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Purpose. Determination of regularities of accumulation and distribution of heavy metals in environmental objects in
the zone of metallurgical enterprises influence.

Methodology. Mineralogical and grain size for selected soil samples is defined. X-ray analysis is performed for select-
ed samples of dust emissions, soil and plants determined, the concentrations of heavy metals are defined using atomic
emission and atomic absorption spectral method. lon exchange, back and fixed forms of the heavy metals in soils are de-
termined using not selective extractants.

Findings. The levels of soil contamination with heavy metals and plants in areas adjacent to the metallurgical enter-
prise are determined. It is detected that in areas of metallurgical enterprises functioning the mobility of the heavy metals is
increasing compared to background areas — Zn in 4,8, Ni — in 5,6, Cu — 2.6 times. In the territory of metallurgical enter-
prises contents of ion exchange forms of heavy metals in the decreasing order create the following series: Zn> Pb> Ni>
Cu> Cr; for backup forms: Pb> Cu> Zn> Ni> Cr.

Originality. The mechanism of transformation and migration activity of man-made forms of heavy metals in the sys-
tem "emissions of the company - soil - vegetation™ is fixed. The increase of heavy metals in soils and change of their phys-
icochemical properties (pH, cation exchange capacity, organic matter content) activates their migration activity.

Practical value. Installed migration activity of heavy metals makes it possible to assess their ability to move from the
solid phase of the soil in the soil solution, and then to navigate to the profile with the soil solution and to fall into the hu-
man body by trophic chain. The features of absorption and woody herbaceous plants of heavy metals allow to use them as
bioindicators of soil contamination.

Keywords: metallurgical enterprises, heavy metals, soils, vegetation

Introduction. The last decades saw the technogene- tems as well as outmoded production technologies and

sis to become the main process describing the conditioning
of ecological and geochemical state of a territory. The high
concentration of environmentally dangerous production
processes, the lack of the proper nature conservation sys-
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equipment cause dramatic degradation of environmental
conditions. The intensive industrial application of natural
resources caused the significant changes of allocation of
some chemical elements in the surface layer of aeration
zone. First of all it concerns the heavy metals (HM); the
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accumulation of high concentration of them is connected
to the anthropogenic activity [1-3].

The heavy metals, as a special group of elements, are
notable for their poisonous action on living organisms in
case of high concentrations exceeding the background or
permitted values. The wastes of metal industry enterprises
may become the sources of pollution of environmental ob-
jects by HM.

Ukraine is a Top-10 country of ferrous metal produc-
ers. Metal manufacture is the main source of pollution by
HM for the southwestern region in Ukraine. Dneprodzer-
zhinsk is a city in the region; the PGSC “Dneprovsky
Iron&Steel Integrated Works named after F. Dzerzhinsky”
(DMKD named after F. Dzerzhinsky) has worked here
since 1887. Its annual atmospheric emission exceeds 100
thousand tons of harmful substances; 14,7% of them are
solid substances, 3,8% — nitric oxides, 8,0% — sulphur di-
oxide, and 72,8% — carbonic oxide [4, 5].

Dneprodzerzhinsk is in the Top-10 of the most polluted
cities in Ukraine according to Derzhkomstat. The enter-
prises emits more than 120 thousand tons of polluting sub-
stances into city atmospheric air (it accounts for 14% of
total wastes in Dnipropetrovs'’k region). The pollution
agents emission density from the stationary sources is
870-930 tons per 1 square kilometer which is 120 and 25
times more than total volume in Ukraine and region re-
spectively. There is about 500 kg of harmful substances
per head. The indicator considerably exceeds the average
level in the country (almost 5 times) and the region (al-
most 1,5 times) [4, 5].

Dust emissions is a significant source of harmful sub-
stances emission to the environment resulting in anthropo-
genic geochemical anomalies.

