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Status of soil cover on the degree of accumulation of heavy metals
in the soil of the industrial region (Karaganda city)

In article the condition of a soil cover of the city of Karaganda is studied. To this end, there have been ranked
according to the highest degree of pollution. It was revealed that the dynamics of hygienic indices for 3 years
is unfavorable with respect to the soil in the residential area. Against the background of the general tendency
to reduce the level of soil pollution in the zone of influence of enterprises, the soil in the industrial area of the
city is heavily polluted. The most intensive soils are contaminated with substances belonging to the first and
second hazard classes: lead, zinc, copper and nickel. The content of zinc exceeds the MPC by approximately
3 times, lead by 1.5 times, copper by 1.6 times, nickel by 1.3 times. Such differences in the formation of
zones of high and low soil polluted cities, to some extent, may be associated with age, the industrial devel-
opment of the city, which was formed in the past 50—-60 years, and much younger.

Keywords: residential area, the soil, lead, method of stripping voltammetry, industrial district, environment,
chemical pollution.

In conditions of modern anthropogenic pressure on the environment, the main type of industrial pollu-
tion of soils is contamination with heavy metals, the sources of which are industrial enterprises, vehicles,
housing and communal services. The most large-scale types of pollution in recent decades include environ-
mental pollution by heavy metals, which are extremely difficult to remove from soil ecosystems.

In addition to direct toxic effects, many heavy metals are characterized by so-called long-term toxicity
effects that affect such vital functions of living organisms as reproduction and bioproductivity. Thus, pollu-
tion of the environment with heavy metals poses a threat not only to individual organisms, but also to whole
generations and populations. Unlike many other pollutants, they are not destroyed and not converted. In na-
ture, in the processes of migration, only the forms of their location and concentration change. For many
heavy metals, a cumulative effect is characteristic — the summation of harmful effects from individual pol-
lutants. Monitoring the quality of the urban environment with full coverage of the residential area and taking
into account all significant anthropogenic factors in modern conditions will not be implemented to the neces-
sary extent due to the high cost of research. It is necessary to allocate observation zones that reliably reflect
the diversity of living conditions of the urban population [1, 2]. From the existing methodological approach-
es to the ranking of territories according to the level of environmental problems, the most appropriate is the
mapping of the territory according to the degree of environmental pollution [3, 4].

In this regard, the state laboratory control soil was held in Karaganda, which allows him to ascertain the
environmental status.

Materials and methods

To this end, there have been ranked according to the highest degree of pollution. To this end, we select-
ed soil samples from the various functional areas of the city. The first zone consisted of soil sampling point
from the territory located near the industrial plants at a distance of 1000-1500 m. The second zone is the
center of the city, where there is not industry, is the big pollution from road transport. Third point selection is
«sleeping» area of the city, where there is an extensive highway network and industrial and service enterpris-
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es. The metal content in the 750 soil samples was determined by stripping voltammetry. The method is based
on the accumulation of ions of analytes on the surface of the working electrode over time, with a yield of
ions from the working electrode in a solution under the influence of changes in the working electrode poten-
tial. Since each type of ion has a certain output potential, and the movement of ions causes a change in the
current in the working electrode circuit, this allows us to detect the current dependence on the voltage ap-
plied to the working electrode, to identify the type of ions, proportional to the current to determine the num-
ber of ions of the type [5, 6].

The mineralization of samples was carried out in an automated complex sample preparation «TEMOS
EXPRESS» TE-1. The automated complex sample preparation « TEMOS EXPRESS» TE-1 is designed for
the complete destruction of interfering organic substances, thermal treatment with oxidants (HNO;, H,0O,,
H,SO, et al.) in the temperature from 50 °C to 650 °C by determining the concentration of toxic elements
(Cd, Pb, Zn, Cu, As et al.) in samples of various environmental objects by conducting quantitative chemical
analysis by direct and inverse voltammetry, atomic absorption, photometry, etc. Total index of soil contami-
nation (SDRs), calculated using the formula recommended by the F.F. Erisman Moscow Research Institute
of Hygiene in 1996.

the soil K= Cl/ MPC] + C2 / MPC2 + C3 /MPC3 + ... Cn / MPC ns
where . 5ol K — total index of soil pollution; C;, C,, C; ... C, — actual concentration of chemicals in the
soil; MPC,, MPC,, MPC;, MPC,, — the maximum permissible concentration of these substances.

