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High background values and abundant anomalies of Ag, Pb, Zn and Sn are established
in the topsoil of West Lithuania. The highered values of heavy metals in topsoil may
be explained by the influence of regional and transregional atmospheric transportation of
heavy metals. The study results of snow mineral dust in winters of 1995-1996 and
2002-2003 have emphasized a distinct enrichment by heavy metals of atmospherically

transportable dust in this region as compared to others.
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INTRODUCTION

Two specific geochemical areas, Pajiiris and Zemaitija,
are discerned in West Lithuania according to the geo-
chemical zonation of the Lithuanian territory (Kadtinas et
al., 2002). Their topsoils are characterized by both a high
geochemical contrast index in the composition of trace
elements and a high coefficient of anomaly. A characte-
ristic feature is also the dominance of heavy metals
among the accumulative trace elements. Their elevated
values and abundance of anomalies were left unexplai-
ned in detail, although a possible technogenic origin
was mentioned (Gregorauskiené, Kadiinas, 1999). In the
recent years, after repeated studies of snow dust in the
entire territory of Lithuania, the regional and transregio-
na peculiarities of atmospheric transportation of heavy
metals were elucidated, which alow, at least partly, to
explain their influence on the regional background valu-
es in the topsoils including West Lithuania. The signi-
ficance of regional and transregional atmospheric trans-
portation of heavy metals in the composition of trace
elements in the topsoils of large territories has been

determined in Sweden (Monitor, 1987), West Poland (Gro-
dzinska et al., 2003) and other European countries (Rei-
mann et a., 1998, 2003; Ruhling, Steinnes, 2001).

Elucidation of the reasons for regional differences in
trace element values is important for a quality evalua-
tion of the natura living environment in the country,
particularly for recreationa territories, aso for the plan-
ning of a landuse strategy in wide areas and substan-
tiation of the long-term measures to decrease air pollu-
tion.

MATERIALS AND METHODS

The study area geomorphologically occupies the Baltija
Lowland and the western part of the Zemai¢iai-Kursas
district (territory of the West Zemai&iai plain and pla-
teau, including also the West Kur$as Highland and the
western part of the Venta River midstream plain). Ac-
cording to the zonation of Lithuanian soils, this region
embraces the Pajuris Plain, the northern part of the
Zemaiciai Highland and the western part of the Middle
Venta Plain (Fig.1).
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Fig. 1. The study area Western Lithuania. Districts of soil: I — Pajaris Plain, II — Zemai&iai Highland, IIT — Middle Venta

Plain

1 pav. Sunkiyju metaly dirvozemyje ir sniego dulkése tyrimy plotas Vakary Lietuvoje. Dirvozemio rajonai: I — Pajiirio
lygumos, II — Zemaigiy auk$tumy, III — Ventos vidurupio lygumos

Materias obtained during the mentioned geochemical
mapping (Kadiinas et al., 1999) were used to characterize
the background values of heavy metals in the topsoils
of West Lithuania. They are based on the test results of
380 samples.

Methods of sampling, laboratory testing and the qu-
ditative examination of topsoils and snow are descri-
bed in a previous publication (Kadiinas et al., 1999).
The values of heavy metals in topsoils and snow dust
were established using the method of emissiona spec-
tral analysis at the Institute of Geology and Geography.

Interpretation of data. All results of laboratory tests
are stored on computer discs using Excd software which
was used to calculate al statistical indices. Associa
tions of trace elements are distinguished using the Ward
method of cluster analysis, when the distance among
the classifiable elements is 1-r, and r is the Pearson
correlational coefficient. The classification of associa-
tions of trace elements is the same as in the previous
publications (Kadiinas et al., 2004). The background
values of heavy metals and other trace elements are
calculated as the median values. The coefficient of ano-

maly of trace elements is a ratio of samples with anoma-
lous values of elements (three times exceeding the bac-
kground values) to those of all samples. The geochemi-
cal contrast index is a ratio of the summarized concen-
tration coefficients of accumulative (concentration coef-
ficient >1) and deficient (<1) elements.

RESULTS

After the geochemical mapping of Lithuanian territory at
a scale 1:500 000 and calculation of the background
values of trace elements for soils of different regions,
as well as on establishing the distributional peculiarities
of anomalous values, specific compositional characte-
ristics of trace elements in West Lithuania were defined
(Kadtinas, 1998; Kadinas et al., 2002). First, topsoils
of this region showed increased background values of
many heavy metals as compared to the rest of Lithu-
ania (Table 1).

