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Kasakcmar Pecniybriukacbl Y¥nmmbiK fbifibiM akademusicel "KP ¥FA Xabapnapbi. Xumusi xoHe
mexHorsoeusi cepusicbl” fbinbiMU XypHarnbiHbiH Web of Science-miH xaHanaHraH Hyckacsi Emerging
Sources Citation Index-me uHOekcmeryze KabblndaHraHbiH xabapraldsi. byn uHdekcmeny 6apbicbiHOa
Clarivate Analytics komnaHusicbl XypHandbl odaH api the Science Citation Index Expanded, the Social
Sciences Citation Index xoHe the Arts & Humanities Citation Index-ke kabbinday wmaceneciH
Kapacmebipyda. Webof Science sepmmeywinep, asmopnap, bacnawhbinap MeH MekeMmesriepee KOHmMeHm
mepeHdiei MeH canacbiH ycbiHaobl. KP ¥FA Xabapnapbl. XuMusi XXoHe mexHoroausi cepusicel Emerging
Sources Citation Index-ke eHyi 6i30iH Koramo0acmbIK YWiH eH 63eKmi xoHe 6edesidi XUMUSIIIbIK FblribiMOap
bolibiHWa KoHmeHmke adarsnobifbiMbi30bl 6indipedi.

HAH PK coobwaem, 4ymo Hay4Hbil xypHan «Mseecmusi HAH PK. Cepusi xumuu u mexHosnoaul» bbin
npuHam Ans uHdekcuposaHusi 8 Emerging Sources Citation Index, obHosneHHol eepcuu Web of Science.
ColepxxaHue 8 amom uHOeKcuposaHuu Haxodumcs 8 cmaduu paccMmompeHusi komnaHueli Clarivate
Analytics Ona OanbHeliweao npuHamus xypHana e the Science Citation Index Expanded, the Social
Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem kadyecmeo u
enybuHy koHmeHma 0nis uccriedosameried, asmopos, usdamerel u yupexdeHul. BknwoyeHue Msgecmus
HAH PK e Emerging Sources Citation Index GemMoHCcmpupyem Hawy MnpueepXxeHHocmb K Hauboree
akmyasibHOMY U 8/1USIMmesIbHOMY KOHMEeHMY 0 XUMUYEeCKUM Haykam Ors Hauleeo coobujecmea.
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THE CONTENT AND DISTRIBUTION OF TRACE ELEMENTS
IN SOILS DURING THE DEVELOPMENT
OF OIL FIELDS IN THE REPUBLIC OF KALMYKIA

Abstract. The article presents the results of chemical analysis soils of drilling sites of the Sostinsky and
Mezhozerny oil fields of the Republic of Kalmykia. The content of sodium ions is more than 2 times higher in both
deposits. At the same time, the content of chlorides in some areas of the Mezhozerny field reaches its maximum. As
a result, the soils are highly saline in terms of the degree of salinity and are mainly chloride-sulfate-sodium in terms
of the type of salinity. In oil fields, oil spills lead to the accumulation of organic carbon many times, with the total
content of organic matter exceeding up to 5 times. The increase in the content of petroleum products is greatest in
water discharge and wellheads. Studies on the content of heavy metals in the soils of oil fields showed that the
average content of elements does not exceed the maximum permissible concentration of substances. At the same
time, the content of most heavy metals exceeds the background ones, for example, lead, cadmium up to 2 times,
strontium up to 8 times, mercury up to 6-12 times. In comparison with the clarke of the lithosphere (according to
Vinogradov), an ecological-geochemical specialization in cadmium is noted. In the soils of the Sostinsky deposit, in
the series of distribution of heavy metals, the maximum value is typical for cadmium, and in the Mezhozernoye
deposit for mercury. At the Sostinskoye deposit, higher than the background is characteristic of such elements as:
lead, vanadium, copper, strontium, and at the Mezhozernoye deposit, the excess of the background is achieved for
such elements as: cadmium, zinc, lead, vanadium, copper, chromium, strontium.

