Assessment of changes in the content of toxic elements in soils
around Zakamensk after the closing of the Dzhidinski
Tungsten-Molybdenum Mill

OLIEHKA TEHJAEHLA U3MEHEHUSI COAEPKAHMUS
TOKCUYHBIX DJIEMEHTOB
B IOYBAX . 3AKAMEHCKA MOCJIE KOHCEPBALIUU
JUKUJIMHCKOTO BOJIb®PAMO-MOJIMBJIEHOBOIO KOMBUHATA



An ecological and geochemical survey of the town area,
conducted in 1991-1992 by V.S. Kuzmin et al.

OKOJ10ro-reOXMMMYEeCKom CbEMKON TEPPUTOPUM ropoaa,
B 1991-92 rr. (KyabmuH B.C. n gp., lN'ymxupckas 'PI1)

This survey showed that the soils were contaminated with environmentally
dangerous and highly hazardous elements with an aggregate coefficient of
>32, covering about 1/2 of the territory of Zakamensk. The situation in the area
was estimated to be equivalent to an environmental crisis or catastrophe.

(bbINo yCcTaHOBMNEHO, YTO 30HA 3arpPsI3HEHMSA MOYB 3KOSTOMMYECKM ONAaCHbIMU U
BbICOKOOMACHbIMM 3NIEMEHTaMUN C CYMMApPHbIM KO3AMULUNEHTOM UX KOHUEHTpauumn (Zc)
bonee 32, oxBaTbIBAeT OKOSI0 NOSIOBUHbI NNowWwaau r. 3akaMmeHcka. Jkonormyeckas
obCcTaHOBKa Ha 9TOW TEPPUTOPUN OLEHMBANACh Kak KpU3NCHas N KatacTpoduyeckas).

In the central part of the town (the downtown area) the contaminated and
highly contaminated areas were associated with the use of tailings sands for
covering roads and for banking front yards around a residential area, a
kindergarten, and secondary school #5

( B ueHTpanbHOM YacTu ropoaa y4acTKn CUMNBHOIO M OYEHb CUITbHOTO 3arpsi3HEHMS B
psife criydyaeB Oblnn cBA3aHbl C TEXHOTEHHBLIMUW NEeckamun, KOTOpble NCMONb30BannChb
ANS OTCbINKX A0POr, ABOPOB XWMbIX JOMOB, AE€TCKOro caguka u cpegHen wkonbl Ne 5.)



The town of Zakamensk and the
mill waste piles with molybdenum
and sulfide-hubnerite ores (Fopoa

3aKkaMeHCK U MaccuBbl OTXOA40OB
oboraweHna MmonmoaeHUToOBbLIX U
cynbpnaHO-rroOHEepPUTOBLIX pyA)

A general view of the fill tailings
950 x 1780 m, dam height — 22 m,

width — 45 m in the middle (O6wwun
BN HAMbIBHOIO XBOCTOXPaHWUNumLLa
950x1780 m, BbicoTa 4amMObl — 22 M,
MOLLHOCTb — 45 M B LleHTparibHOW 4YacTu)



The area of Zakamensk is still contaminated. Besides manmade pollution
caused by using tailing sands for economic needs, the tailings themselves have

been spread out due to natural processes. (3arpssHeHue TeppuTopum r. 3akameHcka
npoaoIrKaeTCAa 4O HaCcToALEero BpeMeHn. Kpome dHTPOMOreHHoro 3arpsa3HeHnsa TeppmnTopmnn B
pesyrnbrate Ncnosrib3oBaHNA TEXHONEHHOIro rnecka ansd XO3AUCTBEHHbIX HY>XO, NHTEHCUBHO
OCyWEeCTBIIAKTCA NPUpPOoAHbIe npoueccChbl pacCcedaHNA MaTepuana XBOCTOXpaHI/IJ'II/IIJJ,).

The main natural processes include (fnasxble cpeamn Hux):
1) seepage caused by wind (setposoii pasHoc);
2) seepage caused by gravity from sloping (cknoHosble npoueccsi);

3) temporary & permanent water flows (geatenbHocTb BpeMEHHbIX 1 MOCTOSHHBIX
BOJOTOKOB).