In the mineral topsoils of West Lithuania (sandy,
loamy sand and loamy clay-clayey), the background va-
lues of Pb and Sn are increased by 10%, whereas those

Table 1. Background values of heavy metals in topsoil and highbog peat, mg/kg
1 lentelé. Sunkiyjy metaly foninis kiekis dirvoZemyje ir aukStapelkiy durpéje mg/kg

Type of soil Regions Ag Cr Cu | Mo [ Ni Pb Sn \% Zn
All types of Lithuania (L) 0066 332 92 063 131 15 21 ) 285
mineral soil West Lithuania (VL) 0072 337 92 066 138 169 23 375 30.6
VL/L 109 102 100 104 105 113 110 104 1.07
The highbog Lithuania (L) 0.046 89 58 072 6.5 166 09 13 204
peat West Lithuania (VL) 0.059 110 56 076 6.8 249 13 162 29.6
VL/L 128 123 096 105 105 150 142 125 1.45
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of V, Ag and Zn more than by 5%. The elements make
the following accumul ational seguence:
Pb>Sn>Ag>Zn>Ni. In the highbog peat, where the bac-
kground values of heavy metals are often distinctly lo-
wer than in mineral topsoils (except for Mo), these
differences are more distinct and exceed 25% for most
metals and 40% for Pb, Zn and Sn. Their accumulatio-
nal sequence (Pb> Zn> Sn> Ag>V) approximates that
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Fig. 2. Associations of trace elements in mineral soils of
Lithuania
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Fig. 3. Associations of trace elements in mineral soils of
West Lithuania

3 pav. Mikroelementy asociacijos Vakary Lietuvos minerali-
niuose dirvozemiuose
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Fig. 4. Associations of trace elements in highbog peat of
West Lithuania

4 pav. Mikroelementy asociacijos Vakary Lietuvos aukstapelkiy
durpése

of minera topsoils, with only Ni in the pest replaced by
a more hiophilic V.

The calculated coefficients of anomaly of heavy me-
tals in the mineral topsoil of this region (0.09) exceed
those of the rest territory of Lithuania (0.06). Pb and
Sn (0.1 each), Zn (0.08) and Ag (0.07) step out by the
largest coefficients of anomaly in the Pajtris Plain. The-
se are metals with the most elevated background valu-
es. The areal anomalies of these metals are also most
numerous here. The anomalous values are obtained in
an eementary mapping square (25 km?) of different
topsoil types or they are discovered in some adjacent
squares (Kadiinas, 1998).

The Pajuris topsoils are characterized by a high con-
trast index of trace element composition, 1.46, as com-
pared to that of the entire Lithuania, 1.32 (Kadinas et
al., 2002).

The obtained peculiarities of trace element composi-
tion in topsoils are also reflected by the correlations of
heavy metals with other trace elements and by their
position in geochemical associations (Figs. 2-4). Ac-
cording to cluster analysis, heavy metals disperse in
different asociations of Lithuanian mineral topsoils. They
partly (Cu-Zn) belong to the allotigenic association in
which Co-Cr—Ni—-V form a separate group, whereas
others (Ag, Mo, Pb and Sn) form a mixed association
with the alotigenic accessories (Nb—Zr) and allotigenic
trace elements (P, Mn; Fig. 2). Most of heavy metals
in the mineral soils of West Lithuania are also related
to the mixed association but with a clearer distinguish-
ed group of Mo-Sn—Pb—Zn, i. e. eements with the
increased values as compared with the soils of the rest
of Lithuania (Fig. 3). A single but even more distin-
guishable biogenous technogenic association is formed
by heavy metas in the highbog peat of West Lithuania
(Fig. 4). Here, the Ag-Sn—Pb—Zn group connected by
close correlations stands out, what may indicate a com-
mon source of origination.

The trace element composition accumulated in snow
dust was studied to establish the peculiarities of heavy
metals in atmospheric transport and to evauate a pos-
sible influence of this fact on the background values of
metals in topsoils. Snow dust is one of the good indi-
cators of air pollution, because it is sampled in winter
when the dust of geogenous origin has a least impact.

Since the snow samples were gathered from the en-
tire Lithuanian territory in 1996 (winter 1995-1996) and
2003 (winter 2002—2003), it was possible to compare dif-
ferences in the atmospheric pollution. High values of
most heavy metals were obtained in the mineral part of
snow dust of both winters, they exceeded the topsoil
background values up to several dozen times (Tables 2,
3.

