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HEAVY METALS IN SOILS
OF ALMATY REGION (KAZAKHSTAN)

Abstract. The article describes the content of heavy metals in soils of Almaty region
(Kazakhstan). Sampling was done at three sampling points: Almaty city, Baitirek village
and Avat village. Heavy metals were analyzed in three different forms: water-soluble,
mobile and total content. The total content of heavy metals characterizes the overall soil
contamination, but does not show the degree of availability of elements for the plant.The
content in the soils of plant-accessible mobile forms of heavy metal compounds is deter-
mined using ammonium acetate buffer solution with a pH of 4.8. It determines the ex-
changeable and weakly sorbed forms of metals.The concentration of metals in the aqueous
extract shows the degree of mobility of elements in the soil, being the most dangerous and
“aggressive” fraction. The content of zinc in all investigated areas should be controlled,
especially in Almaty city and Avat village, where increased values for mobile forms were
found.

Key words: heavy metals, soils, Almaty region, water-soluble forms, mobile forms,
total content.

Introduction. The development of humanity resulted to strong industriali-
zation process, which is strongly represented in mining of different raw materials.
Mining-related activities produce large quantities of wastes, which can be in gas,
liquid or solid forms [1]. They are dispersed by water and/or wind in the absence
of control and result in severe environmental problems [2, 3]. Surveys and moni-
toring programs focused on heavy metal pollution near mining area in different
countries showed accumulation of heavy metals in a variety of environmental
media, including air, soil and water [4, 5].

Heavy metal pollution in soil is an increasingly urgent worldwide problem
[6]. The soil is the main medium in which heavy metals appear, including from
atmosphere and aquaous environment. It serves as a source of secondary pollution
of surface air and waters precipitating from it into the oceans. Heavy metals in
dust and soil can be easily transferred into human body via three routes: ingestion,
inhalation and dermal contact [7-9].Soil is an essential component of ecosystems,
with a great capacity to cope with pollution, and so to protect the other compo-
nents, both abiotic (air and water) and biotic ones (living organisms) [10]. There
are many processes that influence on toxicity in soils over time [11]; soil proper-
ties largely control themobility, bioavailability and consequently, the potential
toxicity of trace elements in the environment. In order to assess the toxicity of
heavy metals it is not enough to know only concentration of heavy metals in soils,
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but the mobile forms (which can easily migrate and accumulate in living orga-
nisms) should be determined. Obviously, the presence of the following heavy
metals compounds in the soil should be considered:

— soluble, i.e. free ions and soluble complexes of heavy metals with inor-
ganic anions or organic ligands of various strengths;

— exchangeable, i.e.heavy metals retained mainly by electrostatic forces on
clay and other minerals, organic matter and amorphous compounds;

— specifically sorbed, i.e. heavy metals mainly retained by covalent and
coordination bonds;

— heavy metals on stable organic matter, i.e. heavy metals retained by com-
plexation and chelation on the actual organic matter or organic matter associated
with iron, aluminum, calcium cations, with oxides and hydroxides of iron and
aluminum, with clay minerals.

To study the mobility of heavy metals and metabolic processes occurring in
the system “soil - plant”, with their participation, the soil of Almaty region was
chosen.

MATERIALS AND METHODS

Object description. Three main sampling points were selected for this
investigation. The soils are light chestnut.

The first sampling point was in Almaty city (AC), close to operating
TPP-1. Almaty city is the largest city in Kazakhstan, with a population of
1,797,431 people, about 8% of the country’s total population.

The second sampling point was in Baiterek village (BV), located in the
Enbekshikazakh district of the Almaty region of Kazakhstan (20 km east of
Almaty city). The administrative center of Baiterek rural district.

The third sampling point was in Avatvillage (AV), located in Enbekshi-
kazakhsky district of Almaty region of Kazakhstan (17 km west of the city center
of Esik on the right bank of the Talgar River). The administrative center and the
only settlement of Avat rural district.

Sampling and sample pretreatment. The envelope method was used to
collect samples from a ten-centimeter layer of soil in accordance with the gene-
rally accepted sampling technique for conducting soil monitoring. The soil was
conditioned to air-dry state. Soil samples were averaged by quartering method.
The soil was sieved through a sieve with d =2 mm.