Research results

Dynamics of hygienic indicators for 3 years is unfavorable with respect to soil in the residential area.
Against the background of the general tendency to reduce the level of soil pollution in the zone of influence
of enterprises, the soil remains heavily polluted in the industrial area of the city. In the Oktyabrsky district
recorded 66.6 % of non-standard samples in the zone of influence of industrial enterprises. Within a radius of
industrial exposure, there are significant excess of MPC in a number of heavy metals. For example, in the
area of influence of the foundry «Kazakhmys» corporation, CHP-3 content of salts of heavy metals — cop-
per, zinc, lead, nickel — ranging from 1.8 to 7.5 MPC. In the central area of the city (Kazybek bi), 100 % of
the samples taken in the area of influence of transport highways registered concentrations exceeding the
standards for heavy metals (lead — from 2 to 10, MPC, nickel — from 4.6 to 6.3 MPC). In the South-
Eastern area of influence of highway industrial enterprises in 100 % of cases, the sampling of lead content
exceeds the norm of up to 3 MPC; zinc — 1.7 MPC; nickel — to 1.8 MPC.

During the period 20122015 in the city a special eco-hygienic survey of soils was carried out by soil
Center of Sanitary Inspection. Evaluation of soil contamination level was carried out by 17 indicators, in-
cluding heavy metals.

It may be noted that the most heavily contaminated soil substances belonging to the first and second
classes of hazards: lead, zinc, copper and nickel.

The most unfavorable is the situation on pollution by lead and zinc soil. The proportion of unsatisfacto-
ry samples for these indicators amounted respectively to 19.3 % and 15.5 %, and the frequency of the MPC
for copper and nickel, respectively, 7.3 % and 7.6 %.

One of the most contaminated areas is — Kazybek bi, where 40 % of the samples revealed lead in
quantities exceeding maximum concentration limit in 46 % of samples — zinc, 26.7 % — nickel. The share
of non-standard analyzes for copper was the highest in 2007 in the Oktyabrsky district, but in 2005 the
Kazybek bi district was in the lead.

The long-standing industrial pollution of the soil cover of the city, represents the city of Karaganda in a
single biogeochemical province. In studying the table we observe that the subject areas on the total figure is
almost aligned with each other.

The lead content of the soil cover ranges from 22 mg/kg to 53 mg/kg (Table 1, Fig. 1).

Table 1
Heavy metals in soils of Karaganda (mg/kg)
Ne Cu Pb Zn \Y Cr Co Ni Mn Be SDRs
1 53 22 115 71 98 17 27 607 2,1 6,7
2 26 24 150 50 51 23 14 280 1,8 4,7
3 21 53 60 67 68 22 22 1447 1,6 5,54

Note. 1 — area with high anthropogenic load; 2 — average anthropogenic impact; 3 — relatively clean area.
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district 1
district 2
district3

Figure 1. The content of Pb in the soils of Karagandy (mg/kg)

Lead contaminated territories of all areas of the city, most content from leading motorways (Fig. 2). For
copper characterized by localization in the upper layer of soil (10-15 c¢cm from the surface) which reflects its
bioaccumulation and modern anthropogenic influence. Contamination of soil copper compounds is the result
of contributions from industrial sources. Possible occurrence of local copper anomalies in soils as a result of
corrosion of structural materials containing copper alloys (electrical wires, pipes).

district 1
district 2
district 3

Figure 2. The content of Cu in the soils of Karagandy (mg/kg)

