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Sorption of heavy metals by humic acids of chestnut soils

The purpose of this article is to study the sorption of heavy metals by humic acids of light and dark chestnut
soil. The objects of research are the samples of dark and light chestnut soils, selected from an ecologically
clean area of East Kazakhstan. Humic acids (HA) were separated from the soil at different pH values. At the
same time the yield of HA was 0.075 % from dark chestnut soil at pH 1.0, and it was 0.017/% from light
chestnut at pH = 7.0. Further, the dependence of the sorption degree on the medium acidity was established.
It was found that zinc and cadmium are better sorbed in a strongly acidic medium (pH < 1:0; 84.14.%); while
lead is preferably sorbed at pH 6.0, and the degree of its sorption is higher (93.54 %). It was established that
metals have a mutual effect, suppressing or enhancing the sorption of each other in bi- and polyelement vari-
ants. It was shown that cadmium significantly suppresses lead sorption in neutral media. Zinc‘more often in-
creases the sorption of both cadmium and lead by 3 times. It was concluded that the binding of heavy metal
ions by the organic fraction of the soil occurs due to the complexation with humic acids.

Keywords: heavy metals, dark chestnut soils, light chestnut soils (Kastanozems), organic fraction of soil, hu-
mic acids, sorption, zinc, lead, cadmium, East Kazakhstan, Borodulikha.

Introduction

Currently, the biosphere receives a huge amount of various pollutants, including heavy metals (HM), as
a result of industrial and anthropogenic human activities. One of the most important parts of the biosphere is
the soil cover, since in many cases it acts as a buffer, preventing or localizing contamination of other parts of
the biosphere. The entry of HM into the biosphere leads to their accumulation in the soil in quantities that
repeatedly exceed the background level, which reduces soil productivity and negatively affects the animal
and plant world, as well as ultimately the human body [1-3].

Technogenic contribution in to'the urban megalopolis soils is mainly manifested in a sharp increase in
the specific concentration of mobile forms of Zn, Pb, Cu, and in a lesser extent of Cd, V, Co, Ni [2—4]. Toxic
elements in soils are found in the form of light-exchange ions, colloidal particles, complex compounds, iso-
morphic impurities, compleXes with humic acids, adsorbed complexes on iron and manganese hydroxides,
on clay dispersed minerals, and carbonates [5—6].

It is known that soils differ in their sorption capacity in relation to heavy metals [7-11]. At the same
time, it is believed that the ability to sorption of heavy metals is associated with the presence of specific
high-molecular polyfunctional natural ligands in the organic part of the soil-humic acids (HA), fulvic acids
and humin. Soils with a large supply of humic acids can bind a large amount of heavy metals. This is facili-
tated by the presence of a large number of different functional groups in the HA (carboxylic, alcoholic, phe-
nolic; amine; amide, etc.), which provide the formation of strong complexes of these acids with heavy metal
ions [ 12—14]. The interaction between humic acids and metals can occur by forming ionic, covalent, and che-
lated compounds [15].

The phenomena of ion exchange, surface sorption, coagulation and peptization play an important role in
the sorption of HM by the soil fraction. The ratio of the mass fraction of organic matter to metal is important.
HM sorption by the organic part of the soil can occur with the participation of carboxyl (-COOH) and phe-
nolic (-OH) groups, this happens by replacing hydrogen with metal ions. Chelate complexes are formed as a
result. The metal binds by chelating coordination (homeopolar) bonds and does not behave like a cation.
Metal complex: organic matter can also be formed by replacing metal with a hydrogen cation outside the
functional groups [16—17].
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Consequently, metals can enter both the cationic and anionic parts of humic acid molecules. It should
be noted that the molecules of humus compounds of different soils differ in the number of functional groups
and the degree of the «core» condensation. Therefore, sorption is influenced not only by the properties of
metals, but also by the structure of humus compounds [18].

Contamination of the soil of East Kazakhstan with heavy metals has been studied by other scientists of
Kazakhstan [19-21]. However the sorption degree of heavy metals (Zn, Cd, Pb) by the main components of
the organo-mineral matrix of dark and light chestnut soil under conditions of mono- and polyelement pollu-
tion will be studied for the first time.

Data on the adsorption capacity of soils can serve as a basis for the development of methods for control-
ling the transformation of forms of chemical element compounds in areas that have been confirmed by
technogenic pollution.