Key words: oil-contaminated soils, heavy metals, trace elements, oil products, drilling sites.

Introduction. Oil and gas technogenesis has become one of the most acute challenges of the 21st
century. It covers vast areas of all inhabited continents of the Earth. Despite the improvement in the
technology of extraction and its transportation, the problem of environmental pollution by oil products and
associated heavy metals remains a major environmental problem. Unlike petroleum products, heavy
metals are redistributed between individual components of the environment [1-3].

Monitoring and forecasting the state of the environment in the sphere of influence of the oil and gas
complex is a prerequisite for taking timely measures to protect the natural environment from degradation.
The content of heavy metals in the soil is a complex and informative indicator of the degree of soil
pollution and can be used in environmental monitoring of technologically disturbed territories [4-6].

The territory of the Republic of Kalmykia is considered one of the main oil-producing regions in the
Lower Volga region. There are 41 hydrocarbon deposits on the territory of the Republic of Kazakhstan,
including 19 oil, 11 gas, 6 oil and gas and 5 oil and gas condensate. The deposits are located in the
southeast of the Republic of Kalmykia in the Northwestern Caspian region.

The purpose of the study is to assess the changes in the chemical composition of the soils of the
drilling sites of the fields under oil pollution; to determine the content of gross forms of heavy metals
(HM), and to assess the degree of their pollution of soils in the studied areas.

— |4 ——
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Methods. The objects of study in this work were samples of soils and soil samples that were taken in
the territory near the drilling sites of oil fields located in the southeastern regions of the Republic of
Kalmykia - Sostinskoe and Mezhozerny.

The Republic of Kalmykia is located in the zone of steppes, semi-deserts and deserts. The climate is
continental with the transition to a sharply continental climate. The region is the driest in the south of the
European part of Russia. The soil cover of the area is formed in a hot climate and moisture deficit, it is a
slightly undulating plain with a slope to the east, southeast with great diversity and high complexity. The
relief of the area influences the formation of vegetation and soil cover.

Soil and soil samples were taken as the distance from the source of pollution: mouth, torch, oil
storage tanks from a surface of 0-20 cm and from a depth of 20-30 cm.

Soil samples were taken as background samples at a distance of 1 km from the pollution source.
During the work, more than 50 samples were selected and analyzed.

Studies were carried out on the content of water-soluble cations, anions, organic carbon, oil products,
heavy metals (lead, cadmium, manganese, nickel, mercury, vanadium, zinc, copper, cobalt, strontium) in
soils and soil grounds.

To carry out statistical processing of the data of the research results, geochemical indicators were
determined, such as the concentration coefficient - Kc, the coefficient of the relative accumulation of trace
elements in the soil - Kra, and the background concentration coefficient - Kbc.

Elements with high Kc values are typomorphic and determine the geochemical setting.

Results. To assess the degree of contamination of the soils of the drilling sites, the salt composition
of soil samples taken on the territory of the oil sites was determined. As a result of studies of the salt
composition of the soils of the studied areas, it was found that the soils are highly saline in terms of
salinity and are mainly chloride-sulphate in terms of salinity. Salinization of oil fields is caused by spills
of drilling fluids during well drilling, as well as spills of highly mineralized formation water during well
operation. The highest salinization of soils of oil fields occurs with sodium ions and chloride ions.
Increased salinity also occurs due to the strong alkalinity of soils in the arid zone.

