
67 MBq each. The activity of three sources was lower than 300 MBq, corresponding to the lower limit
of detection of the airborne measuring system used by the German team. All sources except the Ir
source and one of the cobalt sources were placed within the boundaries of the measurement area. Three
sources were collimated.

Each team was free to select its own strategy, while the time allotted for detection was strictly limited
to one our; no hovering for closer detection of a radiation source was permitted. A strict flying altitude
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of not less than 70 m above ground had to be kept. A distance of 100 m had to be maintained between
individual flight paths, the flying speed was 80 km h"1.

The NaI(Tl)-detector was used for detecting the sources (measuring time 2 s). The count rates were
continuously measured in the cesium window (530 - 720 keV) and cobalt window (1000 - 1400 keV)
and on-line displayed on the screen. The count rates were additionally measured in energy ranges of
between 260 - 510 keV and 1670 - 1880 keV. The measured data were stored together with coordinates
and altitudes for a more detailed evaluation. Additional spectra were continuously taken by HPGe-
detector (measuring time 30 s).

The count rates measured in the cobalt window approximately were between 100 s"1 and 150 s"1 while
those measured in the caesium window were in the range between 500 s"1 and 650 s"1. The results are
given in Table 1.

Table 1. Detected sources and estimated activity

Nuclide
60Co
6 0 Co"
60Co2>
137Cs

Given activity [2]

260 M B q
330 MBq
350 M B q
280 MBq

Estimated activity

100 - 300 MBq
200 - 500 MBq
100 - 400 MBq
1 0 0 - 4 0 0 MBq

''Collimated source
2)A line source consisting of six "point" sources located 20 ... 30 m from each other

Three 60Co sources and one 137Cs source were detected, localized and identified. By taking the uncer-
tainty in determining the location on hand of the GPS navigation system and other uncertainties into
account, the activities of these identified sources were estimated. The activities reported by the organ-
izer are within the range of estimated values [2]. The - collimated- 137Cs source with an activity of
about 1.5 GBq could in principle be localised by the NaI(Tl)-detector measurements; its activity, how-
ever, could not be confirmed. Furthermore the scattered low energy radiation of the shielded 192Ir
source with an activity of 560 GBq, located outside the investigated area, could be measured, but the
radionuclide not identified. There was a significant increase in the low energy portion of the HPGe-
detector spectrum. Due to the relatively high 137Cs soil contamination with values up to 120 kBq/m2

other sources could not be detected.

4. Conclusion

This international measuring campaign has demonstrated the ability of aerial measuring systems in
helicopters to perform rapid nuclide specific measurements in a large area and to detect sources of ra-
dioactivity. As a consequence for the German team there are two major improvements for the system to
search for radioactive sources:

First an improved navigation system such as a differential GPS system could redefine the localisation
of radioactive sources. Furthermore additional mathematical analysis of the measured data could im-
prove the detection of radioactive sources with lower activity.

The field of application of helicopters equipped with gamma ray spectrometric systems prove them to
be of indispensable aid in the surveillance of environmental radioactivity. Especially for rapid determi-
nation of widespread contamination of the environment after a nuclear accident at a nuclear facility.

5. References
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1. Introduction CZ9928561

As aerosol filters coupled to air pumps are capable of accumulating particulates from large volumes of
air onto a small surface, their radioactive content can be determined with good measuring efficiency
thus allowing advantageously low detection and warning levels.

The aerosol measuring system AMS-02 applies two consecutive static filters, the first one for aerosol
particles and a second filter for molecular iodine. The presence of non-natural radioactivity on either of
the filters is detected by means of alpha-, beta- and/or gamma-counting. If a warning or alarm signal is
generated, a third consecutive sampling and measuring unit is connected, as the air leaving the mo-
lecular iodine filter enters an appropriate canister filled with a specific adsorber in order to separate or-
ganic iodine species which would escape the first two sampling devices. Activity of this unit is meas-
ured by gamma counting. The static filter equipment is served by a manipulator from a stock of 600
filters.

2. Parts of the equipment

A. Sampling and measuring units
1. Aerosol filter facing a PIPS alpha/beta detector and a Nal(Tl) y scintillation detector
2. Aerosol filter facing a PIPS alpha/beta detector and a Ge y semiconductor detector
3. Iodine filter facing a Nal(Tl) y scintillation detector

Specific iodine filter of >95% adsorption capacity for molecular iodine, comprising a thin rein-
forced layer of specially impregnated active carbon .

4. Iodine filter facing a Nal(Tl) y scintillation detector
Canister filled with silica gel or charcoal with >95% adsorption capacity for organic iodine sub-
stances.

B. Actuating and other devices
1. Lead shielding
2. Air flow pump : nominal volume rate 10 m3/h.
3. Manipulator
4. Storage / retrieval racks
5. Computer(s)

• data acquisition for the detectors;
• running data evaluation programs;
• co-ordinating the operation of the manipulator and the air flow pump;
• archival of results and communication with the remote control centre sending warning messages

and exchanging additional information.

3. Operation

Sequence of normal operation

The AMS-02 system should be installed advantageously in a closed cabin or container standing in a
grassy environment. The inlet tube of the air flow pump is set to an upright position. Precipitate must
not enter the tube. The end of the tube should be at least 1.5 m high above the ground surface. An ap-
propriate number of aerosol and iodine filters are filled into the storage/retrieval rack. Filter-shaped
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low-activity calibration standards are applied as well: 137Cs for the gamma detectors and 239Pu for the
alpha-beta detector.

The "AMS 02" program starts automatically after switching on the equipment. Upon controlling the
presence and status of each device, it performs detector setting control ( "gain check" ) for all meas-
urement positions. The gain check is repeated every time filters are changed in either normal or off-
normal operational modes unless it is omitted from the initialisation (INI) file containing default pa-
rameters.

Background measurements with new filters are performed before air pumping starts. Although the ex-
ternal background is subject to diurnal, seasonal and meteorological changes, it was still necessary to
set a maximum upper limit above which continuous sampling must not start, thus excluding e.g. the er-
roneous presence of the calibration source. These measurements are repeated every time filters are
regularly changed in normal operational mode. In off-normal mode or in case of an "irregular" change
background should not be measured.

Air pumping is started after the termination of a background measurement. Pulses of the PIPS and
scintillation detectors are collected for consecutive 5 minutes. Counts are evaluated in order to recog-
nise non-natural radionuclides adsorbed on the filters. If this occurs, a warning message is generated.
Three subsequent signals are required to confirm a lasting "warning" status, the "alarm" message can
be generated by only one measurement resulting in an activity concentration exceeding the alarm level.
The program estimates the maximum and minimum activity concentration for a suspected contaminant.
Would a warning message be generated, the appropriate filter is changed and stored with a "suspect"
label. The spectrum taken by the HP Ge detector is accumulated throughout the whole sampling cycle,
but it is also re-evaluated in the same 5-minute measurement cycle like the other counts. The regular
response message of the units with PIPS and Nal(Tl) detectors contains an estimation of the current ra-
don equivalent equilibrium concentration in the atmosphere as well.

After 12-24 hours of normal operation (the actual value is determined in the INI file) the aerosol fil-
ter is changed for a new one exempt from natural radioactivity, otherwise the contribution of the de-
scendants of the thorium-based 220Rn (thoron) would build up onto the aerosol filter changing the ex-
pected pulse height distribution and increasing the possibility of a false warning. The new cycle starts
with the change of the aerosol filter followed by an optional gain test and a background measurement.

The effective half-lives of 238U-based and 232Th-based radon descendants are about 20 minutes and 10
hours, respectively. Due to the latter, a used aerosol filter is "cooled" for 84 hours ( 7 normal sampling
cycles ) to get rid of thoron activity. Then the filter can be considered exempt from excess activity so it
is reused until the flow resistance of the filter reaches a limit. Air flow rate is checked after each data
evaluation. Would this test fail, a cycle-breaking "regular" filter change is performed.

Sequence of off-normal operation

Off-normal sequence is initiated by three consecutive warning signals or by a single alarm signal. Both
the aerosol and iodine samples will then be collected for only one hour, while data evaluation is per-
formed still in every five minutes. In the off-normal mode the organic iodine content of the air is also
monitored. This sequence remains valid until warning signals cease for both detectors at the same
measurement. Background measurements are cancelled in off-normal mode, but gain tests are per-
formed regularly following every change.

4. Data evaluation procedures

1. Background measurements

2. Continuous sampling in normal and off-normal operation

3. High resolution gamma spectrometry
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1. Background measurements

The continuous sampling and evaluation cycle starts with a 15-minute background measurement. As
long as no excess (either natural or non-natural) radioactivity is observed on either of the filters, the
measured data are attained to the external background and added to the aggregate background vari-
ables.

2. Continuous sampling in normal and off-normal operational modes

Two kinds of situations may occur during the sampling cycle:

• the sum of the observed counts does not differ significantly from the total background: the usual case
with the iodine filter; and

• the sum of the observed counts is significantly higher than the total external background: the usual
case with the aerosol filter.

2.1. Gamma counting

The relative differential distribution of the net counts (NQ [i]) is calculated for R energy regions. The
calibrated relative differential spectrum of radon daughters ( CQ [i] )is compared to the measured ra-
tios (NQ [i]) by defining quality factors ( QF [I]):

QF[i] = NQ[i]/CQ[i] {=h R {l]

RQF[i] = jRNQ;[i]z + RC$i}2 i = 1,...,R [2]

RQF [i] is the relative standard deviation of the quality factor, RCQ [i] is the relative standard devia-
tion of the calibrated quotient CQ in the i-th zone, RNQ is the same for NQ. Obviously, the expected
value of QF is 1 if there is no source of radioactivity on the filter. It is worth noting that the relative
spectral distribution of the actual composition of the radon descendants depends on the equilibrium
between the consecutive descendants as well as on the presence or absence of significant concentration
of 22ORn-series nuclides.

RQF[i\

Q[i] is the resulting quality parameter for the i-th zone, it compares the difference between the actual
and the expected values of the quality factor to its estimated standard deviation. SF is a semi-empirical
significance factor. If criterion [4] is fulfilled, it indicates the presence of non-natural radioactivity. The
serial number of the zone with the largest Q[i] value can lead to a rough assumption for the identity of
the nuclide(s).

If the significance criterion is not met for neither of the zones, the exclusive presence of radon descen-
dants is confirmed. As the pumping rate is known, the radon concentration in the sampled atmosphere
is assessed approximately.

In addition to the warning message the radioactivity AC present on the filter is also assessed using a
rough estimation of the actual counting efficiency.

AC = {N[im])/tm*(l/EFF[im\) [5]

im is the number of the zone with the largest and/or most significant quality parameter Q[i] , N is the
number of net counts in the respective region, tm is the measuring time, the mean counting efficiencies
EFF [i]'s belonging to each zone are calibrated. The marginal values of the atmospheric activity con-
centration can be calculated. Two assumptions are applied:
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• The minimum airborne concentration ACCN is determined by using the total volume of air processed
so far, that is, the maximum volume VOLX;

• The maximum airborne concentration ACCX is determined by using the volume of air pumped
through the filter during the last measurement period , that is, the minimum volume VOLN.

ACCN = AC I VOLX [ 6j

ACCX = AC/VOLN ryj

In case of off-normal operation, the volume of the air (VOL) that may contain the adsorbed contami-
nant is considered as the processed volume so the activity concentration ACC can be given more accu-
rately:

ACC = AC/VOL [8j

This procedure is similar for spectra taken by the detector facing the iodine filter. However, the deter-
mination of artificial radiocontamination is more simple and straightforward as no radon progeny
build-up is presumed.

2.2. Alpha/beta-counting

The formulation of the evaluation of the alpha/beta-spectrum is quite similar to the procedure de-
scribed above. There are 6 energy regions in this case. The physical data of the most important natural
alpha emitters are given in Table 1. below:

Table 1. Alpha emitting radon descendants

Nuclide
2 I 8 Po
2 1 4Po
2 I 6 Po
2 1 2Bi
2 1 2Po

Series
222DRn
2 2 2Rn
2 2 0Rn
220DRn
220DRn

Alpha energy (MeV)

6.00

7.69

6.78

6.07

8.78

Energy region

3.

5.

4.

3.

6.

The most common artificial alpha emitting radionuclides are 238Pu, 239Pu and 240Pu, 241Am. Their
peaks fall in region 2., between 4.0 and 5.7 MeV. Region 1 contains all the beta pulses ( < 3 MeV ).
Net counts are calculated by subtracting cross-talk of peaks in upper regions to the counts in lower re-
gions. Peak areas of radon descendant components are calculated "backwards", starting with the un-
disturbed 212Po peak from the high energy side. Time dependence of the peak area ratios of the decay
chains are also considered. The alpha counts of the possible artificial nuclides are determined as the
significant positive content of region 2 that remains after subtracting all the cross-talk pulses. The pos-
sible significant counts of artificial beta emitters are determined in a similar way from the gross counts
in region 1. If these values are significant, the activity concentrations are calculated by the likes of
equations [6] - [8].

2.3. Calculating radon EEC from the results of y-counting

The discrimination zones of the y detector facing the aerosol filter are constructed so that they contain
the full energy peaks of 214Pb and 2l4Bi, Compton contribution from the peaks and the associated
backscatter peaks. As the higher energy regions have contribution only from 214Bi, an aggregate cor-
rection factor was determined for subtracting the contribution of 214Bi from the summed net counts of
low energy zones considering the energy vs. efficiency and energy vs. peak-to-Compton-ratio functions
of the detector. Contribution of 220Rn (thoron) descendants are also taken into consideration, and a set
of linear equations is set and solved for the net region-of-interest (ROI) area of Pb, Bi, Tl and
212Pb.
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The activity of radon descendants in air can be described adequately with a set of differential equa-
tions:

APo

Pb J* i f o r o

dt XPb [ 1 0 ]

dNm Cm*VR , „ , „
2HBi J, i ABi J*Bi+JPb/Bi APb lyPb

dt Xm ^Uj

dt means differentiating according to the elapsed time, the A's are the activities adsorbed onto the filter,
the N's are the number of the respective nuclides, the C's are the activity concentrations [ Bq/m3 ] of the
respective nuclides in the atmosphere, X's are the decay constants [ in min"1 ]. VR is the actual volume
rate of the air pump [ m3/min ], fpo/pb and fpb/Bi are the equilibrium factors of the adsorbed particulates.
According to literature references (e.g. "Measurement of radon and radon daughters in air" U.S. NCRP
Report #97 ) these factors differ significantly from 1, that is, the proper state of equilibrium. Widely
accepted recommendations for the values are CRn: Cp0: Cpb: CBJ = 1 : 0.9 : 0.7 : 0.6 for the "bulk" out-
door atmosphere. However, these ratios of outdoor radon descendant concentrations cannot be used for
describing the equilibrium factors which are valid for the solid layers sorbed onto the filter. As a rough
approximation, the difference from the ideal state of equilibrium is taken as half of that of the recom-
mended bulk outdoor mean:

fbuik,Rn/Po = fbi = 0.9; fbuik,Po/Pb = fb2 = 0.7/0.9 = 0.78; fbuik,Pb/Bi = fb3 = 0.6/0.7 = 0.85

ffilter,Rn/Po ~ ffl = 0.95; ffilter,Po/Pb = ff2 = 0.89; ffilter.Pb/Bi= fft = 0.92

The arresting efficiency of the aerosol filter proved better than 98.5 % so no correction was required
for it. Substituting the respective bulk and filter equilibrium factors to equations [9] - [11] they can be
solved for Np0, Npb and NBU giving the number of the radon daughter nuclei present on the filter as a
function of pumping time. The respective activities are simply generated by multiplying the equations
with the respective decay constants X?o, A,pb and \BI-

[13]

For the sake of brevity, the indices were changed : "1" denotes 218Po, "2" denotes 214Pb and "3" denotes
214Bi. The expressions within the primary parentheses of equations [12] and [13] can be referred to as
tf2 and tf3 (time dependent factors), respectively. The activities of 214Pb and 214Bi can be expressed
from the calculated ROI areas as well:
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NCT

t * FFF

NCT
— A ————Si—

NCT's are the respective ROI areas, tm is the measuring time, the EFF's are the experimental efficien-
cies combining the total counting efficiencies, peak-to-total ratios and gamma-abundance of the con-
sidered major gamma lines.

Two separate solutions can be obtained for CRn, the estimated radon equilibrium concentration in the
atmosphere, if the appropriate equations [12] - [15] are combined:

tm*EFFPb VR*fb{*tf2

NCTm

tm*EFFBi VR*fa*tf3
3

The arithmetic mean of the two values is displayed by the program as an estimated radon equivalent
equilibrium concentration EEC in units Bq/m3. A similar procedure is performed in order to determine
the thoron EEC using the respective ROI's and physical constants, if these ROI's are also significant.

2.4. Calculating radon EEC from the results of a-counting

The ROI areas of the alpha emitting radon and thoron descendants are calculated similarly to the pro-
cedure described in the above section. The activity concentration is given below:

A2i8Po = NR[2,8Po]/(tm .EFF218p0) [18]

A2l4Po = NR[2l4Po]/(tm .EFF214Po) [19]

NR's are the respective ROI areas, tm is the measuring time, the EFF's are the experimental efficien-
cies combining the total counting efficiencies and branching ratios of the considered a-energies.
Equivalent equilibrium concentration is in turn given:

EEC = 0.105 . A218P0+ 1-041 . A214Po [20]

A similar procedure is performed in order to determine thoron EEC using the respective ROI's and
physical constants, if these ROI's are also significant.

3. High resolution gamma spectrometry

Gamma spectra taken by the HP Ge detector are treated in a special way. Full energy peaks are selected
and identified. Spectrum evaluation includes the following steps:

- Peak search
- Peak area calculation
- Peak fitting
- Identification
- Activity calculation

A. Peak search

Full-energy peaks are recognised on the basis of a numerical convolution of the channel contents with
the second derivative of an appropriate Gaussian. Data of the expected peak width calibration are re-
quired for the analysis. Peak centres are listed, suspected overlaps are labelled.
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B. Peak area calculation

Peak regions are designated by examining the slopes of both sides of the peak centres. A common peak
region is assigned to overlapping peaks. Areas are estimated with the simple trapezoid method:

C. Peak fitting

The peak shape of the HP Ge detector response is approximated and fitted with an asymmetric multi-
parameter function. The asymmetric "low energy tailing" component joins smoothly to the central
Gaussian. The ordinates and the first derivatives of the components are identical at the junction point.
In routine analysis the least-squares regression is linearised, the non-linear parameters are fixed and
kept constant for the fitting procedure. Peak centres are taken from the preceding peak search routine.
Peak widths and the positions of the junction point of the asymmetric component are taken from previ-
ously determined calibration files.

The acceptance criteria for a full energy peak are the significance of the amplitude and the area. Insig-
nificant peaks are deleted from the peak list, and the area calculation and peak fitting steps are repeated
from the assignment of (possibly) new peak boundaries. As soon as no further deletion is required, ar-
eas of the fitted peak shape functions are calculated.

D. Identification of full-energy peaks

Two algorithms are provided for the identification of radioisotopes: a traditional method of peak-by-
peak analysis and a so-called matrix identification procedure. For the peak-by-peak analysis an isotope
library is provided containing physical data. Decisions are to be made whether the following conditions
are met:
- energy match between a gamma line in the data library and a peak in the spectrum;
- if a line other than the matching one is marked as "main line" for the given isotope, the presence of

the main line in the spectrum is checked and the intensity ratio of the respective peaks is compared to
the ratio of the respective efficiency-corrected gamma abundance.

The matrix identification routine is optional in the gamma-spectrometric analysis program of the con-
trol centre of the monitoring network. A least-squares model is established according to eq. [21]:

Aj -fj-EFF> ))2 • w -
N M

IP; is the intensity of the i-th peak region of the spectrum, Aj is the activity of the j-th isotope selected
according to the energy match condition, fj denotes the gamma-abundance of the matching gamma-
line, EFFj is the efficiency valid for the region in question, w is the statistical weight of the i-th compo-
nent of the least-squares sum (the reciprocal of the variance of the intensity). N is the number of the
separate peak regions in the spectrum 0=1,2,... N), and M is the number of the "suspected" isotopes
(j=l,2,...M). Differentiating R for Aj's results in a set of linear homogeneous equations which can be
readily solved for Aj's if N is larger than M. In spite of the apparent advantage that this procedure pro-
vides accurate results even for unresolvably overlapping peaks, in some cases matrix identification will
lead to an underdetermined situation with no realistic outcome. This case occurs when two gamma
lines without any other associated peak fall into the same peak region.

E. Activity calculations

Data from the energy vs. full-energy peak efficiency calibration and gamma abundance from the iso-
tope library are necessary for determining the activity of the identified radionuclides:

4l]=EFF[i\*GM{i\ [ ]

GM [ i ] is the gamma abundance. If the sample was taken in off-normal mode, the activity concentra-
tions in the atmosphere can also be assessed.
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CA[i] = 4*1
VOL

[23]

C A is the activity concentration, VOL is the volume of air pumped through the filter. Results are listed
on the display and stored in files as well for further inspection and transmission.

5. Sensitivity

The minimum detectable radioactivity was determined for all detectors of the system, based on realistic
measurement situations. Results are given in Tables 2. and 3. below. They illustrate the fact the AMS-
02 is especially advantageous for the detection of low-level artificial radioactivity building up within a
longer period of time. Best values are obtained for a-emitters detected by the PIPS detector. However,
according to the experiences obtained during the Chernobyl accident it is not very likely that the first
batch of dispersed radiocontamination would contain a significant amount of ( extremely harmful) a-
emitting components. The unit for the adsorption of molecular iodine can be of more importance
whenever early warning is concerned. Its sensitivity proved to be excellent as well. Of course the sen-
sitivity of HP Ge spectra is so much improved by the end of the 24-hour-long sampling cycle as - on
the contrary to the other detectors of much higher efficiency - these spectra are accumulated throughout
the whole period. On the other hand, temporary radon EEC cannot be estimated from these spectra.

Table 2. Sensitivities (limits of detection) of the AMS 02 system (units: Bq/m )

Cycle time

5 mm
30min

1
2

12
24

Sampling:
Radon EEC

hr
hr
hr
hr

PIPS
a

0.75
0.23
0.13
0.073

Aerosol filter
Nal(Tl)

J3
4.6
2.1
1.3

137,Cs

2.4
2.3
1.7

137

0.71 1.1

HPGe
Cs

2.9
0.18
0.068
0.025

J3Jj

1.8
0.10
0.035
0.014

0.015 0.17 0.26 2.0* 10"3 1.3 *10"3

Iodine filter
NaI(Tl)

ml

3.8
0.60
0.29
0.15
0.024

8.0* 10"3 0.094 0.14 6.9*10'4 4.1*10'4 0.012

3 sites in Niederosterreich in February 1997
10 Bq/m' ThoronEEC ~ 0.02 Bq/m3

Table 3. Sensitivities (limits of detection) of the AMS 02 system (units: Bq)

Cycle time

5 min
30min

lhr
2hr

12 hr
24 hr

spectrum type

PIPS
a

0.50
0.92
1.0
1.2
1.3
1.4
U

Aerosol filter

J3
3.1
8.4
10
11
15
16
U

NaI(Tl)
mCs

1.6
9.2
13
17
23
26
U

HPGe
mCs

1.9
0.70
0.53
0.40
0.17
0.12
A

JSJj

1.2
0.40
0.28
0.22
0.11
0.07

A

Iodine filter
NaI(Tl)

13II

2.5
2.4
2.3
2.2
2.1
2.1
U

U: updated, A: accumulated
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FAST NEUTRON DETECTION USING ALUMINUM OXIDE TLDs*

N. Azziz1, M. Ranogajec-Komor2, S.A. Marino3, G.A. Klemic1 and M. Osvay4

U.S. Department of Energy/Environmental Measurements Laboratory, New York, N.Y., USA
2Ruder Boskovic Institute, Zagreb, Croatia

3Radiological Research Accelerator Facility at Nevis Laboratory, Columbia University, New York, USA
''institute of Isotopes of the Hungarian Academy of Sciences, Budapest, Hungary

Abstract: The self induced (TL) effect following fast neutron irradiation was investigated using two
types of aluminum oxide TL detectors. The first set of detectors were polycrystalline ceramic detectors
developed for accidental dosimetry purposes, doped with magnesium and yttrium, A^CV.MgjY, made
in Hungary. The second set were single crystal detectors having a very high sensitivity, doped with
carbon, A^C^iC, recently developed in Russia. A previous study investigated this technique using
Al2O3:Mg,Y. The aim of the present study was to test the self induced TL effect in the new A12O3:C
material and compare the neutron sensitivity of this technique in the two materials using 14 MeV neu-
tron field. It was found that using self-induced TL the expected minimum detectable fast neutron dose
is on the order of 1 mGy using A12C>3:C and 300 mGy using Al2O3:Mg,Y. ^u^./tAp\.") ><fJLh * •

1. Introduction %ae&\

Various AI2O3 TL detectors have been used for neutron dosimetry in mixed n+y fields. Two modified
types of aluminum oxide (without activator and doped with Mg and Y, respectively) were used to de-
termine high neutron doses(1) by applying a method suggested by Mayhugh, et al.(2) which makes use of
the activation induced by the neutron striking the dosimeter. In the study (1) the self induced effect on
the AI2O3 was investigated using the 27Al(n,oc)24Na reaction to measure the neutron part in a mixed n+y
irradiation field. The lowest detectable neutron dose with these detectors was found to be about 0.5 Gy.

Aluminum oxide doped with carbon, A12O3:C(3) has been also used for neutron dosimetry in mixed n+y
fields(4>5). In these studies the dosimeter was used in combination with filters such as Cd. Their relative
neutron : gamma sensitivity has been analyzed for several neutron energies up to 14 MeV( \

In the present study the induced activity of Al is used as an index of the neutron dose. This method re-
quires two consecutive readings(1). The first reading is related to the effect of the primary neutrons and
gammas that had reached the dosimeter during the irradiation time. The second reading determines the
effect of the decay of the activated elements contained in the dosimeter. These elements decay via beta
and gamma emission and the former are responsible for most of the energy deposited in the dosimeter.
We expect this reading to be proportional to the number of neutrons that strike the crystal.

2. Methods

Selected pieces of polycrystalline form D-2 type Al2O3:Mg,Y(7) and A12O3:C
(3) TLDs were used for

comparative investigation. TLDs were handled under darkroom conditions and cleaned with methanol.
Al2O3:Mg,Y TLDs were annealed for 60 min at 600°C; A12O3:C detectors were annealed for 10 min at
400°C. Chips were packaged in light-tight black plastic and Lucite boxes of 320 mg cm2. TLDs were
readout with a Victoreen model 2800M planchet reader, using a starting temperature of 100°C, 10 de-
grees/s heating rate, and maximum temperature of 400° C. The system was calibrated using control
TLDs irradiated by a 137Cs source.

Dosimeters were irradiated using essentially monoenergetic 14 MeV neutrons at the Radiological Re-
search Accelerator (RARAF). A12O3:C detectors were exposed to 0.1 and 1 Gy; Al2O3:Mg,Y detectors
were exposed to 1 Gy only. The neutron fluence was measured using a GM detector and a tissue

* This work was supported by the US-Croatian Science/Technology Program Grant under contract number JF 105.

Session 5 4 9 5



IRPA Regional Symposium
Radiation Protection in Neighbouring Countries of Central Europe. Prague. 8-12 September 199

equivalent ionization chamber. The first one is sensitive to gamma radiation and the second detects
gamma and neutrons. Details of this technique were given in reference 6.

The half lives of the radioactive isotopes generated from the neutron activation of the A12O3 target vary
from seconds to years. By choosing appropriate first and second reading time we may select one iso-
tope and study its effects inside the crystal. According to neutron activation data we find that 27A1 is
the only relevant component of the dosimeter which is activated into an isotope (24Na) with a reason-
able half life (15.5 h) for the purpose of our experiment.

Two readouts are required for this technique. The first readout is performed as soon as possible after ir-
radiation, and accounts for the effect of the neutrons and gamma radiation during the irradiation time
as well as self irradiation from isotopes with half lives in order of seconds. The dosimeter is than
stored for a period corresponding to a few half lives of 24Na, so that the dosimeter is self-irradiated by
betas produced in the decay of 24Na. The second readout is performed within a few half lives of 24Na.
Other isotopes with half lives on the order of years have a small effect in this time period, so that we
may consider 24Na the only relevant radioactive product in this study.

Thus, the second readout corresponds to the amount of activation of 27A1 which is proportional to the
neutron fluence. During the storage period between readouts a high purity germanium detector was
used to count the gamma emitted by 24Na in one of the AkC^C detectors in order to provide an inde-
pendent determination of the neutron fluence. The germanium detector was calibrated with 60Co.

Fig 1 shows the relevant times in this study. The irradiation started at to and ended at ti, 5 or 56 min-
utes for the 0.1 and 1 Gy doses, respectively.. The first reading took place at tj, about 4 hours after to.
The duration of readout was of the order of one minute and is negligible for our analysis. At t3, 5 hours,
we start counting the gamma originating in the decay of 24Na until a time U, 96 hours, using a high pu-
rity Ge detector. Finally, at t5, 99 hours, all the chips were read for the second time.

Fig 1. Chronology

to It, | t 2 | t 3 | t 4

to = Start Irradiation t3 = GeLi Counting Starts (5 h)
tj = End Irradiation (5 and 56 min) t4 = GeLi Counting Ends (96 h)
t2 = First Reading of TLDs (4 h) t5 = Second Reading of TLDs (99 h)
(Reading time is neglected)

3. Results and discussion

The neutron fluence determined for the 1 Gy exposure by using the RARAF GM gamma counter and
a tissue-equivalent ionization chamber was O = 1.5xl010 neutrons/cm2. By measuring the two gamma
photons of 24Na using a high purity germanium detector at EML we inferred O = 1.8x10 neu-
trons/cm2. The agreement between both measurements was reasonable.

Results of the second TLD readout are shown in Table. The experimental error is estimated to be of
the order of 6%.

Table 1. Second reading results

Neutron Exposure
(Gy)
0.1

1
1

TLD Type

A12O3:C
A12O3:C

AI2O3:Mg,Y

Equivalent Gamma Dose
(mGy)
0.13
1.20
1.17

11*7

The values shown in the far right column titled "equivalent gamma dose" were obtained by using Cs
as the calibration source (see reference 6). The neutron exposures given in the first column of Table 1
were obtained from the reading of the GM counter and ion chamber at RARAF.
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As this shows, the gamma equivalent responses at 1 Gy for both TLDs are very similar, within 3%. At
least for these two exposures we found that the response of AhC^C is proportional to the neutron flu-
ence O. This linearity was also found previously in AhOyMg, Y according to reference 1. Assuming
linearity to lower doses we find that the lowest detectable fast neutron dose using this technique is on
the order of 1 mGy using A12O3:C and 300 mGy using Al2O3:Mg,Y.

While Al2O3:Mg,Y was developed for use in accident dosimetry, the high gamma sensitivity of
A12O3:C makes attractive for use in routine personnel and environmental dosimetry. This study shows
that A12O3:C provides improved sensitivity to 14 MeV neutrons when used in the self activation tech-
nique demonstrated previously for Al2C>3:Mg,Y. In conclusion, A12O-3:C presents a unique sensitivity to
gamma radiation and 14 MeV neutrons that could be applicable to mixed neutron-gamma fields.
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10 YEARS OF EXPERIENCE WITH HIGH-SENSITIVE LiF:Mg,Cu,P (MCP-N)
THERMOLUMINESCENT DETECTORS IN RADIATION DOSIMETRY

P. Bilski1, P. Olko1, M. Budzanowski1, E. Ryba1 and M.P.R. Waligorski1'2

'institute of Nuclear Physics, Radzikowskiego 152, PL.-31-342 Krakow, Poland
2Centre of Oncology, Garncarska 11, 31-115 Krakow, Poland

1. Introduction CZ9928563

At the end of the 'seventies a new TL material was discovered: lithium fluoride doped with magne-
sium, copper and phosphorus (denoted as LiF:Mg,Cu,P). Its sensitivity after y-ray doses was found to
be about 30 times that of standard TLD-100, and its background low and stable, making it possible to
measure reliably doses as low as 200 nGy. These properties made LiF:Mg,Cu,P the most promising
new TL dosimetric material. Around 1985 a technology of producing of LiF:Mg,Cu,P in the form of
solid sintered pellets (named MCP-N) was developed at the Institute of Nuclear Physics in Krakow
(INP). Since that time many dozens of thousands of MCP-N detectors has been produced and used at
the INP for practical routine monitoring. In the meantime, a considerable effort was devoted to ex-
plaining physical properties of the LiF:Mg,Cu,P and collecting the basic dosimetric characteristics. In
this way, our laboratory had the unique possibility of gathering experience with work on LiF:Mg,Cu,P
from all three approaches: manufacturing, research and practical applications. Some of our experience
and results are described in this work.

2. Investigations of LiF:Mg,Cu,P properties

Over several years following the development of LiF:Mg,Cu,P an extensive research program on their
properties has been effected at the INP. One extensively researched subject was to optimize the acti-
vator composition and thermal treatment. The best composition of dopants was found to be the fol-
lowing: P=l-3 mol%, Cu=0.02-0.05 mol%, Mg«0.2 mol%. We found that LiF:Mg,Cu,P needs some
thermal pre-treatment prior to first use, namely 260°C for 10 min. For further annealing, 10 minutes at
240°C was found to be optimum. With such thermal treatment and with readout temperature not ex-
ceeding 240°C, MCP-N detectors show stable response after repeated re-uses. Long-term fading of
MCP-N was found not to exceed 4%/year.

Considerable work has been carried out to investigate the response of MCP-N after doses of different
radiation modalities. The photon energy response (see Fig.l) is quite flat (within 20% down to ca.
15 keV) with a local minimum at 100 keV. This anomalous, i.e. not following (|Wp) energy relation-
ship, photon response was explained as a microdosimetric effect, reflecting the very strong dependence
of LiF:Mg,Cu,P TL efficiency on ionization density. This dependence was further studied and TL ef-
ficiency for wide range of radiation types evaluated (Fig. 2) [1]. The relative response of the MCP-N
for a-particles was found to be 4-6 times lower than for TLD-100. The dose response of LiF:Mg,Cu,P
was found to be linear up to ca. 5 Gy, and then sublinear, without any supralinearity. Analysis of these
results has lead to the development of a more general microdosimetric model to describe TL efficiency
in different radiation fields.[2]

3. Applications

LiF:Mg,Cu,P detectors may be successfully used in nearly all fields of dosimetry. They may serve very
well as a general individual dosimeter and they are particularly appropriate for measuring gamma doses
in mixed neutron-gamma fields as their response discriminates against the high-LET component of the
mixed field (see Fig. 2). They may even be advantageous in radiotherapy, due to their lack of supra-
linearity or measuring radiation doses from X-ray diagnostic equipment, due to flat energy response. In
this paper only two fields of application, probably the most promising, will be discussed.
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Figure 1. Relative TL response of MCP-N detec- Figure 2. Relative (normalised to 137Cs) TL effi-
tors for photon radiation compared with ciency of LiF:Mg,Cu,P detectors, com-
(Hen/p)LiF/(Hen/p)Aii- All values normalised to pared with that of TLD-100 [3]
that of 137Cs
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Environmental dosimetry

Typically, the aim of environmental measurements is to detect a small increase of natural radiation
level, which could have originated by industrial activity. Because dose rates are in these cases usually
quite low, for monitoring of doses in environment one needs detectors of sensitivity as high as possi-
ble. Therefore, it is not surprising that environmental dosimetry is where LiF:Mg,Cu,P detectors, for
which the detection limit is better than for any other tissue-equivalent TL material, have found the
widest application.

At the INP MCP-N detectors were applied for practical monitoring of radiation in environment since
1987. In March of that year a set of MCP-N detectors was placed in a reference site at INP premises,
together with LiF:Mg,Ti dosemeters which had already been used for some time. In that time the dose-
rate enhancement after the Chernobyl accident was still quite high, and both detector types monitored
its slow decrease from about 60 nGy.h'1 to the pre-Chernobyl value of 35 nGy.h"1. It is worth noting
that the same batch of MCP-N pellets had been in use since 1987 up to 1995 and no noticeable change
of their sensitivity or other properties found. This is probably the longest lasting experience with con-
tinuous use of LiF:Mg,Cu,P reported by any laboratory, proving that the widely reported "instability"
of these detectors is not a real problem, provided that they are properly treated.

MCP-N detectors were checked many times at various international test measurements, including the
10th and 11th International Intercomparisons of Environmental Dosimeters organised by Environmental
Measurements Laboratory, Department of Energy (USA, 1993, 1996). The results obtained for field
exposures in both cases were within 2% of values later provided by organisers, which can be consid-
ered to be perfect agreement. In 1994 MCP-N were tested in an European Union comparison of dose-
meters for environmental application performed at the Riso Environmental Station in Denmark. All
tests proved that LiF:Mg,Cu,P is an excellent material for environmental applications. The most re-
markable result was obtained in an experiment aimed at checking the possibility of measuring natural
radiation level in a very short time. The shortest time of exposure was 3.5 hours, the kerma rate being
continuously monitored with a Reuter-Stokes ionisation chamber. The value measured with MCP-N
chips was 68.5±13.8 nGy.h"1 in excellent agreement with 68.7±1.4 nGy.h'1 obtained with the ionisa-
tion chamber. This proved that field doses of the order of 200 nGy can be readily measured with
MCP-N detectors.
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The newest application of MCP-N is a system of Rapid Assessment of Accidental Exposures (RACE),
which is now under development. The RACE system is planned to be able to measure doses in envi-
ronment at a large number of locations within a few days. It exploits MCP-N chips encapsulated in
special dosimetric cards and high-capacity automatic TL readers (for details see the accompanying arti-
cle at this conference [4]).

Beta-ray (skin) dosimetry

Individual dosimeters for beta radiation should be designed to measure personal dose equivalent Hp at
a depth of 7 mg.cm"2 for skin. Thermoluminescent detectors of a standard thickness can seriously un-
derestimate doses in external fields of weakly penetrating beta rays. Several approaches to producing
effectively thin TL dosemeters have been tested but none of them was fully satisfying. The general
problem in using thin TL dosemeters is their inherently low sensitivity, being a result of the small
amount of the phosphor in the detector. The known highly sensitive phosphors such as CaSCH or
Al2O3:C all have the disadvantage of showing an undesirable overresponse to low-energy photons.
LiF:Mg,Cu,P material is not only 30 times more sensitive than standard LiF:Mg,Ti, but also due to its
tissue-equivalence is the only one TL phosphor combining high sensitivity with a flat energy response
for photons. These virtues were exploited at the INP to produce thin LiF:Mg,Cu,P detectors using an
original technique[5]. The chip consists of two layers: a thin active part bonded to a thick base made of
unactivated LiF. The detectors (denoted MCP-Ns) are formed by pressing about 2.2 mg of
LiF:Mg,Cu,P powder into thin discs, adding about 20 mg of pure LiF, then pressing both layers to-
gether to form one pellet (diameter 4.5 mm) and finally sintering it at an elevated temperature. The ef-
fective thickness of these detectors was estimated to be about 8.5 mg.cm"2. In spite of such small
thickness their sensitivity is similar to that of standard TLD-100 chips. It was found that they are ca-
pable of reliably measuring doses of the order of a few micrograys. Also, their stability over repeated
re-uses is very good. Their most important feature arises from their small thickness - they exhibit flat
beta energy response, down to 147Pm particles, which possess mean energy of 60 keV (see Fig. 3).
Summarising all properties of MCP-Ns detectors, they seem to be a prime dosimeter for measure-
ments of weakly penetrating radiation. At the INP there was up to now no need for their implementa-
tion into practical monitoring, however after transfer of the technology to a commercial company
"TLD Niewiadomski", MCP-Ns detectors have been distributed in several nuclear centres in Europe
(e.g. FZ Karlsruhe, GSF, CERN).

Figure 2. Relative beta energy response in terms of Rpy for MCP-Ns detectors (filter 2.0 mg.cm"2) meas-
ure at different angles of incidence(B) - 0°, (•) - 20°, ( • ) - 40°, (O) - 60°. Solid line represents val-
ues averaged over four angles

1.10

1.05-

1.00-

0.95-

0.90-

0.85
0.0

Mean beta energy, MeV

500 Session 5



IRPA Regional Symposium
Radiation Protection in Neighbouring Countries of Central Europe. Prague. 8-12 September 199

4. Conclusions

During ten years of work with LiF:Mg,Cu,P detectors at the INP their properties has been thoroughly
investigated. Wide range of data describing their various dosimetric characteristic has been gathered.
The general implication of all results is that MCP-N detectors are an excellent dosimeter for many ap-
plications. Among them the most promising are environmental dosimetry, skin dosimetry in radiation
protection, and, in the more distant future, medical applications in radiotherapy.
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1. Introduction

One of the experience learned from the Chernobyl accident was that the spatial distribution of far-field
contamination was strongly non-uniform due to local variations of atmospheric conditions as wind di-
rection, rain etc. Also in case of technologically enhanced environmental contamination "hot-spots"
may occur which result, e.g., from a local sedimentation of radioactive elements. Active device moni-
tors are well suited for early warning of nuclear accident or local measurements of dose-rates but they
require qualified personnel, transport, power supply, etc. which limits the range of their application.
Environmental monitoring with thermoluminescent detectors, TLDs, may perfectly supplement active
monitoring methods. However, the sensitivity of TL detectors typically used in monitoring, such as
Harshaw TLD-100 (LiF:Mg,Ti), CaF2:Dy or CaSO^Dy requires at least 3 months exposure time at en-
vironmental dose-rate levels, which limits the applicability of the system to rather long-term exposures
[1]-

The main goal of this work was to demonstrate the concept and first results of a system for Rapid As-
sessment of Accidental Exposures (RACE) which is based on a new generation of ultra-sensitive
thermoluminescent detectors LiF:Mg, Cu, P (trade name MCP-N). The RACE system is envisaged to
be able to monitor environmental radiation doses at a large number of locations within a few days.
RACE will further be able to work as a standard detector system for routine environmental monitoring,
but the major innovation is its capability of performing rapid, short-term (ca. 24 - 48 hours) in situ dose
assessments in the case of any type of nuclear accidents, radioactive contamination of environment or
decommissioning.

2. Technical specification of the RACE system

The main measurement equipment and standard procedures are listed in table 1.

Table 1. Main elements of the RACE system

Element

TL detectors [2,3,51
TL cards

TL readers

Annealing ovens
Standard software
Extended software [81

Annealing
Distribution
Exposure sites
Readout

Evaluation of results

Description

INSTRUMENTATION

LiF:Mg, Cu, P chips (trade name MCP-N)
Aluminium cards of type KD96 containing three MCP-N detectors wrapped in Teflon
foil
Automatic, microprocessor-controlled ohm-heating readers of type ACARD96 and AC-
ARD97. Both readers are fully compatible.
Microprocessor-controlled ovens of type Carbolite 400 and PTW TLDO
ACARD software for control of reader and simple operations of TL curves and database.
Special software for separation of different TL peaks.

PROCEDURES

Standard: 10 minutes at 240 °C ± 1°C
Rapid deployment using transportation by car, with well-known transit-dose
Meteorological boxes (1 or 2 m above ground)
Linear heating up to 300 °C or three-step plateau heating (3 s at 150 °C, 15 s at 260 °C
and 3 s at 260 °C)
Integration of curves or glow-curve analysis (GCA)
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3. Testing of the system (selected elements)

Linearity of response

The response of MCP-N detectors was investigated over gamma-doses ranging from 0.2 jaGy to
1000 Gy. The linearity of the response of MCP-N detectors for doses in range from 1 juGy to 1 Gy is
better than 2 %. For higher doses the response was found to be sub-linear. The standard deviation of
the measured dose was varied from 15% at 200 nGy to about 1.5% for 100 uX3y.

Estimation of time period between exposure and readout

For standard readout, peak 4 (main dosimetric peak, see fig. 1) is used for dose evaluation and peaks 1,
2, 3 usually disappear in time (through fading) or during post irradiation thermal treatment. In Fig. 1
the change in the structure of the glow-curve of LiF:Mg, Cu, P measured at different time-periods after
irradiation is presented.

