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PREFACE

The Central Laboratory for Radiological Protection (CLOR) established in
1957, is under the authority of the National Atomic Energy Agency. The total
staff of CLOR is 130 persons.

The main statutory responsibility of CLOR is protection of general Polish
population and of occupationally exposed persons from hazards of ionizing
radiation. CLOR fulfills this task by routine practical activities, by scientific
studies and by providing sound advice to private and governmental organizations.

The population of Poland is of present subject to doses of ionizing radiation of
natural and artificial origin, not much different from these in other European
countries, and far below a level which may cause deleterious effects detectable by
sophisticated epidemiological methods. Natural sources of radiation, such as
cosmic rays, terrestrial radiation, radon gas in homes and other natural
radionuclides entering human body with air, water and food contribute 2.8 mSv
to the total annual radiation dose received by an average inhabitant of our
country. The irradiation from artificial sources, such as x-ray machines,
cyclotrons and radionuclides used in medical diagnostics and in industry and
science, the fallout from nuclear explosions and from Chernobyl accident, now
contribute about 0.8 mSv, or 23.3% to the total radiation dose; most of the man-
made dose is from medical irradiation which contributes 0.78 mSv or 21.6%.
The Chernobyl fallout is responsible for only 0.03 mSv per year, or 0.9% of the
total radiation dose received currently by the Polish population.

To achieve its statutory objectives, CLOR draws on a combination of its staff
skills and experience in the physical, chemical, biological and medical sciences,
on which radiological protection is based. This concentration of capabilities in
one institution is the main strength of CLOR. The main activities of the CLOR
are:

* conducting the research on mechanisms of biological effects of
radiation, behavior of radionuclides in environment and in the
living organisms, and the improvement of the dosimetric and
monitoring
methods

* monitoring of environmental radioactivity
* personal dosimetry
* controlling the use of radioactive sources
* calibration, control and standardization of dosimetric

equipment
* education and training



In the framework of CLOR are included:
* Center for Monitoring of Radioactive Contaminations,
* Emergency Service Center,
* National Contact Point of the International Notification System

on a Nuclear Accident and Radiological Emergency,
and

* Standardization Center for Radiological Protection.

These activities of CLOR are financed by the National Atomic Energy Agency,
the State Committee of Scientific Research, State Inspectorate of Environmental
Protection and by the European Commission. Their contributions are gratefully
acknowledged.

Professor S. Sterlinski
Director
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1. ORGANIZATION

The Central Laboratory for Radiological Protection (CLOR) has a staff
of 130 of which 49 have university level background. The CLOR employs 5
professors and 18 senior researchers of whom 6 have Ph. D. degree.

Menagement of the CLOR

Director - Professor Slawomir Sterlinski
Deputy Director - Professor Jan Jagielak
Chief Accountant - Danuta Wesolowska

The CLOR is divided into following departments and divisions:

1. Radiation Hygiene Department
Head: Professor Zofia Pietrzak-Flis

2. Dosimetry Department
Head: Professor Jan Jagielak

3. Radioactive Contamination Department
Head: Dariusz Grabowski, M.Sc.

4. Dose Control and Calibration Department
Head: Alojzy Koczyhski, M.Sc.

5. Prevention and Emergency Service Department
Head: Roman Taiiczyk, M.Sc.

6. Training, Information and Standardization Department
Head: Jolanta Rostek, M.Sc.

7. Section of International Co-operation
Head: Melania Pogorzelska-Lis, Ph.D.
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The Scientific Council (26 Person) Was Elected in 1995 by the Staff
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2. RESEARCH ACTIVITIES PL9702349

2.1 RADIOACTIVITY OF GROUND-LEVEL AIR IN POLAND
IN 1994 AND 1995: RESULTS OBTAINED FROM ASS-500
AEROSOL SAMPLING STATIONS

M. Bysiek, M. Biernacka, J. Jagielak

Data for the ground-level air contamination in Poland in the period 1994-1995
were obtained from a larger number aerosol sampling stations, type ASS-500,
than during the previous years. To the six stations working at the end of 1993
two new were added in 1994 and one in 1995, and a next one started working
in 1996. Thus the locations of the stations are - in order of joining the
monitoring network - Warszawa, Swider, Bialystok, Katowice, Krak6w, Lublin,
Gdynia, Wroclaw, Szczecin and Sanok. In 1994 the ground-level air of Poland
was monitored in 332 weekly aerosol samples, in 1995 in 456 samples. Filters
with the deposited aerosol, i.e. the total dust, were dried in room temperature for
2 days, pressed into tablets, 50 mm in diameter, and measured by multichannel
gamma spectrophotometers with HPGe detectors.

In 1994 the average mass of the weekly sampled total dust was about 3.56 g with
a range of 0.97 - 9.8 g, and the total mass examined in this year was 1.06 kg.
The average volume of air filtered weekly by all stations was 66,632 m3, range
17,521 - 118,338 m3. The total filtered air volume was 20,789,278 m3. In 1993
the average mass of the total dust samples was 3.36 g, range 0.81 - 8.83 g and
the total mass examined was 1.53 kg. The average volume of the filtered air was
63,484 m\ range 20,480 - 130,097 m3 and the total filtered air volume was
28,948,613 m3. The wide ranges of the masses of total dust and of the air
volumes filtered weekly by the ASS-500 stations resulted from using older and
newer, more improved, ASS-500 stations, as well as from different dustiness at
the monitoring sites.

Probability plots of concentrations of 137Cs, 7Be, 40K and 210Pb in total dust and
air, performed for data obtained by all stations during 1994 and 1995, exhibited
good fitnesses to single log-normal distribution, with some irregularities at both
ends of the straight lines. Only for I37Cs clear, higher level, but small in number,
distribution could be identified. Distributions of 226Ra and 22SRa, because of
different lower limits of detection of the stations, were analyzed for each stations
separately. Only the Katowice station, with its higher levels of both
radionuclides, reported results fitting single log-normal distribution. Thus the
geometric annual means of the measured radionuclide concentrations are the best
values characterizing the air and total dust contamination.

Arithmetic annual means of 137Cs, 7Be, 40K, 210Pb, 226Ra and 22SRa concentrations
in air and total dust in Poland in the two years were higher than the geometric
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annual means by about, respectively, 23 and 20% , 11 and 11% , 21 and 14% ,
14 and 9% , 45 and 37% , and 24 and 28% . Table 1 and Table 2 contain the
arithmetic means for air and total dust. It can be seen, that in most cases the
maxima of the two parameters of air contamination did not fall in the same
periods of the years or at the same sampling sites.

It was, however, proofed by regression analysis, that at the monitoring sites
during the two years l37Cs concentrations in air [|iBq/m3] coincided with
concentrations in total dust [Bq/g]. For the linear model values of the correlation
coefficients were in the range of 0.79 at Bialystok (0.62 at Krakow, only 1995)
to 0.97 for Lublin. For the multiplicative model similar results have been
obtained: from 0.81 at Bialystok to 0.92 at Wroclaw (0.65 at Krakow, only
1995). Such results indicate that the higher concentrations in air [ îBq/m3] at the
monitoring sites resulted mainly from more-radioactive aerosol present in the air
and, to some extent, also from larger amounts of low-radioactive total dust. The
latter case can occur at sites, where non-radioactive dust ,,dilutes" the radioactive
aerosol.

Linear regression analysis of 137Cs vs 7Be and 40K concentrations in total dust
and air revealed weak correlations, with correlation coefficients of 0.36 and 0.41
in 1994, and of 0.10 and 0.13 in 1995. The expected negative linear regression
of 210Pb vs 7Be concentrations in total dust and air was got, for all data from
sampling stations and both years, only for total dust, but with a very small
regression coefficient -0.05 . Better correlations were derived for the Warszawa
station, where correlation coefficients of-0.36 in 1993, -0.06 in 1994 and -0.23
in 1995 were obtained. For the S wider station the values were -0.16, -0.11
and +0.02 , for Szczecin -0,36 (only for the last 40 weeks of 1995), and for
Lublin +0.20 (only for the last 25 weeks of 1995).

Comparison of the annual means (and ranges) of 137Cs concentrations in total
dust in 1994 and 1995 with concentrations in the 0-10 cm top-layer of soil
measured in June 1994 at sites close to the aerosol sampling stations revealed,
that the ratios of concentration in total dust to concentration in soil, are
respectively:

0.4
0.9

2.7
1.6
1.8

2
3.3

-
(0.08- 1.2)
(0.2 - 1.7)

-
(1 - 9 )
(0.3 - 4.3)
(0.4 - 4.7)
(0.5 - 5.1)
(1.4 - 8.1)

and
and

and
and
and
and
and

0.3
0.3
1.7
1.5
1.5
2.2
1.8
2.4
3.3

(0.06 -
(0.09 -
(0.3 -
(0.4 -
(0.4 -
(0.5 -
(0.5 -
(0.5 -
(0.8 -

0.5)
1 )
5.7)
4.3)
18 )
26 )
5.2)
5.4)
7.5)

in Krak6w,
in Katowice,
in Wroclaw,
in Szczecin,
in Gdynia,
in Lublin,
in Warszawa,
in Swider,
in Bialystok.
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The ratios are about 30% of the presented above, when the 0-5 cm layer is used.
It can be seen, that the highest mean values were obtained for the Biafystok
station. At Gdynia and Lublin only 3 higher values than 8.1 of the Bialystok
station were measured.

Similar ratios for 40K, 226Ra and 228Ra were in the range, respectively, 0.05-10.8 ,
0.4-233 and 0.2-62 . Maximum values for 40K and 228Ra were obtained at the
Gdynia station, for ~6Ra at the station in Katowice. Data for soil concentration
of 210Pb are, as yet, not available, and 7Be was not observed in soil.

Table 1. Annual summaries of air contamination in Poland, 1994 and 1995.

Radio-
nuclide

137Cs
134Cs
7Be
*K

210Po

^Ra

! 3 7Cs
7Be

21Opb

^Ra
^Ra

Concentration

Mean ± a V«
1994

2.8 ±0.1
0.5 ±0.01
2520 ± 70
29.5 ±1.2
360 ± 24

26.3 ±2.4
4.3 ± 0.2

1995
2.4 ±0.1

2820 + 60
24.7 ±0.7
419± 18
26.0 ±2.1
3.5 ±0.1

fuBq/m3l
Range

<0.3
<0.18-<1.2
690 - 9450

<2.7- 116.1
65 - 1730

<3.4 - 286.6
0.5 - 28.2

<0.3 - 30.7
720 - 9760
<1.2-94.6
123 - 1380
<0.6 - 469
<0.3 - 20

n

331
301
331
331
104
330
331

456
456
456
170
455
455

Maximum (
Location

Katowice
BiaJystok
Warszawa
Katowice
Warszawa
Katowice
Katowice

Lublin
Warszawa
Katowice
Warszawa
Katowice
Krak6w

)f concentration
Period

4 - 11.07
5 - 12.09

25.07-01.08
14-21.02
19-27.12
10-17.01

1 - 7.02

16-23.10
22 - 29.05
23-30.10
16-23.01
21-28.08
24-31.07

*) n - number of results obtained by all stations.

11
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Table 2. Annual summaries of total dust contamination in Poland in 1994 and
1995.

Radio-
nuclide

137Cs

7Be
7Be
*K

2iopo

^ a
^ R a

137Cs
7Be
*K

210pb

^ R a
^ R a

Concentration

Mean ± a -Jn
1994

0.052 ± 0.002

49.4 ±1.3
2520 ± 70

0.57 ± 0.02
7.0±0.3

0.46 + 0.03
0.10 + 0.006

1995
0.046 ± 0.002

56.4 ±1.3
24.7 ±0.7
8.1±0.2

0.46 ±0.01
0.07 - 0.002

[Bq/ftl
Range

0.005 ±
0.337

<0.18-<1.2
11.5- 135.2
0.09 - 2.9
1.8 - 17.9

0.06 - 4.04
0.01-0.68

0.006-0.718
7.1- 176.4
<1.2 - 94.6
2.3-19.3
0.01-7.9

0.005 - 0.42

n

299

301
299
299
104
298
299

450
450
456
170
449
449

Maximum of concentration
Location

Gdynia

Bialystok
Gdynia

Gdynia
Swider

Katowice
Gdynia

Gdynia
Bialystok
Katowice
Warszawa
Katowice
Gdynia

Period

8 - 16.08

5 - 12.09
27.12-2.1.95
27.12-2.1.95

19-27.12
13 - 20.06
10- 17.10

9 - 15.05
9 - 15.05
23-30.10
16-23.01
18-27.12
9- 16.01

*) n - number of results obtained by all stations.

PL9702350

2.2 RADIOACTIVITY OF THE ENVIRONMENT AND FOOD IN
POLAND IN 1994-1995*

D. Grabowski, W. Kurowski, W. Muszynski, B. Rubel, G. Smagala,
J. Svvi^tochovvska, J. Wilgos
Radioactive Contamination Department

The analysis of the level of radioactive contamination in environmental and
food samples was carried out in Poland in 1994-1995. The results were
compared to the data from the period 1985-1986. Since the Chernobyl accident
gradual decrease of contamination level has been observed. The gamma dose rate
and the contamination of air, fallout, tap and surface water were at the level of
1985. The only contamination enhanced in relation to pre-Chernobyl period was
the content of cesium isotopes in soils; as a consequence, food contamination
was higher, particularly products of animal origin. At present, the source of
additional dose is ingestion of artificial isotopes with food as a result of food
contamination. No significant regional differences in the distribution of the level
of cesium over the territory of Poland has been registered. Milk can be assumed

12
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as the main contributor of cesium to the diet; its share is about 40% of annual
intake of cesium. The average annual effective dose equivalent resulting from the
contaminated food consumption, was estimated to be at the level of 14 uSv per
caput of Polish population.

Mean activity of 134Cs, 137Cs, ^Sr in annual fallout in Poland
[Bqrn 2 ]

1985
1986
1994
1995

134Cs
-

753
<0,2
<0,2

U 7 Cs
6

1511
2,2
2,1

^Sr
2
22

<1,2
< 1,0

"Report CLOR nr 128/D, 1995 and Raport CLOR nr 129/D, 1996

137/-Mean activity of Cs in foodstuffs in Poland for periods
1985-1986 and 1994-1995 [ Bq kg1 ]

milk
meat
poultry
fish
eggs
potatoes
vegatables
fruits
cereales

1985
0,3
0,8
0,3
0.3
-

0,2
0,7
0,4
0,6

1986
5,2
16,4
3,1
6,3
2,4
1,2
5,0
8,2
7,4

1994
1,0
2,6
0,7
9 9

0,6
0,6
0,5
0,5
0,4

1995
1,0
2,0
0,8
2,7
0,6
0,6
0,5
0,5
0,3

Annual mean intake of Cs, Cs, Sr via ingestion in Poland [ Bq/year]

1985
1986
1994
1995

134Cs
.

2054
<73
<78

137Cs
325

4324
596
521

"Sr
110
131

< 110
< 110

13
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Per caput annual effective dose equivalent due to radionuclides intakes
via ingestion in Poland [ uSv ]

1985
1986
1994
1995

134Cs
-

34
< 1
<1

137Cs
4

54
7
7

^Sr
6
7

<6
<6

Department of Radioactive Contamination took part in two international
intercomparison of radioisotopes determination in environmental and food
samples.

1994
Intercomparison organized by Analytical Quality Control Services IAEA.
Isotopes of Cs-137 and Cs-134 were determined in soil samples by gamma
spectrometry. Preliminary statistical evaluation shows the results of
determination carried out in the department are satisfactory.

Soil
Test material

IAEA
0326

IAEA
0327

our results

certified
sample
our results

certified
sample

Cs-134
IBq/kRl

3,66

4,60

-

-

Cs-137
[Bq/kgl
125,5

137,5

26,53

25,13

14
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1995
Intercomparison organized by CSL Food Science Laboratory - GEMS\FOOD-
EURO Proficiency Testing Exercise 95/01.
The isotopes of Cs-134, Cs-137 and K-40 in milk powder were analysed. Our
results compared to certified samples presents below table.

Milk powder
Test material

A

B

our results

certified
sample
our results

certified
sample

Cs-134
PBq/kfil

94,8

96,9

21,8

20,56

Cs-137
[Bq/kgl
2767

2629

611

603

K-40
[Bq/kgl

456

436

540

548

2.3 STUDIES ON RADIOACTIVE CONTAMINATION
OF THE BALTIC SEA

D. Grzybowska, M. Suplinska '
Radiation Hygiene Department PL9702351

Studies on radioactive contamination of the Baltic Sea are being carried
by all the Contracting Parties of the Helsinki Convention. The work is based on
monitoring programme coordinated by the HELCOM/MORS Expert Group.
Central Laboratory for Radiological protection takes part in this monitoring with
a permanent program, which was started already in the 1985. The program
involves annual sampling and radioactivity determinations in bottom sediments,
plankton and bentic animals from several stations in the Baltic Sea. The fish
samples were obtained commercially. The water samples for this monitoring
were taken and analyzed by Institute of Meteorology and Water Management,
Sea Division in Gdynia.

The core samples were taken by the sprut corer and were cut into 1 cm
thick slices to 5 cm depth and into 2 cm thick slices to 20 cm depth. The
concentrations of 134Cs, 137Cs, 40K, 226Ra 238Pu and 239-24Opu in samples have been
measured.

For gamma activity measurements •y-spectrometric system based on a
HPGe detector and multichanel analyzer Canberra-90 was used.

Radium and plutonium were determined by radiochemical methods;
226Ra by emanation method (measurement of 222Ra in scintillation chambers)

15
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preceded by separation of radium,, plutonium was separated by ion exchange
technics followed by electrodeposition onto stainless steel disks. The plutonium
activity was measured by a-spectrometry, with 242Pu added as an internal tracer.

Samples were taken in 1994 (12-16.07) and 1995 (3-7. 07) in the region
of southern Baltic Sea and Gulf of Gdansk during the sampling cruises of RV
,,Baltica" and ORP ,,Arctowski"The highest concentration of 137Cs in bottom
sediments in 1994 were observed in cores from Gulf of Gdansk in layers 0-1 cm
and 1-2 cm. Depending of sampling area 137Cs concentrations in both layers
ranged from 303 Bq/kg d.w. to 432 Bq/kg d.w. and from 321 Bq/kg d.w. to 479
Bq/kg d.w., respectively. Much lower concentrations of 137Cs were found in
bottom sediments from the southern region of the open Baltic Sea (31 -196 Bq/kg
d.w.) and in the Bornholm Basin (93-141 Bq/kg d.w.). In 1995 the concentration
of 137Cs in bottom sediments from Gulf of Gdansk in discussed layers ranged
from 269 Bq/kg d.w. to 340 Bq/kg d.w. The high concentration of 137Cs in the
first layer of bottom sediment indicate that the accumulation of this radionuclide
has been cotinued. However, in the majority of cases the highest concentrations
of radiocesium were observed in the second layer (1-2 cm).

