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Status of soil cover on the degree of accumulation of heayvy 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. Well adjusted system of monitoring
by estimates of accumulation of metals in objects of a surrounding medium is necessary for carrying out the
bioremediation of actions. The developed system will allow to determine consistent patterns of formation of
technogenic load of the soil with a sufficient degree of accuracy. In the analysis of accumulation in the soil, it
is necessary to take into account the frequency and the dynamics of the research, the number of points of
comparison. In addition, to assess bioremediation measures must take into account views of the environment,
the amount, location and frequency of sampling, certain requirements for the methodological and technical
support.

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

The city of Karaganda is a major regional center of the Republic of Kazakhstan, industrial industrial
center, the level of development of the industry occupies a leading position in Kazakhstan. On its territory
are located dozens of industrial enterprises technogenic Profile, energy companies [1, 2]. Is developed in-
tense inter-city transport network. In the city as a priority pollutant consistently carry heavy metals. During
the ecological and hygienic. assessment of soil and air pollution by heavy metals (lead, cadmium, nickel,
zinc, copper) recorded the maximum air pollution levels of lead — 3.57 ug/m *, which exceeded the MPC by
12 times. The share of heavy metals on the total air pollution index accounted for between 5 and 76 %. What
characterizes them as priority pollutants of the urban environment [3, 4].

The important role in the circulation of chemicals in large industrial cities belongs to the soil. Being the
key environment and the universal adsorbent, the soil reflects the level of long-term anthropogenous influ-
ence. That consideration of the specific formation of the soil quality and the variety of criteria evaluation, the
relationship between the integral and specific indicators will develop approaches to bioremediation
measures. The effectiveness of the research program for the implementation of bioremediation measures will
be successful only if will take into account all the sanitary and environmental contamination of soil criteria
and ranking areas for these indicators.

One of the most important problems of monitoring of pollution of soils is the choice of priority ingredi-
ents for monitoring determined by a number of conditions and parameters. For example, a control sequence
of the ingredients of technogenic origin located at the first stage of the chemical elements such as
hydrargyrum, lead, cadmium, nickel, cobalt, molybdenum, vanadium, copper, fluorine, arsenic, zinc, chro-
mium, antimony, selenium [3, 4].

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

For the organization of bioremediation measures necessary quantitative characteristic distribution of
metals in soils. To this end, there have been ranked according to the degree of territories of the environmen-
tal situation of tension related to soil pollution with heavy metals. To this end, we selected soil samples from
the various functional areas of the city. The first zone consisted of soil sampling point from the territory lo-
cated 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 enterprises. The' metal
content in the soil samples was determined by stripping voltammetry. The method is based on the accumula-
tion of ions of analytes on the surface of the working electrode over time, with a yield of ions from. the work-
ing electrode in a solution under the influence of changes in the working electrode potential ,proportional to
the current to determine the number of ions of the type [5, 6].

The mineralization of samples was carried out according to methodical instructions [5, 6] in an auto-
mated complex sample preparation «TEMOS EXPRESS» TE-1, which is designed for the.complete destruc-
tion of interfering organic substances, thermal treatment with oxidants (HNO ; H, O » H, SO, et al.) in the
temperature from 50 °C to 650 °C, in determining the concentration of Cd, Pb, Zn, Cu, As, et al. samples.

Total index of soil contamination (SDRs), calculated using the formula recommended by the Moscow
Research Institute of Hygiene them. F.F.Erismana 1996

thesoilK:C 1/MPC1+C2/MPC2+C3/MPC3+...Cn/MPCn
where e 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

Based on these results we analyzed the results, showing the level of heavy metals in soil samples.
The dynamics of health indicators, shown in the background of the general trend to reduce soil pollution that
in the Oktyabrsky district recorded 66.6 % of non-standard samples in the zone of influence of industrial en-
terprises. Within a radius of industrial exposure, there are significant excess of MPC in a number of heavy
metals. In the area of influence of the foundry «Kazakhmys» corporation, CHP-3 content of salts of heavy
metals — Copper, Zinc, Lead, Nickel — ranging from 1.8to 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 ex-
ceeding the standards for heavy metals (Iiead — from 2 to 10, MPC, Nickel — from 4.6 to 6.3 MPC). In the
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.

A special ecological and hygienic inspection of soil Center of Sanitary Inspection. Evaluation of soil
contamination level was carried out by 17 indicators, including heavy metals. It may be noted that the most
heavily contaminated soil substances belonging to the first and second classes of hazards: Lead, Zinc, Cop-
per and Nickel.

These studies have relevance, as an intermediate step in the environmental monitoring, the purpose of
which is to optimize nature management aimed at reducing damage to the environment and economic effi-
ciency. Takingnto account the above listed, the soil cover is a unique object for study.

