BecmHuk TelyY. Cepusi: Xumusi. 2017. Ne 3. C. 127-138
XUMHMNYECKAJS 9KOJO0I'us1

V]IK 543.423.1
3AT'PSA3HEHUME ITOYB METAJIVIAMU B TBEPU
10.C. llepmnna, A.®. MeiicypoBa

TBepcKOl TOCYyIapCTBEHHBIN YHUBEPCUTET, I'. TBEPH

C nomoup0 aTOMHO-3MHCCHOHHOIO CIIEKTPAJbHOIO aHaINW3a C HHIYKTHBHO-
cBszanHoi mnasmont (ADC-HWCII-ananu3) B mpo0Oax MOYBBI, B3STHIX B Pa3HBIX
paitonax r. TBepu, ooHapyxeno 29 meramios (Al, As, B, Ba, Be, Ca, Cd, Co, Cr,
Cu, Fe, In, K, Li, Mg, Mn, Mo, Na, Ni, Pb, Sb, Se, Sn, Sr, Ti, V, W, Zn, Zr).
BrIsiBIeHHBIE METaNIbl MIPEACTABISIIOT TPH KJIacca OMAacHOCTU (BBICOKOOTIACHEIE,
YMEpPEHHOONacCHble H  MajoomnacHblie). [lo mectm MeraquiaM — 3Ha4YeHHUS
KoHUeHTpauui Bbiue 3HaueHud [IJIK. Cpenu HuUX Tpu MeTayuia MpeACTaBISIEOT
mepBbId Kiacc onacHocTH (As, Pb, Zn) u Tpu Mertamna — BTOpo#l kiacc. AHam3
COJiep>)KaHUsl BBISBIICHHBIX METAJUIOB M MECT cOopa Mpo0d IMOYB TOKasal, 4To
OCHOBHBIM{ HMCTOYHHMKAMHU 3arps3HEHHS. B TOPOZE SBJISIOTCS MPOMBIIIICHHBIC
npennpusaTus  (MallMHOCTPOGHUE, XUMHYECKas, DSHeprerudeckas, Jerkas
MPOMBIIIJICHHOCTD, TPOU3BOJICTBO CTPOUTENBHBIX MaTEPHAIOB) M aBTOTPAHCIIOPT.
Knioueevie cnosa. 3acpasnenue nousvi, ADC-UCIIl-ananuz, nonmomanm,
npomvluienHble npeonpuamus, aemompancnopm, memannwl, IJIK, kiaccw
OnacHocmu.

I'opon TBepp sBAseTCS AAMMHHUCTPATHUBHBIM U TMPOMBIIUIEHHBIM
neHTpom TBepckoii obnactu. Ero obmas miomans coctasisier 152,22 km?, a
YHCICHHOCTh HaceneHus: — 416 442 genosek [1]. C omHOI CTOPOHBI, TOPOI
YHUKQJIEH C KYJIbTYPHO-UCTOPHUYECKOM TOYKM 3pEHUS M  IO3ULMH
COXPAHMBILIKXCS KOMIIOHEHTOB NpupoAHoro pazHoodpasus [10]. C apyroi
CTOPOHBI, OH HUMEET CJIIOKHYIO ITPOMBILIIEHHYI0 HHPPAcTpyKTypy. B ropoze
Pa3BUTHI CIEIYIOMIME OTPACIU MPOMBIIIIEHHOCTH: MamuHocTpoeHue (OAO
«TBepckoil BaroHocTpouTenbHbll 3aBox», OO0 «Texkmam-M», 3A0
«OKCMAII», 000 «Ctporimami-CepBucy, 3A0 «[1DK
Teeppauzensvarperat»), xumuueckas (OAO «TBepckoil 3aBoj BHCKO3HBIX
HutTen»), sHepreruueckas (TILI-3), né€rkas (OOO «TBEpbTEKCTUIBTOPTY),
POM3BOJICTBO cTpouTedbHbIX MaTepuanoB (3AO «TBepckoit koMOHMHAT
CTpOUTENTbHBIX MaTepuanaoB Ne 2») [1].

PazBuras mpombllieHHAas HMH(pacTpykTypa TropoAa OIpeaesseT
BBICOKYIO aHTPOINOI€HHYIO Harpy3Ky Ha OKpYXKalollylo cpedy. Y IelbHbIN
BeC 1Mpo0, HE COOTBETCTBYIOUIMX TI'UTHEHUYECKUM HOpPMAaTHBaM I10
CaHUTApHO-XMMHUYECKUM TOKa3aTeNsiM Ha BCeW MCCienyeMol TeppUTOpUU B
TBepckoit obnmactu, B ToM umcie T. TBepu, coctaBmser 1,6 % [5]. B
OTJIENBbHBIX Tpo0ax TMouBbl K3 T. TBepu pErymnspHO pPETUCTpUPYETCS

127



Becmnuk Tel'Y. Cepus: Xumusi. 2017. Ne 3.

