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AHHOTanusA. AKTya/IbHOCTb. 3arpsisHeHNe OKpY»Kalollleld cpefibl 0OTXOZAaMH FOpPHOJ06bIBaOIEH POMBIILJIEHHOCTH OTHO-
CUTCS K YMCJy HauboJiee aKTyabHbIX 9KOJIOrMYecKux npobJieM. Llesb: onpesiesieHue cTeNneHU 3arpsAi3HEHUs NOYB CeJUTel-
HBIX TeppUTOPHH BocTouHoro 3a6aiikanbsa. O6'beKThI: CyMMapHasi 3arpsi3HeHHOCTb o4B 1o ¢opmyste Caeta (Zc) B 30 Hace-
JIEHHBIX NIyHKTaxX BocToyHoro 3a6alikasbs, B TOM yucie B 14 HacesleHHbIX IYHKTAX, CBA3AHHBIX C 06bIYeH M0JIE3HBIX HCKO-
naeMbix. MeTo/bl. /[yl yCTaHOBJIEHUS CTENeHU 3arpsI3HEHHOCTH I0YBbI HAaceJeHHbIX YHKTaX OblJIN 00'be/IeHbI B CJEYI0-
e TPYIIIbI: HaceJeHHbIe MyHKThI IPU 30JI0TOPY/JHBIX, MOJMG/I€HOBBIX CBUHIIOBO-IIMHKOBBIX U PeIKOMETa/I/IbHBIX MECTO-
POXKJEHHUAX, a TakKe HaceJleHHble MyHKThI, He CBSI3aHHbIe C A06bIuel MoJie3HbIX UcKonaeMblx. PakTHYecKHUH MaTepHasl Mo-
JIy4eH NpU NPOBeJieHUH HCCAe[l0BaHUM 10 6a30BbIM NpoeKTaM UHCTUTYTa NPUPOJHBIX PECYPCOB, 3KOJOTUH U KPHUOJOTHUHU
CO PAH ¢ 2000 no 2022 rr. Kpome 3T0r0, HCI0OJIb30BaHbI OMY6JUKOBAaHHbIE JaHHbIE U MaTepHUaJibl TEPPUTOPHUATBHBIX T€0-
sornyeckux GoHzoB (r. YuTa). [l1s1 onpeiesieHNs KOHIEHTPALUH XUMHUYeCKHUX 3JIEMEHTOB MCII0JIb30BaH peHTreHodyopec-
LEHTHBIM MeTOJ B aHAJIUTHUYECKHUX JlabopaTopusix ['eosornyeckoro nuHcruryta CO PAH (r. Ynan-Ypg3), ICP-MS 3A0 «SGS
Vostok Limited» (r. Yurta). Pe3ysbTraThl. Cpesiu paccMaTpUBaeMbIX PYIIN HI. YCTAaHOBJIEHBI CAeJYIOIIME MOKa3aTeasIMU
CyMMapHble CTelleH! 3arpsi3HeHHOCTH MOYB (Zc): TOPHOPY/iHble HaceJeHHbIX MyHKTOB CBUHIJOBO-IIMHKOBBIX MeCTOPOX/e-
HUU - 68,87; 300TopyAHbIX — 30,67; MON6JeHOBBIX — 32,25; peikoMeTalabHbIX — 0,03; HaceJleHHBIX yHKTOB, He CBsI3aH-
HBIX C TOPHOPY/AHOH AesATeabHOCThIo, — 0,32. [lo cyMMapHOM cTelneHH 3arpsi3HEHHOCTH TMOYB Zc HaceJleHHble MYHKTbI CBUH-
IJOBO-I[JMHKOBBIX MeCTOPOX/IeHUH COOTBETCTBYIOT Upe3BblYalHO ONACHBIM, MOJIMG/IEHOBBIX MECTOPOXKJEHUN — OMaCHBIM;
30JI0TOPYAHBIX MECTOPOXKJEHUHN — yMepeHHO ONACHBbIM; HaceJleHHble MyHKThl peJlkOMeTalbHbIX MeCTOPOX/AeHUN U Hace-
JIeHHble IYHKTBI, He CBSI3aHHbIe C TOPHOPYAHOU JeATe/IbHOCThIO, — HU3KUM YPOBHSIM 3arpsi3HEHUs.