Extensive use is made of the complex characteristics of the quality of soil, where the conditional indica-
tor of the/degree of air pollution, soil pollution one to the index. The need for continuous monitoring of the
soil ‘due to the fact that he is the ultimate receiver of most man-made chemicals involved in the bio-
sphere. Representing a geochemical barrier to the migration of pollutants, soil cover protects the adjacent
environment from anthropogenic impacts. However, the capacity of soil as a buffer system are not unlim-
ited. Accumulation their transformation products in the soil causes a change in its chemical, physical and
biological conditions, degradation and, ultimately, the of destruction [7-11].

Identification of the basic laws of the spatial distribution of heavy metals showed that a small amount of
precipitation and severe aridity of the climate led to the formation of light-brown soils of the subzone. Agro-
chemical indexes of the studied soils revealed the following: the humus content — 1.45 %, pH — 6.79,
the amount of absorbed bases — 5.4 mg-Eq per 100 grams of soil, the amount of sesquioxides of iron and
aluminum oxides was — 1 %. These indicators, which determine the mobility of heavy metals in soil, possible
to calculate the index of the protective capacity of the soil from pollution - buffering capacity of the soil, as
the average.
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As a result of the work, it found that the most unfavorable is the situation on pollution by lead and zinc
soil. The proportion of unsatisfactory 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 %.

In all of the above ingredients, 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 tests for copper was the highest in the Oktyabrsky district.

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 1 we observe that the subject areas on the total:figure
is almost aligned with each other.

Table 1
Heavy metals in soils of Karaganda (mg/kg)

Area Cu Pb Zn A" Cr Co Ni Mn Be SDRs
Area with high anthropogen-
ic load 53 22 115 | 71 | 98 17 27 607 2.1 6.7
Average anthropogenic
impact 26 24 150 | 50 [ 51 23 14 280 1.8 4.7
Relatively clean area 21 53 60 67 | 68 22 22 1447 1.6 5.54

For copper characterized by localization in the upper_layer of soil (10-15 cm from the surface).
The variability of the concentration of copper in the city was 21 mg/kg — 53 mg/kg, which reflects its bio-
accumulation and modern anthropogenic influence. Contamination of soil copper compounds, possibly the
result of contributions from industrial sources as a result of corrosion of structural materials containing cop-
per alloys (eg, electrical wires, pipes).

The lead content of the soil cover ranges from 22 mg/kg to 53 mg/kg. Lead contaminated territories of
all areas of the city, most content from leading motorways.

In soils of the city there is a wide distribution of manganese in concentrations up to 1447 mg/kg.
We attribute this to the fact that industrial emissions of many companies contained manganese ox-
ide. Manganese accumulation usually occurs in the subsoil, and 60-90 % of the manganese is found in sandy
soil fractions.

Accumulation of nickel in soil is due to the ability of the cell adsorbed manganese oxides and organic
forms of iron.

Nickel is found in the town soil cover in concentrations of 22 mg/kg to 27 mg/kg. High concentration of
beryllium in the city of 1.6 mg/kg — 2.1 mg/kg, which contributes to shift the pH toward alkaline sides.

Coming from industrial sources chromium is from 68 to 98 mg/kg. Increased chromium content is reg-
istered in the individual samples. 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 Bukhara-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).
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Table 2
Excess of heavy metals in the soil relative to the MPC residential areas
2013 y. 2014 y. 2015 y.

Zone Cu | zn [ Pb | Ni|cu| zn [ Pb|Ni| cu | Zn | Pb | Ni
Oktyabrsky 1.8 2 3.2 4 2 3.4 5 7 23 5 6 7.5
Oktyabrsky 2 2 4 3.4 6 6.5 7.5 4.2 7.2 6
Kazybekbi 54 - 4.6 - - 6 5.4 - - 8 6
Kazybekbi 5.5 - 3 4.2 - - 8 5.7 - - 10 6.3
South-East 2.5 - 25 1.3 - - 1.6 [ 1.2 - 1.2 1.7 1.2
South-East - - 29 | 1.2 - - 1.7 | 1.2 - - 1.5 122

In terms of oil pollution, the most polluted are Kazybekbi 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.

It follows from the above that the ecological functions of soils related to their chemical and physico-
chemical properties, provide absorption capacity of soil (sorption of mineral and organic matter), the possi-
bility of degradation and mineralization biophilic elements and enzymes in the soil [1]. By alkaline reaction,
a high organic matter content, soil character occurs fixation of heavy metals in the upper soil layers, resulting
in the migration capacity of toxicants in the soil profile is sharply reduced.

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 (Kazybekbi). Soil pollution is noted on the territory of the polyclinic Ne 3
(South-East). Pollution 13 and 15 districts (Maikuduk) territory clinic Ne4 and 7 Oktyabrsky district
(an average SDRs of the city — 2.08).

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 Kazybekbi 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).