Radium concentration in bottom sediment samples from the southern
Baltic Sea ranged from 34-43 Bq/kg d.w.

In 1994 and 1995 the 23924Opu content in Baltic bottom sediments and its
vertical distribution were determined, in samples collected from the Gdansk Basin
(Gulf of Gdansk and Gdansk Deep). The vertical distribution of plutonium differs
markedly depending on the sea region. In samples from the Gulf of Gdansk the
highest concentration of m 2 4 0 Pu were found in the 7-9 cm layer (10.31 Bq/kg
d.w) and 9-11 cm layer (7.96 Bq/kg d.w.) from 1994 and 1995 respectively. In
samples from Gdansk Deep the highest concentration of 239240Pu were found in
the 4-5 cm layer (3.16 Bq/kg d.w.) and 5-7 cm layer (2.39 Bq/kg d.w.),
respectively.

In samples with higher concentration of 239240Pu it was possible to
determine 238Pu. In these samples the 238Pu concentrations ranged from 0.03 to
0.3 Bq/kg and the 238Pu to 239i24° Pu ratio ranged from 0.02 to 0.08.

The obtained data confirm our previous conclusions that the increase of
plutonium concentration in the Gdansk Basin after Chernobyl accident is
negligible. The contamination was caused mainly by nuclear weapon tests.

Benthic animals (molluscs and crustaceans) were caught in Baltic coastal
area. The concentrations of 137Cs in crustaceans were 4.9-9.4 Bq/kg w.w. and
4.7-8.6 Bq/kg w.w., in molluscs body 137Cs concentrations were 2.9-6.5 Bq/kg
w.w. and 4.7-8-6 Bq/kg w.w. in the 1994 and 1995 respectively.

The concentrations of 137Cs in fish flesh in years 1993-1995 are given in
table 1. The mean concentration for all investigated specimens was 10.5 Bq/kg
w.w. in 1994 and 10.7 Bq/kg w.w. in 1995 and were generally lower than in
proceeding years.

The statistical consumption offish in Poland in the years 1994-1995 was
6.5 kg fish flesh per year per person and effective dose equivalent for member of
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population in Poland was less than l|iSv from this source of radiocesium. This
value is overestimated because statistical consumption of sea fish contains also
oceanic fish in which lower concentration is observed.

Table 1. The mean concentrations of Cs-137 in fish flesh in the years 1993-1995
[Bq/kg w.w. ±8]

Species,
Year

1993

1994

1995

Flounder

(4)'
12.7±1.7

(5)
9.0±1.5

(6)
9.4±1.0

Herring

(4)
10.0±2.5

(5)
10.4±1.9

(8)
10.9±1.9

Cod

(4)
13.2±1.0

(4)
12.2±0.5

(9)
11.4±0.8

Spratt

(2)
9.7±0.6

yearly number of samples in parenthesis

PL9702352
2.4 SYSTEMATIC MEASUREMENTS OF GAMMA RADIATION

BACKGROUND AND EARTH SURFACE RADIOACTIVE
CONTAMINATION

J. Henschke, M. Biernacka, J. Jagielak, A. Koczyriski, A. Chfc, K. Mamont-Ciesla,
Sz. Rosinski, A. Sosinska

These investigations are performed in the frame of Polish environmental
monitoring system. The measurements were carried out in 1994-1995 in the
network of meteorological stations of the Institute of Meteorology and Water
Management.

Our measurements enable to create the base of computer-stored
radiological data for the whole country and to obtain a set of radiological maps
of Poland.The results can be presented in form of maps produced in ,,Sinus" or
circle cartodiagram system. The program ,,Sinus" extrapolates results of the
point measurements to the closet vicinity covering the whole area of Poland.The
circle cartodiagram program merely visualizes results of the investigation in
the measurement and sampling points.

At each point measurements of gamma radiation dose rate and 222Rn
concentration in the air were performed. In the same sites soil samples were
collected to determine concentration of the natural radionuclides and cesium
isotopes by means of the spectrometric analysis.

Gamma dose rate was measured using three thermoluminescent detector
sets mounted 1 m above the earth surface. The annual gamma dose was
calculated on the basis of measurements carried out in two six-month periods.
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222Rn concentration was estimated by the method of track detectors
settled in diffusion chambers. The detectors were also exposed during two six-
month periods.

Each sample of soil from the 10 cm surface layer was taken by a knife-
edge pipe in six points laying at the circumference of the circle of 2 m radius and
in the centre of the circle. The measurements of radionuclide concentrations in
soil samples were made using spectrometers with HPGe detectors located in low-
background lead shielding houses. The time of each measurement was 60 000 s.

The mean values of concentrations of natural radionuclides in
soil in Poland are: for 226Ra - 20.7, for 228Ac - 16.6 and for
40K-366 Bqkg"1.
For comparison, the mean world concentration of these radionuclides are
respectively: 16, 26 and 370 Bqkg"1 [1].

The highest mean district concentrations of 226Ra and 228Ac occur in the
south of Poland. It results from the geological structure of our country. For
instance for soil sample taken in Jelenia Gora obtained the results: 74.1 Bqkg"1

for226Ra and 49.4 Bq kg1 for228Ac.
The mean values of 134Cs and 137Cs concentrations in Poland are 0.11

and 3.22 kBq-m'2, respectively. The values of caesium soil concentration range
from 0.01 to 0.59 kBqm"2 for 134Cs and from 0.55 to 15.1 kBqm"2 for 137Cs.
The radiological map of 137Cs concentration is presented in Fig. 1. Because the
number of measurement points was reduced from 300 to 69 in 1994 this map
was made in circle cartodiagram system only. Such distribution of 137Cs
concentration was mainly due to the weather conditions - in particular rainfall -
in Poland in May 1986, i.e. in the period directly after Chernobyl accident. All
results refer to soil samples taken in June 1994.

The mean gamma dose rate of the outdoor radiation for the exposition in
1995 in Poland is 37.0 nGy-h"1 (without cosmic radiation). The mean values for
individual measurement points range from 13.9 to 72.8 nGy-h"1.

The contribution of each radionuclides to external radiation dose rate can
be calculated on the basis of spectrometric measurements of the soil samples
taken in these places. For instance, at the points in which 137Cs concentration are
the highest in Poland, the gamma dose rate due to caesium isotopes is twice as
much as the gamma dose rate due to natural isotopes.

The mean value of outdoor 222Rn concentration in air in Poland is 4.3
Bq-m"3. The mean values for individual points are in the range from 4.9 to 7.3
Bq-m"3. These results relate also to the exposition in 1995.

References:
[1] United Nations Scientific Committee on the Effects of Atomic Radiation:

Ionizing Radiation Sources and Biological Effects, New York, 1982.
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Cs-137 concentration in soil in 1994

is.07

O.55
in kBq/m

Fig. 1. 137Cs concentration in 69 soil sampling points in Poland. Measurements were
done for samples taken in 1994, from the upper layer ( 0 - 1 0 cm).
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2.5 ANCIENT ATMOSPHERE - VALIDITY OF ICE RECORDS*

Z. Jaworowski
Central Laboratory for Radiological Protection

This laboratory was studying, for many years, the historical changes and
geographical distribution of pollution of the global atmosphere with heavy metals
and natural and man-made radionuclides. For these studies the ice samples
collected from ten glaciers between Spitsbergen and Antarctica were used as a
matrix, as it represents the cleanest parts of the surface of the planet. The
experience gained in these glacier studies enabled us to assess the validity of ice
core records of greenhouse gases, which are widely used as proof that, due to
man's activity, the current atmospheric levels of CO2 are higher by 25%, of CH»
by 115%, and of N2O by 19%, as compared with the pre-industrial and ancient
atmosphere. During the last decade, these records became the basic input
parameters in the models of the climatic warming hypothesis. However, no study
has ever directly demonstrated that the content of greenhouse gases in air
recovered from air bubbles in old polar ice, or even from recently deposited
snow, represents the atmospheric composition. Concentrations of CO2 of 135
ppmv, found in the recent firn near the surface of polar ice sheet, much lower
than in the atmosphere (about 350 ppmv), and very high (up to 2450 ppmv) in
the pre-industrial ice, indicate to the contrary. The wide range of CO2 N2, O2 and
noble gas concentrations in air bubbles from pre-industrial ice do not represent
the atmospheric reality, but is, rather, due to fractionation of gases in ice sheets
and in the ice cores caused by many physical and chemical processes.

The fractionation of atmospheric gases in ice sheets has been observed
since the beginning of CO2 studies in ice in the 1950s. Since about 1985,
however, fractionation has been ignored or downplayed by arguments
unsupported by experimental studies, and the ice core analyses are interpreted as
directly representing the atmospheric composition.

In early publications CO2 concentrations recorded in the bubbles from
pre-industrial and ancient ice were often higher than in the present atmosphere.
After 1985, however, the high values were not published.

Recently Jaworowski et al. (1990 & 1992) emphasized that about twenty
physical and chemical processes in polar snow and ice may cause important
changes in composition of air trapped in the ice. The glacier studies of
greenhouse gases, which are fundamental for one of the most important global
issues of the century, were never critically evaluated except for the above cited
publications.

The quality of the ice cores as a material for reconstruction of the past
atmospheric composition is questionable. The air bubbles from the polar ice
cores do not fulfill the absolutely essential closed system criterion mainly due to
the presence of liquid water in polar ice down to the eutectic temperature of -
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73°C. Also inherent cracking of ice cores due to sheeting phenomenon during
decompression of cores opens the routes of migration of gases in and out of the
cores. The value of -280 ppmv, widely accepted from glacier studies foe the pre-
industrial atmospheric CO2 level, apparently results from invalid assumptions,
processes in ice sheets, artifacts in ace cores, and arbitrary rejection of high
readings. To date, glaciological studies are not able to provide a reliable
reconstruction of greenhouse levels in the pre-industrial atmosphere.

References

Jaworowski. Z.: T. V. Segalstad & N. Ono: Do glaciers tell a true atmospheric CO2

story? The Sci. Tot. Environ. 114: 227-284 (1992)
Javvorovvski. Z.; S. TV. Segalstad & V. Hisdal: Atmospheric CO2 and Global

warming: a critical review. Norsk Polarinstitutt, Rapportserie Nr. 39, pp.
75 (1990)

* Published in: Environmental Science and Pollution Research, 1(3, 161-171,
1994.
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2.6 STIMULATORY EFFECTS OF IONIZING RADIATION:

NEW ISSUE FOR REGULATORY POLICY*

Z. Jaworowski
Central Laboratory for Radiological Protection

Since 1959 the International Commission on Radiological Protection
(ICRP) based its rules on an assumption that the relationship between the dose
and effect is a straight line, so that even a dose close to zero has some detrimental
effect (ICRP, 1959). This assumption is called the "linear hypothesis" which
states that there is no dose threshold or a limit below which the effects observed
at high doses cease to appear. The "effects" in this hypothesis are assumed to be
only the detrimental ones, such as decrease in life duration, occurrence of cancers
and genetical damage. It also implies that no new effects occur at low doses.

Over the years the working assumption of ICRP of 1959 came to be
regarded as a scientifically documented fact by the mass media, public opinion,
regulatory bodies and even many scientists. The no-threshold principle, however,
belongs to the realm of administration and it is not a "scientific" principle.

At the time the no-threshold hypothesis became the backbone of the
philosophy and policy of radiation protection, the main scientific evidence came
from epidemiological studies of atomic bomb survivors in Hiroshima and
Nagasaki who were irradiated with doses up to about 6000 mSv. These studies
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indicated that the cancers were induced by single radiation doses, hundreds and
thousands of times higher than the worldwide average annual dose from natural
background radiation, i.e. 2.4 mSv (or 168 mSv over a 70-year lifetime).
Whether any cancers are induced by background radiation or ordinary exposure
of the general population to man-made radiation, however, was not indicated by
the Hiroshima and Nagasaki studies.

The ICRP assumption on linearity was not very realistic. It was generally
accepted, however, because it simplified regulatory work by allowing
extrapolation from the high-dose region - about which we had reliable
epidemiological data - to the unknown, small-dose region. The original purpose
was to regulate the exposure to radiation of a relatively small group of
occupationally exposed persons and it did not involve exceedingly high costs to
society.

In the 1970s, however, ICRP extended the no-threshold principle to
exposure of the general population to man-made radiation, and in the 1980s it
extended the principle to limiting the exposure to natural sources of radiation.
The dose limit for the public was set at 50 mSv over a lifetime. This value is less
than one-third of the global average lifetime dose from background radiation
(168 mSv for 70 years) and many tens or hundreds times lower than the lifetime
dose in many regions of the world.

Limiting exposure below the levels of natural radiation at which millions
of people live since times immemorial, is a logical consequence of the
administrative assumption from 1959: If each dose is detrimental, then one
should also attempt to decrease the risk of background radiation from Mother
Nature, or the risk of man-made radiation even at such trivial levels as 1 mSv per
year.

Yet such reasoning was less than palatable to many scientists associated
with radiation protection. This was not only because of the epistemological
problem of trespassing beyond the limits of knowledge, but also because of the
absurd practical consequences and the moral aspects.

The stochastic phenomenon of radiation carcinogenesis cannot be
predicted for an open system, such as a human being or population. It can only
be done if the radiation dose is much more powerful than the natural dose,
combined with other carcinogenic factors, which we meet in our daily life.
A conception that mathematical models adapted for high dose effects can be
limitlessly extrapolated to low doses and still represent a biological reality is
epistemologically unacceptable. The absurd practical consequences were exposed
by the Chernobyl accident.

The no-threshold principle was applied to the population in regions
contaminated with Chernobyl fallout and led to a decisions about 400,000
inhabitants of Ukraine and Belarus, causing unspeakable suffering,
psychosomatic diseases, and a loss of many billions of dollars. The intervention
level for evacuation was first a 70-year lifetime radiation dose of 350 mSv, or
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about twice the world average natural background dose (168 mSv), which was
then decreased to 150 mSv.

Given the actual figures of natural radiation, one might ask, why
governments of various countries do not relocate populations living in areas
where lifetime exposure to natural radiation exceeds 350 mSv? For example,
why isn't everyone evacuated from Norway, where the average lifetime
dose is
365 mSv and in some districts 1500 mSv Should not the regions of India with
>2,000 mSv or of Iran with >3000 mSv be depopulated?

Beneficial and protective effects of low doses of radiation were known
long ago. In plants, such effects were observed soon after the discovery of
Roentgen radiation in 1895.
In following decades many hundreds of papers on hormetic effects were
published. Since the 1960s, such effects have been ignored in radiation protection
practice, while research on stimulating and adaptive effects of radiation, the
radiation hormesis, has continued. The results of more than 1200 published
papers on hormesis were recently reviewed. Part of the information on positive
genetic effects of ionizing doses of radiation comes from Hiroshima and
Nagasaki. The data from these two cities show that acute irradiation with
moderate doses does not produce any major negative effect on the health of the
following generation. Any minor negative effects that might be produced are so
small that they are submerged in the background noise of naturally occurring
mutational effects; they cannot be demonstrated even by the refined
epidemiological methods that have been used. What can be demonstrated, on the
other hand, are the positive effects. Among the children of parents who survived
the atomic bombings in Hiroshima and Nagasaki there were about 4 percent
fewer deaths between 1946 and 1958 than among the children of parents
unexposed to radiation from atomic bombs; 23 percent less aneuploidy; 29
percent fewer chromosomal aberrations; and 30 percent fewer mutations in blood
proteins (Table 2). Similarly unexpected results were obtained in one of the best
studies in human genetics carried out in Hungary before and after the Chernobyl
accident. Several serious congenital anomalies occurred after the Chernobyl
accident with lower frequency than before.

The UNSCEAR (1994) report reviewed the most important publications
on the stimulating effects of radiation. These effects were found at biochemical,
cellular, and organic levels, in cell cultures, bacteria, plants, and animals. In
mammals radiation hormesis enhances defence reactions against neoplastic and
infectious diseases, increases longevity, and improves fertility. For example in an
experiment with mice the incidence of leukaemias, cancers and sarcomas was
lower in animals irradiated with cesium-137 gamma radiation doses of 2.5 to
20 mSv than it was in non-irradiated controls. The number of all malignant
neoplasms in animals exposed to a single dose of 1000 mSv was more than
30percent lower than in nonirradiated controls. In several experiments, small
initial radiation doses, have been shown to improve the survival of animals
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subsequently irradiated with large, near lethal doses. In other experiments, an
increased life-span was found in animals irradiated with doses between 250 and
3000 mSv.

The 1994 UNSCEAR document concentrates on the elucidation of
mechanism by which radiation hormesis acts at the level of cell control systems
such as protein synthesis, gene activation, DNA repair, stress-response protein
production, radical detoxification, activation of membrane receptors,
proliferation of splenocytes, and stimulation of the immune system. Perhaps most
interesting are the results of studies on human populations which are reviewed in
the UNSCEAR report.

The most recent data showing hormetic effects in humans come from the
former Soviet Union. In September 1957, inhabitants of 22 villages in the
Eastern Urals were irradiated with high radiation doses of up to 1,500 mSv, the
result of a radioactivity release from a thermal explosion in a Soviet military
nuclear facility. About 10,000 people were evacuated and their cancer mortality
was studied during the next 30 years.

From this group, 7852 of the persons studied were divided into three
exposure groups: those who received average doses of 496 mSv, 120 mSv, and
40 mSv. Tumor-related mortality in the 496 mSv group was 28 percent lower
than in the nonirradiated control population from the same region; in the
129 mSv group it was 39 percent lower, and in the 40 mSv group it was 27
percent lower. In the first two groups, the difference from the controls was
statistically significant.

The recognition by UNSCEAR, the most distinguished international
scientific body on the matters of ionizing radiation, of the possibility that low
doses of radiation may result in changes in cells and organisms, which reflect an
ability to adapt to the effects of radiation, may inspire the authorities to begin a
more realistic approach to problems of estimating and managing the risks of
ionizing radiation. The past four decades witnessed regulatory activity, stemming
from the linearity principle, steadily decreasing radiation standards to an absurd
sub-natural level of 1 mSv per year. I believe that the time is ripe for
renunciation of linearity principle in radiation protection of the public, and for
considering a practical threshold dose as a basis for radiation standards.