Review of the related researches. The HM migration
processes in natural and anthropogenic systems were stud-
ied by D.V.Ladonin, Yu.Ye.Sajet, B.A. Revitch,
A.l.  Samchuk, L.O.Petrova, I|.A. Avessalomova,
Ye.P. Yanin and others. To induce the law of HM migra-
tion and magnification under the conditions of technogen-
esis it is needed to study their fractions in the soils, espe-
cially on the territories of industrial agglomerations of fer-
rous metallurgy in Ukraine. The associations of metals
typical for the territories of ferrous metallurgy enterprises
affected zone differ according to various authors. It is im-
portant to take into consideration the biochemical markers
for geochemical study of anthropogenic landscapes as they
are the major indicator of the distinction between the natu-
ral and anthropogenic HM anomalies.

The allocation of unsolved issues. The only study of
HM total content is insufficient for the issues of modern
geochemistry. The studies show only the direction of the
processes, e. g. migration (loss or magnification). In this
case it is quite difficult to come to a conclusion about the
possible mechanisms of HM anthropogenic fractions
transformations in the soils and their migratory activity.
The existence of HM fractions which differ both according
to mobility, bioavailability and mechanisms of fixation in
soil causes the need for complex investigations.

Under the conditions of city ecosystems the study of
HM fractions existence in environment components de-

serves the special consideration [6]. This mainly refers to
the moving fractions as their study enables the assessment
of different chemical elements and their compounds capa-
bility to move from hard soil into soil solution, and then
move through the line like soil solution and get into human
body by means of trophic chain.

Nowadays there is no general methodological ap-
proach to the problem of reliable estimate of the influence
of industrial enterprises wastes and particularly of metal-
lurgical complex wastes on the soils ecological condition.
Considering the prevailing magnification of polluting sub-
stances in soils there is the possibility to use them as the
indicator of the secondary pollution of the territory and de-
termination of the degree of environmental ecological
condition worsening.

The Purpose of the work is to induce the law of HM
allocation and magnification in soils on the area of metal-
lurgical enterprises operation.

The main part. The researches were carried out in
Dneprodzerzhinsk, where DMKD named after F. Dzer-
zhinsky is sited. As a background plot with the similar
landscape and geochemical properties the territory Dnipro-
Oril Nature Reserve was chosen. As the influence of the
industrial complex on the background plot was not ruled
out, it was mentioned as the relatively clean zone.

The soil sampling was carried out according to the
State Standard (GOST 17.4.4.02-84). The sampling of dust
wastes and different plants species and soil sampling were
carried out simultaneously in the enterprise site.

The granulometric composition of the soil was tested
according to the State Standard (DSTU 2.1-19:2009). X-
ray phase analysis of the studied samples of soils, dust,
and plants was carried out by means of the diffractometer
DRON-2, automatic diffractometer DRON-3M, on cupric
radiation (CuKa=1,54178 A). The chemical elements con-
centrations in the samples were determined by atomic
emission spectral analysis using the spectrograph STE-1.
The HM fractions in the soils and dustfalls were studied by
the method of successive extractions. The HM content in
the extracts was determined by the atomic absorption spec-
trometry method using the spectrometer KAS-115. The
ecological and geochemical assessment of the territory
conditions was carried out according to the total pollution
index applying the methodology by Yu.Ye. Sajet. The
methodology by I.A. Avessalomova was applied to char-
acterize the biogenic migration of HM in the soils caused
by the enterprise wastes and biogeochemical properties of
the plants of the adjacent territory.

The ion-exchange (acetate and ammonium buffer
(pH 4,8), reserve (1 n HCI) and fixed fractions of HM and
their residuum after all extractions were determined using
the nonselective extractive agents.

The results of the research. As a result of the soils
mineralogical makeup study it was established that such
minerals as illite, kaolin, montmorillonite, chlorite, prevail
in the clay fraction composition. The light fraction of soils
is represented by quartz, quartzite, potash feldspar, there
are also muscovite, illite, glauconite, opal. The heavy frac-
tion conent of soils is characterized by prevailing ferric
hydroxides, leusoxene, zircon, garnet, granatite, ilmenite,
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rutile. The pecularity of the studied soils is the significant
content of ferruginous minerals such as goethite, hematite,
magnetite, franklinite.

As a result of the study of soils geochemical indicators
it was established that the city area is characterised by the
spread of black soils, ordinary, middle-deep, thin-humous,
on loess.

The chemical content of the soils from the studied ter-
ritories is tabulated in table 1.