The sodium content in the oil field ranges from 109.2 to 647.5 mg/kg. On the territory of
the Sostinsky field, a high sodium content is observed near the wells and near the reservoir up to
312.75 mg/kg, while in the territory of the Mezhozerny field, a high sodium content is observed near the
discharge of formation waters - 647.5 mg/kg. The average sodium content at the Sostinskoy deposit is
approximately 2 times higher than the background values, and 2.5 times on the territory of the
Mezhozerny field (figure 1).
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Figure 1 — Content of water-soluble cations in soils of deposits, mg/kg

The comparative content of chloride ions in the study areas varies within 94.1 - 3485.1 mg/kg. The
highest chloride content is observed on the territory of the Mezhozernoy field, at the discharge of highly
mineralized formation waters - 3485.1 mg/kg, a high chloride content is also observed at the reservoir, at
the discharge of water and at the oil spill (figure 2).
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Figure 2 — The content of water-soluble anions in the soil on the territory of the studied deposits, mg/kg

The degree of salinity is greatly influenced by the chemical composition of formation waters. Many
researchers have shown that the content of chlorine and sodium ions is mainly determined in the
composition of salinization by drilling and formation waters. They account for 95% of the salt
composition [7,8].

As a result of the restructuring of the main soil-geochemical parameters with oil pollution, the
distribution of organic carbon in the soil changes. In case of oil spills at oilfield areas, such as wellheads,
wells, technogenic carbon is introduced, which is sorbed in the soil and causes an increase in its total
content [9, 10]. In such areas, the total organic carbon content is many times higher than the background
values, sometimes tens of times.

According to the obtained data of the research results, it was revealed that the content of organic
matter in the analyzed soil samples from the studied deposits varies from 0.42 to 12.7%. Compared to the
background content, there is an excess in the territories of the fields 1.5-5.5 times higher than the
background. The concentration of organic matter decreases with distance from the source of pollution.

The content of oil products is in the range from 61.9 + 24.8 to 5475.0 + 1368.8 ppm. The regularity of
the increase in the concentration of oil products on the territory of the Sostinsky field can be traced from
100 m beyond the territory to the wells. On the territory of the Mezhozernoy field, the highest
concentration of oil products is observed on the territory at the water outlet and at the wellheads.

In the soils of the studied deposits, we analyzed the soils for the content of heavy metals - Cd, Zn, Pb,
V, Mn, Ni, Cu, Cr, Co, Sr, Hg, by atomic adsorption spectrometry.

The obtained values of the content of heavy metals in the soils of oil fields on the territories of the
Sostinsky and Mezhozernoy fields showed that the Cd content is in the range from 0.17 to 0.99 mg/kg and
0.12-0.92 mg/kg, respectively. In all samples, the background values were exceeded. So, on the territory
of the Sostinsky field, the cadmium content in the wells is 2 times higher, on the territory of the
Mezhozernoy field, a significant excess of background indicators was observed by 8-13 times.

Determination of the Pb concentration in the soils of the studied deposits showed that its content
varies within 0.8-6.4 mg/kg. High values were found near well No. 3 - 7.5 mg/kg in the Sostinsky field.
On the territory of the Mezhozernoy field, an excess of the background concentration was noted
throughout the entire territory, the highest concentration near the well - 6.4 mg/kg.

The strontium content in the selected samples significantly exceeds its background values. In the soils
of the Sostinsky deposit, the range of its concentration was 11.1-61.8 mg/kg. In the samples near the well
No. 8 and outside the territory of the field, its maximum concentrations were found 50.8-61.8, which is
8 times higher than the background value. In the samples from the Mezhozernoy field, an excess of up to
5 times was found in samples taken from the well, from the water drain and the oil spill.
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The Hg content in soil samples is in the range of 2.7-79.0 mg/kg. A high content of mercury was
found in the sample taken from the well and from the oil spill of the Mezhozemoy field, which is
6-12 times higher than the background value.

To assess the distribution and accumulation of toxicants in soils, an analysis of variance was carried
out. To determine the nature of technogenic pollution, the values of the concentration coefficients Kc (the
ratio of the content of an element in the soil to the content in the lithosphere), the coefficient of the relative
accumulation of trace elements in the soil Kcr (the ratio of the content of a trace element in the soil to the
background level in the Republic), the coefficient of background concentration Kb (the ratio of trace
elements to the background concentration) [8].