The most pervasive natural process is wind dispersion. Wind dispersion can be
observed partly on lowlands around the Modonkul River. Han6onee wmpoko
pa3BnT BGTpOBOVI pa3HOC. B ynctom Bnge OH oTMe4vYaeTCAd Ha CKITOHaxX OOJTNHbI P. MOLI,OHKyJ'Ib

The aggregate flow of contaminants from the tailings surface into Zakamensk is
estimated at 2,300 tons/year per 1 sq. km. The rainwash from the tailings
surface flows into town and transits in all directions. Sand washouts from the
slurry dump have occurred along parts of the dam that have been breached,
flowing into the Modonkul River and then into the Dzhida River.

(CymmMapHbIN NOTOK 3arpA3HAIOLLNX BELLECTB C MOBEPXHOCTMN XBOCTOBbLIX OTBANIOB HA TEPPUTOPULIO T.
3akameHcka coctasndeT B cpegHemM 2300 T/roa Ha 1 KB. KM. [TNOCKOCTHOM CMbIB MaTepuana ¢
NOBEPXHOCTU XPaHUSMLLA JiexariblX XBOCTOB HanpasfeH B CTOPOHY ropoda U NpoxoauT TPaH3UTOM
yepes BCHo ero Tepputoputo. CMbIB NECKOB C NOBEPXHOCTM rMapooTBana npoucxoauT 4epes

MecTamun paspyLLEeHHY0 Aamby B nomy p. MogoHKynb 1 ganee B p. xunay.)

After the closing of the mine site the atmosphere has also been polluted with

substances from the slurry dump. (Mocne koHcepsauun DxmauHckoro BMK B BoaayLIHOM
3arpsi3HEHNN OKPYXXaloLLEel cpeabl CTan y4acTBOBaTb MaTepuan ruapoortsana.)
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Citing data from a complex set of ecological & geochemical studies on the
Dzhdinski Mine Site (DMS) during 2003-2005, the Geological Institute
developed a map that demonstrated the distribution of aggregate
contamination of loose sediments throughout Zakamensk. An aggregate
coefficient was estimated with regard to concentrations of type | metals (Pb,
Zn, As, Cd, F), type Il metals (Mo, Cu, Sb) and and type Ill metal (W) in
the soils. (Note: type I, Il, Il all refer to the class of environmental hazard for

each metal.)

Ha ocHOBaHMN KOMMIEKCHOIO 9KOMOro-reOXMMmNYeCcKoro n3ydeHust Tepputopumn >KUOAMHCKOro
Bonbdpamo-monnbaeHosoro kombuHata B 2003-2005 rr. (Meonornyeckuin MHCTUTYT CO PAH)
COCTaBrieHa KapTa pacnpefeneHma CyMMapHOro nokasarens 3arpsi3HeHUs1 pbIXSiblX OTIIOXKEHUN
TepputTopun r. 3akameHcka. PacyeT cymmapHOro rnokasartesns 3arpsa3HeHust NnpoBeaeH no
cogepxaHuto B noysax anemeHtoB | (Pb, Zn, As, Cd, F), Il (Mo, Cu, Sb) n Il (W) knaccos
9KOI0rm4eckoun ornacHocCTMu.

A trend of increasing contamination has been confirmed, both in intensity
and dispersal, thus expanding the zone of environmental emergency and

disaster every year since the mill closed in 1997.
(YcTaHoBneHa TeHAEHUMS YCUITEHUS UHTEHCUBHOCTU 3arpsi3HEHNS N paCLUNPEHUS 30H
‘-Ipe3BbI‘-IaI7IHOl7I 3KONOrn4yeckomn CTYyaumnmn n 3KOJ10rm4ecKoro 6e,EI,CTBI/IF| nocJrie KoHcepBauun

ropHo-oboraTutenbHoro nponssoacTea B 1997 r.)



Map of loose sediments distribution



Concentration of certain elements serves as a basis for estimating the

aggregate and total indicators that vary within the following limits:
(CopepkaHue anemMeHTOB, MO KOTOPbLIM paccynTaH CyMMapHbIW NokasaTesb 3arps3HeHns noys,

BapbUPYET B 3HAYUTENbHbIX Npedenax).