Figure 1. Evaluation of the structure of glow-curve of LiF:Mg, Cu, P. Read out at different time after
exposure. (h0.17 corresponds to the prompt curve ca. 10 min after irradiation, other curves read
at 1,5,24,48,72,168,720 and 2160 hours after irradiation
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Figure 2. Relative dependence of ratios of peaks areas: peak2/peak4 and peak 3/peak4 vs. elapsed time
after exposure. The straight lines represent calculated fits
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The behaviour of decreasing of low temperature peaks could be useful for estimating the time elapsed
between exposure and readout. Figure 2 presents the function of ratios of peak 2-to-peak 4 and peak 3-
to-peak 4 vs. elapsed time. Fitted lines (exponential decay) are also shown. It can be clearly seen that
using the ratio of peak 2-to-peak 4 it is possible to estimate the elapsed time up to about 200 hours (ca.
one week). For longer exposures (up to 3 months) the ratio of peaks 3 and 4 is more appropriate.
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Short-term measurements and comparison with active devices

MCP-N detectors were within the European Union Intercomparison of passive and active dosemeters
for environmental applications at Riso National Laboratory in 1994, Denmark [4], In order to measure
the natural radiation (cosmic + terrestrial) all active and passive TL detectors were located far away
from any buildings at the Riso Environmental Station. Detectors were hung 1 m above grass and ex-
posed for 3.5 or 16 hours. The average kerma rate obtained by a Reuter Stokes ionisation chamber
(HPIC) was 68.7 ± 1.4 nGy h'1. Measured kerma rate using MCP-N detectors during 3.5 and 16 h was
68.5 ± 13.8 and 71.1 ± 6.8 nGy h"1 respectively. By measurements of cosmic component only the
agreement between MCP-N and HPIC chamber was within 30 %.

Daily routine dose rate measurements over several moths

The main objective of this work was to test the capability of MCP-N detectors in daily routine meas-
urements of natural dose rate in environment. At the beginning, dosemeters were prepared (about
400 pcs), divided into exposure, calibration and ,,zero-dose" groups and placed in the exposure sites.
Every day, calibration dosemeters were annealed and irradiated to a calibration dose of 0.5 mGy
(Cs-137 photons). Daily dosemeters were then removed from the stations, read and placed immediately
in the exposure sites again. The control sheet was filled in with the required data at the removal of the
dosemeters. Exposure periods for daily measurements ranged from the usual 20 hours to 72 hours after
weekends. In Figure 3 a daily dose rates obtained during a 70-day measurement at the meteorological
station at INP are presented.

The average air kerma rate was 66.8 nGy h"1 (Fig. 3a, solid line). The maximum value was 74.5 and
min 55.1 nGy h"1. The relative mean standard error (of 8 detectors) was 4.6 % with a maximum of 7.3
% and minimum of 1.7 %. Similar measurements of daily doses are presented in figure 3b. Detectors
were prepared, read out and exposed at CIEMAT, Madrid. For comparison to active device an HPIC
Ionization Chamber type Reuter Stokes was used. Results are presented in figure 3b (straight line).

Figure 3ab. Daily kerma rate measured with MCP-N detectors exposed to natural radiation in environ-
ment, (a. measurements performed at INP area, b. results at the area of CIEMAT)
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Long-term measurements

A series of experiments was performed to test the properties of high-sensitive LiF:Mg, Cu, P detectors
under long-term exposure (about 1.5 year). Detectors were exposed at three different sites: a) in an un-
derground cave of the Asse salt-mine (Germany) at the depth of 775 m, where the constant ambient
temperature is 33 °C and relative humidity is below 25%, b) on a plastic waterproof buoy, placed on
the surface of an artificial lake near Karlsruhe, 100 m off-shore, c) inside building. In long-term expo-
sure all investigated detectors have demonstrated good stability. The ,,self-dose" was less then 1 nQy h"
'. In both sites, namely in Asse salt mine and on the lake, fading did not exceed 5% y"1 [6].
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4. Conclusions

The Rapid Assessment of Accidental Exposures (RACE) system has been developed prepared which
enables environmental doses to be measured at a large number of local sites within time periods rang-
ing from a few hours to several weeks. The system is based on ultra-sensitive MCP-N (LiF:Mg, Cu, P)
detectors which have demonstrated properties very well suited for short-term and long-term environ-
mental monitoring. RACE can be used for rapidly gaining information about the spatial distribution of
contamination in the case of nuclear accidents, accidental contamination or decommissioning work.
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LOW-POWER ANALOGUE PROCESSOR FOR BONNER SPHERE
SPECTROMETERS

M.I. Ciobanu1 and A.V. Alevra2
CZ9928565

'institute of Atomic Physics, P.O.Box MG-06, RO-76900 Magurele-Bucharest, Romania
2Physikalisch-Technische Bundesanstalt, Bundesallee 100, D-38116 Braunschweig, Germany

Abstract: A compact electronic system with low power consumption was designed and constructed for
Bonner sphere spectrometers in order to facilitate measurements at isolated places of limited access
and to reduce the sensitivity to environmental parasitic influences.

1. Introduction

A Bonner sphere spectrometer (BSS)1 is a robust instrument which is used under a large variety of en-
vironmental conditions as regards the ambient temperature, electromagnetic and/or acoustic noise, a
wide range of count rates (10"3 s"1 to 104 s"1) and poor-quality (noisy) power supply. The electronics as-
sociated with the BSS, which extends from a high-voltage supply unit and a charge-sensitive preampli-
fier to a multichannel analyser (MCA), must ensure the stability and reliability necessary for operation
under these adverse environmental conditions. Low power consumption of battery-powered electronics
is to facilitate measurements at isolated places or in regions of limited access.

Within the framework of a German-Romanian technical cooperation project supported by the Federal
Ministry for Education and Research (BMBF) of Germany, an analogue processor (AP) was developed
for use with a BSS whose central detector is a 3He-filled proportional counter.

In the following sections, we give a brief description of the AP, its features and technical specifications
which have resulted from measurements made with the prototype instrument.

2. The detector signals

A 3He-filled spherical proportional counter of type SP9 (Centronic Ltd, UK), 32 mm in diameter, is
used for the detection of neutrons. The reaction 3He(n,p)T is the main interaction process of the ther-
mal neutrons with the 3He nuclei. This reaction has a large cross section (5155 barn compared with
5331 barn for the total cross section of 3He at 0.0253 eV neutron energy) which strongly decreases
(7/£°'5 law) with increasing energy. The positive disintegration energy Q = 764 keV is shared between
the resulting proton (75%) and triton (25%). A typical pulse-height (PH) spectrum (PHS) furnished by
an SP9 counter is shown in Fig. 1.

In most cases, both charged particles, i.e. proton and triton, dissipate their whole kinetic energy in the
gas with which the counter is filled (krypton is
added to 3He), and the resulting pulse is recorded in FiS- *• A tyPical pulse-height spectrum obtained
the full-energy peak (FEP) indicated in Fig. 1 by
marker No. 3. Pulses of lower amplitude are ob-
tained in the cases when either the proton or the
triton fully or partially escapes from the counter
(wall effects). The lowest PHs arise when the pro-
ton fully escapes; in this case, the triton is fully ab-
sorbed in the gas and the resulting pulses have am-
plitudes of a quarter of the FEP (just above
marker 2). The neutron-induced events are thus re-
corded practically in the amplitude range between
markers 2 and 4. Nevertheless, a few pulses are re-
corded also above marker 4, and they are mainly

from a
counter

3He-filIed SP9 proportional

600

500

200 400 600
Channel Number

800 1000

506 Session 5



IRPA Regional Symposium
Radiation Protection in Neighbouring Countries of Central Europe. Prague. 8-12 September 199

due to high-energy neutrons; in measurements with very high counting rates (a few thousands
counts/s), however, they also result from the pile-up of thermal neutron events. The pulses recorded
above marker 4 are therefore included in the measured counting rate.

The events recorded below marker 2 are not due to neutrons. They can be due to gamma-ray induced
electrons in the detector wall (0.5 mm stainless steel) or, the most of them, to noise induced from the
environment or produced by the electronics itself. With decreasing PH, the number of such perturba-
tive pulses increases considerably, and in order to avoid unnecessary recordings, the pulses between
channel zero and marker 1 were rejected using the analogue threshold of the Analogue-to-Digital Con-
verter (ADC) of the MCA used. The analysis in the region below marker 2 is very important because it
shows whether marker 2 clearly separates the neutron events from the parasitic events. This region was
plotted once more in Fig. 1, multiplied by a factor often in order to illustrate situations occurring when
the neutron count rate is very low, in which case the parasitic pulses can dominate the spectrum on
both sides of marker 2, interfering with the neutron events at least in this region. The extraction of the
pure neutron count rate from such a spectrum is complicated, it makes necessary a full shape analysis
of the PHS using reference PH spectra. Obviously, such complications can be avoided if the electronics
used with the SP9 detector can keep low enough the counting in the region below marker 2, thus en-
suring a net separation of the neutron events above marker 2.

3. The analogue processor

From the discussion in the previous section it can be concluded that it is the main task of the AP to re-
duce the parasitic pulses of the SP9 counter detection system to as low a level as possible. Such a task
can be fulfilled more easily when the AP is of compact design, well shielded against external electro-
magnetic perturbations, and if it uses an incorporated autonomous power supply independent of the
mains. In this case, low power consumption offers important advantages. The block diagram of the AP
developed to match the features of the 3He-filled SP9 proportional counter is shown in Fig. 2.

The AP comprises an adjustable high-voltage power supply (HVPS), a charge-sensitive preamplifier
(CSPA), a shaping amplifier (ShA), a base-line re-
storer (BLR), two integral discriminators (Dl and
D2) with individually adjustable thresholds and a
low-voltage power supply (LVPS).

The LVPS uses a DC-DC converter which supplies
± 5 V stabilized voltages. The primary voltage is
usually provided by internal or external batteries
and may have values between 4 V and 7 V, but a
standard + 12 V NIM input is also accepted. A clas-
sical ringing-choke converter type has been chosen.
In order to achieve a good voltage stability, the in-
tegrated circuits MAX4802 and MAX8733 are used.
A symmetrical L-C HF filter is used at the LVPS

Fig. 2. The block diagram of the analogue proces-
sor for SP9 counters
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input in order to reduce the influence of the external electromagnetic perturbations. The variation of
the output voltage with temperature is less than 150 ppm/ °C and less than ± 0.2% for changes of the
battery voltage between 4 V and 7 V.

The HVPS supplies a maximum current of 2 uA and allows continuous adjustment of the output volt-
age in the range from + 670 V to + 930 V, which largely meets the requirements of the various SP9
counters used. To ensure reduced power consumption a ringing-choke converter followed by a xlO
multiplier is used. The reference voltage (MAX873), the error amplifier (MAX480) and the feedback
resistors were chosen so as to ensure a stability coefficient of about 50 ppm/ °C, a value which guar-
antees normal measurement conditions even under ambient temperature changes as large as ± 25 °C
(for instance at an ambient temperature varying between - 5 °C and + 45 °C).
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The CSPA has been constructed of discrete components, and the compromise between performance,
price and power consumption has resulted in the following main characteristics: a minimum pulse rise
time of about 100 ns (usually the drift time of the detector is clearly longer) and a fall time of about
100 (as. The thermal noise of the CSPA is about 2% of the FEP amplitude when the detector and the
HVPS are disconnected. When the SP9 detector is connected through a coaxial cable 40 cm long and
the high voltage is applied, the noise amplitude doubles.

The ShA consists of 4 stages all using the same operational amplifier (OpAmp), MAX4394. Quasi-
Gaussian shape (two shaping times of 2.5 (is and 5 us are available and settable with minijumpers) is
achieved by means of pole-zero compensation, two real poles and a pair of complex-conjugated poles.
The amplifier gain has two coarse adjustments (xl/x3,xl/x3) with minijumpers and a fine adjustment
(xl -rx3.5).

Using the ± 5 V LVPS and the MAX439 OpAmp in the end stage of the ShA, and an output impedance
of 1 kQ. (which generally corresponds to the input impedance of an ADC), the analogue output of the
ShA is linear up to about 3.1V and is saturated at about 3.3 V. This situation copes very well with a 0
to 4 V analysis range of an MCA. In this case it is recommended to adjust the gain such that the FEP
has about 2.5 V amplitude. Then, all pulses of higher amplitude are recorded as well, most of them in a
peak corresponding to the saturation amplitude. This low-power output of the ShA accepts 50 Q im-
pedance coaxial cables, up to about 40 m in length, for connection to the MCA (ADC) input, the non-
linearity distortions remaining below 1%. The global stability with the temperature of CSPA+ShA is
better than 500 ppm/ °C, while the deviations from linearity remain lower than ±10 mV in the whole
amplitude range from 0 V to 3.1 V.

For longer cable connections (up to 150 m, ending with a 50 Q input) we already tested an optional
variant of the ShA end stage, by replacing the MAX439 OpAmp with the pin-compatible LM61715

OpAmp and increasing the positive LVPS from + 5 V to + 8 V. The price to be paid is, of course, an
increase in the total power consumption from 80 mW to about 110 mW.

In the BLR, using a nonlinear level-gain-control amplifier, a good stability versus temperature of the
zero line, as well as a reduced peak shift with increasing count rate (less than 1% at 40000 pulses/s) are
obtained.

Two outputs of integral discriminators with adjustable thresholds are provided for counting applica-
tions.

Fig. 3 shows the AP prototype which is installed in an aluminium box of size 170 x 105 x 58 mm on a
single printed-circuit board which contains all the AP elements grouped in functional blocks. The
CSPA and the HVPS are electrostatically shielded in order to reduce reciprocal perturbations.

Up to now, the AP prototype was successfully
used in measurements with the PTB BSS at the F i§- 3- A photograph of the prototype of the ana-
Paul Scherrer Institute in Villigen / Switzerland logue processor for BSSs
and at CERN in Geneve. The results will be pub-
lished elsewhere.

4. Conclusions

Using compact, small-size and battery-powered
electronics, the measurements with a Bonner
sphere spectrometer are improved not only owing
to better portability of the detector system, but
also because of independence from mains supply
and better shielding against external perturbations.

5. Acknowledgements

508 Session 5



IRPA Regional Symposium
Radiation Protection in Neighbouring Countries of Central Europe. Prague. 8-12 September 199

The authors are grateful to Dr. G. Pascovici and Dr. H. Klein for their valuable discussions and sug-
gestions. The competent and efficient help of Mr. K. Hoepting in the procurement of the necessary
electronic components, and the contribution of Mr. J. Wittstock with neutron measurements at PTB
and CERN are also gratefully acknowledged.

The coordination by the "Internationales Biiro des BMFB", at the Deutsche Forschungsanstalt fur Luft-
und Raumfahrt e.V. (DLR) in Bonn, under Project No. RUM-017-96 is gratefully acknowledged.

6. References

1. V. Alevra, Neutron Spectrometry with Bonner Spheres: Applications in Physics and Dosimetry, In:
Proc. SPIE 2867 (1997) 274-277, ISBN-0-8194-2263-0

2. MAXIM-1992 New Releases Data Book, Vol. I, /3/, pp. 47-52

3. MAXIM-1994 New Releases Data Book, Vol. Ill, 161, pp. 15-22

4. MAXIM-1994 New Releases Data Book, Vol. Ill, III, pp. 7-17

5. National Operational Amplifier Databook, National Semiconductor 400036, 1995, Vol. I, III, pp.
547-559

Session 5 5 0 9



IRPA Regional Symposium
Radiation Protection in Neighbouring Countries of Central Europe. Prague. 8-12 September 199

A TLD READER FOR WIDE RANGE IN SITU DOSE MEASUREMENT

S. Deme, I. Apathy, L. Bodnar, A. Csoke and L Hejja
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1 . Introduction

Since the beginning of the eighties our institute has developed and manufactured a series of ther-
moluminescent dosemeter (TLD) systems for spacecraft. The system consists of a set of bulb doseme-
ters and a small, compact TLD reader suitable for on-board evaluation of the dosemeters. By means of
such a system measurements were and are carried out on board the Salyut-6, -7 and Mir Space Stations
as well as the Space Shuttle1'2'5.

Application of TL method for environmental gamma-radiation dosimetry involves uncertainty caused
by the dose collected during the transport from the point of annealing to the place of exposure and back
to the place of evaluation. Should an accident occur read out is delayed due to the need to transport to a
laboratory equipped with a TLD reader.

A portable TLD reader3'4 suitable for reading out the TL dosemeter at the place of exposure ("in site
TLD reader") provides the possibility to overcome the above-mentioned disadvantage. At the same
time, not a single, up to date manufactured type is available on the market therefore we have modified
our new generation microprocessor controlled on-board TLD reader to enable it to monitor environ-
mental gamma-radiation doses. The main goals of the modification were (i) to provide the reader with
a battery operated option and (ii) to provide constant sensitivity over a wide environmental temperature
range.

A short technical description of the modified system is given in this paper - already being used by
Hungary's nuclear power plant.

2. Technical description of the portable TLD system

The thermoluminescent dosemeter (TLD) system consists of unlimited number of TL dosemeters and a
lightweight (2 kg), battery operated compact portable TLD reader. The system provides accurate and
wide range (from 3 jaGy to 10 Gy) dose measurement.

Construction of the dosemeters. A cross-section of a TL dosemeter is to be seen in Fig. 1. Its essential
component is a bulb made of glass (a), containing the CaSO^Dy TL material (b) laminated to the sur-
face of a resistive metal plate (c) that is heated electrically.

Fig. 1. Cross section of TL dosemeter

Each TLD bulb is encapsulated in a cylindrical, pen-like metal holder made of aluminium. A one-wire-
port integrated electronic programmable memory chip (d) mounted inside the holder contains the iden-
tification code and the individual calibration parameters of the dosemeter. The aperture (e) of the
holder is normally covered by a stainless steel tube (f) to protect the bulb from light and mechanical ef-
fects. The tube slips backwards automatically when the dosemeter is inserted into the reader. Three
gold-plated contacts (g) on one end of the holder provide a lead-in for the heating current and access to
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the memory chip. A (h) on the other end serves for operation during read-out; the same code stored in
the memory chip is engraved on the head. Except during read-out, the dosemeter is inserted in a pro-
tective metal case.

Electronic construction of the reader. The TLD reader is a microprocessor controlled unit for provid-
ing the preliminary evaluation of the dose absorbed by the dosemeters. The measured dose is then dis-
played and stored on a removable flash memory card. The main components of the reader include:

• microprocessor (uP)
• heating power supply
• photoelectron multiplier tube (PMT)
• wide-range I/U converter and A/D (12 bit) converter
• high voltage (HV) power supply
• memory card driver
• main power supply (PS)

The heating supply is controlled via a D/A converter by the microprocessor thereby the time depend-
ence of the heating current can be programmed.

The light output of the bulb dosemeter is measured by a photoelectron multiplier tube (PMT). This
PMT is a low noise, vibration and shock resistant model of EMI (9924NA). The change-over of the
three ranges of the I/U converter is controlled by the JUP. (The range of the light detecting system ex-
ceeds 8 orders of magnitude.) A built in stabilized LED light source controls the light sensitivity of the
reader in each measuring cycle.

The HV supply of the PMT is switched on 3 sec before the heating phase to allow the PMT to stabilize,
and it remains switched on only during heating.

Functions of the microprocessor are: full control of the measurement including registration of the glow
curve in digital form, preliminary evaluation of the measurement, displaying and storing of all meas-
ured data and numerous parameters.

The battery powered timer/memory has three functions: to provide the uP with the actual time (real
time clock), to store all of the "device" (reader-specific) parameters (reader identification, heating cur-
rent profiles, HV values, sample rates, etc.) and to activate the reader (switch on the main PS) in auto-
matic measuring mode.

The reader can be connected to a PC via its RS-232 standard serial port. In this way, the parameters
can be programmed into the reader and into the dosemeter inserted in the reader, data can be read from
the memory card and service functions can be accomplished.

The four digit alphanumeric LED display (Fig. 2) indicates the identification code of the actual dose-
meter, the measured dose in exponential form, the possible error codes and the menu/submenu points
of the set-up controlled by pushbuttons on the front panel.

The removable memory card can store data of up to 8000 measurements (dose, identification code of
the reader and the dosemeter, date and time of the measurement, error codes, parameters used during
the measurement and evaluation, digital glow curves).

The main power supply (PS) is powered by rechargeable NiCd battery. The battery (10.8 V) provides
capacity for about 200 read-outs. The reader also works from a car battery in buffer mode. In automatic
mode, the PS is switched on by the timer only during read-out.

The TLD reader has two main modes of operation, viz. manual and automatic. In automatic mode, the
unit will read out the inserted dosemeter periodically using parameters set in the manual mode.
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Fig. 2 . Front view of the reader
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3. Dosimetric characteristics of the system

Only the area of the glow curve of the main dosimetric peak (between points of 30 per cent of the glow
maximum) is used for dose evaluation.

The environmental temperature influences both the position and the area of the glow curve (Fig. 3).
Using the built in digital thermometer this effect is fully compensated by the (iP-program during the
evaluation.

Fig. 3. Glow curves measured at different environmental temperatures
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4. Evaluation method based on IBM-PC

The TLD reader itself performs fast data evaluation; the result is displayed on the screen of the reader.
Even though, generally speaking, this evaluation method is completely adequate and reliable for do-
simetric purposes, full advantage of all the capabilities of the system cannot be utilised in this way. In
view of this a computer program serving as a user interface has been developed for the TLD system;
this enables the full capabilities to be accessed.

The program runs under the DOS operating system, but it can be used in MS-Windows and Windows95
environments as well. The PC can communicate with the reader via an RS-232 serial connection.
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Main functions of the program:
• Obtaining measured data from the memory card of the reader
• Displaying glow curves
• Re-evaluating measured data in the case of unsuitable evaluation parameters
• Calculating dose rate based on the data stored on the memory card taking the background into

account as well
• Displaying/modifying bulb parameter tables
• Displaying/modifying device parameter tables
• Creating a bitmap file of the screen
• Creating text files from measured data
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CONTINUOUS ANALYSIS OF RADIOIODINE ISOTOPES IN THE PRIMARY
COOLANT OF NPP PAKS, HUNGARY
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E. Erdos1, J. Soos1, A. Vincze1, O. Zsille1, A. Gujgiczer1, J. Solymosi1 and T. Pinter2

'Technical University of Budapest, Department of Physical Chemistry, Radiochemical laboratory, Budafoki
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1. Introduction

Analysis of radioiodine isotopes that is 131I, 132I, 13SI, 134I,135I in the primary coolant of a pressurised
water type Nuclear Power Plant produces an immediate notice of cladding failure making enable rapid
interaction. Unfortunately all types of PWR using boric acid and potassium hydroxide in the primary
coolant have some of high activity components (42K, 24Na etc.) which make impossible the direct and
accurate measurement using even high resolution detectors. For accurate measurements previous
chemical separation is needed.

Different methods are used (1,2), mainly for manual radiochemical separation for the laboratory analy-
sis, but the need of the continuous operation determines the method which fulfils the requirements of
the automation. Our earlier separation systems and experimental equipment were formerly reported in
papers (3,4,5,6)

The method of the separation was found to be the most effective and simple is as follows: iodide is
formed into elementary iodine quantitatively by oxidation with potassium iodate in acidic media. Due
to the volatility of the iodine, it is quantitatively evaporated from the primary coolant (desorption) us-
ing air flow. Air is bubbled through a solution of reducer, and iodine is absorbed in the form of iodide
ready for measurement.

The continuous monitoring of radioactive iodines wants to meet some special conditions, as
follows:

- it is important to couple the equipment inlet directly to the primary coolant outlet
- the system has to work continuously without inspection and frequent or complicate handling
- for the measurement of gamma spectra a simple Nal(Tl) scintillation detector is used
- the equipment has to be protected against any breakdown or disturbance and blocked against

sending false information.

2. Experimental

The realisation of the mentioned separation method is easy by using gas bubbler units for desorption
and for the absorption.

With the help of this apparatus, the manual laboratory separation is carried out on this way at the NPP,
Paks. It became the tool of the weekly analysis of the radioiodines for all of the four blocks. The suc-
cessful and satisfactory operation made us to choose this system for the automatic equipment as a
base.

The operating system consists of high quality and heavy duty elements, solenoid valves, peristaltic
pump, and tubing system, ready to operate without handling for several weeks. The system is directed
and data are processed by computer. The flow chart and the operation of the equipment with the
evaluation of the gamma spectra has been presented in an earlier paper (7).

As a result of the measurements the computer produces the radioiodine activity levels separately for the
13II, 1321,1331,1341,135I isotopes.
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3. Results

The equipment has been installed to block 3. at NPP Paks in 1996. In the following we present a meas-
urement process for a longer period of time. These measurements show the relative activity levels of
the five iodine isotopes comparing to the weekly laboratory analysis. We present these results for the
period of 01.12.1996. till 31.03.1997. on figures Land 2.

Figure 1. Relative activities of radioiodine isotopes measured by the equipment
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The graphs show practically constant activity levels for the period of 01.12.1996. - 05.03.1997, but a
systematic and very fast changes occured in the activity levels of the different iodine isotopes e.g.

Figure 2. Relative activities of radioiodine isotopes measured by the laboratory
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about at 05.03.1997. for some days. The 131I,132I and 135I levels were increasing, but the 133I and 134I
activities decreased. The not too frequent weekly analysis of the laboratory can follow these changes
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only very moderately, sometimes the analysis time misses the fast event. The investigation of these re-
sults has not been done yet in details. It is the task of the near future to explain the reasons of these
changes of the activities.

Evaluating the average radioactive concentration levels of the radioiodine isotopes found in the pri-
mary coolant at the Paks reactor - according to the representatives of the Power Plant- it can be stated
that significant leakage can not be observed. The relatively low levels of activities come from the fis-
sion of the traces of U-235 on the external surface of the fuel elements' cladding.

4. Conclusions

The radioiodine analyser operating at block 3. of NPP at Paks produces continuously the activity con-
centration data of the five iodine isotopes in every 15 minutes. The continuous and fast data production
is very useful on the contrary of it's less accuracy comparing to the laboratory manual analysis. The
equipment as the controller of the fuel element cladding quality is a useful tool in nuclear reactor
safety.
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QUALITY ASSURANCE SYSTEM IN THE LABORATORY FOR HIGH
RESOLUTION GAMMA SPECTROSCOPY
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1. Introduction

The advantage of accreditation is the confidence in the results of testing and calibration and in certifi-
cates. Mutual recognition of the national accreditation schemes and acceptance of calibration and test
reports and certificates enable access to international schemes dealing with mutual recognition of test
reports and conformity documents. International acceptability of the results of testing, calibration and
certification avoids unnecessary repetition of the procedures. The main benefits of accreditation are
costumers' confidence in the results, international recognition of the results, reduction of multiple as-
sessments by different clients and finally improvement of testing capabilities of the laboratory. There-
fore we are implementing the quality assurance system based on guidelines for testing and calibration
laboratories (European Standards of the series EN 45000 and ISO/IEC Guide 25) in the laboratory for
high resolution gamma spectroscopy.

The laboratory for high resolution gamma spectroscopy is a part of Jozef Stefan Institute in Ljubljana,
Slovenia. Routine measurements of the activity of natural (uranium and thorium series, K-40) and arti-
ficial gamma-ray emitters (Cs-134, Cs-137, Mn-54, ...) in environmental samples (water dry residuals,
sediments, air filters, soil, foodstuff, ...) are mainly performed. The activities of natural and artificial
radionuclides are determined. The minimum detection limits (MDL) in one day measurement for some
radionuclides for common samples are shown in Table 1.

Table 1. Estimated minimum detection limits (MDL) for different radioisotopes in different media.

ISOTOPE

Be-7
Co-60
Cs-137
Ra-226
K-40

air [Bq/m3]

6.0 E-4
4.3 E-5
6.0 E-5
2.0 E-5

soil [Bq/kg]

2.6 E+0
1.6 E-2
1.2 E-1
1.0 E-1
1.0 E+0

water
[Bq/m3]

4.0 E+0
1.6 E-1
3.3 E-1
2.0 E-1
2.0 E+0

milk [Bq/kg]

1.8 E+0
2.0E-2
4.0 E-2
1.0 E-1
1.0 E+0

Six Ge detectors with iron or lead shielding and different energy detection ranges are used:

Table 2. Type of detectors, characteristics, shielding and electronics.

Detector Type

24% Ge(Li)
36% Ge p-type

24% Ge p-type

<£50xl0mm
Ge p-type, Be window

35% Ge n-type,
Mg cap

24% Ge n-type,
Be window

Shielding

15cm Fe
16cm Pb, 2mm Cd,

2mm Cu
12cm Pb, 2mm Cd,

2mm Cu
12cm Pb, 13mm Cd,

10 mm Cu,
20 mm plexi glass

12cm Pb, 2mm Cu, 10cm
paraffin

10cm Pb, lmm Cd,
4mm Cu

Energy range
[keV]

40 - 2800
40 - 2800

40 - 2800

5-800

15-2800

8 - 2800

Electronics

HV power supply,
signal amplifier

HV power supply,
2 amplifiers, electronics
for fast signal processing
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All detectors are connected to the main computer (Alpha work station) trough Ethernet and AIM mod-
ules. On the main computer the software for MCA and gamma spectroscopy analysis is installed. The
software was partly purchased at Canberra, partly developed in our laboratory.

2. QA system in the laboratory

High quality of our work from sample preparation, measurements, evaluation and testing to archiving
the data is assured by strictly following laboratory working procedures and other general requirements
defined in Quality Manual in all phases of the work:

- sampling and sample preparation,
- measurements in the laboratory,
- spectra's analysis and evaluation,
- reports, data archiving,
- calibration measurements,
- audits and in all other general procedures.

3. Control measurements

To improve the quality of measurements, the pulser peak method [2] has recently been implemented in
routine measurements. With this method the stability of the spectrometer is controlled, as well as the
amount of pulses lost due to dead time and pile-up effects. The control of pulse losses is especially im-
portant in efficiency control measurements. The pulser peak is located at high energies in order not to
interfere with peaks arising from gamma rays.

The calibration of time intervals of the measurements is done at least twice per year by DCF 77 signal,
broadcasted through LF transmitter in Mainfliegen by Frankfurt, which is traceable to the German legal
time, generated in Physikalisch-Technische Bundesanstalt (PTB) Braunschweig. The clocks in AIM
modules as well as frequencies of pulse generators are controlled.

The calibration control measurements with certificated calibrated sources are performed regularly on
daily basis. The efficiency at energy 1.3 MeV, as well as the efficiency just over the low energy detec-
tion limit of the detector is controlled with calibrated point sources. For p-type detectors the Am-241
and Co-60 sources are used, for n-types detectors Cd-109 and Co-60 and for a planar detector the Mn-
54 source is used. Here both the x-rays and gamma rays are counted. The routine calibration parame-
ters are controlled by means of control charts. Two examples for control chards for pulser peak width
are shown on Fig. 1.

Fig. 1. Control chard for pulser peak width of the spectrometer with Ge n-type detector and Mg cap (a)
and Ge n-type with Be window (b). Measured values are compared with the mean, or expected
value and with control limits: warning limit (95% confidence limit) and action limit (99.8% con-
fidence limit)

C»ntr»l chart, sycctitmctcT with Ge n-tyyc ietecttT and Mj c&p
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warning limit
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+ -H-
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+
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+ + W «4f ++# + * + + + + ++ 4- + # #++ + #
+ + + + -H- 4 + +++> + tt + + +

mean value st. iev. = 17.14 2.31 (14.1%)

from 23-Jan-l997 to 31-Avg-1997
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4. Intercomparison measurements

We are regularly participating in the international and national intercomparison measurements. Com-
parison of US results with recommended values for IAEA-375 intercomparison [3] and for NPL inter-
comparison [4] is shown in Table 3.

From the very beginning (1983, 1984) we are participating in the intercomparison measurements, or-
ganized by ACQS - IAEA. In these intercomparison measurements the activities of radioisotopes in
different materials (sea sediments, soil, grass, milk, fish, ...) are determined. The results of different
participants are compared with the overall means, obtained by all participants, excluding outliers. This
intercomparison measurements are good according to many different samples from environment and
large number of participants, but lately the final reports are printed few years after performing the
measurements. Therefore, they don't show the current state of the quality of measurements in the labo-
ratories.

We are taking part in other international intercomparison measurements organized by NPL from Great
Britain and IRA from Switzerland. In these intercomparison measurements the results are compared
with a known value and with a value determined in their laboratories. NPL and IRA published their re-
sults quickly, within few months.

Regularly on yearly basis we are participating in local intercomparison measurements of laboratories
from Slovenia and Croatia. The same sample, prepared in one of participating laboratories is measured
in all participating laboratories and the obtained results are compared. Every year another laboratory
prepares and delivers intercomparison samples.

Table 3. Comparison of US results with recommended values for IAEA-375 intercomparison [3] and for
NPL intercomparison [4].

IAEA-375 Soil sample
US analysis performed in December 1991,

final report printed in February 1996

ISOTOPE

Am-241*
Cs-134
Cs-137

Eu-154*
1-129
K-40

Pb-210*
Pb-214*
Ra-226

Ra-228*
Ru-106
Sb-125
Th-228*
Th-232
U-234*
U-235*
U-238
Sr-90

Recommended
Values and Confi-

dence Interval
US

values

[Bq/kg]

0.13 ±0.02
463 ± 9

5280 ± 80
1.67 ±0.11

0.0017 ±0.0004
424 ±8

36.2 ± 12.45
18.4 ±18.4

20 ± 2
26±7
56 ± 3
77 ± 3
21 ±4

20.5 ± 1.4
25 ±8

1.20 ±0.62
24.4 ±5.4

108 ± 7

482 ±41
5050 ±180

1.6 ±0.5

397 ± 13
27.0 ±4.2

19.8 ±1.6

52.7 ±10.0
73.8 ±3.4

NPL -BG052/96
contaminated aqueous sample

US analysis performed in January 1997,
final results printed in July 1997

ISOTOPE

Co-57
Co-60
Sb-125 •
Cs-134
Cs-137
Eu-154
Eu-155

Accepted values

[Bq/kg]
42.31 ±0.69
40.83 ± 0.61
34.71 ±0.49
26.38 ± 0.44
33.97 ±0.54
23.88 ±0.39
38.38 ±0.74

US
values

45.3 ±
43.3 ±
34.5 ±
28.0 ±
34.4 ±
24.0 ±
38.9 ±

2.0
1.0
1.2
1.0
1.0
1.2
3.0

'Values for Am-241, Eu-154, Pb-210, Pb-214, Ra-228, Th-228,
U-234 and U-235 are only information and not recommended.
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5. Conclusions

While implementing quality assurance system we have to face the problem of increasing ,,paper
work". All the problems have to be solved in the laboratory and good cooperation between the head of
the laboratory and personnel leads to improved quality of work and finally to the implementation of
quality assurance system and accreditation of the laboratory.

In the near future we'll to make final steps toward the accreditation: we'll to complete our Quality
Manual and start to perform internal audits. Then we'll apply for accreditation at National Accredita-
tion Service, Standards and Metrology Institute of the Republic of Slovenia.
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DETERMINATION OF THE AMBIENT DOSE EQUIVALENT
IN MIXED RADIATION FIELDS BY RECOMBINATION CHAMBER

- G o l n i k CZ9928569

Institute of Atomic Energy, 05-400 Otwock-Swierk, Poland

1. Introduction

Tissue-equivalent (TE) ionisation chambers are widely used in the dosimetry of mixed radiation fields
as reliable instruments for the determination of the absorbed dose rate that is proportional to the satu-
ration current of the chamber. Usually, both volume and initial recombination of ions in the chamber
cavity are considered as unwanted effects that may influence the accuracy of measurements. In contrary
to this, the recombination methods make use of the dependence of the initial recombination on LET to
get some information on radiation quality of the investigated radiation fields. The specially designed
high-pressure TE ionisation chambers are called recombination chambers. They can be used for deter-
mination of the dose equivalent in practically all radiation fields even of unknown composition and en-
ergy spectrum.

Recombination chambers and first recombination methods were invented^ almost contemporane-
ously with the ICRU/ICRP concept of radiation quality factor, expressed in terms of LET. At that time,
the main goal for the development was to get a measurable quantity that could well approximate the
quality factor, as defined in ICRP Publication 21(3). Such a quantity was defined(4) in 1980 and called
the recombination index of radiation quality, Q4.

Since then the recombination methods have been considerably developed^5-1, mainly following devel-
opment and new concepts related to determination of the dose equivalent. Recent recommendations of
ICRU(6) and ICRP(7>8) created the need to modify the recombination methods, so that the response of
the recombination detector matches the ambient dose equivalent H*(10) with the Q(L) dependence
recommended in ICRP Publication 60(7). It was shown(9) that a large recombination chamber of REM-2
type can be successfully used.for the determination of H*(10). Two different methods were also pro-
posed for determination of the ICRP-60 quality factor. The first one was based on measuring the Q4
and calculation of the quality factor using a specially proposed function(10) . The accuracy of the
method was rather poor, so it was recommended only for fast crude estimation of the quality factor.
The second method*-11'12-1 involved a simple mathematical analysis of the saturation curve of a recombi-
nation chamber, resulting in determination of low-LET component of the radiation field and estimation
of the quality factor for the high-LET component. The energy dependence of the chamber response was
experimentally determined in radiation fields of monoenergetic neutrons in the energy range from
75 keV to 19 MeV, as well as for thermal and high energy neutrons. The obtained results showed that
the measured H*(10) value was between -25% and +55% relative to a reference (conventionally true)
value, for any neutron spectrum.

The results presented in this work were obtained using a more advanced recombination approach that
involves determination of dose distributions versus LET.

2. Measurements

The recombination chamber of REM-2 type(9>15) was irradiated in the low-scatter environment of the
PTB accelerator facility in 12 different, almost monoenergetic neutron fields ranging from 75 keV to
19 MeV(12). The chamber was positioned at a distance of 2.5 m from the target. The reading of the
chamber was normalised to the beam charge.
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The reference values of H*(10) were calculated from the measured neutron fluences using the fluence-
to-H*(10) conversion factors of Schuhmacher and Siebert(13), later included to the ICRP and ICRU
r ecommendations(8).

3. Experimental results

The output signal of the recombination chamber is the ionisation current as a function of collecting
voltage (the saturation curve). The ion collection efficiency, f, at given collecting voltage depends on
the absorbed dose distribution on local ion density(5), \i, scaled such that \i=l for reference gamma ra-
diation of 137Cs. The existing theoretical models of initial recombination and experimental results indi-
cate that the local ion density can be related to the restricted LET, LA, with cut-off A of about 500 eV
(for more detailed description see Ref. 5).

_l_lf_d(aL_d I r
/0 D J l + uF(X,p) P D J

d(LA)
-dLA (1)

U

where / is the ionisation current at given collecting voltage, z'o is the saturation current, F(X,p) is a
function of electrical field strength, X, and filling gas pressure in the chamber. Lo=3.5 keV |am" is a
scaling factor relating \i to LA.

Figure 1. Dose distributions versus r e . A special approach and unfolding procedure were devel-
stricted LET determined by REM- °Ped earlier1 ' ; in order to derive the dose distribution ot
2 chamber for monoenergetic neu- restricted LET, D(LA) by fitting the equation (1) to the ex-
trons of the energies indicated in perimentally determined saturation curve of a recombina-
the figure tion chamber. Since the saturation curves are smooth, the

procedure has rather poor resolution and the results are
usually plotted in form of histograms representing the dose
fractions associated with few compartments of restricted
LET.
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The distributions obtained for radiation fields of
monoenergetic neutrons are shown in Figure 1.

It was assumed in calculations that the dose distribution
within the LET compartments is flat. Therefore, an average
value of LET has to be attributed to each compartment in
order to calculate the quality factor. There is no possibility
to account for details of the real shape of the distributions.

The resulting values of the quality factor, are shown in Fig-
ure 2 (open circles). There are, however, serious doubts
concerning the properties of the averaging procedure. Be-
cause of the shape of the Q(L) relation and the histogram
representation of the distributions the ,,average" quality
factor is overestimated when the distribution is peaked
around lOOkeViam"1. The formally calculated average
quality factor values for the LET-compartments from 50 to
100 keV iim"1 and from 100 to 200 keV (im"1 are equal to
21 and 24, respectively, though they are higher than the

maximum Q*(10) values for neutrons. In order to avoid this effect the quality factors attributed to these
two LET-compartments were arbitrary lowered to the values of 16.5 and 19.5. Such corrected quality
factor values (solid triangles in Figure 2) were used in this work for calculation of the REM-2 chamber
response to H*(10). The results are shown in Figure 3.

10 100
L , k e V urn

10 100
- i
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Figure 2. Comparison of the quality factor values, Figure 3. Energy dependence of the REM-2 cham-
determined by the REM-2 recombination
chamber, with wR values*7' (solid lines) and
with the mean quality factor for the ambi-
ent dose equivalent*8* (dashed line).
°-,,uncorrected" results, V -,,corrected re-
sults" (see text for further discussion)

ber response to H*(10) for monoenergetic
neutrons with energies between 75 keV and
19 MeV. Dashed line represents the calcu-
lated values of H*(10) per unit fluence(8)

0.1

4. Discussion

1 10
Neutron energy, MeV Neutron energy, MeV

The results from Figure 1 show that the procedure presented here reproduces the value of the low LET
dose component (photon contamination in case of fields of the energies 75 keV - 0.5 MeV), indicates
the position of the high LET peak and provides some information on the width of the distribution. For
the neutrons of energies from 0.5 to 5 MeV a gradual shift of the high LET peak towards lower LA val-
ues is observed with increasing neutron energies what obviously reflects a decrease in LA of recoil
protons. Starting from the neutron energy of 14 MeV the spectra exhibit the significant low LET com-
ponent which is mainly caused by fast recoil protons. The dose contributions from a-particles and
heavy recoils results in some shift of the high LET peak towards higher LA values.

The resulting relative H*(10) value (related to a reference value) is between -20% and +40% for
monoenergetic neutrons. However, in practical conditions of radiation protection, one usually deals
with mixed radiation of broad neutron energy spectrum and some photon contamination. The earlier
results of measurements performed in radiation fields of isotopic neutron sources(5) (see Fig. 4) and in
fields of neutron sources placed in filters (with photon component ranging from 10% to 72%)(12'14)

showed that in such conditions the H*(10) response of the REM-2 chamber is within few percent from
the reference value. This is partly because the H*(10) response of the REM-2 chamber to photons is
about 15% to 30% lower comparing with the response to 241Arn-Be neutrons used for calibration
(Fig. 4)(5).

For completeness, also the results obtained(5>1$) for high energy neutrons are shown in Fig. 4 (CERN-
CEC calibration field and in therapeutic neutron beam of 350 MeV in Dubna).
It should be underlined, however, that accuracy of these results is poor, mainly because the reference
H*(10) value was not well known.

5. Conclusions

The main advantages of the recombination chambers are their high reliability during many years(5'I2)

easy handling with no need of any service and similar response to all kinds of penetrating radiation.
The results presented here were obtained by the REM-2 chamber that was not specially designed for
the purpose of ambient dose determination. Despite of this, the detector characteristics can already sat-
isfy the requirements of radiation protection.
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Figure 4. Relative response of the REM-2 chamber to H*(10). The points for isotopic sources were placed
at mean radiation energy. Neutron sources: 1- 241Am-Li, 2- 2S2Cf in D2O, 3- 252Cf, 4- 23SPu-Be, 5-
241Am-Be. Photon sources: 6- Z41Am, 7- X-rays, 8- 137Cs and 9- 6UCo

T T T T

10 100
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NUMERICAL MODELING OF THE RADIATION FIELD IN A CALIBRATION
FACILITY USING MONTE CARLO TECHNIQUES

CZ9928570
J.M. Gomez-Ros and R. Rodriguez-Jimenez

Ciemat, Av. Complutense 22, 28040 Madrid, Spain

Abstract: Different ESG4 based Monte Carlo codes has been used to calculate the spatial distribution
of some radiological quantities (air kerma and air absorbed dose) due to the presence of radiation
sources in a specific workplace. Such distribution is of great interest in the case of the inhomogeneous
fields produced by collimated beams and depends critically on the source distribution and its detailed
geometry. From microdosimetric considerations, a new AUSGAB subroutine has been developed,
permitting to obtain some results wich cannot be measured experimentally, such as the direct and
scattered contributions to air kerma and air absorbed dose.

1. Introduction

The purpose of this work is to simulate the 137Cs gamma beams of the Secondary Standard Laboratory
at CIEMAT using Monte Carlo codes in order to calculate the depth distribution of some macroscopic
quantities characterizing the radiation field. The source is a commercially available Amersham X.66/1
cylindric source containing compressed pellets of caesium-137 chloride into a double stainless steel
capsule/1'1

The average of such macroscopic quantities were calculated using the EGS4 Monte Carlo system*-'
taken into account the detailed geometry and some microdosimetric considerations. In this sense, the
AUSGAB subroutine has been developed to compare both the scattered and direct radiation produced.
It can also be used to predict air exposure rates levels in the whole laboratory comparing the results
with air exposure at 1 meter from the source certified by Amersham.

2. Calculation hypothesis

The most remarkable assumptions used in the calculations are:
• The radiation source produces an inhomogeneous gamma radiation field with energy E=662 keV.