According to the data obtained, it was revealed that when compared with Clark according to
Vinogradov, all elements Kc <1, except for cadmium. Cadmium is a trace element, and in soils depleted in
humus, the processes of cadmium migration are enhanced [11,12]. This is likely the reason for the
increased concentrations of cadmium in the soils of the region [13].

The following series of HM distribution was formed in the soils of the Sostinsky field:
Cd> Co> Zn> Ni> Mn> Pb> V> Cu> Cr.

In the soils of the Mezhozernoye field: Hg> Cd> Co> Cu> Zn> Ni> V> Pb> Mn> Cr.

The obtained ANOVA data are presented in table.

ANOVA of the results of determination of heavy metals

Element | K | Ker Keb Shares of MPC
Sostinsky field
Cd 1.1 0 1.45 0.55
Zn 0.37 0 0.32 0.31
Pb 0.19 0.19 1.064 0.099
A% 0.17 - 1.03 0.115
Mn 0.21 0.40 0.90 0.138
Ni 0.27 0.65 0.80 0.185
Cu 0.04 1.0 1.43 0.065
Cr 0.03 0.082 0.46 0.063
Co 0.42 0 0.75 0.66
Sr 0 0 4.20 0.055
Hg 0.03 0.04 0 2.8
Mezhozernoy field
Cd 0.84 0 6.0 25.2
Zn 0.31 0.54 11.0 0.25
Pb 0.18 0.175 6.36 0.093
A% 0.19 1.94 0.13
Mn 0.16 0.31 0.93 0.11
Ni 0.30 0.72 1.0 0.20
Cu 0.36 1.47 2.94 0.096
Cr 0.068 0.175 1.25 0.14
Co 0.44 - 0.95 0.7
Sr - - 2.48 0.11
Hg 0.108 0.144 0.00034 10.29

Ker is the coefficient of regional concentration indicating elements that are strong pollutants
in the soils of the study areas. According to the data obtained, it is possible to trace a series on the
territory of the Sostinsky field: Cu> Ni> Mn> Pb> Cr> Hg, on the territory of the Mezhozernoy field:
Cu> Ni> Zn> Mn> Pb> Cr> Hg.

For comparison with the background content of elements, we calculated the background concen-
tration coefficient - Kcb. An excess of the background is observed for such elements: lead, vanadium,
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copper, strontium, at the Sostinskoy field, and at the Mezhozernoy field, the following turned out to be
higher than the background: cadmium, zinc, lead, vanadium, copper, chromium, strontium. Accordingly,
the following rows were formed [14]:

Sr> Cd> Cu> V> Pb> Mn> Ni> Co> Cr> Zn> Hg;
Zn> Pb> Cd> Cu> Sr> V> Cr> Ni> Co> Mn> Hg.

To identify the features of the distribution of heavy metals in the studied soils of the deposits, a
geochemical spectrum was built, the spectra were plotted according to the concentration or dispersion
clark of elements. The regional concentration coefficient - Kcr is the ratio of the average content of an
element in soils of oil fields to its background in the Republic of Kalmykia (figure 3).

Sostinsky field
Mezhozernoy field

0 Cd Zn Pb V Mn Ni Cu Cr Co Sng 0 Cd Zn Pb V Mn Ni Cu Cr Co Sng

Figure 3 — Geochemical spectra of HM in the soil of the studied territories
(Krc-to the regional clarke, Klc - to the lithosphere clarke, Kb-to the background)

On the basis of the analyzes of the accumulation of heavy metals in the analyzed soil samples from
the territories of the deposits, their ecological and geochemical specialization was revealed. In comparison
with the clark of the lithosphere (according to Vinogradov), the ecological and geochemical specialization
in cadmium on the territory of the Sostinsky field. In comparison with the regional clark, a high
accumulation of copper was noted in the soils.

