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1.Introduction 
 
Accident management is the main aspect of the population protection in a nuclear 
accident. The scientific community has an important contribution by producing rapid 
and unequivocal scientific results for transparent communication to the general 
public. 
Moreover, the physicians from the public health services have to give an answer to the 
question: are there detectable radioinduced health effects? 
The accuracy of the answer depends on the quality and quantity of information 
obtained from the technical staff. 
The dose is the basic information asked for by the physician in the context of a dose-
effect analysis. The dose is not a directly measurable quantity- it depends on several 
factors and the epidemiological interests require calculation on regional populations. 
In this context the basic problem is the reconstruction of the dose. Financial and 
professional investments for a correct dose reconstruction are far from negligible. To 
assess the irradiation dose, a preliminary investigation is necessary. 
Several studies (in countries of former Soviet Union) on population health revealed an 
increase in the incidence of some diseases specific to radioactivity (childhood thyroid 
cancer), which could be explained by the actual dose estimates. The present paper 
will focus on the assessment of the effect of 131I contamination in our country. 
 
1.1 Short history 
 
The contamination of the Romanian territory began on May 1st, 1986 at Suceava (NE 
of Romania). The networks of the Ministry of Health and the Ministry of the 
Environment organized the monitoring (limited by resources) of the environmental 
radioactivity (deposition, air, drinking water, food, etc.). A large number of 
measurements have been performed in the laboratory networks of the Ministry of 
Health and the Ministry of Environment and in some research institutes, in order to 
protect the population, and to collect as much information on the event as it was 
possible. No information was previously available, therefore it was impossible to 
completely describe the event. For example, essential information regarding the 
source term was missing.  
However, based on these measurements several actions have been taken on May 2nd, 
according to the proposal of the public health services: 
- administration of stable iodine (KI) to the children; 
- banning of all of sport events; 
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- advise against consuming leafy vegetables, published in the mass media; and 
- later (6th of May), a milk and milk products interdiction was proposed and 

introduced. 
Some time later, after 1986, the usefulness and justification of these actions were 
questioned, especially from the point of view of a cost (health) benefit analysis. 
To answer these questions the following steps were undertaken: 
• In a first attempt (1988), after a meeting of the scientists working in this field, the 

representative value of the average effective dose for Romania has been agreed to 
be 1 mSv for the first year following the Chernobyl accident. 

• In 1996, the data were re-evaluated (for Bucharest); only the values coming from 
laboratories corresponding to QA criteria (mainly where intercomparison runs were 
taken) were considered, and the ingestion dose was assessed. At the same time, the 
doses for 1-year-old children and for adults were quantified [6] 

• Studies were initiated regarding the population health, focused on congenital 
malformations, childhood leukemia and thyroid cancer. 

The studies, performed during 1989 at the Institute of Public Health Bucharest and 
Timisoara, and the Public Health Inspectorate of Bucharest, conclude that the 
incidence of congenital malformations among children born between 1 Oct. 86 and 31 
dec. 1987 is not significantly different from the incidence in the reference group 
(children born in 1985) [1, 8]. The estimate of a mean effective dose of 1 mSv for 
adults during the first year after the accident could explain the lack of teratogenic 
effects. 
In 1994, a study was conducted at the IPH Bucharest, regarding the mortality due to 
leukemia in children 0-14 years of age before and after the Chernobyl accident. The 
geographic distribution of cumulative mortality between 1987-1991 [14 ] could not be 
correlated with the exposure pattern, as it was presented in UNSCEAR 1988. 
The results of the studies carried out after 1996 in the former Soviet Union have 
shown an increase in the incidence of thyroid cancer among children. Such results 
prompted us to further investigate the exposure to iodine and the incidence of thyroid 
cancer in Romania. 
This was the main reason for focusing our efforts on two aspects: the retrospective 
assessment of the exposure to 131I, and the measurement of the incidence of thyroid 
cancer among children and adolescents (0-19 years old). 
There is a very large variability of the radioactive contamination around the average 
value, mainly due to the lack of information for the entire territory and the 
variability of the existing results. The lack or the dispersion of the experimental 
values, together with an apparently uncorrelated series of results, conducted to the 
use of environmental and food transfer models explaining the variability in Romanian 
conditions. Thus, an original Romanian model was developed by Galeriu (LINDOZ) and 
other models (ECOSYS) [10] were adapted to Romanian conditions. 
Reconstruction of the 137Cs-deposition map [13] indicating the southern part of 
Romania as the area with maximal contamination has changed the considerations on 
the impact of the accident in Romania. 
 
2. Methods 
 
Two aspects were considered in the study: 

• Assessment of the exposure to 131I; 
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• Recording the health data (specifically on radioinduced effects). 
 