Gamma photons are emitted at this energy from each point of the source in any direction.
• The transport of electrons produced by gamma rays is described according with Molier's theory.
• Air exposure at 1 meter from the front face of the source in low scattering measuring cells( , i.e:

external scatter must be reduce to a minimum using a size of cells of the dimension of source front
face.

• Coherent scattering should be a more remarkable effect on the materials with high atomic number
Z(4).

3. Discussion, results and conclusions

It is important to analyze the creation of bremsstrahlung photons due to electrons produced by Comp-
ton or photoelectric effect in the 137Cs source material. This contribution plays an important role in the
depth distributions of air kerma and air absorbed dose.

It is interesting to analyze the gamma radiation due to bremsstrahlung electrons. These electrons are
produced by Compton or photoelectric effects in the 137Cs source material and they it have some re-
markable aspects in the depth distributions of air kerma and air absorbed dose. If only direct radiation
from the 137Cs source is considered and the size of the cells is similar to the dimension of the front face
of the source, electronic equilibrium condition will not be satisfied because air absorbed dose is lower
than air kerma. In this situation, the radiation energy is not completely deposited in the air cell volume
but it is transmitted across them. So, the results of the calculations displayed in figures 1 and 2 show
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that air absorbed dose increases towards air kerma when the contribution of electron bremsstrahlung in
the source materials is taken into account.

Figure 1. Direct radiation from the source can be employed to predict air kerma at lm. Electron
bremsstrahlung process is taken into account down to 500KeV and electronic equilibrium condi-
tion is not satisfied

DIRECT DOSE AND KERMA
(E>500KeV Bremsstrahlung is considered)

1E-07
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o
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^ W ^ X . ^ _ ^ 4i iA J
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Air depth (cm)
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Air Absorbed Dose Air Kerma X(1m)/(R/Gy)/d"2

Figure 2. Air absorbed dose increase towards air kerma when the cutoff of electron bremsstrahlung
process decrease (200KeV) in the source materials

DIRECT DOSE AND KERMA
(E>200KeV Bremssirahlung is considered)

1E-07ir

50 100 150 200
Air Depth (cm)

250 300

Air Absorbed Dose Air Kerma X(1m)/(R/Gy)/d~2

If air scattered radiation is also considered (figure 3), the production of bremsstrahlung photons gener-
ated in the source does not play an important role to achieve electronic equilibrium condition. In this
case, the gamma radiation process in air are much more important than radiation of bremsstrahlung
produced in the high Z source materials.

So, this work shows that AUSGAB subroutine performed for calculating air absorbed dose and air
kerma using EGS4 Monte Carlo system predict some well known aspects of the behaviour of the
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gamma radiation interaction with the source materials and that can be employed to calculate air kerma
preserving electronic equilibrium condition.

Figure 3. When scatter radiation is considered electronic equilibrium condition is satisfied. However
electron bremsstrahlung process is considered down to 500KeV. Then radiation produced by
bremsstrahlung process in the source does not change the result at lm
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MODERN METHODS FOR RADIOSTRONTIUM DETERMINATION

Z. Grahek, K. Kosutic, S. Lulic

Rugjer Boskovic Institute, Bijenicka 54, 10000 Zagreb, Croatia

CZ9928571

Abstract: The paper provides an overview of the most recently developed ion-chromatographic meth-
ods for the determination of radioactive strontium. The basic principles of the determination methods
of radioactive strontium in liquid waste and natural samples have been presented. Furthermore, the
semi-automatic method of determination, developed in our laboratory, has been described.

1. Introduction

The radioactive isotopes of strontium 89>90Sr are exclusively of antropogenic origin, which have
reached the natural environment in large quantities after atmospheric nuclear weapon tests and large-
scale nuclear accidents such as those in Chernobyl. Apart from the isotopes of caesium and plutonium,
these isotopes rank among the most dangerous radio-pollution sources in the human environment. In
nature they are included into a complex range of physical, chemical and biological processes which
determine their distribution in the environment and thus also the ways of contamination of the human
food chain. They enter the human organism most easily through contaminated water and food. If they
are deposited in the human body in larger quantities they may cause malign processes in bones, leu-
kaemia and genetic malformations. For this reason, the obligatory control of radioactive strontium con-
centrations in various kinds of samples has been introduced within the monitoring of environmental
radioactivity, particularly within the control of nuclear power plants release. Consequently, it is neces-
sary to have precise and reliable methods for its determination.

2. Methods for radiostrontium determination

The methodology of determination of the isotopes 89>90Sr is defined by their radiochemical properties.
That is, both isotopes are pure P-emitters, impossible to be determined without their prior chemical
isolation from the sample. This implies their separation from all interfering elements such as e.g. cal-
cium, potassium, barium, iron etc. by means of all available physical-chemical techniques. For the de-
termination of radioactive strontium numerous methods have been developed and in the recent time
ion-chromatographic methods, which enable a rapid and simple determination, have been introduced.
In other words, the chromatographic determination of elements is particularly favourable due to the
possibility of a continuous selective separation of strontium and its connection with a flow P-detector,
which in turn enables its automatic determination. Through the connection of a chromatographic col-
umn and the flow p-detector the foundation for the ion-chromatographic determination of radioactive
strontium is obtained. The basic principle of the method is the following: the prepared sample is in-
serted into the chromatographic column through the injection system connected with the pump P.
Strontium is separated by eluting on the columns. On the column exit there is a flow scintillation p-
detector through which the eluted strontium (and/or yttrium) passes to be detected. Prior to entering the
column strontium (and/or yttrium) is mixed with the scintillator S - Figure 1.

Figure 1. Principle of ion-chromatographic radiostrontium determination
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The above described procedure represents only a principle approach. The actual realisation depends on
the kind of sample and the level of activity in the sample because they are the key moments the separa-
tion on the columns (number of columns and their dimensions) and the detection (retention time in the
detector) depend upon. For the samples with a high level of activity, such as radioactive waste, it is
necessary to separate strontium from the mixture of radionuclides that regularly show a low concentra-
tion and a high level of activity. For that reason the column should fulfil the condition of the separation
of pure strontium with as little eluent as possible. Therefore, in order to separate strontium from the
mixture of radionuclides the column must have either a high selectivity for strontium or must bind all
radionuclides except strontium. Furthermore, with regard to its detection there is a requirement of an
optimum time of passing through the detector and/or retention time in the detector. Since the column is
usually directly connected with the detector, the flow rate through the column must enable an optimum
detection. The optimum detection implies a high level of reliability of the registered activity in the
shortest possible time. In the samples with a high level of activity this mostly does not represent a
problem because even a more rapid flowing will not cause a mistake. GRATE et a l^ have constructed
an ion-chromatograph for the determination of radioactive strontium in liquid waste by means of which
it is possible to determine 90Sr. The separation column in that chromatograph is Sr.spec and the detec-
tion is carried out by means of a specifically constructed system which uses the liquid scintillator. This
method does not require any previous sample preparation since a certain volume of waste is directly
injected into the column.

Unlike the waste in the samples that have macro quantities of some elements and a relatively low level
of activity, the previous preparation of the sample is regularly required, with a specific requirement
imposed upon the column capacity. The capacity must be sufficient for the separation of strontium with
a high purity and a minimum loss. This regularly causes an increase of the column dimensions and the
quantity of the eluent needed, which in turn creates difficulties in the detection process because it re-
quires an additional column for concentrating or the increase of the detector volume. The problem in
case of a low level of activity is even greater, which is the case in natural samples, because of the re-
quirement of long retention in the detector. However, the solution in this direction was provided by
ALFARO et al(2) by constructing a computer-controlled chromatograph consisting of two high pressure
pumps (max. 200 bar), two separation columns and flow [3-detector with the liquid scintillation system.
Prior to the determination the samples (milk, soil, air dust) are converted to a soluble form with the
removal of interfering elements (e.g. iron from soil samples). For the separation of strontium cation
exchanger columns are used and EDTA as eluent. Strontium is separated by gradient eluting along with
the careful control of pH. Two columns of the 15-mL and 2-mL volumes are used. They are filled with
the BIO-RAD highly specific strontium exchanger without the need for additional stable strontium. In
the detection 89Sr and 90Sr are simultaneously detected in the separate canals on scintillation counter.
The activity ratio 89Sr/90Sr for such a determination must exceed 20/1. Otherwise, 90Sr is to be deter-
mined through 90Y (staying on the column overnight, separation from yttrium and its detection on the
flow p-detector).

A similar system for the strontium determination in water and urine was developed by COBB et al(3).
They have used the ion-chromatograph DlONEX for the isolation of yttrium and the detection itself was
carried out regardless of the isolation, so that this procedure was a semi-automatic system for the de-
termination of 90Sr.

The semi-automatic system for the radioactive strontium determination has also been developed in our
laboratory and is presented in Figure 2.
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Figure 2. Apparatus for semi-automated radiostrontium determination

1 - eluent
2 - membrane pump
3 - valve for maintaining constant pressure in columns
4 - anion exchange column
5 - cation exchange column
6 - atomic absorption spectrometer

In this case an anion exchange column has been used for the isolation and the separation of strontium
and yttrium(O). Strontium-may be separated from the other elements except yttrium on the column
filled with the anion exchangers DOWEX AG 1x8 or AMBERLITE CG-400 and with 0.25M HNO3 in
methanol-ethanol mixture as eluent. Yttrium and strontium may be separated from each other on the
cation exchange column. The detection is done regardless of the isolation and the isolation itself is ob-
served on the atomic absorption spectrometer. (The separation of calcium from strontium is observed.)

Characteristic of all these methods is that in the rapid determination of radioactive strontium ' Sr a
chemical separation of 90Sr from 90Y is needed. In order to avoid this separation and to determine
89'90Sr in a reliable and accurate way, a method of mass spectrometry for their determination has been
developed(6,7). In such methods 89Sr and 90Sr are separated in a mass spectrometer and detected sepa-
rately. However, these techniques are highly sophisticated and unavailable to a broad circle of users.
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Abstract: An intelligent nuclear measuring system for multi detectors is described, which can be used
for recording of gamma-spectra and/or experimental beta-dispersion. The system consists of a personal
computer (IBM AT) and an arbitrary number of Nal(Tl) or plastic scintillating detectors (up to hun-
dred) attached to multichannel analysers, which can be simultaneously operated. In this way a nuclear
environmental survey can be realised. As an example, application of this system for the analysis of
ataas.on Samp,es a, NPP Paks i, discussed. l||||||i|||||||||||||||||I|||||||||||||||||
1. Introduction CZ9928572

It is well known, that there are several laboratory and portable devices for the survey of natural and ar-
tificial nuclear contamination of the environment or environmental samples (air, soil, water, food, fod-
der, building material etc.). Besides the simple detection of the radiation, these devices - depending on
the type of the detector - can be suitable for the classification of the radiation, while using a multi-
channel spectrometer nuclide specific analysis can also be performed. Nowadays there are great claims
to this second one, because it is relevant whether a short half lifetime (e.g. 13II) or a long half lifetime
(e.g. 137Cs) isotope is present in the environmental sample.

For the gamma-spectroscopic analysis of most of the environmental samples, the Nal(Tl) scintillation
detectors are quite adequate, and low resolution of multi channel analyser (e.g. 1024) is enough. These
scintillation detectors are available for almost all of the potential users. The great advantage of them
(besides they need no nitrogen-cooling) is that, they are quite low-cost, they have a great counting effi-
ciency (sensitivity) compared to a germanium detector, and they do not need any complicated, expen-
sive electrical equipment. However, they have poor energy selectivity, which is not a critical issue in
the analysis of environmental samples, because they usually contain only a few radioisotopes.

The intelligent nuclear measuring system for multi detectors is therefore suitable to examine more en-
vironmental samples simultaneously. Attached to a personal computer (IBM AT) and more scintilla-
tion detectors, it can be used in laboratories or in open air (e.g. continuous survey of radon in a build-
ing) as well. The personal computer controls the measuring, the data processing, the transmission and
the archiving of the data.

2. System description

The scheme of the intelligent nuclear measuring system for multi detectors is shown on Figure 1. Low
cost multichannel analysers, using Nal(Tl) or plastic scintillators are connected to an IBM PC/AT.

The hardware of an intelligent nuclear spectrometer consists of the following:
- 8 bit microcontroller
- programmable amplifier and low level discrimination (LLD)
- 1024 channel "averaging" type A/D
- software controlled high stability power supply for detectors (800-1200 V ± 0.1%)
- RS-485 industrial serial interface
- power: 220 V 50 Hz AC, or built-in battery (12 V, 1 Ah)

Session 5



IRPA Regional Symposium
Radiation Protection in Neighbouring Countries of Central Europe. Prague. 8-12 September 199

Figure 1. The scheme of the intelligent nuclear measuring system for multi detectors

personal computer

Intelligent nuclear
spectrometers

RS-485

3. Hardware properties

With the help of the applied connection (RS-485, all the survey points can be placed far away from one
another (the maximal of total sum of distances is 1400 m). From the characteristic features of the RS-
485 connection it follows that one of the devices is in the so-called MASTER mode and all the other
are in SLAVE mode. The MASTER gives the commands, and the requested SLAVE executes them.
There is a mode to choose a SLAVE, having a private distinguishing identifier. The system can be
equipped with 100 pieces of SLAVE.

The sign coming from the amplifier is processed to a 10 bit A/D converter, which takes 4 samples out
of the sign at the analogue peak. The time intervals of the sampling are 50-150 ns. These 4 samples are
averaged, the value of which is directly proportional to the maximum of the amplitude of the in-
coming sign. In this case the microcontroller increases the content of the memory by 1, according to
average value on 10 bits. In the energy spectrum the in energy [keV] calibrated quantity is the number
of the channel, which is proportional to amplitude of the sign and the content of the channel is the ver-
tical co-ordinate of the spectrum.

4. Experimental

By way of illustration, we describe an application of the system for the analysis of abrasion samples at
NPP Paks. These samples are collected in order to determine the efficiency of surface decontamination.
Because there are a great deal of samples taken in a short period, they should be measured simultane-
ously to reduce the time of approved decontamination.

5. Conclusion

It is possible to have a simple and low-cost intelligent nuclear measuring system for multi detectors,
which can consist of several measuring devices with sufficient sensitiveness and a basic software be-
long to it, which controls the measuring and processes the data. In situations, where there is no need for
high resolution gamma spectrometry, this intelligent nuclear measuring system may be regarded as an
economical choice.
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DEPENDENCE OF THE THERMOLUMINESCENCE RESPONSE ON
ACTIVATOR AND COACTIVATOR CONCENTRATION IN CaSO4:Dy,Cu
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Abstract: The paper reports on the TL dose characteristics of CaSO4:Dy,Cu phosphors. It is demon-
strated that even a small amount of the copper coactivator decreases the intensity of the high
temperature peaks and increases the linear dose response range significantly. The new TL material
could therefore be used in accident dosimetry as well.

1. Introduction

Calcium sulphate doped with dysprosium or thulium (CaSO4:Dy, CaSC>4:Tm) has excellent dosimetric
properties [1-3]. The glow curve of CaSC^rDy has peaks in three temperature range: 80-120 °C (low
temperature peaks: LTP), at 220-260 °C (dosimetric peaks: DP), and about 300-350 °C (high tempera-
ture peaks: HTP). Generally the LTP is responsible for fading, while HTP accounts for supralinearity.
Reduction of LTP can be achieved by special purification of the starting materials [1,4,5], while that of
HTP is carried out by application of copper coactivator [6,7]. The dose response of CaSO4:Dy is linear
in the dose range of 10"6-l Gy and supralinear above 1 Gy. With the application of copper coactivator,
the HTP is decreased and the upper limit of the linearity of the dose characteristics is increased [7].

The TL response of CaSC>4:Dy,Cu was investigated in the samples of fixed Dy and increasing Cu con-
centration as well as equimolar Dy and Cu concentration.

2. Experimental

The CaSO4:Dy,Cu phosphors have been prepared according to our method [5,7]. The compositions for
the samples are shown in Table 1.

Table 1. Concentration of Dy and Cu in TL phosphors

Sample No.

SI
S2
S3
S4
S5
S6

Cone, of Dy
[mol %1

0.20
0.20
0.20
0.20
0.20
0.20

Cone, of Cu
[mol %]

-
0.05
0.10
0.15
0.20
0.30

Sample No.

S7
S8
S5
S9

Cone, of Dy
[mol %]

0.10
0.15
0.20
0.25

Cone, of Cu
[mol %1

0.10
0.15
0.20
0.25

Irradiation was carried out using a 60Co y emitter source in the dose range 1-45 Gy. The TL signal was
recorded by a photon counting TL device at the heating rate of 2 K/s.

3. Results and discussion

Relative TL sensitivity

The relative TL responses of the samples irradiated with 10, 25 as well as 35 Gy are shown in Fig. 1.
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Fig.l. Relative TL sensitivities of differently In the range of supralinearity of CaSO4:Dy The TL re-
doped CaSO4:Dy,Cu phosphors irradi- sponse is decreased with the application of copper
ated with 10,25 as well as 35 Gy coactivator.

Glow curves

The glow curves of CaSO4Dy and CaSO4:Dy,Cu (SI,
S2 and S9 samples in Table 1) can be seen in Fig. 2.
(irradiation: 10 Gy).

The curve of CaSO4:Dy (SI) has a rather large HTP.
2 In the glow curves of the samples with fixed Dy con-
| centration (0.20 mol %) doped with copper coactiva-
•? tor the HTP is already decreased considerably at low

concentration (0.05 mol %) of the copper coactivator (

Fig. 2. Glow curves of samples SI., S2. and S9 after a
dose of 10 Gy 60Co y irradiation

sample S2 in Table 1.) too. The shape of the
glow curve does not change with increasing
copper coactivator concentration (sample S9:
0.30 mol % Cu).

Dose characteristics

The dose response curves of CaSO4:Dy,Cu
phosphors with fixed Dy concentration (0.20 -100 150

mol %) at low Cu concentrations (samples S2,
S3, and S4 in Table 1.) are supralinear.(Table
2.) At the higher Cu concentrations and equimolar Dy/Cu concentrations the dose characteristics is lin
ear up to 20 - 35 Gy (Fig. 3, Table 2.).

Table 2. Upper limit of linearity and correlations of regression curves

200 250

temperature ('C)

300 350

Sample No.

SI
S2
S3
S4
S5
S6
S7
S8
S9

Upper limit of
linearity [Gy]

Supralinear
Supralinear
Supralinear
Supralinear

35
30
20
25
20

Correlation R

0.9947
0.9939
0.9984
0.9951
0.9950
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Fig. 3. Dose characteristics CaSO4:Dy,Cu phos- Fig.4. Dose characteristics of CaSO4:Dy,Cu sample
phors with different Dy and Cu concentra- S5 (0.20 mol % Dy/0.20 mol % Cu). Linear
tion fit to data
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The dose response curve of sample S5 has the highest range of linearity (up to 35 Gy) and the correla-
tion of regression curve is excellent ( Table 2, Fig. 4.)

Conclusions

The HTP is decreased significantly by application of copper coactivator in CaSO4:Dy,Cu TL materials.
The increasing of the upper limit of linearity of the dose response curve is considerable at the higher
concentration of copper (c > 0.20 mol %) and equimolar Dy/Cu concentrations. The dose characteris-
tics of sample S5 (Dy/Cu - 0.20/0.20 mol %)appears to be the best 835 Gy) among the samples investi-
gated. Consequently these TL materials can be applied in the field of accidental dosimetry as well.

Acknowledgements:

Authors express their gratitude to Dr. A. Peto for helping the present work. Appreciation is expressed
to the Hungarian Scientific Research Fund, OTKA, TO 15756 for support.

4. References

[1] Kasa, I.: Dependence of Thermo luminescence Response of CaSO4:Dy and CaSO4:Tm on Grain
Size and Activator Concentration, Radiat. Prot. Dosim., 33(1-4), 299-302 (1990)

[2] Lakshmanan, A. R.: Recent Improvements in CaSO4 and BaSO4 Thermoluminescence Dosimetry
Materials, Radiat. Prot. Dosim.,40(4), 219-221 (1992)

[3] Lakshmanan, A. R. and Jose. M. T.: Low Dose Measurements with CaSO4:Dy, CaSO4:Tm and
CaSO4:Dy Teflon Dosemeters - A Comparative Study, Radiat. Prot. Dosim., 46(3), 181-187
(1993)

[4] Kasa, I.: Dependence of TL Response of CaSO4:DY and CaSO4:Tm on Grain Size, Periodica
Polytechnica CH., 28(3-4), 251-261 (1984)

[5] Kasa, I.: Eljaras ritkafoldfemekkel aktivalt kalcium-szulfat eloallitasara termolumineszcens
dozimeterekhez, Magyar Szabadalom: 197967 (Int. Cl. G 01 T 1/11), 1987. 01. 26.

[6] Srivastava, J. K., Bhatt, B. C. and Supe, S. J.: Thermoluminescence Characteristics of CaSO4

Doped with Dy and Cu, Radiat. Prot. Dosim.,40(4), 271-274 (1992)

[7] Kasa, I., Solymosi, J. and Molnar, A.: Preparation and Investigation of Thermoluminescence Prop-
erties of CaSO4:Dy,Cu, Radiat. Prot. Dosim., 65(1-4), 313-316 (1996)

Session 5 535



IRPA Regional Symposium
Radiation Protection in Neighbouring Countries of Central Europe. Prague. 8-12 September 199

TEPC MEASUREMENTS IN DIFFERENT RADIATION FIELDS
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1. Introduction

Microdosimetry originated more than 38 years ago when H. H. Rossi studied energy deposition in
small irradiated masses and formulated what is now termed ,,Regional Microdosimetry". Since then,
microdosimetry and its applications have been the subject of extensive literature.

Tissue Equivalent Proportional Counters (TEPCs) operate at a low pressure, low enough that the
energy loss of individual charged particles traversing the gas cavity is identical to the energy loss over
distance of order of the simulated diameter in unit density tissue. The measured quantity which is the
probability distribution of the ,,imparted energy" thus represents a particular description of the
microscopic pattern of energy deposition by each single particle.

So microdosimetry makes use of the proportional counter in a way which is quite different from its
origins as a low-energy photon spectroscopy device. The spectra, particularly of neutrons, span five
relevant decades of event sizes. As a result of the varying response values over this huge range a cali-
bration with a single source is at best a compromise. Experimental uncertainties commonly taken as
about 5% - in practice differences of 50 % are not uncommon ^\ A lot of research will be necessary to
make the TEPC useful in routine radiation protection with an acceptable range of uncertainties in
common radiation fields for those with little experience in experimental microdosimetry. The applica-
tion of TEPC instruments in radiation environments of practical interest is still at the experimental
stage (2).

A commercial 5" spherical single wire counter from Far West Technology Incorporation Goleta, USA
(LET-1/2-SW) was used to measure different neutron fields like Cf-252, 241-AmBe, neutrons pro-
duced by different target-reactions from 144 keV up to 65 MeV at PTB (Physikalisch-Technische Bun-
desanstalt at Braunschweig, Germany) and PSI (Paul Scherrer Institute, at Villigen, Switzerland) and
the High Energy Reference Field at CERN. Thermal neutrons were measured at the Siemens Argonaut
Reaktor (SAR) in Graz, Austria. Different measurements of X-ray, gamma-sources and cosmic ray
fields (in aeroplanes at normal flying altitude) have been carried out.

2. Motivation

The results publicised in this article are part of my doctorate at the University of Technology in Graz,
Austria. The aim is to get experience in experimental as well as in theoretical aspect of microdosime-
try, to understand the mechanism of relevant particle interaction in the TEPCs and in tissue. Quantita-
tively this can usually only be achieved in model calculations to compare with the experimental spec-
tra. The experimental part is partially published in this paper and will be presented as a final summary
in my doctorate.

3. Measurement of different radiation fields

The TEPC is calibrated with an internal source of Cm-250-Alpha-particles of 5.2 MeV, which crosses
the cavity (crossers)(4). The calibration has been done by using the accuracy of the raw-data. 13 bit
ADC (8192 Channels) were used to collect the events amplified by a logarithmic device.

536 Session 5



IRPA Regional Symposium
Radiation Protection in Neighbouring Countries of Central Europe. Prague. 8-12 September 199

Different neutron-fields were generated by different target-reactions. The Van
de Graaf Accelerator and the CV-28 compact synchrotron of PTB{5) were
used to generate energies recommended by ISO(7). At PSI we used the Injec-
tor Cyclotron to generate neutron beams at 45 and 65 MeV(8). Both fields
were calibrated and monitored by PTB. Figure 1 a and 1 b show normalized
y*d(y) spectra measured in PTB and PSI fields. Each decade is divided into
16 increments, which has been found to be a good compromise between data
handling, presenting and physical interpretation. The spectra were measured
with an LET-1/2-SW, filled with propane based Tissue-Equivalent-Gas to
simulate 2 urn of tissue.

As shown in Reference (5), neutrons less than 1 MeV have a lower dose re-
sponse. At low energy, neutrons can't traverse the cavity, the maxima of the
Bragg-Peak is in the gas cavity. In thermes of Hp(10) normalized to a spectra
of 2.5 MeV-neutrons the response is shown in table 1. For energies less than 1
keV, the approximation of the lineal energy transfer becomes increasingly
invalid, and neutron transport phenomena become more important ̂ 2\

Figure la,b. Normalized y*d(y) spectra of neutrons with different neutron energies

Table 1. Neutron re-
sponse normalized to
2.5 MeV in thermes
of Hp(10) for the
TEPC

E in keV

0,144
0,250
0,565
1200
2500
5000
8100
14800
19000

AmBe
Cf-252

response

0.48
0.53
0.64
0.76
1.00
0.98
1.06
1.18

1.21

0.85
0.76

0,0
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1,0-

0,8-

S
? 0,6-

0,4-

0,2-

0.0-
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• - 1,2 MeV
-*-565keV
-»-144keV

BSSp

A

/I
10 100

y in keV/fim
1000 10000 0,1 10 100

y in keV/^un
1000 10000

The proportional counter does not satisfy the Bragg-Gray conditions for all particles. The wall-
thickness of 2.29 mm produces secondary-proton-equilibrium up to neutron energies at least of
14 MeV (which has been determined by Far West Company). The response of the high energy meas-
urements are less, because of the missing protons. Build-up-caps of tissue equivalent material could
generate the missing equilibrium for higher energies. The reason why this build up effect can't be
found in cosmic ray measurement is that the surrounding atmosphere generates particle equilibrium.

4. Extrapolation to the low peak region in the dose spectra

Experimental microdosimetry has many physical and technical limitations. Due to the noise level of
the counter itself and the amplifying electronic, measurement of lineal energies below 0.05 keV/u.m is
the lowest experimental limit achieved in practice (3\ Our amplifier works down to 0.1 keV/um, which
is good enough for radiation protection purposes. The spectra must be completed by a calculated pho-

b c
ton- spectra ( \ A fit like v"1 = a + —+ - 7 , where a, b and c are the fit-parameters, could be made up

x x
to 0.3 keV/u.m.
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Table 2. 10%-Limit of Dose Ymin(d(y) 10%)
and equivalent dose Ymin(h(y)10%),
see Text

The relevant lower limit for different radiation sources
are discussed in the following Table 2. From experi-
mental data the lowest limit of lineal energy (y) for the
dose (y*d(y)) and equivalent dose spectra (y*h(y)) has
been calculated, where the dose or equivalent dose after
ICRP60 up to this limit is 10% of the whole result. As
can be seen from the Table the lowest limit for pure
neutron fields (where photons are neglectable) is much
higher than it is for mixed fields like from an AmBe or
Cf source.

5. Interpretation of LET-Spectra

Neutron fields are always mixed fields. Primary and
secondary photons can only be distinguished by time of
flight techniques. Figure two shows a well known com-
bination of different gamma- and neutron-spectra and is
usually used to demonstrate the separability of a neu-
tron- and a gamma-component.

In some radiation-fields consisting of neutrons and gammas it is possible to calculate the dose fraction of gam-
mas by subdividing the spectra. Another

Figure 2. Different normalised y*d(y)-spectra to demonstrate
separation of low- and high-LET region
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method to separate gammas and neutrons
is to fit a pure photon-spectra into the
measured one, because photon spectra
don't differ very much for energies above
500keV(2).
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The higher the energy of the photons
and the higher the proton peak of the
neutrons, the better is the separation of
the two components, because the over-
lap of the two component is less. If
there are other components like protons,
the spectra can only be divided in a
,,low-LET" and a ,,high-LET" part sepa-
rated by the lineal energy, commonly 6
keV/um or 10 keV/u.m.

In the lowest LET region between 0.01
up to 15 keV/um events are generated by Compton-Electrons. The peak around 10 keV/um up to 150
keWum is due to proton recoils from elastic scattering caused by neutrons. As shown in figure 1 the
position of this peak is energy dependent. The higher the energies, the lower the peak position, if the
protons can cross the cavity. For stoppers the trend is the opposite. In this instance the range of the
particles is lower because the energy of the particles is lower. The high Let events (above 150 keV/um)
results from heavy recoils of the tissue equivalent material, mainly carbon ions and oxygen ions.

6. Discussion and conclusion

Tissue Equivalent Proportional Counters are very useful in mixed radiation fields and could be used as
a standard measurement devices in many different radiation fields. The uncertainties of the dose-
response in neutron fields is less than 50 %.

The LET spectra which constitute the test results can be used for gaining a better physical understand-
ing and interpretation of the effects in the TEPC and hence the effect that this radiation field would
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have in tissue. These LET Spectra are also used to calibrate the TEPC for a broader range of particles
and energies. For an unknown radiation field the uncertainties of the calculated dose must be estimated
using accumulated knowledge and experience of many different kinds of LET spectra. The results of
the TEPC measurements need to be carefully scrutinized and should not be overrated for the purposes
of physical interpretation.
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Abstract: A method for calculation of the attenuation factor for gamma rays passing through a layer of
material is presented. The method is based on the measurement of the amount of radiation scattered in
the material at small angles and registered in the spectra of a high resolution gamma-ray detector. The
method is applied to the calculation of the activity of a remote source. The attenuation factor, the dis-
tance between the source and detector as, well as the activity of the source were calculated from the
spectra and compared to their reference values.

1. Introduction

In recent years in-situ gamma-ray has become a powerful tool in the field of on-site radiation meas-
urements. The use of energy dispersive spectrometers for location of gamma-ray sources is advanta-
geous with respect to counters, since the unattenuated fraction of the photons is registered in the spec-
trum at different energies from the photons scattered in the materials between the source and the
detector. To calculate the activity of the source, its distance from the detector and the fraction of pho-
tons attenuated in the material between the source and the detector must be known. The distance be-
tween the source and the detector can be calculated from the count rates in the full energy peaks in the
spectra measured at different distances, utilizing the inverse square law. For sources emitting photons
at different energies, the amount of material between the source and the detector can be calculated on
the basis of the different attenuation of gamma rays at different energies. For sources radiating photons
at just one energy (e g l37Cs, 65Zn, etc.) a method based on the measurement of the radiation scattered
at small angles was developed.

2. Theory

The count rate in the full energy peak of a source emitting gamma rays at energy E can be expressed by
its activity a, the emission probability b, the distance d, and the efficiency of the spectrometer s as

n(E) = - ^ e^s (1)
4KCL

where \x(E) and s denote the attenuation coefficient and the thickness of the material placed between
the detector and the source. The distance d can be calculated from that count rate and the count rate
n'(E), measured at the distance d'=d+do:

( I v,/m V
(2)

The activity of the source can be calculated only if the efficiency s and the attenuation factor e"M(E) s are
known. The later can be calculated from the amount of radiation scattered in the material between the
source and the detector at small angles.

The passage of photons through material is accompanied by Compton scattering. The energy lost in a
scattering event is connected with the scattering angle [1]; scattering at small angles is connected with
small energy losses. The energy interval AE suitable for measuring the amount of scattered radiation
must lie close to the full energy peak in region where the response of the spectrometer to unscattered
gamma rays has its minimum.
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Assuming only single scattering and neglecting the response of the spectrometer in the energy interval
AE to the gamma rays of energy E, the count rate in the energy interval AE=[Ei,E2] can be expressed
[2] as:

nc(AE,E) = K(AE,E) ju(E)s n(E) (3)

where nB(AE) denotes the count rate in the absence of the source and K(AE,E) the probability of scat-
tering into the energy interval AE, when any interaction takes place:

K(AE,E) = -
<Jt,•Bt(E)

(4)

Here 6 denotes the scattering angle, atot(E) the total cross section and CTKN(9,E) the Klein-Nishina cross
section. The interval of integration over the scattering angles is defined by the energy interval AE. The
attenuation of photons can be calculated from the count rates nc(AE,E) and nc'(AE,E) in the energy
interval AE measured at the distances d and d' by eliminating the background count rate nB(AE):

(5)
K(AE, E) n'(E)-n(E)

In this way the attenuation factor can be calculated and the activity also determined for single line
gamma-ray emitters.

3. Experiment

The validity of the described approach was tested by performing measurements with the radioisotope
65Zn with a source ZN65-ELSB50, calibrated with accuracy of 2%, and purchased from CEA, France.
The measurements were performed with a layer of material interposed between the source and the de-
tector. The material consisted of a 40 cm thick layer of sand with a density of 1.81. The spectrum was
measured with an n-type semiconductor detector, of relative efficiency 24% and resolution 2.0 keV at
1333 keV at distances of 0.5 and 1 m from the side of the layer facing the detector. The accuracy of the
positioning was 0.1 cm. The total count rate in the spectra attained approximately 200 and 300 cps and
the measurements lasted 0.5 and 1.5 hours, respectively. The energy interval AE where the contribution
of scattered rays to the spectrum was measured spanned from 1038 to 1090 keV. The probability for
scattering to that energy interval was 0.053, assuming silicon dioxide as the chemical composition of
the sand. The total cross section and the mass attenuation coefficients were obtained from [3]. Table 1
are presents the reference values of the quantities calculated from the spectral data and their measured
values.

Table 1. Comparison of reference values of quantities with their measured values determined from the
spectral data.

d [cm]

|a(1115keV)s

Activity [MBq]

Reference value

97

4.4

44.9 ± 0.9

Calculated value

96 ± 2

4.7 ±0.4

75 ±30

4. Discussion and conclusion

The activity of a remote source can be calculated on the basis of the detector calibration if the distance
between the source and the detector, as well as the attenuation factor are known. Two measurements
are necessary to determine the distance. It has been shown that the attenuation factor can be obtained
from the same two measurements by measuring the amount of the radiation scattered for small angles
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in the material interposed between the source and the detector. The amount of radiation scattered is
given by the increase of the count rate in the energy interval AE over the background count rate, at-
tained in the absence of the source. The uncertainty of this increase is the main source of uncertainty
which determines the accuracy of the calculated activity. Therefore care must be taken to avoid sys-
tematic errors, such as registration of pulses deformed by the pile-up effect and the contribution of the
rate-dependent low-energy tail of the full energy peak to the count rate in the energy interval AE.

The method is useful in the case when the source emits gamma rays at just one energy and the calcula-
tion of the attenuation factor cannot be performed on the basis of the energy dependence of the at-
tenuation coefficients. It has been shown that it yields useful results in the case when the contribution
of the scattered radiation can be reliably estimated.
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HIGH ENERGY NEUTRON SPECTROMETRY WITH BONNER SPHERES
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Abstract: The impact of the additional high energy measuring channel on the unfolded neutron spectra
is demonstrated on the high energy neutron spectra measured in CERN/EC Reference Fields and at the
mountain Zugspitze. Spectral shapes are obtained without any structured a-priori information during
the unfolding.

1. Introduction

The Bonner Sphere Spectrometer (BSS) [1] is the device commonly used in neutron spectrometry for
an energy range between thermal neutrons and some MeV. It consists of several polyethylene moder-
ating spheres with diameters varying from 2 inch to 18 inch and a detector for thermal neutrons placed
in the centre of the spheres. The thickness of the moderator should be large enough to slow the incident
neutrons down to thermal energies in a such way that the maximum of thermal fluence rate occurs at
the place of the thermal detector. The response functions in the energy range below 20 MeV are well
established by calculations and experiment [2-5]. However, for neutron energy above tens of MeV the
responses of the usual Bonner spheres are rather low even for the large sphere due to decreasing (n,p)
cross sections with increasing neutron energy. The thick moderator of large spheres also increases the
neutron absorption which decreases the number of thermal and epithermal neutrons reaching the de-
tector material. This is the reason why the classical Bonner sphere spectrometer does not provide suffi-
cient information in the high energy part of the neutron spectra to be measured.

To increase the sensitivity to high energy neutrons, high Z material such as Pb or Cu, exhibiting a high
(n,xn) reaction cross section, can be added to the polyethylene sphere. This idea was already used by
modifying a commercial REM counter [6], and theoretically studied in the case of multisphere spec-
trometer [7,8] but not experimentally tested.

This paper describes the effect of the additional high energy measuring channel on the unfolded neu-
tron spectra on the basis of experiments performed at the CERN/EC Reference Fields Facility and in
the altitude of 2660 m bellow the summit of the mountain Zugspitze.

2. Bonner Sphere Spectrometer

The BSS under study included 13 spheres with the diameters: 2.5, 3, 3.5, 4, 5, 6, 7, 8, 9, 10, 11, 12 and
15 inch, and the bare spherical 3He detector. The spherical proportional counter (SP90 of Centronics
Ltd) of 32 mm inner diameter, filled with 3He gas of the nominal pressure of 172 kPa and of 100 kPa
krypton was used as thermal neutron detector. In addition, two spheres of 9 inch diameter were built
where the polyethylene between 3 and 4 inch diameter in the first one (9_1"), and between 5 and 7 inch
in the second one (9_2"), was replaced by a lead shell. This lead layer has no significant effect at ener-
gies below 10 MeV, while the response is increased above 10 MeV by (n,xn') nuclear processes. The
location and shell thickness of the lead converter was optimized with consideration of increasing the
response to high energy neutrons using the Monte Carlo calculations. The methods and results of opti-
mization is described in detail in [9].

The responses of 9 inch spheres with lead converter in the energy range from 10"3 eV to 1 GeV were
calculated using the MCNP Monte Carlo code [10] and the LAHET code [11]. Calculational proce-
dures have been already described in detail in earlier publications [12,13]. We give here only a brief
summary of the main characteristics. The responses of the BSS were calculated as the number of ab-
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sorptions due to the reactions 3He(n,p)3H (Q=0.765
MeV) per incident neutron fluence. The helium number
density was taken to be 4.25 1019 cm"3 at 293 K, and the
krypton atoms were neglected. The counter wall was
assumed to be a simple 0.5 mm thick stainless steel
shell. The density of the polyethylene spheres was 0.95
g.cm"3. The BSS was virtually uniformly irradiated by a
broad parallel beam of the monoenergetic neutrons
starting on the surface of a disk source centred on and
perpendicular to the axis of the central detector. The
space between source and Bonner spheres was assumed
to be vacuum.

The response functions for 9 inch spheres with and
without lead converter are shown in Figure 1. It can be
clearly seen that lead enhances the response to high en-
ergy neutrons. The response increases by a factor 13 for
the 9_1" sphere at 800 MeV and even by a factor 43 for
the 9_2" sphere.

Figure 1. Response functions of 9 inch sphere and
9 inch spheres with different lead converter.

10'

10°

10"'

9" without lead
9_1" with lead (0.5")
9_2" with lead (1")

\

10"1 10° 101 102

neutron energy (MeV)
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3. Experimental procedure at the high energy
accelerator facility

The experiments were performed in 1995 at the CERN/EC Reference Field Facility at the SPS-Super
Proton Synchrotron at CERN, Geneva. The neutron radiation fields were created by beam of high en-
ergy protons with momentum of 205 GeV/c incident on 50 cm long copper target surrounded by a mas-
sive shielding. The measuring positions were on the roof behind the 40 cm thick iron shield (top iron
6), 80 cm thick concrete shield (top concrete 6), and on the side of shielding behind 160 cm thick con-
crete shield (side concrete 2).

The set of the 15-channel BSS, including the 9 inch sphere with 0.5 inch thick lead shell (9_1"), was
employed. Each sphere (channel) was irradiated separately at a distance of 25 cm between the centre of
the spheres and the surface of the shield. Pulse height spectra for each spectrometer channel were col-
lected in a MCA. Spectral resolution and discrimination against any background was sufficient, and
hence simple integration above the lower threshold could be applied without further corrections. The
statistical uncertainty for the reading of each channel was typically better than 0.5%, the uncertainty
due to the discriminator setting estimated less than 0.2%. All integral counts were normalised to the
pressure and temperature corrected reading of a Precision Ion Chamber (PIC) which served as the pre-
cise reference monitor.

4. Unfolded spectra

The data obtained during the experiment at CERN/EC were used to test the impact of the additional
measuring channel using the 9 inch sphere with lead on the unfolding procedure. The neutron spectra
were unfolded from experimental data using the BON95 code [14], based on the method of parametri-
sation of neutron spectra. The neutron spectrum is described by a superposition of a thermal Maxwel-
lian peak, an E"b tail of epithermal neutrons, where b is a parameter, an 1/E tail of intermediate neu-
trons, and a Maxwellian peak of fast neutrons. For the high energy neutron component, the high energy
cascade peak with the most probable energy of 100 MeV is added. The solution obtained from the
parametrisation is used further as a-priori information in the iterative procedure of the method of di-
rectional divergence described in [15]. In the case of initial guess spectrum read from the input, only
the iterative procedure is performed.
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As the second unfolding code we Figure 2. Neutron energy spectra obtained from the measurements
have used the SAND II [16] code
which calculates a count rate
vector from a first guess spec-
trum and improves the solution
by an iterative process.

The neutron spectra were un-
folded from the experimental
data using 120-group response
matrix HEMA96 [13] (10 groups
per order of magnitude) for neu-
tron energies from 10'9 to 103

MeV. The start spectrum with
fast neutron peak at 3 MeV and
high energy peak at 100 MeV
was used as the first estimated
spectrum in the SAND II iterative
unfolding. The resulting neutron
spectra of the CERN/EC refer-
ence field facility in the position
top concrete are shown in Figure
2 in comparison with theoretical
spectra calculated by the FLUKA
Monte Carlo code [17]. From the
comparison with the FLUKA cal-
culations it can be concluded that
there is a good agreement (within
the limits of the estimated uncer-
tainties) for spectra unfolded us-
ing two different unfolding pro-
cedures. The shapes of both
spectra are rather similar. While
the evaporation peak from SAND
II is a little higher than from
BON95, the thermal peak is
lower and shifted to 10"7 MeV
neutron energy. Unfortunately,
the FLUKA calculations in [17]
do not cover the thermal neu-
trons.

During the unfolding work it ap-
peared that even without 15 inch
sphere, the correct spectral shape
was developed. This is not ob-
served when the high energy
channel is omitted. The compari-
son of neutron spectra unfolded
by the BON95 code using the
high energy channel is shown in
Figure 3. It can be seen that the

by two unfolding procedures in the comparison with FLUKA
calculations (BON95 spectrum with upper and lower confi-
dence limits)

0.40

BON95
(parametric unfolding)
FLUKA
(MC calculation)
SAND
(iterative unfolding)

10"910-810-710"610"510"410-310"210"1 10° 101 102 103

neutron energy E (MeV)

Figure 3. Comparison of experimentally determined spectra using
usual BSS and BSS extended by 9 inch sphere with lead.
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FLUKA
(MC calculation)
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high energy channel of BSS with 9_1" sphere (with lead) improved essentially the high energy cascade
peak at 100 MeV. The use of the 15" sphere (and greater) in the set of BSS can be omitted, if the 9"
sphere with lead is applied.

It is also shown that the usual BSS is not able to give correct information about the height of the high
energy peak. Without any a-priori information about the 100 MeV peak in the guess spectrum even the
position of cascade peak cannot be exactly estimated.

5. Experimental procedure at mountain altitudes

The measurements were done in spring 1997 at the Schneefernerhaus laboratory at the Zugspitze in the
altitude of 2660 m. The BSS employed consisted of the same set of 13 homogenous polyethylene
spheres as during the CERN/CE experiment. In addition, both the 9" diameter spheres with lead layer
(9_1" and 9_2") were used.

In Figure 4 one of the experimentally F i g u r e 4 N e u t r o n s p e c t r a d e r i v e d b y unfoiding from experimental
determined spectra of the neutron com-
ponent of the cosmic rays are presented
using the BON95 unfolding code with
different start spectra. In order to avoid
the influence of start spectrum we have
taken only a simple 1/E distribution as
guess spectrum for the iterative proce-
dure. If the count rates vector of the
BSS with lead spheres was applied, the
unfolded spectra developed the ther-
mal, and fast evaporation peak, and the
high energy cascade peak at the correct
position of the energy scale. However,
omitting the count rates of 9" spheres
with lead, the cascade peak was not de-
veloped. In Figure 4 the neutron spec-
trum obtained using 3 MeV and 100
MeV peaks in guess start spectrum is
presented for comparison, too.