Table 1
The chemical content of the soils
The territory of sanitary
Indicators protection zone of DMKD Tgfozicdk—
named after F. Dzerzhinsky, plot, %

% )
SiO, 50,4 59,5
TiO, 0,1 0,6
Al,O,4 43 10,7
Fegen 17,9 4,2
MnO 04 0,1
MgO 15 1,6
Ca0 7,9 39
Na,0 04 0,8
K,O 0,7 2,4
P,Os 0,1 0,1
H,0 1,9 4,5
l.o.i. 13,9 11,2
Total 99,5 99,6

Note: l.0.i. — loss on ignition

The analysis of the data from Table 1. demonstrated
that the higher content of ferric oxide (4,2 times), manga-
nous oxide (3,5 times), and calcium oxide (2 times) in the
DMKD named after F. Dzerzhinsky affected zone com-
pared to the background territories soils is observed.

As a result of the study of the chemical content of the
dustfalls from the sanitary protection zone (SPZ) of
DMKD named after F. Dzerzhinsky it was determined that
the content of zinc is 10000 mg/kg; of chromium,
2000 mg/kg; of copper, 1000 mg/kg; of lead, 400 mg/kg,
which exceeds the values from the background territories
significantly.

To estimate the influence of enterprises wastes on the
condition of the adjacent territories the total content of HM
in the soils from the studied territories was determined (see
table 2).

In the table 2: Mg is an average value for the element;
Min, minimum value for the element; Max, maximum
value for the element; “c”, standard deviation; “—”, maxi-
mum permissible limit (MPL) is not stated.

The analysis of the data from table 2. demonstrated
that the maximum values of HM content are observed on
the territories which are adjacent to the integrated iron-
and-steel works. The determined anthropogenic maximum
values of HM content in soils correspond to the wind rose
and refer to the densely populated city areas.

As for the elements of the first danger class (Cr, Pb,
Zn) the highest maximum values are referred to the con-
tent of zinc (2000 mg/kg), which is fortyfold higher com-
pared to the background value. The high index of the
background value overriding is observed for lead (25
times). The element on account of its toxic and mutagenic

properties constitute the significant danger in the soils
from the enterprise territory.
Table 2
The total content of HM fractions in the soils (mg/kg)

SPZ of DMKD named

Element aﬂe:;/::' Dzerzhinsky gBrgﬁlr(l-d MCL
Min—-%lax G territory

Mn o 875 315 1500
Ni oo 7 20 20
Co s ) 3 -
v 200480 34 50 -
cr o 85 55 100
Mo o 2 2 -
cu 6900 58 20 33
Pb o 47 12 32
zn . 332 52 55
sn 22 3 2 -

As for the elements of the second danger class the
highest index of the background values overriding referred
to tin (200 times), chromium (18 times), nickel (2,5 times),
and cobalt (2,7 times).

To release the geochemical association of HM the rates
of their concentrations in soils were calculated by means
of Yu.Ye. Sajet method. According to the rates values the
HM were ranged as following: Pbg¢>Zn(z.1>Mne 3>Cu(s
>Sn(2'5) >Cr(z).

The total pollution index of soils (Z;) on the industrial
territory, calculated by means of Yu.Ye. Sajet method,
vary within 0 to 36; mean of sample is 28. The pollution
level of soils on the DMKD named after F. Dzerzhinsky
SPZ territory according to the mean values Z; is referred to
moderate dangerous category.

Soil buffer capacity is one of the most important eco-
logical and geochemical properties of soils; it depends on
physical and chemical properties of soil adsorption com-
plex (SAC) and the content of soil organic substance. The
buffer capacity index (Ky) is directly proportional to the
SAC sorptive capacity (E) and inversely proportional to
pH change. To estimate the HM migration processes in the
soils the content of SAC was studied (table. 3).

In the table 3: Cyyq is the quantity of organic substance;
Eyt is the sum of exchangeable cations; K, is buffer ca-
pacity index.

The experimental testing of SAC sorptive capacity and
soils buffer capacity both on the territory affected by the
ironworks and background territory was carried out by
means of A. l. Samchuk method. It was observed that on
the anthropogenically polluted territories adjacent to
DMKD named after F. Dzerzhinsky, the soils buffer ca-
pacity decreased and the ecological condition changed for
the worse.