The mineral snow dust of 1995-1996, compared with
the topsoil, is characterized by the following accumu-
lational sequence of elements. Ag (concentration coef-
ficient 96.8)>Zn (55.3) >Pb (30.3) >Cu (20.6) >Sn
(18.5) >Ni (11.1). Accumulation of these heavy metas
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Table 2. Median values of heavy metals in mineral snow dust of winter 1995-1996, mg/kg
2 lentelé. Sunkiyjy metaly medianinis kiekis 1995-1996 m. Ziemos sniego mineralinése dulkése mg/kg

Region |Ag | Cr | Cu| Mo | Ni | sn | P | V | Zn
West Lithuania (VL) 75 185 185 53 148 415 465 148 1730
Middle Lithuania 55 180 190 52 138 385 460 130 1600
East Lithuania 6.5 155 180 41 143 37.2 430 125 1225
All Lithuania (L) 6.4 170 190 5 145 38.5 455 130 1575
VLIL 1.17 103 097 1.06 102 1.08 102 112 111
Table 3. Median values of heavy metals in mineral snow dust of winter 2002-2003, mg/kg

3 lentelé. Sunkiyjy metaly medianinis Kkiekis 2002-2003 m. Ziemos sniego mineralinése dulkése mg/kg
Region |Ag | Cr | Cu| Mo | Ni | Pb | S0 [ V | Zn
West Lithuania (VL) 175 &6 150 41 145 310 19 215 805
Middle Lithuania 145 .3 155 32 8 300 10 120 790
East Lithuania 1.0 80 150 4 130 330 18 160 560
All Lithuania (L) 14 78 150 34 120 300 14 130 740
VLIL 1.25 1.10 100 1.26 1.20 103 1.36 1.65 1.09

was uneven in Lithuanian territory. Almost all of them,
except Cu, showed the highest values in the snow dust
of West Lithuania. The most accumulative were Ag, V,
Zn and Sn (1.08-1.17 times exceeded the values in the
rest of Lithuanian territory).

The mineral snow dust of 2002—2003 yielded distinc-
tly lower values of some metals, such as Ag, Cr, Sh and
Zn, as compared with the winter 1995-1996. However,
their accumulational sequence was similar to that of the
topsoil: Zn (Kk = 26) >Ag (21.2) >Pb (20) >Cu (16.3) >Ni
(9.2). The distributional enrichment of mineral dust with
heavy metals were also similar, but their values were
higher.

The technogenic origin of heavy metals in snow
dust is proven not only by their several or several do-
zen times higher values, but also by the correlations
among the distinguished associations (Figs. 5, 6).

Two principal associations were obtained in the snow
mineral dust of 1995-1996: a particularly rich technoge-
nic association (Ag—-Mn-Cu-La-Sn-Mo-Pb—Ni—V-Ba-
P—Zn—Cr—Co-B) which included al heavy metals tied by

intracorrelations and the second one, mixed allotigenic
and allotigenous accessoric, composed of trace elements
connected with the principal minerals of the dust: Zr—
Nb-Ti—Yb-Y—-Sc-Ga-Li. The trace elements of the 2002—
2003 winter are dlightly different. Their technogenic as-
sociation is more differentiated. The closest correlations
tie V, Mo, Ni and La forming a separate group, whereas
Zn, Co and B are correlated with trace elements of the
allotigenous accessoric association.

DISCUSSION

The regional differences in the background values of
heavy metals in mineral topsoils may be explained by the
features of parent matters of soils or by the impact of
an additional source. As the large part of the parent
matters of soils in West Lithuania compose the sandy
sediments of the Nemunas glaciation with the characte-
ristic low values of heavy metals (Kadiinas et al., 2004),
their increased amounts in topsoils are most likely cau-
sed by only a regional technogenic impact. West Lithu-
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Fig.5. Associations of trace elements in mineral dust of snow
samples taken in winter 1995-1996

5 pav. Mikroelementy asociacijos 1995-1996 m. Ziemos snie-
go mineralinése dulkése

Fig. 6. Associations of trace elements in mineral dust of snow
samples taken in winter 2002-2003