This paper presents the results of studying the processes of zinc, lead, and cadmium sorption in mono-
and polyelement variants by humic acids of dark and light chestnut soil from the East Kazakhstan region:

Experimental

The objects of research are the samples of dark and light chestnut soils, selected from an ecologically
clean area Borodulikha district of East Kazakhstan.

Borodulikha district is located in the North of the East Kazakhstan region. The total area is 7.2 thousand
square meters, bordering the Altay region of the Russian Federation, as well as with Shemonaikha,
Beskaragay districts and Semey sity. Soils are saline and chestnut in the West-of the district, and black earth
(Chernozem) in the East of the district.

There is the Zhezkent mining and processing plant on the territory of the district, which is engaged in
the extraction of polymetallic ores, and a number of reprocessing enterprises.

The organic part of dark and light brown was isolated according to the standard method [9], by three-
fold extraction with 0.1 M NaOH solution. The soil suspension was filled with an extractant solution and
shaken on a rotator for one hour. The resulting suspension was filtered, and the remaining soil in the flask
was filled with a new portion of 0.1 M alkali solution:The extraction of organic matter was repeated three
times.

Humic acids were separated from the filtrate by adding a 10 % solution of sulfuric acid to pH=1. The
resulting precipitate was filtered and washed with water, and then dissolved in 0,1 M sodium hydroxide solu-
tion. Separate fractions of humic acids were deposited from the resulting solution by addition of 1 % sulfuric
acid solution drop by drop to the resulting solution of humic acids to pH=7. The precipitate was separated by
centrifugation after 2 hours of settling. A 1 % solution of sulfuric acid was added to the centrifuge again drop
by drop to pH=7. All operations. for separation of sediment were repeated similarly according to the above
method.

Similar operations were performed by depositing fractions at pH 5.0; 4.0; 3.0; 2.0; 1.0 and at pH<1.0.
The resulting fractions were dried on pre-dried paper filters to a constant weight. The mass of fractions was
determined by the difference in‘the mass of «clean» filters and filters with organic matter after drying.

Thus, 7 organic fractions of dark chestnut soil at pH=7.0; 6.0; 4.0; 3.0; 2.0; 1.0 and <1.0, 8 organic frac-
tions of light chestnut soilrat pH=7.0; 6.0; 5.0; 4.0; 3.0; 2.0; 1.0 and <1.0 were isolated. The organic fraction
at pH=5.0 for the dark chestnut soil was not considered due to the negligible allocation of humic acids into a
separate fraction.

The study of sorption processes of heavy metals in mono-, bi- and polyelement variants of organo-
mineral matrix of dark chestnut and light chestnut soil was carried out in accordance with [1]. Solutions of
Zn(NQO;),, Pb(CH3COO),, and Cd(CH3COO), salts were used for the model test. The salt concentration was
2.5 mmol/ml for mono-and bi-element variants and 1.25 mmol/ml for poly-element variant.

The solution of humic acids isolated at pH=7.0 was divided into 7 equal parts, in which a certain vol-
ume of zinc, lead, cadmium salts or their mixtures was added. The following options for applying HM solu-
tions were used:

1. mono-element (Zn(NOs),; Pb(CH3COO0),; Cd(CH5CO0),)

2. bi-element (Zn(NOs3), + Pb(CH3COO),);

(Zn(NO3), + Cd(CH;COO0)y);
(Pb(CH;COO0), + Cd(CH;COO0),)
3. poly-element (Zn(NO3), + Pb(CH3;COO), + Cd(CH3COO0),)
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A 10 % solution of sulfuric acid was added to the resulting solutions to pH=1.0. Humic acids were pre-
cipitated in all studied solutions. Then the solutions were infused for a day and centrifuged. The content of
heavy metals (zinc, lead, cadmium, zinc-lead, zinc-cadmium, lead-cadmium, zinc-lead-cadmium) was de-
termined in the centrifugate. The percentage of sorption was determined by the difference in concentration in
the initial standard solution and the extract obtained after the sorption process.

Gross content and concentration of water-soluble, acid exchange forms of zinc, cadmium and lead in
the analyzed solution was determined by extraction photometric method with ditizone using a photometer.