Table 3
Physical and chemical properties of soils

The territory of
sanitary protection 5
Indicators zone of DMKD I:Snk:jadl(ot
named after F. 9 p
Dzerzhinsky
H' 10,1 10,8
2+

Exchangeable Ca 23 49,3
cation, Mg** 1,1 184
mg-eq/ K 02 08
100g Na® 2 ¥

B 149 799

X 4,5 87,7
Corgq mg/kg 4,6 78
pH 6.2 6.4

The assessment of the HM total content in the soils on
the territory of the enterprise sanitary protection zone and
outside the territory enabled to determine the HM migra-
tion mechanisms in the system of “enterprise wastes —
soils”. The environment pollution processes represented
on the studied territory by lead and zinc (the first danger
class) are not limited by soil contamination. The high mi-
gration capacity of the metals and their significant toxic
potential make them be involved into “soil-plant” migra-
tion chain. The assessment of the process was carried out
by means of HM extraction from the samples of the stud-
ied soils by means of specific chemical agents according to
the extraction methodology. The fig. 1 and 2 show the dis-
tribution of HM according to their fractions in the soils.
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Fig. 1. The HM fractions in the soils of the territory of
sanitary protection zone of DMKD named after F.
Dzerzhinsky (interval 0-5 sm)

The percentage of HM ion-exchange fractions in the
soils of the Dneprodzerzhinsk plot decrease as ranged (%):
ZNa6,9>PbE2>Niws>Cuig>Crog. The percentage of
HM reserve fractions in the soils of the studied plot de-
crease as ranged (%): Pbss2>CUuo7™> ZN(39.2>Nis 4>
Crpsg- According to the percentage of fixed forms de-
crease the range can be established as follows (%):
Crg23>Nigo,1> CUs7,5>ZNu39>Pbgs).

The background plot demonstrates the following dis-
tribution of HM (%): ion-exchange fraction Pbs >Zn s>

Nigg = CUgg>Cr ), reserve fraction Pb(p>Ni(9>Cu>
Cr(16)>Zn(15); fixed fraction Cr(83y4)>zn(81’5)>cU(30’2)>
Nigz0.2)>Pbiss.g)-

The research of the processes of HM fractions for-
mation in the soils caused by the anthropogenic factors
demonstrated that the percentage of moving HM fractions
is higher compared to relatively clean soils. The moving
capacity of zinc ions decreases 4,8 times; nickel, 5,6 times;
copper, 2,6 times.
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Fig. 2. The HM fractions in the soils of the background
plot (interval 0-5 sm)

So, in the soils contaminated anthropogenically the
quantity of HM in moving fractions decrease compared to
the background plots.

To assess the influence of the ironworks on the distri-
bution of lead and zinc content on the territory of Dnepro-
dzerzhinsk the monoelement maps were created by means
of Maplnfo 9 (fig. 3, 4).

The content of lead in soils on the background territory
is 12 mg/kg, the average total content on the territory of
Dneprodzerzhinsk is 119 mg/kg (the horizon of 0-5sm)
which means the tenfold exceed of the background value
and fourfold exceed of MCL.

The maximum value of lead content on the studied
territory is 300 mg/kg which 25 times exceeds the value
for the background territory and 9 times exceed the MCL
value. Thus the range of anthropogenic anomalies of lead
in the soils of residential city area was determined. The
localization of the anthropogenic anomalies of lead con-
tent is observed not only near the DMKD named after F.
Dzerzhinsky, but also in the city center, which demon-
strates the role of motor transport in the soils contamina-
tion (fig. 3).

It was determined that the content of zinc on the back-
ground territory is 52 mg/kg, the average total content in the
soils on the territory of Dneprodzerzhinsk is 373 mg/kg (the
horizon of 0-5sm) which means the sevenfold exceed of
the region background and MCL values. The maximum
value of zinc content is 2000 mg/kg which 38 times exceeds
the value for the background territory and 36 times exceed
the MCL value; it was observed in the western area of
DMKD named after F. Dzerzhinsky. The western and
southern parts of the city are less contaminated, the total
zinc content is the same as the for the background soils
(fig. 4).