KiioueBble c/IOBa: MOYBLI HAaceJEHHBIX MYHKTOB, TOKCUYHbIE 3JIEMEHThI, CEJIUTEOHble TEPPUTOPHUH, CyMMapHasl CTelleHb
3arpsi3HeHus no4B, BocTouHoe 3a6alikaibe
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Abstract. Relevance. Environmental pollution by mining wastes is one of the most urgent environmental problems. Aim. To
determine the degree of soil pollution in the residential areas of Eastern Transbaikalia. Objects. Total soil pollution according
to the Saet formula (Zc) was studied in 30 settlements of Eastern Transbaikalia, including 14 settlements related to mining.
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Methods. In order to determine the degree of soil contamination, the settlements were grouped: settlements at gold ore, mo-
lybdenum lead-zinc and rare-metal deposits, as well as settlements not related to mining. The factual material was obtained
during the research under the basic projects of the Institute of Natural Resources, Ecology and Cryology of the Siberian
Branch of the Russian Academy of Sciences from 2000 to 2022. In addition, published data and materials of the territorial
geological funds (Chita) were used. The X-ray fluorescence method was used to determine the concentrations of chemical
elements in analytical laboratories of the Geological Institute of SB RAS (Ulan-Ude), ISP-MS of ZAO "SGS Vostok Limited" (Chi-
ta). Results. Among the considered groups of settlements the following indicators of total soil contamination degree (Z)
were established: mining settlements of lead-zinc deposits - 68.87; gold deposits - 30.67; molybdenum deposits - 32.25;
rare-metal deposits - 0.03; settlements not related to mining activity - 0.32. According to the total degree of soil contamina-
tion Z, the settlements of lead-zinc deposits correspond to extremely hazardous, molybdenum deposits - hazardous; gold
deposits - moderately hazardous; the settlements of rare-metal deposits and the ones not related to mining activities - low
levels of pollution.
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BBegeHne OpPraHU3Mbl, a TaKXKe YeJIOBEK. DJIEMEHTHBIH COCTaB
Bocrounoe 3abaiikambe OTHOCHTCS K YHCIY CTa- II0YB CEIMTEOHBIX TEPPUTOPUM SBJSETCS OJHHM H3
peiimux ropHonoObIBarOIIUX peruoHoB Poccun. Ha  BakHBIX ycrnoBuil 0€30MacHOr0 MPOXKHUBAHHs Hacele-
Tepputopun 3abalikaabCKOro Kpasi u3BecTHO Ooinee  mus [20].
1000 pynomnposiBiIeHH 1 MECTOPOXKICHUH 3010Ta, MO- [Ipu W3y4YeHHUH XBOCTOXpaHMJIMIL 0coO0oe BHHMA-
nubneHa, 0JI0Ba, BOIb(paMa PeAKOMETAUIBHBIX U TI0-  HHUE YACISIOT MHHEPAIOTHYECKOMY aHAIU3y C BbLje-
JUMETAJUINYECKUX MECTOPOXKJICHUN (PHCYHOK). B Te-  jeHMeM THIEepreHHbIX CTaauii MHHEPaTo0O0pa3OBaHHUsL.
yenue 2019-2022 rr. corpyauukn HMHctutyTa npu- — BeImensioT criemyromipe CTaaud uX TpaHcdopMmanuu B
POIHBIX pecypcoB, skonorun u kpuonorud CO PAH B 3oHe oxucieHus: cyiabduabi—cyibdaTbi—KapOOHATHI
paMkax 0a30BbIX IPOEKTOB MPOBEIH ONPOOOBaHME  (OKHCIBI). MUHEpAbl Cyab(paTHON CTamxud 00IagaroT
M0YB HACENIEHHBIX IyHKTOB (HI.) BocTtounoro 3abaili- Haumbounbliell  pacTBOPUMOCTBEO M MPEJCTABISIFOT
Kalbsl. DBBIIM paccuumTaHbl CyMMapHbIE IIOKAa3aTead  HauWOOJBIIYH) OMACHOCTh JJISl OKPYXKAIOMICH CpeIbl.
3arpsi3HeHus mouB (Z) [1] B 30 HacesneHHbIX MYHKTaX, XBOCTOXPAHWJIMIIA H3YYaeMBIX MECTOPOKICHUN OT-
U3 HUX 14 ABIAIOTCS TOPHOPYIHBIMU IIOCENEHUSMH, B JIMYAKOTCS COCTABOM IIOPOJ M PYJI, Pa3HbIM BpPEMCH-
mpeaenax KOTOPBIX HAXOAWTCS WH(PPACTPYKTypa TOp-  HbIM HHTEpBajaM MX 0Opa3oBaHus. Boibiloe 3HaueHHe
Ho-oOorarutenbHbeix koMOuHatoB (I'OK). Jlng ycra-  ummeer BpeMEHHON MHTEPBAI UX CYIIECTBOBaHU:. Bpe-
HOBJICHUS CTETIEHH 3arpsi3HEHHOCTH MOYBBI HI. OBUTM  Ms 3QJI0KCHHS XBOCTOXPAHWJIHII 30J0TOPYIHBIX U
00BbeANHEHBI B CIEAYIOLINE TPYIIBL: HII. IIPU 30JI0TO-  OJOBOMOJMMETAUTHYCCKUX MECTOPOMKICHUN COCTaB-
PYZIHBIX, MOJIHOICHOBBIX CBHHIIOBO-LIMHKOBBIX M peA-  JsieT Gosxee 60 ner, 307M0TOPYIHBIX (KpoMe AJeKcaH-
KOMETAJUIBHBIX MECTOPOXKICHUAX, & TAKXKE HIL., HE CBA-  JIDOBCKOT'O  MECTOPOXJICHUS), TMOJTUMETATHYCCKUX
3aHHBIC C JOOBIUCH TOJIE3HBIX MCKOmaeMbIX. OMHON M3 Mectopoxkaenuii — 30-40 yier, MoaubaeHOBBIX — Gosiee
BaKHBIX 3KOJIOTHUECKHUX MPo0OieM sABisiercs coctossHue 20 jet. Iporece mepexoaa Cynb(GUIHBIX MHHEPATOB B
XBOCTOXPAaHWINI] TOKCUYHBIX OTXOJOB FOPHOPYAHOIO  OKucIeHHbIe (opmbl 3armMaer 150-200 ner. XBocrto-
IIPOM3BOACTBA, KOTOPOE BIMSET HAa BCE KOMIIOHEHTHI  XPaHWIUING, 3aJI0KCHHBIC TO3HEE, XapaKTePH3YHOTCS
IpUpOJHOM cpenbl. Tak, HampuMep, M3BECTHO, YTO  MEHBIIUMH CTENEHSIMHU TUIEPreHHBIX MpeoOpa3oBaHUiA.
IIOYBEHHBIN CIIOW TEPPUTOPHUH, NpHIeralomux K xBo-  CTeneHb MMIepreHHbIX MPeoOpa3oBaHui 3aBUCUT TAKKe
CTOXPAaHWINIIAM, MHTEHCUBHO 3arpsA3HEH M CTENEHb  OT KOJIMYECTBA M COCTaBa CYJb(QHUIO0B. XBOCTOXPaHH-
9TOrO 3arpsi3HEHMs HANPSAMYIO 3aBUCUT OT KOHLIEHTPA-  JIMINA C TMOBBINICHHBIMH COJCPYKAHUSAMH CYJIb(QHI0B
LUHI TOKCUYHBIX 3JIEMEHTOB B XBOCTOXPAaHUWIMIIAX U OT  XapaKTePHU3YIOTCsS OoJiee BBICOKOH KHUCIOTHOCTBHIO BOJI-
0JIM30CTH pacroyiokeHus K HuM [2—19]. HBIX PacTBOPOB, SBILIONIMXCS TJaBHBIME (hakTopamu
B um., cBs3annbix ¢ paboroit ['OK, HaOmiomaeTcs  BhlenayuMBaHUsS W MUTPAIUA TOKCHKAHTOB. [Ipu OKwmC-
HeOJIaronoryyHasl 3KOJorn4eckas 0OCTaHOBKA BCIEI-  JICHUH CYJIb(GHIOB XBOCTOXPAHWIIMII MPOUCXOJUT MH-
CTBHE BBIOPOCOB TOKCHUYHBIX COCIMHEHHN B aTMOC(e-  rpamus JIEMEHTOB, B TOM YHCJIE M TOKCHYHBIX, BO BCE
PY, 3arps3HEHUS BOJHBIX OOBEKTOB M MOYB CTOKAMH C  KOMIIOHEHTBI IIPUPOAHON cpebl [21].
XBOCTOXPAaHMIIULI, COAEPKAIINX TOKCUYHbIE METaJLIbL. [ponykter pestenbHocTH ['OK OKaspiBaroT Heba-
HenocpencTBeHHBIME O0OBEKTAMU TEXHOIGHHOTO 3a-  TONPHATHOE BO3ICHCTBHE Ha BCE JKM3HEOOECIICUMBAIO-
TPSI3HEHUS CIY’KaT BOJBI, TTOYBEI, aTMOC(HEPHBI BO3-  IIME CpEIbl: IOYBBI, BO3AYX, BOMIY, PaCTUTEIHHOCTD,
IyX, PACTUTEIbHBIC U )KUBOTHBIC OPTaHU3MBbI I MUKPO-  aKKyMYJHUPYIOIIHE TOKCHYHBIC XUMUYECKUE DIEMEHTHI.
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desime/sIbHOCMbI0
Figure.