Results and Discussion

7 well-separated fractions have been formed by the triple extracted organic part of dark chestnut soil
and 8 well-separated fractions have been formed by the light chestnut soil. Their isoelectricpoints.corre-
spond to the following pH values of the medium: 7.0; 6.0; 5.0; 4.0; 3.0; 2.0; 1.0 and <1.0.

In all fractions, the content of humic acids and organic fractions from the total content of organic matter
was determined by gravimetry (Tables 1, 2).

Table 1
Content of humic acids and organic substances in the dark chestnut soil

Fractions at pH Humic acids content, % Organic substances content, %
<1.0 0.075+0.001 29.0042.15
1.0 0.050+0.002 18.50+1.02
2.0 0.025+0.001 9.15+0.98
3.0 0.013+0.001 3.20+0.24
4.0 0.020+0.001 6.24+0.25
5.0 — -
6.0 0.034+0.001 11.71£1.13
7.0 0.061+0.002 25.07+1.89

As can be seen in Table 1, the content of humic acids and organic substances prevails in fractions with
pH <1.0 (0.075 % and 29.00 %), 1.0 (0.050 % and.18.50 %) and 7.0 (0.061 % and 25.07 %), which indicates
that these fractions are enriched with organic substances.

Table 2
Content of humicacids and organic substances in the light chestnut soil
Fractions at pH Humic acids content, % Organic substances content, %
<1.0 0.012+0.001 19.00+1.67
1.0 0.013+0.002 14.25+1.19
2.0 0.010+0.001 13.00+1.14
3.0 0.009+0.002 9.55+1.05
4.0 0.009+0.002 12.20+1.17
5.0 0.008+0.001 10.70+1.12
6.0 0.011+0.001 1.85+0.12
7.0 0.017+0.002 20.25+1.53

As can be'seen in Table 2, the content of humic acids and organic substances prevails in fractions with
pH <1.0 (0.012 % and 19.00 %), and 7.0 (0.017 % and 20.25 %), which indicates that these fractions are en-
riched with organic substances.

Thus, the highest yield of humic acids and organic substances was obtained at pH 1.0; pH<1.0; pH 7.0
for dark chestnut soil, and at pH<1.0; pH 7.0 for light brown soil.

The isolated fractions of humic acids were studied by IR spectroscopy to determine the identification of
functional groups included in the composition.

Figure 1 presents the IR spectrum of humic acids isolated from dark chestnut and light chestnut soils of
the Borodulikha region.

90 Bulletin of the Karaganda University



Sorption of heavy metals by humic acids of chestnut soils

1033

0.004-

0.003-

0.002-

Absorbance

0.001=

0.000~

FO T T T T T T T T T T T T T O T T T T ST O S T T T SO T T T TS S SN S T SO S T S A S S S IS SRR A RIS T A I R |
3800 3600 3400 3200 3000 2800 2600 2400 2200 2000 1800 1600 1400 1200 1000 ¢
Wavenumber

Figure 1. IR spectrum of humic acids

All absorption bands are presented in the IR spectra of the studied humic acids; which is confirmed the
presence of the aromatic part (core) and external aliphatic chains in macromolecules. The characteristic ab-
sorption bands are in the range of 1000-1800 cm . Absorption bands with maxima at 1033 cm ' are caused
by fluctuations in the O—H bond of primary alcohol groups. Absorption bands with maxima at 2865 and
2928 cm ' are caused by valence fluctuations of —CH; and —CH, groups of the side chain. The narrow band
with a maximum at 1704 cm ' belongs to the carboxyl group —COOH. Aromatic and aryl-alkyl esters corre-
spond to the absorption band at 1245 cm . The absorption peak at 2865 cm ' indicates the presence of alicy-
clic compounds. The presence of aromatic rings in humic acid molecules is indicated by the absorption band
at 1615 cm ', which is caused by valence vibrations of the skeletal bonds of the aromatic rings.

The results of zinc, cadmium and lead sorption by organic fractions of dark and light chestnut soil in
mono-, bi- and poly-element variants are presented in Tables 3, 4 respectively.