Conclusion. According to the results based on the determination of the chemical composition of the
soils of the drilling sites of the studied deposits, it was determined that the soils are highly saline and, by
the type of salinity, mainly chloride-sulfate-sodium. Studies of water extracts to determine the main ions
of salinizing areas of deposits showed that the main cations that salinize the soil are sodium, potassium,
magnesium, calcium, and of the anions, the main ions of salinization are chlorides, sulfates, phosphates.
wells, as well as at the drain of water, the concentrations of which exceed the background content by
several times.

Measurements to determine the content of organic matter (oil products and organic carbon) in soil
samples showed that the content of organic matter exceeds the background content and a decrease in
concentration is observed with distance from the wells.

2. Studies on the content of heavy metals in the soils of oil fields have shown that the average content
of elements does not exceed the maximum permissible concentration of substances. In comparison with
the clarke of the lithosphere (according to Vinogradov), there is an ecological and geochemical speciali-
zation in cadmium on the territory of the Sostinsky deposit. In comparison with the regional clark, a high
accumulation of copper was noted in soils.
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KAJIMAK PECITYBJIUKACBIHIA MYHAM KEH OPBIH/IAPBIH UTEPY KE3IH/ELI
TONBIPAKTATBI MUKPOQJIEMEHTTEPAIH KYPAMbBbI MEH TAPAJIYbI

AnHoTanus. Makanana Kanvak Pecry6nukacsiasiH CocTHHCKHM xkoHE Meko3epHoe MyHail KeH OpBIHIApHI-
HBIH OypFblIay YyYacKelepi TOIBIPAFbIHIAFbl XUMUSIIBIK Taliay HOTHXKeepl kenTipiireH. TombIpakrarbl aybIp
METaJlJI MOJIIIEPi TOMBIPAKTHIH JIACTAHY JOPEIKECIHIH KYp/esi )KOHE aKNapaTThIK KOPCETKII OOJIBIN CaHala/lbl JKOHE
TEXHOJIOTHSUTBIK OY3BUIFaH TEPPUTOPHSIAPABIH SKOJIOTHSIIBIK MOHUTOPHHTIHIE KOJIaHbUIa anansl. Hatpuii monma-
