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ABSTRACT

Surface (0-5 cm) soil samples taken from representative sites throughout

Jerusalem, in the Fall-Winter 1993. were measured by high resolution 7-ray

spectroscopy using an intrinsic Ge detector. 134Cs and 137Cs derived from

Chernobyl accident were found in all samples, though the radiocesium activity

varied widely (from 0.6 to 40 Bq/kg I37Cs). Four depth profiles demonstrated that

the cumulative 137Cs concentration is at least twice the surface value. Mushrooms

were collected at three sites during the same sampling period. These samples

exhibited varying transfer coefficients among sites with a maximal radiocesium

uptake of 100 Bq/kg fresh weight.

The radiocesium measurements are among the first reported for the Jerusalem

region. Due to the rather high degree of mobility exhibited in these soils, it is not

possible to perform any precise extrapolation in order to estimate the original

activity of the radiocesium fallout.
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INTRODUCTION

Approximately ten days after the explosion at the Chernobyl unit-4 reactor on

April 26, 1986, the radioactive plume arrived over Israel, accompanied by a patchy

drizzle. Measurements of air, soil, water and vegetation were taken by the

authorities during and soon after the incident at certain sites in the country. The

monitoring ceased after it was concluded that the situation was satisfactory from a

public health stand point (Schlesinger et al., 1986). While the fallout from this

accident has been intensely studied in Europe (Decort et al, 1990) it was generally

considered that the contamination reaching the Levant was of little significance.

However, there is virtually no published data to date on the long ranging effects of

the Chernobyl derived radioactive fallout over Israel and its neighbors. In the

Fall-Winter of 1993, radio measurements of soils from central Israel were

monitored. Though over 31 / 2 half time periods had gone by, 134Cs was readily

detected along with the longer lived 137Cs. In these samples, when the 134Cs/137Cs

ratio was extrapolated back in time to April 26, 1986, a ratio of 0.5 was derived.

This value is characteristic of the initial release from the Chernobyl exhalation

(Papatesfanou et al, 1988). The present study was undertaken to examine the

extent to which the Chernobyl derived radiocesium is distributed aerially within the

boundaries of the Jerusalem region. It was anticipated that such a study would

enable us to estimate the initial dose of the fallout over Jerusalem, seven and half

years prior to the monitoring and to study the geochemical behavior of the

radiocesium isotopes in the soil.

Study Area

Jerusalem is situated in the Judea Hills in the center of Israel. The city

straddles the boundary between forest and desert. Despite intensive recent efforts

of soil conservation and reforestation, the soils are young and generally thin. Soil

formation barely keeps up with runoff and the base rock is exposed on many

slopes. Rainfall is restricted to the winter months. Terra Rosa soils are thereby

formed by the weathering of the Cenomanian-Turonian limestones and dolomites.
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while the basic rendzina soils are formed from the weathering of the Senonian and

Eocene chalks (Orni and Efrat, 1973).

Sampling and Methods

Samples of soils were collected from a representative geographical distribution Fig.

1). The samples were taken from the top 5 cm of the soil using a 12.3 cm diameter

steel corer. At two sites a 10 cm depth profile was obtained. Two other sites

yielded 15 cm depth profiles. The samples were air dried, weighted and placed in

470 ml sealed plastic containers. Measurements were carried out using a high

resolution gamma-ray spectrometer (Canberra S-100), equipped with a 100 cm3

intrinsic Ge crystal. The counting times were generally for one day. At three sites

edible wide mushrooms. Boletus luteus were also collected and measured (fresh

weight). A representative 7-ray spectrum from the mushrooms collected at Gilo

(site 9) is presented in Fig. 3 to demonstrate the high degree of resolution of the

energy spectrum.

RESULTS

The results of the soil analyses are presented in Table 1 as the activity of 137Cs.
134Cs isotope was encountered in all cases; however, after 3.5 half lives, most of

this nuclide has already decayed away. The statical counting error reported in

Table 1 is given at the la level of confidence.