2.1 Steps in exposure assessment 
 
2.1.1. Source term analysis 
 
Useful geographic particularities: Romania is extending over 4 degrees of latitude (480 
15’ N, 430 37’ N), with temperate, continental climate. The central area is a plateau, 
surrounded by mountains about 2000 m high. The lack of uniformity of its landscape 
and its size required the division of the country into zones.  
As Romania is directly neighboring Ukraine, the first contamination of the country has 
taken place immediately after April 30, 1986. The whole territory was affected by the 
emissions number 4 and 6, and the result of emission 5 [2] affected only the far east 
part of the country. 
 

 
The processing of the data was quite difficult due to some aspects: 
• the cloud containing the contaminant lingered above Romania longer than seven 

days (Figure 1), transforming an accident (acute situation) in an almost chronic 
exposure. Two peaks describe the temporal variation of the cloud, on 1-2 of May 
and 5-6 of May, as shown in figure 1. 

• The 131I/137Cs concentration ratio of aerosols was approximately constant for 
almost the entire territory, lower in the west and higher in the east (Figure 2). The 
higher value in the eastern part is mainly due to the fifth emission affecting the 
city of Tulcea. 

• In the period of maximum activity in the air (1-2 of May) some rain with a very 
variable pattern, from 0.1 mm to 36 mm affected the southern part of Romania. 
This was the main reason of the reconstruction of the hourly variation of 131I 
concentration in aerosols for the period 1-2 of May (as shown in figure 3) to have 
an assessment of the main values implied in the washout process  
(Figure 3). 
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Figure 1 Atmospheric contamination in 



 4

• The evolution over time of the gross beta activity of the aerosol filters 
demonstrates that the first peak contained the largest amount of radioactivity 
(about 60-70% of the total) on the entire territory of Romania. 

• There is no information on elemental iodine; the only available information is on 
organically bounded iodine and aerosols. Assessment of the physic-chemical forms 
of 131I was made mainly by analogy with the information (deposition velocity, 
behavior of each form, etc.) obtained at Neuherberg [15]. The estimated ratios of 
iodine forms in Romania were aerosols 40%, elemental 10% and organically 
bounded 50%. 

• Measurements made on activated charcoal filters show a much higher value of 
organically bounded iodine as compared to the aerosol-bounded form. The 
estimated sum of the three fractions are in good agreement with the 131I and 137Cs 
ration given by UNSCEAR (estimated pattern of activity ratio, figure XVIII page 480 
UNSCEAR 2000)[4]. 
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2.1.2. Reconstruction of deposition on ground surface 
 
131I and 137Cs will be treated separately, mainly due to the different behaviors of their 
deposition on the ground. 

• Cs-137  
A deposition map has been realized for the entire surface of Romania. Over 200 
sampling points covering the Romanian territory were the experimental basis to the 
reconstruction of 137Cs [13] 

• I-131 
The main data sources in the reconstruction of depositions were: 

• Data reported by the laboratory networks of the Ministry of Environment and 
the Ministry of Health 

• Data reported by the National Institute of Physics and Nuclear Engineering 
Bucharest; 

• Map of 137Cs depositions and daily maps of rainfall for 1-9 May period. 
• Measurements of 131I in milk performed by laboratories equipped with high 

resolution gamma spectrometers and corresponding quality assurance programs 
A significant correlation (R2=0.87) was obtained between the concentration of 131I and 
137Cs on the ground from data published by Sonoc et.al [12]: 

8.3)ln(7304.0)ln( 137131 +⋅= −− CsI CC  
 
The reconstruction of the 131I deposition was made at county level for easy correlation 
with epidemiological data. The results are presented in Figure 4. 
 
 

 
 
2.1.3. Exposure assessment 
 
The four degrees in latitude represent a difference of four degrees Celsius in the mean 
temperature for April and May between the north and the south parts of the country. 

Figure 4 County averaged 131I deposition (kBqm-2)
  Min: 5.6,        Max. : 61 
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The central part of the country (Transylvania plateau) has the same climate 
properties as the northern area. Based on these reasons Romania could be split 
roughly in two zones: the north zone, north from the 46 parallel with a central 
European type climate, and the south zone, south from the 46 parallel, with southern 
European climate properties. An important argument to support this idea is the value 
of the deposition-milk transfer factor for the southern part, between 2-4Bq a kg-

1/kBqm-2 consistent with the experimental results and specific to the countries 
situated under the 46 parallel [3]. 
The 137Cs (and implicitly the 131I) deposition map show a greater contamination of the 
Romanian territory situated south of the 46 parallel. The present paper is focused on 
the southern part of Romania. 
The iodine isotopes have a very complex behavior in the process of deposition and 
interception. To assess this behavior a modified ECOSYS model has been used. The 
model was previously used with success to assess the 137Cs pattern [11]. Figure 5 
shows the experimental results in comparison with ECOSYS simulations for an area 
affected only by contamination due to dry deposition. 
The environmental parameters obtained in 137Cs modeling have been used in the 
simulation of the 131I behavior. Experimental results for these two radionuclides are 
shown in Figure 6. 
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Figure 5 137Cs in milk (observed and calculated by 
ECOSYS)

