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Contamination of soil with heavy metals in industrial districts of Kokshetau

The article reveals the research results on soil contamination with heavy metals of Kokshetau <and
Vasilkovsky gold ore deposit. Soil contamination with heavy metals is of a high danger due to the fact that
soils are able to actively accumulate heavy metals. Heavy metals can further soak into plant and animal or-
ganisms straight from the soil, and then ultimately into the human body. Main soil pollutants such as zinc,
copper and arsenic were identified with arsenic being the main contaminant. As a result of the research; the
map was compiled, where the trial sites was marked and zinc, copper and arsenic concentrations in the soils
of the industrial areas of the city and beyond was identified. It was found that in the industrial areas of
Kokshetau and influence zone of Vasilkovsky gold ore deposit the soils were mostly contaminated with arse-
nic, and significant excess of zinc and copper maximum permissible concentrations were noted. Zinc concen-
tration exceeded MPC value from 3 to 8 times, copper exceeded from 2 to 22 times, arsenic exceeded from 7
to 361 times.
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Introduction

Recently, agricultural lands pollution with heavy metals causes serious concerns in the world due to
their toxicity and sustainability [1]. Soil pollution can happen out of the natural processes occurring in the
environment and because of the anthropogenic impact. It is.considered that the main source of heavy metals
influx in the soil is mining [2]. Soils contaminated with heavy metals are the source of surface and ground
waters, atmospheric air pollution and also the pollution of crops grown on these soils [3].

It is known that metals such as Cu, Fe, Mn, Ni and"Zn are important trace elements for vital processes
and regulation of physiological functions of lorganisms. However, many other metals, for example As, Cd,
Cr, and Pb do not exhibit physiological activity and'can be toxic even in low concentrations [4]. Chronic ex-
posure of heavy metals leads to oncological, neurolithic and mental, cardiovascular, kidney, liver, and bone
diseases [2].

Soils are the main accumulators of heavy metals entering the environment as a result of anthropogenic
activity. Unlike organic pollutants, which can be oxidized to carbon monoxide (IV) via microbial exposure,
most of the heavy metals are not subjected to microbiological or chemical degradation. In addition, total
concentration of heavy metals persists for a long period of time after they enter the soil [5].

In many Kazakhstan regions the unfavorable ecological situation has been developed. Large areas of
land have been exposed to pollution by toxic substances and their compounds. They have the greatest impact
on the land, which is located near industrial enterprises, highways or oil pipelines. Large areas of polluted
lands are located in Karaganda, Kostanay, Mangistau, Akmola, East Kazakhstan, Aktobe and Pavlodar re-
gions. The development of mining industry in Kazakhstan has led to the land pollution by toxic substances
and accumulation of industrial waste. The waste heaps, quarries, dumps, mining waste formed in industrial
regions contribute to soil contamination with heavy metals [6].

Among the industrial production of the Republic of Kazakhstan, the main place is occupied by the most
dangerous production for the environment industries: metallurgical, chemical, petrochemical, mining and
construction materials production. Their share in total amount of production is at about 48.3 %. Refining and
mining industries occupy 19.5 %. Most of these industries have imperfect technology, and most of the aver-
age emissions and pollution come from their share [7].

The northern part of Kazakhstan consists mostly of landscapes with sufficient and occasionally insuffi-
cient moisture. These include forest-steppe, steppe and dry steppe zones [8]. In the steppe landscapes of
Kokshetau region, the calcium class (Ca”") is a dominant one [9].

The soils of «Altyntau Kokshetau» mining and processing plant mostly belong to the calcium-sodium
class and, therefore, they are enriched with arsenic compounds. The influence of «Altyntau Kokshetau» on
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the soil formed in industrial regions is characterized to be significant and highly exceeds the established
MPC standards. According to the research results of A.S. Kurmanbayeva, pollution of arsenic, lead and cop-
per with anthropogenic character is observed on the territory. Arsenic pollution has the most toxic effect on
the environment. Its content exceeds MPC value from 95 to 5350 times. The increase in copper concentra-
tion is established in local single sites and is associated with its leaching from the ore. In Kokshetau the most
intensive soil pollution is indicated to come from arsenic and zinc [10].