The variability of copper concentration in the city was 21 mg/kg — 53 mg/kg (Fig. 2). Manganese ac-
cumulation usually occurs in the subsoil, and 60-90 % of the manganese is found in sandy soil fractions. In
soils of the city there is a wide distribution of manganese in concentrations from 607 to 1447 mg/kg (Ta-
ble 1). This is due to the fact that emissions of many enterprises of the city contain manganese oxide. The
reason for the low manganese content in the upper layers of the soil can be a large radius of its dispersion
and exceeding the solubility in the presence of pH-lowering humic acids.

Nickel is found in the town soil cover in concentrations of 22 mg/kg to 27 mg/kg (Fig. 3). The high
concentrations are determined in the territories of all districts of the city. Accumulation of nickel in soil is
due to the ability of the cell adsorbed manganese oxides and organic forms of iron.
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district 1
district 2
district 3

Figure 3. The content of Ni in the soils of Karagandy (mg/kg)

The range of concentration of beryllium in the city of 1.6 mg/kg — 2.1 mg/kg, which contributes to
shift the pH toward alkaline sides. The chromium coming from technogenic sources usually accumulates in a
thin surface layer of soils. The range of oscillations is 68-98 mg/kg (Table 1). Chromium is from 68 to
98 mg/kg. Increased chromium content is registered in the individual samples. The presence of chromium in
soils indicates its technogenic nature. Chromium accumulation in soil associated with the pH of the medium
and large amounts of organic complexes [7, 8].

Revealed several territorial areas of the city (district Ne 2 — the average man-caused load), where there
is extensive contamination of soil, including: Avenue Bukhar-Zhyrau (lead — 2.3 MPC, copper —
5.5 MPC); Prospect Builders (lead MPC — 2.5); Bus South-East (lead — 2,9 MPC); area CHP-3 (copper —
7.5 MPC; nickel — 6 MPC); zone of «Kazakhmys» in the October district (lead — 2 MPC, copper —
3,7 MPC, zinc — 1,7 MPC).

High lead contamination of soil from the exhaust gases of vehicles registered in the quarter of 45,
str. Yazev, str. Gogol, Avenue N.Abdirova reaching 2 to 10 MPC (Table 2).

Table 2
Excess of heavy metals in the soil relative to the MPC residential areas
Zone 2013 y. 2014 y. 2015 y.

Cu Zn Pb Ni Cu Zn Pb Ni Cu Zn Pb Ni
1 1.8 2 3.2 4 2 34 5 7 2.3 5 6 7.5
2 2 2 4 4 3 34 6 6.5 7.5 4.2 7.2 6
3 54 - 2 4.6 — — 6 54 — — 8 6
4 5.5 - 3 4.2 — — 8 5.7 — — 10 6.3
5 2.5 - 2.5 1.3 — — 1.6 1.2 — 1.2 1.7 1.2
6 — - 2.9 1.2 — — 1.7 1.2 — — 1.5 1.2

Note. 1, 2 — Oktyabrsky district; 3, 4 — Kazybek bi; 5, 6 — South-East.

In terms of oil pollution, the most polluted are Kazybek bi and southeastern regions, where the average
annual concentration of 735—737 mg/kg. These laboratory monitoring of soil pollution by pesticides indicate
their absence in the soil.

Monitoring of territories clinics residential areas on the total level of soil contamination has revealed
that similar to the total index of air pollution the highest soil pollution with heavy metals is observed in the
service area of a polyclinic Ne 2 (Kazybek bi). Soil pollution is noted on the territory of the polyclinic Ne 3
(South-East). Pollution 13 and 15 districts (Maikuduk) territory clinic Ne 4 and 7 Oktyabrsky district (an av-
erage SDRs of the city — 2.08).