* Published in: Regulator}' Toxicology and Pharmacology, 22, 172-179, 1995.
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2.7 ANALYSIS OF THE OCCUPATIONAL ANNUAL EXPOSURES
IN 1994-1995

A. Koczyfiski, E. Mazgajska, D. Lach, A. Chec

A personal monitoring service in 1994-1995 has been carried out for
about 6000 radiation workers. The monitoring was based on film badge and
TLD dosemeters. For gamma, beta and thermal neutrons the Kodak Personal
Monitoring Film Type 2, and TL - LiF:Mg, Ti sintered detectors were used,
while fast neutrons monitoring was performed by means of the Kodak NTA
nuclear emulsion. The dosemeters were worn for either 1 or 3 months periods.
The results of measurements are summed up for each calendar year (Table 1). To
accomplish the estimation of occupational radiation hazards in the country, the
results are grouped according to the dose values and type of establishment.

Annual dose greater then limit ( 50 mSv per year) received 1 person in
1994 in industrial establishment and 5 persons in 1995 in scientific and
industrial establishments. Analises of these cases is given in Table 2.
Annual doses less then 0,1 of annual dose limit for occupational exposure
received 97,7% of radiation workers controlled both in 1994 and 1995.
Annual collective dose equivalents and annual mean dose equivalents calculated

for persons employed in different establishments and for the whole population
being monitored are shown in Table 3.
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Table 1. Number of persons covered by individual dose monitoring
in 1994-95 in establishment types and personal dose equivalent ranges.

Establishment

type

SCENTIFIC

INDUSTRIAL

MEDICAL

OTHER

ALL TYPES

Year

of
control

1994
1995

1994
1995

1994
1995

1994
1995

1994
1995

Number of persons

Total

2195
1967

1572
1591

2104
2083

354
350

6225
5991

Annual personal dose equivalent range [mSvl
<3

2174
1941

1409
1439

2030
2020

340
336

5953
5736

3-5

9
3

74
66

41
35

6
6

130
120

5-
15

12
9

73
65

32
27

8
7

125
108

15-
50

0
2

15
18

1
1

0
1

16
22

50-
120

0
2

0
2

0
0

0
0

0
4

120

250

0
0

1
1

0
0

0
0

1
1

>250

0
0

0
0

0
0

0
0

0
0

%*)

99.5
99.3

94.3
94.6

98.4
98.6

97,7
97.7

97,7
97.7

") per cent of persons having received annual dose < 5 mSv.

Table 2. Analysis of cases of personal doses above 50 mSv in industrial
establishments in 1994-95.

Cause of irradiation

Unknown cause of irradiation

Malfunction of gammagraphy unit
-source out of storage position

Number of cases (received dose)
1994

1
(130 mSv)

-

1995
4

(123 mSv; 78 mSv;
67 mSv; 62 mSv)

1
(54 mSv)
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Table 3. Annual collective dose equivalents and annual mean dose equivalents
calculated for persons employed in different establishment types and for the
whole population being monitored in 1994+95.

Establishment
type

SCIENTIFIC
INDUSTRIAL
MEDICAL
OTHER
THE WHOLE
MONITORED
POPULATION

Number of persons

1994
2195
1572
2104

354
6225

1995
1967
1591
2083

350
5991

Annual collective dose
equivalent
[man Svl

1994
2.01
3.03
2.20
0.40
7.64

1995
1.97
3.06
2.06
0.39
7.48

Annual mean dose
equivalent

[mSv]
1994

0.92
1.93
1.04
1.13
1.23

1995
1.00
1.93
0.99
1.13
1.25

Publications in 1994/95.

1. Koczyriski A. "The Cosmic Radiation Exposure on Aircraft Bords" PTJ vol. 38 z.2
1995'

2. Koczyriski A. "The Operational Quantities for Individual Monitoring of External
Gamma and Beta Radiation. Seminar PTFM. PAA, Warsaw- 19.05.1994.

3. Koczyriski A. . Mazgajska E. , Lach D. "Occupational exposure to ionising
radiation of workers controled by CLOR in the years 1992+1994". Conference
PTFM. Krakow 15-M 8 Sept. 1995*
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2.8 ONCOLOGICAL TRANSFORMATION OF MOUSE C3H10T1/2
CELLS AFTER EXPOSURE TO TRITIATED WATER

M. Kowalska
Department of Radiation Hygiene

In this study, tritiated water (HTO) added to the growth medium was
used to induce the oncological transformation of asynchronous, actively
proliferating mouse C3H10T1/2 cells. The final concentration of HTO in the
medium was 37 and 3.7 MBq/ml, respectively. At these concentrations the doses
to the cells from tritiated water |3 rays were delivered at rates of about 10 and 1
cGy/h. Each dose rate was maintained at a constant level throughout the
experiments and total doses of 35, 70, 105 and 140 cGy were varied by changing
the duration of incubation period with tritiated water. HTO concentration in the
medium was checked by liquid scintillation counting with spectrometer LBK
Wallac model 1410.
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The dose rates from HTO P rays were estimated from the specific
activities of tritiated water in the growth medium. These calculations assumed
that tritiated water was distributed uniformly throughout the nucleus, cytoplasm,
and medium and that the concentration of water in the cell was 80 per cent. No
correction was made for tritium incorporated into DNA because analysis of cells
incubated for various time intervals with tritiated water of either 37 or 3.7
MBq/ml indicated no tritium activity associated with the fraction of the nucleic
acid.

When tritium is uniformly distributed throughout the nucleus and
cytoplasm the P decay of tritium results in uniform irradiation to the cell. For
tritiated water, irradiation of the cell from tritium p rays is similar to that
received from external irradiation.

The results of this study (Table I) clearly showed that the reduction of
tritium dose rate from 10 to 1 cGy/h had no appreciable effect on transformation
of C3H10T1/2 cells by tritiated water. However, irradiation at the reduced dose
rate was less effective in killing of C3H10T1/2 cells. The observed increase in
surviving fraction was the consequence of the repair of lethal damage during the
protracted exposure at a reduced dose rate. The repair of lethal damage was not
accompanied by repair of damage related to transformation. This can be
interpreted as the evidence that transformation damage was probably not
repairable or was repaired more slowly than lethal damage.

The oncological transformation of C3H10T1/2 cells after exposure to
tritiated water was qualitatively similar to that following irradiation with X rays.
The morphology of transformed foci induced by tritiated water and by X rays
was the same and the shape of the dose-response curves for the induction of
oncological transformation was similar (Fig. 1). However, the slope of the
transformation induction curve for X rays was less steep than those for tritiated
water. This indicated that the induction of oncological cell transformation by X-
irradiation was less effective than by irradiation with tritiated water.

The results of this study will be used to evaluate the relative biological
effectiveness (RBE) for tritium of tritiated water and to compare with the results
obtained for other chemical forms of tritium.

This work was supported by the State Committe for Scientific Research, Grant No. 6
P207 10804.
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Table II Oncological transformation of C3H10T1/2 cells induced by tritiated
water

Total
dose
[cGy]

Surviving
fraction

±SD

Total No of

2 5-cm-
flasks

Number
of

transformants

Average No of
transformants per

25-cm2 flask Xa

Transformation
frequency per
survivor ±SD

HO"4))
Controls

0 1(0.478)
b

600 3 0.0050 0.201+0.116

HTO at concentration of 37.0 MBq/ml
35
70
105
140

0.937
0.825
0.729
0.621

362
246
250
228

5
6
14
17

0.0139
0.0247
0.0325
0.0403

0.46410.212
0.831+0.337
1.049±0.368
1.394±0.460

HTO at concentration of 3.7 MBq/ml
35
70
105
140

0.987
0.959
0.930
0.902

300
253
201
203

4
11
6
14

O.0134
0.0240
0.0303
0.0402

0.482±0.245
0.800±0.252
1.034±0.434
1.336±0.378

a computed from the portion of flasks without transformants, f, by A,=-lnf

b plating efficiency of control cells

PL9702357

2.9 ONCOLOGICAL TRANSFORMATION OF MOUSE C3H10T1/2
CELLS AFTER X-IRRADIATION

M. Kowalska
Department of Radiation Hygiene

The present study was designated to provide a baseline to compare and
evaluate the results obtained with tritium fj rays. Briefly, asynchronous cultures
of exponentially growing mouse C3H10T1/2 cells were irradiated with X rays
generated by a Simens Stabilipan\250 apparatus at 250 kV and 10 mA. The
applied doses of 35, 70, 105 and 140 cGy were delivered at a X ray dose rate of
10 cGy/min. This dose rate was measured using the Farmer ionization chamber,
routinely calibrated against a ^Co gamma-source. The absorbed doses were
monitored by TLD calibrated with 226Ra gamma-source. Immediately after
irradiation cells were trypsinized and replated for standard assay of oncological
transformation. At least 100 to 200 flasks were plated for each data point. The
number of the flasks was dependent on the expected frequency of oncological
transformation.
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To assess spontaneous and radiation induced transformation, cell
densities per flask were so adjusted that about 300 viable clonogens would
survive the cell plating and radiation exposure. Cells were incubated for 7 weeks
before being fixed and stained to examine for the presence of morphologically
transformed foci. The growth medium was renewed twice weekly for the first 2
weeks and once weekly thereafter. Only foci more than 1-2 mm in diameter were
scored. They were microscopically classified into 3 distinct phenotypes as
described by the IARC/NCI/EPA Working Group. The tumorigenicity of cells
isolated from the foci produced in the C3H10T1/2 system is well documented.
Type II cells are usually tumorigenic in 60 to 75 per cent of the inoculated C3H
mice, type III in 80 to 100 per cent whereas type I and normal cells are not
tumorigenic at all. Therefore, only type II and III foci are scored as oncological
transformants. Parallelly, flasks were plated with about 60 viable clonogens to
determine plating efficiency of control cells and surviving fractions of irradiated
cells. Usually, 5 flsks per point were plated for survival assay. Cells were
incubated for 14 days without refeedings before the resulting colonies were
stained and counted. The minimum number of cells to define a colony as a
survivor was 50.

Table I summarizes all experimental data for cells irradiated with X rays
and for unirradiated control cells. These data are pooled from 2 separate repeat
experiments involving over 1900 culture flasks. After X-irradiation three
different types of foci were observed. Their morphology was similar to that
originally described by Reznikoff. Type I foci appeared as areas of increased cell
density in confluent monolayers byt with no other deviation from the normal
C3H10T1/2 cell morphology. Multilayered aggregates of morphologically altered
cells on confluent monolayers of normal cells designated types II and III foci.
Type III foci predominantely consisted of spindle shaped cells which were very
densely piled up in a criss-cross pattern. Transformed cells that formed type II
foci were only moderately polar. They were extensively piled up but with no
criss-crossing and invasion into the surrounding contact inhibited monolayers.
Following X-irradiation type I foci were frequent but were not scored as
oncologically transformed. However the number of type II plus type III foci rose
in a dose dependent manner. No types I and II foci were observed in all 600
control flasks. Type III foci occured only in 3 controls, indicating that the
spontaneous transformation frequency was low.

The obtained values of the plating efficiency and the spontaneous
oncological transformation were similar to those originally reported by
Reznikoff. Resulting transformation frequencies corrected for survival of the cells
after exposure to X rays also agree with those from other works. This supports
the view that the C3H10T1/2 cell assay is capable of providing objective
measures of oncological transformation.

This work was supported by the State Committe for Scientific Research, Grant No. 6
P207 10804.
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Table I Oncological transformation of C3H10T1/2 cells induced by 250 kVp X
ravs

Total
dose
[cGyJ

0

Surviving
fraction

±SD

l(0.478)b

Total No
of

25-cni-
flasks

600

Number
of

transfomiant
s

Control.
3

Average No of
transformants

per 25-cni- flask

Xa

0.0050

Transformation
frequency per survivor

1SD

(lO-4))

0.201+0.116

X rays
35
70
105
140

0.974
0.866
0.772
0.682

398
401
312
197

4
6
7
11

0.0101
0.0151
0.0194
0.0257

0.377±0.191
0.55010.231
0.71910.282
0.91510.311

a computed from the portion of flasks without transformants. f, by X=-lnf
b plating efficiency of control cells

PL9702358

2.10 RELATIVE BIOLOGICAL EFFECTIVENESS OF TRITIATED
WATER FOR INDUCTION OF ONCOLOGICAL CELL
TRANSFORMATION

M. Kowalska
Department of Radiation Hygiene

To determine the relative biological effectiveness (RBE) of tritiated water
(HTO) compared to 250 kVp X rays for the induction of oncological
transformation, mouse C3H10T1/2 cells were exposed to doses of 35, 70, 105
and 140 cGy both for X rays and HTO (3 rays delivered at the dose rates of 10
and 1 cGy/h.

The resulting transformation frequencies as a function of absorbed doses
were analyzed using a linear dose-response relationship, T=a +bD, where T is the
transformation frequency per 104 surviving cells, D is the dose and a and b are
the coefficients for spontaneous and linear terms of the relationship. The results
from the curve-fitting program (the Statistica analitical software) for the
transformation data are reported in Table I. The coefficient b, i.e. the
transformation frequency per unit dose, for X rays was significantly lower than
those for HTO (3 rays. However, no significant difference (t=2.5, n=3, p=0.09)
was found between the coefficients b for HTO (3 rays delivered at the dose rates
of 10 and 1 cGy/h.

The RBE values were determined using the same methods and
procedures for tritiated water and X rays, and each study was carefully
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controlled for factors known to influence the transformation of the C3H10T1/2
cells.

The maximum RBE values for the induction of oncological cell
transformation and their standard deviations (Table II) were calculated from the
equation:

RBEm = b2/b, ± b2/b, {(A b2/b2)
: + (A b,/b,)2}1/2

where b| and b2 are the coefficients for the linear terms of the dose-response
relationship for HTO and X rays, respectively, and the Ab values are the
associated standard deviations.

The maximum RBE values obtained were 1.78 +0.11 at the dose rate of
HTO (3 rays of 10 cGy/h and 1.69±0.09 at 1 cGy/h. The arithmetic mean of
these RBEs was 1.73.

The calculated values of the RBE for the induction of oncological
transformation of mouse C3H10T1/2 cells indicate that in the case of low dose
exposure (35-140 cGy) the biological effectiveness of tritiated water is generally
greater than that of X rays.

The RBE values in this study are reasonably consistent with those from
works using other in vitro transformation systems. The RBE values obtained here
for the oncological transformation of C3H10T1/2 cells agree also with those for
induction of genetic mutation and chromosomal aberration in mammalian cells in
culture (1-5). The similarity of the effectiveness of tritiated water for the
induction of both oncological transformation and mutagenesis is not astonishing
because the second event in the process of transformation is a mutation. The type
of mutation can vary from small point changes to very large alterations
encompassing many genes. For example, a fall in chromosome number and
multiple translations of certain chromosomal regions are involved in radiation
induced transformation in mouse C3H10T1/2 cells (6).

This work was supported by the State Committe for Scientific Research. Grant No. 6
P207 10804.
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Table I Values of the parameters in the linear dose-effect relationship
fitted to the transformation data

Treatment

X ravs

HTO at 37.0
MBq/ml

HTO at 3.7
MBq/ml

T = a + bD

a b

[10-2 cGy-h

0.198±0.006

0.193±0.028

0.206±0.016

0.478±0.023

O.849±0.033

0.806±0.019

P

4.3xlO"5

(t=37.1:n=3)

3.9xlO"6

(t=82; n=3)

P values for Student's t-test are calculated for the differences between b
coefficients for HTO and X rays

1. Bocian. E.. Ziemba-Zak. E.B.. Rosiek. 0., Sabliriski. J., Chromosome aberration in
human lymphocytes exposed to tritiated water in vitro. Curr. Topics Radiat. Res.
12. 168-181. 1977.

2. Prosser, J.S.. Lloyd, D.C.. Edwards, A.A.. Stather, J.W., The induction of
chromosome aberrations in human lymphocytes by exposure to tritiated water in
vitro. Radiat. Protect. Dosim.. 4, 21-26, 1983.

3. Vulpis. N.. The induction of chromosome aberration in human lymphocytes by in
vitro irradiation with P particles from tritiated water. Radiat. Res. 97, 511-518,
1984.

4. Kamiguchi, Y., Tateno, K., Mikamo, K., Dose-response relationship for the
induction of structural chromosome aberrations in human spermatozoa after in
vitro exposure to tritium (5 rays. Mutat. Res. 228, 125-131, 1990.

5. Chopra. C. and Heddle. J.A., Cytogenetic mesuremnents of the relative biological
effectiveness of tritium. Ottawa, Canada, Atomic Energy Control Board. Report
number INFO-0287. 1988.

6. Lahane. M.M.. Roberts, C.J., Mill, A.J.. Allen. L.A.. Riches. A., Bryant, P.E.,
Briscone. C.V. and Melville. J., Chromosome changes in spontaneous and radiation
transformed C3H1OT1/2 mouse embryo cells. Proceedings of the 10th International
Congress of Radiation Research, edited by Hagen. U.. Jung. H. and Streffer. C.
(Wurzbutg, Germany) 1995, Abstract P13-1 6.
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2.11 STUDY OF VERTICAL DISTRIBUTIONS
OF CONCENTRATIONS OF RADIONUCLIDES AND STABLE Pb
IN THE TROPOSPHERE AND LOWER STRATOSPHERE OVER
POLAND

L. Kownacka, M. Suplihska
Department of Radiation Hygiene

The vertical distributions of concentration of natural radionuclides (7Be,
2l0Pb, 226Ra), fission products and stable Pb have been studied since 1973 above
north-eastern part of Poland. The fission products were introduced formely into
the stratosphere by nuclear explosions and introduced to the troposphere by
Chernobyl accident on April 26, 1986, as well as of 210Pb, 226Ra and stable Pb
the sources of which are permanently located near or at the ground level. Violent
volcanic eruptions also contribute to the atmospheric inventory of natural
radionuclides and are acting as stratospheric sources. The concentrations of 7Be,
a cosmogenic radionuclide, have been also determined in all samples.

The samples of atmospheric particles formed the vertical distribution
have been collected on the filter near the grand level and from 1, 3, 6, 9, 12 and
15 km altitudes. The high altitude samplers were placed inside the fuel tanks of
the MIG-21. The active surface of the filter in sampler is 1380 cm2. The
samplers are powered and operated from the pilot cockpit. During the horizontal
flights of the aircraft paniculate samples were collected by means of the ram
pressure on the filter fastened to the grid inside the tanks. We used the chlorinated
PVC Petrianov filter FPP-15-1.5 which is characterized by great mechanical
strenght, high efficiency and small aerodynamic drag for high flow velocities.
The samplers were calibrated in the wind tunnel of the Institute of Aviation in
Warsaw. We used the special computer program to calculate the volume of air
passing trough the filter for various conditions of the sampling flight. The volume
of air samples ranged from about 160 m3 STP at 15 km to about 2700 m3 STP
at 3 km (STP-standard temperature and pressure at the earth surface, i.e. 760
mm Hg and 15°C). The ground level sampler was equipped with filter holder, air
blower and a gas meter. The active surface of the filter is 1250 cm2.