IIPEBBILLIEHUE 3HAUEHUH IpenenabHo aonycTuMbix KoHueHtpanuil (ILAK) no
UHUHKY, PTYTH, XpoMmy, CBHUHIY [6]. OTMeTHM, YTO OIIEHKY YpPOBHS
XMMHUYECKOTO 3arpsi3HEHUS IIOYB B YCIOBMSX TEXHOIEHHOI'O 3arps3HEHHUs
OCYILIECTBIISIIOT HAa OCHOBE COJEP)KAHMUS HECKOJIbKUX METaJIOB (KaaMUs,
pTYTH, CBHHIIA, IMHKAa XpOMa), B TO K€ BpeMs KakK COJEp)KaHHUE APYTUX
METaZIOB B Mmpobax mmo4yB ropoxa He mnpbeoautcs. Kpome Toro,
HEJ0CTAaTOYHBIM SIBJIIETCS M UUCIIO IYHKTOB HAOIIOAEHUN B FOPOJIE C yIETOM
YHCIIeHHOCTH T. TBepH, ero miomaau, IpOMBIIUIEHHON HHPpacTpyKTyphl. B
STOH CBA3M AaKTyaJbHBIMU SIBJIIIOTCS HUCCJIENOBAHUS, CBSI3aHHBIE C
COBPEMEHHOW OILICHKOW COJIep>KaHusl METAUIOB B T. TBepH € IOMOIIbIO
METOZa aTOMHO-ODMHCCHOHHOM CIIEKTPOMETPUU C HUHIYKTUBHOCBA3AHHOMU
miasmort  (ADC-UCII-ananu3). [laHHBIE METOJ IIO3BOJSICT OIPEACISITh
[IPaKTUYECKU BCE XHMMMUECKHE DBJIEMEHTbl I0YBbl. MHOr03J€MEHTHBIN,
BBICOKOYYBCTBHUTEINBHBIN, THOKHUI 1 IPOM3BOAUTEIBHBIN METO/ aHaIn3a JacT
BO3MOXKHOCTh ~ TOJy4YaThb  BOCIIPOM3BOJMMBIE  pE3yJbTaThl €  Majou
MOTPEIIHOCThI0 MPU  ONPEACTICHHH MHUKPO- M MaKpOKOHIIEHTpAIIHUi
HJIEMEHTOB B CAMBIX Pa3HBIX IO COCTaBY OOBEKTaX.

[lenb paboOThI — OLIEHKA COAEpKAHMSI METAJIOB B MOUBax I. TBepH ¢
[IOMOUIbI0 aTOMHO-3MHCCUOHHOI'O CIIEKTPaJbHOIO aHAJIU3a C MHJYKTHUBHO-
cBszanHoOM 1azmMont (ADC-UCII-ananu3). B 3amaun pabotel Bxoawmino: 1)
ONpEeIeJICHUE CETU IYHKTOB JJisi OTOOpa II0YB Ha OCHOBE aHaIu3a
MIPOMBINUICHHON HHQPacTpyKTypel ropoaa; 2) otbop mnpod mous; 3)
ONpEeAETICHUE M aHalIM3 COJAEPKAHHUS METAJUIOB B oOpasuax mnous; 4)
pa3paboTKa MpeIOKEHHUN MO YITYYIIEHUI0 SKOJIOTMYeCKOil OOCTaHOBKH B
ropoJe.