Scheme of testing residential soils of Eastern Transbaikalia 1 - a) administrative and state borders; 6) railways;

8) highways; 2 - settlements of mining districts with deposits: a) gold; 6) lead, zinc, tin; 8) rare metals; 2) molybdenum;

3 - settlements not related to mining activities

Hacenenune B ropoackux MoceiIeHUsIX C TOPHOPY/I-
HBIMU TPEINPUATHSIMH, B CPaBHEHHU C HACEICHUEM
HII., HC UMCIONIMMH X, 3HAUYUTEIILHO Yallle MOJIBEepIKe-
Ho 3aboneBanmsM. B 1994-1996 r1r. Bocrouno-
Cubupckuid HayuHblid 1eHTp Poccuiickoll akaneMuun
MEJMIMHCKUX HayK (T. MpKyTck) mpoBoawit paboThl B
r. bareii. Llenp uccaegoBanuii 3aKiIr09aiach B 000CHO-
BaHHUM TeppUTOpUU T. basiell Kak 30HbBI IKOJIOTHYECKOTO
HeOmarononyuust [22]. AHanu3 mokasal, 4yTo B CTPYK-
Type 3a00JIeBaEMOCTH BBIJICICHBI CIICIYIOIINE OCOOCH-
HOCTH: TaTOJIOTHSI OPraHOB KpOBOoOpaieHusi (Oosee
15 %, a B cpennem o PO — 6,8 %), Gone3Hn opraHoB
JIBIXaHUsS, 9aCTO OTMEUAIOTCS aHEMUSsl, IMaTOJOTHS Op-
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TaHOB CJIyXa M 3pEHHsI, KaK BpOXKIeHHas (HEHpOCEH-
COpHasi MmoTeps ciyxa, adakusi, KaTapakTa), TaK U BO3-
HUKaromas B Ooyiee mo3jaHue cpoku. ObparmmaeMocTh
10 TIOBOJY JAaHHOTO 3a00JIeBaHUS B HECKOJIBKO pa3
MIPEBBIIIACT TAKOBYIO B COCEIHMX paiioHax 3abaiikaib-
cKoro kpas [22].

W3ydeHneM BIMSHHUS XBOCTOXPAHMJIMIL HA KOMIIO-
HEHTBI MPHUPOIHOW cpeabl B Bocrounom 3abaiikaibe
3aHUMAJIUCh MHOTHE HccienoBaTenu [23—-32].

OCHOBHO#1 3a/iauell UCCIIeOBaHMsI SBISETCS yCTa-
HOBJICHHE CTCICHH CYMMApHOIO 3arps3HCHHS CEeJH-
TeOHBLIX MOYB HIT. BocTounoro 3abaikainbs.
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MeTo/ bl HCC/IeA0BAHUS