The samples were analysed by y-spectrometry using HPGe detector and
multi-channel analyser Canberra 90. Because the measured activities collected on
our air filters were low we used radiochemical methods for ^Sr, 137+134Cs, 210Pb,
226Ra determinations. Stable lead was determined by polarography.

In 1994-95 only two series of particular samples formed vertical
distributions of all measured nuclides were collected. The vertical distributions of
7Be in all situations were typical for cosmogenic radionuclides; small
concentrations near the ground level, and increased with altitude. The
concentration and vertical profiles of 210Pb, 226Ra and stable Pb were similar to
what was observed previously. The combined effect of stratospheric and ground
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level sources, and the transport of contaminations in the atmosphere produces
typical parabolic vertical profiles in the atmosphere. The concentrations of ^Sr in
most measurements were below the lower limit of detection. The vertical profiles
of radiocesium concentrations were similar as in previous years.

From 1987 an increase of concentrations of radiocesium at 1 km altitude
have been observed. In this period we received 21 vertical distributions and in 17
we observed these phenomenon This effect is probably connected with the
resuspension effect in the highly contaminated regions of Ukraine, Belorus and
Russia, and the atmospheric mass transport from this Chernobyl region. In order
to confirm the above suggestion we have applied a simple transport model for the
atmospheric boundary layer in which advection and vertical mixing was taken
into account. Resolving the diffusion equation, we showed that the observed
maxima in the concentration profiles may be due to advection of mass of air from
the highly polluted area and vertical exchange by turbulent motion.

2.12 EVALUATION AND VALIDATION OF THE CLRP MODEL
FOR THE TRANSFER OF RADIONUCLIDES IN HUMAN
ECOSYSTEM

P. Krajewski
Department of Radiation Hygiene PL9702360

The new version of the computer code CLRP v.4.4.xla (Concentration Levels
Rapid Predictions) has been written in the Visual Basic Language for Excel 5.0
as an Ad-In application. It consists of dialogs and programs that enable to
communicate with one Scenario File simultaneously. Scenario File comprises a
set of worksheets of Excel 5.0. On pair of worksheets is reserved for particular
component input and prediction data.

The aim of this code is to simulate the transport of radionuclides through
environment to humans body, and to examine their fate in the ecosystem. The
Input Parameters Data Base of the code has been created, that allows to evaluate
the radiological impact for: 13II, 134Cs, 137Cs. One is able to set up to 30
radionuclides of 10 elements.
All dynamic processes are described by differential formulas and are solved
numerically. Radionuclide concentrations in the particular components of
terrestrial ecosystem e.g. soil, vegetation, animal tissues and animal products are
calculated as a function of time, following calculated deposition from the
atmosphere. The model considers seasonal changes in the biomass of vegetation
and animal diets, and also specific plowing and crop-harvest dates. Human
dietary' data are included to permit calculation of time-dependent radionuclide
ingestion rates for seven different age group of population.
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The program enables to calculate doses from the following pathways: external
(cloud, ground exposure); internal (inhalation, ingestion) and is designed to
enable the simulation of many different radiological situations (chronic or acute
releases), and dose affecting countermeasures, such as diet components ban,
building shielding as well as stable iodine prophylactics.
During the 1989- 1995 period the CLRP code performance for 137Cs was
checked out in a frame of the International IAEA programme "Validation of
models for the transfer of Radionuclides in Terrestrial, Urban and Aquatic
Environment and Acquisition of Data for that Purpose" on the base of two
..blind" scenarios CB and S. The CLRP model fulfilled requirements of that
programme.
Since 1995 the validation of the CLRP v.4.4.xla for 137Cs and 131I has started in
a frame of International Programme: BIOMOVS II. (BIOSPHERIC MODEL
VALIDATION STUDY, PHASE II).

The aim of this programme is to compare differences between predictions from
different users, all using the same model and the same scenario descriptions, to
establish a better awareness of the potential influence of the user on the modelling
results. The CLRP code was qualified as one of the three codes that has taken
part in this programme. The three codes that have been qualified for BIOMOVS
II purposes and distributed over twelve users are: CHERPACK (Ring Peterson
and S. Chouhan Chalk River Nuclear Laboratories), CLRP (CLOR), RUINS
(Neil Court, Notthingam University).
Using these three codes the predictions for following scenarios have been
performed:
I. BREMEN SCENARIO (Chernobyl 137Cs and 131I), 2. FORT COLLINS
SCENARIO (Nuclear Tests 137Cs), 3. HANFORD SCENARIO (Releases of
1311). The results were presented at the Working Group meeting in Henley, UK,
28-29 March 1996. Final results of BIOMOVS II programme will be presented
and published at the end of 1996.
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Figure 1. The radionuclide transport pathways considered by CLRP model.
The main components of the human ecosystem are presented. Dynamic
processes are marked by -0 arrows, discrete events by V arrows, mixed
dynamic/discret processes by O arrows. Circles indicate possible
countermeasures simulated by the model.
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2.13 INTERCOMPARISONS OF RADON MEASUREMENT SYSTEMS
BASED ON CHARCOAL DETECTORS AND LIQUID
SCINTILLATION COUNTERS USED IN POLISH
LABORATORIES

K. Mamont-Ciesla1 , St. Chalupnik2 , M. Krawczyk3 , K. Pachocki4 , M. Zalewski5

!) Central Laboratory for Radiological Protection, CLOR, Warsaw
2) Central Mining Institute, CMI, Katowice
3) Institute of Building Technology, IBT, Warsaw
4) National Hygiene Institute, NHI , Warsaw
5) Academy of Medicine, AM, Bialystok PL9702361
Introduction
In Poland there are 5 radon laboratories which use systems based on charcoal
detectors and liquid scintillation counters for measurements of radon
concentration in the air. Four of them in: CLOR, IBT, NHI and AM have
commercially available PicoRad system which consists of a liquid scintillation
counter Tri-Carb 1900 TR manufactured by Packard-Canberra and charcoal
detectors, scintillation cocktail and computer program, converting cpm (counts
per minute) into Bqm"3, provided by Niton Corp. The Central Mining Institute
produces its own detectors, uses Quantulus -Wallac Oy counter and determines
calibration coefficient by itself in own radon chamber.
In this paper we present results of domestic and international intercomparison
exercises in which all the systems participated. Domestic exercises were
organized by the Central Laboratory for Radiological Protection to compare
four PicoRad systems and the analogous CMI's system. Two international
comparisons were arranged jointly by IAEA and EPA for all kinds of active and
passive methods being used in the radon dosimetry.
PicoRad system
It is a passive short-term screening method of radon gas concentration
measurements. An activated charcoal radon collector is a 20 ml plastic vial
(diameter of 26 mm and height of 60 mm) with a small aperture container
located at the upper end containing 3 grams of charcoal mixed with a desiccant.
After an exposure, 10 ml of liquid scintillation fluid is poured into the vial
(elution). During about 8 hr. radon adsorbed on the charcoal is desorbed with the
fluid. Next, the vial of liquid scintillation cocktail containing the dissolved radon
is placed in the liquid scintillation (Is.) counter for analysis. The PicoRad
computer program converts cps into pCi I"1 (Bqm"3) applying the following
formula:

C = f, • f 2 - f 3 - f 4 - K - ( n - n 0 ) * )

' Stephen Shefsky, NITON Corp. - Private communication
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where n is the l.s. count rate (in cps), no is the background rate (in cps), the main
calibration constant, K, is 1/0.708 (pCi/l)/cps, or about 1.4 (pCi/l)/cps.
f i, f 2, f 3, and f 4 are correction factors that are each functions with their own
formulas.
• f i is to correct for the decay of the sample's radon-222 (half-life = 3.825

days) from the time that the exposure ended to the time the analysis (l.s.
count) took place :TdeCay •

p _ _ Tdecay / Tdecay constant

11 - e

where Tdecay constant is 476700 sees.
• f 2 is used to account for the exposure duration : Tenure,

r _ i i / i _ -Texposure / Texposure time constant \

where Tenure time constant is about 18 hr., or 64800 sees. Longer exposure times
(greater than 48 hr.) reduce f 2 to nearer and nearer to 1. The results should be
most accurate when the vials are exposed more than 24 hr., but less than 72 hr.
They may be exposed for as little as 8 hr., but they will not be as accurate.
• f 3 is used to correct for incomplete equilibration of the elution in the prepared

sample. The elution time is the period from the preparation of the sample
(adding the liquid scintillation cocktail, or ,,elutant") to the analysis. This
period is called the elution time, or Teiution- It is allowed at least 10 hours for
nearly complete equilibration, where the correction is fairly small:

r- _ i / / i _ -Teiution / Teiution time constant \

where the Te|Ution ,imc constant is about 2 hr., or 7200 sees.
• f 4 is to correct for the temperature of the exposure. Since the activated

charcoal adsorbs radon less effectively at high temperature, and more
effectively at low temperature, it is applied a 3.6 percent per 1°C correction.
The formula is:

Ktemp (Temp - Temp )
4 ~ C i o

where Ktemp= 0.036 / 1°C, Temp0 is the calibration temperature (22.22 °C), and
Tempi is the exposure temperature (°C). Exposure at the same temperature as
calibration gives an f 4 of 1.
The correction for temperature is taken into consideration in the newer version of
the program PicoRad 5.9 which is owned by CLOR in Warsaw and AM in
Bialystok but not by IBT and NHI.
Domestic intercomparisons
The results of the domestic intercomparisons are presented in Table 1. There
were conducted five exposures: two in the CLOR's calibration chamber, two - in
CMI"s chamber and one in NIH's chamber. In the CLOR radon concentrations
of 25.8 and 5.1 kBq-m"3 were used. They were calculated on the basis of the
activity of utilized dry Pylon radium source, period of radon production and the
volume of the chamber (320 I). CMI made two exposures in the same radon
concentration of 50.5 kBq-m"3 for two periods of exposure: long one of 144.5 hr.
and short one of 24 hr. Radon concentration in CMI's chamber was determined
by means of the Pylon instrument AB-5 Radon Monitor. In the fifth exposure,
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that was performed in NIH's chamber, the lowest concentration of 0.30 kBq-m"3

and the exposure period of 46 hr. were applied. The bias coefficient determined
as a ratio of reported value to target value ranges from 0.75 to 1.10. The lowest
and the poorest value of 0.75 was obtained for detectors, that were not tight
enough recapped after the exposure. The second lowest value of the bias
coefficient is 0.80. The mean value equals to 0.944 ± 0.004.
International intercomparisons
In 1994 IAEA jointly with US EPA organized the International Intercomparison
Study for Radon and Radon Decay Product Instruments. It consisted of two
exercises: one was held in the Twilight Mine, Uravan, Colorado - an inactive
uranium-vanadium mine operated by the US Bureau of Mines and the other in
the EPA laboratory in Las Vegas, Nevada. The results for the methods of the
charcoal detector and liquid scintillation counter are collected in Table 2. The
bias values range from 0.886 to 1.078.
Conclusion
The bias coefficients in the three intercomparison exercises reveal that there is
quite good comparability of results for all Canberra - Packard PicoRad systems
which are used in four Polish laboratories: CLOR, AM, IBT, NIH and for the
analogous system applied in the Central Mining Institute. They also confirm
reliability of the calibration of these methods and positively verify the three
calibration chambers in: CLOR, CMI and NHI. All bias values for both domestic
and international intercomparisons are shown in the Figure.

Intercomparisons of Pico-rad
systems used in Polish Rn laboratories

Bias values

0.2

1994

CLOR 1 CLOR 2 CMI 1 CMI 2 NHI TM USA LV USA 0

Place of the exposure experiment

CLOR IBT " A M * NHI CMI

Figure
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Table 1. Domestic intercomparison of the Cannberra Packard PicoRad systems

Institution

CLOR(l)

CLOR(2)

CMI (1)

CMI (2)

Calibration chamber

Temp.
°C

20

20

16

17

Target values (Tv)
Exposure
kBqh/mJ

592.5

600.2

7297

1212

h

23

116

144.
5

24

R i w
kBq/mJ

25.8

5.1

50.5

50.5

Institu-
tion

CLOR
IBT
AM

CMI"'

CLOR
IBT
AM
NHI

CMP

CLOR
IBT
AM
NHI

CMI"1

CLOR
IBT
.AM
NHI

CMI"'

Reported values (R v)

Number
of

samples

4
4
4
4

3
3
3
3
3

3
3
3
3
5

3
3
3
3
3

Range Mean
kBq/m3

18.5-20.3
22.0 - 24.5
22.6 - 24.2

-

4.7 - 4.9
4.5 - 4.9
4.3 - 4.8
5.0 - 5.2

-

47.9 -50.2
46.0 -50.5
39.9 -41.2
51.1 -
56.6
47.9 -
53.0

45.9 - 53.0
49.5 - 57.7
38.7 - 46.7
51.9-60.6
49.6 - 50.5

19.3
23.3
23.3
22.0

4.8
4.6
4.5
5.1
4.9

48.9
48.0
40.6
54.1
50.9

49.6
54.0
43.2
55.7
50.5

Bias =
=Rv/Tv

0.75''
0.90
0.90
0.85

0.93
0.90
0.87
1.00
0.95

0.97
0.95
0.80
1.07
1.01

0.98
1.07
0.86
1.10
1.00

'} PicoRad vials were not recapped tight enough after exposure.
*"J CMI'own detectors and Quantulus - Wallac liquid scintillation counter.
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Table 2. International intercomparisons jointly organized by IAEA & US EPA
in 1995. Results for the Canberra-Packard PicoRad systems.

Target values (Tv)

Place of
exposure

Twilight
Mine-
Colorado

EPA-
Las Vegas
laboratory

Temp.
°C

20

21

*exp

h

48
48
48
48
72

48
48
48
48

Bq/m3

8592
8592
8592
8592
8390

720
720
720
720

Reported values (R v)

Institution

CLOR
IBT
AM
NHI

CMP

CLOR
IBT
AM
NHI

Number of
samples

4
6
10
4
5

4
4
6
4

Range
Bq/m

8303-9282
7250-7875
8272-9221
8611-9491
7413-8108

730-784
530-700
726-801
751-833

vlean

8750
7479
8749
9245
7821

760
688
764
776

Bias =
=Rv/Tv

1.018
0.871
1.018
1.076
0.932

1.055
0.866
1.061
1.078

1CMI' own detectors and Quantulus - Wallac liquid scintillation counter.

2.14 MIGRATION OF 137CS IN SOILS AND ITS TRANSFER
TO MUSHROOMS AND VASCULAR PLANTS IN MIXED
FOREST*

Z. Pietrzak-Flis, I. Radwan, L. Rosiak
Department of Radiation Hygiene PL9702362

Vertical migration of radiocesium in forest soils was extensively studied
after the Chernobyl accident. It has been shown that downward migration of
radiocesium is slow, and that the major part of this radionuclide is being retained
in the organic horizons. Therefore, radiocesium is still easily available for
mushrooms and vascular plants, thus entering into food chains of animals and
man.

The purpose of the study was to determine the vertical distribution of
radiocesium and potassium in mixed forest podsol soils and to evaluate a transfer
of 137Cs from soil to mushrooms and vascular plants. In calculations of
transfer factors (TF), all the nutritive horizons were considered.

The study was performed at two locations in the Kampinos National
Park (KNP), at Truskaw and Palmiry; sampling sites at both locations were ~
200 m x 200 m each. In the mixed forest at Truskaw coniferous trees prevail,
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whereas at Palmiry there are mainly oaks and hornbeams. In both locations the
soil is of the podsol type.

Samples of soils and litter, mushrooms and vascular plants (leaves and
stems) were collected from 20 sites at Truskaw and 36 places at Palmiry.

Samples of soil with horizons Of through B were taken using a 50 cm x
50 cm metal frame or a metal tube of 13 cm in diameter (surface area of 133
cm2). Horizons were separated and analyzed individually. Samples of
mushrooms {Xerocomns badhis and_Paxillus involutes) and/or green plants
(grass, Calhma, Vaccinhim myrtillus, Polypodium vulgare) were taken from the
same area as the soil samples or in close vicinity. By visual inspection it was
estimated in which horizons the root system of the vascular plants was developed.
To evaluate an anticipated increase of 137Cs content locally under the mushrooms
after their eventual decomposition, mushrooms and samples of soil were
collected from beneath these mushrooms over a surface area of 133 cm2. li4Cs,
l37Cs and 40K were determined by gamma spectrometry.

Average deposition of 137Cs in the soils from the KNP was
~ 3 000 Bq m2. About 80% of 137Cs was present in the Of and OhAh horizons,
being in the OhAh horizon slightly lower than that in the Of horizon. After eight
years since the Chernobyl accident, 137Cs remained in almost equal amounts in
Of and OhAh (in each about 40%), and it penetrated only in about 20% to the
deeper mineral horizons (Table 1).

The high retention of 137Cs in the Of horizons can be attributed to the
high content of organic matter. A large difference in the 137Cs content in the
OhAh and Ahl horizons appears to be typical for podsol. The migration of 137Cs
from the OhAh horizon is very small, demonstrating thus the high retention in the
OhAh horizon.

Mean concentrations of the two cesium radionuclides and of potassium
in mushrooms and vascular plants are given in Table 2.