It was determined that the anthropogenic anomalies of
the elements are mainly local.



The research included the study of the next after
the soils stage of HM migration, the vegetation, which
is an intermediary between the soils and human organ-
ism.

The intensity of HM magnification by the vegetation is
described by the ratio of biological absorption (RBA) and
is determined by the ratio of element content in ash is con-
tent in soil. The sum of the factors is the biogeochemical
activity ratio (BGA).

As a result of the geochemical study of herbs and
trees in the DMKD named after F. Dzerzhinsky affected
zone the laws of biological absorption of HM from the
hard soil by the vegetation were established (table 4).
Ni, Mo, Co and Cu were absorbed by the herbs the most
intensively (quack grass); Cr, V and Pb were absorbed
the least effectively. The mean value of BGA ratio of
the species characterizing the intensity of the elements
absorption by the plants is.
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Fig. 4. The Zn distribution in the soils (interval 0-5 sm) city of Dneprodzerzhinsk



Table 4

The ratios of HM biological absorption by the vegetation in the DMKD
named after F. Dzerzhinsky affected zone

Leaves and needles Mn Ni | Co V Cr Mo | Cu| Pb | Zn | Sn BGA
Elytrigia repens (L.) Nevski 0.4 4| 17| 02| 02 38| 09| 02| 05| 08 12.7
Robinia pseudoacacia L. 03| 22 2|1 02| 01 5| 06| 01] 03] 08 11.6
Acer platanoides L. 04| 1.1 1] 02| 01 08| 07| 02| 021 0,8 5.5
Picea abies (L.) H.Karst. 02| 03| 08| 01] 0.1 251 01] 03| 03| 06 5.3
Castanea sativa Mill. 0.3 | 5.6 21 01| 01 1| 08| 02| 02| 0,6 10.9
Betula pendula Roth. 03| 14| 13| 02| 0.1 15| 03] 03] 16| 08 7.8
Tilia europaea L. 03| 0.6 1] 01| 0.1 13| 13| 03] 02 08 6

The trees absorb Mo, Ni, Co from soils the most effec-
tively; less effectively, Cu, Sn; the least intensive, V and Cr.
The highest value of BGA was determined for Robinia
pseudoacacia and Castanea sativa; the least, for pendent
Picea abies.

High RBA of Cu is reasoned by the ability of the ele-
ment to create the hard complexes with organic substances.

The conclusions and further development prospec-
tives. As a result of the study of the ironworks activities in-
fluence on the soils it was observed:

- the decrease of soil surface layer pH, their cation ex-
change capacity and buffer value;

- the increase of ferric oxide, manganous oxide, and cal-
cium oxide content as compared to background plots;

- the formation of anthropogenic association of the fol-
lowing HM: lead, zinc, manganese, copper, tin, chromium;

- the exceed of the background values in soils of such
iron-containing minerals as goethite, hematite, magnetite,
franklinite;

- the contamination level of the soils from the territory
of sanitary protection zone of DMKD named after F. Dzer-
zhinsky according to the mean values of the total index of
soil contamination is referred as “moderate dangerous”;

- the trees absorb Mo, Ni, Co from soils the most effec-
tively; less effectively, Cu, Sn; the least intensive, V and Cr.

To provide the complex assessment of the ecological
situation of the anthropgenically polluted territories it is rec-
ommended to carry out the geochemical studies of the soils
and vegetation using the quantative indices of anthropogenic
migration and magnification of chemical elements.
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Meta. BcraHOBIICHHST 3aKOHOMIPHOCTEN HAKOTIMYEHHS
Ta PO3MOJTY BaXKHX METaTiB B 00’ €KTaxX HABKOJIMIITHHOTO
CEepEIIOBHIIA B 30HI BIUTUBY METAypriiHUX MiAIIPUEMCTB.