6 pav. Mikroelementy asociacijos 2002—-2003 m. ziemos snie-
go mineralinése dulkése
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ania is influenced by air transport from West and North
Europe and the Kaliningrad district of Russia. The Lit-
huanian territory is reached by about 70-80% of the
atmospherically transportable pollutants (Sopauskiené,
1994). The transregional spread of heavy metals is also
proven by a study of pollution through the atmosphere
of the Baltic Sea water area, which has shown that Pb
contributes up to 91%, Hg 67%, and Zn 33% of this
pollution (Wallgren, 1989). In this region, the integrated
pollution of the Klaipéda city is manifesting itself, toget-
her with that of the “Mazeikiy nafta” enterprise and the
Mazeikiai electric power plant (Aplinkos.., 2003). Some
influence on the background values of heavy metals in
topsoils may be exerted by agricultural activity (Vareikie-
n¢, 1998).

The study of snow mineral dust as an indicator of
air pollution has proven the same accumulational ten-
dency of heavy metals which was obtained in the top-
soils and highbog peat: their increased values are cha-
racteristic of the snow dust in West Lithuania. This
region also shows a large dust load (up to 11-12 t/km?
yearly), this is why the metals reaching topsoils through
the atmosphere compose from several (Pb, Ni) to seve-
ral dozens of kg/km? per yer (Zn). The difference of
resources of heavy metals (kg/ km?) in the parent mat-
ters of soils and topsoils reaches several (Ag) up to
several hundreds of kg (Pb, Zn) (Kadunas et al., 2004).
The atmospherically transportable and topsoil accumu-
lative values of heavy metals thus may distinctly influ-
ence their background indices. The composition of snow
dust and its clear metallization show that the main part
of transregionally transportable finedispersal substan-
ces is connected with the pollution caused by combus-
tible organic fuel, coal, petroleum or their products
(UBanoB, 1997). Such a transregionally transportable ac-
tive pollution of our territory lasts for about two cen-
turies. An additional impact on the West Lithuanian
region is made also by two of the largest Lithuanian
pollution sources, the “Mazeikiy nafta” enterprise and
the Mazeikiai electric power plant producing polyele-
mental pollution characterized also by several specific
elements (V, Ni, Cr, La). The increased values of these
elements in topsoils of Mazeikiai and the adjacent areas
are undoubtfully of technogenic origin (Kadiinas et al.,
2001). We may suppose that the increased values of
these elements in snow mineral dust in West Lithuania
are partly related to the influence of the mentioned
pollution hotbeds. The latter has most likely increased
recently, what is demonstrated by the increased values
of V, Ni, Mo and La in the snow mineral dust of the
principal association of trace elements in winter 2002—
2003. The atmospheric transport of heavy metals has
also caused their increased values in the highbog peat
of West Lithuania (Table 1). The peat has mostly ac-
cumulated metals whose values are the highest in snow
dust (Pb, Zn, Sn, Ag). The cluster analysis of trace
elements in snow mineral dust has proven that the
most important is the technogenic association of heavy

metals composed of some groups which may indicate
different pollution sources.

CONCLUSIONS

* A study of topsoil, one of the principal depositional
environments of heavy metals, has shown that their bac-
kground values are unevenly distributed. The elevated
values of most metals and their abundant anomalies we-
re established in the soils of West Lithuania

e Tests of the snow mineral dust an indicator of
atmospherically transportable pollutants have proven that
this transport is more intensive in West Lithuania.

* The technogenic association of trace elements com-
posed of heavy metals is most important in snow dust.

* The study has emphasized that formation of the
background values and anomalies of heavy metals in
the topsoils of West Lithuania is influenced by the re-
giona (from the local large pollution sources) and trans-
regiona (from West and Northwest Europe) atmospheric
transportation.

e The increased values of heavy metals in the top-
soils of West Lithuania and their relation with air pol-
lution may be treated as one of the risk factors that
lower the quality of the natural environment.
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SUNKIUJU METALU ATMOSFERINES PERNASOS
ITAKA JU KIEKIAMS DEPONAVIMO TERPESE
VAKARU LIETUVOJE

Santrauka

Vakary Lietuvos dirvozemio vir§utiniame sluoksnyje pagal 380
meéginiy emisinés spektrinés analizés duomenis nustatyti padi-
déje Ag, Pb, Zn, Sn foniniai kiekiai ir gausios jy anomalijos.
Vakary Lietuvos mineraliniuose dirvozemiuose (smélio, prie-
smélio ir molio-priemolio) daugiau nei 10% didesni Pb ir Sn,
daugiau 5% — V, Ag ir Zn foniniai kiekiai. Ju kaupimosi eilé
Pb>Sn>Ag>Zn>Ni. Aukstapelkiy durpéje Sie skirtumai yra dar
rySkesni ir daugelio metaly virsija 25%, o Pb, Zn ir Sn — 40%.
Ju kaupimosi eilé (Pb>Zn>Sn>Ag>V) panasi kaip ir minerali-
niuose dirvoZzemiuose, tik Ni vieta durpéje uzima daugiau bio-
filinis V.