As expected, the concentrations of radiocesium in the Xerocomus
badhis and Paxillus involutes were considerably higher than in vascular
plants. The concentration ratio137Cs/'34Cs in mushrooms and Calluna were
similar to those in the Of horizon, while in the other plants they were higher.
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Table

Horizon

1. Mean 137Cs and potasium concentrations and 137Cs content in soil
horizons at Truskaw and Palmiry in 1994
Concentration

of'37Cs
(Bq kg'dw)

Content of
137Cs

(Bq m'2)

Concentration
ofK

(g kg'dw)

Percentage of
l37Cs content

in horizon (%)
Truskaw

01

Of
OhAh
Ahl
Ah2
B

Total

42±17a

151±67
71±25
25±10
5.2±4.7
0.8±0.7

5.7±3.1

1363±364
1325±447
457±169

95±38
32±28

3278±590

0.9±0.4

4.7±1.4
6.9±0.8
7.8±0.4
7.7±0.4
7.5±0.3

0.2

41.6
40.4
13.9
2.9
1.0

Palmiry
Ol
Of
OhAh
Ah 1
Ah2
B

Total

62±26
143±44
49±19
15±7

4.5±2.4
l.l±0.4

13±7
1150±496
1029±440
475±240
179±87
43±4

2889±711

1.6±0.6
4.4±1.0
6.0±0.8
6.4±0.7
6.3±0.7
6.3±0.7

0.5
39.8
35.6
16.4
6.2
1.5

a - Standard deviation

Table 2; Mean concentration of l37Cs, 134Cs and potassium in mushrooms
and green plants at Truskaw and Palmiry in 1994

Plant

Xerocomus badius
Paxillus involutes

Calluna
Grass

I3'Cs
(Bq kg 'dw)

2588±1636a

2920±1404
149±56
63±26

134Cs
(Bq kg 'dw)

T r u s k a w
58±28
78±43

3.6±1.4
l.l±0.5

K
(gkg"'dw)

37±11
57±12

4.4±1.1
10±4

Number of
samples

10
9

7
9
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P a l m i r y
Xerocomus badius
Paxillus involutus

Coll una
Grass
Vaccinium
mvrti Hits
Polypodium
vulgare

2434±1081
3685±1661

176±52
49±14

92±38
256±79

49±28
97±63

4.0±1.5
1.0±0.5

2.0±0.6
4.0±l.l

39±8
48±15

5.0±0.9
6.3±2.5

4.5±1.1
21 ±2.4

26
6

6
4

17
4

a - standard deviation

Different species of the understorey vegetation take nutrients from
different soil layers. In this work, soil horizons for species were assessed on the
basis of the depth of the rooting system. In case of roots penetrating through
several horizons, the entry of radiocesium from each of the horizons depend on its
availability in the horizon. It has been assumed that the avaiability was controlled
by the content of organic matter (this content was used as a weighting parameter
for calculating the weighted mean concentration).

Transfer factors were calculated as a ratio of 137Cs concentration in
mushrooms or green plants (Bq kg-^d to the 137Cs concentration in the
horizons which have been assumed to be the source of this radionuclide. The
largest TF occurred for mushrooms, being in the range from 17.Oil.8 to 25.8±
4.1. TF for Polypodium vulgare was 2.30±0.43, whereas for the other green
plants it was from 0.44±0.08 for grass to 1.23±O. 15 for Calluna.

The enrichment of the Of horizon in 137Cs from the decomposing
mushroom fruitbodies was evaluated and it was shown that this enrichment can
significantly contribute to the horizontal displacement of radiocesium.

*This work was supported by the Comission of the European Communities under
Contract No. ERB F13 PCT 920050 BfS No FM 8026.

PL9702363

2.15 TRANSFER OF "6Ra TO PLANTS FROM SANDY SOIL

Z. Pietrzak-Flis, L. Rosiak, A. Bankiewicz
Department of Radiation Hygiene

A soil-to-plant transfer was examined for edible plants (potato tubers,
red beet, radish, carrot, parsley, kale, lettuce) and for fodder (grass, alfalfa).
Plants were grown in a sandy soil on an experimental field.

226Ra was determined in soil, in edible parts of vegetables after their
careful washing, and in unwashed grass and alfalfa. 226Ra was determined by
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chemical separation of Ra from soil and plant samples and subsequent alpha
counting of de-emanated radon. It was found that the average concentration of
226Ra in soil was equal to 8.3±1.2 Bq kg"1

 dw.
From concentration of 226Ra in dry plants and in soil transfer factor (TF)

were calculated as a ratio of 226Ra concentration in plant to that in soil.
Table 1 presents average concentrations and corresponding TF values for

potatoes, root and leafy vegetables.

Table 1. Average concentrations of 226Ra in potatoes and vegetables,
and soil-to-plant transfer factors (TF)

Plant

Potatoes

Red beet

Carrot
Parsley

root
leaves & stems

Turnip

Kale

Lettuce

-6Ra, mBq k g 1 ^

93

307

700

1015
1331

449

431

285

TF
io-2

1.12

3.69

8.41

12.2
16.0

5.39

5.17

3.43

The results show that concentration of 226Ra strongly varies for the
plants. In roots the highest concentration was observed for parsley, while the
lowest was in potatoes, being about 9% of that in the parsley. The above ground
parts of parsley contained even higher concentration of 226Ra than its roots. The
plants grew on the same soil, so TF were proportional to the concentration in the
plants.
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Results for fodder (Grass, alfalfa) are given in Table 2.

Table 2. Concentration of 226Ra in grass and alfalfa and soil-to-plant transfer
factor (TF)

Plant

Grass

Alfalfa

•S6Ra, mBqkg'cKv

Mean±SD
(7)*

617±330

(6)*
211±97

Range

206 - 1060

76 - 345

TF
10"2

Mean±SD

7.34±4.06

2.53±1.16

Range

2.45-12.7

0.92±4.15

* numbers of crops

Apart from the differences in the 226Ra concentration between the plants,
there occurred big differences between the crops for the same plant. At average,
the highest values in the range differed from the lowest values by a factor of
about five. There was not found any correlation between the concentration and
vegetative period.

It can be surmised that the variations in the 226Ra concentration can be to
some extent associated with a deposit on the outer parts of plants because the
collected plants were not washed.

The explanation of the reasons for the observed variations in the 226Ra
concentration needs further study. The work is in progress.

PL9702364

2.16 TRANSFER OF ^Th, 230Th, 228Th AND 238U, 234U TO PLANTS
VIA ROOT SYSTEM AND ABOVE-GROUND PARTS*

Z. Pietrzak-FIis, M. Suplinska
Department of Radiation Hygiene

Transfer of thorium and uranium isotopes to plants used as fodder
(alfalfa, grass) and as food (cereals, vegetables, potatoes) was studied. Plants
were grown at the same time on an open field (exposure to dry and wet
deposition, resuspension and soil adhesion) and in a polyethylene tent with an
underground irrigation system (isolation from wet deposition, and from water
splash of soil). A sandy loam soil was used which contained 232Th, 230Th, 228Th,
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238U and 234U in average concentrations of 19.5±1.7, 19,7±1.4, 21.1+1.9,
18.811.3, 19.111.6 Bq kg-ldw, respectively.

Above-ground parts of the plants were washed in distilled water. 232Th,
230Th, 22STh and 238U, 234U were determined in soil, washed plants, rinse and in
unsoluble residue separated from the rinse. Thorium and uranium isotopes were
determined radiochemicaUy in the presence of thorium and uranium tracers
(229Th and 232U) which were added to the ashed samples. The radionuclides were
deposited on stainless steel discs and their activity was measured by alpha
spectrometry.

The concentrations of thorium and uranium isotopes in the washed plants
and in the root of plants are given in Table 1 and 2, respectively. For the majority
of plants grown in the field the concentrations of radionuclides were significantly
higher than those in the plants grown in the tent. Much higher concentrations of
radionuclides for the open field were also found on the surface of the above-
ground parts. On the surface the radionuclides were mainly in form of unsoluble
residue in the contents usually exceeding those in the plants.

Table 1. Average concentrations of 232Th, 230Th and 228Th in plants grown on the
open field and in the tent, mBq kg-1 dvv

Plant

Alfalfa
Grass
Barley
straw
Barley
grain
Spinach
Radish
leaves
&
stems
Radish
roots
Potato
tubers

232

Field

54.218.7
68.118.7

37.9+5.8

7.6+2.6
80.4+12.1

274±29.9

75.2112.4

46.9+6.3

Hi
Tent

35.0+5.4
54.1+8.4

29.014.0

6.2+2.4
55.2113.2

39.316.4

81.1+10.2

21.5+5.4

230Th
Field Tent

63.019.5
84.619.3

40.215.9

9.012.4
91.3+10.5

277±26.7

82.3+9.4

45.615.2

33.012.9
56.418.6

30.5+4.2

7.0+2.6
46.0+11.1

51.H9.4

85.7+10.0

21.5+6.4

"8Th
Field

112113.1
146+13.7

156+13.4

36.4+4.3
167+14.4

481123.4

120112.6

67.517.9

Tent
38.1+5.7
120114.2

121+11.7

34.0+3.8
91.9+17.7

114115.0

120+13.6

40.919.1

The difference between the activity concentrations in plants on the field
and in the tent was taken as a measure of transfer via the above-ground parts of
the plants. The ratio of this difference to the total content of the radionuclides
under the field conditions expresses a contribution of the transfer via above-
ground parts. This contribution varied from nil for thorium in radish roots up to
75% for thorium in radish leaves and stems. Typically, the contribution for the
above-ground parts and roots was similar; this suggests the occurence of the
translocation of thorium and uranium
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Transfer of the radionuclides from soil to plants was expressed by the
ratio of their concentrations in the plants to that in soil. The calculation of
transfer factor(TF) was made only for the tent conditions. The TF for the two
uranium isotopes were similar, ranging from 0.001 (barley grain) up to 0.004
(grass). Similar values of TF were observed for 232Th and 230Th (from 0.0003 for
grain up to 0.004 for radish roots). TF for 228Th was higher by a factor of 1.4 - 5
relative to 232Th.

Table 2. Average concentrations of
field and in the tent, mBq kg-^dw

238 ^34

U and" U in plants grown on the open

Plant

Alfalfa
Grass
Barley straw
Barley grain
Spinach
Radish leaves &
stems
Radish roots
Potato tubers

2 3 8 u
Field Tent

82.319.9
88.217.4
79.1+8.0
24.4+3.1
114115.1

338+32.3
192+15.7
57.316.0

27.814.6
72.519.1
45.3+5.2
23.6+3.1
63.219.9

64.9+10.7
78.0+8.7
34.113.3

Field
87.0110.2
87.216.1
81.9+8.8
23.112.4
132113.3

373134.6
204119.3
63.016.9

J
Tent

31.8+4.9
65.318.5
53.2+7.7
20.012.7
63.2+9.9

58.816.4
83.2+8.6

40.014.15

2.17 RADIOACTIVE CONTAMINATIONS OF WATER
AND BOTTOM SEDIMENTS IN RIVERS AND LAKES

T. Wardaszko, I. Radwan, Z. Pietrzak-Flis
Department of Radiation Hygiene PL9702365

The environmental waters are characterized by occurrence of several
radioactive substances of both natural and artificial origin, in very low
concentrations. From the radiation protection standpoint the most essential
radionuclides in the aquatic environment are I37Cs which is mainly a remainder
from Chernobyl catastrophe fallout, and 226Ra, a natural radionuclide, the
longest-living and most significant of the 3 radium isotopes being dispersed in the
environment by industrial activities in certain regions. Also 3H and ^K are of
interest in this regard.

This study consisted in determinations of the above radionuclides in
surface water - separately in filtered water and suspended matter - and in bottom
sediments. It started in June 1994, was continued in 1995 and is still in
continuation in 1996. Water and sediments were sampled at 10 locations in
Vistula and Odra drainage areas; 3 locations were chosen along each of these
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rivers (in upper, middle and lower part of rivers) and one on each of their 2
principal tributaries (Bug, Narew and Nysa Luzycka, Warta). Moreover, samples
were taken from 10 small rivers debouching directly into Baltic Sea and from 6
lakes in various regions of Poland. Sampling frequency was twice a year (spring
and autumn) for Vistula and Odra with tributaries and once a year for the others.
Sample size was 31 L of water and about 2 kg (wet weight) of bottom sediments
collected at 3 neighboring locations 30 to 50 meters apart. Water was filtered and
then evaporated to 150 ml.

Cesium-137 in water and suspended matter was determined
radiochemically by cesium sorption on AMP bed and beta activity measurement;
as regards bottom sediments, this radionuclide, as well as 40K, was determined by
gamma spectrometry; the same refers to 40K in water (filtered and condensed by
evaporation). Determinations of 226Ra were carried out by chemical separation of
Ra and subsequent alpha counting of adequately de-emanated radon. Tritium was
measured by liquid scintillation counting after electrolysis of 3x300 ml of
distilled water.

The results so for obtained indicate that concentrations of 137Cs in river
waters in Poland are in the range of 2 to 8 Bq m"3, with systematically higher
values in south-western Poland (up to 15 Bq m"3) which is in agreement with the
pattern of distribution of 137Cs concentrations in soils in Poland, measured in
other studies. Suspended matter exhibits, as a rule, about 1/2 of values for
filtered water which indicates that soluble forms of 137Cs prevail. Similar
geographical distribution of 137Cs was found in bottom sediments. Small rivers of
the Baltic coast show lowest concentrations of this radionuclide (mean value
2.8±0.9 Bq m"3). Lakes are characterized by similar values as most rivers, with
one exception of Lake Rogozno (south-east of Lublin) which regularly exhibits
values of 15-20 Bq m"3 which is probably due to more intensive Chernobyl
fallout in that area.

Concentrations of 226Ra in surface waters in Poland are mainly due to
natural occurrence of this radionuclide and are low; however, some rivers in
south-western Poland exhibit enhanced levels of it which can be attributed to
industrial activities, mainly to releases of mine waters from coal mines, some of
which discharge considerable amounts (activities) of 226Ra into environmental
waters. A typical measurement series (autumn 1995) gave results for 226Ra
concentrations in inland rivers (Vistula and Odra drainage areas) presented in
Table 1. It shows that 226Ra concentrations are in most waters of the order of
2 Bq m"3 (soluble fraction) but single elevated values - up to 40 Bq m"3 -
increase the mean about threefold. The lakes and coast rivers have soluble 226Ra
concentrations in water in the lower range of the observed values - up to
1.5 Bq m"3. Insoluble radium concentrations are generally 2-3 times lower.

Tritium in surface waters is low and has concentrations in the range from
detection limit (0.5 Bq dm"3) up to 2.5 Bq dm"3. It is mainly the residual tritium
from global tritium contamination of the hydrosphere caused by nuclear weapons
tests in the 1960s.
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Table 1. Mean concentrations of 226Ra in filtered inland river waters and bottom
sediments

Mean
Mean without enhanced values
Maximum value

Water
Bq m"3

6.0±3.8a

2.2±0.3
41

Bottom sediment
Bq kg"1 dw

24±5
12.7±1.3

43

a standard error of the mean
inmii

PL9702366

2.18 EXPOSURE TO RADIATION FROM THE NATURAL
RADIONUCLIDES INDOORS INVESTIGATION
OF RADIOACTIVITY OF RAWS AND BUILDING
MATERIALS

A. Zak
Dosimetry Department

The Central Laboratory for Radiological Protection supervises the operation
of laboratories investigating natural radionuclides concentration in raw and
building materials, organizes training of the personnel and collects results of the
measurements. Since 1980 till 1995 the results of the measurements of 11,128
samples were stored in our computer data base.

In the year covered in this report (1994-1995) the results for 2787 samples
were stored. In Table 1 numbers of samples investigated in 1994 and 1995 at
different laboratories are presented. The minimum, average and maximum values
of natural radioisotopes concentrations measured in samples of raw and building
materials in 1994 and 1995 are presented in Table 2. The group of industrial
wastes is the most numerous because in this group radionuclide concentrations
most frequently exceed permissible limits. The group of final building materials
is also numerous because their activity content is directly linked with the
exposure to radiation to inhabitants and therefore these materials are investigated
more intensively.

The lowest values of natural isotope concentrations appear in some natural
raw materials (marble, chalk, gypsum, limestones) and therefore control of these
samples is not obligatory. The slag remaining after copper production process
and certain sorts of phosphogypsum distinguish themselves particularly
unfavourably and they are generally eliminated from all applications associated
with housing.
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According to the Instructions No. 234 and No. 234/95 of Institute of Building
Technology (Recommendations for investigating the natural radioactivity of
building raws and materials) the following two criteria of usability of a building
material in housing and public building construction have been assumed.

f, = 0.00027-SK + 0.0027-SR, + 0.0043-Sn, £ 1
f2 = SR a<185Bqkg !

where SK , SRa , STh - concentrations of 40K, ~6Ra and228Th expressed in Bq/kg.
The values of qualification coefficients fi and f2 in 1994 and 1995 are presented
in Table 2.

Radionuclide concentration in natural raw and building materials does not
usually exceed limits for coefficients fi and f;. On the contrary the results for fly
ash samples frequently have values higher than the permissible coefficients fj and
f:. The coefficient fi value for boiler slag samples (Table 2) exceeds significantly
the limit value.

Table 1. Numbers of samples investigated in 1994-1995 at laboratories
supervised by CLRP

Laboratory instigating raws and materials

Design and Research Office of Building Ceramic Industry
in Toruri
Central Laboratory for Radiological Protection in Warszawa
Central Laboratory of Concrete Industry ,,CEBET"
in Warszawa
Power Plant in Lodz
Establishment of Technology and Management of Power
Plant Waste ,,Energopomiar" in Katowice
POLLYTAG S.A. Laboratory in Gdansk
Institute of Building Materials Technology of Civil
Engineering Department. Technical University in Gdansk
POLCARGO Laboratory in Gliwice
Institute of Building Materials of Natural Origin in Opole
,,Energopomiar S.A." Laboratory in Gliwice
Central Laboratory of Building Isolation Materials in
Katowice
Power Plant in Laziska
Academy of Mining and Metallurgy in Krakow

Total

Number of samples
1994
247

123
223

81
263

•

-

-

178
-
49

119
49

1332

1995
385

134
375

31
155

141
12

14
143
25
40

.
-

1455
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Table 2. Concentration of natural radionuclides and the values of qualification coefficients fi and f2 measured in selected
building raws and materials in 1994-1995.

