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Abstract

Development of the appropriate methods and techniques for marine and atmospheric
radioactivity measurements in the NIMH-BAS during the last 5 years is presented. Approaches for
pre-concentration of the radionuclides from the atmosphere and sea water samples followed with
reliable radiochemical methods for radionuclides separation and low level counting are discussed.
Dissolved radiocesium concentrations measured in a period of time starting in 1993 show some
decrease with years and spatial variations probably due to the hydrophysical features of the sampling
sides - the lower measured concentrations during 1995 and 1998 correspond to the lower salinity.
Application of the radiochemical separation of Plutonium, Thorium, ^Sr and Americium on the
samples from the Bulgarian Black Sea coastal region is reported.

1. INTRODUCTION

Although there are some investigations on the artificial radionuclides distribution over the
Bulgarian coastal zone after the Chernobyl accident [1, 2, 3], a need for more extended information
still exists. The influence of the Chernobyl accident on the radioactivity of the marine environment [4,
5, 6] require monitoring of the radioactive isotopes of Cs, Sr and Pu. Their utilization in
hydrophysical studies is still an uncompleted task in Bulgaria. In the framework of the IAEA CRP
"Application of Tracer Techniques in the Study of Processes and Pollution in the Black Sea" and TC
project RER/2/003 during the recent 5 years the application of an appropriate methodology has been
started.

2. METHODS FOR PRECONCENTRATION AND ANALYSES

2.1 Determination of Cesium isotopes in the surface waters

The concentrations of the 137Cs and 134Cs were determined in particulate matter, collected on
the FPP filter (dried and pressed in 50cm3 plastic container) and in the filtered water. Three methods
were applied for determination of the dissolved Cs isotopes in the surface waters since 1993:

A.) Pre-concentration by evaporation; the method applied at NIMH for more than 20 years for
determination of the 137Cs in sea water [7]. In addition it was used for controlling the Cesium
absorption under the sorbent method during 1993 and 1994.

B) High volume water samples collected by MIDIA filtration-sorbent system. Extraction of Cesium is
performed by fibrilose cationid CM-KI impregnated with copper ferrocyanide at a flow rate of 6-8 1/min for 200
to 600 1 volume samples, after filtration on FPP filters. The sorbent is dried and transferred to a plastic container
(usually 0.451 Marinelli) for direct gamma counting by passive shielded 16.8% efficiency coaxial HPGe
detector. The efficiency calibration of the spectrometer is performed under national calibration runs. Different
matrices are used by INRNE-BAS for preparation of the volume calibration sources with densities varying from

52



of 0.35 to 2 g/cm3by Measurements of the reference materials and participation in IAEA and national
intercomparison runs was performed as a part of Quality control (IAEA-6, IAEA-307, IAEA-315, IAEA-300).

C) Co-precipitation of 137Cs with AMP (Ammonium molybdophosphate). In brief the procedure
includes acidification of the filtered sea water to pHl with concentrated HC1 , addition of stable
cesium carrier (20mg) and 134Cs tracer (15-30Bq), co-precipitation of cesium with AMP, dissolution
of AMP in 10M NaOH and gamma counting. Chemical yield is determined by 134Cs tracer activity in
the sample compared to those in the standard solution, spiked with the same tracer activity.

Reliability and comparability of the results obtained during different years and expeditions
were estimated by three approaches: comparison between method of evaporation and sorbent
technique, analyzing parallel taken samples; duplicate sorbent samples (200, 300 and 6001) from a
single site; duplicate sampling by sorbent technique and sample for AMP precipitation. The results are
summarized in Table 1, where the ratio of activities and 2a uncertainty of the parallel or consistent
samples are presented. These results allow to say that the sorbent technique gives reliable and
comparable values for 137Cs concentrations in sea water, because of the close to 100% efficiency. One
of the reasons for such high estimation is that we avoid ashing, which might cause the loss of 10-20%
of the activity, according to [8]. The observed difference might be due to 2 reasons: a) the sorbent
technique averaged the concentration of 3 to 10 times higher volume sample and b) systematic error
of +10% in measured 137Cs concentrations for sorbent is due to the calibration problem which might
be solved after further preparation of lower density volume calibration source.

TABLE I. RATIO OF 137Cs ACTIVITY AND 2o UNCERTAINTY IN PRECONCENTRATED BY
DIFFERENT METHODS SURFACE SEA WATER SAMPLES.