Hns  pacuera TNOTEHUMAIBHOM  3KOJIOTMYECKON
OMACHOCTH HCIIOJIb30BaHbl JIaHHBIE MO COACPIKAHUSIM
9JIEMEHTOB B MOYBAaX HII. U JIOKaIbHBIX (poHax. CBene-
HUS 10 KOHIIEHTPALHUAM XHMUYECKHX DJIEMEHTOB II0-
Jy4YeHbl MPH NPOBEIECHUH MCCIENI0BaHMIA MO 0a30BbIM
npoektam MHCTUTyTa MPUPOIHBIX PECYPCOB, SKOJIIOTHU
n kpuonorun CO PAH. Kpome TOro, MCIOIB30BaHbI
OMyOJIMKOBaHHbIE TaHHBIE U CBEICHUS TEPPUTOpPHUAIIb-
HOro reoyiormyeckoro ¢GoHma 1Mo 3abalKaabCKOMY
kpato (r. Yura). Jlns ompeneneHust 3IEMEHTHOTO CO-
cTaBa MpoO MOYB MPUMECHSUICS PEHTTeHO(IyopeCceHT-
HBI aHanmu3 B ['eonormueckom muctutyre CO PAH
(r. Yiman-Ym) u ICP-MS B 3A0 «SGS Vostok Limited»
(r. Yura). ['myOuna otdopa mpob Ha aHAIU3bI COCTABIIS-
na 0-10 cm. Bec rpyHTOBO# mpoObI coctasisin 1,0 kr.
[TpoOs! B HII. OTOMpAHCh TTIABHBIM 00pa3oM BIONb OC-
HOBHBIX ynuI M aBToTpacc. [IpoOwl /i onpeneneHus
(hOHOBBIX KOHLIEHTPALIMI JIEMEHTOB B MOYBaX OTOOpa-
HBI BHE 30HBI BIIUSTHUS TEXHOTCHHBIX OOBEKTOB, B BOJIO-
Pa3IeNbHBIX YacTsIX JaHAma(TOB, Ha YAAICHHH OT HUX
OT HECKOJIBKUX COTEH METPOB 110 1-2 kM.

FeoxuMuyecKkne NoKa3aTe/iM 3arpsi3HeHUs MOYB
HaceJIeHHBIX MyHKTOB BocTouyHoro 3a6aiikasibs

PaccMotpuM pacnpenerneHie XHMHYECKUX 3IICMEH-
TOB MIEPBOT0, BTOPOTO M TPETHETO KIlacca OMAacCHOCTH B
MmoYBax CeNmuTeOHBIX TeppuTopuid BoctouHoro 3abaii-
kaibs. [1o Kiaccy OmacHOCTH XMMHUYECKHE DIIEMEHTHI
MoJIpa3AeisiFoTCs Ha Tpu Kiacca: [ kiace — As, Cd, Hg,
Pb, Zn; II xmacc — Ni, Cu, Sb, Cr; III kiracc — Mn, V
[33]. B monBmxkHON (hopMe KO BTOPOMY KJIACCY TaKXKe
otHocaTt Co. Cormacuo CanlluH 3685-21, Takue sie-
MEHTHI, Kak Sn, Mo, W u Sr, He UMEIOT KOHKPETHOTO
MK mis moyB W mMOITOMY HE MMEIOT B HACTOSIIEE
BpeMsl KOHKPETHOTO Kjlacca OMacHOCTU. TeM He MeHee
B BOJHBIX cpenax W u St otHocsitest ko 11, a Sn u Mo —
K III x;maccy omacHoctu. B HenelcTByromeM Ha cero-
nuameuid neds TOCT 17.4.1.02-83 maHHbIe DJIEMEHTHL
taxke npuHaanexar ko II m III knaccam omacHocTu
[34]. [TosToMy B TEeKyIleM HCCIIeIOBaHUH JIJIsi 0003Ha-
YEeHHs KIJIACCOB OMACHOCTU JONOJHHUTEIBHO HCIIOJIB30-
BaHa ccbuika Ha HeaeicTBytommid ['OCT, uto He nMeeT
CYIIECTBEHHOTO 3HAUCHHUS TSI OOCYKICHHS Pe3ybTa-
TOB.

IIpn pacuerax KO>(PPUIMEHTOB KOHIECHTPALUH
3JIEMEHTOB OpallCh B pacdeT CpPEAHUE CONCpPKAHUS
aneMeHToB B mouBax HIl. o A.Il. Bunorpamosy [35].
[To nannbiM B.A. AnekceeHKO M Jp. CpEeTHHUE COAEp-
KaHUSI TOKCHYHBIX JJIEMEHTOB B TTOYBAX CEIHTEOHBIX
TEPPHUTOPHI YMEHBIIAIOTCS 110 MEPE CHIDKCHHUS YHCIIa
skuteneil B HI. [36]. B Bocrounom 3abaiikanbe yncio
JKUTEJICH B HII. COOTBETCTBYIOT MaJIBIM HII. (TaOIuUIa).
J71s oIIeHKHM TIOKAa3aTels 3arpsI3HeHNS [T0YB PACCUUTAH
CyMMapHbIH MoKazaTelb 3arpssHenus (Z.): [1]

Ze=Ki+ -+ Kpn—(n—1),

()
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IJIe N — KOJHMYECTBO YUUTHIBAEMBIX XUMHUYECKUX 3JIe-
MeHTOB; K — KO3()(HIMEHT KOHICHTPALUK i-TO KOM-
MOHEHTa 3arps3HEHUs,, TPEBBIIAIONINNA  CIUHHILY;
K.=Ci/Cy, rae C; — daxTuyeckoe copepxaHue i-ro Xu-
MHYECKOTO 3JIEMEHTA B M0YBAX M IPyHTaX, MI/KT; Cgi —
(hoHOBOE conepKaHUE I-TO XUMHYECKOTO JJIEMECHTA B
MMOYBaxX M FPyHTaX MI/Kr. 3HAUYCHHUsI, XapaKTePH3YIOIIne
CyMMapHoOe 3arpsisHeHue Z. 10 YPOBHIO 3arpsi3HEHUS,
UMEIOT CIEAyIoIne Auana3onsl: Z.<16 — HU3Kuil ypo-
BeHb; 16< Z.< 32 — cpenHwii, yMEPEHHO OIIACHBII;
32<Z.<64 — BBICOKHIi, omacHbI; 64<Z.<128 — MakcH-
MaJIbHBIN, Ype3BbIUatHO OnacHbI [1].

