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Abstracts. Within framework of international collaboration took place in 1996-1999 State Specialised Enterprise 
"RADEC" (now it is SSSIE "Ecocentre") and Japan Atomic Energy Research Institute (JAERI) was performed 
measurements of equivalent dose of people living at the Chornobyl exclusion zone. In 1997-1998 273 people 
were chosen from 23 villages of the Chornobyl exclusion zone and each of them acquired three dosimeters 
Toshiba GD-400. The first dosimeter was assigned for measurement of external individual dose, indoor dose 
inside dwellings and outdoor dose in yards. Exposition time varied from one to three months. Linear 
approximation of the obtained data gave possibility to find dependence of individual, home and outdoor doses on 
the surface density of 137Cs contamination of village territory. This coefficient for the individual dose was found 
about 0.7 µSv⋅year-1/(kBq⋅m-2) that is agreed with literature data. Also a constant contribution of the natural 
external exposure to the individual dose was found about 0.9 mSv⋅year-1. Availability of results for three types of 
doses (i.e. individual, home and outdoor) let calculate two other useful coefficients, namely the shielding factor 
and the behaviour factor. These factors were found equal 4.8 and 0.39, correspondingly. Studying of variation of 
the experimental data around the approximated values let assess statistics uncertainties of the measurements. 
Having applied the 99% percentile to the distribution of the ratio of the measured dose to the approximation the 
safety factor was found about 3. Also the external radiation long-term series provided by the automated system 
of monitoring of radiation situation (ASMRS) at the Chornobyl exclusion zone were analysed. That analysis 
revealed that the dose rate is leveled off during the last 6 years (taking into account radioactive decay). 

State enterprise "RADEK" (a predecessor of the SSSIE "Ecocentre") and Japanese atomic 
energy research institute (JAERI) within framework of international cooperation in 1995-98 
[1] were carried out measurements of the equivalent dose of gamma exposure in settlements 
of Chornobyl and Poliske rayons (a sort of counties) of the Kiev region and in settlements of 
the Narodichi rayon of the Zhytomyr region, Ukraine. Information obtained in result of these 
measurements have been used in this paper for establishing a relationship between the 
external dose and the density of Chornobyl radioactive fallout in post-accident years, and also 
for comparison of calculated parameters with those presented in other publications [2, 3]. 

1 .  METHOD AND MATERI ALS 

Measurements of equivalent external radiation doses were carried out with luminescent glass 
dosimeters Toshiba GD-400 [4]. They are integrating dose devices for external X-ray, γ-, β-
irradiation, which principle of operation is based on radio-photo-luminescence (RPL) of 
phosphate glass activated by silver. This glass luminesces in orange range under the impact of 
ultraviolet light. Having generated by external exposure a RPL centre does not disappear after 
a readout procedure that allows performing repeated measurements. 

Within framework of the aforementioned research in 1997 - 1998 every participated local 
inhabitant of the contaminated territories received three Toshiba dosimeters for a certain 
period of time (between 1 and 3 months). One of the dosimeters was borne by a participant 
pinned onto his/her outer clothing, another one was kept in home, and the third one was 
fastened to a stick that put into participant's yard. After all the results were collected three 
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values were obtained, i.e. the individual external dose , the home dose  and the outdoor 
dose . 

IE HE
OE

Using all the collected data (the doses E  and the density S  of 137Cs surface contamination in 
the examined settlements), , ( )SEI ( )SE  and H ( )SEO  were linearly approximated. As a result 
of that two values have been determined: 1) conversion factor from the density of 137Cs 
surface contamination to dose and 2) dose from natural sources of radioactivity. Besides that 
the shielding factor and the behaviour factor were calculated. The shielding factor was 
determined as ratio between the outdoor dose and the home dose HO EE and the behaviour 
factor as ratio between the individual dose and the outdoor dose OI EE . 