Table 3
Degree of metal sorption by organic fraction of dark chestnut soil in mono-, bi- and poly-element variants

Degree of sorption, %

Variant pH 7.0 pH 6.0 pH 4.0 pH 3.0 pH 2.0 pH 1.0 pH<1.0
Zn 52.0620.01 | 55.06£0.03 | 56.00:0.01 | 76.5940.01 | 72.21=0.01 | 74.55£0.01 | 84.14+0.01
Pb 85.7140.01 | 93.5420.02 | 41.9120.01 | 34.57+0.01 | 37.3820.01 | 35.5820.01 | 14.14+0.01

Cd 29.02+15.03 | 56.56+0.01 | 24.284+0.02 | 27.29+0.01 | 22.05+0.01 | 15.754+0.01 | 78.06+0.01
Zn| 76.17+0.01 | 77.45+0.02 | 78.17+0.02 | 54.19+0.01 | 42.13+0.01 | 19.97+0,01 | 68.28+0.01

Zn/Pb Pb| 76.97+0.02 | 77.39+0.02 | 67.54+0.03 | 65.11+0.01 | 71.46+0.01 | 59.3840.01 | 53.43+0.01
Zn/Cd Zn| 76.76+0.03 | 77.56£0.02 | 63.15+0.02 | 66.03£0.01 | 45.11+0.01 | 21.784+0.01 | 63.33+0.01

Cd| 81.09+0.06 | 81.70+0.06 | 82.20+0.12 | 79.42+0.01 | 54.78+0.02 | 48.61+0.01 | 47.14+0.02
Pb/Cd Pb| 13.62+0.02.| 11.10+0.12 | 49.77+0.01 | 47.93+0.01 | 73.52+0.01 | 75.19+0.01 | 54.48+0.01

Cd| 28.77+0.07 | 39.08+0.04 | 53.68+5.77 | 92.484+0.01 | 93.18+0.01 | 73.89+0.01 | 29.21+0.01
Zn| 84.25+0.02 | 84.52+0.01 | 73.76+0.01 | 37.18+0.02 | 62.09+0.01 | 57.12+0.01 | 43.19+0.01
Zn/Pb/Cd|Pb| 84.49+£5.78 | 84.35+0.02 | 80.80+0.01 | 78.63+0.02 | 47.88+0.01 | 11.41+0.01 | 35.82+0.01
Cd| 90.49+0.02 | 90.65+0.02 | 90.04+0.01 | 88.69+0.02 | 47.22+0.01 | 73.48+0.01 | 57.724+0.01

As can be seen in Table 3, the sorption of zinc was almost identical (sorption degree 52.06 %; 55.06 %
and 56.00 %) by organic fractions with pH 7.0; 6.0; 4.0 in mono-element variant. The sorption of zinc was
increased with further acidification, for example, it was increased by 1.5 times at pH=3.0 (76.59 %) com-
pared to the value at pH=7.0 (52.06 %).

The degree of zinc sorption increased at pH 7.0; 6.0; 4.0 (76.17 %; 77.45 %; 78.17 %) with equivalent
enrichment of each fraction with zinc and lead, except for highly acidic environments.

The cadmium presence also increased the zinc absorption, for example, the sorption degree was in-
creased by 1.5 times at typical for this soil reaction medium pH 7.0—6.0 in comparison with the monoelement
experiment. The same results were obtained with the combined presence of lead and cadmium.
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The character of lead sorption in various versions of the experiment is similar to that in fractions with
isoelectric points at pH 7.0; 6.0; 3.0 and is radically different from fractions with pH 2.0; 1.0; <1.0. The sorp-
tion patterns shown at pH 4 are intermediate.

The greatest absorption of lead was observed in pH 7.0; 6.0 fractions; the degree of sorption was de-
creased with acidification of the medium, for example, it decreased by 2 times at pH 4.0; 1.0 compared to pH
6.0. In the presence of an equivalent amount of zinc, lead sorption was slightly suppressed in fractions with
pH 7.0; 6.0; 3.0; 2.0, and Vice versa, it was enhanced by the pH 4.0 and 1.0 medium reaction. Cadmium was
even more deactivated processes of lead enrichment:

— by 6.3 times compared to the monoelement experiment in the fraction with pH 7.0;

— by 8.4 times at pH 6.0.

The absorption of lead was not affected by the presence of cadmium in fractions with pH 4.0 and 2.0.
The combined presence of zinc and cadmium did not lead to any changes in the lead sorption as compared
with mono-element variant reaction by organic fraction of dark chestnut soil (pH 6—7). Consequently, both
zinc and cadmium reduce the degree of sorption, but the influence of zinc is more predominant in their com-
bined presence.

