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1. INTRODUCTION

The Chernobyl nuclear accident took place on Saturday 26 April 1986. Within the period of
ten days, rather large quantities of radioactive material were released into the atmosphere and this
matter were distributed via atmosphere over a large area. The first radioactive clouds reached Turkey
about a week later. An extensive survey programme was started immediately after the detection of a
considerable increase in the external gamma radiation level above the natural background. Significant
activity concentrations of 1-131 detected in milk in the first days of May were explained by the
intensities of the precipitation during the passage of the contaminated air masses. Also measurements
showed that radiocaesium activity of the surface air was considerably high. In the following weeks
and months, an extensive measurement programme on foodstuffs was initiated. The radionuclide Cs-
137 was used to characterize the observed nuclide spectrum because of both its dominant dose
contributions and its physical half-life. Doses of radioactivity to the Turkish population resulting from
the intake of radiocaesium in food were estimated. The estimated average effective dose equivalent
was found to be 0.32 mSv due to ingestion for the first year after the accident.

2. MATERIAL and METHOD

Airborne radionuclides reached the ground and vegetation mainly by way of precipitation.
Regional differences in amounts of maximum deposits can be explained by the date at which
precipitation occurred. Therefore, although, high fall-out level was found in some areas in Thrace and
Eastern Black Sea region, it was negligible in the most parts of the country.

Over 40000 measurements on foodstuffs were performed by the two laboratories of the
Turkish Atomic Energy Authority (TAEA) located in Ankara and Istanbul. In addition measurements
on hazelnut were carried out by a local laboratory, particularly appointed for this task in Black Sea
region. All laboratories were equipped with the same set of instruments such as Canberra series 10,
10 plus, S35 connected with NaI(Tl) and HpGe detectors. Calibrations were performed by the
Cekmece Nuclear Research and Training Center in Istanbul. In addition, during the investigation of
the development of radiation exposure after the period of activity depositions due to the Chernobyl
accident, for the following 6 years, whole body counting activity concentrations for caesium via
ingestion of contaminated foodstuffs were used to estimate average individual effective doses.

The instrument used for the whole body measurements was the FASTSCAN utilizing
2x4"x4"xl6" Nal detector with a multichannel analyzer (Canberra S35). The person to be monitored
was placed facing the detector tower, hands at sites and back resting in the graved area on the back
wall. Integration time was one minute. The whole body counting programme was performed on some
10000 individuals during spring of 1987 through 1993 [1].

The average annual consumption and production data of the most important food products
was taken from the Report of the Committee for Investigation the Consequences of Chernobyl
Accident [2]. In view of limited resources available, it was necessary to limit the measurements to a
few of the most important food products. The following five were included: 1) Milk and dairy
products, 2) Fruit and vegetable, 3) Meat and fish, 4) Food made of flour, especially bread, 5) Tea.

Annual consumption rates and average concentrations for the foodstuffs are shown in Table I.
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TABLE-I. Annual Consumption Rates and Average Concentration of Foods in 1986

Food

Milk and Dairy Products
Fruits and Vegetables
Meat and Fish
Food made of floor
Tea

Consumption
(Kg/Year)

Infants
200
15
3
5
-

Adults
125
250
40
200

2

Average Concentration
(Bq/Kg) -

Cs-134
11
5
9
2

3700

Cs-137
21
9.5
17
4

7500

TABLE-II. Average Individual Effective Dose Equivalents
Committed from the First Year (May 86-April 87) after Chernobyl Nuclear Accident

(mSv)

Pathways

EXTERNAL

INTERNAL

Cloud Radiation
Ground Radiation
Inhalation
Ingestion
Milk &. Dairy products

Fruit & Vegetables
Meat &. Fish

Food made of flour
Tea

Total Dose

Critical Group
Infants

0.0026
0.0180
0.0508
0.0949

0.0903
0.0031
0.0011
0.0004

-
0.17

Adults
0.0026
0.0180
0.0523
0.3173

0.0538
0.0487
0.0139
0.0164
0.1845

0.39

Members of Public
Infants

0.0004
0.0027
0.0072
0.0949

0.0903
0.0031
0.0011
0.0004

-
0.10

Adults
0.0004
0.0027
0.0075
0.3173

0.0538
0.0487
0.0139
0.0164
0.1845

0.33

TABLE-HI. Average Individual Effective Doses to the Members of Public
From Ingestion of Contaminated Foods 1-7 Years after Chernobyl Nuclear Accident

Time
1st year

(May 86-April 87)
2nd year

(May 87-April 88)
3rd year

(May 88-April 89)
4m year

(May 89-April 90)
5 year

(May 90-April 91)
6m year

(May 91-April 92)
7 year

(Max 92-ApriI 93)

Dose (mSv)

0.3173

0.0201

0.0136

0.0041

0.0021

0.0018

0.0017
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TABLE-IV. Average Individual Effective Dose Equivalents Committed for 10 years

Members of Public
Critical Group

Doses
Infants

0.10
0.17

(mSv/10 year)
Adults

0.37
0.43

3. RESULT and DISCUSSION

Average activity concentrations presented for both Cs-134 and Cs-137 are believed to be
representative for the traded part of those foodstuffs included. As illustrated, the highest activity
concentrations were found in tea. In fact, values several times of the highest activity registered in this
paper were encountered during measurements, however, due to the introduction of action limits of
activity concentration in tea by the Turkish Radiological Safety Committee, 12000 Bq per kg was
adopted as the upper value for caesium in tea [2].

Tea forms an important part of the diet of most of the Turkish population. Taking into
account that habit of drinking at least several glasses of tea on average everyday is very common
throughout the country, it is apparent that the main source of radiocaesium contributing to doses
during the first year after the accident was tea. The contribution from food items is shown in Table-H.
As it is seen, contribution to the average individual effective dose equivalent mainly comes from tea
which is both a significant part of the dietary habits and had been the most affected agricultural
product by the fall-out. Although the second vulnerable item was hazelnut by the accident, taking into
account its very little consumption (100 g per year), contribution of hazelnut to doses is neglected.
Some 3000 Bq per kg for caesium in hazelnut was measured [2]. Activity measurements were
performed, regardless local differences in dietary habits, on some foodstuffs considering which were
significant parts of the diet of an average Turkish consumer. Therefore, radiation dose due to intake of
contaminated foodstuffs appeared to be the same for both selected critical groups and the members of
the public. An additional radiation dose due to external exposure and inhalation were resulted in an
effective annual dose of 0.01 mSv for population groups who lived in some more severely impacted
areas of Thrace and Eastern Black Sea region. When calculating the infant radiation exposure due to
the caesium isotope, activity uptake via tea was left out taking into consideration that drinking tea
does not form a part of the diet of the infant. Average individual effective doses to the members of
the public via ingestion of contaminated food items for following seven years after the Chernobyl
accident and average individual effective dose equivalent committed for 10 years are shown in
Table-Ill and Table- IV, respectively.

The average effective dose equivalent from external fall-out radiation during the first year has
been estimated to 0.003 mSv. The effective dose equivalent from foodstuffs in the first year thereby
about 100 times the average from external fall-out radiation. Therefore it is apparently seen that
ingestion dose forms the most important fraction of effective dose equivalent whereas external fall-out
radiation is negligible comparing to ingestion doses to the population groups in Turkey.
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