One particularly negative factor affecting the environmental state is the dusting of dry beaches of the
mining enterprises tailings. The tailings contain radioactive and chemically toxic elements. Industrial waste
generated on the territory of the region is not utilized due to the lack of enterprises for their processing [11].

In connection with the facts mentioned above, we have analyzed soil contamination with heavy metals
near «Altyntau Kokshetau» gold ore deposit, as well as next to the industrial areas of Kokshetau.

Materials and research methods

The samples were taken in various districts of Kokshetau, in its industrial zone, as well as on the territo-
ry adjacent to Vasilkovsky gold ore deposit (Table).

Table
Coordinates of soil sampling points of Kokshetau and Vasilkovsky gold ore deposit
Kokshetau, Vasilkovsky Coordinates Location
gold ore deposit N (North latitude) E (East longitude)

Point 1 53°23'94" 69° 37' 85" Control point
Point 2 53°27'92" 69°.42' 89" JSC «YUNA»
Point 3 53°27'71" 69° 40' 81" «Kokshetau Su Arnasy»
Point 4 53°28'37" 69° 40" 66" «Kokshe Nan»
Point 5 53°27' 57" 69° 44' 50" LLP «Bizhan»
Point 6 53°30'97" 69°41'43" JSC «Kokshetau Minvody»
Point 7 53°43'91" 69°26' 27" Open cut
Point 8 53°42' 48" 69°26' 82" MPP
Point 9 53°43'21" 69° 27' 65" Tailing dump
Point 10 53°40'27" 69°21' 66" MPP

Soil sampling was performed by «envelope»method. The sampling scheme is shown on Figure 1.
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Figure 1. Sampling scheme of «envelope»

On trial plots, four points were designated in the corners and one was indicated in the center. Four more
digging points were made around each point and the surface layer of soil was collected at the depth of
0-5 cm. Prior to the start of soil sampling, sample plots were cleared out of vegetation. Selected point sam-
ples were mixed and compiled into a combined sample. The samples were analyzed no later than two days
after sampling [12]. The collected soil samples were dried to the dry condition, sifted through a sieve, and
then stored in paper envelopes.

Soil samples were analyzed on an iCAP 7200 ICP-OES atomic emission spectrometer in «Line selec-
tion» mode. The measurements were carried out according to the method of G.L. Buchbinder.

The map was created using the ArcGIS software product.
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Results and discussion

Our studies have shown that in all soil samples such heavy metals as zinc, copper and arsenic were pre-
sented. Figure 2 shows that in Kokshetau as well as out of the city, near Vasilkovsky gold ore deposit, arcas
with copper, zinc and arsenic excess were significant and dozens of times as more as MPC standard.
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Figure 2. Map of heavy metal pollution

As a result of soil samples analysis, it was found that in some areas of Kokshetau, zinc exceeds the
maximum permissible concentrations. The concentration of zinc in soil samples is shown in Figure 3. In
samples of soils, taken near JSC «Kokshetau Su Arnasy», zinc concentration slightly exceeded MPC. In soil
samples, taken near JSC «YUNAw» area, zinc concentration was 190 mg/kg, which is 8 times more than MPC
values. At «Kokshe Nan» sampling point, zinc concentration was 77.1 mg/kg, which is 3 times higher than
MPC standard. In the soil.samples of LLP «Bizhan» zinc concentration slightly exceeded MPC, and in the
soil samples of JSC «Kokshetau Minvody» zinc concentration was 69.6 mg/kg, which exceeds MPC by
3 times. In-samples of soils, taken near Vasilkovsky gold ore deposit, zinc concentration slightly exceeded
MPC. The excess of MPC of zinc is probably due to the emissions of motor vehicles, as well as recreational
emissions.