Fractions at pH 7.0; 6.0; 4.0, as well as at pH 3.0 and 2.0, showed general regularities in the cadmium
sorption in different versions of the experiment. The absorption dynamics is not unequal when the acidity
increases.

The presence of zinc has a «catalyzing» effect on the cadmium sorption (approximately 3 times com-
pared to the values of the monoelement variant in fractions with pH 7.0; 6:054:0.and 1.0). The presence of
lead does not have significant changes at pH 7.0; 6.0 and slightly increases sorption in more acidic fractions.
In poly-element absorption variant, the sorption of cadmium is influenced more by the presence of lead,
since sorption is comparable to those regularities that were deduced in the bi-element experiment in the pres-
ence of lead alone. Thus, the maximum values of the sorption degree belong to fractions with pH 7.0; 6.0;
4.0 in poly-element absorption variant. The degree of absorption increases almost 3 times compared to the
mono-element experiment in these fractions.

Table 4
Degree of metal sorption by organic fraction of light chestnut soil in mono-, bi- and poly-element variants

Variant Degree of sorption, %
pH 7.0 pH 6.0 pH 5.0 pH 4.0 pH 3.0 pH 2.0 pH 1.0 pH<1.0
Zn 23.70+0.01 | 39.62+0.01 | 32.080.02 | 33.12+0.01 | 55.03+0.01 | 56.11+0.01 | 53.2540.02 | 84.10=0.02
Pb 82.17+0.01 | 88.21+0.01 | 27.04+0.01 | 25.01+0.02 | 13.134+0.01 | 18.64+0.2 | 23.11+0.01 | 25.70+0.01
Cd 56.23+0.01 | 40.24+0.02{ 22.61+0.01 | 14.51+0.01 | 13.42+0.01 | 17.93+0.01 | 78.04+0.01 | 83.65+0.02
70/Pb Zn| 64.81+0.01 | 72.4040.01.[ 10.03+0.03 | 16.95+0.01 | 11.46+0.02 | 37.91+0.01 | 79.21+0.01 | 86.32+0.01
Pb| 11.30+0.01 | 56.72£1.71 | 65.02+0.01 | 60.41+0.01 | 54.36=0.02 | 51.71+0.01 | 10.95+0.01 | 13.47+0.01
70/Cd Zn| 72.13+0.02:{.70.81+0.01 | 16.94+0.01 | 6.43+0.01 | 5.73+0.01 | 9.34+0.02 | 18.81+0.01 | 18.74+0.01
Cd| 63.00+0.02 | 57.11+0.01 | 51.82+0.01 | 62.22+0.01 | 54.93+0.01 | 58.81+0.01 | 51.74+0.01 | 86.20=0.01
Pb/Cd Pb| 55.64+0.02 | 54.21+0.02 | 66.00+0.02 | 53.36+0.01 | 53.04+0.02 | 56.81+0.01 | 36.07+0.01 | 26.40+0.02
Cd| 32.11+0.02{73.73+0.01 | 43.60+0.01 | 53.23+0.01 | 59.27+0.02 | 36.00+0.02 | 12.40+0.01 | 16.83+0.02
Zn| 79:93+0.01 | 73.554+0.01 | 34.21+0.01 | 36.42+0.01 | 19.42+0.02 | 23.83+0.02 | 49.86+0.01 | 46.13+0.01
Zn/Pb/Cd |Pb|67.84+5.77 | 53.94+0.02 | 70.12+0.01 | 73.90+0.01 | 67.90+0.02 | 72.82+0.01 | 69.63+0.01 | 47.72+0.01
Cd| 83.00+0.02 | 69.21+0.01 | 82.84+0.02 | 76.52+0.01 | 75.04+0.01 | 68.43+0.01 | 59.62+0.01 | 12.47+0.01

The sorption of zinc by the organic fraction of light chestnut soil was slightly different from dark chest-
nut soil. Dynamics of pollutant absorption within all factions in mono-variant naturally increased. By the
nature. of zinc sorption in the presence of lead or cadmium and in the simultaneous presence of lead and
cadmium, the fractions can be combined into several microgroups: 1) with pH 7-6; 2) with pH 5; 4; 3; 2;
3) with pH 1; <1. The first group of fractions is active in normal natural conditions, it is increased its sorp-
tion in both in bi- and poly-element variants of the experiment. Moreover, the action of lead and cadmium is
almost the same.