MeTroauka ucciaea0BaHus

HccnenoBanus mnpoBesnn B BeceHHee-neTHui nepuox 2016 r. Ha
OCHOBE JIaHHBIX XO3sIIICTBEHHOM MH(pacTpyKTypsl I. TBepu onpenenunu 19
nyHkToB otoopa (IIO) mpo® mouB, KOTOpBIE paclojiaraloTcs B Pa3HbIX
paiionax ropoxa: B llentpansHom paiione ropoma — 3 I1O (IIO 1-3); B
3aBomkckom — 6 (IIO 4-9); B Ilpomerapckom — 5 (ITO 10-14); B
MockoBckom — 5 (IIO 15-19) (puc. 1). OOmas xapakTepuCTHKa
MecTononoxeHus: BelOpaHHbIX [1O mpo6 mouB B ropojae mpejicTaBieHa B
tabn. 1. Ot6op mpo6 mous (IO 1-19) ocymecTBiasu Mo CTaHIAPTHOU
Mmetoauke [7]. OmpeneneHue coiepKaHus METAUIOB B IMpolax MOYB
OCYILIECTBUJIM C TIOMOIIBIO aTOMHO-3MUCCHOHHOTO CIEKTpOMETpa ¢
WHIYKTUBHO-CBs3aHHOM masmont  iCAP 6300 Duo [11; 12; 14].
Cratuctuuecke.  oOpaOOTKy  IMOJYYEHHBIX  JAaHHBIX  IPOBEIH  C
HCIIOJIB30BAaHUEM CTaHAAPTHBIX pyKoBOACTB [15]. IlomyueHHble 3HaueHHA
KOHIIEHTpAallui  BBIABIEHHBIX METAJIOB B Mpobax CpaBHUBAIM CO
3HAYEHUSIMU TMpeAenbHo nomycTuMbIXx KoHueHtpanuil (ITJK) xumuyeckux
BELIECTB B MouBe [3], a TakkKe C OPUEHTHUPOBOUHBIMH 3HAYECHUSIMH

normyctuMbix koHIeHTpanwii (O1K) [4].
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Pe3yabTaThl M HX 00CyKIeHHE

Ananms npo6 nouB B BbIOpanHbIX 110 (1-19) mokazan crnemyromue
pe3yibTathl. Beero B mpobax mous ooHapyxuan 29 meramios (Al, As, B, Ba,
Be, Ca, Cd, Co, Cr, Cu, Fe, In, K, Li, Mg, Mn, Mo, Na, Ni, Pb, Sh, Se, Sn,
Sr, Ti, V, W, Zn, Zr) (tabn. 2). BeisBieHHbIe META/IbI MPEACTABISIOT 3
Kkiacca omnacHoctu [2]. K mepBoMy Kiaccy OMacHOCTH (BBICOKOOIIACHBIE)
otHOcAT 5 meTawioB (As, Cd, Pb, Se, Zn,); ko BTopoMy (yMEPEHHOOIIACHBIE)
— 7 meramioB (B, Co, Cr, Cu, Mo, Ni, Sb,); k TperbeMy (ManoomacHsie) — 5
MetawioB (Ba, Mn, Sr, V, W) [8]. Jlyig Apyrux MeTajioB KJIacChl OMACHOCTH
HE YCTaHOBJICHBI.

HawubGonbmiee uncio meramios (28) 6110 00HApY)EHO B 3aBOKCKOM
paiione — I10 9 (Al, As, B, Ba, Be, Ca, Cd, Co, Cr, Cu, Fe, In, K, Li, Mg,
Mn, Mo, Na, Ni, Pb, Sb, Sn, Sr, Ti, V, W, Zn, Zr); HauMeHbIIIEC YUCIIO
metasuioB (22) B [Iponerapckom paiione — 10 13 (Al, As, B, Ba, Be, Ca, Cr,
Cu, Fe, K, Li, Mg, Mn, Mo, Na, Ni, Sn, Sr, Ti, V, W, Zr). O6mumu 11 Bcex
M3y4eHHBIX TIpo0 sBisitoTcs 22 metaia (Al, As, B, Ba, Be, Ca, Cr, Cu, Fe,
K, Li, Mg, Mn, Mo, Na, Ni, Sn, Sr, Ti, V, W, Zr). bonbmas 4dacts
BbISIBIICHHBIX MeTayuioB (Al, As, B, Ba, Be, Ca, Cr, Cu, In, K, Li, Mg, Mn,
Mo, Na, Ni, Fe, Sn, Sr, Ti, V, W, Zr) BcTpeuaercss moBcemecTHO. B
eAMHUYHBIX ciy4asx BcTpeuarorcs: kodanst (I1O 10, 15, 17) u cenen (IT10 8,

9, 18).
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Puc. 1. Ob6mas cxema pacnoioxenus [10O (1-19) mpo6 mous B r. TBepu:
Uentpaneusiii pation — 10 1-3; 3aBomkckuii paiion — 110 4-9; Ilponerapckuit
paiion — [1O 10-14; MockogBckwuii paiion — I10 15-19
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Tabnuua