Figure 4 shows the copper concentration at various points in Kokshetau and in the countryside. It can be
seen from the measurement results that copper concentrations in all samples taken in Kokshetau exceed MPC
in several times. So, at the trial point of sampling in «Kokshetau Su Amasy» copper concentration was
7.4 mg/kg, which is 2.5 times higher than MPC, at the point of JSC «YUNA», this indicator was 35 mg/kg,
which is 12 times above the standard rate. In soil samples, taken near JSC «Kokshe Nan», copper concentra-
tion was slightly higher than MPC, and at the point of LLP «Bizhan» copper concentration was 34 mg/kg,
which is 11 times higher than MPC values. In soil samples of JSC «Kokshetau Minvody» indicator of copper
concentration was 65 mg/kg, and this is 22 times higher than MPC. The excess of MPC of copper is probably
due to the natural features of Kokshetau soils, as well as the influx of polluting substances from the atmos-
phere. In soil samples, taken near Vasilkovsky gold ore deposit, there was a slight excess of the copper con-
centration.
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Figure 3. Zinc concentration in different parts of Kokshetau and Vasilkovsky-gold ore deposit
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Figure 4. Copper concentration at various points of soil sampling in Kokshetau and Vasilkovsky gold ore deposit
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Figure 5. Arsenic concentration at various soil-sampling points in Kokshetau and Vasilkovsky gold ore deposit
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At the soil sampling points that we studied in Kokshetau and in its countryside, the concentration of ar-
senic varied from 14.9 mg/kg to 721 mg/kg (Fig. 5).

It can be seen from Figure 5 that in «Kokshetau Su Arnasy», MPC is excessed in 7 times, in soil sam-
ples taken around JSC «YUNA» in 12 times, near «Kokshe Nan» in 29 times, near LLP «Bizhan» and
«Kokshetau Minvody» in 8 times. It is probably connected with the anthropogenic arsenic contamination
while using rubble-containing arsenic, as well as while burning coal. In the samples taken in Vasilkovsky
gold ore deposit area, maximum permissible concentration exceeded the standard in hundreds of times.
Therefore, at the point of soil sampling near the open cut, the concentration of arsenic was 721 mg/kg, which
is 361 times higher than MPC; near the mine itself, the concentration of arsenic was 342 mg/kg, which is
171 times higher than MPC; in the soils near the tailing dump there were found 236 mg/kg of arsenic, which
is 132 times higher than MPC. Significant excess of MPC is likely to occur as a result of blasting at a:quarry,
when, together with dust, arsenic enters the atmosphere and then settles on the ground, contributing to a large
accumulation of arsenic.

Thus, the study of soil contamination with heavy metals has shown that there is an intense pollution
with copper, zinc and arsenic in Kokshetau area. The soils of Vasilkovsky gold ore deposit are. more polluted
with arsenic and zinc. The study of heavy metals concentration is very important and essential, since accu-
mulating in soils, they can move along the food chain, accumulate in plants, animals and humans, which in
turn can lead to a deterioration in the health of the whole population.

References

1 Cao H.B. Heavy metals in rice and garden vegetables and their potential health risks to inhabitants in the vicinity of an indus-
trial zone in Jiangsu / H.B. Cao, J.J. Chen, J. Zhang, H. Zhang, L. Qiao, Y. Men // The Journal of Environmental Sciences. — 2010.
Vol. 22. —P. 1792-1799.

2 Adriano D.C. Trace elements in terrestrial environments / D.C. Adriane. — Berlin: Springer, 2001. — 796 p.

3 Borgese L. Metal fractionation in soils and assessment of environmental contamination in Vallecamonica / L. Borgese,
S. Federici, A. Zacco, A. Gianoncelli, L.Rizzo, D.R. Smith, F. Donna, R. Lucchini, L.E. Depero, E. Bontempi // The Journal of Envi-
ronmental Science and Pollution Research. — 2013. — Vol. 20.— P. 5067-5075.