Lead (CeuHneuy) — 15 to 870 mg/kg in soils, up to 1600 mg/kg at significant
points (B oTAesibHbIX TOYKaXx);

Zinc (yuHk) - 70-1000 mg/kg, 1200 mg/kg and higher at significant points (B
OTAENbHbIX TOYKaX)

Cadmium (kadmuii) — 0.5-14 mg/kg, over 16 mg/kg at anomalous points (B
aHOManbHbIX TOYKaX);

Fluorine (¢pmop) - 50-16,000 mg/kg;

Molybdenum (monu60eH) — 1.3-260 mg/kg, 470 mg/kg at an anomalous
point (B aHOManbLHOW TOYKeE);

Copper (Medb) - 23-830 mg/kg;

Antimony (cypbma) — 2.6-120 mg/kg, up to 230 mg/kg at anomalous points (B
aHOMarslbHbIX TOYKaXx);

Tungsten (sonbgpam) - 20-1100 mg/kg, over 1500 mg/kg at significant points
(B OTAESbHBIX TOYKaX);

Arsenic (mbiwbsik) - 3-50 mg/kg in soils.

The elements marked in bold indicate high and very high levels of
contamination for soils with pH 4-6 based on an accepted scale of

environmental standardization. (XK1pHbIM BblAENeHbl 3rIeMeHTbI, YPOBEHb
3arpsi3HeHNA KOTOPbIMM MO LWKasie 3KOSI0rM4eckoro HopmmposaHus anga noyds ¢ pH 4-6
OLIEHMBAETCS KaK BbICOKMM N O4EHb BbICOKWUIA.)



Coefficients of heavy metal concentrations in the soils of Zakamensk
(KoadhcpmumeHTbl KOHLUEHTpaUunmn TAXernbIX MeTannoB B no4yBax r. 3akaMeHCcKa)

On a square opposite police station entrance (Cksep Hanpotus noabesna munuumm)
Mo-16 W-10 Cd-6 Sb-5.7 Pb-3.5 Cu-3 Zn-2.6 As-0.8

In the town park (Fopoackoit napk)
Mo-15 W-7.5 Sb-5.6 Cd-5 Pb-3 Zn-3 Cu-2 As-0.8

On a square between the health and recreation resort and School #1
(CkBep mexay npodomnakropmem u wkonom Ne 1)

Mo-21 W-10 Pb-9 Sb-5 Cd-3.6 Zn-3.6 Cu-3 As-2.4

On a children’s playground near the newspaper editorial office
(deTtckasa nnowaaka okono pegakunm rasethbl)

Mo-57 Pb-36 W-33 Sb-23 Cu-11 Cd-11 Zn-4.5 As-3

Around School #2 (Tepputopus wkonbl Ne 2)
W-11 Cd-7.6 Mo-6 Sb-4.7 Pb-3 Zn-2.8 Cu-2.7 As-1.2

Near a kindergarten and nursery area (Tepputopus getckoro caga-acens "HArogka“)
Mo-24 W-23 Pb-20 Sb-12 Cd-8 Cu-7 Zn-3 As-1.6



It was established that some of the more
dangerous contaminants (i.e., heavy metals
such as Pb, Zn, Cu, Mo) can be found in the
loose soil near to the surface—and in
extractable form—so that it accumulates in
plants and thereby distorts the micro-elemental
balance in the various food chains of local
ecosystems

(YcTaHOBREHO, YTO Hanbonee onacHble 3arpPA3HUTENN —

Tsaxenole metannel (Pb, Zn, Cu, Mo) HaxogaTcs B
PbIXITbIX MPUNOBEPXHOCTHLIX cpeaax B NOABUMXHbIX
doopmax 1 HakannMBaKTCHA B paCTEHUSAX, CO30aBas
NpeanochINKM HApPYLLEHNA MUKPO3NIEMEHTHOro banaHca

B MULLEBbIX LENSAX 3KOCUCTEM).