Siame regione apskaiGiuotas sunkiujy metaly anomalumo
mineraliniame dirvozemyje koeficientas (0,09) yra didesnis nei
visoje Lietuvos teritorijoje (0,06). Pajurio dirvozemiams budin-
gas ir aukstas mikroelementinés sudéties kontrastingumo laips-
nis (1,46, kai visos Lietuvos dirvozemiuose jis sudaro 1,32),
rodantis, kad yra daugiau besikaupianciy nei deficitiniy mikro-
elementy.

Tokius dirvozemiy mikroelementinés sudéties ypatumus at-
spindi ir sunkiyju metaly koreliacijos rySiai su kitais dir-
vozemio mikroelementais bei ju padétis geocheminése asocia-
cijose. Vakary Lietuvos mineraliniuose dirvozemiuose stipriais
koreliacijos rysiais isiskiria Mo—Sn—Pb—Zn grupgé, t. y. tie ele-
mentai, kuriy kiekiai, lyginant su visos Lietuvos mineraliniais
dirvoZemiais, yra padidéje.

1995-1996 ir 2002—2003 m. ziemy sniego mineraliniy dul-
kiy, kaip oro uzterStumo indikatoriaus, tyrimai patvirtino tg pa-
¢ia sunkiyjuy metaly kaupimosi tendencija, kuri buvo nustatyta
dirvozemyje ir aukstapelkiy durpéje, — didesni ju kiekiai (iki

1,65 karto) budingi Vakary Lietuvos regiono sniego dulkéms.
Siam regionui taip pat biidinga didel¢ dulkiy apkrova (iki 11—
12 t/km? per metus), todél metaly, patenkandiy per atmosfera
i dirvoZzemi, per metus susidaro nuo keliy (Pb, Ni) iki kelias-
desimt kilogramy kvadratiniame kilometre (Zn). Skirtumas tarp
sunkiyjy metaly atsargy (kg/km?) dirvodarinése uolienose ir hu-
musiniame horizonte siekia nuo keliy (Ag) iki keliy Simty kilog-
ramy (Pb, Zn), todél su atmosferine pernasa i dirvoZzemi paten-
kan¢iy sunkiyjy metaly kiekis gali turéti apéiuopiama poveikj fo-
niniams ju kiekiams. Sniego dulkiy sudétis ir ryski jos metali-
zacija rodo, kad didzioji dalis regioniniy ir transregioniniy smul-
kiadispersiniy pernaSy yra susijusi su deginamo organinio kuro
(akmens anglies ir naftos bei jos produkty) sukeliama tarsa, kuri
vyksta jau apie du Simtmecius. Vakary Lietuvos regionui papil-
doma poveiki daro didziausiy tar$os Saltiniy Lietuvoje — AB
,Mazeikiy nafta® ir Mazeikiy elektrinés — skleidziama sudétiné
tarSa, kuriai taip pat budingi ir specifiniai elementai — V, Ni, Cr,
La. Padidéjes Siy elementy kiekis dirvoZzemio humusiniame ho-
rizonte ir sniego mineralinése dulkése Mazeikiy bei gretimuose
rajonuose yra neabejotinai technogeninés kilmés ir gali biti sie-
jamas su §iais stambiais tarSos Zidiniais. Sis poveikis grei¢iau-
siai pastaruoju metu yra santykinai iSauggs, ta rodo padidéjusi
V, Ni, Mo ir La reik§mé 2002-2003 m. ziemos sniego minera-
liniy dulkiy svarbiausioje (technogeninéje) mikroelementy asocia-
cijoje. Sunkiyju metaly pernasa atmosfera galima paaiskinti ju
gerokai padidéjusius kiekius aukstapelkiy durpéje Vakary Lietu-
voje. Joje labiausiai kaupési tie sunkieji metalai, kuriy kiekiai ir
sniego dulkése dazniausiai yra didziausi (Pb, Zn, Sn, Ag).

