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Abstract
This paper summarizes the data on the long term radioactive contamination caused by the Chernobyl accident. The special attention has been taken on 137Cs and 90Sr, as they have been recognized as the main contributors to the collective dose. After the period of intensive nuclear weapons tests conduced in the atmosphere, both 137Cs and 90Sr in the Croatian environment exponentially decreased. The Chernobyl accident caused a temporary increase of 137Cs fallout activities. However, as 90Sr is much less volatile than 137Cs, its levels in the Croatian environment were practically unaffected by the Chernobyl accident, the only exception being the cistern waters. Contrary to the public beliefs, Croatia has not been seriously affected by this accident. Consequently, the estimated risk on the Croatian population was found to be very small. This is consistent with the UNSCEAR assessment which shows that on a global scale, the total radiological impact of Chernobyl has been minor. From a radioecological point of view, the Chernobyl accident draws special attention to the vulnerability of some environmental compartments.

Introduction
The accident at Chernobyl nuclear power plant in Ukraine took place on April 26, 1986. Two explosions that occurred, the steam explosion followed by the explosion of hydrogen, expelled fission products as well as some material from fuel elements to the exterior. Because the graphite moderator ignited, the release acted as a prolonged elevated release. Consequently, volatile radioactive material accumulated in a cloud, reaching the height up to 7 km. It was estimated that about 100 Pbq of 137Cs was released and large parts of Europe became contaminated. In addition, changing meteorological conditions with wind of different directions at various altitudes and prolonged releases from a damaged reactor resulted in a very complex dispersion pattern over Europe. However, Croatia except from its very northern and very southern parts, was initially unaffected by the plumes of contaminated air (UNSCEAR 1988). Also, the late spring and early summer of 1986 in Croatia were rather dry, leading to relatively low direct radioactive contamination, which was especially true for the Adriatic region (Franic 1993). To estimate the impact of  the Chernobyl accident on the radioactive contamination of the Croatian environment as well internal radiation doses to the Croatian population, investigations were especially focused on long lived radionuclides 137Cs and 90Sr. The samples collected involved fallout, air, soils, human foodstuffs and animal feed, bones, drinking water, sea and surface waters etc.

Fallout
Long-term investigations of 137Cs deposition in Croatia (figure 1) allow to conclude that in the year of Chernobyl accident total deposition of 137Cs exceeded the value recorded in middle 1960s, i.e., after the period of most intensive atmospheric nuclear tests. Deposition of 5.8 kBqm-2 of 137Cs measured in 1986 was approximately 4000 times higher than in the previous year, and approximately 1300 times higher than in 1995.
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Figure 1

137Cs activities in the city of Zagreb

In contrast to 137Cs, the Chernobyl accident did not cause any significant increase in 90Sr activities in most of the environmental samples in Croatia. Unlike the atmospheric testing of nuclear weapons, the radionuclides that originated from the Chernobyl accident were not released directly into the upper atmosphere. As the result of the release mechanism and the prevailing meteorological conditions at the time, the less volatile components of the Chernobyl debris (e.g., 90Sr) were deposited closer to the accident location than the more volatile constituents (i.e., radiocaesium). Thus, 90Sr was only in minor quantities subjected to the global dispersion processes, being deposited to the Earth's surface within a period of a few days to a few weeks after the accident. Figure 2 shows the long-term data on 90Sr deposition for the cities of Zagreb and Zadar. A minor 90Sr peak (191 Bqm-2) has been measured only in Zagreb in May 1986. In August 1986 this value decreased to 1.8 and in November  to only 0.1 Bqm-2, leading to the total annual 90Sr deposition of approximately 193 Bqm-2. As expected, the correlation between 90Sr deposition data in Zadar and Zagreb is very good, the coefficient of correlation being 0.95 for 36 observations. Besides 137Cs and 90Sr, in May 1986 were deposited significant amounts of 134Cs and 131I. In the Zagreb area, the measured activities were 31 31 kBqm-2 for 134Cs and also 31 kBqm-2 for 131I (Saric 1996). For radionuclides it takes approximately seven half-lives to decay to negligible levels. Therefore, after the Chernobyl accident, 131I (half-life 8.06 days) was present in the Croatian environment for approximately two months, while 134Cs (half-life 2.06 years) has been found in 1990s in some environmental samples, although in very small amounts.