Name of
building raw
or materials

Marble
Chalk

Gypsum
Limestone

Lime
Sand
Marl

Clinker
Still stock

Clay
Clump

Fly ashes
Boiler slag

Metallurgical
slag

Copper slag
Phospho
gypsum

Cement
Lightweight

cellar
concrete

Other concrete
Building

ceramics**'

Number of
samples

2
5
36
13
4
26
8
19
28
6
7

810
390
40

8
1

102
301

9
537

Concentration of radionuclides (S

potassium ^K

28- 29
92- 120
<1- 59
33- 142
<1- 9
16- 172
134-242
<1- 181
44- 540
407-570
397-712

<1- 733
<1- 590
36- 248

674- 806
- <1

<1- 215
186-531

1- 259
25- 618

radium 226Ra
NATURAL

-30
-153
-127
-392
-35

-417
-286
-367
-796
-738
-973

2-
4-
<1-
4-
7-
<1-
7-

24-
18-
17-

30-

S-n,)*

thorium2

ORIGIN RAWS
2
11
15
18
31
12
17

51
54
62
75

-2
-13
-64
-36
-44
-51
-37

-121
-123
-87
-107

INDUSTRIAL ORIGIN I
-1198
-1260
-889

-900
-

7-
19-
13-

287-
-

118
96
120

328

-395
-335
-341

-401
124 -

2-
3-
<1-
<1-
3-

<1-
9-
<1
30-
44-
47-

IAWS
<1-
2-
2-

44-
-

BUILDING MATERIALS
-544
-899

-572
-1198

18-
10-

16-
<1-

53
68

48
70

-141
-164

-124
-160

<1-
7-

9-
3-

2
5
4
7
5
9
12
17
50
56
68

96
79
37

55
36

22
57

26
51

28Th

-2
-7
-8
-18
-7
-28
-15
-23
-88
-85
-82

-194
-210
-115

-73
-

-38
-95

-75
-98

Values of coefficients*'

fi

0.02-0.02-0.02
0.07- 0.08 -0.09
0.02-0.07-0.18
0.03-0.11 -0.20
0.04-0.11 -0.14
0.02-0.13-0.42
0.12-0.15-0.19
0.17-0.25-0.40
0.34-0.51-0.82
0.39- 0.56 -0.75
0.59- 0.68 -0.89

0.11-0.93-1.83
0.12-0.75-1.63
0.12-0.55-1.7

1.20- 1.33 -1.45
- 0.49 -

0.11-0.29-0.46
0.12-0.57-0.84

0.08-0.31 -0.70
0.06-0.58-0.91

f2

2-
4-
<1-
4-
7-
<1-
7-

24-
18-
17-

30-

7-
19-
13-

287
-

18-
10-

16-
<1-

B q k g ' l

2
11
15
18
31
12
17

51
54
62
75

118
96
120

-328

-2
-13
-64
-36
-44
-51
-37

-121
-123
-87
-107

-395
-335
-341

-401
124 -

53
68

48
70

-141
-164

-124
-160

*} Values: minimum - average - maximum **>Bricks, hollow ceramic DHCKS, rooi uies, snapes eu;.
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3. OPERATIONAL ACTIVITIES

3.1 CENTER OF RADIOACTIVE CONTAMINATION
MEASUREMENTS

The monitoring of radioactive contamination of the environmental
components and foodstuffs in Poland is being carried out by the Service of
Radioactive Contamination Measurements (SPSP), supervised by the National
Atomic Energy Agency.

The Service comprises:
1. A network of measuring stations acting within the meteorological stations, the
stations for sanitary supervision, veterinary hygiene establishements, chemical-
agricultural stations, water supply and sewage units. The task of these stations
consist of the systematic measurements of the radioactivity in samples of
components of the environment and foodstuffs.
2. The Center of the Radioactive Contamination Measurements (COPSP)
supervises and coordinates all activities related to the detection and measurements
of radioactive contamination all over the country and carries out the necessary
research. The function of the Center is being executed by the Central Laboratory
for Radiological Protection ( CLOR).

The tasks of the Center are as follows:
- elaboration of measurements program for the stations,
- elaboration of unified measurement methods,
- selection of equipment for the stations,
- collection and elaboration of measurement results reported by the stations,
- elaboration of reports and analyses of the radiological hazard level.

The monitoring of radioactive contamination is conducted with regard to
air aerosols, total fallout, atmospheric precipitation, surface water, tap water,
sewage, soil, plants and foodstuffs.

Nine meteorological stations perform duty of alarm stations for the case
of extraordinary increase of radioactivity level.

3.2 EARLY WARNING RADIATION MONITORING NETWORK

The early warning radiation monitoring network (see figure below) consists
of:
- 9 stations of the Service of Radioactive Contamination Measurements acting
within the Institute of Meteorology and Water Management,
- 9 aerosol sampling stations ASS-500 run by different institutes, under
supervision of CLOR
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Nine in-field stations of the Institute of Meteorology perform duty of alarm
stations with regard to the extraordinary increase of radioactivity level on the
territory of the country; they form a warning system. They carry out continuos
measurements of gamma dose rate and radioactivity measurements of air aerosols
and of total fallout samples.

Nine high volume air sampling stations type ASS-500 work on a weekly cycle
in normal radiological situation. In the case of emergency the frequency of
sampling can be increased. This enables performing spectrometric measurements
of natural and artificial radionuclides deposited on filters in wide range of their
concentrations.

tf Network of alarm station

* Aerosol Sampling Station ASS-500

• oily gamma dose rate
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3.3 RADIATION MONITORING NETWORK OF EARLY WARNING
STATIONS

D. Grabowski, W. Muszynski, B. Rubel, G. Smagala, J. Wilgos
Radioactive Contamination Department

In the frame work of the Service of Radioactive Contamination
Measurements (SPSP) 9 field stations of the Institute of Meteorology and
Water Management have been designated as warning stations. They are earring
out continuous measurements of gamma radiation dose rates and radioactivity
measurements of 24-hour day samples of air (aerosols) and of total fallout.

The air aerosols samples are collected on the filter from the height of 2 m
above the ground. Air volume is about 200-300 m3 per 24-hour day. Total beta
activity of samples is measured immediately after collection
(T o ) and after 1 hour (T,). The ratio of results of these two measurements gives
information on environmental radiological situation. In normal radiological
situation mainly natural short-lived radionuclides-daughters of 222Rn and 220Rn
contribute to the activity of filter and their concentration can range from several
mBq m" to a few Bq m"3, depending on meteorological conditions. Hence, the
result of the second measurement is much lower because of the radioactive decay.
Analysis of measured values indicates that the ratio T,:T0 is less than 0,8 for
normal radiological conditions.

In emergency situation also artificial long-lived radionuclides are
collected on the filter, so the values for immediate and after 1 hour total beta air
activities are similar. Information on the rapid increase of air contamination in
April 1986 was submitted by the warning station in Mikolajki before any other
notification on nuclear accident in Chernobyl.

In normal situation the coded results from alarm stations are transmitted
daily by the specialized meteorological network METPAK to the Center of
Radioactive Contamination Measurements. Specially designed computer program
decodes all results and gives us daily report of gamma dose rate (in uR/h), total
beta contamination of the air (in mBq m'3) measured immediately after the
collection of sample and after 1 hour and the ratio of these two results (Ti.T0).

The information about the emergency situation is transmitted to the
Center immediately by the network METPAK. The specially coded message has
the top priority in meteorological network before any other data. If the
abnormal situation occurs, all alarm stations will measure radioactivity of air
every two hours.

The warning stations of the Service of Radioactive Contamination
Measurements assume that the emergency occurs if:
- gamma dose rate increases to 1,5 times of the value of natural background and
keeps that level for 1 hour, and
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- air contamination measured immediately after sampling aerosols on filter is in
excess of 3 Bq m"3 and during 1 hour decreases less than 20 percent; this is a
proof that the increase of radioactivity is connected with an appearance of
artificial radioisotopes in the air being monitored.

In the period of 1987-1995 there has not been registered any emergency
radiological situation in Poland.

Investigation and assessment of long-term changes of the air contamination
level are based on the values of measurements performed after 120 hours from
collecting of the sample. The levels of radioactive air contamination for period
1987-1995 are similar to those registered in 1985.

Total beta activity of total fallout daily samples is measured after 120
hours from collection. Activity of annual fallout is calculated as a sum of daily
samples activities.

Annual mean gross beta air activity in Poland

vears
1985
1986

1987-1995

beta activity fmBq m"3l
1

964
1

Gross activity of mean annual fallout in Poland

years
1985
1986
1987

1988-1989
1990-1993

1994
1995

beta activity [kBqm*2l
0,41
19,01
0,53

0,45- 0,43
0,39- 0,36

0,34
0,33
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3.4 POLISH POINT OF CONTACT IN THE INTERNATIONAL
NOTIFICATION SYSTEM OF NUCLEAR ACCIDENTS
AND RADIOLOGICAL EMERGENCIES

The Service of the Polish Point of Contact (PPC) is being carried out
round the clock by the officers in the point of contact and experts on ,,call' duty.
For economy reasons, the officer on duty in the point of contact is at the same
time the officer on duty in the Dispatch Center of Emergency Service. In the
framework of the activities of the PPC the following contacts took place:

An information was received from the Helsinki Commmission (Baltic
Marine Environment Protection Commission), about incident at Leningrad NPP
on 22 Feb., 1994.
The released amounts of radioactive nobel gases and long living radionuclides
were 6% and of 1-131 - 35% of daily limited release for the Leningrad NPP. The
release was caused by leakage from the makeup water circuit of the first unit of
Leningrad NPP

Another message was received on incident at the third unit of Chernobyl
NPP. On 18 April 1994 the low level of water in the emergency core cooling
system caused the automatic shutdown of unit 3. None information on accidents
of NPP was submitted to PPC in 1995.

Exercises on comunication efficiency in case of a nuclear accident
between Emergency Response Unit of IAEA and PPC have been carried out by
fax, telex and dedicated meteorological communication line.

In 1995 PPC participated in the Russian test ,,GROM-95" conducted at
Leningrad NPP.

Bilateral exchange information has been establish between PPC and the
Federal Alarm Centre in Austria.

3.5 RADIOLOGICAL MAP OF POLAND

A project on ,,Radiological map of Poland" has been carried out in
CLOR since 1988. Our measurements created the base of compurterized
radiological data for the whole country which were used for making the
radiological maps of Poland.

The investigations are performed using the network of meteorological
stations (about 300 points) of the Institute of Meteorology and Water
Management located all over Poland.
For each point the following measurements have been made:
- gamma dose by means of thermoluminescent detectors,
- outdoor 222Rn concentration by means solid state track detectors,
-natural radionuclides and 134Cs and 137Cs concentrations in 10 cm deep soil

layer, with application of spectrometric method.
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Our results can be presented in form of the maps produced by the method
of circle cartodiagrams and in the ,,Sinus" system which enables extrapolation of
point values onto the whole area of the country.

Service and control activities carried out by the Natural
Radioactivity Section of the Dosimetry Department
in 1994 and 1995.

-The measurements of the natural radioactivity of 262 samples were carried
out, as well as 137 opinions regarding the applicability constructing materials for
dwellings and roads and other industrial applications were granted.

-The measurements of the X-ray emission from 37 computer monitors and
color TV-sets were caarried out. All tested equipment complied with the Polish
Norm PN-88/T-06250 - ,,Consumer Electronic Equipment - the Safety of the
Utilization and Testing Methods".

-Twenty seven security control devices (model HI-SCAN) were tested and the
radiation exposure to the staff and passengers has been evaluated at the Warsaw
Airport.

- The tests of the X-ray emission at 10 working sites and the evaluation of the
ionizing radiation risk to the workers at Piaseczno-Polkolor Factory in Piaseczno
were carried out.

3.6 CONTROL OF OCCUPATIONAL EXPOSURE

Control of occupational exposure in 1994-1995 was carried out by
External Radiation Monitoring and Calibration Department for about 352
institutions in the country. The institutions were divided into four groups:

1. Industrial - 161 establishments with about 1590 radiation
workers.

2. Scientific - 77 institutions with about 2000 radiation
workers.

3. Medical - 63 institutions with about 2000 radiation
workers.

4. Other - 51 institutions with about 350 radiation workers.
The total number of monitored persons was 6225 in 1994 and 5991 in

1995. The monitoring was based on film badge and TLD dosemeters. For
gamma, beta and thermal neutrons the Kodak Personal Monitoring Film Type 2,
and TL - LiF:Mg, Ti sintered detectors were used, while fast neutrons monitoring
was performed by means of the Kodak NTA nuclear emulsion. The dosemeters
were worn for either 1 or 3 months periods. As regards exstremity dosimetry, the
hand doses were recorded using TLD. The dosemeters and dose evaluation
program were developed in our department. Analysis of the data on individual
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doses registered over the last two years is given in the next chapter - "Analysis of
the occupational annual exposures in 1994-1995".

3.7 THE ACTIVITY OF CLOR DOSIMETRY CALIBRATION
LABORATORY

H. Dzikiewicz-Sapiecha

The main tasks of Dosimetry Calibration Laboratory at CLOR come under the
following headings:
-calibration of personal dosemeters,
- calibration of radiation protection measuring instruments,
- research work for development of new calibration procedures in
compliance with national regulations and international standards,
-evaluation of particular dosimeter or instrument design.
The determination of an instrument response can be performed at different levels
of details. The qualification tests are performed in order to verify that the
requirements of a specification are fulfilled.The tests are subdivided into two
categories - type test and routine test.
Type test is intended to show that the design of particular model of an
instrument meets certain requirements specified in national or international
standards. These tests are carried by primary or secondary standard dosimetry
laboratory. Routine test - a test to which each individual device is subjected
during or after manufacture to ascertain whether it complies with certain criteria
specified in national or international standards.
The Central Office of Measures in its capacity as a primary standard laboratory
recognized the Calibration Laboratory at the Central Laboratory of Radiological
Protection in 1967 as a center for routine test (calibration) of ionizing radiation
dosimeters and the contamination monitors used in radiation protection practices.
Following kinds of instruments are calibrated at our laboratory:
- personal dose meter and doserate meters, dose equivalent and dose
equivalent rate meters,
- beta, X and gamma radiation dose equivalent and dose equivalent rate
meters for area monitoring,
- surface contamination monitors for photon and beta emitters,
- radiometers applied with alpha, beta and gamma probes.
The different types of instruments are calibrated according to the calibration
procedures which depend on the kind of radiation, instrument measuring range
and required quantity.
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In the years of 1994-1995, about 3800 instruments were calibrated. Fig 1 shows
the diagram of the total number of different types of instruments calibrated in
the year 1995.

Fig.l.

Instruments Calibrated in the year 1995

5 • 7 I

Type of Instrument

1
2
3
4
S
(
7
•
«

10

11

RK-67
RUST
RKP-1
EKO-C
URL
RG-1
RK-10
EKO-D
RBCT
RK-20
RK-21
oihe r

Dosimetric assistance to other CLOR teams also forms a part of the tasks of the
Calibration Laboratory.
The research work for development of radiation metrology and new dosimetric
systems is included also in the activity of our laboratory. The new calibration
procedures for area and personal dosimeters in terms of the ICRU operational
quantities have been prepared in compliance with international standards. In the
year 1993, the ICRU recommended the following quantities:
for area monitoring - Ambient Dose Equivalent, H*(d)

- Directional Dose Equivalent, H'(d.H)
for individual monitoring - Personal Dose Equivalent, HP(d)

Those quantities provide a reasonable and conservative estimation of the primary
dose limits based on Effective Dose HE and Tissue Dose Equivalent HT It was
necessary to bring into practice calibration standards in order to apply equivalent
quantities in the routine practice. For this reason, the suitability of monitoring
equipment to measure dose equivalent operational quantities was investigated.
The energy response can vary depending on what quantity it is intended to
measure. For example, the energy response of the Geiger-Muller RK-67
dosemeter expressed in terms of ICRU quantities is more flat for low-energy
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range (from approximately 60 to 100 keV) than that one determined in exposure,
but still does not meet the IEC standard. As indicated in Fig.l, the number of
calibrated RK-67 dosimeters is about 48% of all instruments. These
considerations showed that users of radiationprotection instruments need energy
compensated G-M dosimeter designed to measure in terms of ICRU quantities.

3.8 MODERNISATION OF CALIBRATION LABORATORY
FOR ESTABLISHING THE SECONDARY STANDARD
DOSIMETRY LABORATORY (SSDL) AT CLARE

H. Dzikiewicz-Sapiecha, J. Zieliiiski

PL9702369

The Calibration Laboratory' (CL) at Central Laboratory for Radiological
Protection (CLOR), established in the year 1960, is responsible for calibration of
personal and area monitoring dosemeters and instruments for radiation
protection. RAPAT Mission in Poland (November 1993) recommended in its
report ,,that a national Secondary Standard Dosimetry Laboratory policy be
considered with the aim to assure that well established facilities be able to
provide good sendee for instruments measuring both low (personnel monitoring,
some environmental measurements) and high level radiation doses and dose rates
(radiotherapy, etc.)". According to national and international regulations, a
calibration laboratory for ionising radiation must be designated as SSDL by the
appropriate national authority ( the National Office of Measures) and than it
will be able to make efforts to join the IAEA/WHO Network of SSDLs.

Taking into account the importance of accuracy of calibration
measurements and the requirements of coherent relationship to international
measurements system, the CLOR has initiated the upgrading of the existing
Calibration Laboratory to achieve the level of the national SSDL for radiation
protection. The technical and organisation assumptions for the SSDL at CLOR
have been prepared according to the criteria for establishment of a SSDL
(prepared by the IAEA Expert Group) ]. The national regulations as well as
recommendations of ICRU, ICRP, IEC and ISO standards on operational units,
calibration procedures and qualification tests were taken into consideration for
preparation of the SSDL s technical assumptions.

The following SSDL's activity is planned:
A. calibration of area and personal dosimeters and instruments for radiation
protection:
B. documentation and preserving records of all procedures and the calibration
results,
C. development of new calibration procedures in compliance with national
regulations and international standards,
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D. co-operation with the IEAE/WHO network and with other metrological
laboratories in the exchange of information and improvement of measurement
instruments and techniques,
E. report on the status of secondary standards, radiation sources, calibration
performed , to the Secretariat of SSDL Network,
F. participation in IAEA Research Programs on Intercomparison for Individual
Monitoring,
G. research programs; organization of dose comparisons within the country.

Modernisation of Calibration Laboratory for establishing the Secondary
Standard Dosimeter Laboratory at CLOR is supported by Polish National
Atomic Energy Agency. The project ..Upgrading of Calibration Laboratory
System for Radiation Protection Measurements" is realised within the framework
of Regular Programme of Technical Co-operation for 1995-1996 of International
Atomic Energy Agency, (project POL9/019).The IAEA Expert Mission on the
Project POL/9/019 was taking place in 1995.The aim of this mission was:
- to visit CLOR and Nofer's Institute of Occupational Medicine (NIOM) for the
assessment of the shielding properties of the irradiation bunkers,
- to visit the National Office of Measures - primary laboratory, the
M.Sklodowska- Curie Memorial Cancer Centre (therapy-level SSDL) and the
National Atomic Energy Agency,
- to elaborate a comprehensive programme for calibration and standardisation of
ionising radiation instruments.

The recommendations for the polish government, CLOR and NIOM, and to
IAEA are included in the report ,,Establishment of Calibration Facilities for
Ionising Radiation in Poland" prepared by dr J. Haider (Vienna, July 1995),
among others the following one:
„ When the calibration laboratory at CLOR becomes operational it should join
the IAEA/WHO Network of SSDLs. In the National Office of Measurement
(GUM) a national SSDL co-ordinating office is to be created under which both,
the therapy-level SSDL and CLRP protection-level SSDL will be organised".