O6mas xapaktepuctuka [10 (1-19) mous B r. TBepu

10 | Koopaunatel | MecTomnoyioxeHue [ToTeHnMaIbHBIC HCTOYHUKH
1 56°51°36”’c.mn. | Yu. CoBerckad, ABTOTPaHCIIOPT: MaruCTPaJb C
35°55°12” B.o. | 31 WHTEHCHUBHBIM IBHXECHHUEM
snprs V.
56°51°36’c.m.
2 0 A Kpacaodmorckas | ABTOTpaHCIIOPT: MaruCTPab C
35°53°24°B.11.
Ha0., | WHTEHCUBHBIM IBIKCHUEM
ABTOTpaHCIIOPT: MarucTpab ¢
3 56°50°52’c.m. | Y. I[Ipocnekt MHTEHCUBHBIM JIBUKEHHUEM,
35°54°56”’B.n. | mobenspl JI€rkast IpOMBIIIIEHHOCTh: 020 «TBEpCKas
1miBeiiHas Gpadpuka»
1A V. MalnHOCTPOECHHUE: 020 «TBEPCKOM
4 |56°52°12” ¢, P : P
35°51°18" B.1 [erepOyprckoe BarOHOCTPOUTENBHBIN 3aBO/», 000
| mocce, 45-6 «TBEPCKOH 3aBOJI CTAJIBHBIX KOHCTPYKITHI»
S | 36733724 c.u. V. ®pysnze, 1.1 MamuHOCTpOCHHUE: 000 «CTPOUMAIII-CEPBUCH
35°50°24” g, | T TPYISG A TPOCHHE: P P
6 | 56°51°367c.ur. | V. T DHepreTudeckas 0Tpacib: TII-3
35°57°36°’B.1. JumuTtpona, 21 P p - I
ITpon3BOACTBO CTPOUTENHHBIX MATEPHAIIOB:
3320 «TBEPCKON KOMOMHAT CTPOHUTEIHHBIX
7 | 56°54°12’c.m. | Y. AkxageMmuka MatepuanoB Ne 2», 000 «1aapc», 000
35°54°10”’B.n. | Tynonesa, n.117 «TBEPCKON KUPIHUY», 000 «TBEPCKOH 3aBOJ
SYEUCTOro OETOHAY,
MamHOCTPOCHHUE: 000 «CKaT»
8 | 36°51°S1"c.m. | V. 34 ABTOTPAaHCIIOPT: BHYTPUTOPOJICKUE JTUHUU
35°57°2’B.1. CHIIMKaTHas, 1. 27 p PT- BHYTPHIOpOA
9 | 56°52’1c.m. ABTOTpaHCIIOPT: MAaruCTPaIH C
02 A2 1 12s VYa. l'opwkoro, 33 p p p
35°54°19”’s.1. MHTEHCUBHBIM JIBHKEHUEM
10 | 56°51°24”’c.ur. | Y. lonoBuHCKUE | MaliMHOCTPOEHHE: 320 «IKCMAIID,
35°52°43”° B.n. | mepeynok, 2 ABTOTpaHCIIOPT: BHYTPUTOPOJICKUE JIMHUU
s~ss Vn. JIBo
11 | 56°51°2”’c.m. Hsop ManmHOCTPOCHHUE: 000 «TEKMaII-M»
01 msre (habpuku
35°51°36’B.1.
npoJieTapka, a. 1
12 56°50"24 cm. | V. Boennsrii aspopom
35°45°36’’s.n. | ABaHrapaHas, 1 poap
R ABTOTpaHCIOPT: MarucTpajsb C
56°50°37’c.mt. | Yn. Mapmana P p p
13 0402472 HHTCHCHBHBIM JIBIDKCHHEM, BEIXOJ Ha
35°49°42°’B. 1. KOHEBA
¢denepanpHyIO Tpaccy M-10
XuMHYecKasi 0Tpacib: 020 «TBEPCKOU
14 56°50°45°c.m. | Y. [p-1 50 ner nonurpadguIeckuii KOMOMHAT TETCKOM
35°47°47°B.n. | okTA0OpPS, . 46 JIUTEPATyphI»,
MamHOCTpOEHHE: TK «TPAKTOPOAETAIbY
0c 12795 XUMHYEcKasi 0Tpacib: 020 «TBEPCKOM 3aBOJ
56°51°3”’c.1. .
15 SO Iln. arapuna, 1 BHUCKO3HBIX HUTEI», MaIIMHOCTPOECHUE: 000
35°57°36’B.10.
«IK opOuTay
MamuHOCTpOeHHE: 320 «IK
16 56°48°36 ’c.m. | Yn. KonsieBckast, | TBepbImM3eNIbarperary, 3a0 «mx
35°58°48’s.1. | n. 10 TBEPHIIPOMABTOMATHKAY
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IO | KoopamHaTh! Mectononoxenue | IloreHanbHBIE HCTOYHUKHA