Sorbent to evaporated sample Sorbent to sorbent sample Sorbent to AMP sample
1994 1995, 1996
1.1710.14 0.99+0.04 l.l±0.2
0.8710.13a 1.0410.05 1.2+0.2
1.26+0.23 0.9810.06

aIn this case the sample for evaporation was not filtered. The activity of the 137Cs in paniculate matter was
estimated to be 9% of the activity of the dissolved !37Cs, measured in sorbent sample.

2.2. Sampling program. Pre-treatment of the biota, sediment and atmospheric samples.

The sampling sites were chosen between the coastal hydrometeorological stations to cover the
all Bulgarian coast, see Fig. 1. These sampling stations are under the influence of the local
anticyclonic vortex, formed in the area between the coast and the main Black Sea cyclonic current.
Two stations, Shabla and Shkorpilovzi were pointed out as basic because of the available stable trestle
bridges into the sea of 450 and 250m length, at the end of which the sea water and sediments were
sampling.

Sea water, sediments and algae were sampling during the warm period of the year from May to
September, usually during one day for every sampling station.

The algae samples were collected during every expedition along the coast, starting in 1993.
The samples were rinsed with distilled water and dried at 105°C. Dry samples were milled and
homogenized and measured for gamma emitting radionuclides. For radiochemical analyses ashing at
400°C was used. This temperature is lower than recommended for Pu and Sr analyses in [9], but it was
chosen to have the possibility for additional gamma spectrometry measurement of the ashed sample.
The registered loss of the 137Cs was below 10%. The results are reported as Bq/kg dry weight. This
year we have tried to obtain the ratio dry/wet weight for some of the species. The ratios are Ulva sp.-
0.2; Ceramium and Cystoseira sp.- 0.35, Phycoseris + Cladophora sp.- 0.25. These ratios are used in
calculation of the Concentration Factors (CF) for 137Cs. When it was possible an attempt to determine
the species in old samples was done. The fish samples are treated similar to the algae samples. For
the Trachurus sp. the head and internal organs are removed, for Sprattus sprattus the whole fish is
treated. The sediment samples were collected from the surf zone. They are usually sandy for all
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sampling sides with different grain size. For comparability after drying they were sieved through lmm
sieve and two fractions ,<lmm grain size and >lmm were measured by gamma spectrometry.
Atmospheric deposition samples are collected at Varna and Burgas coastal stations every day by
two types of collectors: 1) wetted with distilled water cotton material, which is dried, ashed with slow
increase of the temperature up to 400°C, measured for gross beta radioactivity; 2) open container
which bottom is covered by distilled water. Combined daily samples for a month period are measured
by gamma spectrometry. Some of the monthly samples were analyzed for Plutonium, 90Sr and 232Th.

2.3 Radiochemical separation of Plutonium, ^Sr and Thorium.

Two approaches in radiochemical separation of 90Sr, 239+240Pu, Th and M1Am were used. The
first one is based on the classical ion exchange separation of actinides, and source preparation by co-
precipitation with NdF3 , described in details in [10]. 90Sr is determined through its daughter ^ Y
according to [11]. For analyses of the atmospheric samples from the period of Chernobyl accident
(collected daily or in several days period in May 1986) these procedures were combined [12], and
further applied for monthly composed atmospheric deposition samples. The recovery for 236Pu (later
used ^ P u ) tracer was above 80%, for 90Sr - from 70 to 85%, and for M3Am - 40-68%. In algae and
sediment samples actinides and 90Sr analyses were performed on different subsamples. The blank
samples were run in every series of analyses. 238Pu was usually closed to the DL.

The latter developed procedure, permits determination of Pu, Th and ^Sr in one sample, using
new Eichrom Industries t i c . chromatographic materials - TEVA.Spec™ and Sr.Spec™. This
procedure was applied on the soil samples first [14], recently on the some sediments from the surf
zone. IAEA-6 and IAEA-307 were analyzed. Tracer only for 232Th determination (230Th presents as
inpurity) was prepared by 234Th milking from UO2(NO3)2 dissolved in 7M HN0 3 . The yield of the
234Th is determined by gamma spectrometry with 25% Ge detector. The Thorium effluent after
TEVA.Spec™ column is treated as Plutonium effluent. For further work the use of 229Th is planned.

Alpha spectrometry was performed with 1 surface barrier detector in the beginning and since
1996 by OCTETE™ ORTEC alpha spectrometry system, EG&G ORTEC. The system includes eight
300mm2 low level detectors from the series ULTRA-AS™ (100(u,m active layer thickness). Their
background is <10imp/day. The usual FWHM for sources prepared by electrodeposition is 25-30
KeV, and for those by co-precipitation with NdF3 vary from 50 to 120 KeV.

