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Abstract. In this paper the possibility is discussed of using the resources of fresh water lake sediments
(sapropels) for remediation of soil contaminated by radionuclides in Belarus. This research deals with six
samples of different types of sapropels and four samples of sandy soil of Belarus. The objective of this study is
twofold: firstly, to verify whether the solid / liquid distribution behavior of radiocesium and radiostrontium in sapropels
is governed by the same processes as in soils (and if so, whether this solid / liquid distribution can be described
quantitatively on the basis of a number of easily measurable physicochemical parameters of soil); secondly, to
estimate the potential effectiveness of using different types of sapropels amendments to some sandy soils from the
Chernobyl contaminated zone which are characterized by relatively low sorption properties for both radionuclides.

INTRODUCTION

During the years after the Chernobyl disaster in Belarus (as well as in others CIS countries that have
contaminated territories) there is a tendency to increase the quantity of soluble forms of radiostrontium
which are easily assimilated by plants, but mobility of radiocesium stays at the same level and does not
decrease. To reduce transition of these radionuclides into agricultural products, chemical supplements
and higher amounts of mineral fertilizes as well as manure are widely applied in the agriculture of
Belarus. Furthermore research carried out in Belarus recently showed that these measures in many
cases are not effective and expensive, they lead to destruction of the soil's natural chemical balance
and lead to biogeochemical changes in the region [1]. At present there is a tendency in a number of
countries in the application of natural supplements, which have properties similar to soil structure like clay
minerals, zeolites and fresh water lake sediments - sapropels [2, 3, 4, 5, 6]. Sapropels are fine-textured
colloidal deposits containing at least 15 wt. % organic matter, as well as mineral components of
biogenic and lithogenic origin. It is a naturally occurring substance composed of organic matter, which
consists of plant and animal sediments formed in anaerobic and microbiological conditions on
freshwater lake bottoms. Sapropel contains all the basic nutritious substances for plants to grow and
develop: nitrogen, phosphorus, calcium, magnesium and potassium, microelements (S, Cu, Zn, Br, I,
Co, Ni, etc), biologically active substances, organic and humic acids [7]. There is no similar class of
nature-occurring organic fertilizers of equal physical and chemical properties. Thanks to their unique
agrochemical properties and ability to absorb heavy metals and radionuclides, sapropels are the most
promising natural organic raw materials for remediation of soils contaminated by radionuclides [7, 8].

The efficiency of sapropels used as a means for the decreasing of transition of radionuclides from soil
to plant in the first stage after the Chernobyl catastrophe was studied within the framework of the
ECP-2 (1994) project and it was pointed out that the sapropels represent a promising organic material
for these purposes, especially as a supplement for poor sandy soils. [4].

The Republic of Belarus has huge sapropel reserves (more than 1759.1 million m3). The main types of
sapropel common in Belarus are as follows: organic, carbonate, silica as well as mixtures of the latter
ones. The availability of different types of these resources in all regions of Belarus is the reason for
studying of their sorption properties with respect to ^Sr and I37Cs with purpose of utilization of these
resources to remediate the contaminated soils [9] in future.
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At present time a considerable part of Byelorussian lakes are overfilled with these natural resources
and therefore they require clearing. That is why the use of this raw material in agricultural practice of
Belarus will have in future both ecological and economical effect. In this regard it is necessary to
mention that the major part of soils contaminated by radionuclides in Belarus are sandy soils which
normally have light granulometric composition, law content of organic matter and law fertility [10].
We hope that in this case the use of sapropels will have a good remediation effect [8].

METHODS AND MATERIALS

The study of effectiveness of sapropel use for remediation of soil contaminated by 85Sr and I37Cs, was

carried out by the determination of solid/liquid distribution coefficients 85Sr and 137Cs (¥L and

K °s) in pure sapropels and soil samples as well as in soil/sapropels mixtures. The approaches and

methods developed by the Head of Colloid Chemistry Laboratory, Prof. A. Cremers and his school
were used in this study [11, 12, 13,14], According to the view of this school, two remarks can be made
regarding the assessment of sorption / desorption properties of soil.