PBIHBIH MeJiepi eki KeH OpHbIHAa aa 2 eceneH sxorapbl. COHBIMEH KaTtap XJIOpH[ Menuiepi Mexo3epHoe KeH
OpHBIHBIH KeWOip ayJaHAapblHIa MakCUMaJbl JeHrelre kereni. HoTwkeciHIe TOMBIPAKTHIH TY3/aHy Adpexeci
OoifbIHIIa aca Ty37bl, al Ty3AaHy THIl OOWBIHILIA HETi3iHEeH XJIOpuA-CyibdaT-Harpuit Oonbin kenemi. Ty3nany
JIopexeciHe KabdaT CybIHBIH XMMHSUIBIK Kypambl YIKeH ocep ereii. KemrereH 3eprreyliiiep XJop MEH HaATpHid
MOH/IapbIHBIH MOJIIIep] Heri3iHeH OypFblay jKoHE Ka0daT CybIMEH TY3/IaHy KYPaMbIH/a aHBIKTAJIAThIHBIH KOPCETTI.
MyHaii KeH OpbIHIApbIHIa MYHAWIBIH TOT1Iyl OpraHUKaJbIK KOMIPTEKTiH OipHelle peT )KuHalybiHa ceben 0oaibl,
JKaJIIbl OpPraHUKAJIBIK 3aTTap MeJiepi 5 ecere JeiiH acaabl. MyHail eHIMIepi KYpaMbIHBIH KO0CH0I Cy aFrbi3y MEH
YHFBIMa CaFachIHJa Kem Ke3zieceni. MyHail KeH OpbIHIApbl TONBIPAFBIHAAFBI ayblp METAI KYpaMblHA JKYPri3iireH
3epITeyNiep JJEeMEeHTTepIiH oprama Kypambl 3artapiabiH LIIPM-neH acnaitteinabiFbid kepcerTi. CoHbIMEH Oipre,
ayblp MeTallAapblH Kell MeJiiepi (oHHAH ackln Tycei, Mbicaibl, COCTHHCKOE KE€H OpHBIH/A KaJMuil 2 ecere Jeiin
)oHe MexkozepHoe KeH opHbIHIA 8-13 ece; eki KeH OpHBIHIA KOPFAChIH 2 ece apTanbl; CTpoHIMH COCTHHCKOE
KEeH OpHBbIHIA 8 ecere aeiiH skoHe Mexo3epHOe KeH OpHBbIHIA 5 ecere aeiiH; Mexo3epHOe KCH OPHBIHIA ChIHAI
6-12 ecere neitin kebOetiemi. JIutocdepa kimapkiMeH caisicThipranaa (BuHOrpamo OOMBIHINA) KaIMHHIIH KOJIO-
THSUIBIK-TEOXUMUSUIBIK epekieniri atan eTineni. COCTUHCKHI KEH OPHBIHBIH TOIBIPAFbIH/A, AybIp METaJIAap.IbIH
TapalyblHIa MaKCHMyM MOHI Kaamwuiire, an Mexo3epHoe KeH OpHBIHJAA ChIHANKA TOH. AWMAKTHIK KIApKICH
CaJIBICTBIPFaHAa TOTBIPAKTAa MBICTBIH JKOFAphl >KMHAKTANATHIHBI Oaikanabl. COCTHHCKOE KeH OpHBIHIA (OHHAH
KOFaphl KOPFAChIH, BaHAIWil, MBIC, CTPOHIIMHA CHSKTBI JIEMEHTTepre ToH, al Meko3epHoe KeH OpHBIHAa (oH
KaJIMU, MBIPBILI, KOPFAChIH, BAHA/IN, MBIC, XpPOM, CTPOHILIMI CHUSIKTBI JJIEMEHTTEP YLIIH aChIIl TYCTI.