JI1st M3ydeHus CTereHn BIUSHUS KOHKPETHOTO XHU-
MHYECKOTO 3JIEMEHTa B paccMaTpUBaeMON BBIOOpKE
paccyuTaeM MHAEKCHI re0akkKyMyJIsut (Ige,) B mouBax
HII. 10 METOAUKE, npeuiokeHHon ['. Mromnepom. [l
BBIYHCIICHUI IPUMEHSIIACH cenytomas ¢popmyna [37]:

2

C
I,., = log, ——
geo 82 1,5BEy,’

rae C, — u3MepeHHasl KOHLEHTpaLus COCIUHEHUN T-
JKeJIbIX MeTaJsioB B oOpasie; BE, — cpeanee reoxumu-
yeckoe (POHOBOE 3HAYCHUE U3MEPSEMBIX 3JICMEHTOB.

3HaueHuss MHJEKCa NOAPA3JeNsAIoTCs Ha CIeAyIo-
IIUE YPOBHH 3arpsA3HEHHOCTH: lgo<0 — mpaxkTuueckn
He3arpsAsHeHHbIH; 0<l,.,<1 — He3arpsA3HEeHHbIH 70 yMe-
PEHHO 3arpA3HEHHOro; 1<ly,<2 — ymepeHHO 3arpss-
HEHHBIN; 2<I4.,<3 — cpenHe 3arpa3sHeHHbIN; 3<Ige,<4 —
CUJIBHO 3arpsi3HEHHBIN; 4<Ige,<5 — CHIBHO 3arps3HEH-
HBIM 70 YPE3MEPHO 3arpsA3HEHHOrO; loeo™>5 — upesmep-
HO 3arps3HEHHBIN.

Pe3yJibTaThI HCCIEJOBAHMS

CojepkaHust 3JIEMEHTOB B TIOYBAaX TOPHSIKHUX T10-
CEJIKOB B CPEJIHEM Ha MOPSA0K MPEBHIIIAIOT TAKOBBIC B
MOYBax HII., HE CBSI3aHHBIX C TOPHOPYAHON JIEATEIHHO-
cTeio. Pe3ynmbpTaThl pacdera CyMMapHOTO IOKa3aTems
3arpsi3HeHUs 1MOYB (Z.) YKa3bIBalOT Ha TO, YTO CEIH-
TEOHBIC TIOYBBI HII, IPU TOPHO-00OTATHTEIHHBIX KOM-
OWHATaX B CPEJHEM Ha TOPSIOK MPEBHIIIAIOT TAKOBbIC
MOKa3aTesid B MOYBAX HII., HE CBS3aHHBIX C TOPHOPY/-
HOM JIeATeIbHOCThIO (TabIuIa).