Firstly, transfer factors integrate the effects of processes working at different levels (soil chemical
availability, soil-to-solution and solution-to-root mass transport, soil (solution)-root interface processes,
physiological plant processes, etc.). Secondly, although soil-to-plant transfer seems to be mainly a
function of soil type [15], choice of the type and dose of adsorbent is frequently made without any
quantitative knowledge of the different physicochemical parameters which govern the solid / liquid
partitioning of S5Sr and 137Cs both in the soil and in the adsorbent to be added, and as a result, in many cases no
effect is observed [6, 16].

The authors mentioned that the sorption mechanisms for radiocesium and radiostrontium are radically
different. In the case of strontium, the Cation Exchange Capacity (CEC) and the calcium status of the
system (assuming a unity value for the Sr2+ to Ca2+ selectivity coefficient) nearly exclusively rule
solid/liquid distribution behavior. In the case of radiocesium, the solid / liquid distribution behavior is
exclusively - except in case of extremely organic soils — based on the number of illitic specific
sorption sites and the K+ -NH 4

+ status of the soil (solution) [11]. Six sapropel samples of different
type and four podzolic soil samples of different granule size and mineralogical structure were included
in this study (Table 1).

Table 1: List of sapropel samples and soils studied.

Sample Region of origin Type of sapropel and soil

LS-1 lake Sydobl, Smolevichi region organic sapropel

LS-2 lake Lochinskoye, Osipovichi region organic sapropel

LS-3 lake Dobeevskoye, Schumilino region silica sapropel

LS-4 lake Chervonoye, Gitkovitchi region organic sapropel

LS-5 lake Veino, Belinichi region carbonate sapropel

LS-6 lake Najda, Gitkovitchi region silica sapropel

S-l Hoiniki district, Belarus soddy podzolic soil
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S-2 Narovlya district, Belarus soddy podzolic soil

S-3 Novosyolki district, Belarus soddy podzolic, light sandy soil

S-4 Novosyolki district, Belarus soddy podzolic, light sandy soil

All samples were dried at room temperature (the final water content as determined after heating at
105°C during 24 h was smaller than 1.5 % for all samples), ground in a mortar and sieved (1 mm).
CEC values of samples involved in this study were determined using the silver-thiourea (AgTU)

procedure [17], but without adding 0.05 mol dm NH4Ac as a buffer, in order to obtain CEC values at
pH values close to in -situ pH values. Organic carbon contents were determined using the Walkley-
Black method [18, 19] and then multiplied by a factor 2 in order to obtain the OM content. A factor 2
was used since OM (humics, fulvics and humine) contains about 50 % of organic carbon [20, 21]. pH

values were measured in KC1 0.01 mol dm at solid / liquid ratios of 1/2.5 or 1/5 kg dm .

FES

Radiocesium interception potentials (RIP ) were measured using the AgTU masking technique
described in a previous section.

Sr C s

K and BL measurements were done in the following way. Sapropel and soil samples (1 g) were
dialytically (0.010 dm3 inner solution and 0.250 dm3 outer solution) equilibrated with a synthetic
solution, which is representative of the average in situ solution of the sapropels studied (see Results
and Discussion and Table 2; PAR = 0.066, K = 0.2 mMole dm"3, Ca = 9 mMole dm"3, S/L = 1/200 kg

dm ). Samples were shaken end-over-end for 24 hours and dialysates were replaced by fresh solution.
This step was repeated two times. After presaturation, dialysis membranes were dried with a paper
tissue and weighed in order to calculate the exact volume within the dialysis membrane. Next, samples

were equilibrated for 24 hours with the same solution, labeled with Sr and Cs (S / L = 1 / 35 kg
-3 85Sr l3 7Cs 3 - 1 85

dm ). Kp and K values (dm kg ) were obtained after gamma spectroscopy of the Sr and

Cs specific activities in the liquid phase before and after addition of the solids.