The radiocesium in the surface soils (0-5) ranged from 0.7 to 40.8 Bq/kg. The

distribution of l37Cs as a function of depth for the four radiometric profiles is

presented in Fig. 3. K!7Cs was encountered in each of the mushroom samples.

However, the radiocesium concentration as well as the transfer coefficient (TF)

which is the ratio of the 137Cs activity in the mushrooms (fresh wt)/ 137Cs activity

(dry weight) in the associated soils varied considerably. The 137Cs activities and

their associated transfer coefficients for the three sampling sites (identified in

Table 1) are: Site 9 (100 Bq/kg, TF = 0.03), Site 17 (4.2 Bq/kg, TF = 0.01), and

Site 24 (74 Bq/kg, TF = 0.06).
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DISCUSSION

Radiocesium that was found in each sample that was analyzed had its source

from the pollution released from the Chernobyl accident. This is demonstrated by

the presence of the 134Cs isotope. This nuclide of short half-life (2.08 y) is not

produced in significant quantities by nuclear weapons testing (Gudiksen et al,

1989). Moreover, any bomb-derived 134 Cs that had been deposited would have

decayed away since the last atmospheric nuclear tests. Still as over 31 / 2 half-lives

had elapsed since the Chernobyl accident and the time that these first

measurements of Jerusalem soils were carried out, little of the original 134Cs

remained. In those samples where the 137Cs concentrations were low, the 134Cs

activity was associated with poor counting statistics. However, using those samples

where the statistics were sufficiently good, it was found that when the presently

measured 134Cs/137Cs ratios were extrapolated backwards to April 1986, they

yielded an initial ratio of 0.5 for most of the samples. This is the isotopic ratio that

was characteristic of the radiocesium isotopes released from Chernobyl (e.g.

Papastefanou et al, 1988). Unlike the 134Cs isotope, most of the 137Cs released

globally was produced from the atmospheric bomb tests, and yet this component is

not in evidence in the young soils of Jerusalem. It has been demonstrated (Cremers

et al, 1988) that radiocesium in the soils is retained primarily in the finest grained

size fraction, mostly by micaceous clays. Apparently part of the radiocesium that

was introduced, is continually eroded away with the muddy fraction of the soil that

is washed by seasonal rains to lower elevations or to the sea. It has been noted

previously (Stiller et al, 1985 that radiocesium (pre-Chernobyl) is readily detected

in the upper layers of sediment in the Dead Sea.

An appreciable amount of the Chernobyl-derived radiocesium has migrated

downwards from the surface. In Fig. 2, it can be seen that only a little more than

half of the total activity is currently found at the surface. During the last 8 years

an amount almost equal to the extant surface value has migrated down to a depth

of at least 10-15 cm. Plant uptake, as the analysis of the mushrooms demonstrate,

also serve to deplete the radiocesium budget in the soil. The maximal activity of
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137Cs in the three (1993-94) mushroom samples collected was 100 Bq/Kg. This is

well below the 600 Bq/Kg limit for the EEC public health standard (Heinrich,

1993). However, as collecting wild mushrooms in the Jerusalem area is an activity

carried out annually by many citizens, it is more than just of speculative interest to

estimate the initial range of concentrations that may have been encountered in

earlier years. However, due to the redistribution of radiocesium in the soils (due

dto mobility, erosion and plant up take) extrapolation back in time, using present

surface values, would not be very accurate. Moreover, there is a very great

variability at present among sample sites within the city. For example, even

samples taken within 20 m of each other, such as sample #9 at Gilo (27.5 Bq/Kg)

and #9a (6.0 Bq/Kg), exhibit very large differences. This variability may have

been a characteristic of the primary deposition, related to particulate species

washed out in the initial sporadic drizzle rainfall over the area. This variability in

the spatial distribution of the 1>!7Cs activity has been noted in western Europe

(Clark and Smith, 1988; Zombori et al, 1992: Lettner et al. 1992).