YCTaHOBJICHBI CIEAYIONIUE CPETHIE 3HAUYCHUSI CyM-
MapHBIX ITOKa3aTeNiel CTENeHW 3arps3HEeHUs paccMmat-
pUBaeMbIX TPYI HIL. HI. MPU CBUHIIOBO-IIMHKOBBIX
MECTOPOKICHUSIX 7.=68,87; 3070TOpPYIHBIX
7.=30,67; momubOaeHoBbIX — Z:=32,25; peaKoMeTallIb-
HBIX Z=0,03; HI., HE CBSI3aHHBIX C TOPHOPYIHOM Jes-
TeNnbHOCTBIO — Z:=0,32. Pa3Hble 3HAaUCHMS ITOKa3aTeach
3arpsi3HEHUsT  OOBSICHSIFOTCST Pa3HBIMU  COZCPIKAHUSIMU
TOKCUYHBIX 3JIEMEHTOB B TEXHO3e€MaX XBOCTOXPaHH-
muiy. CTerneHb 3arps3HeHHs T0YB Pa0OYHMX IOCEITKOB
MIPU TOPHO-O0OTATUTENHHBIX KOMOMHATaX B OCHOBHOM
COOTBETCTBYET OMACHBIM M YMEPEHHO ONACHBIM MOKa3a-
TEJISIM MECTOPOXKJeHUH (Tadsmna). [louBsl HIL., HE CBsI-
3aHHBIX C TOPHOPYIHOU AESTEIbHOCTHIO, COOTBETCTBY-
FOT HU3KHMM TI0Ka3aTeJsIM 3arpsI3HEHHOCTH.
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Ta6auya. Iko/1020-2e0XUMUYECKUE NOKA3amesu COCMOSIHUSI NOY8 8 HdAce/neHHbIX NnyHkmax BocmouHnozo 3abatikanbs
(codepacarust snemenmos 8 2/m)
Table. Ecological and geochemical indicators of soil condition in settlements of Eastern Transbaikalia (content of elements in g/t)
Jnementsl/Elements As Pb Zn Cd Cu Sn Mo Sb Ba Sr
K 5 10 50 0,5 20 10 3 10 500 300
IMJAK/MPC 2,0 32 55,0 0,5 33,0 53 254 4,5 165 600
HacesieHHble NyHKTBI IPU 30JI0TOPYAHBIX MeCTOPOXKAeHUsIX/Settlements at gold deposits
Cennte6Hble nouBbl/Residential soils (n=31) Z:=30,67
As>Mo>Pb>Cd>Zn>Cu, As>Cu>Mo>Zn
X 475,0 96,45 172,45 4,90 40,20 10,2 55,7 47,97 735,8 2789
s 607,2 143,85 269,82 4,75 23,34 6,53 82,8 82,79 368,0 160,1
x/K 95,0 9,65 3,45 9,8 2,0 1,0 18,57 4,8 1,47 0,93
x/IIAK/x/MPC 237,5 3,01 3,14 9,8 1,22 0,2 0,22 10,66 4,46 0,46
Igeo 2,41 0,84 0,71 2,44 -0,21 1,44 -1,51 2,86 -0,95 -0,90
®on/Background (n=6)
X 59,64 35,8 70,2 0,6 31 2,5 105,5 4,4 948,6 347
s 87,84 26,53 38,58 - 18,13 - 54,1 - 285,27 90,32
HacenieHHbIe MyHKTBI IPH CBUHI[0BO-IIUHKOBBIX MeCTOpPOX/eHUAX/Settlements at lead-zinc deposits
Cenute6Hble mouBbl/Residential soils (n=42) Z.=68,87
As>Pb>Zn>Cd>Cu>Mo, As>Zn>Pb>Cu
X 584,6 859,07 930,65 6,00 55,67 9,41 3,04 18,58 578,7 231,6
S 1056,1 2180,7 1920,53 14,36 80,50 19,64 2,85 37,00 201,71 122,73
x/K 116,92 85,9 18,61 12,0 2,78 0,94 1,0 1,86 1,16 0,77
x/IJAK/x/MPC 292,3 26,85 16,92 12,0 1,69 0,18 0,01 4,13 3,51 0,39
[geo 3,36 3,85 2,57 3,60 1,07 0,29 -1,99 2,11 -0,83 -0,63
Pon/Background (n=17)
X 37,92 39,58 104,60 0,33 17,67 513 8,03 2,86 686,76 238,48
s 11,74 25,87 40,08 0,19 13,48 4,19 7,61 1,70 176,41 102,68
HacesieHHble NyHKTBI IpU MOJIMG/IEHOBBIX MECTOPOX/AeHUsIX /Settlements at molybdenum deposits
CenutebOHble noyBbl/Residential soils (n=14) Z=32,25
Mo>As>Pb>Cu>Zn>Cd, As>Cu>Mo>Zn>Sb>Pb
X 159,92 91,26 123,00 2,25 168,89 6,16 127,88 18,84 637,14 278,50
s 498,66 81,80 110,62 3,69 133,34 1,53 190,88 18,37 149,63 103,21
x/K 31,98 9,03 2,46 4,5 8,44 0,62 42,63 1,88 1,27 0,93
x/IJAK/x/MPC 79,96 2,85 2,24 4,5 512 0,12 0,5 4,19 3,86 0,46
[geo 2,43 0,67 0,20 2,32 1,70 0,07 2,21 1,97 -0,60 -0,21
Pon/Background (n=6)
X 19,8 38,2 71,25 0,3 34,7 3,9 18,45 3,2 643,45 214,65
s 13,86 9,76 1,48 0,21 13,15 2,76 13,65 2,26 165,82 25,39
HacesieHHbIe TyHKTBI IPU Pe/JKOMETAJ/IBHBIX MECTOPOXKAEeHUsX/Settlements at rare metal deposits
Cenute6Hble mouBbl/Residential soils (n=6) Z=0,03
As>Pb>Sb>Zn>Cu, As>Cu>Sb>Mo>Zn>Pb
X 20,25 34,25 50,50 - 18,60 22,50 95,67 21,67 596,75 235,75
s 13,33 38,56 12,29 - 2,41 3,54 66,93 2,89 48,02 28,39
x/K 4,05 3,43 1,0 - 0,93 2,25 31,89 2,17 1,19 0,79
x/IJAK/x/MPC 10,13 1,07 0,92 - 0,56 0,42 0,38 4,82 3,62 0,39
Igeo 0,30 0,81 -0,28 - -0,76 - -1,27 - -0,67 -0,79
®on/Background (n=1)
| 11 [ 13 | 41 - [ 21 T - [ 154 | - ] 634 [ 271
HacesieHHble NYHKTHI, HE CBSI3aHHbIe C TOPHOPYAHOU AeaTebHOCTbI0 /Settlements not related to mining activities
Cesnnte6Hble mouBbl/Residential soils (n=65) Z.=0,32
As>Mo>Pb>Sn>Zn>Cu, As>Cu>Mo>Zn>Pb
X 32,01 37,79 63,84 - 21,45 13,33 23,74 10,03 416,98 159,08
s 36,35 33,20 73,45 - 17,19 4,70 43,18 9,74 358,10 176,56
x/K 6,4 3,78 1,28 - 1,07 1,33 7,91 1,0 0,83 0,32
x/TIAK/x/MPC 16,01 1,18 1,16 - 0,65 0,25 0,09 2,23 2,53 0,27
[geo 0,70 0,62 -0,47 - -0,53 - -2,86 -0,23 -1,61 -1,70
Pon/Background (n=19)
X 13,11 16,35 58,78 0,06 20,65 - 114,83 7,85 847,67 344,79
s 11,87 7,86 39,07 0,03 11,37 - 73,94 4,45 281,62 178,59

IpumeyaHue: x - cpedHeapug memuyeckoe, s — CmaHoapmHoe OMK/A0HeHUe; Zc — CYMMApHblil nokazames 3azpsiaHeHus;; As>Pb>Zn>Cd -
KoagpgpuyueHmol KoHyeHmpayuti 31emeHmos (x/K), om 601bwez0 kK MeHbWeMy 3HAUEHUH); lgeo — UHOEKC 280AKKYMYASAYUU 3/1EMEHIMO8;
As>Zn>Pb>Cu - omHoweHue cpedHux 3HaueHull k [I/]K, om 6osvwezo k meHbweMy 3HaveHuto; K — cpedHee codepoicarue 31emMeHmos
nousax [35], II/]K - npedesibHo donycmumble KOHYeHmMpayuu 3,1eMeHmo8 8 no4sax [38-40]; «—» — Hem aHHbIX.

Note: x is the arithmetic mean, s is the standard deviation; Z. is the total pollution indicator; As>Pb>Zn>Cd is the coefficients of
the concentrations of elements (x/K), from a higher to a lower value; lgeo is the geoaccumulation indicator of elements;
As>Zn>Pb>Cu is the ratio of average values to MPC, from higher to lower values; K is the average content of elements in soils
[35], MPC is the maximum permissible concentrations of elements in soils [38-40]. "-" no data available.
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[oBriteHHbIe KO GUIMEHTHI KOHIEHTPAIUU Psijia
9JIECMEHTOB B TMOYBAX CEIUTEOHBIX TEPPUTOPUI OTHO-
CHUTEIBHO (POHOBBIX COJIEPKAHUI MX B MOYBAX CBSI3aHO
C MpOIeCCaMH MHTPAIHU JIEMEHTOB U3 XBOCTOXPAHH-
JIMII B TIOYBBI HACEJICHHBIX ITYHKTOB.