RESULTS AND DISCUSSION

Physicochemical characterization of sapropels and soils

Sapropel and soil samples were characterized in terms of CEC, organic matter (OM) content, pH,
RIPFES, KD

85Sr and KD
137Cs (Table 2).

Table 2: Physicochemical and sorption characteristics of the sapropels and soils

symbol

LS-1

LS-2

LS-3

LS-4

O.M.

(wt. %)

65

73

39

52

CEC

- i

(Equiv.kg )

0.675 (5.9)

0.891 (5.9)

0.538 (6.5)

0.697 (5.8)

pHicci

5.4

5.5

6.3

5.1

FES

RIP

-i

(Equiv.kg )

0.114

0.154

0.990

0.649

KD
Sr

(ml/g)

22

50

23

33

K D
C S

(ml/g)

298

551

5397

4310
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LS-5

LS-6

S-l

S-2

S-3

S-4

23

27

n.d.

n.d.

n.d.

n.d.

0.382 (7.4)

0.298 (6.0)

0.056

0.061

0.0202

0.0239

7.5*

5.3*

5.3

5.1

6.0

6.1

0.223

0.224

0.140

0.230

0.810

0.710

26

17

-

-

2.53

3.02

1120

979

477

738

920

899

pH was determined in 0.01 Mole dm" KC1 at S/L 1/5 kg dm", except * at S/L 1/2.5 kg dm"
n.d. = not determined.

It is seen that CEC values of the different types of sapropels cover a range of 0.250 to 0.900 Equiv.

kg .pH values of the equilibrium solutions vary between 5.8 and 7.4 and correspond fairly well with
the respective pHKCi values of the sapropel (pH 5.1 to 7.5), suggesting that the measured CEC values
are a good estimate of the in-situ CEC value. Furthermore, it is seen in Table 2 that CEC values show
a distinct correlation with the OM content (covering a range of 20 to 70 wt. %). Normalizing CEC

values with respect to the OM content leads to an average value of 1.29 ± S.E. 0.09 (n = 6) Equiv. kg .
Consequently, it appears that the CEC is to a large extent associated with the organic matter.
Evidently, besides organic matter, ion exchange sites are also situated on clays, silica and oxides.
PHKCI values of the sapropel are neutral to slightly acidic, similar to agricultural soils. As a result, no
drastically changes of the soil pH are to be expected upon addition of sapropels.

The set of sandy soils is characterized by much lower CEC values, covering a range of about 0.02 to

0.06 Equiv. kg . It can therefore be expected that the addition of sapropel, particularly when
exhibiting a high CEC value, shall be beneficial in regard to radiostrontium sorption.

FES

RIP values are also included in Table 2. It is apparent that the range of values covered in the

sapropels (0.1 to 1 Equiv. kg ) is identical to the one for the sandy soils (0.1 to 0.8 Equiv. kg ).

Table 2 shows that all types of sapropel samples have considerably more (10 times and more) sorption
ability to 85Sr (KD

Sl), then samples of sandy soils. In regards of 137Cs, it is necessary to mention that the
high sorption ability to this radionuclide was silicate sapropel samples only. Organic sapropel LS-2
has more high meaning of KD

Sr then other samples (50 ml/g), but KD
Cs in this case has one of the

lowest (551 ml/g). Silica sapropel LS-3 has more high meaning of KD
Cs (5397 ml/g), but KD

Sr is one of
the lowest (23 ml/g). Such a distribution of coefficients means KD

Cs and KD
Sr are normal if we will

take into account the results of many scientific studies which showed maximum sorption ability 137Cs
by mineral substances and for 85Sr - by organic matter [22].

Table 2 shows that higher sorption coefficient to cesium and strontium has two sapropel samples LS-2
and LS-3 organic and silica types respectively. That is why these samples were taken for future
research experiment on the determination of efficiency of using of sapropel for remediation of sandy
soil.