3. RESULTS AND DISSCUSSION

3.1. Levels of the 137Cs along the Bulgarian Black Sea coastal zone

The averaged concentrations of 137Cs in the coastal waters are presented in Table 2. 134Cs
determination was also possible in sorbent samples up to this year, clearly indicated for the Chernobyl
influence. The concentrations in the period 1993-1998 are more then 10 times lower comparing to
measured at the same stations in May 1986, [1] or to those presented in [4], [5]. The decrease is
similar to the reported by [6] and [13].

TABLE H. AVERAGED CONCENTRATION OF 137Cs AND 134Cs, ONE STANDARD
DEVIATION AND CONCENTRATIONS AND SALINITY RANGE IN SURFACE SEA WATERS

Month

Sep-94
May-95
Jun-95
Jul-95
Sep-95
Summer-96a

June-98b

137Cs
mBq/1
41.7+3.4
33.1+0.8
34.9±3.5
22.9±4.5
32.8±2.2
28±4
20.5±2.8

Range
mBq/1
38.2-45.1
32.1-33.9
32.4-41.1
15 - 26.2
28.4 - 35.6
24-31.4
18.2 - 24.3

134Cs
mBq/1
1.39±0.08
0.74±0.12
0.94±0.12
0.52±0.13
0.76±0.17
<0.5
0.20±0.05

Salinity range

16.4 aver.
16.3 -16.6
14.7 -16.8
13.8-15.6
16.2 - 17.2
16.1-17.1
15.5-17.1

aBased only on the samples, collected in Varna; Based on the samples from the Northern coastal region
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On Fig. 1. the dynamic in 137Cs concentrations in the surface water, obtained by sorbent technique
during different expeditions for the period 1993-1998 for coastal stations Shabla and Shkorpilovzi are
presented. The concentrations in both stations decrease approximately twice since 1993.
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FIG. I. Scheme of the sampling sites and Cs concentrations in mBq/l in the surface water at two
coastal stations. The basic stations are numbered 1-5.

The lower concentrations within one year correspond to the lower salinity, probably due to the
refresh-ment caused by the inflow of the high Danube waters. I37Cs concentrations measured during
1995 and 1996 in water samples from the Bulgarian part of the Danube river show almost an order of
magnitude lower values - 0.4-0.8 mBq/l than those in the Black Sea surface waters. During June 1998
the growth of the salinity of the coastal water after strong storm was followed by a 25% increasing of
the I37Cs concentrations in 3 days period. The percentages of the I37Cs associated with the particulate
matter vary from 8.9 to less than 0.2%, depending mainly of the peculiar features of the sampling
sites. The analysis of the Cs/ Cs ratio in collected sorbent samples discovers variations, but it is
not so significant to exclude statistical variation. As an example, the average ratio for the 1995 for
most northern station Shabla is 0.023 (Io"=0.006) and for Ahtopol it is 0.025 (lc=0.001). The ration
of 0.53 during the time of accident for the Black Sea, [4] recalculated for July 1995 gives a value of
0.024.

The data for 137Cs concentrations in the surf sediment samples show smaller decrease during
the period 1994-1998 in comparison to the concentrations in the sea water, but higher space
variability, registered by [2] also. The concentration for Shabla (1) ranges from 1 to 1.8 Bq/kg dry
weight for both <lmm and >lmm fractions, for the most southern Ahtopol (5) station from 3 to 4
Bk/kg. This fact corresponds to the values of Chernobyl fallout - deposited gross beta activity for
Burgas bay region was 2 times higher and for Ahtopol station - 1.3 times higher than for North-East
Bulgaria. These values in comparison to the concentrations of the natural gamma radioactive isotopes
are low. ̂ K in the region of Shkorpilovzi (2) vary from 60 to more than 100 Bq/kg. 226Ra
concentrations in the same samples vary from 3 to 14 Bq/kg.

The concentration of I37Cs in algae samples also show space and time variability. For green
algae (Ulva, Phycoseris and Cladophora species) the concentrations vary from 2.4 to 4.8 Bq/kg dry
weight. For brown species (Ceramium and Cystoseira) usually higher concentrations are measured
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from 6 to 17 Bq/kg dry weight. The Concentration Factor, determined as CF=(Bq/kg)/(Bq/l) for the
brown algae's samples is above 100 ranging from 170 in 1993 to 104 in 1998. For green algae species
the averaged value is 34+18, within a range from 22 to 74. For both green and brown species higher
uptake is observed in May and June, and lower in September.