B psne ciygaeB OHOBBIE KOHIIEHTpAIIUU JIEMEH-
TOB TPEBBIILIAIOT TAKOBbIE B CENUTEOHBIX MoyBax. Ilo-
BBIIIICHHBIE KOHIICHTPALIMU Psiia AJIEMEHTOB Ha (HOHO-
BBIX y4aCTKaX MOYKHO OOBSICHUTH OCOOCHHOCTSIMH T'€0-
JIOTHYECKOTO CTPOCHHS JaHHBIX TCPPUTOPHIL.

B cenuTeOHBIX MOYBAaX PYAHBIX MECTOPOXKICHUI B
IIEJIOM BBIACPKUBACTCS MOCIEAOBATEIBHOCTE KOd(PH-
IIUCHTOB KOHIICHTpPAIM{ AJIEMEHTOB OT OOJBIIETO K
MEHblIEMy 3HaueHuto: As>Pb>Zn. Jlns momubaeHo-
BBIX MECTOPOXKJCHHI THITMYHA IOCIENI0BATEIHLHOCTh
Mo>AS>Pb.

3HaueHs] MHAEKCA Ie€0aKKyMYJISIUHU SJIEMEHTOB B
CENUTEOHBIX IMOYBAX OTHOCUTEIBHO KO3((HUINEHTOB
KOHIICHTPAIIUU AJIEMCHTOB MMEIOT Pa3iMyMs B Tpaia-
uuu. i HI., TpUJIEraouX K CBUHIIOBO-LIUHKOBBIM U
PEAKOMETAIUTBHBIM MECTOPOKACHUSAM, Tpajlaliis B Iie-
JIOM coxpansercs. s HII. B mpeaenax 30JI0TOPYIHBIX
MECTOPOXKIEHUI HauOOJNbIINE 3HAYEHU HHAEKCA lgeo
ormeuenbl s Sb (2,86), Cd (2,44), As (2,41), Sn
(1,44), Pb (0,84) u Zn (0,71). B HI. B ipepenax Mo-
JTUOJICHOBBIX MeCTOpoXxIeHu — As (2,43), Cd (2,32),
Mo (2,21), Sb (1,97), Cu (1,7). B Hi1., HEe moaABEpIKEH-
HBIX BIHMSHHUIO TOPHOPYIHOH AEATETHHOCTH TPamarius
3HAUCHUHA WHAEKCA TAaKKe PACXOTUTCS C Tpajarmeit
KOA(PUIMEHTOB KOHIIEHTpALUH (Tabuuua).

MOKHO cenaTh BBIBOJ, YTO HAWMOOMIBIIMKA BKIIAJ B
3arps3HEHHE IT0YB, COTJIACHO PACCUUTAHHBIM HHICKCAM
Igeo, BHOCAT 2JIEMEHTHI IEPBOIO U BTOPOI'O KJIACCOB OIac-
HOCTU. B HII. 30JI0TOPYIHBIX M MOJHMOJICHOBBIX MECTO-
POXK/IEHUI 3HAYECHUS] WHJIEKCOB COOTBETCTBYIOT MO As,
Cd, Cu, Sb 1 Sn ypoBHIO 3arpsiI3HEHHOCTH OT YMEPEHHO
3arpSA3HEHHBIX JI0 CHJIBHO 3arpsA3HEHHBIX (TabiuIa).
B HI.  CBUHIIOBO-IIMHKOBBIX MECTOPOXKJICHUN 3arpsizHe-
Hue ouB As, Pb 1 Cd COOTBETCTBYIOT CHIIBHO 3arpsi3-
HEHHOMY YPOBHIO, Zn u Sb — cpenHe 3arpsisHeHHOMY, Cu
— YMEpEHHO 3arpsi3HEHHOMY. Pacuers! ¢ mcmosn30BaHH-
€M JTAHHBIX TaOIMIIBI TTOKA3bIBAIOT AaHOMAIILHO BBICOKHIC
npebiieHnss [TJIK TOKCHMYHBIX 3JIEMEHTOB B IOYBAax
HaceneHHbIX TMyHKTOB 1pu ['OK CBHHIIOBO-IIMHKOBBIX U
30JI0TOPYIHBIX MECTOPOIKACHUIH.

CylecTBeHHOE BIMAHUE Ha CTENEHb 3arpsA3HEHUs
MOYB TOPHALIKUX MMOCEITKOB OKa3bIBAET WX PACIIOJIONKE-
HUE OTHOCHTEIHHO THIICOMETPHUCCKIX OTMETOK OTBa-
JIOB BCKPBILIHBIX TOPHBIX TOPOJ U XBOCTOXPAHMJIHIIL.
Cpenu paccMaTpUBaeMbIX HII. HAUOOJBIIEH CTENEHBIO
3arpsI3HEHUS TTOYB XapaKTCPH3YIOTCS PACIIONAraloIv-
ecsl B 30HE BIMSHHS CBUHIIOBO-IIMHKOBBIX U 30JI0TO-
PYIHBIX MECTOPOXIEHUH. BblcOokue 3HaueHUs CyM-
MapHOTO TOKa3aTells 3arps3HeHus] MouyB (Z.) MOXXHO
00BSICHUTD pacronokenueM xBoctoxpanwmmin ['OK B
YepTe HACeJIeHHOTO MyHKTA.
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3ak/I4yeHue