Metomuka. J[ns BiniOpaHux mpoO IPYHTIB BH3HAYECHO
MiHEpaJIOTTYHUH Ta TPaHYTOMETPHIHUH ckian. s Bimio-
paHuX Tpo0 MUATOBUX BUKWIIB, IPYHTIB Ta POCIHH BUKOHA-
HO peHTreHo(a30BUi aHaji3, BU3HAUYCHO KOHIEHTpalii Ba-
JKKMX METAIiB 3 BHKOPUCTaHHSM aTOMHO-EMICIHHOTO Ta
ATOMHO-a0COpPOLIIMHOTO CNEKTPaJIbHUX METOMIB. 3 BHKO-
PHCTaHHAM HECEJIEKTHBHUX EKCTPareHTiB BU3HAYEHO i0HO-
0OMiHHY, pe3epBHY Ta (ikcoBaHy (OPMH 3HAXOPKECHHS
BaKKHMX METAJIIB Y IPyHTaXx.

Pe3ysbTaTn. BecraHOBIEHO piBHI 3a0pyIHEHHS BaXKKH-
MH MeTaJlaMH IPYHTIB Ta POCIIMH Ha TEPUTOPLIX MPHIIETIINX



JI0 METaTypriiHOrO IianpueMcTBa. BusBiieHo, 110 B paiio-
Hax (YHKIIOHYBaHHS METAIYPIiiiHUX MiJIPUEMCTB TiJBHU-
IIYETHCS. PyXOMICTh BaKKUX METAJIB MOPIBHIHO 3 (POHOBU-
MU auntHKamMa — Zn'y 4,8, Ni —y 5,6, Cu —y 2,6 pasu. Ha
TEPUTOPii METANYPriHHOTO IiANPHUEMCTBA BMICT 10HO00-
MIHHEX ()OpPM BaKKHX METAJIIB y MOPSIAKY YOYBaHHS yTBO-
proe HactymuHu#A psin: Zn>Pb>Ni>Cu>Cr; s pe3epBHHX
¢dopm: Pb>Cu>Zn>Ni>Cr.

HaykoBa HoBuM3HA. BCTaHOBIEHO MeXaHI3MH TpaHC-
¢opmariii Ta MirpauifiHy akTHBHICTh TEXHOTEHHHX (OpM
BKKHX METAIB Y CUCTEMI «BUKHM MiANPHEMCTBA — IPYH-
TH — POCIIMHHICTBY». 30UIBIIECHHS BMICTY BAKKHX METAJIB y
IpyHTax Ta 3MiHa X (i3uKo-XiMiYHHX BiactuBocTei (pH,
€MHICTh KaTIOHHOTO OOMiHy, BMICT OpraHi4HOI PEYOBHHH)
aKTHBI3Y€ X MIrpaliifHy akKTHBHICTb.

[pakTnyna 3HaunMicTs. BcraHoBeHa Mirpariiiina
AKTUBHICTh BaXKHMX METAJB Ja€ MOJIMBICTH OLUHHUTH iX
3[aTHICTB TIEPEXOINUTH i3 TBEpIOI (ha3u IPYHTY Y IPYHTOBHIA
PO3YMH, a MICI [BOTO IMEPEMINyBaTHUCS IO TPOPLIO i3
IPYHTOBHM PO3YHMHOM i TI0 TPO(IYHOMY JIAHITFOTY TOTpAII-
JISITH JI0 OpraHi3My JIoAuHU. Bru3HadyeHi 0cOOIMBOCTI MOT-
JIMHAHHS JIEPEBHUMHU Ta TPaB’SIHUMH POCIMHAMH BaXKKHX
METaJIiB JJO3BOJISIIOTh BUKOPUCTOBYBATH iX JJIst O101HIUKAIIT
PiBHsI 3a0pyIHEHHS IPYHTIB.

Kiro4oBi cioBa: memanypeitini nionpuemcmea, 8aicki
Memanu, [PYHmu, POCIUHHICb

Heunb. YcranoBneHne 3aKOHOMEPHOCTEN HAKOIUIEHUS U
pacmpenielieHIsT TSDKETIBIX METaUIOB B OOBEKTaX OKpyXKa-
IOMIei cpelbl B 30HE BIUSHHUS METAILTyPTHYCCKUX Mpell-
MIPUSATHH.