A correlation between heavy metals from mine wastes that are extractable (sulfates, carbonates,
iron-manganese oxides, other ion exchanges) and those that are stable (in organic matter, sulfides
and silicates). By degree of oxidation: Pb>Zn>Cu>Mo

(CooTHOLWwEHNe NnoaBMKHbIX (MOHOOOMEHHbIX, KApPOOHaTHbIX, CyNnbdaTHbIX, aacopPONPOBaHHbLIX Ha
Xeneso-mapraHueBblX okcmnaax) u ctabunbHbIX (CBA3aHHbIX C OPraHMYEeCKUM BELLECTBOM,
cynbuaHbIX, CUNMKaTHbLIX) OPM TSXKENbIX METaNOB B 0TXo4ax oboratuTtenbHOro Npon3BoaCcTBa.
[To cTeneHn OKUCNEHHOCTM anemeHTbl obpasytoT psag Pb>Zn>Cu>Mo).
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Content/Concentration of heavy metals in plant debris

around Zakamensk (ConepxaHue Tskenbix MeTannos B 301e

pacTeHUun Ha TeppuTopun r. 3aKaMeHcCKa) 7
Pb Mo "

Kupra pacupeiencnny
HHHER
B UPAENS0I RECTEICABHOCTH
H3 TCPPITORIRE I 3aKaMCHCKE



In vegetables grown in the “Gornyak” gardens we have confirmed high
concentrations of Mo, Cu, Zn (B oBoliax, BblpallleHHbIX Ha Aa4HbIX y4acTkax «opHsAKa»
YCTaHOBIEHO BbICOKOE COLI,Gp)l_(a'H'IZ[m Cu, Zn)
e Mo content in potatoes exceeds the norm by 80 times, Cu — up to 20 ti
n — up to 10 times. In cabbages Mo content is 120 times over the norm
(ConepxaHue Mo B kapTodene npesbiliaeT «Hopmy» B 80 pas, Cu no 20 pas, Zn
B kan — Mo 6onbLue Hopmbl B 120 pa3)




Western Adit to the
mine (LUtonbHa 3anagHas)

Discharge—17
liters/second (LebuT) —
17 |/s (n/cek).

pH-4

Sulfates (Cynbdhatsl) —
1564 mg/l (mr/n)

Cu-811 times maximum
permissible load or limit
(MPL)

Zn-192.7 times MPL
Mo-180.5 times MPL

This shows margalitic sedimentation of mine waters from the mine adit
containing up to 40% of alkali iron, up to 36% of aluminium oxides, and
up to 13% of fluorine

(rJ'II/IHVICTbIe ocaflkn pyaHuU4HbIX Bog cogepxat oo 40% okucnos xenesa, 0o 36% okucros
antomuHma, oo 13% dpTopa)



Infiltrating waters from beneath the

slurry dam (MHdunsTpaunoHHble Boabl 13-
noa Aambbl 6bIBLLErO rmapooTBana)

pH -4, S- 797 mg/l (mr/n), Fe — 136.5
mg/l (mr/n), Zn —26.9 mg/l (mr/n), Cu —
1.9 mg/l (mr/n), Pb — 45 mcg/l (mkr/n)

Newly formed
gypsum and sulfate
crystals

(HoBoobpasoBaHHble
KpucTansnel rmnca —
cynbdara Kanbums)




The ongoing mineral formation in the

Modonkul River floodplain

(CoBpeMeHHOe MnHeparoobpasoBaHue B AOMNUHE
p. MOOOHKYIb)

Ca0.6 (Al,Fe)7[(Si,Al)04]2F6(OOH)7 - nH20



containing up to 5%
fluorine, 10% aluminium
oxides, 35% silicates
(HoBooBpasoBaHHbIE MUHEpParbl
cogepxat 0o 5% dgtopa, no 10%
oKkucnos antomuHna, 35%
KPEMHUSA)

% Groundwater outflow at the foot of the tailing sands

(BbIxoa, rpyHTOBbIX BOZ, Ha €/1bTOBOWM 3a1eXu

TexHoreHHbIx neckos) pH -5, S — 85 mg/I (mr/n), Fe —

10.5 mg/I (mr/n), Zn — 0.2 mg/l (mr/n), Cu-11.5

% mcg/l (mkr/n), Mo —11.34 mcg/! (mkr/n)




Sulfate-laden water in the Pervomaiskii open pit (98%)

(Boaa IlepBomaiickoro kapbsepa cyiab(parnas (98 %)),
pH —3.14 Q — 38/7 mg/1 (mr/a) Zn —29.8 mg/1 (mr/a) Cd - 0.932 mg/1 (mr/m)
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In 2006-2009 the Geological Institute (a division of the Siberian
Branch of the Russian Academy of Sciences), received initial data
on the extractable forms of lead, zinc, and copper within the old
tailings of the mill wastes (i.e., in the former slurry dump and the
Barun-Naryn tailings of the Dzhidinskii mining site)