ABTOTPaHCIIOPT: MAarHCTPAJIb C
56°49°12”’c.m. | Y. MoxaiiCKOro, | MHTCHCHBHBIM JIBM)KCHHEM, BEIXO Ha
35°53°24’s.1. | n. 60 tdhenepanpHyto Tpaccy M-10 (MOCKBa - CaHKT-
nerepOypr)

17

ABTOTpPaHCIOPT: MarucTpajb C
56°48°19”’c.m1. | MOCKOBCKOE P P p
18 WHTEHCHBHBIM JIBHKEHHEM, BEIXOJ] HA

36°1°26°’B.1. mrocce (beepanbiyio rpaccy M-10
oA ANS V. .
19 56049,41 C.III TTpoMbiILICHHBL ABTOTPaHCIIOPT: BHYTPUTOPOJICKUE JTNHHH,
35°56°3”’B.1. np-1 MamuHOCTpOCHHE: 000 «PEMCEPBHCH

KonnvecTBeHHBIN aHaNN3 coAepKaHUsl METAIIOB B mpobax mous [10
1-19 mnoxkazan, 4TO 3HAUEHUS KOHLIEHTPAMU OOJBIIUHCTBA BBISIBICHHBIX
MeTayioB He npeBbimaet 3HaueHus [1JIK (Al, B, Ba, Be, Ca, Cd, Co, Cr, Fe,
In, K, Li, Mg, Mn, Mo, Na, Se, Sn, Sr, Ti, V, W, Zr). Ognako no mectu
meramiam (As, Cu, Ni, Pb, Sb, Zn) IIJIK Beime HOpMBI. Cpenu HUX TpU
MeTalljia MPEeACTaBIAIOT MepBbId kiacc omacHoctd (As, Pb, Zn) u Tpum
MmeTaia — BTopoi kiacc (Cu, Ni, Sb).

CpenHssi KOHIEHTPALUS MBIIIbAKA, KOTOPBIA MPEICTaBISET MEPBBIi
KJIaCC OMACHOCTH, B Mpo0ax IMouB cocTaBysieT 15,3 MI/Kr, 4TO IpEeBHIIIACT
snauenust IIJIK B 7,7 pa3: B MockoBckoM paiione — B 7,2 pasza; B
3aBomkckoM — B 7,3 pasza; B LleHTpambHOM pailone — B 7,9 pa3; B
[Tponerapckom — B 8,2 pa3a (puc. 2). BanoBas KOHIEHTpallMs MBIIIbIKA B
M3YYEHHBIX Mpobax Bappupyer oT 8,5 no 29,88 mr/kr. MakcumanbHble
KOHIIEHTpallui MeTaia oOHapykeHsl B npobax u3 IIponerapckoro paiiona
(ITO 10, 11) (25,68 u 29,88 MI/KI COOTBETCTBEHHO); MUHUMAJIbHBIE — B
npodax u3 Ilponerapckoro (ITO 12, 13) u Mockosckoro (ITO 18) paiioHos
(8,86; 8,5 1 9,16 MI/KT COOTBETCTBEHHO).

30

C, Mr/xkr

10

TTIK=2
(Mr/KT)
1 2 3 4 5 6 7 8 9 10 11|12 13|14 15|16 17|18 19| OO

|IAS 17,7/17,8/11,9|17,7| 13 (13,1 16 |9,88|17,3|25,7|29,9|8,86| 8,5 (9,36 19,4/11,3/18,1/9,16|13,7

0

Puc. 2. Konuenrpauus mpimssika B npodax u3 [10 (1-19) r. TBepu, mr/xr
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TaGnuna 2
3HavYeHUs CpeIHUX KOHLEHTPALUI METaJIIOB B PoOax MOYB pa3HbIX PaiOHOB
r. TBepu, Mr/kr