Tyiiin ce3aep: MyHaiiMeH JlacTaHFaH TONBIPAK, ayblp METAJAap, MUKPO3JIEMEHTTEp, MyHall oHIMAEpi, OYpFbI-
Jay ajaHAaphl.
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COJAEPXAHUE U PACITIPEJAEJTEHUE MUKPODJIEMEHTOB B IOYBOI'PYHTAX
IIPU OCBOEHUM HE®TSHBIX MECTOPOXXJIEHUI PECITYBJIMKHN KAJIMBIKUS

AnHOTanusi. B crathe mpuBeneHB! pe3ysbTaThl XMMHYECKOTO aHalM3a ITOYBOTPYHTOB OYPOBBIX ILIOIIAJIOK
Cocrunckoro nu Mexo3zepHoro Mecropoxxaenuit Heptn Pecrryommkn Kanmbikus. CozpepxaHue TSHKENbIX METAJUIOB B
MIOYBE SIBJISICTCS. KOMIUIEKCHBIM M HH(OPMATHBHBIM ITOKa3aTelleM CTENICHH 3arpsA3HeHHs TI0YB U MOXKET ObITh HCIOJIb-
30BaHO B IKOJIOTMYECKOM MOHUTOPHUHIE€ TEXHOT€HHO-HAPYIIEHHBIX Tepputopuil. CoaepaxaHue HOHOB HATPUS IPEBBI-
IAl0T Ha 000MX MECTOpOKAEHHAX Oosiee yeM B 2 pasa. [Ipu 3TOM cozneprkaHne XJIOPHIOB Ha HEKOTOPBIX TEPPHUTO-
pusix MexXo3epHOro MECTOPOXKAECHUM JOCTUraeT MakCUMyMa. BceiencTBue dero mouBbl MO CTENEHU 3aCOJIEHHOCTU
SIBIISIFOTCS] CHIJIBHO 3aCOJIEHHBIMU | 110 THITY 3aCOJICHUS SIBJISIFOTCSL B OCHOBHOM XJIOPHJHO-CYJIb(aTHO-HaTpreBbie. Ha
CTETICHb 3aCOJIEHHS OOJIBIIOE BIMSHUE OKa3bIBAET XMMHUUECKHI COCTaB IIACTOBBIX BOJ. MHOTHMHU HCCIIeI0BATEISIMA
[I0Ka3aHO, YTO B COCTaBE 3aCOJEHUs OypOBBHIMH M IUIACTOBBHIMH BOAAMH OIPEIEISIETCSI B OCHOBHOM COJIEp)KaHHE
MOHOB XJopa U Hatpusi. Ha HedrenpoMeiciax pa3iauBbl HEQTH NMPHUBOIAT K HAKOIUICHUIO OPraHUYECKOTO yriieposa
BO MHOTO pa3, IPH NPEBBIIICHUN OOIIEro CoAepkKaHusi OpraHMYECKUX BEUIECTB 10 5 pa3. YBeIMUYEHUE COAEpKaHUs
He(TenpoyKTOB HaNOOJIbILEE B CIMBAX BOJBI M YCThSIX CKBaXHH. VccienoBaHus cofepKaHni TSHKENBIX METaIOB B
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MoYBax HE(TSIHBIX MECTOPOXKICHUI TMOKA3allk, YTO CPEIAHUE COJACPIKAHUS DIEMEHTOB HE MPEBBIIAIOT MPEAETbHO-
JIONYCTHMbIE KOHIIEHTPALUK BelecTB. B To jxe BpeMsi coneprkaHue OOJIBIIMHCTBA TSKEJIBIX METAJUIOB MPEBBIIIAIOT
(onoBrle, Hampumep: kaamus a0 2 pa3 Ha COCTHHCKOM MECTOpOXKIeHWH W B 8-13 pa3 Ha Mexo3zepHOM
MECTOPOXKJIEHIH; CBUHIA B 2 pa3a Ha 000MX MECTOPOXKICHHIX; CTPOHIHUSA — A0 8 pa3 Ha COCTHHCKOM MECTOPOXK-
JIEHUH 1 B 5 pa3 — Ha Mexo3epHOM MECTOPOXXKICHHUH; PTYTH — 10 6-12 pa3 Ha Mex0o3epHOM MecTOpOXKAeHHH. B
CpaBHEHHUH ¢ KJIapkoM Jutochepsl (o BuHorpagosy) orMedaercs 9K0JI0ro-reoXuMUIecKkasi Crieliuain3alus no Kaj-
mu0. B nouBax COCTUHCKOTO MECTOPOKICHUS B Sy PACIPEICIICHHS TSDKEIIBIX METAITIOB MaKCUMAaJIbHOE 3HAUCHHE
XapaKTepHO ISl KaaMust, a Ha Mex)03epHOM MECTOPOXKICHUH — JUIS PTYTH. B cpaBHEHHMHU C perHOHAJIbHBIM KIAPKOM
B IIOYBOIPYHTAaX OTMEUEHO BhICOKOE HakoruieHne Mean. Ha COCTHHCKOM MECTOPOXIIEHHUH Bhile (OHA XapaKTepHO
TaKUM JJIEMEHTaM, KaK: CBUHEL, BaHAIUi, Me/b, CTPOHIIHIA, a Ha MeX03epHOM MECTOPOXKICHUH ITpeBbIlIeHHe (oHA
JIOCTHTHYTO ISl TAKUX JIEMEHTOB, KaK: KaJMHH, IUHK, CBUHELI, BAHAAUH, MEJb, XPOM, CTPOHIIMH.

KawueBble ciioBa: HedTe3arps3HEHHbIE IOYBbBI, TSIKEIbIE METaUIbl, MHUKPOAJIEMEHThI, HEe(TEnpomLyKThI,
OypOBBI€ TUIOIIA/IKH.
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