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ABSTRACT
To determine traces of radiocaesium in water solution, the sorbent on the base of ferric -

potassium hexacynoferrate on cellulose carrier "ANFEZH" was worked ou t The sorbent is
capable to extract effectively the isotopes of caesium from various natural solutions ( fresh and
sea water, milk, juices and so on).

. The usage of sorbent allows practically completely concentrate the isotops of caesium
from water samples with the volume of tens and hundreds litres.

The sorbent in quantity of 50-500 grams allows to extract 98±1% of caesium from natural
water samples with the volume up to 1000 litres during 1-5 hours.

The usage of this sorbent allowed to conduct the express analysis of multiple, bore holes
within the area of 30 Km of Chernobylskaya NPP, drinking water and milk in the regions of
Belorussia, Ukraine and Russia, hit by Chernobyl disaster and around NPP in Russia and
America. The use of this express analysis reduced the time and required labour as compared with
to precipitation methods.
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INTRODUCTION

The analysis of small quantities of radiocaesium isotopes contained in water solution requires
the caesium-ions pre-concentration on some substance, which could be suitable for the subsequent y-
spectrometry. Usually in the world practice ion-exchange resinsm or some methods of scavending (e. g.
AMP-scavending/"1 are used.

The sorbent «Anfezh» on the base of Berlin blue was developed for the same purpose The
sorbent «Anfezh» is the ferric-potassium hexacyanoferrate applied to cellulose carrier.. The technique of
synthesis of «Anfezh» have been described earlier^. This compound has high sensitivity for caesium-
ions by forming a stable complex. It permits to make the caesium' extraction from the water even within
a very low concentration i'vel. After this procedure the quantity of extracted radiocaesium is being
determined easily by y-spectrometry method.

EXPERIMENTAL

The method of radiocaesium pre-concentration on the «Anfszh» sorbent is very simple'4'.
Before the analysis the sorbent 'Anfezlw is steeped in hot water (60° - 80°C) for 30 minutes.

After that the sorbent is loaded into a sorption column in the condition which precludes the formation of
bubbles. A natural water sample is filtered to avoid solid particles and then is passed through a sorption
column which is loaded by «Anfezh». The- rate of filtration flow is about 50 - 60 ml / cm : min.

When the filtration is over, the sorbent is unloaded from the column, homogenized by mixing it
carefully and measured by y-spestrometry.

The proposed method is much simpler than the known co-precipitation methods'5' . This
technique is very good for the expedition and have been recommended by the Russian Federal
Committee for Hydrometeology for express-analysis of radiocaesium traces in natural water.

The amount of sorbents for one analysis depends on expected activity of testing water samples.
Based on numerous experiments optimal correlation of geometrical parameters of the column

with «Anfczh», specific activity of water and sample water volume were obtained (see Table I)
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Table 1

The optimal parameters of the sorption procedure using «Anfezh»

1.
2.
3.

Specific activity
of solution,
Bq/1

1
0,1

0,01

Solution volume
for one analysis, 1

10
50
100

Column cross-
section area, cm2

1,5
5
10

Volume of
«ANFEZH» for
one analysis, cm3

12
50
100

Depth of a column
filling, cm

S
10
10

The radiocaesium extraction efficiency in fresh water samples was determined by passing
water samples through two sequentialy connected columns. The amount of «Anfezh» in the first column
was enough to avoid all initial activity of water sample according to parameters collected in the table 1.

The control batch of 'Anfezh» was loaded into the second column. It removed from the water
sample the remainder of radiocaesium which overstepped the first column.

In the series of experiments die cross-section area of the sorption column was 113 cm2.
«Anfezh» filled the column to the depth of 4-5 cm. The flow rate was maintained at about 100 ml / cm2

min. The efficiency of 'Anfezh» sorbent was determined as the relation between caesium-137 collected
in the first column to ceasium-137, collected in the second column (see table 2).