2 .  RESULTS 

In total 273 people from 23 settlements took part in research during 1997-1998. Some 
dosimeters were lost therefore results were calculated for complete subset of the data only 
(table 1). 

Table 1. Results of research in 1997-1998 averaged by settlements 

Individual dose, 
µSv/year 

Home dose, 
µSv/year 

Outdoor dose, 
µSv/year 

R
ay

on
 Settlement 

(quantity of 
inhabitants) 

Density of 
137Cs 
contamination 
in 1997, 
kBq/m2

Mean Dispers
ion Mean Dispers

ion Mean Dispers
ion 

Nosdrishche (7) 1120 1990 1050 1690 1030 2860 1130 
Zvіsdal (4) 976 1690 455 1280 258 2410 1200 
Hristinivka (45) 919 1730 892 1210 446 2900 1900 
Losnitsja (15) 792 1300 205 1340 239 2200 1080 
Narodichі (22) 604 1390 296 1230 221 2770 986 
Ljubarka (11) 453 1090 172 1040 174 1840 378 
Golubievichi (9) 340 799 67 803 95 1310 245 
Meshilіска (14) 233 999 460 970 457 1140 233 

N
ar

od
its

ky
 

Greslja (4) 78.5 740 87.2 720 59.4 891 149 
Poliske (60) 599 1470 372 1450 465 3430 1460 
Lub'janka (11) 175 1180 271 1130 258 1510 737 
Mar'janivka (1) 148 895 0 1010 0 930 0 
Lugoviki (1) 56.6 1160 0 1230 0 1160 0 
Ragovka (18) 43.3 2140 3950 1540 1030 1450 743 
Maksimovichi (1) 9.59 800 0 852 0 982 0 

Po
lis

ky
 

Krasjatichі (3) 7.07 999 120 994 125 913 17.4 
Kupuvate (7) 98.6 824 60 806 54.3 1100 137 
Іllintsi (12) 69.9 794 178 759 108 876 117 
Parishev (7) 58.8 722 85.9 719 97.9 918 153 
Otashev (5) 56.6 786 141 891 76.8 1090 224 

C
ho

rn
ob

yl
sk

y 

Teremtsі (5) 38.9 707 37.2 677 39.7 814 69.4 

- Jablunіvка (3) 
Malinsky rayon 28.8 1010 187 1000 203 1270 424 
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The minimal value of the individual dose was found 603 µSv⋅year-1 and the maximal one – 
18.3 mSv⋅year-1 (Ragovka, 2.06 mSv in 41 days). The minimal outdoor dose was found 678 
µSv⋅year-1 and the maximal one – 7.71 mSv⋅year-1. 
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Figure 1. Distribution of the individual dose versa the density of 137Cs surface 
contamination. 
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Figure 2. Linear approximation of the individual dose versa the density of 137Cs 
surface contamination. 
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Original distributions of individual, home and outdoor doses versa the density of 137Cs surface 
contamination are shown in figure 1, and result of their linear approximation – 
correspondingly in figure 2. Linear weighed approximation uses a number of inhabitants in a 
settlement as weight factors.  

Distribution of the ratio between the measured dose and the approximation is shown in 
Figures 3. Using this distribution the safety factor was determined as 99% quantile. This 
factor reflects the fact of living of the people at highly inhomogeneously contaminated 
territory. Application of 99% quantile is justified by the radiation safety standards of Ukraine 
NRBU-97 (appendix D-2000, where potential irradiation is considered). According to 
international standards (e.g. BSS-115) the safety factor will be used for estimation of the dose 
constraint. The safety factor obtained in this research is around 3. 
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Figure 3. Distribution of the ratio of measured individual dose to its approximation 

3 .  DISCUSSION 

An important factor of dose formation in distant perspective for the public is temporal pattern 
of the gamma dose rate. Radionuclide 137Cs decays exponentially, so its account is simple. 
Quantitative account of other processes, which contribute as a rule to temporal downtrend of 
the dose rate is more interesting. Such processes are named sometimes as "self-clearance" or 
"vertical deepening" or "self-disposal". It is clear from the names what the processes are 
implied, however, the processes themselves are off discussion in this paper. 