Meramner | Kiace 3HaueHus HasBanue paiiona
or;aT;Ho HOpMATHBOB HCHTpUaJIb 3aBOJ13KC- Hponezap- MOCKVOB
HBIN KMl CKUH CKHH
As 1 2* 15,79 14,51 16,46 14,34
Cd 1 2%* 0,20 0,22 0,30 0,39
Pb 1 35* 7,11 15,98 6,96 13,29
Se 1 0,00 0,09 0,00 0,08
Zn 1 23* 18,61 30,79 32,11 39,83
B 2 7,23 5,86 6,88 6,93
Co 2 60** 0,00 0,00 0,04 0,01
Cr 2 14,97 15,26 14,95 19,26
Cu 2 3,5* 16,40 19,21 17,56 16,45
Mo 2 0,17 0,23 0,26 0,26
Ni 2 6,7* 5,65 7,11 6,30 7,60
Sb 2 4,5* 3,57 3,86 4,11 4,68
Ba 3 - 37,54 31,28 30,62 35,39
Mn 3 - 152,91 113,69 156,74 162,11
Sr 3 - 21,46 20,68 17,04 22,02
\Y 3 - 10,25 10,04 10,62 14,65
W 3 - 5,08 5,78 10,62 10,72
Al - - 3326,00 2783,17 3086,72 3848,80
Be - - 0,08 0,10 0,12 0,11
Ca - 7656,00 6098,00 3970,44 7387,32
Fe - 5342,67 4420,67 4442,00 4868,40
In - - 2,13 2,46 2,70 3,92
K - 590,73 550,13 578,66 603,64
Li - 3,39 3,21 3,13 4,19
Mg - - 4418,33 5792,50 4541,32 6962,16
Na - - 99,57 57,62 80,24 111,67
Sn - 0,38 0,32 0,25 0,12
Ti - - 116,69 130,89 123,71 145,64
Zr - - 18,76 17,72 13,02 13,41

[Ipumeuanusi: «-» — KJ1acC OMAaCHOCTH HE BBISBIICH;
* — 3navenus [1JIK [4];
** —3nauennst O/IK [5].
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Cpennee copepxaHHe CBUHIA, IPEICTABIISIONIETO IEPBbIM Kiacc
oracHocTH, cocrasisier 10,8 mr/kr, uro He npesbimaet 3HaueHus [1JIK (puc.
3). OnHako, BaJOBOE COJCpP)KaHHE CBUHIIA B OTIACIbHBIX Mpo0Oax MOYB
u3MeHsercs ¢ npesbimieHueM 3HadeHuid [IJIK — ot 2,94 no 49,12 wmr/kr.
MaxkcuManbHble KOHLIEHTPAIlMK MeTajljla OOHAapYy>KEeHbI B OTJEJIBbHBIX Mpodax
u3 3aBomkckoro (I10 9) u Ilponerapckoro (IIO 17) paitonos (49,12 u 43,6
MI/KI COOTBETCTBEHHO); MUHUMAaIbHbie — u3 LlentpampHoro (IO 1) u
3aBomxkckoro (ITO 5) paiionoB (2,94 u 3,2 MI/KT COOTBETCTBEHHO).

60

40

_______ TTIK=35

(Mr/KT)

C, Mr/kr

20

o | M llj lj in

12|34 |s5|6|7|8|9|10/11|12 13|14|15 16|17 18|19 | IO
|Pb 2,94184| 0 | 28 | 3,2 6,98/8,56| 0 |49,1/23,5/7,36/3,88 0 | 0 |4,764,06(43,6/ 0 | 14

Puc. 3. Konumenrpanus csunia B mpodax u3 110 (1-19) r. Tsepu, Mr/xr

[uHK, Kak MBIIIBIK M CBUHEL, OTHOCUTCS K IEpPBOMY KJaccy
ornacHocTH. CpenHsisi KOHLEHTpalMs 3TOro MeTajmjga B Mpobax TOo4YB
cocraBnsier 30,3 wmr/kr, uro mnpesbimaer 3HaueHus I[IJIK B 1,3 paza: B
LentpanbHom paiione — B 0,8 pa3; B 3aBomkckom — B 1,3 paza; B
[Iponerapckom — B 1,4 paza; B MockoBckom — B 1,7 pa3 (puc. 4). Banosas
KOHILIEHTpAIUsl LIMHKAa B M3YyYEHHBIX Mpo0Oax MOYB BAaphbUPYET B HIMPOKHX
npeaenax ot 9,76 mo 96,34 mr/kr. MakcumalibHbIe KOHIIEHTPAIMU ITOTO
MmeTtasuia oOHapykeHsl B mpodax u3 [Iponerapckoro (ITO 10) 1 MockoBckoro
pavionos (ITO 15, 17) (71,42; 65,46 u 96,34 Mr/Kr COOTBETCTBEHHO);
muHuMmanbible — U3 Lentpansnoro (ITO 1); 3aBomxckoro (IO 5) u
Mocxkosckoro (ITO 19) paiionos (12,04; 11,7 1 9,76 Mr/Kr COOTBETCTBEHHO).