In the year 1995. within the framework of NAEA/CLRP project, the
following documents were prepared and approved by National Nuclear Safety
and Radiological Protection Surveillance:
1.Technical and Economical Assumptions (TEA) for modernisation of
Calibration Laboratory to establish SSIDL at CLOR (designer - Polish Design
Office PROATOM, consultant of the technical and conceptual assumptions -
H.Dzikiewicz-Sapiecha). General descriptions of TEA contains: justification of
the project realisation, laboratory location, premises, responsibilities of the
SSDL, calibration facilities and equipment, technological procedures, laboratory
staff duties.
2.Technical Design for Calibration Laboratory - X ray metrology laboratory
(designer- PROATOM).
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In the year 1995 some of the premises for Calibration Laboratory were
rebuild.The X-ray calibration room with separated control room fulfil the
appropriate requirements relating to radiation shielding, stability of voltage
supply, water supply and water removal for cooling system and control of
environmental conditions, particularly air conditioning.
The irradiation facility is the HF 320 C X-ray Calibration Unit, type 32-00-OOC
produced by PANTAK Company. The measurements section of X-ray unit
mainly consists of table supporting the X-ray tube hausing with lead shielding,
tube collimator, remote control filter device with shutter functions.

The SSDL should be equipped with a large number of measuring
instruments and accessories to carry out many types of calibrations. Actually the
secondary standard dose meter is Universal Dosimeter UNIDOS (manufactured
by PTW) equipped with the ionisation spherical chamber type LS-01 and
Fanner ionisation chamber 0.6 cc.

The project will be probably completed in two years, depending on the
support which is solicited from the IAEA. It is hoped that upgrading the
Calibration Laboratory' System for radiation protection measurements will ensure
high accuracy in monitoring of occupational and public exposure in normal and
emergency radiological situation.

3.9 PREVENTION AND EMERGENCY SERVICE

R. Tanczyk
Prevention and Emergency Service Department

In the years 1994-1995 Central Laboratory For Radiological Protection
(CLOR) continued activity of emergency service, registering and inspections of
users of radioactive source.

At the end of the 1995 year, approximately 2985 users of radioactive
sources were registered at the CLOR. The sources were utilized in medicine,
research, industry and agriculture. Dealrs and producers of radioactive sources
were also registered. In CLOR documents are collected relating to the licensing
and activities of the users. Type and number of users are shown in Table 1.
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Table 1. Number of registered users

Kind of
users

industrial plants utilizing
sealed sources
laboratories utilizing unsealed
sources
laboratories utilizing small
sealed sources
laboratories utilizing large
sealed sources
plants with accelerators
suppliers and services branches
dealing with sealed and
unsealed sources
industrial radiography
total

number of users
begun

activity
in 1994 -

1995 years
78

38

19

12

7
235

22
411

finished
activity

in 1994-
1995 years

56

35

12

17

4
22

14
160

total at the end
of the 1995

year

1481

443

257

72

47
513

152
2965

Inspections were carried out by personnel authorized by President of the
National Atomic Energy Agency.

The users of radioactive sources are routinely inspected, with the
frequency depending on the hazard due to the radiation sources applied. The
main objective of most inspections is the prevention of excessive
radiation exposure and verification of data on the users of sources.

An inspection team was obligated to write a report on site of the
inspection. Such inspection reports containing the findings were prepared by the
inspectors in the presence of the users. Thus, the findings on any
unsafe situations are promptly brought to the attention of users. Number of
inspections is presented in Table 2.
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Table 2. Number of inspections at the radioactive sources users

Kind of
users

industrial plants utilizing
sealed sources
laboratories utilizing
unsealed sources
laboratories utilizing sealed
sources
plants with accelerators
suppliers and services
branches dealing with sealed
and unsealed sources
industrial radiography
total

Number of inspections
1994
67

55

22

1
0

37
182

1995
122

103

15

5
0

29
274

Dispatch Center of Emergency Service (DCES) is located in CLOR. The scope
of round-the-clock activity of DCES is:

a. Receiving notices on radiological accidents and incidents
b. Giving the ,,first-aid" advises and recommendations
c. Supervising the removal of the effects of radiological

accidents and incidents
d. Notification of the police about the radiological

emergency, if necessary.
In order to perform these tasks, the officer of DCES and a team of

technicians-dosimetrists are on permanent duty at CLOR. Their means of
communication include the emergency telephone (number 0-22 11-15-15), a car
and dosimetric equipment (portable radiation monitors, containers, manipulators)
are at their disposal.

The officer on duty is obliged to make a decision on dispatching the
emergency team. If necessary, he should consult his decision with the head of
DCES or the director of CLOR.

In spite of strict control of use and disposal of radioactive
materials, a number of incidents have taken place in the past two years. The most
serious incidents consisted in blocking of the sources in gamma
radiography units. In some cases, sources were lost, stolen or misplaced. These
incidents are presented in Table 3.
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Table 3. Kinds and number of radiological incidents

PL9702371

Kind of
incident

robbery, damage or lost
sources
uncontrolled source in a
public area
smuggling or illegal
possessing of sources
fire in the place of
radiation source
disturbance in work of
devices with source
exceeding intervention
levels of dose
other
total

Number of radiological incidents
1994
27

5

8

9

4

10

15
78

1995
31

3

13

4

6

11

5
73

In 1994 - 1995 DCES collaborated with the:
- National Fire Guard in preventing accidents involving

radiation hazard and,
- Border Guard in preventing uncontrolled exportation

importation of radiation sources.
and

3.10 TRAINING, INFORMATION AND STANDARDIZATION

B. Gostkowska, T. Musialowicz, Sz. Rosinski, J. Rostek, J. Suski
Training, Information and Standardization Department

Among the statutory duties of the Central Laboratory for Radiological
Protection (CLOR) there are also:

- training in radiation protection
- serving as a Center of Scientific and Technical Information
- serving as Secretariat of the Commission for the Radiological

Protection Standardization.

CLOR leads systematicly training of persons which intend to have
qualifications to occupy posts important for radiological protection. For this aim
are organized courses radiation protection inspectors (qualifications B and C
types), for operators of accelerators (qualifications C1 type), for heads of plants
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equiped with accelerators, and for heads of laboratories of the I class
(qualifications E type).

The number of qualifications given in 1994 and 1995 shows the table
below:

year '
1994
1995

together

B

296
278
574

C

228
212
440

Cl

18
132
150

E

20
20
40

together

562
642
1204

Additional training courses for firemen, border guards, custom officers or for
staff of laboratories belonging to radioactive contaminations measurements
network are also organized.

The Center of Information is involved in:
- publication of scientific reports, guides, training materials,

popular papers on radiation protection,
- exchange of materials between information centers in Poland and
abroad.

The Center has its own library containing 5210 volumes.
The library is a subscriber of 28 Polish and 4 foreign journals.

In 1994, due to coming in force a new standardization Law, the CLOR
Branch Center for Standardization was abolished. The new Radiological
Protection Commission was created and CLOR was asked by Polish
Standardization Committee (PKN) to serve as Secretariat of the Commission.
The duties of the secretariat are the same as of the former Branch Center.

In 1994-1995:
-Polish Standard (PN-ISO) ,,Gauges designed for permanent
installation", after public acceptance was prepared for publication;
- Polish Standard ,,Radioactive materials storages" after redrafting was
distributed for comments to members of the Commission;
- Draft Polish Standard ,,Radiological protection in underground mines.
Determination of radium isotopes in water by liquid scintillators using
chemical separation of radium", prepared by other former Branch
Center, was analysed and commented;
- 38 drafts of ISO and 4 drafts of IEC standards were obtained for
comments in the country. National opinion on the draft has been worked
out;
- Draft of Polish Standard prepared by other Commission was
commented;
- Seven meetings of the Commission for the Radiological Protection
Standardization were organized.
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International Co-operation in 1995 CLOR took part in International
Atomic Energy Agency Seminar on ,,Advancements in the Implementation of
New Basic Safety Standards Experience in Applying the 1990 Recommendations
of the ICRP".
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International Symposium on Environmental Impact of Radioactive Releases,
IAEA, Vienna, 1995, p. 640.

Z. Pietrzak-Flis, I. Radwan, L. Rosiak, .Migration of ^7Cs in soils and its
transfer to mushrooms and vascular plants in mixed forest", Sci. Total Environ.
186,243-250,1996

M. Suplihska, ,,Plutonium in sediments of the Baltic Sea in the period of 1991-
1993", Nukleonika, 40 (4), 33-44, 1995.

G. Smagala: „Nuclear Export Controls in Poland". In: ,,Nuclear Export
Controls in Europe", H .Muller (ed), European Interuniversity Press,
Brussels, 1995, pp. 249-259.

4 2 PRESENTATIONS AND COMMUNICATIONS

H. Dzikiewicz-Sapiecha, K.J. Zawanowski „Implementation of the ICRU
operational quantities into radiation protection practice in Poland",
Supplement to Polish Journal of Medical Physics and Engineering", Official
Publication of the Polish Society of Medical Physics, Krakow, 1995

H. Dzikiewicz - Sapiecha „Mobile Radiometrical Laboratory at the
Central Laboratory for Radiological Protection", Workshop on Mobile
Laboratories for Monitoring Environmental Radiation, Prague Czech Republic,
9-13 October 1995

D. Grabowski, W. Muszyriski, B. Rubel, G. Smagala, J. Swietochowska,
J.Wilgos: ,,Radiocesium in Food in Poland in 1985-1993" (in Polish)
Conference: Contamination Protection of Army, Population and Environment,
Warszawa, 15-16.09.1994

D. Grabowski: ,. Radioactive Contamination Monitoring in Poland"
(in Polish) Symposium: Extraordinary Hazard and Risk in the Environment,
Poznan, 10-11.02.1994

D. Grabowski, W. Muszynski: "Polish Radiation Monitoring System"
Danish-Polish Seminar: Co-operation in the Field of Nuclear Safety and
Radiation Protection, Denmark, 21-26.08.1994
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D. Grabowski, W. Kurowski, W. Muszynski, B. Rubel, G. Smagata,
J.Swi?tochowska, J. Wilgos: „ Chernobyl Accident - Effects after
Years " (in Polish), Meeting of the Polish Nuclear Society, Warszawa, 3.12.1994

D. Grabowski, W. Kurowski, W. Muszynski, B. Rubel, G. Smagala,
J.Swi^tochowska, J. Wilgos: ,.Radioactive Contamination in Poland-Present
State" (in Polish), X National Meeting of the Maria Sklodowska-Curie Polish
Radiation Research Society, Warszawa, 6-7.04.1995

B. Gostkowska: „ Exposure to ionizing radiation. Radiation doses. "
(in Polish), Paper presented on GAMMATEST 95, Zakopane.

D. Grzybowska, M. Suplinska; „ Radioactive concentration of the Baltic Sea".
10th Meeting of the Polish Society of Radiation Research, Warsaw, 6-7 April,
1995 (in Polish)

J. Jagielak, M. Biernacka, R. Zarucki, K.A. Isajenko, M. Turkowski: .Method
for Determination of Radionuclides Concentrations in Ground Level Air Using
the ASS-500 High Volume Sampler". International Symposium on
Environmental Impact of Radioactive Releases, IAEA, Wiedeii, 8 - 1 2 maja
1995. Poster, Abstract was published by IAEA, Vienna, 1995.

J. Jagielak, M. Biernacka, R. Zarucki, K.A. Isajenko: „Method for
Determination of Radionuclides Concentrations in Ground Level Air Using the
ASS-500 " High Symposium on Radiation Protection in Neighbouring Countries
in Central Europe - 1995. Portoroz, Slovenia 4 - 8, 1995

A. Koczyhski: "The Operational Quantities for Individual Monitoring of
External Gamma and Beta Radiation. " Seminar PTFM, PAA, Warsaw -
19.05.1994.

A. Koczyhski , Mazgajska E. , Lach D. "Occupational exposure to ionising
radiation of workers controled by CLOR in the years 1992+1994". Conference
PTFM, Krakow 15-18 Sept. 1995.

L. Kownacka, Z. Jaworowski, ..Vertical distribution of natural and artificial
radionuclides in the atmosphere ". Proceedings of International Symposium on
Environmental Impact of Radioactive Releases, Vienna, 8-12 May, 1995 -
IAEA-SM-339/74, pp. 69-77.
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L. Kownacka, „ Variations in vertical distribution of radiocesium
concentrations in the atmosphere". X Meeting of Polish Association for
Radiation Research. Warsaw, 6-7 April, 1995. (in Polish)

L. Kownacka, ..Twenty years study on radionuclides distribution in the
troposphere and lower stratosphere. " Proceedings of 3-rd International Meeting
Nuclear Physics for Protection of the Environment, Dubna, Russia 23-28 Maj,
1995 -in the press.

L. Kownacka " Variations of the vertical distribution of natural and artificial
radionuclides in the atmosphere". Proceedings of the Meeting on Low-Level Air
Radioactivity Monitoring, Ma_dralin,Poland 14-18 February 1994. pp 92-100,
1995.

L. Kownacka, B. Zaj^c, „ Vertical distribution of atmospheric radioactive
contamination up to 15 km ". Proceedings of Conference on Protection of army,
population and environment against contamination, Rembertow, 15-16
September 1994 - WIChiR BIULETYN No 1(25) Warsaw, 1995, pp. 149-161
(in Polish)

P. Krajewski, ..CLRP model for forest environment - model predictions for
Scenario S", Meeting of Multiple Pathways Assessement Working Group on
Validation of Models for Predicting Radionuclide Transfer in Terrestrial, Urban
and Aquatic Environments (VAMP), Oak Ridge, IAEA, 28-31 March , 1994.

P. Krajewski, ,,CLRP model descriptions and individual evaluation of model
predictions for Scenario S". Meeting of Multiple Pathways Assessement
Working Group on Validation of Models for Predicting Radionuclide Transfer in
Terrestrial, Urban and Aquatic Environments (VAMP), Helsinki, IAEA, 20-24
June, 1994.

P. Krajewski, „ Comparison of CLRP model predictions and measured WBC
data for Scenario S", 6-th and Final IAEA/EC Co-ordinated Research Meeting:
Validation of Models for Predicting Radionuclide Transfer in Terrestrial, Urban
and Aquatic Environments (VAMP), Vienna, IAEA, 31 October - 4 November
1994.

P. Krajewski, „ Computer model for the transfer of radionuclides in human
ecosystem". Special RODOS Seminar, Warsaw, November 17-18, 1994
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P. Krajewski, „ Computer modelling of radionuclides transfer in the human
ecosystem ". Proceedings of Conference on Protection of army, population and
environment against contamination, Rembert6w, 15-16 September 1994 -
WIChiR BIULETYN No 1(25) Warsaw, 1995, pp. 149-161 (in Polish)

P. Krajewski, „ Application of the CLRP Model for Assessement of Thyroid
Content and Commited Dose Equivalent for Population of Poland due to
Releases of Radioactive Iodine 3II to Environment. Verification of Model
Prediction on the Basis of Charnobyl Data in Poland". International
Symposium on Environmental Impact of Radioactive Releases, IAEA Vienna
May 1995. IAEA-SM-339, p.p. 214-215.

P. Krajewski, „ Verification of the computer models of the radionuclides
transfer in the human ecosystem". X Meeting of Polish Association for
Radiation Research, Warsaw, 6-7 April, 1995 (in Polish),

P. Krajewski; „ Selected topics: Hitman respiratory tract based on ICRP66
(1994) - Model of deposition, model of clearence"; Polish Association of
Medical Physics (Radiological Preotection Section) and Warsaw Division of
Polish Association for Radiation Research, Warsaw, 14 November, 1995. (in
Polish)

P. Lipihski: ,,Radioactive Sources in Poland'.lAEA Interregional Post-
Graduate Educational Course on Radiation Protection, Argonne National
Laboratory, USA, 19 September - 18 November 1994:

K. Mamont-Ciesla, J. Jagielak, Sz. Rosihski, A. Sosinska, M. Bysiek,
J.Henschke: „Study of indoor radon concentration in Poland". IAEA,
International Conference on ,,Radiation and Society. Comprehending Radiation
Risk", Paris, 24-28 October 1994, Published by IAEA, Vienna, 1994.

Z. Pietrzak-Flis, I. Radwan, L. Rosiak, ,,Transfer of ^^Cs to mushrooms and
green plant in forest ecosystem". Meeting of the members of scientific
programme "Cycling of cesium and strontium in natural ecosystems (CEC
Contract NB 17 0016-C MB), 14-20 Oct. 1994, Thessaloniki, Greece.

Z. Pietrzak-Flis, „ Radiation hazard to population due to X-ray diagnostics and
nuclear medicine in Poland", XXX Berlin-Kolloquium, 28-30 Sept. 1994,
Berlin.
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Z. Pietrzak-Flis, M. Suplinska, „ Transfer of 232Th, 228Th, 238U i 234U to
plants via root system and above ground parts", X Meeting of Polish
Association for Radiation Research. Warsaw, 6-7 April, 1995. (in Polish)

Z. Pietrzak-Flis, I. Radwan, L. Rosiak, .Migration of radiocesium in forest
ecosystem ", X Meeting of Polish Association for Radiation Research. Warsaw,
6-7 April ,1995. (in Polish)

Z. Pietrzak-Flis, M. Suplinska, ,. Transfer of Th-232, Th-230, Th-228 and U-
238, U-234 to plants via root system and above-ground parts", International
Symposium on Environmental Impact of Radioactive Releases, 8-12 May 1995,
Vienna, IAEA-SM-339.

Z. Pietrzak-Flis, I. Radwan, L. Rosiak, „ Influence of potassium in soil on

13 Cs transfer to plants in forest ecosystem". Meeting of the members of
scintific programme "cycling of cesium and strontium in natural ecosystems"
(CEC Contract NB 17 0016-C MB), 11-15 March 1995, Madralin, Poland

G. Smagala: „Study on Polish Nuclear Export Controls" Workshop: Nuclear
Export Controls and Non-proliferation Policy. Freudenstadt, 29.05-1.06.1994

G. Smagala: "The Physical Security of Nuclear Material" Symposium:
Science,Nuclear Non-proliferation and Security Policy. Oberwesel, 8 -
18.07.1994

G. Smagala: "Nonproliferation Policy: A Survey 1993-1995 - Poland"
Workshop: European Nonproliferation Policy: A Survey 1993-1995, Eisenach,
23-25.10.1995

M. Suplinska., „ Distribution of plutonium in bottom sediments of the Baltic
Sea, 1991-1993". Polish Radiochemical Symposium, Jachranka 9-11 May
1994. (in Polish)

M. Suplihska, ,.Has the Chernobyl accident introduced plutonium to the Baltic
Sea", Tenth Meeting of Experts Group on Monitoring of Radioactive
Substances in the Baltic Sea (EC MORS), St.Ptersburg 15-19 May, 1995.
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T. Wardaszko, 1. Polish regulations on handling low radioactivity materials
and their relation to international recommendations. 2. Activieties in Poland
on protection against non-ionizing radiations. 3. Problems of radiation
hazards due to indoor Rn + daughters in Poland. XXXI Berlin-Kolloquium, 4
-6 October 1995, Berlin

T. Wardaszko, 1. ,. Estimates on radiation hazard due to natural radioactivity
in Poland", 2. ,,1/npanned events and radiation accidents in nuclear
technology,' establishments and related to application of radiation sources in
Poland", XXX Berlin-Kolloquium, 28-30 Sept. 1994, Berlin.