6. Conclusions

haus below the summit of the Zugspitze.

1.6e-2

1,4e-2

1.2e-2

LLT

ixi

1,0e-2

8.0e-3

6.0e-3

4.0e-3

2.0e-3

0.0e+0

:

;

:

•

•

-

-

—

1IIUII i i mm

Zugspitze

p3_100, all spheres
1/E, all spheres
1/E, without 9_1" 9_2'

1 • i i i i . , i in

(2660 m) M :

e

•Si•M]h

I ;
i i : :

; ! :

11;

" ît
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The substitution of lead for polyethyl-
ene in 9" diameter spheres increases substantially their response for high energy neutrons. These
spheres with lead converter can be used as additional high energy channel in BSS and improve the ac-
curacy of measured neutron spectra up to some hundreds of MeV. It is shown that the spectral shape is
developed even without any structured a-priori information in the unfolding procedure.
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I.C. McDougall1, A.S. Alkharam1, G.E. Thomas2 and D.E. Watt1

'School of Physics and Astronomy, University of St. Andrews, St. Andrews, Fife KYI 6 9SS, Scotland, UK.
2 Department of Mathematics, University of Dundee DD1 4HN, Scotland, UK.

1. Introduction

Practical implementation of our system of dosimetry depends on the construction of detection devices
which have an appropriate response function. Useful guidance for designing the function can be ob-
tained from the generalised relationship between the instrumental response and the output signal as
stated formally by Ritchie(1) in 1967. Ideally, for radiation protection, the detector output signal should
be directly relatable to the biological effect of interest, independently of the energy, type and intensity
of the radiations. This has not yet been achieved. Microdosimetric devices*-2-1 probably come closest to
the requirements as they aim to simulate the radiation response of mammalian cell nuclei and, for their
operation, information on the radiation type is not necessary. Nevertheless, microdosimeters can only
provide a measure of the physical quality of the radiation field. They cannot yet give a measurement of
the biological effectiveness^ although there is provision in the theory to accommodate nanometre-
sized sensitive volumes which may make this possible depending on the damage mechanism(s) in-
volved. If the corresponding radiosensitive targets can be unambiguously identified and if the mecha-
nism of damage can be better specified, then it should be possible to design instrumentation which has
a radiation response equivalent to that of the critical targets in the mammalian cell nucleus^1. Such de-
tectors would, in principle, give an absolute measure of bio-effectiveness for any ionizing radiation
field. They would form a key part of a fluence-based system for radiation protection. Absorbed dose
would not be relevant and quality weighting factors would become redundant along with many of the
other dose-based units and quantities^5-1. The work reported here is aimed at producing such detectors.

During the past ten years biological and biophysical evidence has emerged which supports the conten-
tion that double-stranded breaks induced by ionizing radiation in segments of the DNA in mammalian
cell nuclei are the dominant critical lesions which are precursors to various biological endpoints such
as inactivation, chromosome aberrations, mutations and oncogenic transformations *•' . The biophysi-
cal evidence demonstrates that the radiation damage can be correlated uniquely for any radiation type if
the 'effect cross-section for production of the initial damage' is expressed as a function of the mean
spacing between ionizations produced by the charged particle tracks^4' 6\ The effect cross-section is an
absolute measure of the bio-effectiveness. Cross-sections for induction of oncogenic transformations,
of interest for protection, can be scaled directly from the data for inactivation(7).

From the foregoing considerations, the observed response curve for damage to the nuclei of mammal-
ian cells can be represented by a plot of the cumulative probability for inactivation (as deduced from
the ratio of the observed bio-effect cross-section to the saturation value) against the 'mean spacing of
primary ionizations1 for the relevant charged particles in the equilibrium spectrum generated by the ra-
diation field(8). This results in a unified curve which accommodates all radiation types. It gives a
measure of the absolute bio-effectiveness of the radiation field as a function of the fluence-weighted
mean free path for linear primary ionizations by the equilibrium charged particle track. In other words,
this curve represents the radiation response function for the initial production of double-stranded
breaks in the intanuclear DNA of a mammalian cell. The response for other end-points such as onco-
genic transformations can be obtained by appropriate scaling as demonstrated in reference 7.
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The requirements for a physical detector for the measurement of the absolute bio-effectiveness of any
unknown field of ionizing radiation are that the device consist of an array of paired sensors, each hav-
ing a projected area of about 1 run by 3nm and of sufficient sensitivity to detect a single ionisation or
equivalent excitation. The sensors should be spaced at two nanometre apart to simulate the relevant
strands in a segment of the DNA double helix. An array of sensors is required such that there will be
approximately 20 paired sensors at risk for traversal of a charged particle(3). The measured number of
paired sensors per unit fluence of incident radiation can be related directly to the bio-effect cross-
section. Appropriately modified ICRP risk factors can be applied to determine the hazard(9). Absorbed
dose and radiation weighting factors become redundant thereby raising the opportunity for a complete
reappraisal of the relevance of the quantities and units(5> 10) currently recommended by ICRP.

2. Possible technical approaches for development of appropriate 'sensors'

Although the requirement for 'sensors' which have nanometre dimensions in the condensed phase and
the capability of detecting a single electronic charge may initially seem impracticable there are in fact
several approaches which offer reasonable prospects of success. These are: amorphous semi-
conductors in a low capacitance arrangement for detection of a single electronic charge; super-
conducting Josephson junctions (operates at low temperatures); Langmuir-Blodgett films; organic
semi-conductors; plastic and liquid scintillators operated in single scinton mode; molecular electronics;
nanometre (silicon) structures; nanolithography. Material that is tissue-equivalent is desirable. Various
other ingenious possibilities have been suggested to the authors.

3. Practical device: simulation of the radiation response in mammalian cells

As most of the foregoing techniques require specialist facilities and expertise, not available in thislabo-
ratory, it was decided to pursue experiments with organic plastic scintillator, selected for several rea-
sons. It was realised that a close analogy existed between the main features of track action in the phos-
phor and the track action which determines the radiation response in the mammalian cell. For example,
the phosphor can be produced in spheres of a few micron diameter of similar dimension to that of the
cell nucleus and therefore to reflect correctly the stochastical nature of the radiation interactions as in
conventional microdosimetry, but in the condensed phase. Within the phosphor, the fluor molecules
are considered to act as the sensors. Each fluor molecule is analogous to a single strand in the DNA.
For the typical concentrations of fluor molecules pertaining in conventional organic scintillators, the
mean spacing between light-emitting centres is only a few nanometers. As the fluor molecules are dis-
tributed randomly, there will be a probability that a certain number of width 1 nm will be spaced apart
at 2 nm. These 'paired' sensors are assumed to simulate a segment of the double-stranded DNA. The
fluor 'sensors' are stimulated by excitons which are allocated a diffusion length of a few nanometres
and can be considered analogous to diffusing radicals in the cell. Also the sensors may be stimulated
directly by interaction of any type of charged particles. Both the direct and indirect action are loosely
analogous to the known effects of radical diffusion and direct radiation action on the DNA in mam-
malian cells, sufficiently so for 'dosimetric' purposes. The distribution of paired sensors in the scintil-
lator should comply with the requirement that there be, on average, about 20 pairs at risk upon a single
charged particle traversal along a mean chord through the detector.

As an activated sensor is signalled by emission of a scintillation photon (scinton), a working device
must be capable of detecting events comprising single (k=l) and plural (k=2, 3, 4, etc) scinton emis-
sion and of resolving these into separate peaks, each containing the observed number of 'k scinton'
events.

The overall detection efficiency of the device will be low, corresponding to that of the mammalian cell.
However if the feasibility of a unified detector of absolute bio-effectiveness can be proved, then it is
envisaged that the detection efficiency could be increased by orders of magnitude by distributing mul-
tiple spherical sites in an appropriate plastic matrix to simulate cell clusters.
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4. Calculated probabilities and results: relevant quantities and Poisson probabilities

The expected number of events in the 'k scinton' event peaks was calculated using Poisson probabilities
for: the mean spacing between fluor molecules; exciton generation and subsequent possible interaction
with an active centre in the scintillator; stimulation of a centre by > 1 hit; stimulation of an active cen-
tre by direct ionization; the random occurrence of fluor centres of width lnm spaced at 2nm apart, of
'unpaired' events and 'paired' events in each 'k scinton' peak. The various probabilities were weighted
for the charged particle equilibrium spectrum generated by the incident photons^. In effect, the cal-
culation utilises a model for generation of the initial exciton concentration by the equilibrium charged
particle track structure, the subsequent fluorescence emissions and losses, to the release of photoelec-
trons which are detected in the hybrid photomultiplier. The average number of events could be calcu-
lated which, in turn, enabled the probability to be found that there would be an exact number of paired
and unpaired scinton events in the 'k scinton' peak, k= 0, 1, 2, 3, etc. Figures la and lb show the scin-
ton spectra for Am241 y-rays (59.6 keV) and Csl37 y-rays (661 keV). The 'unpaired' peaks (solid lines,
analogous to single-strand breaks) and the frequency weighted average 'k' reveal clear differences in
the observed physical quality for the different photon radiations. The frequency of events per unit
photon fluence also plays a role. These results indicate the feasibility of microdosimetry in the con-
densed phase at the molecular level. If successful, this would constitute a significant advance in con-

Figure la. Am-241 gamma rays Figure lb. Cs-137 gamma rays
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ventional microdosimetry. However, for the bio-effectiveness, it is necessary to measure the number of
equivalent double-strand breaks - shown by the dashed lines in the figures. Extraction of these 'paired
events' is not straightforward as there are co-variant effects in the statistical analyses. Consequently tech-
niques must be developed to accomplish this, perhaps by iterative methods with reference to the k=l
peak.

5. Experimental results and principles of the
device

The scinton spectrometer comprised a disk of plastic
phosphor (NE102A), 2.5 cm diameter and 20 micron
thick coupled to a hybrid photomultiplier(12). Single
and plural scinton peaks were observable above the
background noise level but to enhance the 'signal to
noise ratio' the device was operated in coincidence
mode to enable detailed analysis of light yields and
losses. Consequently the results at this stage should
not be directly compared with the calculated values.
The experimental results simply confirm the practical
ability to record resolved scinton peaks and to reveal

Figure 2. Experimental 'k-scinton' peaks nor-
malised to total events
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the spectral dependence on quality. The difference in quality of the photon-emitting radioisotopes
(Am-241; Co-57; Cs-137 and Co-60) is clearly apparent in figure 2. Ultimately, for analysis of the
data, it is intended to determine the total count-rate detected in each 'k' peak and to deduce the mean
number of'paired' events / unit fluence. This cross-section for 'paired' events should be directly compa-
rable with the bio-effect cross-section for inactivation of mammalian cells. The method therefore can
be subjected to a sensitive validity test. As the scinton spectrometer should be capable of simultane-
ously measuring the equilibrium charged particle fluence, it has the potential to be a complete bio-
effect dosimeter in a fluence-based system.

6. Conclusions

Analysis of cellular damage by ionizing radiations proves that energy deposition is not a valid physical
parameter for quantifying radiation biological effects(3> 13). Microdosimetry in the condensed phase in
molecular volumes is a practical possibility for the measurement of physical quality. There is a distinct
possibility of developing a physical device for measurement of the biological effectiveness for appli-
cation in a fluence-based system of radiation protection.

7. References

1) The physical basis of radiation dosimetry. R.H. Ritchie in Principles of Radiation Protection Eds.
K.Z.Morgan and J.E. Turner, Robert E. Kreiger Publ. Co. New York 1973. pl47.

2) ICRU REPORT No. 36, Microdosimetry. 1983. ICRU 7910 Woodmont Ave. Bethesda, Maryland
20814, USA.

3) On absolute biological effectiveness and unified dosimetry. D.E.Watt. J. Radiolo. Protect. 9 (1) 33-
49, 1989.

4) An approach towards a unified theory of damage to mammalian cells by ionising radiation.
D.E.Watt. Radiat. Prot. Dosim. 27, (2), 73-84, 1989.

5) Critical review of the current radiation protection quantities and units. J. Sabol. (These Proceed-
ings).

6) Identification of biophysical mechanisms of damage by ionizing radiation. D.E.Watt, I.A.M. Al-
Affan, C.Z. Chen and G.E.Thomas. Radiat. Protect. Dosim. 13, (1-4), 285,294, 1985.

7) Risk scaling factors for chromosome aberrations, mutations and oncogenic transformations with
respect to inactivation of mammalian cells. A.S.Alkharam and D.E.Watt. Radiat.Protect.Dosim.
70, (1/4), 537-540, 1997.

8) Quantities for dosimetry of ionising radiations. D.E. Watt. Publ. Taylor and Francis, London, 1996.
ISBN 07484 04848 432 pages.

9) A unified system of radiation bio-effectiveness and its consequences in practical application. Watt,
D.E. Radiat. Protect. Dosim. 70, (1/4), 529-536, 1997.

10) A constructive critique to the ICRP's System and Counter Proposal. K. Katoh. (These Proceed-
ings).

11) A feasibility study of scintillator microdosimeters for measurement of the bioeffectiveness of ion-
ising radiations. D.E.Watt and A. Alkharam. Radiat.Protect.Dosim. 61, (1-3), 211-214, 1995.

12) Hybrid Photomultiplier. DEP Delft Instruments, Dwazziewegen 2, Roden, Postbus 60, 9300 AB
RODEN, The Netherlands.

13) A unified system of radiation bio-effectiveness and its consequences in practical application. Watt,
D.E. Radiat. Protect. Dosim. 70, (1/4), 529-536, 1997.

Sessions



IRPA Regional Symposium
Radiation Protection in Neighbouring Countries of Central Europe. Prague. 8-12 September 199
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1. Introduction

Usually ,,dosimetry" deals with the dose measurement of organs or group of organs, i. e. large collec-
tives of cells, whereby a homogenous distribution of a radioactive substance is assumed.

In contrast microdosimetry deals with events in cellular volumes.

The concept of microdosimetry tries to relate some of the principal features of the absorption of ioniz-
ing radiation in matter - i.e. number, magnitude and distribution of energy deposits - to the size and
nature of the affected structures. Therefore it is necessary to measure volumes in the urn size. A central
quantity is represented by the Linear Energy Transfer (LET) which is the energy lost by a charged par-
ticle divided by unit length. The ICRP has set up a relationship between LET and the radiation quality
factor Q [1]. Therefore it is possible to estimate the biological effects of different radiation in given
volumes and to compare them. TEPC's (Tissue Equivalent Proportional Counters) have emerged as the
de facto standard for microdosimetric measurements. The basic principles were already established in
1955 [2] (to measure specific ionization) and have been rediscovered for microdosimetry. Systems
based on TEPCs have mostly been designed for laboratory use.

We present a setup that is portable and analyses data online in a realtime-measurement via notebook
computer.

2. Measurement principle

The active volume of the TEPC-detector is a " inch sphere constructed of a tissue equivalent wall (A-
150 plastic which is also conductant) and filled with a tissue equivalent gas based on propane. The
pressure of the gas is adjusted so that a charged particle crossing the counter volume deposits an iden-
tical amount of energy as a charged particle crossing a real tissue volume of microscopic dimensions
(1-10 urn).

Fig.l. Principle of measurement

Eg

It is assumed that the mass stopping power of tissue and the filling gas is the same and therefore the
condition

ptd, - pgdg

is required, (p is the density and indexes t and d denote tissue and gas respectively).
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The TEPC is attached to a charge sensitive preamplifier with a short cable. The preamplifier output is
sampled by a high-speed analog-to-digital converter and digitally processed through a Preloaded Filter
which supplies a digital word to the parallel port of a notebook computer.

Fig. 2. The setup of our system
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3. The preloaded filter

Conventional pulse processing systems have fixed pulse processing times characterized by a so called
filtering or pulse shaping time constant. Optimum resolution requires long time constants of filtering
leading to possible counting losses because of pulse pileups. Shorter filtering time constants result in
degraded resolution.

The Preloaded Filter pulse processor (PLF) [3] automatically adapts its noise filtering time to the pulse
intervals occurring right now.

Fig. 3. Operating principle of the preloaded filter
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The PLF is a low-pass filter (Fig. 3). Consisting essentially of a resistor and a capacitor it is charged up
rapidly (,,preloaded") to the input amplitude by closing a switch across the resistor during the rise time.
At the same time the previous amplitude is subtracted, providing for ground referred output amplitude
with high baseline stability. After acquisition the switch is opened and noise filtering commences, ex-
tending up to the optimum filtering time or, if this comes earlier, up to the next event.

The filter design is based on a fast 14 Bit ADC followed by a large field programmable gate array
which implements the filtering algorithm as a fast pipe-lined signal processing system. It offers loss-
less digital integration and digital low-pass filtering combined with rapid, error-free output-from-input
subtraction which would be difficult to adjust in an analog design.

To the attached Multichanne lanalyzer (MCA) the PLF looks like an ADC of 16k channels maximum
resolution and a dead time of zero due to an internal 16 stage digital FIFO memory.

4. Acquisition software and measurements

We developed an acquisition software that is - for the first time to our knowledge - capable of evalu-
ating microdosimetric quantities online. It is additionally capable of setting several preferences such as
begin and end time/date or duration of data acquisition as well as to store spectra information on equal
intervals. It operates in the Windows 95 environment.

The main screen (Fig. 4) shows two windows: the upper is an ordinary counts versus channel plot, the
lower shows absorbed dose as a function of logarithmic interval of lineal energy which is popular for
the comparison of microdosimetric spectra. In order to graph it the upper plot must be calibrated in lin-
eal energy (the practical measurable equivalent of the Linear Energy Transfer) at first.

As an example Fig. 4 shows a screen capture of a spectrum obtained after exposing the detector to an
AmBe-source at a distance of lm, exposure time was 210 min.

Fig. 4. Spectrum of an AmBe-source; distance lm, exposure time 210 min
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5. Conclusions

We developed a TEPC-System suitable for online measurement of microdosimetric LET-Spectra with
advanced capabilities:
• portable
• real-time measurement
• user-adjustable time intervals, where the integral and differential LET-Spectrum can be stored
• user defined beginning and end (or duration) of measurement cycle
• optimum noise filtering and resolution (<5%) at any counting rate
• user friendly setup

Our TEPC-System is especially designed to obtain immediate information about mixed fields incident
on aircraft because the afterward ,,manual" calculations may be omitted.
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QUALITY CONTROL IN PERSONNEL DOSIMETRY USING PTTL DOSE
REESTIMATION

CZ9928579
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Abstract: As it is well known, under certain conditions, phototransference offers the possibility of a
second TL readout for dosimeter already read. The significative reduction of the signal characteristic of
that second readout was considered an unavoidable drawback of this technique for low dose (<10mGy)
reestimation in Personnel Dosimetry. The recent refinements in both the instrumentation and the analy-
sis methods developed in our laboratory for TLD-100 Phototransferred Thermo luminescence (PTTL),
have permitted to extend the reestimation capability down to 0.2mGy. Thus, it is now possible to have
a second TL evaluation practically for the whole range of doses of interest in Personnel Dosimetry. In
this work the results obtained in a test to reconfirm previously measured very low doses
(environmental doses) using PTTL techniques are presented. The test included periodic TL estimations
during the experiment and a PTTL reestimation of the total dose at the end of it. The very good results
always obtained in other similar tests confirm PTTL reestimation as a tool for Quality Control in Per-
sonnel Dosimetry. An advantageous feature of these techniques is that they can be applied to the do-
simeters really worn by the workers, thus permitting to reconfirm the official or legal doses assessed to
them.

1. Introduction

Personnel Dosimetry Services (PDS) have to provide workers with adequate dosimeters to assure the
correct estimation of their individual doses, and this accomplishing with exigent accuracy and reliabil-
ity requirements. Activities aimed at the practical demonstration of the dosimetric reliability are be-
coming more and more important. This is demanded by the notable social concern about the deleteri-
ous health effects of ionizing radiations. Therefore, rather strict regulations directed to assure the
protection of the exposed workers have been set, imposing dose limits and measurement quality re-
quirements.

To determine the reliability of the dosimetric data emitted by PDSs a variety of tests have been de-
signed and applied. They are carried out at national and/or international level and may include inter-
comparisons, blind tests, "surprise" controls, etc., to check the overall dosimetric performance (1).

These tests should provide with a realistic picture of the quality of the dose results produced by the
PDS under evaluation. Therefore, a basic requirement of every test is that it has to be applied in condi-
tions as close as possible to those found in practice. Each influential parameter should be allowed to
play its own role in the test, thus affecting the test data as it does in routine operations. Only fulfilling
this requirement, will a test lead to valid information about the confidence of the dose results produced
by a PDS. Without accomplishing with that requirement tests may lead to unrealistic conclusions,
likely optimistic.

In this paper a new modality of performance test is proposed, based on the recently improved dose re-
estimation capability of Phototransferred Thermoluminescence (PTTL) techniques (2,3). These tech-
niques permit to reassess the doses measured from the dosimeters worn by the controlled workers.
Thus, it is a performance test carried out in exactly the real working conditions.

2. Experiment and method

Standard LiF TLD-100 loose chips (3x3xO.9mm3) purchased from Harshaw were employed in this ex-
periment. The measuring scheme followed is the same described in (2). Readout, in a Harshaw reader
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model 2000A/2080, was by a linear heating at 5°C/s up to a maximum temperature of 300°C in N2 at-
mosphere. Glow curves were analyzed using the computer codes described in (2).

With this readout cycle the charges stored in deeper traps, beyond 300°C, which are the source of
PTTL, are not altered. Thus, maintaining valid dosimetric information after normal TL cycles. It is
known that by adequate UV irradiation (wavelength, time and temperature) some of the charges in
these deep traps are freed and can be retrapped in shallow traps, thus reproducing again a TL curve in
a subsequent normal readout. In this experiment UV irradiations were performed using the device de-
scribed in (3). An irradiation of 2 hours at 80°C was found adequate to produce a sufficiently intense
PTTL signal. To completely reset the dosimeters, TL, as well as PTTL, i.e., shallow and deep traps, it
is necessary to use a more severe thermal treatment. Oven anneal at 400°C for 30 minutes was em-
ployed for that purpose in this work.

3. Results and discussion

The improvements in the low dose reassessment by PTTL achieved by our group in CIEMAT (2,3),
decreasing the minimum reestimable dose down to around 0.2 mGy, permit to apply the PTTL tech-
niques for the efficient reassessment of the whole dose range that should be covered by personnel do-
simetry (4). It is therefore possible to reassess dose values obtained by a PDS not only in the infre-
quent cases where unexpectedly high doses are measured, requiring confirmation. It is also possible to
reassess the low, and more normal, dose results obtained in routine operation, employing then PTTL as
a tool to warrant the quality of these completely normal dose results.

The figure shows the results obtained in a realistic test applying PTTL to reassess some previously
measured TL doses. In the experiment, a group of five dosimeters was exposed monthly to the back-
ground radiation (the base line for personnel dosimetry) for six consecutive times. Every month a TL
measurement was performed in order to simulate the routinely operation of a real PDS. In each cycle
the partial absorbed dose is calculated from the mean value of the single dosimeter TL readings. In the
figure mean values are represented by dots, and uncertainty bars correspond to l a values of those
readings.

Dose G*Gy)

PTTL/6

The dosimeters location was changed during the experiment to monitor places with slightly different
background contributions. For the TL measurements, the samples were heated up to a maximum tem-
perature of 300°C. Hence, as explained before, the traps emptied in these TL cycles are the shallow
traps at low and medium temperatures, keeping unaffected the deeper traps, those giving rise to PTTL.
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After completion of the six TL cycles, the same group of dosimeters was exposed to UV light, in the
conditions explained in ref (3), and read afterwards to obtain the PTTL curve. With the appropriate
PTTL vs. Dose calibration algorithm the PTTL signals can be converted into dose. This time, the dose
accumulated in the six exposure cycles.

In the figure, the PTTL reestimated dose, promediated over the six partial cycles (PTTL/6), is pre-
sented. The broken line represents the mean monthly TL dose obtained in the experiment. In the figure
it can be seen how this TL mean value is practically coincident, well within uncertainties, with the
promediated, PTTL/6, value.

The good agreement always obtained in the many controlled tests carried out in our laboratory between
the TL and PTTL dose estimations, confirm the adequacy of PTTL for quality control in personnel do-
simetry. The example described above illustrates well the kind of control procedure we propose. It can
be applied to the real dosimeters employed to measure doses to the controlled workers. After some cy-
cles of utilization, assessing in each cycle the individual doses for the personal dose records, a repre-
sentative sample of these dosimeters could be sent to the laboratory applying the PTTL test, for the re-
assessment of the integral dose corresponding to all these cycles. The degree of coherence between the
sum of the TL doses and the total PTTL dose can be employed as an estimator of the quality of the
dose data issued by a PDS. The data displayed in the figure showing the good confirmation of purely
environmental doses, assure the capability of the PTTL techniques to be employed for the control of
the whole range of doses in personnel dosimetry.

The simplicity of the PTTL process, its low cost and the very direct information it provides on the real
dosimetric performance of Personnel Dosimetry Services are all remarkable features. They permit us to
conclude that PTTL dose reestimation is a serious candidate, either alternative or complementary to
other more conventional methods, for testing the dosimetric performance.
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NEUTRON ACCIDENT DOSIMETER BASED ON SSNTDS
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Abstract: A sandwich type track etch detector of CR-39 was developed utilizing neutron-proton recoil
and (n, a) reactions. Applying gold and Cd filters this system turns into a threshold detector and also it
combines the albedo and the direct detection methods thus it becomes possible to detect neutrons in
three or more energy ranges depending on the number of gold degraders of different thickness allowing
dose assessment with an uncertainty of about 20 % as blind tests have proved when a single gold foil
of 20 p.m thick was used.

1. Introduction

The neutron accident dosimeter, still in use at the AERI, was developed more than 20 years ago. It was
mainly based on activation detectors as gold and sulphur. Later on, fission and recoil nuclear track
detectors (NTD) were incorporated, in addition. Nowadays, the original materials are not available
anymore, this initiated the development of a more simple but reliable dosimeter. The personnel and
area dosimetry at the AERI has utilized a film dosimeter (as the official one), a 4-element thermolumi-
nescent dosimeter (TLD) in a separate holder but attached to the film holder and the accident dosimeter
in a separate holder (both latter ones for internal purposes only).

The following requirements had to be fulfilled: the accident dosimeter should be located in the same
holder as the TLD where a space of 20x15x5 mm3 was available; a quick separation of exposed people
must be possible based on some very simple measuring technique; it should be possible to distinguish
minimum 3 components of the neutron fluence (thermal, intermediate and fast); it should contain de-
tector elements as few as possible and all the elements must be commercially available. Also it was re-
quired that the existing measuring and evaluation techniques (and materials) are to be utilized.

2. Description of the detector

The requirements determined the selection of a special, sandwich NTD (see Fig. 1) where the fast and
intermediate neutron fluences can be obtained by proton recoil technique, applying a proton converter
made of polyethylene (PE) and a single energy degrader of pure gold [1,2], the thermal neutrons can be
measured by utilizing (n,a) interactions [3] in a L12B4O7 material (called BN1, made by Kodak-Pathe,
France). The detection of the albedo thermal neutrons allows to estimate the intermediate and fast neu-
trons in a second way which increases the accuracy. During an incident or accident the energy degrader
gold itself becomes radioactive and the beta activity can simply be measured by an end-window GM
counter (calibrated by beta-gamma coincidence method), indicating that neutron exposure occurred. To
obtain the incident thermal neutrons the thermal and epithermal neutron absorption of the gold foil was
determined by experimentally for different gold foil thickness.

The area of the single NTD was
selected to be 20x10 mm2. One
half of the outer surface of the
NTD below the 1 mm thick PE
radiator is covered by gold of 20
urn thick, the rest of the surface
left uncovered. This technique
allows to distinguish neutrons

Fig. 1. Schematical view of the sandwich detector
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half area protected against reflected thermal neutrons by Cd of 1 mm thick. The optimum thickness'
were determined by calculations and measurements as detailed in [4,5]. For the detector, a well-known
material, the poly-alyl-diglycol-carbonate (PADC) was selected, (type CR-39, called TASTRAK, made
in UK), which has been used by us for many years for radon detection. The neutron induced tracks are
visualized by a chemical etching in a 6N NaOH solution, at 70°C. As a first step, to investigate the a
tracks, the etching lasts two hours and then an automated image processor system performs the ana-
lyzes [6]. To reveal the proton tracks a 2nd etching of another 4 hours is applied followed by the ana-
lyzes.

The rough estimate of a neutron spectra can be established, from the track densities measured under the
different converters and filters. The densities on detector areas A, B, C and D, as marked in Fig. 1, can
be related to the neutron fluences as follows: A: fast neutrons above 2.5 MeV; B: neutrons between 0.2
and 2.5 MeV; C: incident + reflected thermal neutrons; D: incident thermal neutrons. Then the neutron
spectrum is composed from 3 parts by fitting Maxwellien spectra onto the fast and thermal neutron
fluences and an 1/E spectrum onto the intermediate one. Then using the fluence-to-dose conversion
factor averaged over the neutron spectrum the total dose can be calculated.

3. Brief summary of the theory of recoil track detectors

For CR-39, the proton detection energy window falls into the range from 100 keV to 2.2 MeV, ap-
proximately, with a peak in the sensitivity in between of 0.5 - 0.8 MeV. The role of the degrader is to
shift the proton energy being above 2.2 MeV into the detection window. A degrader of a given thick-
ness (together with the chosen proton radiator) determines the minimum and maximum detectable
proton energy, and consequently, also the detectable neutron energy range. Within this range the shape
of the response function -number of tracks/incident neutrons- is energy dependent and to be determined
for each degrader thickness by calculations and measurements.

In a reactor environment the leakage neutron spectrum is quite soft, the fraction of neutrons above 6
MeV is only a few percent. In a converter media of high hydrogen content, the dominant neutron inter-
action is the elastic scattering on the hydrogen nucleus. Below 100 eV neutron energy, its cross section
is constant about 20 barn, then it is slowly increasing up to 30 barn, following by a decrease down to 1
bam at 10 MeV. The angular distribution of the scattered protons at their origin is isotropic and the
proton energy (Ep) distribution (dN/dEp) is uniform below the maximum energy which is equal to the
incident neutron energy, since Ep=Encos2(a). However, the spectrum of protons emerging from the
converter, depends on the converter
thickness and the incident neutron energy, Fig 2. Proton ranges in the converter, degrader and detector
and generally has a well defined peak. materials
The most important quantity, the proton
ranges (R, in urn) in the gold, CR-39 and
in the PE radiator (0.88 g/cm3) were cal-
culated by the code TRIM [7]. To the in-
dividual points between 0.1 and 6 MeV,
the following curves were fitted by the
least square method (see Fig. 2):
RAU=0.00012*E1 5 9 , RCR=21.0*E'-6 and

RpE=25.5*E18. From these, the maximum
proton ranges for 6 MeV neutrons are
63, 370 and 640 \xm, respectively, so a 1
mm thickness of PE is already the satura-
tion thickness and it is enough to use gold
degraders of less than 50 |am thick (96.6
mg/cm2).
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Fig. 3. The lower and upper detection limits of
protons vs. gold degrader thickness
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The lateral straggling of the proton is not significant in the converter and detector materials, however,
it can reach the 25% of the range in the gold degrader, lowering down the detection efficiency, since
more protons impinge the detector surface below the critical angle. The calculated lower and upper
detection limits of protons vs. the gold degrader thickness is presented on Fig. 3. Other interaction with
hydrogen is the H(n,y)D absorption reaction. The cross section at the thermal region is about 50 mbarn
and decreasing by the 1/v law. This means that the
neutron absorption above 100 keV can be neglected
when calculating the total neutron fluence during the
spectrum unfolding procedure. As for the carbon in
PE, this recoil particle has a very short range below 6
MeV and only few of them can reach the degrader at
all, where they are fully absorbed. High energy neu-
trons penetrate the radiator and the degrader practi-
cally without disturbance and interact with the nuclei
of the detector material inducing intrinsic latent
tracks which then would be developed together with
the externally incident proton tracks if their origin or
rest points are within the removed layer of the detec-
tor. Here, the 16O(n,a)13C threshold reaction (2.2
MeV) is significant and also the recoil C and O tracks
appear on the etched surface with shorter length but

larger diameter than the proton tracks. Scattered neutrons may come from the back side, as well, caus-
ing tracks on the front of the detector. All these can be followed by TRIM and MCNP calculation and
such tracks can be separated by image analyzers.

4. Results
Detectors with PE radiator and gold foils of different thickness' were irradiated by neutrons of moder-
ated Cf and Pu-Be sources with well know spectra and dose rates. It was found that the optimum gold
thickness is 20 |im for these spectra which quite well represent the neutron spectra at reactor areas.
When the 20 p.m thick gold degrader was applied using the evaluation process outlined above the dose
fractions were reconstructed with an averaged error of less than 20% in both spectra. The errors were
higher below 200 keV energy (around 26%), while it remained below 15% in the higher energy range,
above 2.5 MeV, where the contribution to the dose is more significant. This detector system was used
to establish the dose rate in our Biological Irradiation Facility, too. The results were satisfactory com-
pared to those obtained by pure activation technique.
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DOSIMETRIC PROPERTIES OF QUARTZ FROM PORCELAIN INSULATORS

L. Pasalskaja, S. Sholom, V. Chumak and V. Voloskiy CZ9928581

Scientific Center of Radiation Medicine AMS of Ukraine, Kiev, Ukraine, 254050, Kiev-50, Melnikova str. 53

It is known, that quartz-containing materials that were annealed at high temperature in course of manu-
facturing (e.g. bricks) can be used as natural TL-dosimeters.

At present a fired brick is the most used material in TL-dosimetry of quartz.

Since wood is the main building material for houses in many populated areas of Ukraine which were
contaminated after Chernobyl accident, it is necessary to use ceramic objects, such as porcelain insu-
lators, lamp fittings etc. for TL accidental dosimetry. Most types of ceramics match the criteria of TL
accidental dosimetry and are employed for this purpose.

However, conventional TL dosimetry methods based on use of insulators (fine-grain and thick slice
techniques) do not allow to obtain highly reproducible results. Besides, dosimetric properties of these
materials are not studied enough.

In the present study the porcelain insulators from few contaminated regions of Ukraine were investi-
gated.

To prepare samples for TL-dosimetry we placed whole insulator fragment into 10% HF and leaved for
10 hours to remove the glaze. After that the sample v/as washed with water to remove all traces of HF
and a metal file was used to clean the fragment surface from powder. Dry insulator fragment was
crushed and sieved into 100-160 micron grain size. This fraction was washed in consecutive order
with diluted HC1 solution, the water, ethanol and dried at 80 °C.

Prepared insulator samples have been studied by X-ray diffraction method. Only one crystalline phase -
the quartz was detected.

Data of chemical (Table 1) and X-ray diffraction methods show, that this material is a polyphase sys-
tem which consists of a crystalline and amorphous phases.

Table 1. Chemical analysis data of insulator #7 (in mass % )

Sample ref.

1
2

SiO2

71,62
68,69

TiO,

0,43
0,43

AU03

21,32
23,82

Fe,03

0,65
0,60

MgO

0,26
0,77

CaO

0,99
0,11

Na2O

1,38
1,64

K,0

2,76
2,62

H2O

0,12
0,04

term, loss

0,10
0,04

I
99,65
98,76

Notes: 1- natural sample; 2- after HC1 treatment

According to the reference book, insulators with such chemical composition relate to silicate porcelain
and have approximate phase composition ( in % ): 55 - alumo-silicate glass, 35-40 - mineral mullite, 5
- quartz. Since mineral mullite has not the regular structure, its identification by X-ray diffraction
methods is very difficult.

So, a typical insulator consists of a crystalline phase, represented mullite needles and solitary quartz
grains flooded by alumo-silicate glass.

The glow curves of insulator samples were recorded on a HARSHAW 3500 TL-reader.

Samples were irradiated by gamma-rays with energy of 662 kev on the Cs -137 calibrated source.

It was found that the typical insulator glow- curve (Fig.l) has two TL-peaks around 200 °C and at
325 °C. Additional irradiation showed that the intensity of TL-peak at 325 °C depends on the applied
dose weakly enough, therefore we used only peak around 200 °C for dose reconstruction.

562 Session 5



. IRPA Regional Symposium
Radiation Protection in Neighbouring Countries of Central Europe. Prague, 8-12 September 199

Fig.l. TL glow curves of insulator #7. All spectra are averaged on three aliquots. 1-natural; 2-with addi-
tional dose 4 Gy; 3-10 Gy
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It should be noted, that 200 ° C peak is characterized by high stability: during of 5 months its intensity
is not varied since the moment when the sample was irradiated. It exhibits a linearity in radiation-
response at doses from 1,0 to 10 Gy (Fig.3).

Dose-temperature dependence (Fig.2) was plotted on the data, shown in Fig.l. It allows to select the
right temperature range for glow-curve integration (in the present case it is 180 - 220 °C), estimate the
value of dose as point of intersection of the line parallel to plateau with dose-axis (near 130 cGy) and
error of its measurement simultaneously.

Dose-response curve of insulator sample is shown in Fig.3. Its extrapolation on the dose - axis gives
the value of accumulated dose -130 cGy, that is in agreement with the dose, estimated from dose-
temperature dependence (Fig.2) and obtained using a red brick from this house.

Conclusions

It was found that dosimetric properties of quartz from porcelain insulators are suitable for TL-
dosimetry.

It should be noted that dose - temperature dependence (Fig.2) is sufficed for dose reconstruction espe-
cially if the dose-response curve does not exhibit a linearity.

Although quartz has been identified in this material there were other components present and further
work is required before the dose evaluation is complete.
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Fig.2. Dose - temperature dependence of insulator #7, plotted on the data, shown in Fig.l
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Fig. 3. Dose-response curve of sample #7 (Vesnjane). Temperature region 180 - 216 °C
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CRITICAL REVIEW OF THE CURRENT RADIATION PROTECTION
QUANTITIES AND UNITS

J. Sabol CZ9928582

Faculty of Nuclear Sciences and Physical Engineering, Czech Technical University, 115 19 Prague 1,
Bfehovd 7, Czech Republic

1. Introduction

The international System of Units", called SI for original French name ,,Le Systeme International",
has generally been adopted by most countries throughout the world. At present, it is commonly recog-
nised that it is necessary to distinguish between quantities and units, and to take into account whether
they reflect physical or other aspects.

While a quantity may be characterised in terms that are suitable for a numerical specification, a unit
represents a selected reference sample of a given quantity. Historically, however, much less attention
has been paid to the clear definition and specification of quantities than of units. In the past, in many
cases a unit was specified and introduced although it was not always clear what quantity it was sup-
posed to quantify. There are also examples where some units were expressed using the units of com-
pletely different quantities. For example, it is well known that a unit of electric current ampere (one of
seven base units) is specified on the basis of a force equal to 2 x 10"7 N m"1, while the definition of this
quantity represents the quotient of a charge and a time.

The are also numerous examples in dosimetry and radiation protection where primary attention was fo-
cused on a unit rather than on a corresponding quantity. Perhaps the most prominent case illustrating
this situation is associated with the introduction of a unit, called roentgen, by the ICRU in 1928 and
then in a slightly modified version in 1937. The definition said that ,,The roentgen shall be the quantity
ofx- or y radiation such that the associated corpuscular emission per 0.001293 g air produces in air
ions carrying 1 esu of quantity of electricity of either sign" It is obvious that there was no name for the
,,quantity" concerned, the word being used synonymously with ,,amount", and the nature of the quan-
tity itself was vague [1]. This question was not addressed satisfactorily until 1956 and then in 1968
when the quantity ,,exposure" was defined [2].

A similar problem was also encountered with the unit expressing the potential alpha-energy concentra-
tion called ,,working level (WL)" introduced as ,,any combination of the short-lived radon daughters in
1 liter of air that results in the ultimate release of 1.3 x 105 MeV of potential alpha energy" [3].

Another difficulty concerning quantities and units used in radiation protection stems from the fact that
quantities in this field cannot be considered as pure physical quantities but rather as bio-physical ones
[4,5]. This is nothing new: in some branches of physics such as photometry and acoustics this problem
has been recognised and the relevant units are not considered as genuine physical units but as units ex-
pressing the response of human sensors involved (spectral sensitivity of a standard eye or ear).

The present complications in radiation protection related quantities and units seem to be due mainly to
the following factors: too many quantities (e.g., even specialists may have difficulties fully under-
standing and interpreting all 17 quantities based on a dose equivalent), differences in numerical values
of ,,similar" quantities, not always satisfactory approximations of virtually immeasurable quantities by
measurable quantities, inconsistency in definitions and interpretations of quantities of some interna-
tional expert bodies, and problems of weighting and conversion factors.

2. Too many radiation protection quantities

In addition to basic dosimetry quantities, such as exposure, dose and kerma, there are many various
quantities used in radiation protection whose definitions are based on a concept of a quantity - the dose
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equivalent - related to a point in a tissue. Besides the dose equivalent and dose equivalent rate itself,
these quantities include the equivalent dose, the equivalent dose rate, the committed dose equivalent,
the collective equivalent dose, the effective dose, the effective dose rate, the committed effective dose,
the collective effective dose, the dose commitment related to the equivalent dose rate, the dose com-
mitment related to the effective dose rate, the ambient dose equivalent, the ambient dose equivalent
rate, the directional dose equivalent, the directional dose equivalent rate, and the personal dose
equivalent.

Moreover, in literature and publications which still present valuable sources of information in various
areas of radiation protection, many other old quantities were or even now are occasionally used. In
some cases, we still have to deal with such quantities as the effective dose equivalent (and other rele-
vant derived quantities), the dose-equivalent index, the maximum dose equivalent, the individual dose
equivalent, penetrating, and the individual dose equivalent, superficial.

3. Radiation weighting factor vs quality factor

Instead of accommodating the different biological effectiveness of different radiations by the quality
factor (Q), which is related to the linear energy transfer (L) or the lineal energy (y), the ICRP [6] intro-
duced a new concept, the weighting factor (wR). The fundamental difference between Q and WR is ob-
vious from their definitions: unlike Q, which characterises radiation at the point (or is averaged over an
organ) where the absorbed dose is specified, the factor WR applies to the radiation incident on the body
(or emitted by an internal source).

The multiplication of the dose in one location by a factor depending on radiation quality at another lo-
cation is biologically unreasonable and makes the equivalent dose virtually unmeasurable. This is ap-
parent especially in the case where exposure to neutrons involves the almost invariable accompanying
exposure to gamma radiation. In such conditions, in accordance with the new ICRP scheme, at any lo-
cation in the body, gamma radiation due to neutron capture will be given a factor WR applicable to
neutrons, while the same factor for the attenuated or scattered gamma radiation will be taken equal to
one. In other words, the biological effectiveness in neutron exposures remains constant with depth in
the body despite the increasing contribution by capture gamma radiation, which is evidently in contra-
diction to the generally accepted judgement [7].

4. Effective dose vs effective dose equivalent

The quantity effective (E) dose introduced by the ICRP [6] is supposed to replace the effective dose
equivalent (HE) proposed by the ICRP in 1977 [8]. The ICRP [6] does not recommend correcting ear-
lier values of HE in order to recalculate them into the corresponding values of E. According to the
ICRP, it is also appropriate to add values of dose equivalent to equivalent dose and values of effective
dose equivalent to effective dose without any adjustments. The fact that changes in the radiation and
tissue weighting factors in 1990 complicate the comparisons between new and earlier estimates of ex-
posure was recognised by the UNSCEAR, too. In general, the UNSCEAR in its latest report [9] has not
attempted to re-evaluate old data in terms of the new quantities, because the changes were usually con-
sidered small.

Although in the majority of common cases, the numerical values of both E and HE do not essentially
differ, there are some examples where the difference could be significant. Under certain circumstances,
this may affect both external and internal exposures, especially in the case of neutron and low-energy
photon exposures as well as in the case of internal exposure by intakes of some radioactive substances
(notably by a number of radiopharmaceuticals used in nuclear medicine).

The situation can be illustrated by the ratio E/HE for photons, neutrons and some radionuclides often
used in nuclear medicine examinations. While for all irradiation geometries for photons with energies
above 100 keV this ratio does not exceed 12%, for energies 20 - 100 keV the difference may reach
more than 100% (Fig. 1, [10]). This may affect especially the assessment of patients exposures in
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X-ray examinations where the inhomogeneity of the irradiation of individual organs is particularly sig-
nificant.