3.2. Concentrations of other radionuclides in the samples from the coastal zone

The attempt to determine the dissolved Radium isotopes in the coastal waters , according to
the method described in [14] was done in June 1998. Pre-filtered surface sea water sample (70 -140 1)
was passed through manganese oxides coated fiber (Mn-fiber) at a rate of about 0.2-0.5 1/min. The
wet Mn-fiber was placed in a plastic 50cm3 container and capped with a layer of silicone glue. No
change of the weight of the container+sample was detected for 2 months' storage. The 226Ra
concentration was determined through 222Rn daughters and 228Ra through 228Ac. The content of the
Radium associated with the suspended matter was determined after gamma spectrometry of the filters
used for pre-filtration. The volume of the filtered water was between 500 and 750 1. The concentration
of the dissolved 226Ra is estimated to be 1.5±0.3 mBq/1 at Varna and 1.2±0.2 mBq/1 at Shkorpilovzi, in
agreement to the present concentration levels for the Black Sea, [15].228Ra concentration is closed to
2mBq/l at both stations. The part of 226Ra in paniculate matter is 27 and 25% correspondingly.

The results for 239+240T 90,Pu ( ion exchange resin) and Sr (by Sr.Spec ) are compared to
previously analyzed algae samples, Table 3. The concentration of Cs is also given. Both samples
from 1995 were analyzed for 241Am, but because of the low recovery (<50%) only the MDA - 0.05
Bq/kg could be reported. Again the brown Cystoseira demonstrate higher uptake than Ulva sp.

TABLE III. CONCENTRATION OF SOME ARTIFICIAL RADIONUCLIDES IN ALGAE
SAMPLES

Species. Year of sampling.
Station No.
Cystoseira sp., 1995 -5
Ulva sp, 1995-5
Cystoseira sp.*, 1988-4
Ulvasp.*, 1988-4

239+240pu

Bq/kg
0.12±0.02
0.0410.01
0.15+0.1
0.0810.02

Recovery
i n %

62
57
72
78

90Sr

7+1
0.910.3
9.5+0.4
0.6+0.1

Recovery
i n %
55
72
76
90.5

137Cs
Bq/kg
1711
4.510.4
15.5+0.5
4.610.3

^analyzed in IAEA Seibersdorf Inter. Lab, J.LaRosa, A.Ghods, B.Veleva

The influence of atmospheric deposition on the marine environment in first approximation
could be estimated from the deposition rate of the radionuclides at the stations situated near the sea.
The recent deposition of 137Cs over the territory of the North Bulgaria vary from <0.5 to 20 mBq/m2

per day. During 1996 the averaged value at Varna station is 2.5 mBq/m2 per day and at Burgas - 3.5
mBq/m2 per day. On Table 4. the averaged deposition of 239+240Pu, 90Sr, 137Cs and 232Th for 2 months is
given. On coastal station Varna higher 2 3 9 + 2 4 0pu deposition rate was detected, but for the other
reported radionuclides the values are similar to the measured in the interior.

TABLE IV. ATMOSPHERIC DEPOSITION OF 239+240Pu, 90Sr, 137Cs AND 232Th

Sampling
station
Varna
Musala peak
Varna
Pleven
Sofia

Period of
sampling
Oct-92
Oct-92
May-95
May-95
May-95

239+240pu

mBq/m2 per day

0.033+0.006
0.0026+0.0007
0.006510.0012
0.0032+0.0013
0.001610.0006

^Sr
mBq/m2 per day

NAa

2.910.2
0.410.1
2.6+0.6
2.310.3

232Th
mBq/m2 per day

0.03+0.01
0.02610.009
<0.02
NA
NA

137Cs
mBq/m2 per day

5.2+0.6
8+1
4+1
1212
NA

''The sample is not analyzed for this radionuclide
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4. CONCLUSIONS

During the period of the investigation (1993-1998) 137Cs concentrations in the surface water
along the Bulgarian shore have decreased. The refreshment by high Danube waters in late spring and
early summer can cause additional decreasing in 137Cs concentration, especially at the Northern
stations. The tendency of decreasing is observed in the surf sediment and algae samples, as well.

The brown algae species demonstrate higher uptake of 239+240Pu, ^Sr and 137Cs compared to the
green ones and could be used as biomonitors for the Northern Black Sea coastal region.

The methods for determination of 239+240Pu, ^Sr and gamma emiting radionuclides in the
Bulgarian coastal environment have been developed and applied in the NIMH and INRNE-BAS
laboratories. The support in capacity building received under TCP RER/2/003 is playing a significant
role in the process of development. The results obtained under the application of these methods are
considered reliable and could be used in further monitoring studies.
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