Lead and cadmium inhibited the sorption of zinc in the second group of humic acids in light chestnut
soil. The cadmium had more competitive action there. For example, at pH 2 the sorption of zinc was sup-
pressed by 1.5 times in the presence of lead and it was suppressed by 6 times in the presence of cadmium in
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comparison with mono-element variant. Zinc absorption was increased in the presence of lead, and it was
suppressed it in the presence of cadmium in the group represented by fractions with pH 1 and <1.

Lead absorption was suppressed with acidification of fractions in the mono-element version of the ex-
periment. Thus, at pH 5, sorption decreased by about 3 times when compared with the fraction with an isoe-
lectric point at pH 7.0.

Data obtained during bi-element and poly-element experiments indicates that, the lead sorption have
been suppressed at pH 7.0; 6.0 and have been increased at pH from 5 to <1 by both zinc and cadmium, and
their combined presence. The same dynamics of cadmium sorption have been shown by fractions with pH
6.0; 5.0; 4.0; 3.0; 2.0 relative to the presence of both zinc and lead.

Zinc have been demonstrated a greater activating effect. For example, at pH 5.0 the presence of zinc in-
creased the cadmium absorption by 2.3 times compared to the mono-element experiment, and by 1.9 times in
the presence of lead alone. The character of cadmium sorption in poly-element enrichment‘was more influ-
enced by the presence of zinc in all fractions except pH<I.

In general, the cadmium sorption was suppressed when acidified to pH 2.0 (by 3.1 times compared to
pH 7.0) in mono-element version; it did not change significantly in poly-element enrichment.  Almost all
fractions increased the cadmium sorption at 2.7 times level compared to the average value of the mono-
element experience of these fractions.

It was shown by the comparison of zinc, lead, and cadmium sorption/degree values.in a mono-element
experiment (Fig. 2), that fraction with pH of 7.0, and 6.0 are indicators for lead (its sorption is more than
1.6 times the sorption of zinc and 3 times more the sorption of cadmium), more acidic fractions are indica-
tors for cadmium (for example, the cadmium sorption is 1.3 times higher sorption of lead and 5.9 times high-
er sorption of zinc in fraction with pH 3.0).

- (Zn)
100 - 1 (Pb)
=== (Cd)

Degree of sorption,%

PH<1 pH=1  pH=2 pH=3  pH=4 pH=6 pH=7
pH

a) specific sorption (multi-element variant)

Degree of sorption, %

pH<1 pH=1  pH=2  pH=3 pH=4 pH=6 pH=7
pH

b) competitive sorption (poly-element variant)

Figure 2. Comparison diagram of heavy metals sorption by the organic matrix of dark chestnut soil
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Fractions with the same structure showed similar absorption patterns in the experiment. All the selected
fractions can be divided into two groups: 1) pH 7.0; 4.0; 3.0 and 2) pH 1.0. Although the structure of the
pH 6.0 fraction differs in spectrum from all others, it is characterized by similarity of the sorption character
with the first group of fractions mentioned above. Humic acids with pH 1.0 active medium are in this series
separately: the individual spectrum also characterizes the distinctive features in the sorbed capacity. It was
shown by the comparison of all three metals sorption values (Fig. 3), that the fraction with a neutral medium
showed greater affinity to lead, and the acidificated medium showed greater affinity to zinc in the mono-
element version.
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b) competitive sorption (poly-element variant)
Figure 3. Comparison diagram of heavy metals sorption by the organic matrix of light chestnut soil

As can be seen in Figure 3, the percentage of sorption was highest for zinc and cadmium at pH<1.0.
The sorption processes were enhanced for all metals, and lead had a competitive effect on zinc and cadmium
with the combined presence of all three ions. Similar dynamics of pollutants absorption were shown by frac-
tions with pH 6.0; 5.0; 4.0; 3.0, which have approximately the same character of spectral curves.