By calculating the average levels of soil contamination with heavy metals in the service areas of poly-
clinics, some sharply differing values of the indicators (abnormal values) characterizing analyzes of soil
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samples either on motorways or in the immediate vicinity of industrial facilities were excluded from treat-
ment. Of course, by sampling soil samples, the zones of influence of enterprises and highways were not
completely avoided, residential areas were affected selectively, however, the main regularities of the differ-
ences in soil pollution of the city were fixed quite objectively.

Thus, the highest level of pollution and accumulation of elements of I and II classes of danger, such as
lead, zinc, copper, nickel, based on the share of non-standard samples is Kazybek bi area and the area of the
foundry «Kazakhmys» corporation.

City Karaganda receives heat and hot water mainly from CHP-3, which also contributes to the pollution
of the regional center [3, 9]. The table shows that the accumulation of the studied elements in the soil adja-
cent to the territory of CHP-3 at doses exceeding the maximum permissible concentration in a few times
(Table 3).

Since the zinc content exceeds the MPC is about 3 times in all sampling points. The lead content ex-
ceeds MPC by 1.5 times in all sampling points. The copper content exceeds MPC by 1.6 times. The nickel
content exceeds MPC by 1.3 times. MPC cobalt content exceeds 0.6 times at a distance of 500—-1000 m, in
other points of the content selection is within the MPC, but greater than the background by more than
10 times. We also spread the soil pollution of heavy metal salts was determined (in terms of the SDR). Ef-
fects observed in the radius of the motorway on the territory of 45 quarters (Kazybek bi district) and the main
part of the prospectus of Builders of South-Eastern District. Similarly, atmospheric pollution regularly high-
lighted «conditionally cleany» zone — Gulder community-1 and Mikhailovka area (Kazybek bi district).

Table 3
The distribution of heavy elements in the soils of the area CHP-3 Karaganda (mg/kg)
. Subject distance
Chemical element Background MPC 500-1000 m 1500-3000 m 3000-10000 m
Zinc 41.5+2.33 100 328.6+£18.26 299.1+34.88 285.46+21.0
Lead 15.6+0.89 60 85.5+4.22 82.3+5.85 84.87+10.34
Copper 18.2+2.21 100 168.4+7.11 162.3£12.75 161.5+8.12
Cobalt 3.840.56 50 56.5+£11.50 46.9+6.33 43.2+7.14
Nickel 12.2+1.54 70 95.5+23.96 89.6+9.74 88.3+11.25

Such differences in the formation of zones of high and low soil polluted cities, to some extent, may be
associated with age, the industrial development of the city, which was formed in the past 50-60 years, and
much younger.

Thus, to increase the effectiveness of the monitoring of chemical elements in samples of natural envi-
ronments that require surveillance organization dynamics.
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M.A. Mykamesa, lII.M. Hyrymanosa

OHnjipic aymMarpl TONBIPAFBIHAA AYBIP METANAAPABIH KUHAKTAY
JAeHreiii 00MbBIHIIA TONBIPAK KAMBLIFbICHIHBIH Karaaiibl (Kaparanabl Kajgachl)

Makanana KaparaHabl KajachlHBIH OpTYpii (DYHKIHOHAJIBI ayMaKTapbIHBIH TOIBIPAK JKAMBUIFBICBIHBIH
JKaFIaibl 3epTTeni. TONbIpaKThIH ayblp METAIAapMeH JIaCTaHyblHA OaiIaHBICTBI YKOJOTHSIIBIK KaFJaliIbIH
JeHreii OOMBIHIIA Kala ayMaFbIHBIH KiKTemyi skyprizingi. CenureOTi ayMaKTaFbl TONBIPAFBIHBIH 3 KBUIIBIK
TUTHEHANBIK KOPCETKIIITEP/iH KaFbIMCBI3 THHAMHUKACHI aHBIKTAJIBL. OHIIPIC ayMaFbl TOMBIPAFBIHBIH KOFaphl
MeJIIep/e JacTaHysl aanenaeH . Tomblpak KapKbIHABI TYpAe KayNTLTKTIH OipiHIN jkKoHe eKiHIN KiIachlHa
JKaTaThlH MBIPHIN, MBIC, HUKEIb JKOHE Tarbl Oacka 3aTrapMeH JsactanraH. Mbpipeimn Memmiepi [IIPK
MmenmiepineH 3 ece, Mbic 1,6 ece, Hukenb 1,3 ece jxorapbl. Kama TONBIparbIHBIH JKOFapbl KoHE TOMEH
JeHreiiie ayslp MeTaigapMeH JacTaHybl COHFBI 50—60 kpuimap OOMBI KaJbIITACKaH OHAIPIC KYPBUIBICIICH
GaitaHpICThI 6OTYbI MYMKIH.