Breperie st Boctounoro 3abaiikanbs MpoBeIcH
CPAaBHUTEJIbHBINA aHAJIM3 3HAYEHUH CyMMAapHOIO IOKa-
3aressl 3arpsi3HeHHs CeNUTEOHBIX TOYB (Z.) HaceJeH-
HBIX IIYHKTOB ITIPH T'Pagoo0pa3yromIux TOpHOZOOBIBA-
IOIUX KOMOMHATaX W HACEJCHHBIX MYHKTOB, HE CBA-
3aHHBIX C TOPHOPYJIHOW JEATEIBHOCTBIO. YCTaHOBIIE-
HO, YTO 3HAYEHUsS CPEIHUX CYMMAapHbIX 3arps3HEHUi
MOYB CENUTEOHBIX TOPHOPYIHBIX TEPPUTOPHMA Cylile-
CTBEHHO TMPEBBINIAIOT TAKOBBIE 3HAYCHHS CPETHETO
CYMMAapHOI'0 3arpsi3HeHHs M0YB HACEJIEHHBIX MYHKTOB,
HE CBA3AHHBIX C TOPHOPYAHOH AESTeIbHOCThIO. 3HAUe-
HUSL Z, TIO4YB HACEJICHHBIX MYyHKTOB CBHHIIOBO-
LIMHKOBBIX MECTOPOXKICHUN MPEBBILIAIOT 3HAUEHUS Z
HACEJICHHBIX IMYHKTOB, HE CBSI3aHHBIX C FOPHOPYIHOMH
JlesiTeNbHOCTBI0O B 215,2 pa3, 30J0TOPYIHBIX MECTO-
poxaenuid — B 95,8 pa3, MOIMOIEHOBBIX MECTOPOXK/IC-
Huii — B 100,8 pa3. OtmedeHo, 4To 3HaUeHUE Z. peli-
KOMETAJUIbHBIX MecTopoxeHuit B 10,7 pa3 MeHslie
3HaYeHHs Z, HACEJCHHBIX IyHKTOB, HE CBS3aHHBIX C
TOPHOPYIHOH 1€ TEIbHOCTBHIO.

AHanM3 5KOJIOr0-reOXMMHUYECKOTO COCTOSHUS MTOYB
cennuTeOHBIX Tepputopuid  Boctounoro 3abaiikanbs
BBISIBMJI CJIEIYIOIME 3aKOHOMEPHOCTH pacIpe/leNeHust
MoKa3aTesiell CyMMapHOTo 3arps3HEeHUs:

1. Cpenn TOpHOPYAHBIX IOCENKOB HAUOOJBIINE 3HA-
YEHMsI TIOKa3aTeslsi CYMMapHOTo 3arps3HEHUs M0YB
BbleieHbl B mocenkax mnpu ['OK  cBuHILIOBO-
[IUHKOBBIX M MOJIMOJICHOBBIX MECTOPOXKJICHUH, TIIe
3HAUEHUs] MHIEKCAa COOTBETCTBYIOT  YPOBHSIM
«4pEe3BbIYAITHO OMACHBII» U «omacHbI». ['opHsIL-
kue nocenku npu ['OK 3070TOpYTHBIX MECTOPOXK-
JIEHUM OTBEYAIOT CpPEeJHEMY II0Ka3aTelro CyMMap-
HOTro 3arpsi3HeHus 1nous. HaceneHHble MyHKTHI, HE
CBSI3aHHBIC C TOPHOPYIHOW JESTETHHOCThIO, 4 TaK-
xe Hil. ipu ['OK peaxomeTamibHBIX MECTOPOXKIEe-
HUI XapaKTepU3YyIOTCS HU3KHUM IIOKa3aTeleM CyM-
MapHOTO 3arpsi3HeHus MouB (Z.<16).
KoaddunmeHnTsl KOHIIEHTpAIHid 3JIEMEHTOB B I10Y-
Bax IOPHSLKHUX IOCEJIKOB OTPAXKalT HaJIU4YMe Ipe-
00JaaloMX PYIHBIX JJIEMEHTOB B XBOCTOXPaHH-
mamax. KoahduumenTsl KOHIIEHTpaluii 2IeMEHTOB
0T OOJBIIETO K MEHBIIEMY 3HAYCHHUIO B IIEJIOM BEI-
JIEp)KUBaeTcsd  TOCIeNoBaTelIbHOCTh  AS>Pb>Zn.
s MOnMOIEHOBBIX MECTOPOXKIICHHIA TUITMYHA T10-
clieqoBareabHocTh Mo>Pb>Zn.

3HaueHUsl UHAEKCA Fe0aKKyMYJISLIUU 3JIEMEHTOB B
CeNMUTEOHBIX TOYBAX OTHOCHUTENIBHO KO3 HUINCH-
TOB KOHLIEHTpAIlMM JIEMEHTOB UMEIOT Pa3jINyusl B
rpagauuu. Ui HO., OPUJIETAOMUX K CBUHIIOBO-
LIUHKOBBIM U PEAKOMETaJUIbHBIM MECTOPOXKACHU-
sIM, TpaJlalius B IIeJIOM coxpaHsieTcsi. Hanboubmmit
BKJIaJl B 3arpsi3HEHUE TOYB HACEJIEHHBIX MyHKTOB,
COTJIaCHO PacCUMTAaHHBIM WHJEKCaM, BHOCST dJie-
MEHTBI TIEPBOT'O ¥ BTOPOTO KJIACCOB OMACHOCTH —
MBIIIBSAK, CBUHEL, IUHK, KaJMUil, MeJb, cypbMa U
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oioBo. Ilo COACPKAaHUIO CBHUHIA M IMMHKa IMOYBbI 4. B cemuTeOHBIX IOYBax TOPHOPYAHBIX IIOCCIIKOB

HII. COOTBETCTBYIOT YPOBHIO 3arpsi3HEHHOCTH OT oTMeueHbl crnenyromue npessimenust [IIK: As — B
YMEPEHHO 3arps3HCHHOTO 10 CHJIBHO 3arps3HeH- 2923, Pb-826,9,Zn-816,9,Cd—812,Cu—-BS5,
HOTO. Sb -8 10,7 pas.
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