The two studied soils showed different sorption activity. The fractions at pH=7.0 (the active fraction for
these soils) and at pH=6 of the two soils absorbed the introduced pollutants differently (Figs. 4-6): dark
chestnut soil absorbed more zinc than light chestnut soil under equivalent conditions. This can be explained
by the low content of organic matter, and, accordingly, by the small percentage (%) of fractions in light
chestnut soil (Tables 3, 4).
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Figure 4. Comparative diagram of zinc sorption in the mono-element experiment
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Figure 5. Comparative diagram of lead sorption in a single experience
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Figure 6. Comparative diagram of cadmium sorption in the mono-element experiment

Thus, since.chestnut soils have a slightly alkaline reaction (pH 7.2—7.5) under normal conditions, all
three metals have a high affinity for the organic fraction in poly-element contamination conditions. The sorp-
tion intensity is suppressed by acidification.

Conclusions

Thus, it was shown by the IR spectroscopy data, that extracted from the dark brown and light brown
soils of the Borodulikha region humic acids contain primary and secondary alcohols, aromatic hydrocarbons,
carboxylic acids, aromatic and aryl-alkyl esters. The presence of such functional groups as -COOH, —OH in
humic acids makes it possible to bind heavy metals to the organic fraction of the soil by forming chelate
complexes.

The sorption of heavy metals by the organo-mineral matrix of dark chestnut and light chestnut soil of
the ecologically clean Borodulikha region of East Kazakhstan was studied. Soil samples were selected in the
Western part of Borodulikha district, where are no industrial enterprises. However, there is deforestation as a
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result of forest fires. Today about 15 % of the district's territory is occupied by pine forest, whereas previous-
ly the area of the forest was 50 %. Therefore, the study of the degree of soil contamination is relevant.

It was established that the process of zinc, cadmium and lead sorption by organic fractions of dark
chestnut and light chestnut soil proceeds differently in mono- and poly-element variants. For mono-element
enrichment of the soil, lead is more sorbed by humic acid fractions of the studied soils at pH 7.0 and 6.0, its
sorption degree reaches 93.54 %; zinc is more sorbed at acidic pH from 3.0 to < 1 uncharacteristic for these
soils; cadmium is more sorbed by pH 1.0 and < 1 fractions, their sorption degree at pH 1.0 is 84.14 %. Sorp-
tion of zinc, lead, and cadmium by humic and hymetomelanic acids of organic matter of chestnut soils under
conditions of poly-element enrichment is accompanied by the oppression of one heavy metal by another.

Data obtained on the sorption of heavy metals by soils can be used in assessing the impact of anthropo-
genic emissions on the environment, in developing practical recommendations to reduce the toxic effect of
heavy metals. The results of the work can also be practically applied in rationing systems.
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A.H. Caburosa, b.b. basxmeroBa, b.X. Myca6aesa, JI.K. Opa3zxanosa, K.I'. ['anueBa

KypeH TonbIpaKkThIH I'YMHH KbIIIKbUIIAPBIHBIH AYBIP MeTAJAAPAbI COPOLUIAYBI

MakanaHblH MaKcaThl alllbIK OHE KOIO-KYPEH TOMBIPAFbIHBIH I'YMUH KBIIKBIIIAPBIMEH aybIp METaIgap IbIH
copOMsACkH 3eprTey. 3eprrey oobexriiepi Ilbrbic KazakcTaHHBIH SKONOTHSAIIBIK Ta3a aydaHbIHAH aJbIHFaH
KOIO JKOHE allIbIK-KYPEeH TOINBIpaK yuiriiepi 6oisin Tadbutaasl. 'ymun keiukeiuiaaps! (I'K) Tomsipakran. op
typii pH monznepinze Oeminin ansraasl, Oy perte I'K koro-kypeH tomsipakran ['K mbrsiver pH 1.0 xesinge
0.075 %; pH=7.0 ke3inne ambIk-kypeH Tomblpakran 0.017 % xypansl. Bynan opi copOuust neHreiidin opra
KBIIKBUIIBIFBIHA TOYENUIT aHBIKTIABL. MBIPBIII TTeH KaJMHUH KYIITi KBIIKBUI OpTajga COpOLUsIIaHaThIHBI
anpikranas! (pH 1.0-84.14 %), an xopraceH pH 6.0 — 93.54 % ke3inze >kaKchl COpONMsIIaHa Bl )KOHE OHBIH
copOums aopexkeci skorapsl. bu- xoHe MonmmaIeMeHTTI HycKanapaa Merangap Oip-OipiHiH copOImschH Gacy
HeMece KYLICHTY apKbUIbl e3apa ocep eTeTiHi aHbIKrangbl. KagMmuii HelTpan oprajga  KOpFAaCBIHHBIH
COpOUMSICHIH e9yip 6acaThlHbI KOpCeTiIreH. MBIphIIT KaJMUH MEH KOPFACHIH COPOLIMSCHIH 3 €Ce apTThIPabl.
Ayblp MeTaqap HOHJAPHIHBIH TOIBIPAKTHIH OPraHUKAIbIK  (PaKUMACHIMEH OalaHbICYbL.«TYMHH
KBIIIKBUIIAPBIMEH KOMILIEKC TY31lly eceOiHeH 001a/ibl IereH KOPBITBIHABI JKacabl.