Determination of total content of heavy metals. The total content of heavy
metals characterizes the overall soil contamination, but does not show the degree
of availability of elements for the plant.

2 g of dry soil was placed in a flask; 2-3 ml of distilled water, 15 ml of
concentrated hydrochloric acid, 5 ml of concentrated nitric acid and 10 ml of
hydrogen peroxide were added. The resulting suspension was well shaken for
15 minutes. The resulting solution was filteredthrough an acid resistant filter into
a 100 ml flask. The precipitate was washed several times with a small amount of
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1 M nitric acid and 1 M nitric acid was addedtill the mark[12]. The measurement
of content of heavy metals in resulting solution was done by atomic absorption
spectrometry.

Determination of mobile forms of heavy metals. The content in the soils of
plant-accessible mobile forms of heavy metal compounds is determined using
ammonium acetate buffer solution with a pH of 4.8. This method determines the
exchangeable and weakly sorbed forms of metals.

5 g of dry soil sample was placed in a flask, 50 ml of ammonium acetate buf-
fer solution was added. The resulting suspension was well shaken for 15 minutes.
The resulting solution was filtered, acidified with 1N hydrochloric acid.The
measurement of content of heavy metals in resulting solution was done by atomic
absorption spectrometry.

Determination of water-soluble forms of heavy metals. The concentration
of metals in the aqueous extract shows the degree of mobility of elements in the
soil, being the most dangerous and “aggressive” fraction.

4 g of soil was placed in a flask, 20 ml of distilled water was added. The
resulting suspension was well shaken.The resulting solution was filtered, acidified
with 1N hydrochloric acid.The measurement of content of heavy metals in
resulting solution was done by atomic absorption spectrometry.

RESULTS AND DISCUSSION
The results of content of heavy metals in soils are presented in tables 1-4.

Table 1 — Content of lead in soil

Total content, Mobile forms Water-soluble forms
mg/kg mg/kg % mg/kg %
AC 46.5 3.9 8.39 0.15 0.31
BV 219 2.2 10.0 0.75 3.42
AV 12.3 1.7 13.8 - -

Lead in all investigated samples is presented in mobile form in small
amounts (8.39-13.8%), and water-soluble forms even less than 3.42%, hence it
can be characterized as not available for plants and human-beings, so less
dangerous.

Table 2 — Content of copper in soil

Total content, Mobile forms Water-soluble forms

mg/kg mg/kg % mg/kg %

AC 46.5 31 6.67 1.38 2.97
BV 40.0 2.54 6.35 1.80 4.50
AV 32.0 2.88 9.00 1.66 5.19
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Copper in analyzed samples occurs in water-soluble forms from 2.97 to
5.19 % and in mobile forms — from 6.35 to 9.00%; more than 85% of copper in
analyzed samples are in forms, which cannot easily migrate and accumulate in
biological subjects.

Table 3 — Content of zinc in soil

Total content, Mobile forms Water-soluble forms

mg/kg mg/kg % mg/kg %
AC 328.0 331 10.1 31 0.95
BV 149.9 13.1 8.74 4.25 2.84
AV 11.9 4.83 40.6 3.08 25.9

Zinc in samples from Baiterek village and Almaty city has low mobile
activity, but for soil from Avat village 25.9% are presented in water-soluble and
40.6% - in mobile forms, so in this case it can easily migrate and be accumulated
in plants and hence in bodies of local population. It can be recommend to control
the content of zinc in plants and food products produced here.

Table 4 — Content of manganese in soil

Total content, Mobile forms Water-soluble forms

mg/kg mg/kg % mg/kg %

AC 555.9 5.9 1.06 0.06 0.01
BV 572.8 211 3.68 0.11 0.02
AV 518.2 17.7 3.42 0.14 0.03

Manganese in analyzed samples is presented mostly in immobile form:
water-soluble form is less than 0.03% and mobile form is only 3.68%. Therefore,
it is evident, that manganese has less migration and accumulation abilities in all

investigated

samples.