4 Bruins M.R. Microbial resistance to metals in the environment / M.R. Bruins, S. Kapil and F.W. Ochme // The Journal of
Ecotoxicology and Environmental Safety. — 2000. — Vol:45. —P..198-207.

5 Maslin P. Rhamnolipid-enhanced mineralization of phenanthrene in organic-metal co-contaminated soils / P. Maslin,
R.M. Maier // Bioremediation Journal. — 2000. — Vol. 4, No. 4. — P. 295-308.

6 CBOJHEIN aHAIUTHYECKHUHA OTYET O COCTOSHHH M MCHONB30BaHuu 3emenb PK 3a 2010 r. — Acramna, 2011.
7 Tynepuan P. 3arpssnenue Bo3nymHoii cpenst / P. I'ynepunan. — M.: Hayka, 1979. — 198 c.

8 Amonoo-Neizer E.H. Mercury and arsenic pollution in soil and biological samples around the mining town of Obuasi. Ghana
/ E.H. Amonoo-Neizer, D. Nyamah, S.B. Bakiamoh // The Journal of Water, Air, and Soil Pollut. — 1996. — Vol. 91. — P. 363—
373.

9 @punman AWM. ®opMbl HAXOXKIEHUS MBIIIbSKA B IPUPOJIE, OCHOBHBIC BUJIBI MUIPALIMM U €T0 ONACHOCTH AT OKpYXKaroueh
cpenst / AW @pugman. — M., 1992. — 45 c.

10 KypmanbaeBa A.C.Mpiuibsik it pactennsi: MoHorp. / A.C. Kypmanbaesa. — Koxmeray, 2011. — 155 c.
11 PeruonansHas nporpamma «OxpaHa OKpykaromei cpensl AKMOIUHCKOH obmacti». — 2005. — C. 14-18.
12 Byx6unnep I'.JI. Meromuka u3mepenuii. ['opHbIe TOpOABI, MEUHEPAEL, PyAbl U Mo4BEL. OnpeneneHre MacCOBOH KOHIIEHTpa-

MU 3JIEMEHTOB METO/IOM aTOMHO-IMHUCCHOHHOMN CIIEKTPOMETPUH C HHAYKTHBHO-CBS3aHHOM IU1a3Moi Ha criekTpoMerpax cepuut iCAP
6000 / I'.JI. byx6unaep. — Intertech Corporation, 2012. — 28 c.
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Kexueray KajaachblHbIH OHAIPic ayMarbl TONbIPAFbI
aybIp MeTaJlJapMeH JIACTAHYbI

Maxanazna Kekieray KanacbIHbIH jkOHE BacHIbKOB aiThIH KEH OPHbI MaHBIHIAFbl TONBIPAKTAPABIH aybIp
MeTalIapMEeH JIACTaHY/IbIH 3epTTEY HOTIKENIepl KeNTipUIreH. Ayblp MeTalllapMEH TONBIPAKTHIH JIACTaHYbI
eTe KayinTi, ce6ebi TOmbIpaK ayblp MeTangapas! OenceH i Typae XuHai anansl. TombIpakTaH ayblp MeTanaap
ociMIIKTep MEH >KaHyapjlap ar3ajiapblHa, CaWbIll KeNreHIe, ajJaM ar3achblHa Tyce ajambl. TombIpakra
JacTaymibl 3aTTap, aran aWTKaHAa, MBIPHII, MBIC JKOHE KYIIJNa Ke3[eCTi, COHBIH IIIHAe KyIIona
OacpIMibIKKa wne Oommbl. KamaHeIH JKoHE OmaH THIC OKEpIEepHIiH OHEPKICINTIK — aiiMaKTapbIHBIH
TONBIPAKTAPBIHAA MBIC, MBIPBII JKOHE KYIIOJAa KOHLEHTPAUMACHl ONTiNeHeTiH ajaHIap aHbIKTAJBI.
Kexkieray KanachblHbIH ©HEPKACINTIK aliMaKTapblHIa *kKoHE BacHiIbKOB KEHOPHBIHBIH dcep €Ty aliMarbHIa
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TOIBIPAK HETI3iHEH KYLISNaMeH JacTaHFaH, ajl MBIPBII [eH MbIC YIIIH ©H JKOFaphbl IIEKTeYNi payasisl
KOHICHTPALHS eJIeyJli apThIKIIBLIBIFG! Oafikanasl. MpipbiteiH meiepi IIIPK-nan 3-ten 8 neitin, mpic — 2-
neH 22-ke feitiH, Kymona 7-aeH 361-re neiiid xorapsl O0IbL.