Fig. 1. A comparison between the effective dose and effective dose equivalent for several irradiation
geometries as a function of photon energy
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For neutrons the situation is usually more complex; the effective dose may be even seven times higher
than the values of HE depending on neutron energy and irradiation geometry. The situation is shown in
Fig. 2 [10].

Fig. 2. The ratio of the effective dose and the effective dose equivalent for incident neutrons for several
irradiation geometries as a function of neutron energies
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As to internal exposure, the estimations indicate that there is a significant difference in the ratios of the
effective dose to the effective dose equivalent for many typical radiopharmaceuticals [11]. Values of
the ratio for some commonly used radiopharmaceuticals may vary from about 0.6 to 2 with one excep-
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tion for mKr where it was even more than 35 [13]. The difference in the ratio of the effective dose and
the effective dose equivalent will also affect the levels of the relevant derived limits, such as for exam-
ple ALI [14,15].

5. Operational quantities vs limiting quantities

With the replacement of Q by WR as well as by the change in dependence of these factors on a linear
energy transfer (L), the relationship between the limiting quantities and the ICRU operational quanti-
ties [11] has also been changed. While in the case of photons these differences are rather small (less
than 5%), the effect of these changes is significant for neutrons where the ratio E/H*(10) may differ
almost by a factor of 2 depending on the irradiation geometry and on the neutron energy. The differ-
ence between E and personal dose equivalent Hp(d) is especially important since for some geometries
and energy range the effective dose may be underestimated using personal dosimeters calibrated in
terms of operational quantities. Moreover, the definition of Hp(d) does not lead to an unambiguous
value because its estimation depends on the person and on a position where a dosimeter is worn (on a
trunk, extremities etc.).

6. Effective dose equivalent (ICRP) vs effective dose equivalent (ICRU)

Although the quantity effective dose equivalent (HE) introduced by the ICRP [8] (for six tissues and
the remainder) is essentially going to be abandoned and replaced by the effective dose (E), the ICRU in
one of its recent reports [16] introduced a modified version of the effective dose equivalent
(considering 12 tissues and the remainder) using tissue weighting and quality factors based on the new
ICRP recommendations [6], which are apparently different from those originally considered by the
ICRP [8].

The disagreement between the ICRP and ICRU results in mystification since obviously
7 13

T=l T=l

which in some cases may cause further confusion in comparing the values of HE and E.

7. Conversion factors in radon related exposure

Radon related quantities, units and conversion factors are still based on traditional and historical termi-
nology which is in conflict with the SI system of units implemented or being introduced in most devel-
oped and industrialised countries.

The comparison of radon related exposure with the effective dose has to be based on radon related ex-
posure expressed in Bq h m'3 causing the same detriment as the effective dose given in Sv. In accor-
dance with the latest general recommendations of the ICRP [6], the health detriment per unit effective
dose is 5.6 x 10"5 mSv"1 for workers and 7.3 x 10"5 mSv'1 for the general public. On the other hand, the
detriment per unit exposure to radon progeny is 8.0 x 10"5 per (mJ h m"3) for 222Rn for both workers
and members of the public. Based on an equality of detriment, rather than on dosimetry, it can be con-
cluded that an exposure to 222Rn progeny of 1 mJ h m"3 is equivalent to an effective dose of 1.43 mSv
for workers and 1.10 mSv for the general public [17].

This can be expressed in a more practical way using the exposure time T and the equilibrium equiva-
lent radon concentration ceq [18]:

For 222Rn progeny

E (mSv) = 7.9 x 10"6 x T(h) x ceq(Bq m"3) for exposures at work
E (mSv) = 6.1 x 10'6 x T(h) x ceq(Bq m"3) for exposures at home

and for 220Rn progeny
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E (mSv) = 3.8 x 10"5 x T(h) x ceq(Bq m"3) for exposures at work
E (mSv) = 2.9x10"5 x T(h) x ceq(Bq m'3) for exposures at home

The difference in the effective dose per unit exposure for 222Rn and 220Rn progeny can mainly be at-
tributed to the different dosimetric models for inhaled individual progeny and their behaviour in the
respiratory tract, including the clearance of particles deposited in specific nasopharyngeal and lung re-
gions.

Efforts should be intensified to eliminate the further use of such units as working level and working
level month as ill-defined and out-dated, and to replace them by the relevant unambiguous SI units in
accordance with the latest recommendations of the relevant international organizations and expert
commissions, especially the ICRP.

It is often argued that the use of WLM can be justified since all of the previous epidemiological results
express exposures in WLM and thus we should continue to use these units because of this historical
precedence. This argument can hardly be considered a big obstacle since a simple multiplication con-
verts both WL and WLM to SI units J m"3 and J h m"3. It is true, however, that the relevant SI units
should be specially termed in order to stress their use only for radiation protection purpose.

In addition, it would also be desirable to unify the interpretation of recommended and introduced radon
related investigation, reference and action levels or limits using the same internationally recognised
quantities and units. Moreover, it would be useful if the problem of selective measurements of Rn
and 2 Rn attracted more attention because, in the light of the different conversion factors, which are
much higher for 220Rn progeny than for 222Rn progeny, the complex assessment of radon related expo-
sures would not be possible without comprehensive data on both indoor and outdoor monitoring.

8. Acknowledgement

This work has partly been supported by the Ministry of Education, Youth and Sport of the Czech Re-
public (the grant PG No. 9760-2304 1070).

9. References

[1] J.G. Greening: Fundamentals of Radiation Dosimetry. Adam Hilger, Bristol 1995 (p. 57).

[2] ICRU Report 11: Radiation Quantities and Units. International Committee of Radiation Units and
Measurement, Washington, DC 1968.

[3] BEIR IV: Health Risks of Radon and Other Internally Deposited Alpha-Emitters. Board of Radia-
tion Effects Research, National Academy Press, Washington, DC 1988 (p. 25).

[4] J. Sabol: A Few Remarks on Dose Equivalent and Quality Factor. Radiation Protection Dosimetry
23(1988)89.

[5] J. Sabol: Analogy Between the Main Ionising and Non-Ionising (Optical) Radiation Protection
Quantities. Health Physics 54(1988)673.

[6] ICRP Publication 60: 1990 Recommendation of the International Commission on Radiological
Protection. Pergamon Press, Oxford 1991.

[7] H.H. Rossi: A Comment on the 1990 Recommendations f the ICRP. Health Physics 63(1992)341.

[8] ICRP Publication 26: Recommendation of the International Commission on Radiological Protec-
tion. Pergamon Press, Oxford 1977.

[9] UNSCEAR Report 1993: Sources and Effects of Ionising Radiation. United Nations Committee on
the Effects of Atomic Radiation, United Nations, New York 1993.

[10] ICRP 74: Conversion Coefficients for Use in Radiological Protection Against External Radia-
tion. Pergamon Press, Oxford 1997.

Session 5 5 6 9



IRPA Regional Symposium
Radiation Protection in Neighbouring Countries of Central Europe, Prague. 8-12 September 199

[11] J. Sabol and P.S. Weng: Introduction in Radiation Protection Dosimetry. World Scientific Pub-
lishing Co., Singapore 1995.

[12] W. Huda, J. McLellan and Y. McLellan: How Will the New Definition of'„Effective Dose" Mod-
ify Estimates of Dose in Diagnostic Radiology?. J. Radiol. Protection 11(1991)241.

[13] M.M. Gupta and A. Nagaratnam: Effective Dose Equivalent and Effective Dosefpr Some Selected
Radiopharmaceuticals. J. Radiol. Protection 16(1996)263.

[14] ICRU Report 61: Annual Limits on Intake of Radionuclides by Workers Based on the 1990 Rec-
ommendations. Pergamon Press, Oxford 1990.

[15] IAEA Safety Series No. 115: International Basic Safety Standards for Protection Against Ionis-
ing Radiation and for the Safety of Radiation Sources. International Atomic Energy Agency, Vienna
1994.

[16] ICRU Report 51: Quantities and Units in Radiation Protection Dosimetry. International Com-
mission on Radiation Units and Measurements, Bethesda (MD, USA) 1991.

[17] ICRP Publication 65: Protection Against Radon-222 at Home and Work. Annals of the ICRP,
Vol. 23,No.2, 1993.

[18] J. Sabol: Review of Radon Related Quantities, Units and Conversion Factors Used in Dosimetry
and Radiation Protection. Proceedings of the European Conference on Protection Against Radon at
Home and at Work, Prague, 2-6 June 1997. Part II, p. 195.

570 Session 5



IRPA Regional Symposium
Radiation Protection in Neighbouring Countries of Central Europe. Prague. 8-12 September 199

THE DOSE FROM DIAGNOSTIC X-RAY EXPOSURE IN THE
EPR-SPECTROSCOPY TECHNIQUE WITH TOOTH ENAMEL

S. Sholom, V. Chumak and Yu. Pavlenko CZ9928583

The Scientific Center of Radiation Medicine AMS Ukraine, 53, Melnikova str., Kiev 50, Ukraine

1. Introduction

After the Chernobyl accident the field of application of the ESR dosimetry of tooth enamel has consid-
erably been extended. By now one of the main problems, which should have been solved in order to
put the ESR dosimetry into mass handling, e.g. for dosimetric support of epidemiological investiga-
tions, is the necessity of reduction of the threshold dose without loss in accuracy of its determination.
Here, we are speaking of doses whose order of magnitude is 10 cGy or less, which are typical for
Chernobyl accident victims. In determination of such doses, of principal significance are not only the
accuracy of measurement of the total dose accumulated by a tooth but also the accuracy of determina-
tion of its components, such as doses caused by x-ray diagnostics or by the background environment
radiation, that may contribute to the total dose, since the dose due properly to the accident is calculated
by subtracting the such components from the total dose.

To determine the dose component brought by the x-ray procedures, in 1986 Aldrich and Pass have put
forward a method with separate study the ESR signal from the front and back sides of a tooth.

In the present study a theoretical calculation of doses for the front and back sides of a tooth has been
made, allowing - in the developing of the Aldrich-Pass' method - for the contributions to the total dose
due not only to the incident but also to the scattered radiation. The results of our calculations have been
used to explain the experimental doses for the front and back sides of teeth.

2. Experiment

Samples and methods

All teeth used in experiments were extracted by medical reasons.

The teeth were represented by the following types: molar, premolar, canine, incisor, by five teeth of
each type. Incisors were represented by five large and five small teeth (the characteristic dimensions
will be explained below). These teeth were planned to be exposed in air without any imitation tissue.
Besides, there were the five small incisors and five premolars to be exposed through an 8-mm poly-
methylmetacrylate plate.

The samples were exposed using a stomatological roentgen equipment MINIDENT 55 (Humenne,
Chirana Stara Tura, Slovakia) with an X-ray tube DO3. According to the technical documentation on
the equipment, the maximal output power of the x-ray tube is equal 375W, although any information
about the amperage and voltage under different conditions of tube exploitation is absent. The geometry
of incident radiation was made as nearly as possible to be the same as used in the tooth rontgenography
practice. Teeth were exposed by five for a time, the distance between the x-ray tube and the tooth sur-
face being ca 1 cm. Each tooth was exposed to 30 single doses, which made it possible to measure with
good precision the corresponding radiation-induced ESR signals from the enamel. The most of teeth
were exposed in air. Two sets of teeth were exposed through an 8-mm polymethylmetacrylate plate that
imitated the cheek tissues and was intended to create the conditions for the equilibrium of secondary
electrons.

After exposure, each tooth was cut in two parts, the front and the back with respect to the incident
beam. The enamel was separated from dentine by still drill. Enamel was powdered in an agate mortar
to the fraction of 0.25-0.5 mm. Then, the samples were weighted and their ESR spectra were recorded
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using a spectrometer ECS-106 (Bruker). After recording, the original ESR spectra were corrected in
order to ensure the more accuracy determination of the radiation signal intensity.

The transformation of the ESR signal intensity into the dose was made using the calibration curve ob-
tained by means of irradiation of mixed enamel samples with different doses from a 137Cs gamma-
irradiator. As a result, an Cs-equivalent dose of X-ray exposure was determined instead of the real
dose accumulated by the tooth enamel.

Results of the experiments

The results of determination of 137Cs-equivalent doses yielded by a single roentgenogram are listed in
Table 1. The averaged (by doses of 5 teeth) values are reported.

Table 1. The mean equivalent dose per tooth produced by a single roentgenogram for different types of
teeth and different geometries of irradiation

Tooth type and
exposure conditions

Molar, in air
Molar, through PMCa

Premolar, in air
Canine, in air
Big incisor, in air
Big incisor, through PMC
Small incisor, in air
Small incisor, through PMC

The mean dose of
tooth enamel, cGy

7.110.9
5.810.7
6.6+0.5
6.2+0.8
7.0+0.6
7.2+0.9
8.9+1.0
6.3+0.7

The dose per front
part of a tooth, cGy

12.311.0
9.010.9
9.810.7
8.710.8
8.810.7
7.911.0
10.211.2
7.311.1

The dose per back
part of a tooth, cGy

2.210.6
2.410.5
4.110.6
1.811.2
3.611.0
2.910.9
4.8+1.4
4.411.3

a 0.8-cm layer of polymethylmetacryiate

As can be seen from Table 1, the mean dose imparted to the tooth enamel by a single act of rontgenog-
raphy falls into the range of 6 to 7 cGy while exposing through an imitation tissue
(polymethylmetacryiate plate) and increase by 1.5-2.0 cGy while exposing in air. The dose imparted to
the front side of a tooth falls, correspondingly, into the range 7-9 cGy in the first case and 9-12 cGy in
the second, whereas the dose imparted to the back side appears to be much the same and falls into the
range 2-5 cGy in either case.

X-ray examination of chest.

Besides direct X-rays examinations of tooth, peoples are
i n . j - r r . v i ,i i Figure 1. Doses of different tooth after photoroentgenogra-

exposed often to different X-ray when they have some p h y . , and 16 are wisdom teeth> 2> 3> 14 and 1S .
medical investigations. Most widespread of them is
photoroentgenography. Evidently, tooth are exposure at
that.

molars, 4, S, 12 and 13 - premolars, 6 and 11 - ca-
nines and 7, 8, 9 and 10 - incisors

0.175

0.15

O 0.125

0.1

0.075

005

0.025

A roentgen equipment RUM-20M (Moscow, Russian)
and ALDERS ON type phantom with TLD pellets was
used for assessment of contribution from photoroent-
genography into the dose accumulated by the tooth.

Data obtaining after exposure of phantom are shown in
Fig. 1.

As can be seen in this figure, contribution into total dose
after photoroentgenography is not large. However, we
must take into account that photoroentgenography are
repeated one time per 3 years. This condition not change situation because for an adult person (50-60
years) dose of the molar from photoroentgenography will equal approximately 2.5 - 3.2 mGy. There-
fore, it is not necessary to allow for this component during of determination of the accident dose.

7 8 9 10 II

Nmter of the teeth
12 13 14 15 16
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I incisors:
Big incisor: a=8 mm, b=7 mm, c=7 mm,

d=e=0.7 mm.;
Small incisor: a=6 mm, b=S mm, c=S mm,

d=e=0.5 mm.
1 - front side, 2 - rear side of the tooth

3. Calculation

Method of calculation of absorbed dose

The dose calculation was done via the Monte-Carlo method using of the software BRAND. The inci-
dent radiation geometry was chosen so as to ensure a parallel homogeneous beam of monoenergetic
photons to fall on the sample in question. The beam energy could be ranged from 12 keV to 10 MeV.
The software used the model of the transfer of energy in 3-D space, herewith both the calculation of the
total energy liberated in the bulk of the sample (called henceforth as detector) and its distribution
through energetic pockets were possible. In other words, the software made it possible to calculate not

only the dose caused by the incident radiation but also the contribu-
Figure 2. Geometry of the incisor as simulated tion to the dose made by scattered radiation. Likely, only the first of

in Monte Carlo calculation. m e above-mentioned components of the dose was allowed for by
give" for ™es °f big a"d Aldrich and Pass in their calculation of mass energy absorption co-

efficient of enamel. The contribution of the second component to
the total dose proved to be dependent on the energy of the incident
beam as well as on the geometry of the sample.

Different sample geometry's were studied.

We will show the results of calculation on the example of real ge-
ometry of an incisor; the characteristic dimensions can be seen in
Fig. 2. For the simplicity, the incisor was assumed to be filled by
enamel of density 2.85 g cm'3. The accumulated doses were calcu-
lated within the areas 1 and 2 indicated in Fig. 2; these areas used to

serve as analogs of the front and back sides.

Results and discussion

As a general result of calculation, it was found that dose dependence with thickness of enamel don't
correspond to the exponential low but is determined rather by geometry of enamel and energy of inci-
dent radiation. This makes impossible the use of mass absorption coefficient for calculation of dose
attention in the real tooth.

The results of calculation of the doses per front and back parts are shown in Fig. 3. The calculation was
made for the energy range 12 keV to 1.25 MeV for the big incisor geometry shown in Fig. 2. The dose
values were normalized on the air kerma. The curve 1 cor-
responds to the dose of the front side, and the curve 2 - to
the dose of the back side. Both curves reveal a maximum
near to 40 keV and for energies 660 and 1250 keV they are
approached by one. For 660 keV, the dose of the front side
exceeds the dose of the back side by 8% only, and for 1250
keV the difference becomes still smaller.

Further, from the experimental data the ,,front to back" dose
difference of big incisors appears to be close to 2. Fig. 3 il-
lustrates the dependence of the normalized doses acquired
by the front and the back sides of the incisor on the energy
of incident radiation. In order to go from the dependence
shown in Fig. 3 to the dose yielded by X-ray diagnosing, it
is necessary to know air kerma of the X-ray source as a
function of energy. Then, multiplying both curves by each
other and integrating the resulted curve, we can determine the total dose of the corresponding side of
the tooth. We have run such a procedure under the conditions specified in Table 2.

Figure 3. Calculated values of absorbed dose at
front (1) and back (2) sides of incisor as a
function of source energy. Geometry and
dimensions of tooth are shown in Fig. 2

100 150 1200

Energy (keV)
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By multiplying the data of the Table 2 on the corresponding coefficients specified in Fig. 3 for different
values Emax (from 50 to 70 keV), we found that the ratio of doses of the front and back sides of the
tooth in question are varied from 2.97 to 2.07. In our case, experimental data for big incisor (see Table
1) show a good agreement with results of the calculation - the ratio equals to 2.4.

Table 2. The Dependence of the air kerma of an X-ray source on the energy of radiation (The data char-
acterize an ideal source)

The energy of photons, E/Emax The air kerma"
_ _ _ _

0.33 0.76
0.43 1.0
0.5 0.93

0.58 0.75
0.66 0.48
0.75 0.3
0.83 0.19
0.91 0.09

1 0
aThe relative units are used.

4. Conclusions

The mean dose imparted to teeth of different types by a single X-ray exposure have experimentally
been determined to be 6-7 cGy while using calibration against a l37Cs source. The values of decrease in
the dose observed experimentally while going from the front to the back side can be accounted for as-
suming that the total dose is composed of two components, one due to absorption of the incident ra-
diation, and another due to absorption of scattered radiation. Whereas the first of the components can
readily be calculated via exponential low, the second is rather complexly related to the sample geome-
try and the location within the sample.

A procedure for calculation of doses of the front and back sides of teeth has been put forward, and its
application in the case of an incisor has been demonstrated. The procedure presupposes the knowledge
of the air kerma of the X-ray source and certain coefficients like those specified in Fig. 3. The latter
can easily be calculated for different types of teeth.
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USING OF DOSIMETRIC PROPERTIES OF QUARTZ FOR RADIATION
MONITORING OF TERRITORIES CONTAMINATED DUE TO THE

CHERNOBYL ACCIDENT

S. Sholom, V. Chumak, V. Volosky and L. Pasalskaja CZ9928584

Institute of Radiation Protection of Academy of Technological Science of Ukraine, Kiev, Melnikova St., 53

Ukraine

1. Introduction

Thermoluminescent (TL) properties of quartz applied to the problem of determination of a cumulative
dose are subjected to the active study during last few decades.

The goals of this study were investigation of specific dosimetric properties of red bricks samples taken
on the contaminated area near to the Chernobyl power plant. The main attention was paid to the prop-
erties of different TL peaks of quartz obtained from these bricks. Both: predose and high temperature
techniques - were used. Then the possibility of determination of the accident component of the dose by
means of separate measurement of components of background beta and gamma radiation was esti-
mated. As a result, the doses of samples accumulated during of 11 years after the accident were recon-
structed.

2. Sample preparation

The layer of the brick at the dip 1 to 2 cm from its external surface was used for determination of the
cumulative dose. This gives possibility to avoid the additional error associated with decrease of the
dose with depth (known as an ,,dose-profile" effect). The standard technique of extraction and purifi-
cation of quartz grains was used. At the first step, the sample of the brick was crushed into the fractions
100-160 and 160-500 jam. Only first fraction was used for determination of the cumulative dose. The
samples of this fraction were sequentially subjected to etching of hydrochloric and concentrated hydro-
fluoric acids. Then the samples were carefully washed with distilled water, ethanol and dried at 80°C.
The next step was purification of quartz from metal-containing impurities non-dissolved into the acids.
The solution of polytungsten sodium with density of 2.75 g/cm3 was used for this purpose. The sample
was again washing by distilled water, ethanol and drying at above mention temperature. After this the
sample consists of pure quartz grains.

3. Methods

The registration of TL emission was done on the TL reader HARSHAW-3500. Both: high temperature
and predose techniques - were tried at first.

The heat rate was 5 °C/s.

Irradiation of samples was done on the calibrated high precision 137Cs and plane beta sources.

Measurement of background components was carried out separately for beta and gamma radiation.
Background gamma-radiation was measured by means of the accommodation of capsules with pellets
of LiF and CaSO4 directly in situ (in the places of location of samples) for several months. For the
measurement of the component of beta-dose the concentration of 40K, 238U and 232Th in the material of
sample was defined firstly, and then the calculation of the annual beta-dose was done. The contribution
from alpha-dose in all cases was negligible.

The accident component of the dose was calculated by subtracting of the background components from
cumulative dose.
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4. Results and discussion

Comparative analysis of the predose and high temperature techniques indicated that the preference
should be given to high temperature technique for all tested samples. This statement is based on two
experimental facts. First, the predose technique was found unavailable for tested samples because the
increment of sensitivity after the sample activation to the temperature about 450°C was insignificant
(close to one). At once, the TL glow curves of the tested samples showed very high sensitivity of the
some of the peaks, namely, so called 210°C and 325°C peaks of quartz. In particular, we were able to
measure surely the signals of dose value about few cGy with using of the first of this peaks. Thus, only
high temperature technique was used for dose reconstruction of the studied samples.

The typical glow curves of the quartz samples which were studied in this work are presented in the
Fig. 1. The spectra of this figures, which correspond to the sample No.l (community with today dose
rate 18 mR/h at the high of 1 m, the density of Cs contamination about 5 Ci/km ), characterize a low
dose part of the samples. Different lines in the Fig. 1 correspond to the different values of laboratory
doses, the exact values of these doses are denoted in the signatures to the figure. All spectra of the
Fig. 1 are a mean with respect to 3 measurements and are corrected on background signals of the cor-
responding aliquots.

As it can be seen from the spectra of the Fig. 1, there is at least two peaks localized around 195 °C and
300 °C (so-called in literature 210°C and 325 °C peaks) in the quartz of investigated samples. The
spectra of other samples displayed similar properties.

Figure 1. The glow curves of sample 1 (the density of the soil contamination by 137Cs is 5 Ci/km2)
1 - the spectrum of initial sample
2 - the spectrum of sample with additional dose 50 mGy
3 - the spectrum of sample with additional dose 100 mGy
4 - the spectrum of sample with additional dose 200 mGy
All spectra are average on the three measurements

["10-3]

2.

1 .

0.

300
T . °C

The dose-response curves of the samples were plotted (see Fig. 2) and values of the cumulative doses
of samples Nos. 1-11 were found by using of the data of the Fig. 2 and similar to them. The doses of
investigated samples are shown in the Table 1, the third row (the cumulative dose of quartz extracted
from brick) and fifth row (accidental dose on localities, near to localization of the brick). It is neces-
sary to say that for majority of investigated samples we observed the saturation of the 195°C signal at
the values of doses of several Gy, so what at the reconstruction of the doses of samples from territories
with the high level of 137Cs contamination (more than 100 Ci/km2) the non-linear approximation was
demanded. Further, at finding of data of rows 5 of the Table 1 was taken into attention, that for the
quartz of the brick residing in the wall centre of the building (namely such samples were taken) the
shielding approximately half of radiation by building arises, that is why at rough estimation the acci-
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dent dose of the quartz of such bricks should be multiplied on a coefficient 2 for transition to the acci-
dent dose of locality. In this Table (6th and 7th row) the values of the density of the I37Cs in soil corre-
sponding to the place of the selection of samples are shown. The data of 6th row are calculated on the
values of accident doses, defined by means of TL method, while the data of 7th row is the recalculation
of values measured in 1987-1989 on the activity of 137Cs in 1986 (information about the measurements
of the soil probe is received in Meteorology State Committee of Ukraine). How can be seen from the
Table 1, there is the enough satisfactory coincidence of the data received with using TL measurements
of quartz, with data of direct measurements of concentration 137Cs in soil.

Figure 2. Dose curve of sample No.l (the density of 137Cs in the soil is 5 Ci/km2)
1 - integrating around of 195°C peak, 2 - integrating around of 300°C peak

T L i n t e n s i t y , a r b . u n i t s

D = 40 m G y

- 5
D ose. cG y

I
20

Table 1. Results of doses reconstruction by means of TL dosimetry of quartz (rows 3 and 5, cumulative
dose of quartz and accident dose in the air, respectively) together with calculated and measured
density of Cs in

cumulative
dose of quartz,

cGy
errors of three
aliquots meas-

urement, %
accident dose
in the air, cGy

density of
137Cs in soil

calculated on
the base of TL
results, Ci/km2

density of
137Cs in soil
measured in
1986-1989,

Ci/km2

1

4.0

7

2.6

5.0

5.4

2

11

7

13.6

26.1

22.5

3

7.7

10.5

6.1

12.0

20.5

the soil near

4

6.7

,14

8.8

17.3

5.0

5
(210°C
peak)

13

4

6.2

12.1

12.0

to the sample position (rows 6 and

5
(325°C
peak)

20

8

20.2

40.0

12.0

Numbers of sam
6

(210°C
peak)

14

4

5.8

11.3

12.0

6
(325°C
peak)

16

6

9.8

19.2

12.0

pies
7

(210°C
peak)

100

8

190

372

170-
260*

7).

7
(325°C
peak)

92

7

174

340

170-
260*

8

92

10

174

340

170-
260*

9

86

11

162

318

170-
260*

10

86

. 48

160

313

60-
350*

11

80

4.5

155

302

170-
260*

"Only range of density values for whole villages is indicated because data don't have exact address.
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5. Conclusion

• the peculiarities of the dosimetric properties of the samples of brick from contaminated territories
near to Chernobyl nuclear plant are investigated. It is found that for investigated samples the pre-
dose technique is non-working due to the small increasing of sensitivity. At the same time, high
temperature technique demonstrated good usability for all samples. Both of the main peaks of
quartz: 210 and 325°C are applicable for dosimetry, but at application of the first of these peaks it is
necessary to take into attention the possible non-linearity of dose response at doses in several Gy;

• the reconstruction of the doses of taken samples according to developed methodologies was done.
The calculation of the concentration of the 137Cs in the soil was carried out using data of TL doses.
The satisfactory coincidence of computative values with concentrations measured directly on lo-
calities is obtained;

• it is demonstrated that methodology of TL dosimetry on quartz can successfully be used for the re-
construction of accident doses as low as several cGy.
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INTERACTIONS OF NEUTRONS WITH LIGHT ELEMENTS AND SILICON

R. Schutz1, G. Fehrenbacher1, E. Cordes1, J. Biersack2 and W. Wahl1

' GSF-National Research Center for Environment and Health, Institute of Radiation Protection, 85764
Neuherberg, Germany

2Hahn-Meitner-Institute, Glienicker StraBe 100, 14109 Berlin, Germany
CZ9928585

Abstract: The energy deposition of 14.8-MeV neutron radiation interacting with converter type silicon
detectors has been analyzed. For this purpose, irradiation experiments in quasi-monoenergetic neutron
fields have been performed. The resulting pulse height distribution has been compared with an energy
deposition distribution obtained by Monte Carlo calculations. The computational model comprises the
neutron interaction and the subsequent transport of the recoil and reaction particles. An interpretation
of all components of the measured pulse height distribution as well as their assignment to specific re-
actions regarding their energy deposition distributions as well as their frequency is given in order to
obtain information on the energy of the incident neutron radiation.

1. Introduction

In the recent past, many attempts have been made to design neutron dosemeters based on multi-
element sensors, whose different response characteristics provide intrinsic spectrometric capabilities.
For this purpose, it is necessary to understand the response functions over many decades of neutron en-
ergies. The detector in this work consists of a converter layer, a dead layer and the active layer, in
which the energy depositions of the ions are measured. With increasing energy of the incident neutrons
measured pulse height distributions become more structured. In order to understand the different
structures in the response function, measurements in a quasi-monoenergetic 14.8-MeV neutron field
were performed. Also model calculations were carried out and compared with these measurements.
The computer model simulates the neutron interaction and the transport and the energy losses of the
created ions in the different layers. The comparison between measurements and calculations provides
an identification of event types caused by neutron interaction. Furthermore, the type of reaction or
scattering as well as the mainly contributing recoil ions can be analyzed and identified. With these re-
sults the detection efficiency and also some information about the energy of the incident neutrons can
be obtained. For energies up to 5 MeV these comparisons were satisfactory, as outlined in the work of
Fehrenbacher et al. [i]. At neutron energies above 8 MeV the probability of three- and more-body reac-
tions with the layer isotopes increases. The ions created by such processes in the silicon layer contrib-
ute considerably to the signals in the diode and cause characteristic structures in the pulse height distri-
bution.

2. Experiments

Measurements were performed at the accelerator facility of the PTB, Braunschweig, in a quasi-
monoenergetic neutron field (14.8 MeV) produced by T(d,n)-reaction. The detector was centred on a
water filled perspex phantom (30x30x 15 cm3) in order to consider neutrons backscattered by the
phantom. The experimental set-up consists of standard NIM-modules (MCA, amplifier: EG&G Ortec;
preamplifier: Canberra). Ion-implanted PIN-diodes from the MPI semiconductor laboratories
(thickness 300 um, dead layer 50 nm, area 25 mm2) assembled in a shielded case in combination with a
PMMA converter (1.5 mm thickness) were used for the measurements.

3. The computer model

The computer model based on Monte Carlo methods consists of two parts. The first part of the com-
putational model comprises the simulation of the interaction of neutrons with passive and active layers
resulting in the creation of recoil particles. For the three- and more-body reactions the program
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FISD4 [ii] was used. It was introduced to model the neutron induced multi-particle breakup reaction
C(n,n'3a) measured by nuclear emulsion technique. In this work the model was used in the sequen-

tial-decay mode via intermediate resonant states also for the 28Si(n,n'p)27Al- and the 28Si(n,n'a)24Mg-
reaction. The kinematics is completely defined provided the excitation energies of the residual nuclei
and the directions of the emitted particles are known. Instead of being calculated from the dynamics of
the interaction, the probabilities for the occurrence of specific excitation energies and specific direc-
tions of the particles are deduced from experiments (for I2C). There is few data available about the ex-
cited states in which the silicon rests after the emission of secondary neutrons, but from the probability
distribution (from ENDF-B [iii]) of their energy this can be estimated. For aluminium and magnesium
it was assumed that the protons and the a-particles leave the nucleus in a Maxwellian distribution. The
parameters of this first part of the computer model (location, energy, angle, ion type) serve as input
data for the ion transport part using the program TRIM (TRansport of Ions in Matter, Biersack, Berlin)
[iv]. This calculates the transport and the energy losses of the ions in the layers, the electronic energy
depositions in the active layer and the resulting pulse height distribution. The comparison between
measurements and calculations provides an identification of occurring reaction or scattering types as
well as the mainly contributing ion and reaction types. From these results information on the detection
efficiency and the energy of the incident neutrons can be obtained.

4. Results

The obtained pulse height distribution for 14.8-MeV neutrons shows several structures and peaks
(Fig. 1).
• From 1 MeV to 2 MeV the signals of the silicon recoils due to elastic and inelastic scattering can be

noticed.
• In the adjacent energy range from 2 MeV up to 7.5 MeV the structure is caused by protons from

elastic scattering of neutrons by hydrogen. Faster protons deposit their energy only partially in the
active layer because of its insufficient thickness.

• The signals at energies higher than 7.5 MeV belong mainly to the 28Si(n,p)28Al- and 28Si(n,a)25Mg-
reaction. After these reactions the recoil nuclei rest in excited states what explains the defined
structures up to 12.1 MeV. This is the sum of the energy of the incident neutrons and the Q-value of
the ground state of the 28Si(n,a)25Mg-reaction (-2.65 MeV).

Fig. 1 shows also the absolute comparison between the measurement and the calculation and the con-
tributions from the different types of particles. 'Proton', 'Alpha', 'Carbon' and 'Oxygen' indicate par-
ticles from the converter, 'Silicon', 'Mg+Alpha' and 'Al+Proton' that from the silicon layer. The pro-
ton signals of the elastic scattering with hydrogen dominate in the energy region below 7.5 MeV. The
higher count rate of the elastic scattered hydrogen protons in the measurement might be caused by
scattered particles from the detector housing or uncertainties in the hydrogen content of the converter
layer. The energy calibration factor of the measurement was fitted to the simulation within the uncer-
tainties due to different amplification ranges and the calibration with a-particles and conversion elec-
tron sources. The counts for (n,p), (n,n'p) and (n,a), (n,n'a) in silicon are summed up together. The Q-
values of the reactions 28Si(n,p)28Al and 28Si(n,a)25Mg are -3.86 MeV and -2.65 MeV, but the resulting
nucleus might rest in discrete excited states leading to a lower energy deposition. Therefore, the pulse
height distribution shows a peak structure in the energy region above 7.5 MeV. The calculated peaks
resulting from the Si(n,p)Al-reaction are more distinct than the measured ones, where the scattering of
neutrons and the creation of particles in the housing might lead to a smoother spectrum. Other kinds of
reactions in the silicon layer are the 28Si(n,n'p)27Al- and the 28Si(n,n'a)24Mg-reactions. They occur at
neutron energies (in the laboratory system) above 12.0 MeV and 10.3 MeV, resulting in signals in the
energy range up to 2-4 MeV. The four-body reaction of neutrons with carbon is negligible for the re-
sponse function but contributes partially to the signals of the a-particles.
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Figure 1. Computed distribution of the electronic energy deposition in the active layer for each ion type
and the resulting total distribution. Also shown for comparison the measurement with the
PMMA converter
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Fig. 2 shows the distribution of the initial energies of the charged particles in the PMMA converter and
the silicon layer immediately after their creation. Most of the carbon and oxygen recoils of the con-
verter do not reach the silicon layer, because of their comparatively high stopping power. In contrast,
all of the particles created in the active layer are detected (Fig. 1).

Figure 2. Distribution of the initial energies of the charged particles, produced by neutron radiation in
the PMMA converter and the silicon layer. Energy of the incident neutrons: 14.8 MeV
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5. Conclusion

A converter type semiconductor detector was irradiated with neutrons and pulse height distributions
were recorded. For the same detector the signals were calculated with a computer model based on
Monte Carlo methods and compared with the measurements. It was shown that even with neutrons in
the energy range above 10 MeV, where the occurrence of three- and more-body processes increases,

Session 5 581



IRPA Regional Symposium
Radiation Protection in Neighbouring Countries of Central Europe. Prague. 8-12 September 199

the structure of the measured pulse height distributions of created secondary particles are explained
properly.
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Abstract: Track revealing in a track etch detector is a phenomenon related to the linear energy transfer
(LET) of the particle registered. The measurements of track parameters permit to determine the LET
corresponding to each revealed track, i.e. LET spectrum. We have recently developed a spectrometer of
LET based on the chemically etched polyallyldiglycolcarbonate (PADC). In this contribution the re-
sults obtained with such spectrometer in some neutron fields are presented, analyzed and discussed.
Several radionuclide neutron sources have been used, LET spectrometer has been also exposed in high
energy neutron reference fields at CERN and JINR Dubna, and on board aircraft.

1. Introduction

There are circumstances in which the tissue equivalent proportional counters (TEPC) cannot be used to
determine the microdosimetric characteristics of a radiation beam or field (too high dose rates, intense
low LET radiation,). LET spectrometer based on a track etch detector can in some extent replace TEPC
in such cases. The measurements of track parameters permit to determine the LET for each revealed
particle track [1], i.e. establish their LET spectrum. From that, the dosimetric and microdosimetric
characteristics can be calculated. We have developed such LET spectrometer based on a polyal-
lyldiglycolcarbonate (PADC), chemically etched [2]. Further development of this spectrometer is pre-
sented and discussed. The main attention is devoted to the tests of such instrument in different neutron
beams and fields.

2. Experimental

Detector used

PADC available from Pershore Moulding Ltd., curing time 32 hours, thickness 250 and/or 500 um, has
been used. The detector samples have been etched in a 5 N NaOH solution at 70°C. Before etching,
each sample was irradiated in a corner with 252Cf fission fragments and 24IAm alpha particles to check
the exact conditions of etching and to determine the bulk etching rate and the thickness of the layer re-
moved by etching. This thickness was in studies described in this contribution about 17 urn.

Determination of the etch rate ratio V

Etch rate ratio V = VT/ VB\ (where Fr is the track etch rate and F# is the bulk etch rate) were established
through the determination of track parameters by means of an automatic optical image analyzer LUCIA
II based on a Leitz microscope [3]. The tracks with minor axes higher than 5 \im were taken into ac-
count. There are several possible procedures to establish Ffrom track parameters [4], the choice de-
pends also on the depth of track etching. In any case, at least two procedures are used, the final optimi-
zation is performed through the comparison of the removed layer thickness, recalculated from the V
value, with that directly measured through the fission fragment tracks diameter. The obtained spectra
of Fare corrected for the critical angle of the registration of a particle with a given value of V.
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LET spectra

Spectra of V values of the secondary particles were transformed to LET spectra on the basis of the
calibration performed by means of heavy charged particles [4]. The calibration is checked using high
dose electron irradiation [5]. The calibration curve used is presented in Figure 1.

Figure 1. Calibration curve of PADC used Figure 2. LET distributions; AmBe neutrons,
different radiators
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Detectors exposure

Samples of PADC have been irradiated in the following neutron beams and fields:
* at the radionuclide neutron sources AmLi, AmBe and 252Cf, at distances from 20 to 50 cm;
* in the high energy neutron reference fields at CERN [6] and JINR Dubna [7]; and
* on board supersonic aircraft.

The exposure has been chosen in such a way that the background track density did not represent more
than about 20 % of track density evaluated in the exposed samples.

Two sheets of the PADC have been always irradiated, perpendicularly to the prevailing neutrons direc-
tion. The sheet (4x4 cm2) oriented to the neutron source have been from one half (2x4 cm2) covered
with polyethylene (PE), 2 mm thick. In such a way, there are four different radiators in each exposed
set: air, PE, PADC (CR39) behind air, and CR39 behind the PE.

3. Results and discussion

General remarks

The spectra of V values have been collected from F=1.00 up to P=16.8, it corresponds to the LET in
tissue values between 100 and 6560 MeV.cm^g"1. It was found that the background track densities are
generally quite comparable with densities in irradiated samples for V values lower than 1.06. Only
tracks with V higher than this limit has been therefore taken into account, it corresponds to the thresh-
old LET value equal to 120 MeV.cm2.g"'.

In our previous studies in the beams of high energy photons and protons we have observed that neither
the shape of LET spectra nor their absolute values do not depend on the radiator adjacent to the surface
of the PADC detector [2]. In the case of neutron irradiated samples the situation is a little different.

The shape of spectra is still practically independent of the radiator, however, the number of tracks are
systematically higher immediately behind the polyethylene radiator (see Figure 2). It is understandable
because an important part of etched tracks is due to the secondary protons. And , the density of these
nuclei is much higher in PE than in the PADC. Of course, the effect would depend on the neutron
spectrum and ,also, on the thickness of layer removed from the detector's surface by etching.
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Microdosimetric spectra

Radionuclide neutron sources

Spectra established in samples exposed at radionuclide neutron sources shows similar characteristics.
Qualitative agreement is demonstrated in the Figure 3, when dose and dose equivalent distributions in
LET are presented for AmBe ( EN ~ 4 MeV) and 252Cf neutron sources ( EN ~ 2.2 MeV). The spectra
are dominated by a peak situated close to 1000 MeV.cm2.g"', the value corresponding to the maximum
of the LET due to secondary protons. The contribution of higher LET particles (alphas, recoil nuclei) is
low, it represents for 252Cf about 5 % of the absorbed dose, about 15 % of the dose equivalent with
ICRP 60 conversion factors [8]. As far as the AmBe neutrons are concerned these contributions are a
little higher: 12 % and 30 %, respectively. The microdosimetric spectra obtained are in Figure 4 com-
pared with the spectra established by means of a tissue equivalent proportional counter NAUSICAA
[9]. The agreement of both spectra is reasonably good. It should be reminded in this context that no
normalization procedure has been adopted to compare the spectra established by two quite different
methods.

Figure 3. Dose and dose equivalent distributions es- Figure 4. Comparison of microdosimetric spec-
tablished with PADC LET spectrometer at tra obtained with PADC spectrometer

252AmBe and Cf neutron sources and with TEPC at AmBe neutron source

100

LET,
yorL

High energy neutron fields

Examples of dose and dose equivalent distributions in LET established in some high energy neutron
fields are presented in Figure 5. One can see there that they differ from the spectra determined at radi-
onuclide neutron sources. The contribution of particles with LET above 1000 MeV.cm .g" is more im-
portant for high energy neutron sources. For example, at JINR Dubna high energy neutron reference
field this contribution to absorbed dose is about 20 %; to the dose equivalent (ICRP 60 conversion
factors) almost 50 %. The comparison of microdosimetric spectra obtained with PADC spectrometer
and with TEPC is shown in Figure 6. One can see again a quite reasonable agreement of both spectra
obtained still without any normalization procedure.
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Figure 5. Dose and dose equivalent distributions es- Figure 6. Comparison of microdosimetric spec-
tablished with PADC spectrometer in some tra obtained with PADC spectrometer
high energy neutron fields (Dubna hard field and with TEPC in CERN high energy
[7], supersonic aircraft board) neutron reference field [6]
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1. Introduction

ICRP 60 publication [1] recommends to decrease limits of exposure both for occupationally exposed
persons as well as the members of public. As a consequence, the lowest detection limit for an individ-
ual dosimeter is decreased to the level of about 0.1 mSv. While the existing photon individual do-
simeters are able to fulfil this requirement, only passive neutron individual dosimeters able to do so are
bubble detectors. Besides, the principle of their response permits also to contribute to the microdo-
simetric description of a neutron field. The bubble detectors have been studied from both these points
of view, i.e. as a tool of the dosimetry and microdosimetry in neutron fields. The studies have been re-
alized in several different neutron fields and beams, the results obtained are presented, analyzed and
discussed from both mentioned points of view.

2. Experimental

Bubble detectors studied

Two types of bubble detectors have been studied in this work:

* Bubble damage neutron detectors (BDND's)

BDND's are available from Bubble Technology Industries, Chalk River [2]. Two types of this devices
have been studied in this work: BD 100R and PND. The neutron energy threshold for both should situ-
ate about 100 keV, the response of PND is compensated for the temperature dependence. Both types
are reusable, following our experience up to about one year. The nominal sensitivity of both types of
BDND's tested has been 1.0 bubble per 1 uSv of H*(10) of AmBe neutrons.

They were irradiated in groups of at least three samples, the level of exposure has been chosen in such
a way that the number of bubbles visually counted was between 20 and 30 in a single detector.

* Superheated drop detectors (SDD's)

SDD's are available from Apfel Enterpr. [3]. The detectors with three declared thresholds in neutron
energy have been used : 100 keV (SDD 100), 1 MeV (SDD 1000) and 6 MeV ( SDD 6000).

The ASM reader based on the acoustic effect was used for the detector's evaluation. The nominal sen-
sitivity of the SDD 100 samples ought to be about 3 counts per 1 uSv of H*(10) of AmBe neutrons.

The responses of all BDND's and SDD's to AmBe neutrons have been regularly checked, allways in
free-in air irradiation geometry and in terms of H (10).