(B 2006-2009 rr. feonornyeckmm nHctutyTom CO PAH nonyyeHbl nepsble gaHHbIe NO AUHAMUKE
NOABUMKHbIX GOPM CBUHLLA, LLUHKA U MeaN B 1eXKablX XBOCTax oborawieHua cynbpuaHo-
BONIbGPaAMOBbLIX pya,

(6bbiBWINI rMapooTBan, bapyH-HapbiHCcKoe XxBocToxpaHuauuwe AXMANHCKOrO MECTOPOXKAEHUA).



For three years the total content/concentration of copper,
zinc and lead on the tailings surface has decreased, while

the content of extractable forms of the metals has increased

(3a TpU roga yMmeHbLINNOCb BaN0OBOE COAEPMKaHNE Mean, UMHKA U CBUHLLA HA MOBEPXHOCTU
XBOCTOXPaHUNMLLA, YBENUUYNNOCH COAEPIKAaHNE WX NOABUMKHBIX GOPM)

Element/3 |Content/Conep>kaHue, |Samples/Mpobbl Samples/Mpobbl
nemeHT  |weight/Bec. % 2006 . (9) 2009. (6)
Cu Total/Ban 0.04 0.032
Extractable/noasu»kHbie [0.0048 0.006
dopmbl
Zn Total/Ban 0.14 0.094
Extractable/noasu»kHbie [0.023 0.038
dopmbl
Pb Total/Ban 0.15 0.104
Extractable/noasuHbie [0.056 0.077

dopmbl




In three years the relative proportion of the extractable forms of copper and zinc
in the tailings sands has almost doubled  (3a Tpu roga noutn B aBa pasa ysenuumnack
OTHOCUTESTIbHAA A0J1A NMOoABUXHbIX d)OpM Mean n UMHKa B TEXHOIMeHHbIX I'IeCKaX)

Average
from 6
samples
in 2009

Average from 9 samples in 2006



48%

12%

Pb (2006)

<

N%

15%

Pb (2009)
3%

1) the proportion of ion-exchange
forms of all studied metals has
increased  yBenuuunacb gons
MOHOOBMEHHbIX popM Bcex
N3YYEHHbIX METaN108B

2) the proportion of carbonates with
copper/zinc has decreased
YMeHbLUMAacb AoNs KapboHaTHOM
bpaKkunm megm N UMHKa

3) the copper proportion associated
with iron-manganese oxide has
greatly increased— probably from
the decomposition of organic-
minerals yuW,ecTBEHHO yBenYMAaCh
A0NA Mean, CBA3aHHOM C Keneso-
MapraHUeBbIMW OKCUOAMM,
BEPOATHO, 3a CYET pa3pyLleHunn
OpraHOMMHepPanbHbIX KOMMNIEKCOB

4) the proportion of lead in iron-
manganese oxides has decreased,
but there was an increase of lead
associated with organic materials
[0NA CBMHLA B Keneso-
MapraHLeBbIX OKCMAAX
YMeHbLUMANAChb, YBENYNNOCH
KOZIMYEeCTBO CBUHLLA, CBA3AHHOTO C
OpraHMKom
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For floodplains and lowland ecosystems (including arable
lands) this serves as evidence of conditions that are conducive
to the migration and accumulation of potential toxicants into

our food chains.

(3To cBUAETENbCTBYET O CYLECTBOBAaHMMN B MOMMEHHbIX SKOCUCTEMAX, Fae, B

OCHOBHOM, PacrnoJ/iaratoTcs CeNbCKOX03ANCTBEHHbIE Yroabs, YCA0BUI AN MUTPALIUM

N aKKymynauum B nnuweBbiX UenAax NnoTeHUMA/IbHbIX TOKCMKaHTOB).



In 2011 the first stage of a program aimed at eliminating adverse impacts from mining
operational wastes in Zakamensk was initiated. As a result, some 3.2 million tons of old
tailings from the bulk site and the short-term storage areas were moved and combined

into the former slurry dump.