Menpb npeacTaBisieT BTOPOH KJlacC ONMacHOCTH METAJJIOB, €T0 CPEIHSS
KOHIIEHTpalus coctaBnseT 17,4 mr/kr, uro npesbimaer 3HaueHus [1JIK B 5
pa3: B LlenTpaibHOM 1 MoOCKOBCKOM paiioHe — B 4,7 pa3; B IIponerapckom —
B 5 pa3; B 3aBOJDKCKOM — B 5,5 pa3 (puc. 5). BanoBas koHIeHTpauus Meau B
HCCIeAyeMbIX TpoOax TmouyB wu3MeHsercs ot 7,2 nmo 35,68 Mr/kr.
MakcumanbHble KOHIEHTpallud MeTaja oOHapyKeHbl B MpoOax IO4YB U3
3asomxkckoro (ITO 9) u Mockosckoro (ITO 17) paitonos (35,68 u 29,46 mr/kr
COOTBETCTBEHHO); MUHUMaJIbHBIE — B Mpobax u3 [Iponerapckoro (I1O 12) u
Mockosckoro (ITO 18, 19) paitonos (10; 7,2 u 10,26 MI/Kr COOTBETCTBEHHO).
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Puc. 4. Konmernrpanus nuaka B mpodax u3 [10 (1-19) r. Tepu, mr/kr
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" (Mr/kT)
0
1 2 3 4 5 6 7 8 9 10|11|12 /13|14 15 16|17 18|19 | IO
|cu/12,6] 24 [12,6/22,1[12,112,6 20,612,2[35,727,520,3| 10 [14,2]157] 15 20,3[295 7,2|103
Puc. 5. Konuenrpanus meau B ipodax u3 [10 (1-19) r. Teepu, Mr/kr

CpenHsisi KOHIIEHTpalUsi YMEPEHHO OMNAacHOr0 METajula — HUKEIS —
coctaBiseT 6,7 MI/KI, YTO COOTBETCTBYET MAaKCHUMAaJbHOMY 3HAuY€HUIO
MpeAebHO JOMYCTUMOM KOHIeHTparuu (puc. 6). BamoBasi KoHIEHTparus
HUKeNd B M3y4eHHBIX mpobax Bapeupyer ot 1,08 mo 13,72 wmr/kr.
MakcruMaibHble KOHLEHTpAallMM MeTajula OOHapy)XeHbl B Mmpobax u3
3aBomkckoro (ITO 4) u Ilponerapckoro (ITO 10) paitonos (13,54 u 13,72
MI/KI' COOTBETCTBEHHO); MUHUMAaJIbHbIE — B IIpoOax mouB u3 LleHTpanpHOrO
(ITO 3); Mponerapckoro (ITO 13) u Mockosckoro (I1O 18) paiionos (1,9;
1,08 u 1,82 MI/Kr COOTBETCTBEHHO).

CyppbMa — 3TO MeTajll, KOTOpBIM IpPEACTaBIsET BTOPOM Kiacc
omacHocTu. CpesiHee coJiep)KaHue dTOro MeTalla cocraBiser 4,1 Mr/kr, 4To
He mpesbimaer 3HadeHus [IJIK (puc. 7). OnnHako BanoBasi KOHIIEHTpaLUs
CypbMBI B HccleayeMbix mpobax wusmensiercs ot 0,22 no 11,36 wmr/kr.
MakcumanbHble KOHLIEHTPAllMM MeTajyla OOHapyXeHbl B Mpobax u3
[Iponerapckoro (IIO 10) u Mockosckoro (ITO 17) paiionos (9,16 u 11,36
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MI/KI COOTBETCTBEHHO); MUHHMMaJbHble — M3 3aBomkckoro (IIO 8, 9) mu
Mocxkosckoro (ITO 19) paiionos (0,38; 0,34 u 0,22 MI/Kr COOTBETCTBEHHO).