Estimation of the potential effectiveness of sapropel amendments

The estimation of the effectiveness of some particular amendment is based on K^ measurements in

pure and supplemented soils. All tests were performed in a synthetic mixed KC1 / CaCl solution (K

and Ca concentrations of 1.057 and 4.472 mMole dm , respectively; PAR = 0.5), thus assuming that
the composition of the soil would govern that of the sapropel added.
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Addition of high CEC sapropel to low CEC soils resulted in an increase of the total CEC and
respectively proportional increase of the radiostrontium solid / liquid distribution coefficients, as well
as consequently an almost inversely proportional decrease of radiostrontium solution levels.

Two different experiments were carried out as per protocol 1 and protocol 2, respectively, see Table 3.
The potential effectiveness of two sapropel samples of different types was studied, showing either the

FES

highest value for CEC (organic sapropel LS-2) or for RIP (silica sapropel LS-3).

Table 3: Summary of the different experimental combinationsSapropel

LS-3

LS-3

LS-2

LS-2

Dose (wt.%)

0,2,4

0,2,4

0 ,1 ,2 ,4

0,1 ,2 ,4

Soil

S-l

S-2

S-3

S-4

Radionuclide

'"cs

B7Cs

"Sr, '"OS

85Sr, 137Cs

Protocol

1

1

2

2

The experimental conditions of protocol 1 were as follows: 5 gram samples of soils S-3, S-4 were
weighed in dialysis membranes (4 replicates). 50, 100 or 200 mg of the organic sapropel LS-2 (which
correspond to 1, 2 and 4 wt. % doses) was added into three of the four aliquots of each soil. Systems
were dialytically (0.025 dm3 inner solution and 0.200 dm3 outer solution) equilibrated with the
synthetic solution by end-over-end shaking and repeated replacements of the outer solution (S / L = 1 /

45 kg dm ; 4 replacements during a 6 days period). After presaturation, membranes were dried with a
paper tissue, weighed (in order to calculate the exact volume within the dialysis membrane) and

introduced into poly-ethylene vials which were filled with 0.025 dm of the same solution (S/L ratio =
8585 137 8 5 o3 85 137 o

1/10 kg dm ) and labeled with Sr and Cs. Systems were shaken end-over-end for 24 hours. K^ a r

and K^ Cs values (dm kg ) were obtained after gamma spectroscopy of the Sr and Cs specific

activities in the liquid phase before and after addition of the solids.

In protocol 2, the effectiveness of 2 and 4 wt. % additions of silica sapropel LS-3 (high RIPFES) to the
soils S-l and S-2 were tested. All experimental conditions were similar to those of protocol 1, except

that the final test solution was labeled with Cs only.

In the case of radiostrontium, tests were limited to the LS-2 sapropel (exhibiting the highest CEC
value). Three soils (S-3, S-4) were supplemented with 1, 2 and 4 wt.% doses of sapropel LS-2. In the
case of radiocesium, several combinations of soil and sapropel were tested: 1, 2 and 4 wt. % doses of
sapropel LS-2 with soils S-3, S-4 (protocol 1) 2 and 4 wt. % doses of sapropel LS-3 with soils S-l and
S-2 (protocol 2). The efficiency of sapropels LS-2 and LS-3 as amendments to soil samples is shown
in Figures 1-3.
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2 3

dose Wt, %

FIG 1. KD values (ml/g) measured in the pure
and in the amended soils versus the applied dose
of sapropel. Protocol 1: Soils S-l, S-2 with 0, 2

and 4 % doses of sapropel LS-3.