Figure 2

90Sr activities in the cities of Zagreb and Zadar
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Generally, as seen on figures 1 and 2, by the end of 1990s 137Cs and 90Sr activities have exponentially decreased to only few Bqm-2. Therefore, direct risk from fallout radionuclides to Croatian population is minimal. However, in some environmental samples (mushrooms, cistern waters) can still be found some residual contamination (Franic 1992, Franic 1999). Also, owing to the metabolic behaviour of 137Cs and 90Sr, which is similar to that of potassium, and calcium respectively, the two radionuclides are transferred from soil to human food chain.

Food chain
On the basis of data related to the contamination of most significant food components has been performed the assessment of the annual effective doses received from 137Cs and 90Sr ingestion by foods (Lokobauer 1998). Table 1 shows an estimated 137Cs and 90Sr yearly intake with foods and resulting effective dose for an adult member of Croatian population. The dose conversion factors used for dose assessment are 1.310-8 SvBq-1 for 137Cs and 2.810-8 SvBq-1 for 90Sr respectively (IAEA 1996).


Table 1


Year

137Cs  (Bqy-1)

90Sr (Bqy-1)

Effective dose (μSv)


1964
17857
3583
333


1985
36
71
3


1986
7786
182
106

1995
88
78
3

Special attention was paid to milk activities, as milk is a sensitive indicator for the presence of fission-derived radioactive contamination in the environment. The dose due to radiocaesium ingestion by  milk consumption was estimated to be 205 manSv in 1986 (Franic 1998) and less than 1 manSv in 1998.

Concluding Remarks
Although the public perception in the Republic of Croatia is different, the levels of radiation exposure due to the Chernobyl accident did not represent a major health concern. This complies with the UNSCEAR assessment which shows that on a global scale, the total radiological impact of Chernobyl has been minor in technical terms. This amount is about 5 percent of the global collective dose delivered by natural sources each year. However, in case of a future major nuclear accident a lot of unnecessary human suffering could be avoided, if the present poor information level of the public was improved significantly. As more than decade after the Chernobyl accident certain environmental samples still contain some residual contamination by fission radionuclides, from a radioecological point of view the Chernobyl accident draws special attention to the vulnerability of some environmental compartments.

References
1.
UNSCEAR (United Nations Scientific Committee on the Effects of Atomic Radiation): Sources, Effects and Risks of Ionizing Radiation, United Nations, New York, 1988.

2.
Franic Z. and Bauman A.: Activity of 90Sr and 137Cs in the Adriatic Sea. Health Physics, 1993;64(2):162‑169.

3.
Šaric M., Blanusa M., Drevenkar V., Franic Z., Fugaš M., Krauthacker B., Lokobauer N., Vajdicka N.: Environmental Exposure Assessment and Health Effect Studies  in the Republic of Croatia (1980‑1995). Croatian Academy of Sciences and Arts, Zagreb, 1996.

4.
Franic Z., Sencar J. and Bauman A.: Caesium Radioactivity in Mushrooms in Northwest Croatia. Periodicum biologorum, 1992;94(2):115‑120.

5.
Franic Z, Lokobauer N. and Marovic G.: Radioactive contamination of cistern waters along the Croatian coast of the Adriatic sea by 90Sr. Health Physics, 1999;77:62‑66.

6.
Lokobauer N., Franic Z., Bauman A, Maracic M., Cesar D. and Sencar J.: Radiation contamination after the Chernobyl nuclear accident and the effective dose received by the population of Croatia. Journal of Environmental Radioactivity 1998;41:137‑146.

7.
International Atomic Energy Agency (IAEA): International Basic Safety Standards for Protection against Ionizing Radiation and for the Safety of Radiation Sources. Safety Series No. 115, IAEA, Vienna, 1996.

8.
Franic Z., Marovic G., Lokobauer N. and Sencar J.: Radiocaesium activity concentrations in milk in the Republic of Croatia. Environmental Monitoring and Assessment 1998;51:695‑704.