(B 2011 r. peanun3oBaH | aTan nporpammbl MePONPUATUN NO YCTPAHEHMIO HEFATUBHbIX
BO3EeMCTBUIM Ha I. 3aKaMEHCK NPOM3BOACTBEHHOM AeATEeNbHOCTU ObIBLLETO
[>KnanHcKkoro Bonbdpamo-monmnbaeHoBoro KomburHaTa. B pesynbrate Ha maccuB
ObIBLLIErO rMApPOooTBaNa NEPEMELLEHO 3,2 MIH. TOHH JieXKabiX XBOCTOB M3 HAaCbIMHOIO U
aBapPMMNHOrro XpaHUAULL, OTXO40B oboraweHus pya, Hanon3alLWmnx Ha ropoa,).




In 2012 we conducted an assessment of soils in the town at a time after the
aforementioned activities. Soil samples were taken in the areas around kindergartens
and other educational facilities (a school and a college), as well as in children’s
playgrounds, near multi-story buildings, and private gardens along the main road
(which was once used for transporting tailings sands), and on the left and right banks
of the Modonkul River floodplain. We also tested the private gardens at “Gornyak”
and soils near the Modonkul River where it enters the Dzhida River. We studied the
total content of chemical substances of 1, 2, and 3 hazard classes: Pb, As, Zn, Cd, F,
Mo, Cu, W, Sb, Cr and others, as well as the content of extractable (acid-soluble)
forms of Pb, Zn and Cu.

B 2012 r. HamK BbINOJIHEHA OLLEHKA COCTOAHMSA NOYB rOPOACKON TEPPUTOPUM NOCNE NPOBEAEHNA ITUX
meponpuatnin. Mpobbl NouYBbl 0TOMPANK Ha TEPPUTOPUN AETCKUX caaoB, 06pa3oBaTe/ibHbIX yYpPEXAEHNM
(LuKoNa, arpoTEXHUYECKUI TEXHUKYM), AETCKMX NI0OLWAAKaX OKON0 MHOTO3Ta*KHbIX lOMOB, Ha OropoAax B
paloHe YacTHOM 3aCTPOMKKN BAOb TPACCHI, NO KOTOPOWN NEPEBO3U/IN TEXHOTEHHbIE NMECKU, B 1IEBOM M NMPABOM
60pTYy AO0NMHbI pekn MOoAOHKYNb HAa OKPanHaxX ropoaa, a TakKe Ha gadax «[OpHAK», PAaCNONOXKEHHbIX B AeNbTe
p. MogoHKynb Npu BNageHun ee B peky xunaa. B nouBax onpeaenanocb BanoBOe CoaeprKaHUe XMMMUYECKUX
anemeHTOB 1, 2 1 3 KNaccoB 3Konornyeckom onacHoctu: Pb, As, Zn, Cd, F, Mo, Cu, W, Sb, Cr n ap. n
coaeprkaHne NoaBUMKHbIX (KucnotopactBopumbix) dopm Pb, Zn u Cu. Mo accoumnaumsam 31EMEHTOB,
KOHUEeHTpauma KoTopbix npesbiwana NAK (OAK), 6bin paccymTaH NoKasaTe/lb CYMMaPHOro 3arpA3HeHus
noysbl (Z.), NocTpoeHbl pAabl KOIPPUUNEHTOB KOHLEHTPALMN INEMEHTOB.






Content level, mg/kg of soils

MPL (MOK)

/YpoBeHb cogepXaHusi, Mr/kr Contamination level
Element/on | Hazard B ! (OLK), /YpoBeHb 3arpsi3HeHus [6]
class/ Knacc mg/kg
eMeHT OMacHoOCTU (mr/kr) in
2005r. 2012r. . 2005. 2012r.
soils noysbl
As I 3-50 6-32 2.0
Very
cd |l 1.7-14 1.5-4.7 0.5% highlouens | \Verage /
y cpeaHumn
BbICOKUM
High & very |High & very
high/sbicoknin | high/Bbicoknin
Pb I 15 - 870 10-2200 35
N OYeHb N OYEHb
BbICOKWUU BbICOKUW
Zn I 70 -1000 34-550 100 High/sbicoknin | High/Bbicoknin
F I 50 - 13000 300-6700 260™**
Mo | 1.3 - 260 2.4-161 2-10**
Very Average/cpe
cu |l 23 - 830 27-200 55 high/ouers | >~ ge/cpen
BbICOKUI
Sb | 2.6-120 3.5-120 4,5
Cr [l 20-190 52-175 80 - 200*
w 1] 30 - 1100 30-500
Mn 1] 1000 - 3000 770-5340 1500
Qye 111 10N _ EON 2797 00N ANN*x*