Neutron beams and fields

Bubble detectors have been tested in the neutron beams and fields caracterized in Table 1. They were
irradiated generally in free-in-air irradiation geometry. BDND's were in some cases exposed also on
the plexiglass phantom 30x30x15 cm3, the differences were comparable with relative uncertainties [8].
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Table 1. Basic characteristics of neutron fields and beams (ICRP 21 factors)

Neutron field

SIGMA [4]
AmLi

SILENE [5]
SILENE/Pb [5]
SILENE/PE [51

EN

MeV

0.083
0.6
0.68
0.49

?

H'(10)/O
pSv.cm2

22.9
300
135
126
142

Neutron field

Cf/D2O/Cd
AmBe

CERN-iron [6]
CERN-concr[6]
CANEL + [71

EN

MeV

0.6
4.2
1.9

49.8
0.196

H*(10)/<£
pSv.cm2

91
380
160
280
72.6

3. Results and discussion

Neutron dosimetry - energy dependence of the response

The responses of BDND's studied expressed relatively to AmBe neutrons are presented in Figure 1.
One can see there that their behaviour correspond well to the declared threshold of 100 keV.One can
see also that their response to high energy neutrons represents about 50 % of the response to AmBe
neutrons. This fact has to be taken into account when using these dosimeters for air crew dosimetry.

Figure 1. Relative dose equivalent responses of Figure 2. Relative dose equivalent responses of
BDND's; relative uncertainties ~± 10 % SDD's; relative uncertainties ~± 15 %
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The responses of SDD's studied expressed relatively to SDD 100 and AmBe neutrons are presented in
Figure 2.One can see there that the relative responses vary for these detectors with the average neutron
energy of a beam or field in more complex way:
* The response of SDD 100 starts to decrease at higher energies than for BDND's, at 100 keV it is only
about lA of the response to AmBe neutrons;
* The responses of SDD 1000 and SDD 6000 decrease with average neutron energy in rather similar
way. Starting from the AmLi source they represents less than 0.1 of the response to AmBe neutrons.
On the other hand, their response to high energy neutrons (CERN-concrete) is practically the same as
to AmBe neutrons. This behaviour could be very interesting for air crew individual dosimetry on board
of aircraft, when neutron spectra seem to be similar to these at CERN-concrete [9].

Neutron dosimetry - air crew individual monitoring

The neutron dose equivalent rates at the altitudes of subsonic air transport are of the order of few |aSv
per hour [9,10]. Bubble detectors are therefore only passive dosimeters available at the moment to ap-
preciate so low exposure levels directly. We have tried to verify this possibility and compare their
readings with the results obtained with the reference instrument [9], a tissue equivalent proportional
counter. Some of the results obtained are presented in the Table 2. One can see there, that the results
obtained correspond reasonably to the energy dependencies mentioned above. While the value directly
measured with BDND's, expressed in terms of H*(10) of AmBe neutrons, is roughly two times lower
than the value determined with TEPC, the value established by means of SDD 6000 agree with TEPC
data. Other tests have started to verify this behaviour in larger extent.
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Table 2. Exposure level measured on board avion during some subsonic flights

Flight route

Prague-Montreal
Montreal-Prague

Prague-Abu Dhabi
Prague-Moscow

BD 100R
12.812.2
6.711.4
4.210.9
2.310.4

HN*(10), uSv

PND

12.3+2.0
10.311.8
3.610.8
2.510.4

read by means of

SDD 6000
28.23.3
20.43.0

i

5.210.8

TEPC
27.3+3.1
17.011.7
8.411.0

not measured

Neutron dosimetry - some practical aspects

1. Handling of bubble detectors is a delicate task. BDND's are sensitive to shocks and temperature,
particularly below about 17°C and above 28°C. It could be recommended to read the bubbles not be-
fore V-i hour after the exposure. The AMS device used to read SDD's is based on the acoustic effect.
The membrane producing the sound should be cleaned rather frequently, also in the dependence on the
exposure rate. The saturation above few hundred \iSv per hour has been observed.

2.We have found that the bubble appearance and acoustic shock countings follows a normal distribu-
tion, i.e. the statistical reliability of counting follows the law *J~N/N .

3. Individual differences in sensitivities of detectors from the same lot of delivery can differ up ±20 %,
the reproducibility of single detector reading is better than +15 %.

4. Long term stability of sensitivity and their reproducibility of reading mentioned seem to be for
BDND's constant at least during the 9 months of using. The sensitivity of SDD's is immediately after
the first opening a little (~ 20 %) higher. At integral dose equivalent above 1.5 mSv it decreases.

5. At the nominal sensitivity 1 bubble (count) per 1 uSv, 10 p.Sv could be measured with the relative
uncertainty of 30 % with single detector

Microdosimetry in neutron fields with bubble detectors

As already mentioned the bubble appearance is a processes initiated only if local density of energy
deposition is sufficiently high. It is estimated that the critical volume for bubble appearance has the
dimensions of the order of 20 nm [11]. The bubble appearance give therefore an information on the
importance of local density deposition events at the level of 20 nm. The different neutron energy
thresholds are therefore only deduced values related to the change of energy deposition spectra with
neutron energy. The comparison of bubble detectors with different thresholds can therefore give an in-
formation on the energy deposition spectra, i.e. on the microdosimetric characteristics of a neutron
beam and field. It would be particularly interesting, because other microdosimetry methods are char-
acterized by different critical volumes: of the order of um for TEPC [9], of the order of nm in the case
of track etch detectors [12]. We have started to compare these approaches of experimental microdo-
simetry. One can see in the Figure 2 that the relative responses of SDD's with different neutron energy
thresholds for AmLi neutrons are quite different as compared with AmBe neutrons. We have analyzed
this behaviour taking into account the LET spectra established in the same fields with PADC LET
spectrometer [13]. We have really observed that the contribution of events with the threshold in LET
higher than 900 MeV.cm2.g"' (proton edge) to the absorbed dose is twice higher for AmBe than for
AmLi neutrons. However the differences in SDD's relative responses (SDD 100 as compared to SDD
1000 or 6000) are much higher (see Figure 2). Further studies, both experimental (comparison of bub-
ble detector and PADC LET spectrometer data's with event size spectra established by means of a
TEPC) as theoretical (influence of site dimension on the energy deposition spectra) are necessary to
appreciate more profoundly the possibilities of bubble detectors in experimental microdosimetry.
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DOSIMETER
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SARAD GmbH, Dorfplatz 1, D-01705 Pesterwitz / Dresden, Germany

1. Introduction
In the process of the decommissioning of nuclear plants and old reactors is the knowledge of the nu-
clide vector very important, but the costs for the radiochemical analysis are very high. Further is neces-
sary in this decommissioning process also an exact dosimetry including the aerosols path on the work-
places .

Using the new technologies of the microelectronics and microsystem technology it is possible to con-
struct mobile and portable measuring systems to resolve these problems.

We report on a new miniturized alpha / beta spectrometric system. This cheque card 12 bit SARAD
spectra 5011 [1] spectrometric system we can combine with a new developed detector, preamp and
forming unit. A very important application of this new measuring system is the alpha nuclidspecific
surface contamination monitoring. We report of applications to use this new technology to measure
the nuclide vector in old lead cells or construction elements in old nuclear plants. So we can measure
surface contamination in the order of 1 Bq/cm2 of Pu-239 very easy. In this way it is possible to reduce
the costs for radiochemical analysis.

A other modification of this cheque card spectrometer is a radon personal dosimeter. In this case we
have integrated on a cheque card a 8 bit spectrometer, a 1 cm2 silicon detector, the signal processing,
AD-conversion, data storage and transponder system for the data transfer [2, 3 ]. Using this transpon-
der system we can also use a local resoluted dosimetry. The main application of this system is the ra-
don dosimetry on workplaces, for instance water works, mines, show caves and other work places with
high radon levels. This easy system can replace the passive screening methods and also the nuclear-
track etch dosimeters. Because the low price and the easy data read out the amortisation of such a elec-
tronic system is in the order of two years.

2. Methods
We have developed a new miniturized alpha / beta spectrometric system. The heart of this system is a
Smart Card MCA with 12 bit resolution and 32 bit memory for each channel in the dimension of a
cheque card ( see Fig. 1 ). This 12 bit SARAD spectra 5011 spectrometric system we can combine with
a new developed detector, preamp and forming unit.

Development of the MQD-01-03 Detector/Amplifier Unit sets a new standard in the economical meas-
urement of alpha activity on filters or other surfaces in air. The unit, which is not much larger then a
standard detector (c()34 mm, height 30 mm), contains a light -tight, ruggedized semiconductor detector
PLUS the complete pulse-processing electronics for connection to any SPECTRA alpha spectrometer.
The MOD 01-03 comes with detectors of 75, 100, or 400 mm2 active area.

To assess contaminated surfaces in view to its emission of alpha radiation, it's necessary to know the
accessory nuclidvectors, that means the nuclidspecific activity distribution. Commonly these vectors
are determined by very workfull and timeexpansive procedures inside a lab. The results are used in
combination with gross alpha measurements for assessment of the whole interesting area. Therefore,
changes of the nuclidvectors over time and at different places will be not detected. The nuclear industry
works with high security factors for this reason.

So we started the development of an analysis system with the easy handling of a large area proportional
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counter and the information output of a lab-like analysis. We had to solve two main problems for proj-
ect realisation:
• integration of a complete modern alpha spectrometer in a small package and reduction of power

consumption to enable battery powered operation over large times
• matching the analysis software to the specific physical characteristic of alpha radiation inside a me-

dium

With the introduction of our 'check card MCA' based spectrometer series SPECTRA 50xx and the de-
tector/amplifier modul MOD01-03 we could set up the hardware to the requirements described before.
The system consist only of one (5011) or up to 12 (5031) alpha spectrometers in a batterypowered en-
closure with connectors for direct MOD01-03 plugging. It is very easy to arrange the modul at any
place because of its very small outlines (34 mm diameter, 30 mm height). System control is done by a
CAN-bus adapter, plugged direct to the notebooks printer port. The efficiency of the system was de-
termined at 6 counts/minute using a large area 0.05 Bq/cm2 calibration source. If a low absorption in
the probe is expected, its possible to use a collimator, which increases the energy resolution (200 keV).
The disadvantage is the reduced count efficiency (decreases to 30%).

All available software solutions are designed to mach with special probe preparing and vacuum tech-
nics. The Analysis of unprepared probes under environmental conditions lead to significant changes in
peaks shape of the acquired spectra. The cause are energy loses in the probe self, in the ambient air and
in detectors dead layer. Following aspects have to be considered:
• energy shift of the whole peak to left, done by the minimum energy losses of shortest way alpha

particles
• increasing FWHM and maxima-shift to left refer to the right edge of the peak
• large tailings created by the statistical distribution of the different length of particle flight

The software, developed by SARAD realise a perfect fit also for such overshaped peaks. Its possible to
adjust the parameters peak shift, FWHM and tailing for each peak independently. So are different at-
tachment processes can be considered. The peak parameter informations of each nuclide can be stored
in user defined nuclide libraries and are available for further analysis of similar probes. A reference
source for energy and efficiency calibration is recommended.

A other modification low power application of this cheque card spectrometer is the radon personal do-
simeter. In this case we have integrated in the dimension of a cheque card a 7 bit spectrometer , a 1 cm
silicon detector, the signal processing, AD-conversion, data storage and transponder system for the
data transfer [2]. Using this transponder system we can also use a local resoluted dosimetry. The main
application of this system is the radon dosimetry on workplaces, for instance water works, mines, show
caves and other work places with high radon levels. This easy system can replace the passive screening
methods and also the nucleartrack etch dosimeters. Because the low price and the easy data read out
the amortisation of such a electronic system is in the order of two years.

3. Results and discussion
The following sample spectra can give a good system performance overview. The spectra in Fig.2
show the influences of energy loses in air (compared with vacuum Fig. 1 ) to the peak shape ( Am
calibration source). The spectra in Fig.4 of the same source was acquired by using a collimator.

Spectra in Fig. 4 of a 238Pu large area probe with an activity of 0.05 Bq/cm2 (refers to the german valid
administrative limit). The probe is covered with a relative thick protection layer. Therefore results a
large tailing. The peak area is 206 counts, the analysis time 30 minutes.
The spectra in Fig. 5 shows the performance of the analysis software. The natural Uranium probe
(100 cm2) gives a whole activity of about 75 Bq in both, 234U and 238U peak. A thick Aluminium
shielding at the surface of the probe lead to very large changes of peakparameters. But the both main
peaks can still fitted and separated perfectly using the right peak slope. The peak area is about
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3000 counts for each peak, acquired in 45 minutes. The 235U peak with an activity of only 3.5 Bq does
not create a significant 'right edge' to fit this peak in the long tailed probe.

Fig. 1. Spectra of a Am source in vacuum
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Fig, 2. Spectra of a Am source in air
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Fig. 3. Spectra of a Am source with collimator Fig.4. Spectra of a large area Pu source
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Fig.5. Spectra of a thick natural uraniumprobe Fig. 6. Determination of the nuclide vector using
the Analyser software
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A very important application of this new measuring system is the alpha nuclidspecific surface con-
tamination monitoring. The first applications to use this new technology was the test to measure the
nuclide vector in old lead cells or construction elements in old nuclear plants. Using a manipulator we
placed the detector Mod 01-03 Unit (1.5 cm2 detector area), connected to the SPECTRA 5011 with a
5 m long cable, on the surface of the lead cell in a old nuclear plant. In several positions we get differ-
ent spectra ( see Fig. 6 - 12 ). In Fig. 7 the Alpha component is very important. Using the Analyser
software we can describe a nuclide vector ( see Fig 6 ). Fig 8 show a very low contamination and a
negligible alpha component. Fig. 9 show a very high (3-contamination and very low alpha component.
Further we measured the surface contamination of a rusted tube of the first cycle of a old nuclear reac-
tor ( see Fig. 13 and Table 1).
We determined a surface contamination of this roosted tube of

239/240'Pu:
23 8Pu C4 'Am):

0.03 ± 0.006 Bq/cnT
0.016 ± 0.004 Bq/cm2
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So we can measure surface contamination in the order of 1 Bq/cm2 of 239Pu very easy. In this way it is
possible to reduce the costs for radiochemical analysis. Further we can analyse filters with our Mod-
01-03 module of high volume air samplers. For instance in a nuclear waste disposal we found a content
of 146 mBq/m3 of 239Pu (see Fig. 14). We pumped air through the filter and only 1 min after this proc-
ess we measured the spectra. The analyses show the content of Pu on the filter. Using the James/
Birchal ( ICRP 66 ) lung model for a dose calculation we estimate 2 mSv per year by 2000 h working
time on this work place per year.

Fig. 7. Surface contamination of a lead cell MP 2
i ^ 8 ' S u r f a c e contamination of a lead cell MP 3
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Fig. 9. Surface contamination of a lead cell MP 4 Fig. 10. Surface contamination of a lead cell MP 5
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A other modification of this cheque card spectrometer is the radon personal dosimeter. This easy sys-
tem can replace the passive screening methods and also the nucleartrack etch dosimeters. Because the
low price and the easy data read out the amortisation of such a electronic system is in the order of two
years.
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Fig. 13. Alpha spectra of a rusted tube of a old nu- Fig. 14. Alpha spectra of a filter exposed 5min
clear reactor with a high volume air sampler and lmin ana-

lyse time

Table 1. Nuclide vector of the rusted tube
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ca'*bration factor of the radon personal dosemeter PDR 4001 in
dependence of the radon concentration

In fig. 15 is shown the dependence of the calibration factor with the radon concentration. This figure
show , that the cali-
bration is constant in
a wide range of the
radon concentration.
Using a fast gas trans-
fer membrane for the
radon inlet, the reac-
tion time is in the or-
der of 3 min. So the
system can also use
very successful in
fast changing con-
centrations.

The radon personal
dosemeter was tested
in the international
intercomparision in
Pfibram, CR, June
1997 .There is in a
good agreement with the results of the other participants of this intercomparision.
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ASSESSMENT OF RADIATION EMITTED BY THE COLOUR VIDEO
MONITORS USING A SILICON SURFACE-BARRIER DETECTION SYSTEM

R rp j 1 1 T (~( 1 t 2 I l l l l i l l l l l l l l l l i IBM" • • ! • • «••" • ' "

• T y k v a and J. Sabol CZ9928589
'institute of Organic Chemistry and Biochemistry, Acad. of Sciences of the Czech Republic, 166 10 Prague 6,
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1. Introduction

In our modern age, millions upon millions colour video monitors - usually kept on continuously during
the days and in many cases also during the nights - are contributing to the radiation pollution of our
working and living environment. This pollution is due mainly to electromagnetic and low-energy X-ray
radiation. First [1], X-ray emissions from television receivers were studied and the results showed that
in some colour TV sets, the dose rate at 5 cm from the surface of the screen could exceed the guidance
level 5 u.Gy/h recommended by the ICRP [2]. In older TV receivers, there are three separate sources of
X-rays, i.e., the picture tube, the shunt regulator tube, and the vacuum tube rectifier, in new types of
TVs as well as in current colour video display monitors the only source remains the cathode ray tube.
The use of solid state technology has eliminated the other sources of X-ray emission [3].

Since the voltage in most colour monitors is about 25 kV (in some of them, however, this may be up to
30 kV), such devices represent potential sources of low-energy X-rays, which can contribute to the
dose of persons working with these monitors. Although the photon fluence rate is considerably reduced
by a thick glass screen, there is still a significant radiation level at the short distance from the monitor
surface, which can result especially in a dose to the hand, thyroid and facial skins as well as to the lens
of eye (also female breasts have to be considered).

Moreover, the emission of scattered X-ray photons to other directions, taking into account the increas-
ing density of colour monitors at workplaces, leads to much higher radiation levels than previously es-
timated on the basis of measurements of a single monitor.

2. Instrumentation

Due to a very low energy and strong electrostatic field, the experimental evaluation of radiation level is
not a simple task and cannot be accomplished using standard radiation devices. For measurement of
radiation emitted by colour monitors, a low-noise silicon surface-barrier detection system has been
used, with a detector having an 800 jam thick depletion layer. The block diagram of the measuring as-
sembly, consisting of a detector coupled to a charge-sensitive preamplifier (PA), a linear amplifier
(LA), a multi-channel analyser (MCA), a high-voltage power supply (HV), a test pulse generator (PG),
and a PC, is shown in Fig. 1.

Basic characteristics of the detection system, where fully depleted detectors at 293 K of various effec-
tive areas were used, are given in Table 1. The detector was fixed at a defined distance from the surface
of the monitor, the reference results were obtained at a position of 5 cm from the monitor screen.

Special attention were paid to achieving optimum performance under a strong electrostatic field and to
ensuring the lowest level of noise in order to detect the lower part of the emitted X-ray energy spectra.
The technological processes developed for the preparation of such detectors were recently described in
detail [4]. Actually, due to severe filtration by the screen glass, the lower energy photons are heavily
attenuated, which results in a typical narrow shape of the emerging photons, with an energy of about
1-2 keV below the maximum energy and a width about 2-3 keV [5]. This partly simplifies the conver-
sion of the pulse-height distribution into one of the recognized dosimetric quantities, such as the air
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kerma or the photon dose equivalent, from which the assessment of the whole-body exposure using the
effective dose can be obtained.

Due to a relatively low dose rate, long-time measurements (several days) were required and therefore it
was necessary to maintain satisfactory stability as well as reproducibility of the system, including the
correction for the background spectrum.

Since the positions of many monitors at the offices and laboratories vary wildly, and in many cases
persons are subject to exposure due to the radiation emerging from other parts of the monitor, it is im-
portant to pay attention also to angular and spatial distribution. This is why a known classic method of
radiation detection - radiography - has also been used for mapping the fluence rate of soft X-ray pho-
tons reaching the surface of various parts of the monitor.

Fig. 1. Block diagram of the measuring system

detector

P A

HV

LA

PG

ML-A
> PC

Table 1. Parameters of the spectrometric system used

Detector

A

B

Effective area

20
100

[mm2] Min. thickness

800
800

[jum] Detector current 1

35
72

d[nA] FWHM(e')

4
5

[keV]

Note: All values represent an average for five detectors of each type.

3. Preliminary results

Only about 5% of the commonly used colour monitors tested showed radiation levels on the surface of
the colour monitor screen close to the dose rate of 5 \aGylh.. Using the radiographic method, existent
radiation levels on the monitors were mapped and positions around the monitors with the highest flu-
ence rate were found.

The measurements at these points clearly revealed that the level of radiation emitted to the sides are
systematically higher than that of X-ray photons emerging from the surface of the screen. In two cases
the dose rate on the side surface was higher than 5 |j.Gy/h (although the level on the surface of the
screen was about three times lower). Even at points 5 cm from the side surface, the level was lower
only by 30% from the dose rate on the surface, since in this case the photon fluence rate does not fol-
low the known inverse-square relationship.

It has been observed that there is practically no difference between the monitors claimed to be ,,low ra-
diation monitors,, and other monitors with similar performance parameters.

The application of the autoradiographic method using Foma medical X-ray films (Hradec Kralove,
Czech Republic) recommended for low-energy photons in mammography examinations are illustrated
in Fig. 2. It can be seen that in terms of the optical density reflecting the density of the individual
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grains, the background is characterized by the lowest response while the emission of photons from the
side surface of the monitor is more intensive than that from the front surface.

More results will soon be available following the calibration of the X-ray spectrometry system using
standard reference photon fields in the metrology laboratory.

' ' * ' • - * . * * * . * * - . * * • - • n

: < : • - • •- l • • . - ; > " fc.. • f . » ; ; ' - * • * • . r
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- * .** * ' • * • ' * . *• Fig. 2. Autoradiographic detection of the photons
' * *< * * * * *•• * " ' . * \ from different parts of the monitor

<%Vk**«, , t . ^*. * (magnification 400x): a. background, b. the
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4. Discussion and conclusions

While most of the studies concerning video colour display units were concentrated on the evaluation of
the exposure due to the photons emitted by the front side and have related to the relevant limits to the
surface of the screen, the results presented here show that radiation fields in all directions around these
devices should be considered. Actually, there are more and more colour monitors in individual offices
or workplaces where operators are exposed to several monitors under various irradiation geometries.

The results of monitoring have indicated that more colour video monitors used as display units with
PCs may deliver higher dose rates than calculated on the basis of the reference level of 5 p.Gy/h re-
ferred to the point at 5 cm from the surface of the monitor screen. In the case of exposures to X-ray
photons emitted from more monitors, the contribution from each device has to be taken into account.
So far, however, most evaluations have been focused only on the assessment of the dose rate due to the
soft photons emitted from the screen and not adequate attention has been paid to the emission of pho-
tons from more monitors in other directions.

Although the contribution to the effective dose of a person exposed to radiation from the monitors may
be well below the limit set for members of the general public, the skin and eye lens dose may reach
significant levels, taking into account some factors as: high density of monitors in small rooms and of-
fices, the short distance, long exposure time (in a number of cases equal to working hours; moreover,
in the Internet era, people are more and more using computers at home more and more) and very large
number of irradiated persons. This may lead to a significant total radiological impact expressed in
terms of collective doses.
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At present, there are countless manufacturers producing video monitors, the display parameters of
which are constantly improving. However, it can be seen that the attention paid to radiological impact
of these mass products is not sufficient. Recently, some attempts have been made to evaluate the level
and the possible biological hazards caused by electric and electromagnetic fields generated by display
monitors [6].
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AIRCRAFTS
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1. Introduction
A considerable part of the radiation field in space- and aircrafts consists of heavy charged particles,
characterized by a high linear energy transfer (LET) which causes a high biological effectiveness. The
primary mixed radiation field in space induced by solar and galactic cosmic radiation consists of a
broad spectrum of different particles. Beside electrons, gamma-quanta, myons and high charged parti-
cles, the main component consists of high energetic protons and neutrons. The composition and the
intensity of the particle fluence depends strongly on the solar activity.

The spectrum relevant for the radiation hazard in aircraft changes significantly due to the interaction of
the primary particles with the atoms and molecules of the atmosphere producing mainly secondary pro-
tons and neutrons. Therefore, the composition of the radiation spectrum in aircraft depends on the at-
mospheric depth, e.g. the flight height, and the geomagnetic latitude and varies with the solar activity.

In order to determine the absorbed dose and the biological effectiveness of the mixed radiation field in
space as well as in aircraft, the contribution of the particular components has to be evaluated. For
measurement of the absorbed dose different active (1) or passive (2, 3) radiation detection systems are
used. Particular investigations for the evaluation of the LET-spectrum of the mixed radiation field have
been made using LET-spectrometers (4, 5, 6). For these measurements tissue equivalent proportional
counter are used. They are one of the most promising devices for determination of the equivalent dose
in mixed radiation fields. But up to now the systems are still prototypes and the geometries are not
standardized.

Increased efforts are made concerning the neutron dosimetry in aircrafts (7, 8) because about half of the
equivalent dose is caused by neutrons of various energies. For the measurements of the neutron dose
usually rem counters on the basis of BF3-counters are applied. The problem of all these active devices
is that they are very unwieldy and heavy and therefore not applicable for routine measurements.

Because the measurements of the different components are time and energy consuming, they are fre-
quently replaced by calculations using computer simulation programs (9). These programs simulate the
particle spectrum in dependence of the atmospheric depth, the geographic latitude and the solar activ-
ity. Although the computer codes take into account all these dependencies the comparison of the results
of measurements and calculation is not always sufficient.

TLDs are mainly used to obtain the absorbed dose of the ionising component of the mixed radiation
field (2, 3). In addition to the absorbed dose also information about the radiation quality can be deter-
mined using the HTR-method (10). This method was developed for measurement of the absorbed dose
and the average LET of mixed radiation field in space. The measurements were performed during sev-
eral periods on space station MIR, during 3 space shuttle missions and on 5 flight periods in aircrafts.

2. Scientific methods
The HTR-method was developed to measure not only the absorbed dose but also the average LET in
mixed radiation fields in space. The method utilizes the thermoluminescence dosemeters LiF:Mg,Ti. In
standard dosimetry the integral over the glow curve up to about 220°C (peak 5) is used to determine
the absorbed dose. Information about the LET of the radiation can be obtained by analysing the high
temperature peaks above 200°C. The intensity of these peaks compared to peak 5 increases with in-
creasing LET or, on microscopic scale, depends on the distribution of energy deposition. For determi-

600 Session 5



IRPA Regional Symposium
Radiation Protection in Neighbouring Countries of Central Europe. Prague. 8-12 September 199

nation of the LET the integral of the high temperature region (220-300°C) is used. For this purpose the
high temperature region of the glow curves after high-LET irradiation is compared with that observed
after Co-60 irradiation, using the same absorbed dose (normalized on peak 5 maximum). This high
temperature ratio (HTR) was calibrated in different radiation fields, as alphas, neutrons, high energetic
heavy ions (C-12, F-19) and high energetic protons (62 MeV, 10 MeV).

The measurements and the analysis of the glow curves were performed with a custom-made readout
device and software (11). The parameters of the read-out cycle are a heating rate of 5°C/s, the maximal
temperature is 480 °C. The photomultiplier used is a Thorn Emi 9635 QB type.

3. Measurements in space
Measurements of absorbed dose and the average LET were performed during the Russian-Austrian
joint project RLF (Russian Long Term Flight) form Jan. 1994 to March 1995 in three periods
(ADLET-1: Jan. - July 1994, ADLET-2: Jan. -Nov. 1994, ADLET-3: Jan. 1994 - March 1995). During
each period dosemeter packages were exposed in a low and a heavy shielded position within the habit-
able part of the space station MIR in order to obtain the variation of absorbed dose rate and average
LET with the shielding thickness. Further measurements were performed during the shuttle missions
STS-60, 63 and 71.

The results are shown in table 1. It can be seen that the absorbed dose rate as well as the average LET
obtained during RLF depends strongly on the shielding conditions. For evaluation of the quality factor
the recommendations of ICRP 26 were applied because ,,average LET" is not meaningful using ICRP
60 because it demands the assessment of the various components of the radiation field.

The data obtained show that the average LET is overestimated using TLD-600 compared to TLD-700.
This is due to the thermal neutron component which is mainly influenced by the shielding thickness.
This difference of TLD-600 and TLD-700 data is more significant on space shuttle than on space sta-
tion MIR due to different shielding conditions. The results are in excellent agreement with Russian
TLD as well as with NASA TEPC measurements (4).
Table 1. Summary of results of measurements in spacecrafts, ''includes thermal neutrons, 2)NASA TEPC data

Mission

ADLET-1

ADLET-2

ADLET-3

STS-60

STS-63

STS-71

Duration
(d)
182

300

437

8.3

8.2

9.8

Position

Pos 1
IMBP
Pos.2
IMBP
Posl
IMBP
Pos.2
IMBP
Posl

IMBP
Pos.2

IMBP

IMBP
NASA

IMBP

Detector

LiF:Mg,Ti
LiF:Mg,Ti
LiF:Mg,Ti
LiF:Mg,Ti
LiF:Mg,Ti
LiF:Mg,Ti
LiF:Mg,Ti
LiF:Mg,Ti
TLD-600
TLD-700
LiF:Mg,Ti
TLD-600
TLD-700
LiF:Mg,Ti
TLD-600
TLD-700
LiF:Mg,Ti
TLD-700
TLD-600
TLD-700

TLD-600
TLD-700

Absorbed
dose rate
(mGy/d)

0.302±0.010
0.325±0.027
0.205±0.010
0.204±0.017
0.301±0.010
0.278±0.006
0.236±0.020
0.232±0.014
0.289±0.003"
0.277±0.004
0.299±0.021

0.226*0.007''
0.210±0.008
0.229±0.010

0.165±0.012"
0.149±0.010
0.146±0.029
0.149±0.004
0.316±0.02l"
0.303±0.011
0.384±0.061
0.233±0.006"
0.209±0.004

average LET
(H2O)

(keV/nm)
7±0.1

7.1±0.1

5.8±0.2

6.8±0.4

7.2±0.3
7.3±0.1

8.1±0.2
7.3±0.1

10.6±0.6 "
6.5±0.4

10.2±0.4 "
8.8±0.6

14.6±0.3 "
8.0±0.2

Q
(ICRP-26)

2

2.1

1.65

1.9

2
2.1

2.2
2.1

2.7"
1.8

2.552'
2 .6"
2.3

3.4"
2.2

Dose
equivalent rate

(mSv/d)
0.604±0.020

0.431±0.021

0.497±0.017

0.448±0.038

0.578±0.006
0.582±0.008

0.497±0.015
0.441±0.017

0.268±0.018

0.380±0.010

0.697±0.025

0.460±0.009
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4. Measurements in aircrafts

Dosemeter packets were exposed on three different flight routes in order to obtain the influence of the
geomagnetic latitude on the absorbed dose and the average LET. Furthermore three measurements
within less than 2 years (Feb. 1995-July 1996) were performed on one particular flight route to obtain
the variation of the equivalent dose with time during a time interval which is assumed to by only
slightly affected by the solar cycle. Because of the relative low sensitivity of the dosemeters a mini-
mum flight time of about 60 h is necessary to yield statistically significant results. The flight parame-
ters of the different flight periods are given in table 2. The results obtained with the HTR-method are
summarized in table 3. For calculation of the HTR only TLD-700 was used because the high tempera-
ture region of TLD-600 overestimates the average LET due to a significant contribution of thermal
neutrons. The pair-method (TLD-600 - TLD-700) was used to determine the thermal neutron flux.

Table 2. Flight parameters

Cologne-Washington-1
Cologne-Washington-2
Cologne-Washington-3

Vienna-Miami
Vienna-Sydney

Date of flight

30.2.-20.3.1995
30.8.-25.9.1995
19.6.-3.7.1996

16.10.-27.10.1996
16.10.-27.10.1996

exposure time [h]

60.25
108
66.4
87

157.5

latitude

32 - 60 °N
32 - 60 °N
32 - 60 °N
30 - 58 °N

46 °N - 43 °S

max. height
[km]

11
11
11
12
12

Table 3. Determination of the equivalent dose for different flight periods using the HTR-method

Cologne-Washington-1
Cologne-Washington-2
Cologne-Washington-3

Vienna-Sydney
Vienna-Miami

absorbed
dose rate
frGy/h]

1.50 ±0.06
1.76 ±0.06
3.22 ± 0.02
1.12 ±0.03
1.79 ±0.09

average LET
[keV/fim]

18.0 ±3.6
8.7 ±0.3
7.7 ± 0.7
8.3 ± 1.2
7.2 + 0.9

Q
ICRP26

5.5
2.4
2.1
2.2
2.1

equivalent doserate
HTR-method

[fiSv/hJ

8.3 ±1.6
4.2 ±0.3
6.8 ±0.5
2.5 ±0.3
3.7 + 0.5

thermal neu-
tron flux
[n/cm2s]

0.61 ± 0.20
0.29 ± 0.05
0.66 ±0.04
0.21 ±0.06
0.41 +0.01

In addition to the measurements with the HTR-method a calibrated neutron detector based on a modi-
fied pair-method using TLD-600 and TLD-700 (12) was applied to determine the equivalent dose
caused by neutrons. Table 4 gives the results obtained with the neutron detector. The total equivalent
dose rate was obtained by addition of the equivalent dose rate caused by the sparsely ionising compo-
nent. For this reason the absorbed dose rate measured with TLD-700 and a quality factor of 1 was used.
In order to obtain the quality factor of the mixed radiation field the total equivalent dose was divided
by the absorbed dose.

Table 4. Results of the measurements of the equivalent dose rate caused by neutrons for different flight
periods using the neutron detector

Cologne-Washington-1
Cologne-Washington-2

Vienna-Sydney
Vienna-Miami

absorbed dose
rate

[fiGy/h]

1.50 ±0.09
1.76 ±0.06
1.12 ±0.03
1.79 ±0.09

equivalent dose rate
caused by neutrons

[fiSv/h]

3.7 ±0.5
2.6 ± 0.4

0.54 ±0.12
1.82 ±0.14

total equivalent
dose rate
[juSv/h]

5.2 ±0.5
4.4 ± 0.4

1.66 + 0.12
3.61 ±0.17

quality factor

3.5
2.5
1.5
2.0

A comparison of the results of the two methods shows a good agreement for some of the flight periods
(Cologne-Washington-2, Vienna-Miami). Nevertheless for Cologne-Washington-1 and for Vienna-
Sydney the HTR-method gives a much higher equivalent dose than the neutron detector. This differ-
ence is explained by the high LET component, mainly protons, of the ionising radiation which is ex-
cluded in the measurements with the neutron detector. The increased high temperature region of the
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TLD-700 indicate that this component cannot be neglected. The results are in good agreement with in-
ternational measurements performed under similar flight conditions (1,7, 13).

Furthermore the results obtained on the flight route Cologne-Washington show a large variation of the
equivalent dose depending on the time of the measurements, although the flight periods were within
two years (Feb. 1995 until July 1996) where the influence of the solar cycle is assumed to be minimal.
The results indicate that not only the intensity of the radiation field has changed but also the composi-
tion of the particle spectrum. This becomes obvious by comparing the thermal neutron flux and the ab-
sorbed dose rate for the different measurements. As the results given in table 3 show the ratio of the
absorbed dose and thermal neutron flux changes significantly.

Comparing the data from the flights Vienna-Miami and Vienna-Sydney a strong dependence on the
geomagnetic latitude was detected. The thermal neutron flux is about a factor of 3 higher on the route
Vienna-Miami than on the route Vienna-Sydney, the absorbed dose rate is only increased by a factor of
1.5. These results are in good agreement with the measurements of the different radiation components
in dependence on the geomagnetic latitude performed by Hewitt et al. (14).

Figure 9. Equivalent dose rate and thermal neut-
ron flux in dependence on the absorbing
thickness measured on the flight Cologne-
Washington-3
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During the flight period Cologne-Washington-3
Bonner spheres with diameters of 5, 9, 12, 16.5, 20
and 30.5 cm were exposed in addition to the dose-
meter packet. The absorbed dose, the thermal neu-
tron flux, the average LET and the equivalent dose
were determined. While a decrease of the absorbed
dose rate in dependence of the depth was deter-
mined the thermal neutron flux as well as the aver-
age LET increased with increasing absorbing thick-
ness. The thermal neutron flux increases strongly
from 0.66 ± 0.04 n/cm2s in 0.15 cm to 1.58 ± 0.09
n/cm2s in 6 cm depth of a factor 2.5, the equivalent
dose rate increase from 6.36 ± 0.3 uSv/h at 0.15 cm
to 7.53 + 0.32 uSv/h at 6 cm depth (Figure 9). For
both parameters the maximum was obtained at a
depth of 60 mm. This increase of the biological
relevant dose is explained by the production of sec-
ondary protons caused by high energetic neutrons
penetrating the absorbing material.

5. Discussion

The comparison of the HTR-method with the conventionally used methods used in space- and aircrafts
has shown that the HTR-method is applicable for determination of the biological relevant dose in
mixed radiation fields. Although no information about the LET-spectra can be obtained, the method
can be used routinely for determination of the integral equivalent dose due to the small sizes of the
dosemeters and the easy handling.

Due to the small size of the dosemeters and the application of the HTR method it is possible to obtain
the dose- and LET-distribution as well as the depth distribution of the equivalent dose rate. The in-
crease of the biological effectiveness with absorber thickness has consequences for the determination
of the effective dose. The effective dose can be determined by measuring the equivalent dose using the
ICRU-sphere. The design of the ICRU-sphere is based on the assumption that the maximum of the
dose occurs in a depth of 10 mm in a 30 cm diameter sphere. It is assumed that this equivalent dose is a
conservative estimation of the effective dose. Since the maximum of the dose of the radiation field in
aircrafts was determined in a depth of 60 mm the results obtained with the ICRU-sphere would not be
conservative.
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Instead of using the ICRU-sphere the effective dose can be determined by application of an appropriate
conversion factor to the measured equivalent dose. The European Commission suggests a conversion
factor of 0.8 for the radiation field in aircrafts (15). But due to the results also this value may be too
low to determine a conservative value for the effective dose.

Because the increase of the LET is explained by the production of secondary protons through high en-
ergetic neutrons the maximum of the equivalent dose depends on the neutron spectra and may occur in
different depths. Therefore further measurements of the depth distribution of the average LET and the
equivalent dose have to be performed in order to develop a geometry which allows the determination
of a conservative value for the effective dose and the conversion factor.
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DETERMINATION OF X-RAY EFFECTIVE ENERGY USING CaF2:Mn AND
LiF:Mg,Ti THERMOLUMINISCENT DOSIMETERS

B. Vekic1, S. Miljanic1 and R. Martincic2

Ruder Boskovic Institute, Bijenicka 54, Zagreb, Croatia

CZ9928591

Jozef Stefan Institute, Jamova 39, Ljubljana, Slovenia

1. Introduction

The response to y or X - irradiation of a dosimeter depends, among other things, on the incident photon
energy. Using two dosimeters with different energy dependencies, gives the possibility to determine the
"effective energy" of the incident radiation. This method, called the "Tandem Method", consists of us-
ing the ratio of the energy dependencies of the two dosimeters' response from energy calibration curves
to determine the effective energy of the radiation beam [1]. Several types of thermoluminescent do-
simeters (TLD) were investigated in order to determine the best pair: CaF2:Dy (TLD-200), CaF2:Mn
(TLD-400) and CaSO4:Dy (D-CaSO4:Dy-0.4), one by one in pair with LiF:Mg,Ti (TLD-100) [1];
CaSO4:Dy (CaSO4:Dy/PTFE, Vinten) in pair with LiF:Mg,Ti (LiF-7, Vinten) [2]. Also, CaF2:Mn de-
tectors together with Fricke dosimeter were used for the estimation of photon energy spectra of Co
gamma photons degraded in water [3].

The aim of the present work was to investigate the possibility of determination of X-ray effective en-
ergy using the CaF2:Mn detectors produced by the Jozef Stefan Institute in pair with LiF:Mg,Ti (TLD-
700) detectors.

2. Experimental procedure

The characteristics of the used TLDs and the evaluation parameters are presented in Table 1. After ir-
radiation, before reading in the TLD reader, a 100°C post-irradiation external annealing for 20 min,
followed by the internal (100°C for 6 s in the reader) preheat treatment was applied. All readings were
made with a TOLEDO 654 (Vinten) reader.

TL detectors were irradiated in polymethyl methacrylate (PMMA) holders (with 3 mm wall thickness)
containing nests for detectors. In every irradiation run, 10 detectors of each type were irradiated at the
same time.

Table 1. Characteristics of TL detectors and evaluation parameters

Material
Doping
Manufacturer
Form
Size (mm)

Pre-irradiation annealing
Temp. (°C)
Time (h)

Reading
Temp. max. (°C)
Time (s)

TLD-700
7LiF
Mg,Ti
Harshaw*
chip
3.2x3.2x0.9

400+ 100
1+2

270
35

CaF2

CaF2

Mn
US**
disc
4.6 (dia.) x 0.7

400 +100
1+2

270
32

*Harshaw Chemical Company, Solon, OH, USA
**Jozef Stefan Institute, Ljubljana, Slovenia

The individual calibration factors for all TLDs used were obtained by irradiations with calibration de-
vice containing 137Cs source previously calibrated in terms of exposure [4]. Absorbed dose in air was
calculated using the conversion factor 8.69 mGy = 1 R. For the calculation of dose absorbed in the TL
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material placed in a PMMA holder, general form of the cavity theory was used, and the method fol-
lowing our previous work [5] was applied. Conversion factors, f, for the calculation of the dose ab-
sorbed in TL materials from the dose absorbed in air were 0.958 for CaF2 and 0.920 for LiF, respec-
tively. The irradiations were performed at the distance of lm from the source; the dose rate was
0.66 mGy/h (in air).

The energy dependence of the responses of CaF2 and LiF TLDs was determined for X-ray beams with
effective energies between 33 and 116 keV, generated by a Pantac HF 160C Series-2 Constant Poten-
tial X-Ray Unit (150 kV) with narrow spectra and heavy filtration (used in radiation protection). The
specified effective energies were obtained by varying the operating potential and added filtration. The
characteristics of the obtained X-ray spectra are presented in Table 2.

Reference dosimetry was performed with the secondary standard ionisation chamber LS-01 (active
volume 1 dm3) produced by Austrian Research Centre Seibersdorf. The dose was specified in terms of
exposure and the dose absorbed in air was calculated as was described earlier. The irradiations were
performed at the distance of lm from the tube. Dose rates were about 50 mGy/h (in air). For the calcu-
lation of dose absorbed in TLDs, calibration factors obtained for I37Cs were used. In this range of ef-
fective energies there is no need to apply the cavity theory since the dosimeters are mainly "photon de-
tectors", and the dose absorbed in them from electrons generated in the wall, can be neglected.

Table 2. Characteristics of the X-ray spectra

Quality
Q
Qi
Q2
Q3
Q4
Q5
Q6

Gen. Pot.
(kV/mA)

40/10
60/6
80/10
100/22
120/20
150/3

Al
1
1
1
1
1
1

Added filtration (mm)
Cu

0.30
0.59
1.85
5.30
5.00

Sn

1.0
2.5

Effective energy
(keV)

33
48
65
83

100
116

3. Results and discussion

The results are presented in Figures 1, 2 and 3. In Figures 1 and 2 the ratios of photon mass energy-
absorption coefficients of LiF (CaFi) and air [6] (curves), are compared with the experimental ratios of
doses measured in LiF (CaF2) and air (points with error bars), as function of energy. In Figure 3 the ra-
tios of photon mass energy-absorption coeffi-
cients of CaF2 and LiF [6] (curve), were com- Figure 1. The ratios of photon mass energy-absorption

pared with the experimental ratios of doses
measured in CaF2 and LiF (points with error
bars), as function of energy. The experimental
uncertainties expressed as standard errors of the
mean ranging from 0.4-0.9% for LiF to 4.2-
6.3% for CaF2, are shown. The results for LiF
in Figure 1 show that the experimental points
are in the average 2% lower than the theoretical
curve. This is probably due to the uncertainty of
calibration and/or to the influence of PMMA
walls in changing spectra and attenuation for
low energy photons. No systematic error is ob-
vious for CaF2 (Figure 2), and for the ratios of
doses measured with LiF and CaF2 in Figure 3,
despite the fact that uncertainties of CaF2 dose
measurements are too high for this type of de-
tectors. The uncertainties of the effective en-

coefficients of LiF and air (curve), compared
with the experimental ratios of doses measured
in LiF and air (points with error bars), as a
function of energy
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ergy determination are about ±5-10keV, depending on the position on the calibration curve.

The results show that, with some improvements of the measurement technique, a more careful (i.e.
better selection of CaF2 detectors and the examination of the PMMA wall effect), it is possible the use
this pair of TLDs for the determination of the effective energy of X-ray beams in the energy range
used. Also, from the curves in Figures 1 and 2, it is possible to determine the dose absorbed in air and
pertaining exposure.