Kinm co30ep: cenntedTi aymMak, TONBIPaK, MBIPHILI, MBIC, THBEPCHUSUIBIK BOJIBTAMICPOMETPHSI TICIJI, OHAIpic
ayMarbl, KOpIIaFraH OpTa, XMMHSUIBIK JACTaHY.

M.A. Mykamesa, [11.M. Hyrymanosa

CocTosiHME TOYBEHHOI'0 NOKPOBA MO CTEeNEHU HAKOIJIEHUS TSKeJIbIX MeTAJLI0B
B M0YBE NPOMBIILIEHHOr0 peruoHa (ropoa Kaparanjaa)

B crarbe n3ydyeHo cocTosiHUE TIOYBEHHOTO MOKPOBa ropoaa Kaparanipl ¢ pa3inyHbIX (GyHKIMOHAIBHBIX 30H.
IIpoBeneHO paHXHMpOBaHHE TEPPUTOPUI TOpoJa MO CTEIEHU HANPABICHHOCTH 3KOJIOTMYECKOH CHUTyaluH,
CBSI3aHHOM C 3arpsi3HEHHEM NOYBBI TSHKENBIMU MeTalIaMH. BbIBIEHO, YTO AMHAMMKA THTHEHUYECKUX MOKa-
3ateneif 3a 3 roga HeGaronpuATHa [0 OTHOLICHUIO K MOYBe B cenuTeOHOM 30He. Ha done obmeil TeHaeHnun
K CHIDKCHHUIO YPOBHS 3arpsi3HEHUS ITOYBHI B 30HE BIHMSHHA NPEANPUSATHI B MPOMBIIIIEHHOM paioHEe Topoja
MoYBa CHIIBHO 3arpsi3HeHa. Hanbonee MHTEHCHBHO MOYBHI 3arps3HEHBI BEMIECTBAMHU, OTHOCSIIIUMHUCS K TIep-
BOMY U BTOPOMY KJIacCaM OIIaCHOCTH: CBUHIIOM, IIMHKOM, MeAbI0 1 HuKeneM. CozepikaHne UHKA IIPEBhIIIa-
et IIJIK mpumepHo B 3 pasa, cBuHna — B 1,5 pasa, meau — B 1,6 pa3sa, Hukens — B 1,3 pasa. [logoOHble
paznuuus B GopMHUPOBaHHUHU 30H BEICOKOH M HU3KOH 3arpsI3HEHHOCTH II0YB TOPOJIA B ONPEICICHHON Mepe MO-
T'yT OBITH CBSI3aHBI C BO3PACTOM IPOMBIIUICHHON 3aCTPOHKH ropoja, KoTopast chopMHUpOBaIach B MOCIEIHIE
50—60 neT (1 3HAYUTEILHO MOJIOKE).

Kniouesvie cnosa: cenuteOHBIE TEPPUTOPUH, TOYBA, CBHHEL, LUHK, MeIb, HUKENb, METOJ MHBEPCUOHHON
BOJBTAMIIEPOMETPHH, TPOMBIIIICHHBIN PaliOH, OKPY’KaroIIasi Cpeia, XUMHUIECKOE 3arpsi3HEHHE.
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