Table 3
The distribution of heavy elements in the soils of the area CHP-3 Karaganda (mg/kg)
Chemical Background | MPC Subject distance

element 500-1000 m 1500-3000 m 3000-10000 m
Zinc 41,5+233 100 328,6 £ 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 3.8+0.56 50 56,5+ 11,50 46,9 + 6,33 432+7,14
Nickel 12,2+ 1,54 70 95,5 +23,96 89,6 £9,74 88,3+ 11,25

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). Effects
observed in the radius of the motorway on the territory of 45 quarters (Kazybekbi district) and the main part
of the prospectus of Builders of South-Eastern District. Similarly, atmospheric pollution regularly highlighted
«conditionally clean» zone — Gulder community — 1 and Mikhailovka area (Kazybekbi District).
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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 environments that require surveillance organization dynamics.
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OHipic aliMarbIHBIH TONBIPAFBIHIA AYBIP METAJAAP/AbIH )KHUHAKTAJLY JdpexeciHe
0ailyIaHBICTBI TONBIPAK Ka0aThIHbIH kaFAaiibl (Kaparanasl Kajgachl)

Maxkanana Kaparasubl KanaChbIHbIH TONBIPAK KaOaThIHBIH JKardaibl 3epTreireH. buopeMenuanusibik
Iapajap/bl )KYpPrizy YiliH KOpIiaFaH opta 00beKTiIepiHIe MeTalIapAblH KUHAKTAIYbIH Oaraiay bH )KaKChl
YHBIMIACTBIPBUIFAH MOHHMTOPHMHITIK JKyiie Oomysl THic. KypacThIpbliraH Xylie TONBIpaKKa TEXHOTCHII
JKYKTEMEHIH KaJIbIITacy 3aHAbLIbIKTApbIH XKETKUTIKTI Aopeke/ie opHaTyFa MyMKiHAIK Gepeni. Tombipakrarst
KyMyJSIIUSIHBL Tajjgay OapbICBIHIA 3epTTEYAiH Ke3eHAepi MeH IHHAMUKACHIH, CAJIBICTHIPY HYKTEJIepiHiH
caHblH eckepy Kaxer. COHbIMEH Karap OMOpeMeIMalMsuIbIK Iapanapisl Oarajay YIUiH KOpIIaraH opTa
OOBEKTIIEePIHIH TYpJIEpiH, KOJIEMiH, YITiIep/i >KHHAY OPHBI MEH YaKbITHIH, 9HiCTEMENIK JKOHE TEXHHKAIBIK,
KaMChI3JaHAbIPBUTYFa KOUBUIATEIH Oenriti Oip Tamantapis! eckepy Kepek.

Kinm ce30ep: cenuteOTi aifiMakTap, TOMbIPAK, KOPFACHIH, HHBEPCHSUIBIK BOJIBTAMIIEPOMETPHSI Sici, OHIIpic
aylaHbl, KOpIIAFaH OpTa, XUMHSUIBIK JaCTaHy.
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M.A. Mykamesa, ['.)K. Myxkamesa, JI.B. Cypxuxos, A.K. ApsimGekoBa, b. 3epuke

CocTosiHUE TOYBEHHOI'0 NOKPOBA MO CTeNeHU HAKOIIEHUS TAKeJIbIX MeTAJLI0B
B M0YBE NPOMBIILIEHHOT0 peruoHa (ropoa Kaparanaa)

B crarbe n3ydeHo cocTosiHIE NOYBEHHOTO IMOKpoBa ropoxa Kaparanmast. [y nposenenust 6nopeMeananion-
HBIX MEPONPUATUI HE0OX0MMa XOPOILO HalaKeHHas CHCTeMa MOHMTOPUHTA IO OLIEHKaM HAKOIJIEHHUs Me-
TaJUIOB B 00BEKTaX OKpyKaromei cpeapl. IIpyu aHanuse KymyJsIIMU B MOYBaX HEOOXOAWMO YYUTHIBATH Ie-
PHOJIMYHOCTh U JTHUHAMHUKY MCCIIEIOBAHUH, KOIMUECTBO TOUek cpaBHeHMs. Kpome Toro, 1ist oneHkn GHope-
MeIUAIMOHHBIX MEPONPUATHI Hy’KHO YUUTHIBATh BUABI 0OBEKTOB OKpYKaromIei cpelibl, 00beM, MECTO U TIe-
PHOIMYHOCTH 0TOOpa Mpo0, oNpe/ereHHbIe TPeOOBaHU K METOIUUSCKOMY M TEXHUUSCKOMY 00ECHEeUECHHIO.
PazpaboranHast cucremMa IO3BOJHT C JIOCTATOYHOM CTENCHBIO TOYHOCTH YCTAaHABJIMBATH 3aKOHOMEPHOCTH
(hopMHpOBaHUS TEXHOTEHHOI Harpy3KU Ha MOYBY.

Kuouesvle cnosa: cennteOHbIC TCPpUTOpHHU, 1TOYBA, CBUHEL, MCTOJ HHBepCHOHHOﬁ BOJIbTaMIICPOMETPUH,
HpOMbIH.IJ'IeHHLIﬁ paﬁOH, OKpYyKarouias cpeaa, XUMHUYE€CKOEC 3arpA3HCHUE.
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