In tables 5-7 the contents of heavy metals in investigated samples, comparing
with maximum permissible concentration (MPC) for total content and mobile
forms separately are presented.

Table 5 — Content of heavy metals in soils of Almaty city

Metal Total content, mg/kg Mobile forms, mg/kg
Content in sample MPC Content in sample | Content in sample
Lead 46.5 30.0 3.9 6.0
Copper 46.5 55.0 3.10 3.0
Zinc 328.0 100.0 33.1 23.0
Manganese 555.9 1500.0 59 600.0
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In first sampling point (Almaty city) it was established that total content of
lead and zinc was higher (1.55 and 3.28 times, correspondently) than MPC and
the content of mobile forms of copper (insignificantly) and zinc was higher

(1.03 and 1.44 times, correspondently) than MPC.

Table 6 — Content of heavy metals in soils of Baiterek village

Metal Total content, mg/kg Mobile forms, mg/kg
Content in sample MPC Content in sample MPC
Lead 21.9 30.0 2.2 6.0
Copper 40.0 55.0 2.54 3.0
Zinc 149.9 100.0 13.1 23.0
Manganese 572.8 1500.0 211 600.0

In soils of Baiterek village the total content of zinc is 1.50 times higher than
MPC, but in mobile forms it is less than MPC.

Table 7 — Content of heavy metals in soils of Avat village

Metal Total content, mg/kg Mobile forms, mg/kg
Content in sample MPC Content in sample | Content in sample
Lead 12.3 30.0 1.7 6.0
Copper 32.0 55.0 2.88 3.0
Zinc 269.7 100.0 64.9 23.0
Manganese 518.2 1500.0 17.7 600.0

In soils of Avat village also the elevated levels of zinc was found. The total
content is 2.70 times higher than MPC and mobile forms are 2.82 times higher
than MPC.

In general it is possible to conclude that the content of zinc in all investigated
areas should be controlled, especially in Almaty city and Avat village, where
elevated values for mobile forms were found.

Conclusion. Lead in all investigated samples is presented in mobile form in
small amounts, so it can be characterized as not available for plants and human-
beings, so less dangerous. More than 85% of copper in analyzed samples are in
forms, which cannot easily migrate and accumulate in biological materials. Zinc
in samples from Baiterek village and Almaty city has low mobile activity, but for
soil from Avatvillage, it can easily migrate and be accumulated in plants and
bodies of local population. Manganese in analyzed samples is presented mostly in
immobile form.

In Almaty city it was established that total content of lead and zinc was
higher (1.55 and 3.28 times, correspondently) than MPC and the content of mo-
bile forms of copper (insignificantly) and zinc was higher (1.03 and 1.44 times,
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correspondently) than MPC. In soils of Baiterekvillage, the total content of zinc is
1.50 times higher than MPC, but in mobile forms it is less than MPC. In soils of
Avat village also the elevated levels of zinc was found. The total content is 2.70
times higher than MPC and mobile forms are 2.82 times higher than MPC.

The content of zinc in all investigated areas should be controlled, especially
in Almaty city and Avat village, where increased values for mobile forms were
found.
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H. A. Hypcanuna, l1l. H. Hazapxynosa, A. H. 'ypun

AJIMATBHI OBJIBICBIHBIH, TOITBIPAKTAPBIHJIATBI AYBIP METAJIJIAP
(KA3AKCTAH)