Figure 3. The ratios of photon mass energy-
absorption coefficients of CaF2 and LiF

Figure 2. The ratios of photon mass energy-
absorption coefficients of CaF2 and air
(curve), compared with the experimental
ratios of doses measured in CaF2 and air
(points with error bars), as a function of
energy

15

(curve), compared with the experimental ra-
tios of doses measured in CaF2 and LiF
(points with error bars), as a function of en-
ergy
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DETERMINATION OF RADIOSTRONTIUM IN SAMPLES OF NPP ORIGIN
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IIIIIIIIIIIIIIIIIIIIII
CZ9928592Abstract: A method is presented for the radio strontium (90Sr,89Sr) analysis of evaporation concentrate

samples of NPP Paks origin. The analysis is based on a combined separation, which results in the se-
lective preparation and detection of radiostrontium (89Sr and 90Sr) and of 90Y. After the suitable pre-
treatment of the samples, radiostrontium is concentrated using SrSpec® chromatographic column. The
eluted radiostrontium is precipitated in thin layer and its activity measured in low-background, gamma
ray compensated alpha-beta detector. The chemical yield is determined by AES. The 90Y activity of the
samples is also measured using the procedure described earlier. This is based on the selective adsorb-
ing property of the yttrium-ammonium-oxalate and yttrium-oxalate double salt mixture towards yt-
trium. In proper conditions (pH, oxalate anion activity, mass ratio of the salts) quantitative yield of Y
can be achieved which is determined using 88Y inner standard. In this way, we determine the Sr ac-
tivity concentrations of the original sample twice independently, which increases the probability of a
successful analysis.

1. Introduction

The determination of 90Sr in samples of NPP origin is usually based on the selective separation of
strontium followed by beta counting [1-6]. If the secular radiochemical equilibrium is already estab-
lished in the sample, the analysis can also be performed based on yttrium separation and measurement
of 90Y [7-11]. When the sample is relatively young, 89Sr may also be present in the sample, therefore
more complex analysis is required [12-14]. In this paper, we present a combined separation method,
which results in the separation and detection of radiostrontium (89Sr and 90Sr) and of 90Y. This method
was used for the analysis of evaporation concentrate samples of NPP Paks origin.

2. Experimental

Reagents

The samples were filtered on a cellulose nitrate based membrane filter (Sartorius-0 = 50 mm, 0.45
jim). All reagents (saturated oxalic acid, 5 m/m% ammonium-oxalate, 8M NaOH, 8M HNO3, 1M
Na2S, 0.1M (NH3)2CO3) and solutions ( Co(NO3)2 c=2 mgCo2+/ml, CsNO3 c=2mg Cs+/ml, YC13

c=2mg Y3+/ml, SrCl2 c=2mg Sr2+/ml, AgNO3 c=2mg Ag+/ml) were prepared from analytical grade
chemicals (Fluka puriss.) using double distilled water (ddw). For purification activated car-
bon(Chemviron Act. Carbon BL Pulverised) was used. The 88YCl3-solution was purchased from Ana-
lytics, USA ( SRS-51597-405 to= 1996.03.21, a = 23.3 Bq /ml).

Pre-treatment of samples

Each evaporation sample (V=100 ml) was diluted with 200 ml ddw, the pH was adjusted to 1-2 with
8M HNO3 solution, then 10-10 mg Sr2+, Y3+, Cs+, Co2+ and Mn2+ carriers were added. This solution
was spiked with 2 ml (c=23.3Bq/ml) 88YC13 solution as inner standard, after which lg of activated car-
bon was also added. This solution was boiled for 20 minutes and let to stand for at least 12 hours. This
mixture was then filtered (solution L), the filtrate was ashed at 800°C then dissolved in 8M HNO3 and
finally this solution was added to solution I. To this combined solution 15-20 g oxalic acid was added,
the pH was set between 9-10 using cc. NaOH and the solution was boiled for 15 minutes. After cool-
ing, the precipitate was vacuum filtered and washed two times with 100 ml distilled water, after adding
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cc HNO3 it was heated to dryness several times, then dissolved in 50 ml 3M HNO3. This solution was
then diluted, 10 mg Ag+ carrier and 5 ml 0.1M Na2S solution were added. After heating and cooling,
the precipitate was filtered and washed with 50 ml ddw, and the resulting solution was evaporated to
20-30 ml (solution II).

Strontium preparation

The chromatographic column (SrSpec®) was preconditioned by passing through 10 ml of 3M HNO3

solution, after which solution II was passed through with flow velocity of 0.5 ml/min using a peristaltic
pump (the real-time of the last drop coming through the column was recorded -10). The column is then
rinsed with 20 ml of 3M HNO3 + 0.05M oxalic acid solution. All elutes were then combined and put
aside for later use (solution III). The strontium retained on the column is eluted with 30 ml ddw. The
pH of the elute was set to 9-10 with NH4OH and - after heating - 5 ml 0.1 M (NH4)2CO3 was added.
After cooling, the precipitate was filtered to a membrane filter and dried for 30 minutes at 40°C. The
chemical yield of the strontium preparation was determined by AES. The chemical purity of the prepa-
ration was checked with IEXRF.

Yttrium preparation

Solution III was diluted with 500 ml ddw, 5 ml of saturated oxalic acid solution was added and the pH
was adjusted to 1.4-1.5 during mixing with magnetic stirrer. The mixture of yttrium-ammonium-
oxalate and yttrium-oxalate salt prepared as described in [7,8] was added to the solution, after which it
was stirred for 20 minutes. The solution was then vacuumed through a membrane filter, rinsed then
dried at 40°C. The chemical yield was determined by measuring the 88Y activity in the preparation
using HPGe gamma spectroscopy.

Beta counting

The samples were counted in a gamma background compensated, low-level alpha-beta monitor
(HARSHAW-TASC-12) having the following efficiencies: |aSr90 = 0.17, (aSr89= 0.18 and [iY9o =0.19 for
90Sr, 89Sr and 90Y respectively. The background intensity was 1-2 cpm, while for the sample contain-
ing only the 88Y inner standard was 3.2 cpm. The effect of 88Y on the background intensity (due to
conversion electrons and positrons) was taken into account while calculating the chemical yield.

The total activity of the strontium preparation extrapolated t0 time to is:

A? = A2+A£ [l]

At t]>to the measured intensity is:

^ ^ ^ Y l W )] /4 [2]

where Ib is the background intensity. By counting the sample at two significantly different time,
.4^ and Afr can be determined by applying eqn.2. twice (see ref.[14]). The 90Y activity of the yttrium
preparation is determined by measuring the decay curve of the sample and extrapolating to time t0.

In this way, we determine the 90Sr activity concentrations of the original sample twice, which increases
the probability of a successful analysis. If these values agree within the range of experimental error the
mean of the activity concentrations are accepted. The result of the analysis is rejected otherwise and the
whole procedure is repeated.

3. Results

Samples were collected from the top, middle and the bottom of each wastewater liquid containers of
NPP Paks. As a representation, results for the 02TW30B002 container are presented in Table 1.
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Table 1. Analysis results for the container 02TW30B002 containing 381 m3 evaporation concentrate.

Sample

Top
Middle
Bottom

Sr chemical yield %

65
57
62

90Sr [Bq/dm3]

71±8
173+15
414135

Y chemical yield %

67
52
51

90Y [Bq/dm3]

79+9
165114

440+ 33

4. Conclusion

It can be seen from Table 1, that the 90Y and 90Sr activity concentrations of the original sample agree,
which means that the results are trusted. If it is not so, the analysis must be performed. In practically all
cases the 89Sr activity concentration was found to be negligible, which can explained with the age of
the samples (many years).

In most cases, the activity concentrations at the top of the containers were lower then that at the bot-
tom. This is probably because of these containers are kept at basic pH range and some slow precipita-
tion of the ingredients might occur, which are then concentrated at the bottom of the container due to
sedimentation.
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SPOT MEASUREMENTS OF RADIONUCLIDES
IN AIR, WATER AND SOLIDS WITH A SINGLE INSTRUMENT

. von Phihpsborn CZ9928593

University of Regensburg, Universitdtstrasse 31, D-93040 Regensburg, Germany

Abstract: A unique instrument for measuring environmental radionuclides and novel methods for their
concentrative sampling are described here which meet high requirements of sensitivity, easy and reli-
able handling, and low cost for most applications in field screening, monitoring and training.

1. Introduction

In operational radiation protection there is a need to fulfil three requirements:
1. simple methods for concentrative sampling of radionuclides from air, water and solids
2. a single, fast instrument for such samples
3. time-resolved background gamma dose rate measurements

The samples and the instrument should be portable, user-friendly and of low cost to assure acceptance
in field screening, research and teaching [1].

Natural radionuclides from the uranium and thorium decay series as well as artificial radionuclides
such as Cs-137 and 1-131 are examined for their common and distinctive features and how they may be
collected efficiently under most conditions. On this basis both a detector and a sample holder were se-
lected which meet all requirements like hand to glove. The instrument with detector plus sample holder
has been instrumental in discovering four novel methods of concentrative collection of radon and ra-
don decay products from air, water, soil air and solids within four years. These methods are much sim-
pler and more efficient than previously established ones.

2. Examining optimum counting, sample geometry and collection

Let us examine natural radionuclides from the uranium and thorium decay series and artificial radionu-
clides such as Cs-137 and 1-131 for their common and distinctive features. There is a clear and indis-
putable result: all radionuclides of interest are beta/gamma emitters, but they have different half-lives
of minutes, hours, days and years.

Even for Rn-222 it is beneficial to replace alpha counting of Po-218 by beta/gamma counting of
Pb-214 and Bi-214. The same is true for Rn-220. For exposure the relevant quantity is certainly not the
radon gas concentration but the "equilibrium equivalent radon concentration EER" or "potential alpha
energy concentration". This is made up 90 % by the contribution of the beta/ gamma emitters Pb-214
and Bi-214 and only 10 % by the alpha emitter Po-218. Isn't it a pity that all the countless, expensive
radon instruments using gross alpha counting or even alpha spectrometry are useless for anything else
but radon in case of a nuclear accident? It is the same pity that all non-radon instruments on the alert
are useless for daily radon. Why not have one instrument with the best of both worlds?

Beta detectors have many advantages compared to alpha or gamma detectors. They are available as
large-area, sealed, long-life and reliable proportional detectors with high efficiency. On the contrary,
alpha detectors are expensive, of small area and require special sample preparation because of self-
absorption. Their quoted high intrinsic efficiency is misleading, it refers to the small detector area and
not to samples of large area. Gamma scintillators require expensive photomultipliers and gamma semi-
conductor detectors require liquid nitrogen and more electronics. Both are only good for samples of
large volume and not for samples of large area.
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Large-area beta proportional detectors call for large-area samples. Fortunately, collection of radionu-
clides from air and liquids is best done with large-area filters or evaporation pans. Most solids studied
for radioactivity are of grain size smaller 2 mm or can be prepared to such size.

3. Beta counting and time-spectrometry in practice

The instrument conceived and designed under these auspices is the Living Level Monitor
LLM 500 of Miinchener Apparatebau [2, 3, 4]. It has a 11 x 11 cm2, sealed (7 mg/cm2) proportional
detector with an efficiency e = 1/k = 33 % for EER (Pb-214 + Bi-214), the calibration factor being k =
3.0 ± 0.3 [Bq/cps]. It may be compared to a contamination monitor, but with crucial differences. Con-
tamination monitors provide only single measurements and display current cps, Bq, or Bq/cm2,
whereas the portable LLM 500 (17 cm x 42 cm x 40 cm, 7kg) has features of large laboratory low level
systems and additional ones.

Increased sensitivity is of course obtained by time integration. The gate time may be chosen to
be between 1 and 100 min in steps of 1 min. Before measuring the sample, the background is counted
and deducted from subsequent sample counts. Before starting, the appropriate calibration factor k = x
[Bq/cps] (between 0.1 to 9.9) of the radionuclide and the volume or weight of the sample are entered
through a front panel keyboard. Activity concentrations appear on the LC display. In case of unknown
k, the result is given in net counts and net count rates.

Most importantly, the LLM 500 provides an automatic repeat mode for the counting of one sample up
to 100 times in steps of one, or continuously. All results are stored and can be sent to
a printer or PC. In the repeat mode, the inherent gamma sensitivity (background) of the beta propor-
tional detector or an additional external waterproof energy-compensated Geiger-Muller tube may be
used for time-resolved environmental gamma dose rate monitoring.

In the repeat mode the LLM 500 is a multichannel sealer for time-spectrometry. The advent of energy-
spectrometers made experts forget that half-lives are nuclide-specific and are a simple way to discrimi-
nate natural and artificial radionuclides in daily practice and in the case of a nuclear accident. All half-
lives of interest are sufficiently different for most purposes. With the repeat mode, very informative
graphs of activity build-up and decay vs time are obtained [5].

4. Handling an optimum sample geometry and collection

A large-area beta detector calls for flat, large-area samples. The sample holder (diskette) is a piece of
simple cardboard 130 x 195 mm2, 2 mm thick, with a round or square opening for the sample. For air
sampling or water filtration, beta counting permits inexpensive large-area glass fiber filters. Their
small flow resistance in turn permits large air flow rates up to 800 L/min for a Staplex and a filter of 10
cm diameter. This small flow resistance also permits breathing masks as collectors with the lung acting
as a cordless pump. 5 min of normal breathing (8 - 12 L/min) are sufficient for
100 Bq/m3 EER. For the Staplex, a special holder was designed for the filter diskette. For water, flow
rates of 1 L in 3 min are obtained through the same filter in a cylindrical (Biichner) funnel without wa-
terjet suction. With the LLM 500 changes of radon concentrations under exotic conditions were studied
with a time resolution of 2 min [4].

These benefits are not given to radon monitors using filters and alpha counting. Alpha counting re-
quires expensive membrane filters with large flow resistance which limits flow rates to L/min for the
small areas of alpha detectors. Hence, overall efficiency of such radon counters is small, with integra-
tion times of 60 min and more at ambient radon concentrations.

Solid samples in the form of thin sections or of grain size smaller than 2 mm are held in the opening of
the cardboard between two sheets of adhesive plastic. The best results were obtained with a clear adhe-
sive plastic of brand name "biiro actuell", commercially available on waxy paper in rolls of 10 m x 45
cm. It is polyethylene, 9 |am thick, and impermeable to radon gas.
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A diskette with 1.9 g of KC1 ((1 g K with 31 Bq K-40) spread out over an area of about 50 cm2 is used
as a test diskette for quality control of the instrument. The calibration factor k = 6.0 [Bq/cps] for K-40
(1 beta/ gamma emitter) yields 10 net cpm per Bq. For 30 Bq K-40 the net signal is twice the back-
ground of about 150 cpm at 70 nGy/h. At 100 min gate time, 2 Bq are measured
± 20 % (2 sigma). Because of self-absorption, the maximum volume 20 cm3 of the sample holder
should not be used. Some solid materials studied are: heavy mineral sands, uranium mine tailings, tho-
rium gas mantles, wipe tests, thin sections of uranium glass and black shale, dried mushrooms of 1994
and a table cloth soaked by rain in my garden in May 1986.

5. Playful collection of radon and radon decay products

The LLM 500 has been instrumental in discovering and developing four novel concentrative collection
techniques for radon and radon decay products from air, water, soil air and solids.

1. Radon and thoron decay products are collected with high efficiency on a polystyrel plate, which has
been charged to -20 kV by simple rubbing with a piece of wood [6, 7]. The plate is placed on 4 insu-
lating rods of 10 cm length each, and then exposed to air for a few minutes. The technique was named
Philion (lover of ions) and received a patent, but may be used freely for educational purposes. Po-218
by virtue of the alpha recoil energy is positively charged. Unattached to aerosol particles, Po-218 has
an electric mobility about 104 times higher than in the attached state. The life time of the free state is
quite long in clean air. The count rates in LLM 500 or with an alpha-sensitive end-window Geiger
counter are sufficiently reproducible under constant conditions. They are a good measure of radon con-
centration, considering the extreme simplicity of collection and measurement. Perfect alpha spectra are
obtained with the Philion plate.

2. Waterborne radon decay products were found to be quantitatively adsorbed by glass fiber filters
during filtration. The filter is dried on a hot plate before measurement. Before and since publication [8,
9], the method has passed several intercomparison measurements with all other, more complicated
methods of measuring radon in water, with excellent results. PET bottles are very suitable for storing
and mailing radon water.

3. Radon gas in soil air may be collected with a bubbler in ethanol with a distribution coefficient of 6
for ethanol/air, as compared to 0.25 for water/air [10]. Unexpectedly, the quantitative adsorption of ra-
don decay products on glass fiber filters during filtration works for ethanol as well as for water. The
method might not to replace standard methods for measuring soil radon, but it is good for educational
applications. The sensitivity is sufficient for most purposes. The high solubility of radon in ethanol, its
accurate measurement with the filter method and its storage in PET bottles are an excellent means to
produce radon calibration sources up to 100 kBq/L.

4. Radon and thoron exhalation from walls or loose material, such as soils, waste materials or minerals
in containers is simply collected by a thin layer of charcoal, which is fixed to a sheet of adhesive plas-
tic covering the wall or the container. The thin layer is exposed for a standardized time, transferred to
the sample holder and evaluated with the LLM 500 [11, 12]. Developing a new technique requires
close attention to practical details. Commercial materials are preferable and the individual steps should
be simplified as much as possible without impairing the results. Since submission of [12] in April 97,
several interesting observations and cost- and time-saving simplifications have been made on the tech-
nique described.

Firstly, a good quantity of uraniferous material with a high exhalation rate of radon gas was procured.
About 30 L of material was taken from a low intensity uncovered uranium anomaly along a road,
known from field trips in the '70' s. All stones, large and small were picked out, some showing the
yellow colour of secondary uranium mineralisation. These pieces are not suitable for intercomparison
studies as each one has different gamma dose and radon exhalation rates. The soil which passed
through an ordinary garden sieve with mesh openings of about 1.5 mm was dried in the sun and 12 kg
(12 L) of radioactive material with high exhalation rate were obtained. This material is uniform to
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+ 5 % in activity. This material was used for a series of parallel samples in order to study the influence
of various parameters.

Secondly, optimum containers, large and small, and an optimum fixture of the charcoal layer on the lid
sealing the container were found for loose material of all types. Semadeni AG, CH-3072 Ostermundi-
gen supplies containers of hard polyethylene (HD-PE) in capacities of 0.25 to 2.0 L. They have an
opening of 80 mm diameter with a flat rim of 2 mm. This rim is sufficient when a sheet of adhesive
plastic (see above), is used as the lid. The charcoal layer is sprinkled onto the adhesive sheet before
hand with the aid of a mask of 48 mm diameter. An another type of container is supplied by J. Week
GmbH, D-79656 Wehr, in units of 12 small glass jars of 80 mL or 140 ml, intended for delicatessen
(foie de gras). The round rims are polished to 2 mm width by wet grinding with SiC, 2 min each with
50 u.m and with 15 um grain size on a glass plate.

Thirdly, using the uraniferous material and the containers and sealings described, the area, mass and
grain sizes of the charcoal were varied and influences examined. Merck, charcoal activated granular
about 1.5 mm, Nr. 1.02514 was used. For equal sources, source volumes and exposure times the activ-
ity collected is the same within 10 - 20 % for variations of the charcoal in 3 grain sizes (0.5 - 2.0 mm)
and areas (9, 18, 38 cm2) which means also weight (0.25 - 2.1 g). This means the preparation of the
collector is independent of area, mass, and grain size of charcoal, which means a saving of time and
cost. A closed system behaves differently from an open system, for which the activity collected per
collector would depend on the mass of the charcoal collector.

Charcoal with 5000 Bq/g or more of radon gas (in equilibrium with radon decay products) is easily
obtained. Because of the short half-life of radon, a high activity corresponds to a small mass or volume.
But in units of activity, the sorptivity of charcoal for radon gas is unlimited. Such radon activated char-
coal,' open or enclosed, is a convenient radon source for a range of experiments on fundamental proc-
esses. Results will be reported in the near future.
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A NEW/OLD TYPE OF NEUTRON SPECTROMETER
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1. Introduction
Accurate measurement of neutron fields is a challenging area of radiation protection. The need of high
sensitivity and very wide energy range lead to radiation protection instruments based on neutron mod-
eration. The idea is to slow down the fast neutrons to thermal energies, where they can be detected with
greater efficiency Two commonly used instruments based on this principle are the rem-meter and the
Bonner sphere spectrometer. The energy response of the rem-meter is tailored so as to approximate the
fluence-to- equivalent dose conversion factor. This, in principle, should obviate the need to measure
the neutron energy spectrum - the instrument response is supposed to be directly proportional to the
equivalent dose. It is a simple and convenient instrument, but its response is not very accurate, because
the desired energy response mentioned above is only approximately matched, and drops fast above 10
MeV.
By allowing to determine the neutron spectrum explicitly, Bonner spheres are in principle superior to
the rem-meter. The energy resolution of this system is only average, but since the fluence-to-dose
equivalent conversion factor is a smooth function of energy, this is acceptable for radiation protection
purposes. The main disadvantage of this method is that one needs to perform separate measurements
with each sphere (typically six or more), which requires a separate fluence/beam monitor to which
sphere responses need to be normalized. Another disadvantage is the bulk of the whole system. For ex-
ample, our Bonner sphere system at SLAC consists of spheres with diameters of 2, 3, 5, 8, 10 and 12",
plus one additional 12" sphere with an inner layer of lead, not to mention the counting electronics. It is
clear that Bonner spheres are not suitable for fast and frequent measurements.

The subject of this work is an instrument design which retains advantages of both rem-meters
(portability, fast measurement) and Bonner spheres (full knowledge of neutron spectrum), without the
disadvantages of either method. This proposed neutron spectrometer is a sort of reincarnation of the
Bonner spheres into a single instrument, using the "old" principle in a new configuration.

2. Spectrometer design

The instrument proposed here is a large sphere made of a plastic scintillator loaded with boron
(possibly enriched with 10-B). This material contains hydrogen and therefore serves both as a mod-
erator and detector. Capture of thermal neutrons (n, a) on 10-B generates large pulses (Q = 2.31 MeV),
enabling discrimination of events from photon interactions and recoil protons. The volume of the
sphere is subdivided into spherical shells, coated with reflective or opaque material to disable crosstalk
between separate shells and improve light collection efficiency. For practical purposes, each shell will
be made of two hemispherical shells or smaller segments. Each segment will be connected by a light-
guide to a photomultiplier or a photodiode. Each shell measures the thermal fluence at a different mod-
erator depth and the set of shell responses can be used to unfold the original neutron spectrum. A
schematic drawing of a multilayer spectrometer is shown in figure 1.

In its simplest form, this instrument could become a portable neutron spectrometer covering the range
of energies from thermal to cca 20 MeV. Its electronics could be integrated in a relatively small con-
tainer, and basic neutron spectra unfolding could be programmed into its on-board computer. Such an
instrument would have the size and appearance of a rem-meter, with substantially increased function-
ality. A more sophisticated version, oriented towards use around high energy accelerators, might take
advantage of the 11-C activation in the scintillator, measure proton recoils in one layer or use other
means to extend the energy response.
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3. Energy response

It is clear that the energy response of various sphere shells in the proposed spectrometer will be differ-
ent in nature from Bonner sphere response functions. With the latter, thermal neutrons are always
measured at the center of the moderator. Smaller spheres are more sensitive to low energy neutrons and
less to higher energies, while for large spheres the opposite is true. This is because with higher energy
the mean free path of neutrons increases and a greater number of collisions is needed for thermaliza-
tion. Therefore larger moderating volumes are needed to slow down neutrons of higher energies and
decrease their probability of escape. On the other hand, low energy neutrons have a lower chance to get
to the center of a large moderator, because they become thermal early on their path through its volume
and are more likely to undergo capture. For this very same reason the outer layers in the multilayer
spectrometer, i.e. those with the largest radii, will be more sensitive to low energy neutrons, while the
sensitivity of the innermost layers will peak at higher energies.

Response functions of various multilayer systems were studied using the MCNP[1] code. The simulated
detector material was identical in composition to a commercially available product, a PVT (poly-vinyl-
toluene) plastic containing 5% of natural boron. Compared to polyethylene (PE), PVT is not as good a
moderator, because it contains 1.66 times less hydrogen. In some simulations PE layers were inter-
spersed between PVT and one lead layer was also added to increase the response at higher energies, as
in the Linus rem-meter^1. Initial calculations13^ revealed that a judiciously chosen configuration yields
energy response functions that are suitable for neutron spectra unfolding. In order to match sensitivities
in successive layers, it is necessary to use thin layers on the outside, and progressively increase thick-
ness going towards the center. This dependence is stronger than what could be assumed simply from
volume ratios. Figure 2 shows response functions for a well balanced system, with layer thickness indi-
cated in the legend. A matrix response based on this system was generated and used in the BUNKI[41

program in simulated unfolding.

The most recent energy response calculations for energies up to 500 MeV and using the FLUKA code
seem to indicate an intrinsic weakness of this system. A configuration with an inner lead layer indicates
a steady rise of all response functions at high energies. High energy neutrons can generate a population
of thermal neutrons on the opposite, "exit" face of the sphere, increasing the response of the outer lay-
ers, whose sensitivities peak at very low energies.

4. Light transport

Besides continuing investigations of layer response functions, light transport inside the layers and light
guides need to be studied. Given the dimensions of the detector, bulk attenuation in the scintillator
should not be a problem (attenuation length = 120 cm), but reflection losses in very thin outer layers
might lead to an undesirable spread of the pulse-height distribution. Measurements in a thin slab of
PVT (0.5x4x30 cm), with no reflective material added, indicate less than 11% loss over a light path of
23 cm. However, this might be worse in a curved geometry. Optimal design of scintillator parts

' (subdivision of a given layer into smaller sections) and their coupling to lightguides and detectors need
to be found. A possible subdivision into segments is illustrated in figure lc. Unfortunately, none of the
available light transport codes allows to simulate a spherical layer geometry. We are currently studying
the DETECT-II code[5] for planar geometries, with plans to either implement combinatorial geometry
from a particle transport code, or to implement physical models from DETECT-II into the FLUKA
code[6].
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Figure 1. Possible geometrical configuration of the instrument: a) vertical section showing a system of
concentric lightguides to individual layers; b) option using hemispherical shells; c) subdivision of
shells into smaller segments, which might improve light transport

Figure 2. Energy response of a system with 6 PVT layers. One layer (r=12,5-13.5 cm) is made of polyeth-
ylene
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5. Discussion

Depending on light production and collection efficiency, as well as lightguide design, light detectors
considered at this point are either a) a series of separate photomultipliers, b) two position sensitive
photomultipliers, or c) photodiodes. It might be possible to use miniature photomultipliers directly
imbedded in detector layers.
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Various alternatives to the PVT scintillator are also worth considering. One of them would make use of
layers of Lucite coated on one or both sides with a mixture of 6-Li in a ZnS(Ag) matrix. Another
would use a liquid scintillator in hemispherical Lucite flasks. Practical aspects of manufacturing and
cost must be considered together with the detector performance.

In summary, our preliminary results indicate that the proposed multilayer spectrometer will perform in
a manner very similar to that of Bonner spheres, with a comparable energy resolution. Unlike Bonner
spheres, it will be portable and much more convenient to use.

6. Acknowledgement

The authors are grateful to Dr. A. Badano for providing the DETECT-II code and helping with under-
standing its usage. This work was supported by the US Department of Energy under contract DE-AC-
03-76SF00515.

7. References

[1] J. F. Briesmeister (editor): "MCNP-A General Monte Carlo N-Particle Transport Code, Ver-
sion 4A", LA-12625, Los Alamos National Laboratory

[2] C. Birattari et al.: "An Extended Range Neutron Rem Meter", Nuclear Instruments and Meth-
ods in Physics Research A297 (1990) 250-257.

[3] V. Vylet: "Feasibility Study of a Compact Neutron Spectrometer with a Wide Range of En-
ergy Response", SLAC Radiation Physics Report RP-96-2 (1996)

[4] Lowry, K.A. and Johnson, T.L., "Modifications to iterative recursion unfolding algorithms
and computer codes to find more appropriate neutron spectra", Memo. Rep.5340. Nav. Res.
Lab., Washington, D.C. (1983).

[5] A. Badano and M. J. Flynn: "DETECT-II - A Monte Carlo Code for Modeling Light Trans-
port

[6] A. Fasso et al., "FLUKA92", Proc. of SARE--1, Santa Fe Jan. 11—15, 1993, Ed. A. Palounek,
Los Alamos LA-12835-C (1994), p. 134

618 Session 5



IRPA Regional Symposium
Radiation Protection in Neighbouring Countries of Central Europe. Prague. 8-12 September 199

C H A R A C T E R I S A T I O N O F R A D I A T I O N D E T E C T O R S IN P H O T O N A N D H I G H
E N E R G E T I C P A R T I C L E F I E L D S |||||||||g||||||||||||||||||||||||||||||||||||

CZ9928595
M. Winter1-2, P. Beck1, P. Kindl2 and St. Kerschbaumer1'2

Dep. of Radiation Protection, Austrian Research Centre Seibersdorf, A-2444 Seibersdorf
University of Technology Graz, A-8010 Graz, Austria

1. Introduction

In order to get knowledge of the radiation exposure during flights it is necessary to do reference meas-
urements in standard radiation fields. The composition of the radiation field in air flight altitude is not
exactly known. Also solar activity causes unknown field conditions. The response of different detec-
tors has been tested in laboratory based experiments as a part of the ACREM (Aircrew Radiation Ex-
posure Measurement) project to calculate and measure the radiation exposition during normal flights.
Four detector systems have been irradiated in standard high energy photon and neutron fields at "Paul
Scherrer Institute" (PSI), "Physikalisch Technische Bundesanstalt Braunschweig" (PTB) and CERN.
Results of neutron monitor, GM-counter and Reuter-Stokes Ionisation-chamber are presented in this
paper. For more information on TEPC measurements see reference [1].

2. Neutron fields (PTB, PSI)

Neutron acceleration facilities of "Physikalisch Technische Bundesanstalt Braunschweig" (PTB) offer
nearly monoenergetic neutron fields in a wide range from 144 keV up to 19 MeV. Neutrons are pro-
duced by high energetic deuterons and protons leading to nucleus reactions at different targets. Because
of nuclear reactions there is a very low y-background which has to be taken into account measurements
with photon sensitive detectors[2]. The reference dose rate is calculated using measurements of four
different monitor systems. For the data evaluation the average of all monitors neglecting the highest
and the lowest value is used. Response of the detector means the ratio of measured, values and these
reference values.

Table 1. Overview about the different targets used for each energy.

Neutron energy

144 keV
250 keV
565 keV
1.2 MeV
2.5 MeV
5.1 MeV
8.0 MeV
14.1 MeV.
19.0 MeV

Target

LiF-target
LiF-target
LiF-target

Tritium-solid-target (AG-95-1)
Tritium-solid-target (AG-95-5)

D euterium-gastarget
Deuterium-gastarget

Tritium-solid-target (PTB Al 72)
Tritium-solid-target (PTB 62)

Reaction
7Li(p,n) 7Be
7Li(p,n) 7Be
7Li(p,n) 7Be
3H(p,n) 3He
3H(p,n) 3He
2H(d,n) 3He
2H(d,n) 3He
3H(d,n) 4He
3H(d,n) 4He

For the production of 45 MeV and 65 MeV neutrons a facility of the "Paul Scherrer Institute" (PSI)
was used. An accelerator for protons (50 MeV and 70 MeV ) strikes a Berilliumtarget which leads to a
nearly monoenergetic neutron beam of 45 MeV and 65 MeV energy. The absolute fiuence of neutrons
is measured with fission chambers and a proton recoil telescope by PTB[2].

3. Photon fields (PTB, Austrian Research Centre Seibersdorf)

X-ray fields from A80 up to A300 beam qualities are available at the X-ray laboratory at "Physikalisch
Technische Bundesanstalt Braunschweig" (PTB). In addition it is possible to use standard Co and
137Cs sources for reference measurements. High energy photon fields at an y-energy of 6-7 MeV are
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available produced via the nuclear reaction 19F(p,ay)16O at the Van-de-Graaff-accelerator at the
PTB[3].
60 137/-Co and Cs sources where used from the Primary Dosimetry Laboratory for Austria at the Austrian
Research Centre Seibersdorf for characterisation measurements of the ionisation-chamber and the GM-
counter.

4. Response of the neutron monitor "Berthold LB6411"

The neutron monitor Berthold (LB6411-probe) is an Helium-3/Methan based counter, surrounded by a
mixture of polyethylene and carbon moderator. The monitor is specified for neutrons up to 20 MeV.
The detector is standardized to 252Cf and has an y-sensitivity less than 40fiSv/h at lOmSv/h 137Cs fields
[4]. For neutron energies between 100 keV up to 10 MeV the response is ±20% to expected response.
At higher energies the response decreases rapidly down to nearly 1% (see fig.l). Fig. 2 shows only a
very small influence of the orientation to the detector. This is caused of the highly symmetric structure
of LB 6411.

2 5 2 ,Figure 1. Neutron-response of the neutron detector calibrated to Cf at different neutron-energies com-
pared to Berthold manufactoring information [4]

Neutron detector Berthold LB 6411

—'—measured response of neutron monitor

neutron monitor manual

1 10

neutron energy in MeV

Figure 2. Neutron-response at variant neutron-energies in different orientations to beam

Neutron detector Berthold LB 6411

.2 0.50 '

•45 0 45

orientation to beam

-"-0.144 Mev

— 0.25 MeV

— 0.565 MeV

— 1.2 MeV

-°-2.S MeV

— 5.1 MeV

— 8 MeV

—14.8 MeV

— 19 MeV
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5. Response of photon sensitive detectors (GM-counter, Reuter-Stokes ionisation-
chamber)

The GM-counter instrument SSM-1, developed by the Austrian Research Centre Seibersdorf, offers the
possibility to connect different external detector probe systems (Gamma probe, Environmental probe).
The Environmental probe is especially designed for low dose photon fields [5]. A standard high-
pressure Reuter-Stokes Ionisation-chamber is compared with the GM-counter measurements in figure
3. The ionisation chamber is filled with Argon and has about 25 cm in diameter. The response for neu-
trons up to 300 keV is about 10%, for energies up to 70 MeV lower than 1 %.The photon contribution
in low neutron energy fields is about 5% [Guldbakke]. Detailed measurements could be done using
time of flight methods.

Figure 3. Neutron-response at different neutron-energies for GM-Counters and Ionisation-chamber

Comparison of photon-sensitive detectors

*• Reuter-Stokes Ionisationchamber
•">—GM-Counter (Gammaprobe)

- * 'GM-Counter (Enviromentalprobe)

1 10

neutron energy in MeV

The relative photon response increases at energies above 1 MeV (see figure 4) in conformity to meas-
urements of L. Buermann, S. Guldbakke and H.M. Kramer done in 1994[3].

Figure 4: Relative photon-response at different photon-energies for GM-Counters and Ionisation-
60 ,chamber calibrated to Co

Comparison of photon sensitive detectors
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ACCURACY IN RADIOFREQUENCY ELECTROMAGNETIC FIELD
MEASUREMENTS

L. Anglesio, G. d'Amore, A. Benedetto and M. Tasso

Regional Environmental Protection Agency - ARPA Piemonte - Ivrea Dept., via Lago S. Michele 11,
10015 Ivrea (TO), Italy

1. Introduction

The wide spread of sources of electromagnetic fields in urban and residential environment, such as
broadcasting antennas and wireless local area networks, requires the monitoring of electromagnetic
pollution in order to assess potential risk for exposed population.

In this context measurements are particularly difficult and large errors are possible. Great uncertainties
in electromagnetic field measurements can cause significant misleading in data analysis.

Different organizations are stressing the importance of standardization and accuracy in measurement of
electromagnetic fields, both relatively to calibration and traceability of measurement systems
(European Community guidelines EN 29000 and EN 45000) and to measurement accuracy (ANSI -
American National Standards Institute Recommended Practice for the Measurement of Potentially
Hazardous EM Fields - 1987). To satisfy the above mentioned needs the Regional Environmental Pro-
tection Agency of Ivrea has developed calibration facilities and pursued accreditation as national center
for calibration of electromagnetic field sensors and antennas.

Standardization and improvement in measurement accuracy, in fact, can be reached by means of the
following steps :

a) the instrumentation used for measurements must be calibrated against international standard-
laboratories network, and regularly verified

b) the measurement procedures should be uniformed in order to obtain reproducible results
c) the choice of such measurement protocols must be addressed to the total error minimization

In this work we will present data in calibration activity and measurement procedure assessment as well
as some results of outdoor measurements.

2. Calibration facilities

The calibration of field sensors and antennas is carried out within standard electromagnetic fields, the
spatial configuration of which is known with good accuracy.

The electromagnetic field in the frequency range 100 kHz - 990 MHz is produced by a synthesized sig-
nal generator, amplified by a series of solid state amplifiers, and sent to a transverse electromagnetic
cell (TEM) for frequencies ranging from 100 kHz to 250 MHz, and to an antenna placed in a shielded
anechoic chamber in the remaining frequency range from 250 MHz to 990 MHz respectively. In this
way it is possible to obtain maximum electric field of 150 - 200 V/m (maximum related magnetic field
of 0.5 A/m) in the TEM cell up to 250 MHz (the dimension of the device under test, DUT, must not
exceed 10x20x30 cm). The maximum E field obtainable in the anechoic chamber, at a distance vari-
able from the antenna aperture but such to give quite far-field conditions, is «100 V/m in the range 250
- 990 MHz (maximum dimensions of the DUT are 1 meter).

The accuracies of standard field generation are influenced by many factors (indetermination on power
measurement, mismatch between power sensor and bidirectional coupler, positioning error, indetermi-
nation on the TEM or antenna impedance etc.). The analysis of the contribution of these factors to the
total error has been previously evaluated [1] giving results ranging from ± 0.8 dB to ± 1.1 dB for stan-
dard field generation and of about ± 2.0 dB for transfer standard calibration.
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In Figure 1 the scheme of the two systems is reported.

Fig. 1. Scheme of calibration facilities

£*3HAL
GENERATOR

wwww
>

*-" SSS

>
SAAAAAA

* . ' • - •

The laboratory accreditation was based upon the laying out of measurement procedures that allowed,
on the basis of the previously accreditated RF power, the generation of standard fields. In fact the field
in the anechoic chamber and in the TEM is related to the power through the following rela-
tions respectively:

Z ~ And1

where S is the power density at the distance d, E the electric field strength in V/m, G the transmitting
antenna gain,

where P is the power supplied to the TEM cell, Zo the cell typical impedance and b the distance be-
tween the septum and the upper or lower wall.

Since the standard field available at the Italian primary metrological laboratory ranged from 100 kHz
to 200 MHz a direct comparison could be effected uniquely up to that frequency. The intercomparison
on the whole range (100 kHz - 990 MHz) has been carried out participating to an international inter-
comparison cycle. The aim of this cycle, promoted by the Bureau International des Poids et Mesures,
was to calibrate a series of isotropic field sensors, appositely developed by the NIST (National Institute
of Standard and Technologies, USA) who played the role of pilot laboratory. Results obtained by the
different participating laboratories were compared by the compatibility index :

Ic =
Jref

<i
ref

where Lref is the result obtained from the reference metrological laboratory, LL is the result of the other
laboratory and Uref and UL the related uncertainties. The results obtained for one of the sensors in a
standard field of 5 V/m from our laboratory (LSP), the Italian primary metrological laboratory (IEN)
and the pilot laboratory (NIST) are reported in figure 2 together with the compatibility indices.

3. Calibration activities

The aim of the calibration of a field sensor or an antenna is to evaluate its response as a function of
frequency, field strength, field polarization.
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Fig. 2. Intercomparison results

Practical calibration activity of last years has given results as reported in table 1A, IB. A total number
of 100 sensors, produced by 6 manufacturers and subdivided in 10 models, which underwent to cali-
bration in our laboratory, are listed according their response to standard field. It is interesting to note
that 20%-30% of sensors need a correction factor greater than 2 dB. At the frequency of 100 MHz,
typical of radiocommunication, 90% of sensors had an isotropicity of response better than 1 dB, while
4% of sensors had one or more of broken dipoles (unknown to the users) with an anisotropicity greater
than 3 dB. These results are in agreement with previously published work and stress the importance of
a regular calibration of the instruments to be used for the monitoring of the potentially hazardous elec-
tromagnetic fields.

Tab. 1A . Percentage of sensors whose calibration factor (difference with respect to the "true" field
value) resulted lower than values reported

F (MHz)

100
500
800

Calibration factor (dB)
<1

65%
54%
4 3 %

1 - 2

10%
13%
28%

2-i-3

20%
20%
2 1 %

3 - 5

5 %
6% _,

/

>5

/
7 %
8%

Tab. IB. Percentage of sensors whose anisotropy resulted lower than values reported

F (MHz)

100

<0.5

46%

Anisotro
0 .5-1

46%

py1
1

(dB)
1-1.5

4 %

>3

4 % (#)
(#) These sensors resulted to have one or two broken dipoles

4. Outdoor measurements

One of the most common situations, in which accurate outdoor measurements of the electric field
strength generated by multiple-source and multiple-frequency antennas are needed, is monitoring of RF
hazards in areas where there are large numbers of teleradiocommunication antennas and where the
electromagnetic field intensity may exceed the safety exposure limits.

In this case the field is particularly complex because measurements are often effected in near field, in
presence of reflexion and with different and unknown provenance and polarizations. In this context
measurements are particularly difficult and large errors are possible. Errors can be due to coupling of
the cable with the field (field pick-up), anisotropicity and dimension of the antenna, presence of differ-
ent frequencies and polarizations, possible near field condition, amplitude or phase modulation etc. To
obviate to this situation we set up the following measurement protocol:

1) Calibration of the antenna and of the broad-band field meter.
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2) Narrow-band measurements are carried out orienting the antenna along three axis mutually orthogo-
nals ; for each orientation measurements are repeated three times, in a period of 1.5 minutes, to take
into account for short term source emission variability.

3) The antennas and field meters, placed on dielectric stand, are connected to the spectral analyzer with
a cable decoupled from the field by the use of ferrite shield and a choice of the shortest vertical de-
scent to the ground.

4) Usage of repeater with optical link to avoid interferences from the operator.
5) Spectrum analyzer is contained in a shielded van.
6) Results of measurements can be validated, at single frequencies, on the field comparing data ob-

tained from a biconical antenna with data supplied by a tuned dipole. In case of a quite simple expo-
sure conditions, a further comparison with broad-band meter can be made.

By these measurement procedures we obtained a best agreement between broad-band and narrow-band
data, in particular the differences between the two sets of data were less than 2 dB in the 85% of cases.
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PRACTICE OF NON-IONIZING RADIATION PROTECTION IN HUNGARY

J. Bakos and L.D. Szabo

National "Frederic Joliot-Curie"Res. Inst. for Radiobiology andRadiohygiene, Budapest, H-1775, Hungary

In the past 10 years the center of non-ionizing radiation (NIR) protection of Hungary was formed at the
Department for Non-ionizing Radiation of National "Frederic Joliot-Curie" Research Institute for Ra-
diobiology and Radiohygiene, Budapest.

The tasks of the Department are the measurements of occupational and residential non-ionizing expo-
sures, contribution as experts in the official licensing of non-ionizing sources in the whole range of
non-ionizing, participation in standardization of non-ionizing radiation exposure limits and the rec-
ommendation of methods to protection against harmful effects for users of NIR sources.

The Institute provides expertises based on occupational and residential NIR exposures to Ministry of
Welfare and National Public Health Center, which have authority of licensing of new work places and
radiation sources.

Measurement equipments (high frequency)

Type Frequency
range

Fields of application

NARDA8616
power density meter

300 kHz - measurement of MW radiation in environment of TV and radio broadcast,
40 GHz mobile telecommunication

Wandel and Golterman 100 kHz -
EMR-300 power density 18 GHz

meter

base stations and high frequency industrial and medical equipments

HP5347A 10 MHz-
power and frequency 20 GHz

meter

high frequency laboratory measurements

Measurement equipments (low frequency)

Type

EMDEX II
magnetic exposure sys-

tem

Frequency
range

800 Hz

Fields of application

measurements of low frequency (50 Hz) magnetic fields in the environment
of transmission

Wandel and Golterman
EFA-3

low frequency electric
and magnetic field meter

FLUXSET 3C
magnetic flux density

meter

5 H z -
30 kHz

OHz-
300 Hz

powerlines and transformers and electrical appliances

measurements spectral distribution of low frequency magnetic fields

Measurement equipments (optical radiation)

Type

GENTECTPM
laser power meter

Wavelength
range

Fields of application

190 run - measurement of direct and reflected laser radiation of the industrial and
40 urn medical continuous wave lasers

GENTEC PRJ-M laser 190 nm -
pulse energy meter 40 urn

measurement of direct and reflected laser radiation of the industrial and
medical pulsed mode lasers

International Light 783A 250 nm -
spectroradio-meter 800 nm

measurement of broadband ultra-violet sources (sunbeds, UV lamps, etc.)