As an appropriate example it is possible to consider Golikov's model that is quoted in [5]. 
According to this model the reduction rate of external dose rate from 137Cs of the Chornobyl 
fallout in Novosybkov area (Bryansk region, Russia) at virgin lands in 1991-2000 made 
approximately 10 % a year, including radioactive decay. After deduction of radioactive decay 
rate the reduction rate of external dose rate for a unit surface activity of 137Cs makes about 8% 
a year. Actually this value should be explained by the vertical deepening of 137Cs in soil.  
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Another typical and an appropriate example of representation of these processes can be found 
in [2] where the following attenuation coefficient R(T) for the external dose rate from 134Cs 
and 137Cs due to deepening in soil is represented: 

R(T) = 0.18⋅exp(-1.4⋅T) + 0.65⋅exp(-0.042⋅T), [T] = year. (1) 

As it is seen from (1), reduction of the external dose rate is described by two half-life time 
values: 0.5 and 16.2 year. Several years after the accident the only second term (16.2 year) in 
expression (1) remained effective. This period of half-reduction corresponds to reduction 4.1 
% of the external dose rate a year. It is possible to say that this value more or less conforms to 
the aforecited data [5] for Novosybkov area. 
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Figure 4. The exposure dose rate averaged for a month collected in two points of the  
automated system of monitoring of radiation situation (ASMRS) of the 
Chornobyl exclusion zone in 1997 - 2003 

The annual reduction rate of 4.1 % gives the overall reduction of the external dose rate for the 
period of time from 1997 to 2003 approximately of 22%. Just for this time (1997 - 2003) the 
exposure rate averaged by month for 2 geographical points of the automated monitoring 
system of radiation situation (AMSRS) of the Chornobyl exclusion zone (Chornobyl and 
Benivka) is shown in Figure 4. The data are plotted while radioactive decay of 137Cs is taken 
into account. Taking into account seasonal fluctuations of the exposure rate, which are 
connected, first of all, with precipitations (rain, snow), six-year observations show 
surprisingly high stability. The line, which accords to Benivka, even shows a certain increase 
of the compensated exposure rate. 

Thus, analysis of temporal profile of the gamma dose rate at the late stage of the Chornobyl 
accident let drawing a preliminary conclusion that factual data (of the two points of AMSRS) 
do not confirm theoretical forecasts for the reduction rate of external dose rate in 1997 - 2003. 
Though this important conclusion requires further checking and studying, now a reason is at 
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least seen for reviewing of the models used (e.g. in [2, 5]) for simulating the 137Cs vertical 
deepening into virgin lands of the Polisske region. 

4 .  CONCLUSIONS 

The conversion factor from the density of 137Cs surface contamination to the individual annual 
dose was determined about 0.7 µSv·year-1/(kBq·m-2). The shown value matches well to 
reference [3]. Also, a contribution from natural radioactivity sources to the individual dose 
was determined that made 0.9 mSv·year-1. 

The reliability of individual dose assessment for the people living at highly inhomogeneous 
contamination of the territory is maintained by the safety factor. The safety factor obtained in 
the study for the Chornobyl exclusion zone made of 3. 

Three kinds of localisation of dosimeters in this study makes possible to calculate the 
shielding factor (4.8) and the behaviour factor (0.39). 

Comparative analysis of the factual data (based on observation in two points of ASMRS) and 
theoretical forecast (based on [2]) of the temporal pattern of the dose rate did not give grounds 
for confirmation of the latter. Namely, theoretical decrease of the external dose rate (4.1 % a 
year) in 1997 - 2003 due to deepening processes was not confirmed. However, this important 
issue demands further check and study. 
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