The Second International Meeting on Low-Level Air Radioactivity
Monitoring, Mqdralin near Warsaw, 14 -18 February 1994:

1. M. Bysiek, M. Biernacka: „ Radioactivity of ground-level air in Poland in
1993. Results obtained from ASS-500 sampling stations ".

2. J. Jagielak, R. Zarucki, M. Biernacka: ,,The Radiological System in
Poland".

3. P. Lipinski: „ The Microprocessor Controlled Interface for the ASS-500
Station ". Published in Proceedings by CLOR/PAA, Warsaw, 1995.

Scientific and Technical Conference on: ,,Protection of military,
population and natural environment from pollution", WICHiR,
Rembertow, 15-16 September 1994:

1. M. Biernacka, K.A. Isajenko, J. Jagielak, A. Sosihska: ,,High-sensitivity
measurements of radioactive contaminations of ground-level air in Poland".

2. J. Henschke, M. Biernacka, J. Jagielak, A. Sosinska: Systematic
measurements of gamma radiation background and earth surface radioactive
contamination". Published by WICHiR in Bulletin No. 1/23/94.

General Meeting of Polish Nucleonics Society, Warsaw, 3 December 1994.
Three posters:

1. M. Biernacka, K.A. Isajenko, J. Jagielak, A. Sosinska, M. Bysiek, R.Zarucki,
W. Bekiert: ..High sensitivity measurements system of air radioactive
contaminations - ASS-500 station ".

2. J. Henschke, M. Biernacka, K.A. Isajenko, J. Jagielak, A. Koczyriski, K.
Mamont - Ciesla, A. Sosinska: „ Radiological Map of Poland".
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3. A. Zak, M. Biernacka, J. Jagielak, P. Lipiriski: „ Radioactivity of Raws and
Building Materials in Poland"

4.3 REPORTS OF CLOR

H. Dzikiewicz-Sapiecha „ Functioning of Secondary Standard Dosimetry
Laboratory", CLOR, Warsaw, 1994 (in Polish)

D. Grabowski, W. Kurowski, W. Muszyriski, B. Rubel, G. Smagala,
J.Swietochowska, J. Wilgos: ,,Radioactive contamination of environment and
food in Poland in 1993 " (in Polish). Report CLOR nr 127/D, Warszawa, 1994

D. Grabowski, W. Kurowski, W. Muszyriski, B. Rubel, G. Smagala,
J.Swietochowska, J. Wilgos: „ Radioactive contamination of environment and
food in Poland in 1994 " (in Polish). Report CLOR nr 128/D, Warszawa, 1995

4.4 INTERNAL REPORTS

D. Grabowski, W. Kurowski, W. Muszyriski, B. Rubel, G. Smagala,
J.Swietochowska, J. Wilgos: „ Supervising and Analysing of Subsystem for
Monitoring of Radioactive Contamination in 1993" (in Polish) Report for
PAA, Warszawa, 1994

B. Rubel, D. Grabowski, W. Kurowski: "Intercalibration 1994", Results of
intercalibration in the Measuring Stations of the SPSP" (in Polish),
Warszawa, 1994

D. Grabowski: "Measurement Methods of Radioactive Contamination in
Environment Monitoring " (in Polish). Report for PIOS, Warszawa, 1994

D. Grabowski, W. Kurowski, W. Muszyriski, B. Rubel, G. Smagala,
J.Swietochowska, J. Wilgos: „Supervising and Analysing of System for
Monitoring of Radioactive Contamination in 1994" (in Polish) Report for
PAA, Warszawa, 1995
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Reports for the National Inspection for Environmental Protection:

J. Henschke, M. Biernacka, J. Jagielak, A. Sosiiiska: ..Systematic measurements
of gamma radiation background and earth surface radioactive
contamination". Warsaw, June 1994 and July 1995.

M. Biemacka, M. Bysiek, J. Jagielak: ..Exploitation and development ofASS-
500 monitoring stations network. Radioactive air contaminations in Poland in
1994". Warsaw, March 1995.

J. Henschke, M. Biernacka, D. Grabowski, A. Sosinska. Reports for the
Central Statistical Office on environmental radioactive contaminations in Poland.
Published in:

- Statistical Year-book, 1994 and 1995.
- Small Statistical Year-book, 1994 and 1995.

4.5 PARTICIPATION IN CONFERENCES AND SYMPOSIUMS

H. Dzikiewicz - Sapiecha, Workshop on Mobile Laboratories for
Environmental Monitoring (intercalibration measurements), Gerra, Germany,
October 1994

H. Dzikiewicz - Sapiecha, The 10™ Congress ofthe Polish Society
of Medical Physics, Krakow, Poland , September, 1995

H. Dzikiewicz-Sapk'cha, Workshop on Mobile Laboratories for Monitoring
Environmental Radiation, Prague, Czech Republic,-13 October 1995

D. Grabowski. W. Muszynski, Co-operation in the Field of Radiation
Monitoring. V.G.Khlopin Radium Institute, St.Petersburg,8-15.01.1994, IAEA

D. Grabowski, Fourth Training Course on Off-site Emergency Response to
Nuclear Accidents,Commission ofthe European Union, Mol,27.06.-1.07.1994,

D. Grabowski, W. Muszynski. S. Sterlihski, Danish-Polish Seminar: Co-
operation in the Field of Nuclear Safety and Radiation Protection,
Danish Emergency Management Agency, Denmark, 21-26.08.1994,

D. Grzybowska, Studies on radioactive contamination of the Baltic Sea. Ninth
Meeting of Experts Group on Monitoring of Radioactive Substances in the
Baltic Sea (EC MORS). Helsinki 30 May-3 June, 1994
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D. Grzybowska, M. Suplinska, X Meeting of the Polish Society of Radiation
Research, Warsaw, 6-7 April, 1995

M. Kowakka,. X Meeting of Polish Association for Radiation Research.
Warsaw, 6-7 April, 1995.

L. Kownacka, Meeting on Low-Level Air Radioactivity Monitoring, Madralin,
14-18 February, 1994.

L. Kownacka, Scientific and Technical Conference on protection of military,
population and natural environment from pollution", WIChiR, Rembert6w, 15-
16 September, 1994

L. Kownacka, International Symposium on Environmental Impact of Radioactive
Releases, Vienna, 8-12 May, 1995.

L. Kownacka, X Meeting of Polish Association for Radiation Research. Warsaw,
6-7 April, 1995.

L. Kownacka, 3-rd International Meeting Nuclear Physics for Protection of the
Environment, Dubna, Russia 23-28 May, 1995.

P. Krajewski, International Symposium on Environmental Impact of Radioactive
Releases, Vienna, 8-12 May, 1995.

Z Pietrzak-Flis, Conference ,,Berlin-Kolloquium", 28-30 September, 1994

Z Pietrzak-Flis, International Symposium on Environmental Impact of
Radioactive Releases, Vienna, 8-12 May, 1995.

Z Pietrzak-Flis, P. Krajewski, 6-th and Final IAEA/EC Co-ordinated Research
Meeting: "Validation of Models for Predicting Radionuclide Transfer in
Terrestrial, Urban and Aquatic Envirinments (VAMP)", Vienna, IAEA, 31
October - 4 November 1994.

/. Radwan, X Meeting of the Polish Society of Radiation Research, Warsaw, 6-7
April, 1995

L. Rosiak, X Meeting of the Polish Society of Radiation Research, Warsaw, 6-7
April, 1995
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B. Rubel, Fifth Training Course on Off-site Emergency Response to Nuclear
Accidents, Commission of the European Union, Mol,26-30.06.1995,

G. Smagala, Symposium on International Safeguards, Wieden, Austria,
14-18.03.1994

M. Suplihska., Polish Radiochemical Symposium, Jachranka9-ll May 1994.

M. Suplinska, Studies on plutonium concentrations in sea bottom sediments.
Ninth Meeting of Experts Group on Monitoring of Radioactive Substances in the
Baltic Sea (EC MORS), Helsinki 30 May-3 June, 1994

M. Siiplimka, Tenth Meeting of Experts Group on Monitoring of Radioactive
Substances in the Baltic Sea (EC MORS), St.Ptersburg 15-19 May, 1995.

T. Wardaszko, Conference ..Berlin-Kolloquium", 28-30 September, 1994

T. Wardaszko, Conference ,,Berlin-KolloquiunT, 04-06 October, 1995

4.6 INVITED LECTURES IN OTHER INSTITUTIONS

H. Dzikiewicz-Sapiecha Environmental radiological monitoring "
M. Curie-Sklodowska Univercity, Lublin, May 1994,

H. Dzikiewicz-Sapiecha ..Ambient and Directional Dose Equivalent according
ICRU recommendations ", Polish Society of Medical Physics Seminar:
.Operational quantities defined by ICRU: actual sitution and futures
implementation in Poland", Warsaw, 19 maj 1994

D. Grzybowska, Seminar in the framework of bilateral co-operation of CLRP
and V.G. Khlopin Radium Institute in St.Petersburg: Studies on radioactive
contamination of the southern part of Baltic Sea in 1993, 1994 (in Russian)

K.. Isajenko, Seminar, June 1994: ..Exploitation of aerosol sampling station type
ASS- 500". Centre of Radiation and Environmental Monitoring, Minsk, Belarus.

M. Kowalska, Comparison of tritiated water and X ray irradiation influence on
oncological transformation of mouse C3H10T1/2 cells, Meeting of the
Commission on Radiation Prtotection and Radiobiology of the Health Physics
Committee of the Polish Academy of Sciences, 1995
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Z. Pietrzak-Flis, ,,Migration of 137Cs in soils and its transfer to mushrooms and
vascular plants in mixed forest", Laboratory for Radioecology, Nakaminato
Branch, National Institute of Radiological Sciences, Nakaminato-shi, Ibaraki,
Japan, 24.11.1995

Z. Pietrzak-Flis, ,,Radiological situation in Poland after the Chernobyl accident",
National Institute of Radiological Sciences, Chiba-shi, Japan, 7.12.1995

M. Suplihska, Seminar in the framework of bilateral co-operation of CLRP and
V.G. Khlopin Radium Institute in St.Petersburg: The distribution of Pu-239,240
and Pu-238 in sediments of Baltic Sea, 1994 (in Russian)

A. 2ak Training of personnel of laboratories doing systematic measurement of
building raws and materials, (12 lectures in 1994 and 12 in 1995).

4.7 INVITED LECTURES IN CLOR

Burton G. Bennet, UNSCEAR, ,,Worldwide exposures to radiation sources",
April 1995

J. Haider, IAEA expert „ Structure and activities of IAEA. Calibration and
standarization of ionizing radiation, role and duties of the SSDL network", June
1995

4.8 INTERNATIONAL INTERCALIBRATIONS

M. Biernacka - Intercomparison run, determination of radionuclides in soil
materials, IAEA, AQCS, Chemistry Unit Agency's Laboratories, August 1994.

M. Biernacka - Proficiency Testing Exercises, determination of Cs-134, Cs-137
and K-40 in milk powder test materials, WHO, GEMS/Food-Euro, April
1995.

M Bysiek - During 1994 and 1995 monthly reports on concentration of
radionuclides of ground- level air in Warsaw were being sent to laboratories
carrying out similar investigations in Germany, Switzerland, Finland, Italy,
Ukraine and Belarus.
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H. Dzikiewicz-Sapiecha, P. Lipihski, Workshop on Mobile Laboratories for
Monitoring Environmental (intercalibration measurements),Gerra,Germany,
October 1995

H. Dzikiewicz-Sapiecha. P. Lipimki, V. Bekiert, Workshop on Mobile
Laboratories for Monitoring Environmental (intercalibration measurements)
Prague Czech Republic, 9-13 October 1995

D. Grzybowska, Intercalibration of soil sample organized by the IAEA, 1994

D. Grzybowska, Intercalibration organized by the V.G. Khlopin Radium Institute
in St.Petersburg, 1994.

D. Grzybowska, Intercalibration organized by the V.G. Khlopin Radium Institute
in St. Petersburg. 1995.

L. Kownacka, Intercalibration organized by U.S. Environmental Protection
Agency, August, 1994.

Z Pietrzak-Flis. P. Krajewski, Intercalibration organized by U.S.
Environmental Protection Agency, (water, milk), 1994.

Z. Pietrzak-Flis, P. Krajewski, Intercalibration of soil sample organized by the
IAEA, 1994
Z. Pietrzak-Flis, GEMS/FOOD-EURO Proficiency testing exercise 95/01, CSL
Food Science Laboratory, UK, milk powder, 1995

T. Wardaszko, Intercalibration of water samples organized by the IAEA, 1994

4.9 COOPERATION AGREEMENTS

H.Dzikiewicz-Sapiecha, Project POL/9/019 under The IAEA Regular
Programme of Technical Co-operation ..Upgrading of Calibration
Laboratories System for Radiation Protection Measurements" (1995 -1996)

D. Grzybowska, Agreement on co-operation with the Radium Institute in St.
Petersburg, 1994-1995.
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D.Grzybowska, Helsinki Commission, Helsinki, Finland, Common Project of
Baltic Countries. Monitoring of Radioactive Substances in the Baltic Sea,
MORS, 1994 - 1995

J. Jagielak, Physikalisch-Technische Bundesanstalt, Braunschweig and Physik-
Technik Innovation, Erlangen, Germany: Co-operation project in the field of
monitoring the airborne radioactivity in ground level air.

J. Jagielak, Institut fur Atmospharische Radioactivitat, Freiburg, Germany:
Development of ASS-500 stations network for determination of radioactive
pollution of air for early warning system.

J. Jagielak, Golougidramet, Centre of Radiation and Environmental Monitoring,
Minsk, Belarus: Investigations of radioactive contamination of ground level air
using ASS-500 station.

K. Isajenko, Agreement between the Danish Ministry of the Interior, Emergency
Management Agency, and the Polish National Atomic Energy Agency on Co-
operation and Technical Assistance in the Field of Nuclear Safety and Radiation
Protection for 1994 and 1995. The Polish Co-ordinator is the Central
Laboratory for Radiological Protection.

L. Kownacka, Agreement between Central Laboratory for Radiological
Protection and Technical Air Force Institute ,,Atmospheric sampling with
aircraft" 1994-95.

P. Krajewski, International Programme BIOMOVS II - Biospheric Model
Validation Study, Phase II, 1995

Z Pietrzak-Flis, Contract: F13PCT920050 with EU, ,,Cycling of cesium-137
and strontium-90 in natural ecosystems", 1994-1995

Z. Pietrzak-Flis, Cooperation with Paul Scherrer Institute, Radiation Hygiene
Department (Switzerland) for the study on ,,Evaluation of mass loading on
plants", 1994

Z Pietrzak-Flis, IAEA/CEC Co-ordinated Research Programme on Validation
of Models for the Transfer of Radionuclides in Terrestrial, Urban and Aquatic
Environments and Acquisition of Data for that Purpose, 1994
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4.10 INTERNATIONAL COURSES

P.Krajewski, Advanced Course on Radiology, NATO Advanced Study Institute,
19-28 June 1995, Zareczny, Russia

P. Krajewski, Easy-Proteo Training Seminar JRC-Ispra, Italy, 14-15 December
1995

P. Lipinski , IAEA Interregional Post-Graduate Educational Course on
Radiation Protection, Argonne National Laboratory, USA, 19 September - 18
November 1994: ,,Radioactive Sources in Poland".

4.11 REVIEWS AND OTHER WORKS

L. Brunarski, M. Krawczyk, M. Biernacka, K. Mamont-desla, A. Zak:
Elaboration of the new version of Instruction No 234/95 of the Institute of
Building Technology: „ General Guidelines - Determination of Natural
Radioactivity in Raw and Building Materials", Warsaw 1995.

T. Cwik, H. Dzikiewicz-Sapiecha, N. Golnik, K. Morstin, P. Olko, S. Pszona,
R.Siwicki, M. Zielczynski ..Memorandum on quantities recommende by ICRP
for use inprotection against external radiations", Polish Society of Medical
Physics, Radiation Protection Section, Warszawa-Krakow, 1995

Dzikiewicz-Sapiecha .. Technical - Ekonomical Assumptions for estalishment
of Secondary Standard Dosimetry Laboratory at CL OR", consultancy on
equipment and methods proposed for SSDL estalishment at CLOR
PRO ATOM, Warszawa 1994

B. Gostkowska: ,JHow to become the Radiation Protection Officer? "
(in Polish), BJiOR 1994, No. 20, pp. 11-13.

B. Gostkowska, A. Merta: ..Basic quantities, units formidae and indexes used
in radiation protection field. " (in Polish), BJiOR 1994, No. 21,
pp. 26-27.

D. Arnold, J. Jagielak, W. Kolb, A. Pietruszewski, H. Wershofen, R. Zarucki:
..Practical Experience in and Improvements to Aerosol Sampling for Trace
Analysis of Airborne Radionuclides in Ground Level Air". PTB-Ra-34,
Braunschweig, January 1994. Report PTB.
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A. Koczyriski . "The Cosmic Radiation Exposure on Aircraft Bords" PTJ vol.
38 z.2 1995.

P. Lipinski: Calibration of ionization chamber (operating system MD-DOS).
1994. Computer programm

P. Lipinski: Spectrum conversion from Nucleus PC A format to Canberra 90
format. 1995. Computer programm

T. Musialowicz: „ Polish equivalents of english terms used in the field of
radiation safety. " BJiOR 1994, No. 21, pp. 15-19.

T. Musialowicz: „ Radiation Safety. " BJiOR 1994, No. 21, pp. 20-25.

T. Musialowicz: ..New polish regulations concerning limitation of public
exposure to radon. " BJiOR 1995, No. 25, pp. 5-7.

K. Mamont-Ciesla: Radon indoors and outdoors in Poland - Final Report of the
scientific project No. 6161 /R1 /RB-6161 /R2/RB; December, 1994.

K. Mamont-Ciesla, F. Steinhausler: International Intercomparison of Radon
and Radon Daughter Measurement Methods and Equipment, Report for IAEA:
July25, 1994.

K. Mamont-Ciesla, A.Zak, W.Bekiert, A.Mlodawski, M.Wilk, S.Szymariski:
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