628 Session 6



IRPA Regional Symposium
Radiation Protection in Neighbouring Countries of Central Europe. Prague. 8-12 September 1997

The necessary measurement equipments were purchased step by step to cover the entire spectrum of
NIR: static electric and magnetic fields, extremely low frequency fields, radiofrequency radiations in-
cluding microwave and optical radiations including lasers.

Recently, the most of the measured non-ionizing sources are basic stations of mobil communication
systems, radio and television transmitters, medical diathermy equipments, plastic welders, VDTs, high
voltage powerlines (400 kV, 220 kV, 120 kV, etc.) and transformers, magnetic resonance imaging
equipments, lasers and sunbeds.

The results of 24 hours magnetic flux density measurements above transformers in a living room and
in an office shows that the magnetic flux density is a function of time because of the circadian changes
of power and current flowing through the transformers. Thus it can be concluded that the correct meas-
urement duration must be at least 24 hours or more. Although, usually the magnetic flux densities are
well below the occupational and general exposure limits of IRPA, those are not negligible.

There are big differences in the UV-B component of spectra of several fluorescent lamps of sunbeds.
The control of sunbeds is very difficult in Hungary because of the large number and incomplete regis-
try of these appliances.

The Department for Non-Ionizing Radiation is engaged in extensive research work to study the bio-
logical and health effects of non-ionizing radiations. The aim of the biological experiments is to vali-
date the existing exposure limits for NIR and the study of the biochemical and biophysical mechanisms
of action of NIRs. Our Department has the following facilities for performing biological experiments.

Experimental laboratory facilities:

- Anechoic chamber (1.8x2.5x2.9 m) for MW irradiation and dosimetry.

- Microwave generators with external AM modulation, function generator, pulse generator, Traveling
Wave Tube Amplifier, solid state microwave amplifier.

- Near field exposure system for modeling the mobile phone exposure at 850 - 950 MHz.

- Multichannel temperature measuring for the thermal response to the microwave exposure.

- Miniature implantable internal E-field isotropic sensor for SAR measurement between
450-2600 MHz.

- Double wired Helmholz-coils for in vivo and in vitro exposure with high power current sources
within the extremely low frequency (ELF) range (0-300 Hz).

The effects of these radiation and fields on biological systems are studied by means of electrophysi-
ological, biochemical and biophysical methods.

On-going research activities:

- Experimental Dosimetry of acute and chronic (long-term), thermal and non-thermal continuous
wave (CW) and amplitudo modulated (AM) microwave (MW) exposure in the 1-10 GHz frequency
range.

- Whole body and local Specific Absorption Rate (SAR) measure on the polyacrilamid phantoms of
laboratory animals.

- Electrophysiological and VEP measurements on freely moving rats exposed to CW and AM MW
and extremely low frequency (ELF) magnetic field (MF).

- In-vivo 6-sulfatoxymelatonin production measurement on rats by radioimmunassay methods to
study the ELF MF effects.

- Tertological and enzimological study on effect of non-thermal MW irradiation and ELF MF.
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The scientific works are supported by the Ministry of Welfare and other domestic and EC grant appli-
cations.

Personal and scientific background:

The NIR Department has seven graduated research workers including physicians, biologists, chemist
and electric engineer.

This team established the scientific research of biological effects of NIR in Hungary.

The Department has extended contacts and cooperations with other domestic and foreign research in-
stitutes and universities. The researchers of Department are members in numerous international organi-
zations (ICNIRP, URSI, COSPAR, COST, etc.).

The preferred scientific fora of the Department are: EBEA Congresses, BEMS Annual Meetings and
the Bioelectromagnetics journal.

Publications
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in Rats after 24 Hours of Exposure to Vertical 50 Hz, 100 uT Magnetic Field, Bioelectromagnetics,
18:190-192, 1997.
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RECENT ACTIVITIES OF THE ICN1RP RELATED TO NON-IONIZING
RADIATION PROTECTION

J.H. Bernhardt

Chairman ofthelCNIRP, Bundesamtfuer Strahlenschutz, Ingolstaedter Landstrasse 1, D-85764
Oberschleissheim, Germany

1. Introduction

Increasing technical applications of non-ionising radiation (NIR) in every day life make it necessary to
be aware of possible health consequences of NIR exposure. During the Fourth Congress of the Interna-
tional Radiation Protection Association (IRPA) in Paris 1977, the General Assembly decided to in-
clude explicitly non-ionising radiation in its field of activities. Consequently, the International Non-
Ionizing Radiation Committee (INIRC/IRPA) was created, to develop guidance for NIR protection
programmes. In 1992 this Committee became the independent International Commission on Non-
Ionizing Radiation Protection (ICNIRP). The scope and terms of reference of ICNIRP in the field of
non-ionising radiation are similar to that of ICRP in the field of ionising radiation.

In the following sections some activities of ICNIRP are described. More information may be obtained
on the Internet Homepage www.sz.shuttle.de/dml001/icnirp.htm

2. General activities and philosophy

ICNIRP was established to advance NIR protection for the benefit of people and the environment. The
commission develops international guidelines on limits of exposure to NIR which are science based
and independent, provides science based guidance and recommendations on protection from NIR ex-
posure, and establishes principles of NIR protection for formulating international and national protec-
tion programs. ICNIRP is the formally recognized non-governmental organisation in NIR for the
World Health Organisation (WHO) and the International Labour Office (ILO), and maintains a close
liaison and working relationship with other international bodies engaged in the field of non-ionising
radiation protection. The Commission represents radiation protection professionals worldwide through
its close collaboration with the International Radiation Protection Association and its national socie-
ties.

ICNIRP has collaborated with the United Nations Environment Programme and the World Health Or-
ganisation on publications in NIR. These include Environmental Health Criteria Documents on Ultra-
sound, Lasers and Optical Radiation, Ultraviolet Radiation, Radiofrequency and Microwaves,
Extremely Low Frequency ELF), and Magnetic Fields. These EHC contain reviews of the biological
effects and assessments of health risks.

The purpose of the ICNIRP guidelines is to deal with the basic principles of protection against non-
ionising radiation, so that they may serve as guidance to the various international, regional, and na-
tional bodies as well as the individual experts who are responsible for the development of regulations,
recommendations, or codes of practice to protect the workers and the general public.

Development of exposure standards requires a critical, in-depth evaluation of the established scientific
literature. Experimental results should only be accepted for health risk assessment if:
- A complete description of the experimental technique and dosimetry is provided
- All data are full analysed and completely objective
- Results show a high level of statistical significance
- Results of the study are quantifiable and susceptible to independent confirmation
- The same effects can be reproduced by independent laboratories
- Results are found in a variety of animal species
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The analysis of present knowledge on the adverse effects of non-ionising radiation and the difficulties
encountered in the monitoring of individual exposure led ICNIRP's predecessor INIRC/IRPA to estab-
lish a protection doctrine based on the following principles:
• Compliance with the guidelines should ensure adequate protection for occupationally exposed

workers and for members of the general public against the hazards that might result from non-
ionising radiation.

• Compliance with exposure restriction should be followed by the development and compliance with
performance standards that apply to the design and construction of non-ionising radiation-emitting
devices.

• When NIR emission cannot be reduced due to the emitter's characteristics or to its use, appropriate
operational protection measures should be applied in order to comply with health protection stan-
dards.

The limit values should not be considered as a precise boundary between risk and safety. However,
from present knowledge acquired through animal experimentation and human observation, the limits
are thought to represent the best values to allow safe use of NIR. Given the limited nature of available
data and the progress that undoubtedly will be made concerning our understanding of possible health
effects from NIR, it can be assumed that these limits might eventually be modified as necessary. Limits
may be set for occupational exposure that differ from those for the general population. Occupational
exposure in principle concerns only adults (except for the embryo or fetus being carried by pregnant
women). This exposure is limited by the working time and is subject to control. In addition, workers
may benefit from medical surveillance and should be aware of the hazards involved and trained in ap-
propriate protective measures. Therefore, for exposures received by members of the general public, an
additional safety factor of 5 is introduced.

3. Selected recent achievements

Guidelines for visible and infrared radiation

Optical radiation from sunlight and artificial sources is used in a wide variety of industrial, consumer,
scientific, and medical applications. In most illumination and industrial applications the light and infra-
red energy emitted by artificial sources is not hazardous. The natural aversion response of the eye, as
well as thermal discomfort sensed by the skin will limit potentially hazardous exposure. However, hu-
man exposure may be potentially hazardous; for example, during arc welding, use of some arc lamps in
research laboratories, use of very high intensity flash lamps in photography, infrared lamps for sur-
veillance and heating, in some diagnostic medical applications and even in printing and photocopying.

Biological effects in the optical range are extremely dependent on wavelength. The main targets are the
skin, and the eye. Adverse health effects of exposure to intense light sources are of particular concern
in the visible and near infrared (400 nm - 1.400 nm) where retinal injury can occur.

Tissue interactions in the optical range are either thermally or photochemically initiated. Thermal in-
jury mechanisms all require that enough radiant energy is absorbed in a tissue within a short time pe-
riod, to create a substantial increase above normal tissue temperature. There is no dependence on
photon energy, though energy must be absorbed. Heat conduction away from an irradiated area is of
great importance. Thus, the presence of blood vessels and the size of the irradiated volume, as well as
spectral absorption, influence the threshold of injury.

A photochemical reaction takes place when single photons have sufficient quantum energy to convert
individual molecules to one or more different chemical molecules. A photochemical injury mechanism
is demonstrated, when a reciprocity relation between irradiance (dose-rate) and exposure duration ex-
ists. That is, a constant radiant exposure (dose) is required to elicit the response over a wide variation
of exposure durations, up to durations at which biological repair comes into play. An additional char-
acteristics of any photochemical reaction is a rather steep fall in the action spectrum at longer wave-
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lengths. The yield of photochemical reaction products is proportional to the photon flux and each pho-
ton must have the amount of energy required for the reaction.

There are various injury mechanisms that pose potential hazards to the eye and skin from UV, visible
and infrared optical sources:
• Photochemical and photosensitised injury of the skin (less than 400 nm, UV), photosensitization is

possible from certain medications. Skin cancer is considered a significant risk from ultraviolet ra-
diation sources.

• Photochemical and photosensitised injury of the eye (less than 400 nm, UV).
• Thermal injury to the retina of the eye (400 nm to 1.400 nm).
• Blue-light photochemical injury to the retina of the eye (principally 400 nm to 550 nm; unless apha-

sic, 305 to 550 nm).
• Near-infrared thermal hazards to the lens (approximately 800 nm to 3.000 nm).
• Thermal injury (burns) to the skin (approximately 400 nm to 1 mm) and cornea (approximately

1.400 nmto 1 mm).

All exposure limits have a complex dependence on wavelength, exposure duration and angular sub-
tense of the source. They also depend on the presence of a strong visual stimulus. The special optical
properties of lasers vary significantly from those of conventional, broad-band optical sources, and so
the exposure limits for broad-band optical sources necessarily differ from those applicable to lasers.
Laser guidelines incorporate assumptions of exposure that may not apply to conventional optical
sources.

UV-lndex

In collaboration with international meteorological and health experts, representatives of the World
Meteorological Organization (WMO), the World Health Organization (WHO), and the media, ICNIRP
finalised a universally applicable solar UV-index.

Solar radiation, including its ultraviolet (UV) components, has always been an environmental factor for
life on earth. Small amounts of UV are beneficial for people and essential in the production of vitamin
D3. During the past fifty years a societal view has developed in fair-skinned populations which associ-
ates a tan with good health. This view has led to excessive UV exposures from the sun and from artifi-
cial sources (sun-lamps). A marked increase in the incidence of skin cancer in nearly all fair-skinned
populations was found many years ago to be associated with excessive sun exposure. In addition, UV
has detrimental effects on the eye and can lead to accelerated onset of cataracts in people of all skin
types and possible deleterious effects on the immune system.

It is important therefore to provide information to the public about potential detrimental effects on
health from sun exposure. An important aspect of this is the provision of information to the public on
levels of solar UV to which they may be exposed. For this purpose the use of a simple universally ap-
plicable solar UV index is recommended.

The solar UV index:

- is expressed numerically as the equivalent of multiplying the time weighted average effective irradi-
ance (W • m"2) by 40

- refers to the daily maximum effective irradiance at the earth's surface averaged over a duration of
between 10 and 30 minutes

- takes into account cloud cover and other relevant environmental variables in its formulation

The UV index should be used in information programmes by governments, local authorities and health
agencies and the media. Such information should include messages on the health risk of UV exposure,
factors that influence a person's exposure, and individual control of exposure.
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Safety of mobile telephones

Following a review of the published data on adverse effects of exposure to radiofrequency radiation
published by the WHO, ICNIRP reviewed more recent scientific publications addressing the health is-
sues related to the radiofrequency radiation emissions from hand-held radiotelephones and base trans-
mitters. A statement was published in April 1996.

The, significant increase in the use of hand-held radiotelephones, together with an extension of the cov-
erage of reception areas with fixed base transmitters, often sighted in residential areas, has led to con-
cerns about risks to health, in particular about cancer, from the emission of such devices in the
frequency range from about 800 MHz to 2 GHz. The adequacy of current protection limits has also
been questioned.

In the following, the main conclusions of ICNIRP are summarised:
- The results of published epidemiological studies as well as data from laboratory studies relevant to

cancer, do not form a basis for health hazards assessments of exposure to RF fields, and neither can
they be used for setting quantitative restrictions on human exposure. They do not provide a basis for
hazard assessments in relation to the use of hand-held radiotelephones and base transmitters.

- Limits for human exposure to the fields associated with the use of hand-held radiotelephones and
base transmitters should be those of the INIRC for whole body average SAR (i.e., 0.08 W/kg for the
general public) and those of ICNIRP for localised SAR. For hand-held radiotelephones used by the
general public, ICNIRP recommends that the localised SAR in the head be limited to 2 W kg"1 aver-
aged over any 10 g mass of tissue in the head (0.02 W absorbed in any 10 g mass of tissue in the
head). The localised SARs in the head associated with the use of hand-held radiotelephones must be
assessed for each frequency and configuration used. Dosimetric studies show, that this localised
limit is not likely to be exceeded under normal use conditions for handsets with duty cycle weighted
powers less than 0.6 W for 900 MHz fields and 0.4 W for 1.8 GHz fields. For radiotelephones used
in occupational situations a five-fold higher localised SAR value in the head may be allowed.

- There is no substantive evidence that adverse health effects, including cancer, can occur in people
exposed to levels at or below these limits.

- It is recognised that, under certain circumstances, RF emissions from hand-held radiotelephones can
cause interference with the function of some electrical and electronic equipment. Of concern is the
problem of interference with electromedical equipment, especially life support devices.

It is recommended, therefore that the use of radiotelephones is restricted to areas where such interfer-
ence effects are unlikely to occur (e.g., well away from hospital intensive care departments and similar
locations). Manufacturers of electrical equipment are encouraged to design and manufacture equipment
that is insensitive to RF interference.

Collaborating within the international EMF project of the WHO

WHO has established the International EMF Project. This five-year project which started in 1996, will
result in the production of a number of environmental health criteria monographs and some other pub-
lications. The project will, to some extent, set the workload for ICNIRP over at least the next 5 years
and is intended to provide health risk assessments of exposure to EMF that will assist ICNIRP develop
international guidelines on exposure limits. The EMF Project will not be developing standards on ex-
posure limits, since this is recognised as the province of ICNIRP.

As one of the first activities within this project, an international seminar entitled ,,Biological effects of
non-thermal pulse and amplitude modulated RF electromagnetic fields and related health hazards" was
held in Munich-Neuherberg at the Bundesamt fur Strahlenschutz from 20-22 November 1996. Interna-
tional recognised scientists were invited to provide overviews in the key areas of dosimetry, laboratory
(in vitro and in vivo) and human studies. This was followed by sessions of working groups composed
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of the lecturers, panel discussion members and other scientists attending the open scientific sessions.
The proceedings of all presentations, including the rapporteur's report are published.

As another activity ICNIRP organized jointly with WHO was a seminar (4-5 June 1997 in Bologna)
which reviewed and discussed the scientific reports of biological effects occurring from exposure to
static and extremely low frequency (ELF) fields. As in the RF seminar, the Bologna seminar summa-
rised major reported biological effects which might ultimately prove to be associated with some health
impact, identified serious gaps in our present knowledge, and recommended priority areas for research
which could reasonably be expected to improve health risk assessment.

These different reports from the international seminars providing an update health risk assessment and
identifying gaps in knowledge that, when filled, would allow more compressive health risk assessment
to be made. Research would then be encouraged in these areas. The second stage would be develop-
ment of comprehensive EHC's incorporating all research data published within the four years since the
commencement of the Project.

A third activity planned for 22-25 October in Vienna is an international seminar on "Risk perception,
risk communication, and its application to EMF exposure". International experts will provide reviews
on the general aspects of risk perception, risk communication, and risk management.

Electromagnetic fields and cancer; Guidelines for limiting EMF exposure

Whether exposure to electromagnetic fields cause cancer has been vigorously debated for many years
and has been one of the most important issues ICNIRP and its predecessor INIRC/IRPA. In the past,
ICNIRP has evaluated the scientific literature and formulated statements following each review, such
as:
• No substantiated evidence was found to suggest that exposure to static magnetic fields is carcino-

genic (1987, 1994)
• The most recent data on power frequency magnetic fields and cancer reflect some improvements in

methodology in laboratory studies and in epidemiological studies of both occupational and general
populations. After careful considerations of this evidence, the Commission concludes that the date
related to cancer do not provide a basis for health risk assessment of human exposure to power fre-
quency fields (1993)

• Data from laboratory studies relevant to cancer from RF exposure do not provide a basis for limiting
exposure. The evidence for RF exposure causing tumor promotion or progression is not convincing
but deserves further investigation (1993,1996)

Taken together the epidemiological data are not strong enough to form a basis for exposure guidelines
in the absence of support from experimental research.

ICNIRP has established guidelines for limiting EMF exposure that will provide protection against
known adverse health effects. These guidelines will be published in Health Physics. Guidelines on
high-frequency and 50/60 Hz electromagnetic fields were issued by IRPA/INIRC in 1988 and 1990, re-
spectively, but are superseded by the present guidelines which cover the entire frequency range of time-
varying EMF (up to 300 GHz). Static magnetic fields are covered in the ICNIRP guidelines issued in
1994.

In establishing exposure limits, the Commission recognizes the need to reconcile a number of differing
expert opinions. The validity of scientific reports has to be considered, and extrapolations from animal
experiments to effects on humans have to be made. The restrictions in these guidelines were based on
scientific data alone; currently available knowledge, however, indicates that these restrictions provide
an adequate level of protection from exposure to time-varying EMF. Two classes of guidance are pre-
sented:

• Basic restriction. Restrictions on exposure to time-varying electric, magnetic and electromagnetic
field that are based directly on established health effects are termed "basic restrictions". Depending
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upon the frequency of the field, the physical quantities used to specify these restrictions are current
density (J), specific energy absorption rate (SAR), and power density (S). Only power density can be
readily measured in exposed individuals.

• Reference levels. These levels are provided for practical exposure assessment purposes to determine
if the basic restrictions are likely to be exceeded. Some reference levels are derived from relevant
basic restrictions using measurement and/or computational techniques and some address perception
and adverse indirect effects of exposure to EMF. The derived quantities are electric field strength
(E), magnetic field strength (H), magnetic flux density (B), power density (S), and (limb) current
(II). Quantities that address perception and other indirect effects are (contact) current (Ic) and, for
pulsed fields, specific energy absorption (SA). In any particular exposure situation, measured or cal-
culated values of any of these quantities can be compared with the appropriate reference level.
Compliance with the reference level will ensure compliance with the relevant basic restriction. If the
measured value exceeds the reference level, it does not necessarily follow that the basic restriction
will be exceeded. However, an investigation should be carried out whenever a reference level is ex-
ceeded, to test compliance with the relevant basic restriction and to determine whether additional
protective measures are necessary.

These guidelines do not directly address product performance standards, which are intended to limit
EMF emissions under specified test conditions; nor does the document deal with the techniques used to
measure any of the physical quantities that characterize electric, magnetic, and electromagnetic fields.

Compliance with the present guidelines may not necessarily preclude interference with, or effects on,
medical devices such as metallic prostheses, cardiac pacemakers and defibrillators, and cochlear im-
plants. Interference with the normal functioning of implanted electronic devices such as pacemakers
may occur at levels below the recommended reference levels.
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RISK ASSESSMENT FOR NON-IONISING RADIATION SOURCES IN A
UNIVERSITY RESEARCH ENVIRONMENT

K.W. Bowker

Director of Health & Safety Services, University of Oxford Safety Office, 10 Parks Road, Oxford, 0X1 3PD,
UK

1. Introduction

Non-ionising radiation sources (lasers, ultra-violet light, ultra-sound, magnets and microwave radia-
tion) are used extensively as tools in university research. The risks posed by the use of such sources
need to be assessed and any necessary controls introduced. In the United Kingdom, all employers have
general duties under The Health and Safety At Work etc. Act 1974 to provide safe premises and plant
and to conduct their activities in such a way as to not cause harm or ill health to employees and anyone
else who might be affected. The Management of Health and Safety Regulations 1992 specifically re-
quire all employers to carry out a suitable and sufficient assessment of the risks to the health and safety
of employees to which they are exposed whilst at work. The assessment requirement also extends to
risks to persons not in employment, but arising out of the work activities.

This paper defines what is meant by risk assessment and what factors are to be taken into account in
the assessment process. A model risk assessment format is proposed and examples of the assessments
for the various areas of the electromagnetic spectrum are shown. In each example, typical operational
procedures for controlling the risks are identified, together with any appropriate emergency procedures.
A risk rating scheme is discussed, together with a suggested rating for each area of the spectrum. Fi-
nally, common factors from the risk assessments are highlighted and a framework for successful man-
agement of non-ionising radiation risks in universities is proposed.

2. Risk assessment

Risk assessment is the identification of the hazards and an estimation or judgement of the frequency
and severity of any likely resulting harm. Once the hazard(s) has been identified the risk assessment
procedure is as follows:

i) identification of who might be harmed - employees, researchers, students, visitors, cleaners, mem-
bers of the public, contractors etc. Particular attention is paid to any inexperience of those involved
as well as other factors indicating vulnerability such as disabilities and lone working

ii) a decision as to whether the risk is adequately controlled - this includes consideration of systems
and procedures, engineering controls e.g. shielding, enclosure etc. and whether adequate informa-
tion, instruction and training has been provided. The precautions in place need to be measured
against any legal requirements, compliance with recognised industry standards and they must repre-
sent good practice

iii) a determination of what further action, if any, is necessary to control the risk. Priority is always
given to those risks which could result in serious harm. The following principles are applied when
assessing further action:

- can the risk be removed completely?
- can a less risky option be tried?
- can access to the hazard be prevented?
- can procedures be introduced or existing ones be modified in order to reduce exposure?
- can personal protective equipment be used?

iv) recording of the results of the significant findings of the risk assessment
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3. Model risk assessment format

It is useful and sensible for there to be a common risk assessment format in use throughout an organi-
sation. Headings for a suggested model format are:

Introduction - including uses of the source and where the hazard is likely to be located in the
laboratory

Hazards
Legal requirements and standards
Risk factors
Persons at risk
Operational procedures including shielding requirements, personal protective clothing, training

and the need for measurements
Emergency measures - procedures to be followed in case of breakdown of control systems, la-

tency periods, the need for medical attention etc.

4. Risk rating

Table 1 shows a simple system - based on British Standard 8800 (Health and Safety Management Sys-
tems).
Table 1.

Highly
Unlikely
Unlikely
Likely

Slightly Harmful

Trivial risk

Tolerable risk
Moderate risk

Harmful

Tolerable risk

Moderate risk
Substantial risk

Extremely Harmful

Moderate risk

Substantial risk
Intolerable risk

Risk ratings for each area of the non-ionising spectrum are shown below. They are based on Table 1
above and take account of usage in the university environment.

Hazard

Lasers

Ultra-violet light

Ultra-sound

Magnetic Fields

Microwave

Risk rating

Intolerable for class 4 lasers
Substantial for class 3B lasers
Moderate risk for class 3A and 2 lasers

Substantial risk

Moderate risk

Substantial risk for magnets greater than 5 Tesla

Substantial risk

There are often other hazards associated with the activities. In some cases these can be substantial and
need to be taken into account, e.g. cryogenic liquids used with large magnets, high voltage electrical
risks associated with some lasers, magnets, microwave generators etc.

5. Application to sources of non-ionising radiation

Following the format provided earlier in this paper, risk assessments for a wide range of non-ionising
radiation sources can be produced. As space does not permit the inclusion of full written risk assess-
ments, a brief summary of the main points from each area of use is provided in Table 2.

6. Framework for the management of risks

In a large research university such as Oxford, with over one hundred departments and institutions, ap-
proximately half of which use non-ionising radiation sources, it is essential to set up a management
framework.
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Table 2. Risk assessment summary

Typical Users

Hazard(s)

Persons at Risk

Risk Controls

Operational
Procedures

Emergency
Procedures

Risk Rating

Other
Significant
Risks

Magnetic Fields

NMR
spectroscopy
MRI imaging
Induction heaters

Biological effects

Research
supervisors
Researchers
Technical staff
Design, siting and
shielding of
sources
Warning notices

Surveys to identify
safe areas

Not applicable for
magnetic field
exposure
Substantial for
magnets over 5T

Cryogenic liquids

Ultra-Violet

Transilluminator
Bacterial and
germicidal lamps
Spectrometers

Photolceralitis (eyes)
Erythema (skin)

Research supervisors
Researchers
Technical staff

Enclosure of sources
Protection of face and
hands/arms

Shielding of sources
Laboratory procedures
Training

Medical attention to
be sought if symptoms
appear
Substantial

Lasers

Excitation or
stimulation of
chemical/species

Damage to eyes

Research
supervisors
Researchers
Technical staff
Engineering
controls in
accordance with
BS EN 60825
Administrative
procedures
Ensure enclosure of
beam wherever
possible
Training for users
of class 3B and 4
Alignment only by
experienced
personnel
Survey of class 4
Eye damage to
receive immediate
medical attention
Intolerable (class 4)
Substantial (class
3B)
Moderate (3A and
2)
Trivial (class 1)
Electrical
Fire
Cryogenic coolant
(if used)

Ultra-Sound

Baths
Mixing
Drilling
Disrupting cells
Sonicators
Sound - damage to ears
(airborne)
Hands in contact with
liquid medium
Research supervisors
Researchers
Technical staff

Airborne - insulated
cabinet
Hands - prevent contact

Ensure any enclosure
adequate
Training
Surveys

N/A

Moderate

Microwaves

Absorption
spectrometers

Heating effects to
body

Research
supervisors
Researchers
Technical staff
Use waveguides
Good working
practices
Manufacturing
standards

Survey for
levels/leakage
Training

N/A

Substantial

Often associated
with magnetic
fields and/or
lasers

At Oxford, individual heads of departments carry the responsibility for managing health and safety
within the framework of policies laid down by the University. Heads may appoint a departmental
safety officer and other specialist part-time advisers from within the staff (e.g. departmental laser safety
officer). Individual research supervisors (group leaders) are responsible for producing risk assessments
for the experiments carried out within their group.

Heads of science and clinical departments are required to carry out (or have carried out for them by the
departmental safety officer) at least an annual inspection of the areas under their control. In some cases
departments choose to carry out inspections termly. Such inspections are expected to check that risk
assessments are in place for significant risks in the department. The results of annual inspections are
forwarded to the University Safety Office where they are reviewed by the professional officers.

In order to monitor the validity of departmental risk assessments, members of the University Safety Of-
fice carry out random inspections of departments. Advice is also provided on specific significant risk
problems.
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7. Summary

In addition to being legally required, a risk assessment can be an extremely useful means of identifying
the risk control measures for non-ionising radiation sources. A simple model format for risk assess-
ment has been proposed in this paper, together with a risk rating scheme. Results of the exercise for a
range of non-ionising sources have been presented.

Any risk assessment scheme must be within an appropriate management framework and the paper has
also described the system in place at Oxford University.

Both the risk assessment format and the management system may be easily adapted to any research en-
vironment.
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BIOLOGICAL EFFECT OF EXTREMELY LOW FREQUENCY MAGNETIC
FIELDS ON MICROORGANISMS

K. Shimizu1, K. Tottori2, B. Kyoh2, Y. Nakaoka3 and T. Yamamoto1

1 Radioisotope Research Center, Osaka University, Suita and Toyonaka, Japan
2 Department of Nuclear Engineering, Faculty of Science and Technology, Kinki University, Higashiosaka,

Japan
3 Department of Biophysical Engineering, Graduate school of Engineering Science,

Osaka University, Toyonaka, Japan

1. Introduction

The question of whether ELF-MF exerts biological effects such as growth inhibition or cancer risk is
confounded to the date by both positive and negative reports.

Epidemiological studies have shown correlation between ELF-MF exposure and the incidence of can-
cers (l). Moreover basic biological events such as cell cycle and DNA replication1^ were affected by
exposure of ELF- MF. However, negative reports had been accumulated^3-1. In this report, we tried to
elucidate the ELF-EM effect at the molecular level, and as the model organisms of this problem we
used the yeast S.cerevisiae, and the ciliate Paramecium multimicronucleatum.

2. Materials and methods

Strains

The following strains were used: S.cerevisiae, S288C {MATa mal gall)
P.multimicronucleatum, stock CH

Magnetic fields exposure system
Magnetic fields were generated with 2 pairs of coils (100 x 100 mm) 20 mm apart. The power source is
AC 200V, 60Hz. The generated field has a magnetic intensity from 0 to 500 mT. Static magnetic field
were generated with 2 pairs of magnets (<j>50 mm) 15 mm apart. The magnetic intensity is 500 mT.

Measurement of cell growth

The yeasts and dilates were exposed with magnetic fields on the petri dish (cj>100 mm or <|>50 mm)
during growth, and the lengths of colonies and number of cells were measured respectively.

Screening of magnetic sensitive mutants
Mutagenize of the yeast strain S288C was carried out by EMS method(4), and magnetic sensitive mu-
tants were selected by standard replica method.

Observing the behavior of P.multimicronucleatum
The system for observing the behavior of P.multimicronucleatum under the ELF magnetic field is il-
lustrated in Fig. 1.

3. Results and discussion

Exposure of static and extremely low frequency magnetic fields to yeasts did not affect both cell
growth and killing (table 1.). We used wild type and radiation sensitive mutants (rad or rev) yeasts(5).
The growth of all strains tested did not change with exposure of static MF or ELF-MF. The growth of
cilliates was not affected by the exposure of the magnetic fields (data not shown).

About 4.106 cells were screened and two mutants which grew slowly by ELF-MF exposure were ob-
tained. Now we are going to characterize them extensively.
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Radiation Protection

1. Average doubling time

time (min)

IRPA Regional Symposium
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of the yeast

ELF-MF
86±4

static MF
87±5

Praaue, 8-12 September 1997

control
90±5

The behavior of the cilliate P.multimicronucleatum was observed by the CCD camera system (see
Fig. 1). In this experiment, the drastic change was observed when P.multimicronucleatum was exposed
with ELF magnetic field.

P.multimicronucleatum cuvette, and remained there, and when exposure was stopped the cells swam
randomly again. Now we are going to analyze the detail mechanism.

Fig. 1. Schematic diagram of the system for observing the behavior of the P.multimicronucleatum under
the magnetic field

sample

nnr
CCD

xenon lamp

monitor

VCR

J-+ Jfi)ELF-MF effects on Ca/+ concentration of brain tissuew. The behavior of the cilliate
P.multimicronucleatum depends on Ca2+ concentration of cell. The drastic change of the behavior re-
ported here may be caused by the change of Ca2+ concentration inside cell. Further investigations are
needed to ascertain ELF-ME effect on Ca2+ concentration in the cell, and P.multimicronucleatum is
useful for this purpose, because Ca2+ channel system of P.multimicronucleatum has been investigated
biochemically and physiologically.
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ITALIAN ACTIVITIES IN THE FIELD OF NON IONIZING RADIATION
PROTECTION

P. Vecchia

Physics Laboratory, National Institute of Health, Viale Regina Elena, 299 - 00161 Rome, Italy

1. Introduction

In Italy, special attention has been devoted to biological and health effects of non ionizing radiation
(NIR) for more than 20 years. Basic research in this area started at several institutes in the 70s; the in-
terest was later largely promoted by the organization at the Ettore Majorana Centre for Scientific Cul-
ture in Erice, Sicily, of special courses of the International School on Radiation Protection dedicated to
different kinds of NIR, i.e. radiofrequency and microwaves (1981), extremely low frequency (1983),
ultrasound (1985), and optical radiation and laser (1989).

The role of the Italian research on NIR is testified by the leading position in organizations such as
EBEA, COST 244, URSI Commission K, and by the organization in Italy of events like the 2nd World
Congress for electricity and Magnetism in Biology and Medicine (Bologna 1997), a Workshop of
COST 244 on theoretical phantoms and numerical methods (Rome 1994), and the State of the Science
Colloquium on mobile communications (Rome 1996).

As regards health protection activities, consideration for the emerging problems related to NIR led the
Italian Radiation Protection Association (AIRP) to modify its statute to include NIR in its scope, just a
few months after IRPA had done the same (1977), Italian scientists have been also active in regulatory
activities of international organizations, namely ICNIRP (former the IRPA/INIRC), EU, NATO,
CENELEC, IEEE.

In spite of the experience gained internationally, great difficulties still prevent the development of a
comprehensive and effective set of rules for protection against NIR in Italy. A general overview of the
present status and difficulties of protection activities is presented in the following sections, together
with possible developments which are being discussed at this moment.

2. Responsibilities for protection against NIR in Italy

A set of general laws define the responsibilities of different institutions in Italy with regard to the pro-
tection against physical, chemical and biological agents, including NIR.

In particular, the development of regulations is the responsibility of the Ministry of Health, the Minis-
try of the Environment, and the Ministry of Labour limited to the protection of workers. The Ministry
of Health is supported by scientific and technical institutions, namely the National Institute of Health
(ISS), whose duty is mainly basic research, and the National Institute for Work Safety and Prevention
(ISPESL), which is mainly devoted to control at workplaces. The National Agency for Environmental
Protection (ANPA) is consultant to the Ministry of the Environment. It co-ordinates the activities of
correspondent regional agencies (ARPA), which are responsible for the control of environmental and
health impact of individual plants.

In contrast to a quite detailed assignment of duties and responsibilities, there is at present a general lack
of regulations which should set basic limits and reference levels for safe exposure to non ionizing ra-
diation. Though European norms such as CENELEC (1995a, 1995b), and international guidelines such
as IRPA/INIRC (1988, 1990), are widely assumed as a reference, the absence of national standards
prevents an effective policy for the protection of workers and the general public.
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3. Sources of exposure

Among the reasons for public concern is probably the wide, and continuously increasing, dissemination
of sources of electromagnetic fields, with the potential exposure of important fractions of the popula-
tion.

To give an idea of the dimension of the sources, the Italian electric grid is made up of about 60.000 km
of high-voltage lines (132 kV and above). It may be estimated that more than 0.01% of the population
is exposed to electric fields above the IRPA/INIRC limits due to these lines.

The number of radio and TV broadcasters in Italy is about 60,000, probably the highest in the world.
Extrapolating from limited data of some local surveys, we evaluate that hundreds of antennas probably
give rise to exposure above the recommended international limits in surrounding buildings or residen-
tial areas.

Italy has also the highest number of users of cellular phones in Europe. Several million of handsets are
served by several thousands of base stations; both numbers are expected to continue their rapid in-
crease in the next years.

Finally, exposures at workplace are almost universal, as in any developed country. Not only are radiof-
requencies and microwaves exploited for any process based on heating, but the ubiquitous presence of
electric and electronic devices (engines, antennas, computers, terminals, etc.) makes even difficult to
identify the so called "electric jobs", i.e. jobs with relevant exposure.

The sensitivity to risks however is not the same for different kinds of NIR. That reflects differences in
scientific knowledge, in the attention of the media, and in the spreading and visibility of the sources.
As in many other countries, the highest concern and controversies have regarded for years high-voltage
lines. With the rapid expansion of mobile communication, much debate has arisen about cellular
phones, and even more about base stations. However, with the development of new technologies and
with the increasing awareness of risks, the debate is now expanding to virtually all kind of electromag-
netic radiation.

4. Present status of regulations

At present, the only national law for the protection against NIR regards the exposure of the general
public to power frequency (i.e. 50 Hz) electric and magnetic fields. The law, which was enforced in
1992, is explicitly based on the IRPA/INIRC guidelines. It sets in fact identical limits, i.e. 5 kV/m for
the electric field, and 0.1 mT for the magnetic flux density. Whereas the limits are intended for fields
generated by any source, additional requirements are given for power lines. Minimum distances of the
conductors from buildings and residential areas are in fact prescribed; these distances are 10, 18, and
28 m for lines operated at 132, 220, and 380 kV, respectively.

The law raised great criticism because of its internal inconsistency. Simple theoretical calculations
show in fact that compliance with the above distances implies exposure levels which are much below
the limits set by the same norm.

As far as radiofrequency and microwave fields are concerned, already in 1982 a proposal drafted by an
expert group for the protection of workers and the population against fields in the frequency range
300 kHz - 300 GHz was presented to the Minister of Health. The proposal was never brought to the
attention of the Parliament, because no general consensus was reached among interested parties
(industry, workers, utilities, general public, etc.). More recent attempts to develop a norm based on the
IRPA/INIRC guidelines have failed, also due to basic differences of approach.

The very rigid principles of the Italian right require in fact that each specific situation is foreseen and
regulated. That makes virtually impossible to include in a single, coherent law non-comparable expo-
sure conditions, related to completely different sources, such as high-power broadcasters, mobile
phones, radars, etc.
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A further difficulty is given by the consideration for long term effects. While a general consensus ex-
ists among the scientific community that no exposure limits can be based on effects that are far from
being proved, and for which no dose-effect relationship has been identified or suggested, the general
public is mainly concerned with this kind of risk and urges heath authorities to adopt measures, and es-
pecially to set limits, for their prevention.

Given the impossibility to simply translate international guidelines into national regulations, a new ap-
proach is being discussed jointly by politicians, scientists, and health authorities. This approach is dis-
cussed later in this paper.

5. The Environmental Impact Assessment

In 1985, the Directive 85/337/CEE of the Commission of the European Communities introduced the
Environmental Impact Assessment (EIA) as a procedure to be performed before given industrial plants
were planned and put into operation. The Directive reports a list of plants for which the procedure is
compulsory, and a second one for which the decision whether or not to implement EIA was left to each
member State. Italy is the only Country of the European Union which adopted EIA for power lines, that
are enclosed in the second list: a national law enforced in 1991 requires in fact EIA for all lines above
150 kV, and longer than 15 km.

EIA may be a useful tool to solve controversies like those on the health effects of ELF magnetic fields.
The procedure requires in fact that prior to the actual building of any plant different alternatives are
considered and compared taking into account all relevant factors. Human health is explicitly mentioned
as one of these factors, which has to be balanced with others of different nature (environmental, social,
etc.). The implementation of EIA in Italy also requires that all the interested parties (electric power
utilities, local administration, health and environmental authorities, etc. are involved in the analysis of
the project from the very beginning, and a consensus is found on some solution which represents an
acceptable compromise among different requirements.

6. The strategy of caution

It is well known that most controversies about NIR originate from a widespread concern for possible
long term effects of chronic exposure to electromagnetic fields, with special emphasis on childhood
cancer.

Many expert groups (e.g. NRPB 1992; Danish Ministry of Health 1994; NRC 1996) have critically re-
viewed the extensive literature on this topic, and unanimously concluded that there is no clear evidence
of a role of any kind of electromagnetic fields in the development of tumours. However, the findings of
several epidemiological studies raise some doubt, which cannot be discounted.

In the presence of this uncertainty, a policy of caution termed "prudent avoidance" has been suggested,
in particular for power-frequency magnetic fields. In very simple terms, that means that efforts should
be made (in particular when designing new plants) to reduce exposures if that can be done at reason-
able conditions. Such policy has been recommended by five national Agencies in Sweden (1996),
where no exposure limits exist.

In Italy, a similar prudential approach has been suggested, in particular for ELF fields, by the National
Institute of Health. In a recent document (Comba et al. 1995), ISS reaffirms the validity of international
exposure limits, which are based on well established scientific data; on the other hand, it acknowledges
that the limits are only intended to prevent acute effects. Taking into account the concern of the popu-
lation, consideration is recommended for additional preventive measures aimed at reducing risks of
long term diseases, though hypothetical. These measures are not specified in detail: the implementation
of any action requires in fact an agreement on what is "reasonable", for that specific case. Nevertheless,
some general recommendations are given: in particular, priority should be given to the mitigation of
children's exposure, and special attention should therefore be paid to nurseries, schools, playgrounds
and other recreational areas.
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7. Perspectives for new regulations

The hot debate on risks of electromagnetic fields in Italy is progressively involving different sources
and technologies, independently of their emission characteristics and of the different degree of evi-
dence for health effects at different frequencies. There is therefore an increasing suspicion, or even op-
position, not only towards power lines, but also towards base stations for mobile communication,
antennas for broadcasting and telecommunication, radars, etc.

Given the economical and social consequences of such attitude, norms to regulate exposure to every
kind of non ionizing radiation are considered of special urgency. On the other hand, difficulties experi-
enced in the past require a comprehensive regulation based on a completely new approach.

A committee of experts from different Ministries (Health, Environment, Labour, Industry) and from
scientific institutions (ISS, ISPESL, National Research Council, Universities) has recently been ap-
pointed do develop a very general national law which defines protection criteria and sets basic expo-
sure limits (in terms of dosimetric quantities such as the induced current density and the specific
absorption rate). This law should constitute the frame for a number of further decrees, which should
regulate different situations related to different technologies, activities, environments, etc. According
to the specific cases, these decrees may be national, regional, or local.

Such a flexible approach has several advantages, and in particular allows to adopt from time to time,
besides exposure limits, prudential measures which are suitable and reasonable for each specific situa-
tion.

Another option that is worth considering is the requirement for some kind of EIA also for technologies
other than power lines. The whole procedure defined by the European Directive and by the Italian
regulations is cumbersome and disproportionate in the case of individual, local devices such as broad-
casting antennas or base stations. However, some kind of short and rapid procedure could be devised,
with a limited number of elements to take into consideration, but respecting the basic philosophy of
EIA.

8. The activity of AIRP

The Italian Radiation Protection Association (AIRP) pays special attention to non ionizing radiation.
Since 1977, it has promoted interest and sensitivity towards NIR, mainly by disseminating scientific in-
formation among health operators and authorities. In particular, it has organized two national confer-
ences covering all aspects of NIR, a number of symposia and workshops on specific topics, and
dedicated courses of its High School for Radiation Protection. In contrast, it is to be recognized that
AIRP has not been as much active and effective in communicating with the general public.

Actions for a correct and comprehensive information to the population and to the media should there-
fore be one of the priorities of AIRP in the next years. This information should not be limited to the
transfer of most recent findings of scientific research, but should aim at finding a common language
and methodology among different parties in the debate. Given the competence of the Association, and
the experience gained in the field of ionizing radiation on the basic principles of protection and on risk
assessment, AIRP should in fact become a focal reference to clarify the nature of the risks related to
electromagnetic fields, to estimate their dimension, and to put them in appropriate perspective with re-
spect to other risks of the every-day life.

9. Conclusions

The controversies on health risks of electromagnetic fields are probably more lively in Italy than in
other European countries. However, they reflect an attitude which is emerging, more or less rapidly, in
any developed country. Therefore, the Italian experience might serve as a useful reference for health
policies in other nations.
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Based on this experience, a correct information both to Authorities and to the public is of crucial im-
portance. Attention should be focused on basic principles of radiation protection, rather than to details
of exposure limits for individual sources. It should be made clear that raw, general terms like
"electromagnetic pollution" or "electrosmog" hide a complex reality, made up of different situations
which must considered separately. In particular, extrapolations from one frequency range to others
must be avoided.

To deal with such a complex situation, a flexible approach seems adequate, which takes into account
not only the specific characteristics of different sources, but also technical, economic, and social differ-
ences among countries and sometimes among different areas of a same country.

A solid and reliable scientific basis for the development of health policies is given by widely recog-
nized international guidelines, in particular those developed by IRPA/INIRC and more recently by IC-
NIRP. Also in consideration of the tight liaisons to IRPA, national societies for radiation protection
may give a substantial contribution to this process.
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