FIG 2. KD
Cs values (ml/g) measured in the pure

and in the amended soils versus the applied dose
of sapropel. Protocol 2: Soils S-3, S-4 with 0, 1,

2 and 4 % doses of sapropel LS-2

FIG 3. KD
 r values (ml/g) measured in the pure and in the

amended soils versus the applied dose of sapropel. Protocol
2: Soils S-3, S-4 with 0, I, 2 and 4 % doses of sapropel LS-2

Figures 1-3 show that the sapropel of one type (as a supplement) in equal doses has different effect on
KD

Sr and KD
Cs in case when applied in different sandy soil. Tl

soil, which involved in this study has organic sapropel LS-2.
KD

Sr and KD
Cs in case when applied in different sandy soil. The highest effect as for 85Sr as 137Cs for all

Figure 2 shows that KD
Cs for sandy soil samples with organic sapropel LS-2 (as an amendment) has the

maximum effect with doses 1 and 2 % in soil samples S-3 and S-4 and in case of applying higher
doses the effect decreases. Such change of KD

Cs when organic sapropel is added to soil, is possible,
and this explains the specific reactions between organic matter of sapropel and mineral substances of
soil, as many researches have demonstrated [23].

hi our case for sapropel sample LS-3 we have no beneficial effect, which is to be expected from
adding sapropel to soils in regard to the improvement of the radiocesium sorption.
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As far as KD
Sr is concerned (Fig 3), it is necessary to point out that in case of application of higher

doses of organic sapropel to soil the value of coefficient strongly grows. But in case of S-4 soil we
have the minimum coefficient value with sapropel dose of 2 %, which perhaps is the result of the
specific reactions between organic matter and mineral substances.

The maximum value of KD
Sr we can observe in one case of using of 1 and 4 % of organic sapropel LS-

2 for soil (S-3), and for S-4 soil - when we applied 4 % dose. However, it can be expected that when
adding high CEC sapropels to low CEC soils, the original composition of the soil will be drastically
affected, the extent depending on the relative values of the CEC and the amount of sapropel added.

In addition, amendments with organic sapropel may directly (addition of nutrients) and indirectly
(increase of pH and CEC) improve the fertility status [8], and even so the water holding capacity of
the contaminated soil (diminishing resuspension risks). In this context, the mineralization rate of the
sapropel organic matter in the amended soil is an important factor. The mineralization rate of soil
organic matter depends on a range of factors such as the type of organic matter, the climatic conditions
(temperature, humidity and so on), the type of soil, and the type of cultivation.

On the other hand, the reversal from anoxic to aerobic (oxic) conditions may drastically increase the
microbial activity, favoring the mineralization of sapropel organic matter.

One of the limitations inherent in the application of supplements is that of the doses to the soil. If we
consider that a dose of 1 (weight) % corresponds to some 30-50 tons per hectare (depending on the
bulk density of the soil), then we shall require a radionuclide sorption capacity - or interception
potential - for the soil additive which exceeds the one of the soil by some two orders of magnitude to
obtain a significant effect (a factor of two).

Consequently, it is imperative that, prior to any attempts, we are in a position to establish the specific
radionuclide sorption capacity and acquire reliable procedures for assessing the relative sorption
potential of both soil and supplement.

CONCLUSIONS

The data presented in this paper demonstrate that the solid / liquid distribution behavior of Cs, and
85

Sr, in sapropels is governed by respectively the same processes as in soils.

This study shows the possibility of the use of sapropels supplement to sandy soil for the decreasing of
137Cs and 85Sr. The best result in all cases as for 137Cs as for 85Sr has organic sapropel LS-2. We had
positive effect when we used these types of sapropel under doses 1 % (30-50 t/ha).

Any higher doses of sapropel used as a supplement to sandy soil (more than 2%) is effective only for
strontium, but perhaps these doses would not agree with economic efficiency.

Supplement of silica sapropel LS-3 to sandy soils in all cases shows no effect on increasing of KD
Cs

value despite of high coefficient value for this type of sapropel.

So, it is necessary to select a specific sapropel for each concrete type of soil as well as to specify a
dose to get and optimal sorption properties of the soil.

Finally, it should be stressed that the predictions on the beneficial effect of sapropel supplements for
radiostronium are based on laboratory experiments, where optimal mixing is ensured. The optimal
doses, which we have got in laboratory experiments, are to be checked in field conditions to get
practical remediation effect. In any case, good remediation results are to be expected only after
thorough mixing of sapropel with the contaminated soil layer.
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