Makanaga Anmatel o6bickl (KazakcTaH) TONbIpakTapbIHAAarsl ayblp MeTalLAap. by
MeJIIIep] CUIAaTTaIFaH. 3epTTey HbICAHAAPBIH Ay YIII ChIHAMA ajay HyKTelepiHae: AnmMa-
ThI Kajacel, boiiTepex aybulbl )oHE ABAT aybUIBIHAA KYPri3upai. Ayslp MeTaimap yur
Typui ¢opMaza: cyla epuTiH, KO3FalIMallbl KOHE Kbl Meuiepi OOWbIHIIA TaIaH bl
AybIp MeTayiapiblH >KaJlbl MeJIIIEPi TOIBIPAKTHIH JIACTAHYBIH CHIIATTAiIbl, ajaiaa
AJIEMEHTTEP/IIH OCIMIIKTEp YIIIH KOJDKETIMIUIIK A9pexeciH kepceTneiini. Tombipak Kypa-
MBIHJAFbl OCIMIIKTEp YIIiH KOJDKETIMII OONATBIH ayblp METaUT KOCBUIBICTAPBIHBIH KO3-
ranMansl popmanapsH anblkTay pH 4,8 TeH aMMOHMIA aneTaThIHBIH Oy(epItik epiTiHaiCiH
maiiiaana OTHIPBINT Xypriziteni. Ox MeTangapAbIH aybICIANBI JKOHE 9JICi3 copOUUsIIaH-
raH (opMaNapblH CUMaTTaiibl. MeTanmap/biH KOHIIEHTPALKUSICH €H KaYIlTi )oHe «arpec-
cUBTI» (pakiyst OONBIT TAaOBUIATHIH CY SKCTPAKIHUACHI, TOMBIPAKTAFBI AIIEMEHTTEPIIH
Ko3ranMaibl (PakKUsIChIH KopceTeai. bapiblk 3epTTenreH aynaHIapAarbl MbIPBIIITHIH
MeJIepl KalaralaHybl KaxeT, acipece, KO3rajiMaibl (opmanap yIIiH jKOFapbl KepcerT-
KIIITEep aHbIKTAJNIAaH AJIMaThl Kajachkl jKoHEe ABaT aybUIBIHIA TYPakKThl Oakpuiayaa ycray
YCBIHBLIAIBL.

Tyiiin ce3nep: ayblp MeTannap, TombIpak, AJMaThl 00JIBICHI, CyAa epuTiH Gopmanap,
KO3FaJIMaJIbl (hopMasiap, JKaJibl MeJIep.
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TSDKEJIBIE METAJIJIBI B IIOYBAX
AJIMATUHCKOU OBJIACTU (KA3AXCTAH)

OnucaHo cojepKaHhe TSHKENbIX METAUIOB B MovBax AnMmatuHCKod obnactu (Ka-
3axcTaH). OTOOp mpob MPOU3BOAMICS B TPEX TOUKax: I. AJMarthl, cena baiitepek u Apar.
Tspxenple METamIbl aHATM3UPOBANIN B TPEX Pa3MYHBIX (POpPMax: pacTBOPHMBIE B BOJE,
MTOIBKHEIE U o0mIee comepxkanne. O0Imee copepkaHue TsHKETBIX METaJUIOB XapaKTepu-
3yeT 3arpsA3HEHHE MOYBBI, HO HE IOKA3bIBACT CTENEHb JJOCTYIMHOCTH 3JIEMEHTOB JUIS pac-
teHuil. CopepkaHue B OYBaX JOCTYIHBIX /IS paCTCHUH MOABMKHBIX (POPM COENMHEHUH
TSDKEIBIX METaJUIOB OIPEEISIOT ¢ UCIIONb30BaHHeM Oy(epHOro pacTBopa ameraTa aMMo-
wus ¢ pH 4,8. On ompenenser oOMeHHbIE U ¢1ab0 copOUpoBaHHBIE (POPMBI METAIUIOB.
KOHI_leHTpaL[I/lﬂ METAJUIOB B BOAHOM S3KCTPAKTC MOKAa3bIBACT CTCIICHb IMOJABHXKHOCTHU 3JIC-
MEHTOB B ITOYBE, SBIISISICH HanboJiee OMACHOW M «arpeccuBHOM» (pakuuend. Conepxanue
LIMHKA BO BCEX MCCIICIOBAHHBIX pailOHax CliellyeT KOHTPOIMPOBATh, OCOOCHHO B I. AlMa-
THI ¥ ¢. ABaT, T7i¢ ObUTH 00OHAapY KEHBI MTOBBIIICHHBIC 3HAYCHUS 11 MOOMIIBHBIX (hOPM.

KnioueBble cjioBa: TsDKENbIE METAIIIB, ITOYBBI, AJIMATHHCKAs 00JIacTh, BOAOpacT-
BOpHUMBIE ()OPMBI, TTIOABIKHEIE (DOPMBI, 00IIIee coepKaHme.
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