CpeaHee cogep*aHve NoasMHHbIX dopm T,
Mr/Kr, B No4yBax cpefHero ypoBHA 3arpA3HeHun
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(6|:>|BL|J|/||Z rl/l,l:l,pOOTBaJ‘l) W189Pb58M036CUG.5Cd6.4Sb6.4AS6.ZZn4.8
Downtown (Lenin St') W8MOBSb4,6Pb4,5Cd4zn3F2’9CUZ’6AS1’4 ﬂ
/LleHTpanbHaga YacTb ropoaa 65.7
(yn. JleHnHa) Mo;,Sb,,Pbg ,Cd, ,Cu; ,Zn, ; '
Town, on the left banks of
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capa-acnen "Arogka"

Mo, sCu, ZNng gPbyg 5




To conclude/Takum obpasom:

The man-made impact on soils in both residential areas and arable/farm lands has

not been constant over time—quite the opposite — it has increased; TextorenHas

Harpy3ka Ha NMOYBEHHbIN NMOKPOB B MeCTaxX NpoxmnBaHmA ﬂIO,D,EVI M Ha CeNIbCKOXO3ANCTBEHHbIX naowanax ¢ 1992 r. He
TOJIbKO COXpaHWNaCb, HO U 3HAYNTENNBbHO YBETINYUN1ACb.

If in 1992 contamination on the left side of the floodplain was negligible (sum of
indicators SI< 8), then current data show more contamination (Sl = 8-16), and an
aggregate indicator for soil pollution on the left bank of the Modonkul River is now
estimated at 20-30 (= mid-level contamination)

Ecnn B 1992 roay B neBobeperkHOM YacTu ropoaa 3arpAsHeHne NpakTUYeckn He oTmedanocs (ZC < 8), To ceiyac Bce
nesobepexxbe nonagaeT B 30HY c/laboro 3arpssHeHmna (ZC = 8-16), a Ha TeEpPPUTOPUM NEBOM HU3KOM Teppachl p.
MOZAOHKY/b CYMMapPHbIN MOKasaTenb 3arpAasHeHns noys coctasnanet 20-30 eanHu, (cpeaHee 3arpasHeHue).

In the aquifer used for water supply, the chemical composition of the ground water
has changed (mostly hydro-carbonate water has turned to sulfate-hydro-
carbonate). In the drinking water of Zakamensk—when compared with neaby
control villages—there is an increase of some heavy metals (Cu, Zn, Cr, Mo). At
some water supply wells the water does not meet federal standards for Ca and Li
(on Modonkulskaya St. and Vershinskogo St.)

B BOAOHOCHOM rop13oHTe, MCNOb3YHOLWEMCA A1A BOAOCHAOXKEHUA HaceNeHNs, U3MEHUICA XMMUYECKUI TUN
FPYHTOBbIX BOA, C r’MAPOKApPOOHATHOrO A0 CynbdPaTHO-rMAPOKAPOOHATHOrO U rMApPOKapboHaTHO-cyAbdaTHOro. B
NUTbEeBbIX BOAAX I 3aKAMEHCKA, NO CPAaBHEHMUIO C KOHTPO/IbHbIMU Hace/IeHHbIMW MYHKTaMM, OTMeYaeTCcA NoBblWeHHoe
cogepkaHue paga Taxenbix metannos (Cu, Zn, Cr, Mo). B oTaenbHbix BOAONYHKTaX NMUTbeBbIE BOAbI HE COOTBETCTBYIOT
FOCTy no cogepraHuto Kagmua n antuna (yn.MoaoHKynbckasn, yn. BepnHckoro).