Sniego mineraliniy dulkiy mikroelementinés sudéties klaste-
rinés analizés duomenys patvirtina, kad svarbiausia asociacija
yra technogeniné, sudaryta i§ sunkiyju metaly, o tai, kad ji su-
sideda i§ keliu grupiy, gali rodyti skirtingus tar§os Saltinius.

Padidéjes sunkiyjuy metaly kiekis Vakary Lietuvos dirvoze-
miuose ir aukstapelkiy durpéje bei jo rySys su oro tarSa gali
buti laikomas vienu i§ rizikos veiksniy, daranéiy neigiama jtaka
Sio regiono gamtinés aplinkos kokybei.

Anbdpenac Pamzssuuioc, Banentunac Kagynac

BJIUSIHUE ATMOC®EPHOT'O ITEPEHOCA
TSDKEJBIX METAJUIOB HA WX COJAEP)KAHUE B
JEMOHUPYIOLIINX CPEJAX 3ATIAJHOV JINTBBI

Dacpia
B rymycoBoM ropuszonte mnouB 3amagHoit JIMTBBI 1O JaHHBIM
SMUCCHOHHOTO CHEKTpanbHOro aHama 380 mpod yCTaHOBIEHBI
MOBBIIIICHHBIE (POHOBBIE copeprkanust Ag, Pb, Zn, Sn, a Takke
MHOT'OYHUCJICHHBIC UX aHOMaJIMU. B MUHepanbHBIX MOYBaX
(donosbie comepxanust Pb u Sn Ha 10%, a Ag, Zn u V — Ha
5% Bbiie, yeM Ha Tepputopuu JIutBel B cpenHeM. OHu
00pa3yioT Takoi psn HakorieHus: Pb>Sn>Ag>7Zn>Ni. B
BepxoBOM Topde 3TH pasznuuus eme OOJble U s
GOJIBIIIMHCTBA METAJUIOB MpeBbinaioT 25%, a mis Pb, Zn u
Sn — 40%. Vx psa Hakoruenust (Pb >Sn>Ag>7Zn> V) Takoit
ke, KAK U B MUHEPAJIbHbIX IOYBaX, TOJIbKO Ni 3aMeHseT
6ornee OuopIbHBIA V.

KosdduiiueHT aHOMaIBHOCTH TSDKEIBIX METAJIOB B
mouBax 3Toro peruona (0,09) Beimie, yeM Ha Bceil Tep-
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putopuu JIuteer (0,06). IToxaspiBatonuii pa3HuIly MexIy
HaKaIIMBAaIXOMIUMUCI U HCq)HHHTHbIMH MUKPO-3JIEMECHTAMU
K09 GUIUEHT
cocraBa (1,46) Taxxe BbIIIEe, YeM Ha
JIutssr (1,32).

Taxue ocoOEHHOCTH MHKPO3JIEMEHTHOI'O COCTaBa MOYB

KOHTPACTHOCTHU MUKPOJ3JIE-MECHTHOT O

BCEH TEeppUTOPUU

BIIUSIIOT HAa KOPPEISIIMOHHBIE CBSI3U TSDKEIBIX METAJUIOB C
OCTAJIbHBIMA MUKPOJJIEMEHTAMH, A TAKKEe HA UX IMOJIOXKEHUE B
TeOXMMHUECKHX accouuanyusax. B rymycoBom ropmsonte mous
3ananHoil JIMTBBI CHJIBHBIMU KOPPEISLIMOHHBIMU CBS3SIMU
Bbyiensiercss rpynna Mo-Sn-Pb-Zn, 1. e. MeramioB c¢
TMOBBILICHHBIM (JOHOBBIM COJZICPKAHUEM.