Considering that may factors may have acted upon and redistributed the Cs in

the soils, it can be considered that the surface activity shortly after deposition may

have ben twice or thrice that of today. To this should be added a 50% activity

contribution of 134Cs. If for example, the Gilo site exhibited the higher of the three

transfer coefficients, it can be visualized that the initial radiocesium concentration

in the mushrooms may have already approached or exceeded the 600 Bq/kg

recommended safety limit. Likewise, if we consider the maximum value exhibited

today of 40 Bq/kg 137Cs, encountered in the soils by the Montefiori wind mill (site

6, Table 1), it may be estimated that at this particular spot the initial surface

activity may have been as great as 10-12 KBq/m2 immediately after it was

deposited in May 1986.

The range of radiocesium values that are exhibited in the Jerusalem soils today

are considerably lower and within a narrower range than values for Greece (0-150

KBq/m2) (which received an earlier arrival of the Chernobyl plume) the nearest

other Mediterranean country for which considerable data is available (Gerontindon

et al, 1994). Using Fig. 2, it may be assumed that the initial average 137Cs

radiocesium deposition of between 2.5 to 3.5 KBq/m2 may have approximated the
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level of the average contamination for spring 1986 over Jerusalem. This would be

similar in magnitude to that of a city like Padua in northern Italy (Battison et al,

1988) that received its radioactive contamination via the less efficient mode of dry

deposition. A 2.5 KBq/m2 would translate into a 1 year exposure of 0.008 m Sv.

This calculated average external dose rate would not be harmful. However, as Cs is

geochemically similar to the nutrient K, the internal dose rate - such as may have

been incorporated through ingestion of wild mushrooms in the first year after the

accident, should be considered as of importance. It is unfortunate that the soils in

Jerusalem were not monitored soon after the Chernobyl contamination arrived.

The present study tries to correct for this lack of information as best as possible;

but, the high mobility of the radiocesium has led to its redistribution and the

recreation of the initial conditions can be but a broad approximation at best.

LIST OF FIGURES

Fig. 1: Location of sampling sites

Fig. 2: A representative gamma-ray spectrum from a sample of Boletus luteus

collected at Gilo and measured on December 1993. The gamma-ray

energy peak of 137Cs is at 662 Kev and that for 40K is at 1,461 Kev.

Fig. 3: The cumulative activity of 137Cs in the soil profile demonstrates that a

considerable percentage of the radiocesium has migrated downwards in

the soil column since it was initially deposited.
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T a b l e 1: R a d i o c e s i u m in J e r u s a l e m Soi l s ( 0 - 5 c m )

Sample
Code Number

2.

3.

4.

5.

6.

7.

8.

9.

9a

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

24.

25.

Location

City of David

Rose Garden

Silwan

German Colony

Montefiori Windmill

Academy of Sciences

Talbiye

Gilo

150m south of above 0-5 cm

5-10 cm

10-15 cm

Gonen

Independence Park

Mount Scopus

Hadassah Hospital(En Kerem)

Beit Zayit

Givat Shaul

Biblical Zoo

Ramat Eshkol 0-5 cm

5-10 cm

Ramot

Givat Hamivtar

Geological Survey

Morasha

West of Beit Safafa 0-5 cm

5-10 cm

10-15 cm

Kiryat Menachem 0-5 cm

lo'Cs
Bq/Kg

29.6 ±0.7

10.1 ±0.5

4.1 ±0.3

18.4±0.6

40.8±0.5

6.5±0.4

17.5±0.5

27.5±0.7

6.0±0.2

2.1 ±0.1

0.9±0.1

0.9±0.3

2.5±0.2

17.4±0.5

0.7±0.2

3.5±0.3

16.1±0.5

15.0±0.5

14.3±0.2

9.0±0.2

2.8±0.4

3.5±0.2

17.1 ±0.4

26.9±0.5

10.6±0.3

6.0±0.2

1.3±0.1

11.0±0.3

5-10 cm 11.0±0.4
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