Kinm ce30ep: ayplp Merannap, KOIO-KYPEH TOINBIPAK, AIIBIK-KYPEH TOMBIPAK, TONBIPAKTHIH/ OPraHUKAIIBIK
(pakIMsACH, TYMHH KBIIIKBUIIAPEI, COPOIHS, MBIPHINI, KoprachiH, kaamui, [IIsrsic Kasakcran, bopoxymxa.

A.H. Caburoga, b.b. basxmeroBa, 5.X. Mycab6aesa, JI.K. Opa3zxanoBa, K.I'. 'anueBa

COpﬁHHH THKEJIbIX METAJNJI0B T'YMHHOBBIMHA KHC/JIOTAMH KAIITAHOBLIX IT0OYB

Ienpro naHHOM cTaThbH SBISETCS M3YYCHHE COPOIMU TKENBIX METauioB ryMuHOBBIMH kuciotamu (I'K)
CBETJIO- U TEMHO-KAaIITaHOBBIX MOuB. OObEeKTaMH HCCIENOBaHMs SIBISIOTCS 00pa3lbl TEMHO- M CBETIIO-
KaIlITaHOBBIX MOYB, OTOOpAHHBIE M3 3KOJOTHUECKU YHMCTOTO paioHa Bocrounoro Kaszaxcrana. I'ymmHOBBIE
KUCTIOTBI BBIICJICHBI U3 TIOYBBI NIPU pa3IHYHbIX 3HadeHusAX pH, mpu stom Beixon I'K u3 TeMHO-KamTaHOBOI
mouBsl ipu pH<1,0 cocraBmi 0,075 %, u3 ceemno-kamranoBoi nmpu pH=7,0 — 0,017 %. [danee Obu1a ycra-
HOBJIEHA 3aBUCHMOCTb CTENEHHM COPOLUH OT KMCIOTHOCTH Cpefibl. BIABIEHO, UTO IMHK M KaJMHH CHIIbHEE
copbupyrorcst B cuinbHo-kucnoit cpeae(pH<L,0; 84,14 %), Toraa xak cBuHen ayuie copoupyercst npu pH
6,0, mpudem crenens ero copbuuu Beime (93,54°%). B Ou- 1 MoaM IeMEHTHBIX BapUaHTAaX BBIABIECHO, UTO
METaJUTBl OKa3bIBAIOT B3aMMHOE BIMSHHE, MONABII WIN yCHWIIMBas copOuuro apyr apyra. ITokasano, drto
KaJMUH 3HAYUTEIIHLHO MOAABISIET COPOIMIO CBUHIIA B HEUTPaIbHBIX cpenax. L[iMHK vame ycnnmBaer copOmio
M KagMus M cBUHIA B 3 pa3a. CpemaHo 3aKimiodyeHHE, YTO CBS3BIBAHME HOHOB TSDKEIBIX METAIOB
OpTaHNYECKOH (paKIMell IIOUBBL TPOUCXOIUT 33 CUET KOMIUIEKCOOOPa30BaHMs C T'YMUHOBBIMU KHCIIOTaMHU.

Knioueswie cnosa: TsxKembie METAINbI, TEMHO-KAIITAHOBAs TI0UBA, CBETIO-KAIITAHOBAs M0OYBA, OpraHUYecKas
(bpakuus NOYBbL~ FyMMHOBBIE KHCJIOTBI, COpPOLMS, IMHK, CBHHeL, Kaamui, Bocrounslii Ka3zaxcraw,
boponynuxa.
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