Table 2
Determination of «Anfezh» efficiency

Date of test

30.12.91
25.03.93
11.05.94
16.05.94
09.06.94
26.06.94
28.06.94

Water sample
volume, 1

200
600
427
700
500
1100
500

Specific activity,
Bq/1
1 column
0,0410
0,0290
0,390
0,1090
0,0260
0,0039
0,0270

2 column
<0,0007
0,0017
0,0018
0,0018
0,0015
0,0002
0,0006

Activity distribution, %

1 column
>98,2
94,3
95,5
98,4
94,6
94,0
97,7

2 column
<1,8
5,7
4,5
1.6
5,4
6,0
2,3

In the series of experiments, even when the flow rate was about 100 ml/cm2 min, the efficiency
of «Anfezh» was more than 94 %. If it was reduced to 50-60 ml/cm2 min, the efficiency of radiocaesium
extraction by «Anfezh» reached up to 98 ± 1 %.

In 1993 - 1995 investigations of radionuclides water migration within the framework of the
scientific project ECP-3 «Radiological consequences of the Chernobyl disaster for water ecosystems»
were carried out in the Ukraine. The work was arranged over the full cycle (sampling, preparation of
sample, measurements) by two independent organizations: Ukrainian Institute of Hydrometeorology,
used the method with «Anfezh» pre-concentration and ENEA-DISP (Italy), which used ion-exchange
resin as a pre-concentrator. The basins of Desna-river, Dnieper, Pripyat, Uzh-river, Ilia-river with the
wide range of Cs-137 concentrations (from very low activity, as before the disaster, to value of 5 - 10
pKu /1 were investigated.

Water sampling was executed by two separate pumps, placed on the same boat. The
conditions of sampling, preparing samples and measurements are given in the Table 3.
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Comparative conditions of sampling, preparing samples and measurements

Water sample filtration to
remove suspended particles

Sorbent for pre-concentration
Water sample volume, 1
Filtration time, h
y - spectrometer

Ukraine
Dense filter for finest deposits in
tandem with the filter $1111-15-
1,5
Anfezh
200 - 1000
1-2
AMA-02<S with detector WRfc
100

Italy
Metal screen filter 105 jikm-cell
and membranes with 3 stage. 40
10; 0,95 ukm
Ion-exchange resin
500 - 1500
7-8
ORTEC with detector GEM
type 30185, series HPGe.

The amount of solid particles in water samples was determinated by weighing the filters before
and after filtration. To determine the soluble caesium concentration, the results of y-spectrometry
accurate to 15 % were normalised to water volume passed through the filter. To determine the
insoluble caesium concentration these results were normalised to the weight of solid particles.

RESULTS AND DISCUSSION

Numerous tests showed that the usage of «ANFEZH» allows to obtain the' complete caesium
extraction from the water solution within the wide range of concentrations. For example, initial
concentrations of radiocaesium in the water of Dnieper and Pripyat were within 0,002 - 0,11 Bq/1. The
comparison of two different methods using «ANFEZH» and ion-exchange resin as pre-concentrators
showed convergence and reliability of results which are acceptable for the control monitoring purpose.
The systematic divergence of results connected with difference in samples preparation.

«ANFEZH» can be used as a pre-concentrator for radiocaesium contained in the water
solution because of

- the high selectivity to caesium-ions
- the simplicity of the method for extraction of radiocaesium from different water

media even during expedition
- the possibility of radiocaesium extraction from complex solutions, such as sea

water(<5), milk, juices and so on.
- the low cost.

«ANFEZH» now is widely used in caesium contaminated regions of Russia, the Ukraine
and Belorassia.

The standard method using «ANFEZH» was approved and recommended for use by the
Russian Federal Committee for Hydrometeorology.

CONCLUSIONS

1. The express-analysis of radiocaesium in natural water with sorption pre-
concentration on «ANFEZH» sorbent was developed and certified.

2. Composite sorbent «ANFEZH» (ferric potassium hexacyanoferrate on a
cellulose carrier) is a high-selective sorbent for caesium-ions.

3. The efficiency of «ANFEZH» for caesium radionuclides reaches up to 98±1%
4. Intercalibrating tests show a acceptable convergence of results obtained by the

Russian standard method using «ANFEZH» and Italian standard method using ion-
exchange resin.
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