HccnenoBaHne MUHEpATBbHOW YaCTH CHEXHOW MBUIH
1995-1996 u 2002-2003 r. r. BBIIBUIIO Ty XK€ TECHICHIIUIO
HaKOM-JIGHUS TSDKETbIX METAJIJIOB: IOBBIIIEHHOE HX
conepxanne (10 1,65 pa3za) yCTaHOBIEHO B NBUIM CHETa
3amagHoit  JIuTBBL. DTOT pPETHOH OTIHYAETCS TaKXKe
MOBBIIIEHHON mbUTeBON Harpyskoit (11-12  t/xkm*/rox),
M03TOMY Harpys3ka TSDKETIbIX METAaJIOB, BBINNAJAIONINX Ha
MOBEPXHOCTh IMOYB 3a TOJl, COCTABJIsAET OT HecKoabkux (Pb,
Ni) 10 AecsAiTKOB KWIOTpaMMOB (Zn) Ha KBaJgpaTHBIN
KuioMeTp. PasHuma wmexay 3amacamu (B Kr/KM?) B
MAaTepUHCKUX NOPOJaxXx M B I'yMyCOBOM TOpPU30OHTE MOYB
COCTaBIIIET OT HECKOJAbKHX (Ag) 10 HECKOIBKHUX COT
kutorpammoB (Pb, Zn), nostomy exeromHas atMmochepHas
Harpy3ka TSsDKEIBIX METAJUIOB MOXET BIUATh Ha HX
¢dboHOBOe comepkanue B mouBax. CocTaB MHHEPaIbHOU
YaCTU CHEXKHOWU sSBHast eé

OblJIN U MCTaJINIU3alus

MOKa3bIBAlOT, YTO TOHKOAUCIICEPCHBIC YaCTUIbI, Yy4YacCT-

BYIOIIHE B PETUOHAJIBHOM M TPAaHCPETUOHAJIBHOM aTMOC-

(dbepHOM mepeHoOCe, SIBISIOTCS B OCHOBHOM MPOAYKTaMu
COKUTAHUS OPraHUYeCKOTO TOIJIMBA. ITOT MPOIECC
npojoibkaeTcss yxke Oonee nByxcoT ner. Ha ¢onoBoe
COACPKAHUE TAXKEIIBIX METAJIJIOB B IOYBAX 3TOTO PEruoHa
TaK)Ke OKa3bIBaCT BIIMSHHUE ICATEIIBHOCTH HedTenepepa-
GaThIBAIOIIEro 3aBojaa ,,Makeikio HadTa“ u Maxkeikckoi
H3-3a ux pesrenpHOCTH aTMocdepa
2arpsAa3HA€TCA MHOTUMHU TSKEJIBIMU METaJllIaMH, OCO6CHHO
V, Ni, Cr, La. [ToBblllleHHOE UX COAEpX AHHE YCTAHOBJICHO
TOPU30HTE TOYB MaXeUKCKoro u

9JIEKTPOCTAHIINH.

U B TyMYyCOBOM

COCEIHUX C HUM pailoHOB. BriusHue gesTeIbHOCTH
BBINIEYKA3aHHBIX OOBEKTOB Ha 3arps3HEHHE IOYB B
HACTOSIIIIee BpeMsl BO3POCIO, HA YTO YKa3bIBAET YCUJICHHE
KOppensIUUOHHBIX CBs3eit mexay V, Ni, Mo u La B
OCHOBHOM TEXHOT€HHOM accoUMallud MUKPO3JIEMEHTOB
cHexxHoit meut 2002-2003 r. 1.

Brusinrem aTMochepHOro mepeHoca TSKEIbIX METALIOB
MOYXHO OOBSICHUTH TOBBIIIIEHHOE HX COMEPKAHUE B BEPXOBOM
topde 3amagHoit JIMTBBI. 34ech HAKAIIUBAIOTCA TE XKe
TSDKEIbIe METAJUTbI, YTO U B CHEKHOW IBLTH.

Knacrepnslii aHanm3 MUKPO3JIEMEHTHOTO COCTaBa IMBLITH
MoKa3aJl, YTO OCHOBHAS aCCOIMAIIUS SBIISETCS TEXHOTCHHOM,
COCTOSIIIENH M3 HECKOJBKUX TPYII TSKETbIX METAIIOB. DTO
MOJKET CBUJICTEIIHCTBOBATh O HAIMYMHN HECKOJIBKMX MCTOYHUKOB
TSDKEJTBIX METAJLIOB.

IToBrilIeHHOE CcOAEpKAHUE TSDKENBIX METaUIOB B
TYMyCOBOM TOPHM30HTE II0YB, & TAKXKE B BEPXOBOM TOpde
3anagHoii JIWTBBI sBigeTCS OAHUM U3 (HAKTOPOB PHCKA,
OKa3bIBAIOIIMX HETrATHMBHOE BIIMSHHME HA KAYECTBO MPUPOTHON
cpefibl B 3TOM PErHoOHE.