Kinm ce30ep: ayblp MeTanaap, MBIPBIII, MBIC, KYIIIQNIA, TOIBIPAK JTACTAHYBI, alITHIH KEH OPHBIL.

P.M. TasutnunoBa, P.P. beiicenoBa, A.W1. I'puropses, O.11. Mcaenko

3arpsi3HeHHe IIOYBEHHOI'0 OKPOBA TSAKEJIbIMH MeTALIAMHU
B NPOMBIILIEHHBIX paiionax r. Kokmeray

B craTbe npescTaBieHsl pe3yibTaThl HCCIESIO0BAHUS 3arpsA3HEHHs] IOUYBEHHOTrO MOKpoBa I. Kokieray n Ba-
CHJIBKOBCKOTO 30JI0TOPYAHOTO MECTOPOXKACHUS TSDKEIBIMM METAUIAMHU. 3arpsi3HCHUE MOYB TSKEIBIMH Me-
TaJJIaMM BEChbMa OIIACHO B CBSA3H C TEM, YTO IOYBbI CIIOCOOHBI aKTHBHO HAKAIUIMBATh TsDKEIbIe MeTalIbl. M3
HOYB TSDKEJIbIE METAIIIBl MOTYT IONACTh B PACTHTEIbHbIC U JKMBOTHBIE OPTaHU3MBI, 3 B KOHEYHOM HTOTE U B
OpTaHM3M UeJIOBeKa. BBISBICHBI OCHOBHBIE 3arPsI3HUTENHN 1I0YB, @ HIMEHHO IIMHK, ME/b U MBIIIbIK, TIPH STOM
MIPUOPHUTETHBIM U3 HHUX SIBJISICTCS MBIIBSIK. [ IpoBeeHNs MCCIe0BaHNil OBUTH BEIOPAHBL-IIPOOHBIE ILIO-
IIaaKH, Ut 0TOOpa NMpo0 MOYB M M3MEPEeHUs] KOHIEHTPAUK I[MHKA MEIU M MBIIIbSIKA B ITOYBAX IPOMBIII-
JEHHBIX pAiOHOB TOpOJa W 3a €ro mpeaenamu. Beuto oOHapykeHO, YTO B HPOMBIIIICHHBIX palioHax
r. Kokueray u B 30He BIMsAHUSA BacuIbKOBCKOTO 30JI0TOPYAHOTO MECTOPOXK/ICHHS TOYBbI B O0JbLICH cTere-
HM 3arps3HEHbl MBIIIBSIKOM, a TAK)XKE 3HAUMTEIbHbIC IPEBBILICHHS NPEASIbHO-JOIYCTUMBIX KOHIIEHTpaui
ObUTH OTMEYEHBI 11 MHKa 1 Meau. Coneprkanue 1HKa Obuto Bhime 3Havenui [IJIK ot 3 1o § pa3, meau —
ot 2 10 22 pa3, Mplmbsika oT 7 10 361 paza.

Knrouegvie cnosa: Tsxenpie METaJUIbl, M€lb, IIUHK, MBIIIbAK, 3arpsi3HEHHUC 110YB, 30JIOTOPYAHOC MECTOPOK-
JICHHUEC.
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