Data gathered in 2012 has shown: /Axanus matepuana, nonyyeHHoro B8 2012 r., nokasasn
cnepywoulee

1. On the whole levels of soil contamination with heavy metals and other potentially toxic
elements have changed little since 2005. Mo and Pb content has increased. These data
correlate well with the earlier diagnosed trend for extractable/mobile Pb to increase in old
tailings. As a result there is an overall Pb content increase in the adjacent to tailings area. /B
uenom ypoBeHb 3arpA3HeHUA no4ys ropoaa TAXKENbIMUA METallaMUn U APYTMMKU  NOTEHUUNANTBbHO
TOKCUYHbIMW 3/1IeMeHTaMKn mano namenunca ¢ 2005 r. Yeenmumnocb cogepaHue Mn u Pb. 9T gaHHble
XOPOLLUO COrNacytTCcs C paHee YCTaHOBNEHHOW TEHAEHLUMEN BO3PaCTaHNA CO BpeMeHeM NoaBuxKHocTu Pb
B JIE)Ka/bIX XBOCTax W, Kak cneactBue, yBENMYEHMA €ro obuier KOHUEHTpauuu B NpUaeratolmnx K
XBOCTOXPAaHUAMLLY NaHawadTax.

2. High concentrations of toxic elements now more frequently occur near the road which
was used to transport old tailings wastes from the temporary storage areas to the former
slurry dump. There has also been an increase of toxic elements in the soils of private gardens,
children’s playgrounds and near other buildings. The aggregate indicator of contamination
shows very high or maximum contamination. BbicoKMe KOHLEHTPALMM TOKCUYHbBIX 3/N1EMEHTOB
TEPPUTOPUANIBHO TATOTEKOT K TPpacCce, no KOTOpOVI BbIBO3UAN Ha ObIBLLUM MmapooTBas aAexa/ible OTXO4bl
oboralleHmna pya  HacbIMHOMO XBOCTOXPAaHMAMILA WM CKN3JAA aBapuMHbIX cOpocoB. YBeENNYMAOCb
congepxaHUe TOKCUYHbIX 31eMEHTOB B NMOYBaX HYaCTHbIX Oropoaos no yn. ,ﬂ,)KMp,MHCKOI‘;I n yn. EaMpOBa, B
FPYHTE AETCKOM NNOWAAKM Yy MHOrosTaxHoro goma N2 35 no yn. /leHuHa. o cymmapHOMy noKasaTento
3arpA3HeHnA 3T NoYBbl XapPaKTEPU3YIOTCA KaK 30Hbl O4EHb CU/IbBHOTO N MaKCUMAJ/IbHOTO 3arpA3HeHuA.



3. The total content of extractable (or mobile) forms of Zn and Cu in the soil in the year 2012
(when compared with 2005) has increased two times or more. The content of
extractable/mobile Pb has decreased, however—but because the total content of lead has
increased, this indicates that lead is depositing and binding into the organic matter of soils,

forming metal-organic compounds that serve as a reserve for extractable Pb in the future. /

Obwmin ypoBeHb cogepraHua noasuKHbIx ¢opm Zn n Cu B nouBax B 2012 r. no cpaBHeHuMto ¢ 2005 r. BbIpoc B ABa U bonee
pa3a. CoaepkaHue noasmxHoro Pb ymeHbLIMAOCH, UTO € y4ETOM BO3pPACTaHUA BAZIOBOrO €ro CoaeprKaHnsa CBUAETENLCTBYET
O AENOHMPOBAHUM 3TOrO 3/1EMEHTA OPraHMYECKMM BELLECTBOM MOYB C 06pa3oBaHMEM METANN00PTraHUYECKUX COEANHEHNN,

KOTopble ABNAOTCA baAnKanwmm pedepBom GopMUPOBaHUA NOABUKHbBIX dopm Pb.

4. A 2005 comparative analysis of geochemical anomalies at significant sampling points (where
there was soil-breakdown) confirm that in highly contaminated areas (the slurry dump and sites
not far from the main tailings) the content of W, Pb & Mo and other toxic substances has

increased. CpaBHeHMe CTPYKTYPbl FEOXMMUYECKMX aHOMANIUIN B OTAENbHbIX MYHKTAX onpoboBaHMA PbIXAbIX
06pa3oBaHMiM NoKa3ano, 4to ¢ 2005 r. B 30HaX O4EHb CU/IbHOIO 3arpa3HeHnn (ObIBLUMI rTMAPOOTBAN U LEHTPaIbHAA YacTb
ropoga, npuaeraroLLan K HaCbINHOMY XBOCTOXPaHWUANULLY) yBenn4mnnocb cogepavune W, Pb, Mo n gpyrnx TOKCUYHbIX

91eEMEHTOB.
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