Metonuxka. {15 0TOOpaHHBIX MPOO TOYB OMpEACICH
MUHEPAJIOTUYECKUN U I'PaHyJIOMETpUYEeCKUH coctas. Jlis
0TOOPaHHBIX MPOO MBLJIEBBIX BHIOPOCOB, MOYB U PACTCHUI
BBITIOJTHEH PEHTreHO()a30BbIi aHANIN3, OTPENEICHbl KOH-
LEHTPAIMH TSHKEJIBIX METAJUIOB ¢ UCTIOIB30BAaHUEM aTOM-
HO-OMHUCCHOHHOTO ¥ aTOMHO-a0COPOIIMOHHOTO  CIIEK-

TpanbHbIX MEeTOAOB. C MOMOILBIO HECEIEKTHUBHBIX 3KCTpa-
TEHTOB ONpEEIeHO HOHOOOMEHHYIO, PE3EPBHYIO U (DUK-
CHPOBAaHHYIO (hOPMBI HAXOXKICHWS TSDKEIBIX METAJIOB B
MOYBaX.

Pe3yabrarbl. YCTaHOBIIEHBI YPOBHM 3arps3HEHUS Ts-
JKEIIBIMA METaJUITaMH MOYB M PACTEHHH Ha TEPPUTOPHSIX,
HNPUIIETAIOMIAX K METAILTyprHYeCKOMY MpEeNNpHATHIO. BbI-
SBJICHO, YTO B paloHaX ()YHKIHOHHPOBAHHS METAJLTyPIHU-
YeCKHX MPeANPUITHH MOBBIIIAECTCS OABMKHOCTD TSKEIIBIX
METAUIOB MO CPaBHEHHIO ¢ ()OHOBBIMH y4acTKamMu — Zn B
4,8, Ni — 85,6, Cu— B 2,6 pa3za. Ha Teppuropuu metamtyp-
TMYECKOTO TPENpPUATHS COJEep)KaHHE HOHOOOMEHHBIX
(hopM TSDKENBIX METaJUIOB B MOpPSAKE YOBIBaHHs 00pasyer
cnenyronmit  pax: Zn>Pb>Ni>Cu>Cr; st pe3epBHBIX
tdopm: Pb>Cu>Zn>Ni>Cr.

Hayuynasi HOBU3HA. Y CTaHOBJIEHBI MEXaHU3MbI TPAHC-
(opMarm ¥ MUTpaliOHHAs aKTHBHOCTh TEXHOTEHHBIX
(hOpM TSDKENBIX METAIUIOB B CUCTEME «BBIOPOCHI MPEIIPHs-
TUsI — IOYBBI — PACTUTEIILHOCTBY. Y BEIMUEHUE CONEPIKAHUS
TSDKETIBIX METAUIOB B MOYBaX M HW3MEHEHHE HX (H3HKO-
XUMHYECKUX CBOMCTB (pH, eMKOCTh KaTHOHHOTO OOMEHa,
cofiepKaHUe OPraHWYECKOTo BEIECTBA) aKTUBHM3HUPYET HX
MHTPallMOHHYIO aKTUBHOCTb.

IIpakTHyeckass 3HaYUMOCTb. Y CTaHOBJICHHAs MHTpa-
I[HOHHAs aKTUBHOCTh TSDKEIBIX METAIOB JlaeT BO3MOXK-
HOCTh OIIGHHTh MX CIIOCOOHOCTH TEPEXOIHUTh W3 TBEPHOH
(ha3bl MOYBBI B MTOYBEHHBIN PacTBOp, a 3aTEM IEpEeMEIaTh-
sl TI0 TIPOIITI0 ¢ TPYHTOBBIM PacTBOPOM H IO Tpodude-
CKOH ILIeNH MONajaTh B OPraHMU3M YENOBEKA. BBIABICHHBIE
0COOCHHOCTH TIOTJIOILECHHS IPEBECHBIMU 1 TPABSHBIMH Pac-
TEHUSIMU TSDKEIIBIX METAJUIOB MO3BOJISIOT UCTIOIB30BaTh MX
JUIS. OMOMHTKAIIH YPOBHSI 3arpsA3HEHUS MTOYB.

KiroueBble cioBa: memaniypeuueckue npeonpusimus,
msdiceble Memaisl, NOYEbl, PACTUMENbHOCHD

Pexomenoosano 0o nybnikayii Ookm. mexH. HayK
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