Evolution of milk radioactivity

0

1000

2000

3000

4000

5000

6000

7000

8000

0 10 20 30 40 50 60 70 80 90

T (days after May 1)

Co
nc

en
tra

tio
n (

Bq
/l)

i-131
cs-137

Figure 6 Radioactivity of milk in southern part of 
i



 7

 
 
As it was shown above, in the critical period (1-2 of May) there was a high variability 
in rain intensity. These extreme variations are apparent in the radioactivity (131I and 
137Cs content) of milk. Figures 7a and 7b show the influence of the variation of the 
rain patterns on the radionuclide concentration in milk (a - 137Cs, and b - 131I). There is 
an acceptable consistency between the experimental values (Figure 6) and the values 
obtained by model calculations (Figures 7 a and b), except for three experimental 
points on 10-11 of May. The thyroid dose for the 1-2 year age group has been 
evaluated using the milk concentration data given by ECOSYS and based on the dose 
coefficient from the literature [5]. The results (variation of thyroid dose with density 
of wet deposition) are presented in Figure 8. It should be mentioned that these dose 
values were estimated based only on milk ingestion, the main pathway of iodine 
ingestion for this age group. 
The values from Figure 8 are higher than the values given for Romania by UNSCEAR 
[3]. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
3. Study on the incidence of thyroid cancer in the 0-19 years age group 
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The study was carried out on the population aged 0-19 years from the southern region 
of Romania, including 16 counties (Arges, Brasov, Buzau, Calarasi, Constanta, 
Covasna, Dambovita, Dolj Giurgiu, Gorj, Ialomita, Mehedinti, Olt, Prahova, 
Teleorman, Valcea) and Bucharest, for the period 1980-2000. 
The data for thyroid cancer were collected from the Institute of Endocrinology 
Bucharest and the endocrinology and oncology departments of territorial hospitals. 
The studied variable was the incidence of thyroid cancer based on the hystological 
diagnosis. Demographic data were taken from the National Institute of Statistics and 
its territorial departments. 
Statistical analysis was carried out with the methods recommended by IARC in cancer 
registries. Statistics calculated were: the raw incidence rate (RIR) for each year, the 
cumulative incidence over two periods of ten years each, and the standardized 
incidence rate (SIR). The main results are presented in Figure 9. 
 

 

Evolution of incidence rate in 1980-1999 period (age group 0-19 y)
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b Evolution of SIR over 1980-1989 (blue line) and 1990-1999 (red line) 
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A cyclic evolution of the diseases could be observed. The data has been analyzed 
separately for the two periods: 1980-1989 and 1990-1999 as shown in Figure 9 b. The 
incidence curves were similar in shape for the two decades, with a difference in 
magnitude. Beginning with 1993 the curve shifts to higher values. 
The analysis of the distribution by age group (Figure 10) indicates a slight increase for 
the 10-14 and 15-19 age groups.  
However, the difference between the two intervals was not statistically significant.  
 
 
 
Table 1. Characteristics of the  4 zones 
 

Deposition 
kBq/m2 

Cumulative number of 
cases for 0-19 Y group 

Zone  

min Mean  Max 

Thyroid ED 
range 
  (Sv) 

Influencing factor  

1980-1989 
 

1990-1999 

1 9 17 50 <0.040 - 8 3 
2 19 30 94 0.05-0.07 

 
Endemic iodine 
deficient zone 

8 13 

3 10 33 166 0.04-0.07 Endemic iodine 
deficient zone of 
low intensity 

4 11 

4 17 41 197 0.05-0.07 
 

- 2 5 

 
 
In order to view the geographic distribution of the cases and of the mean density of 
131I deposition, we divided the study area into 4 zones (Figure 11). The zones were 
defined according to the type and value of the deposition (lower than 30 kBq/m2, and 
higher than 30 kBq/m2), and to the endemic goiter areas [9] (possible influencing 
factor) [7]. 
 
 
 

Figure 11.   Deposition  131I
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The areas with mean deposition densities higher than 30 kBq/m2 show clusters of 
thyroid cancer cases. Further case-control studies would be necessary to investigate 
these clusters. 
 
Conclusion 

• Deposition densities could be proportionally associated with the dose in dry 
areas with no rainfall; the dry deposition may be considered an adequate 
environmental indicator; 

• The deposition-dose relationship in an area with a variable rainfall can only 
be inferred through a radioecological transfer model; such model should be 
able to translate the particularities of the deposition-dose relationship, and 
to take into account the dependence of foliar interception and retention on 
rainfall intensities. 

 
Even with these issues of deposition-dose relationship, the assessment of preliminary 
dose values from deposition patterns is financially quite effortless. Moreover, 
preliminary doses assessed from regional deposition patterns are very useful for 
detecting the possible health effects. Thus, the density of deposition should be a good 
environmental indicator. 
At the same time, we believe that in the monitoring programmes of the environmental 
factors much more attention should be given to the wet fraction of the deposition.  
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