15
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=]

C, Mr/kr

TIJIK=6,7
(mr/kr)

1 n 1l

1| 2 3 4 5 6 7 8| 9 10[11|12 |13 14|15 16 17| 18| 19 | IO
|Ni 5,98/9,08| 1,9 |13,5| 6,2 9,52| 7 2,46|3,96/13,7|7,52|5,36 1,08/3,82|10,6 11,2 /11,9|1,82|2,42

Puc. 6. Konuenrpanus aukens B npodax u3 I10 (1-19) r. Teepu, mMr/xr
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[JIK=4,5
SEEE CLEET SRR PEEEEEE B R ====~(MTI/KT)
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12|34 5 6 7|8 |9|10[11/12 13 14 15|16|17 |18 19| IO
\sb 37| 7 | 0 |862 3,9 2,78/7,14|0,38/0,34/9,16|7,16/4,24 0 0 3,48/832(114| 0 0,22

C, Mr/kr

0

Puc. 7. Konuenrpauus cypemsl B npodax u3 [10 (1-19) r. Tepu, mr/xr

AHau3 cojep)kaHusl METauIoB B Mpo0ax MOYB M MeCT 0oTOopa MX
(ITO 1-19) B pasHbIX pailioHax ropoja IHoka3aa CIeIyIOIIUe pPe3yIbTaThl.
Bricokuii ypoBeHb 3arps3HEHUs] CBUHIIOM, MEbI0 U IIMHKOM HaOoJaeTcs
BOmm3u ckeepa uMm. C.®. HunoBckoro u BOmm3um TL[ «Moxaiickuity,
PacIoNIOXKEHHOTO BJIOJIb MarucTpajlyd ¢ NHTEHCUBHBIM JIBUKEHUEM, KOTOPAs
BBIXOJAUT Ha QeaepanbHyto Tpaccy M-10. OgHMM H©3 HCTOYHUKOB
3arpsA3HEHUS] TOYB OSTUMH METallaMH  MOXET ObIThb aBTOTPAHCIOPT.
Hampumep, HCTOUHHKOM NOCTYIUIEHUS! CBUHIIA JUIMTEILHOE BPEMsI SBIISJIOCH
UCIOJIb30BaHUE OJTUIMpPOBaHHOro OeH3mHa. HecmoTps Ha TO, dTO
MPOU3BOJACTBO U O0OPOT STUIUPOBAHHOTO ABTOMOOWJIBHOrO O€H3MHAa B
Poccun 3anpemenst ¢ 1 urons 2003 r., mousa sABIAETCS ACTIOHUPYIOLIEH
CpeJIoif U JI0 CUX MOp COXpaHsIeT MoJIydeHHbIe 3arpsi3Henus [13].
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JpyruM HCTOYHUKOM 3arps3HEHMs] II0OYB METa/VIaMU BBICTYIAIOT
[IPOMBIIIJICHHBIE MPEANPUATHS Pa3HBIX OTpacieil. Bricokue KoHIEHTpauu
[IMHKA B TOYBE MOTYT OBITh OOYCJIOBJIEHBI NESTEIBLHOCTHIO MPEANPHUITUN
XUMHYECKON M MalllMHOCTPOUTEIBHBIX oTpacieil. Hanpumep, B mpobax mous,
B3sThIX BONMM3u mpeanpusatus OAO «TBepckoil 3aBOJ BUCKO3HBIX HHUTEH»,
BBISIBJICHBl BBICOKHE KOHIIEHTPAllMM d3TOro Mmerauia. M3BecTHO, 4TO
MPEANPUATHS. XUMHUYECKOW IPOMBIIUIEHHOCTH SIBJISIFOTCSI  MCTOYHHMKOM
MHOTOKOMIIOHEHTHBIX BBIOPOCOB B OKPYXAIOLIYI0 Cpely XUMHUYECKHX
npumecei Ppa3IUYHbIX KJIACCOB OIIaCHOCTH (opranu3oBaHHbIE
TEXHOJOTMYECKHE BBIOPOCHI, BEHTWISILIMOHHBIE BBIOPOCHI, OTKPBITHIE
iomaaku ¢ obopymoBanueM) [6]. [IpeBbinieHre MUHKA B TIOYBE OTMEYCHO B
npobax, B3SITBIX BOJIM3H NpEaIPUATUS 3A0 «OKCMAIII»
(MammHOCTpOUTEIbHAS TMPOMBIIUIEHHOCTh). [lMHK MoXeT mnonagath B
OKpPYXKAIOIIYIO Cpelly B pe3yjibTaTe TepMHYECKOH 00pabOTKHM METalljIoB Ha
JIAHHOM MPOU3BOJCTBE [5].

[ToBbillIeHHAsT KOHIEHTpALMsl HHUKENS XapakTepHa g Ipod MouB
BOJIM3M TpEANpUSATHS MamuHocTpouTenbHOi oTtpaciu OAO «TBepckoit
BAarOHOCTPOHUTENBHBIM  3aBOM». M3BeCTHO, dYTO TPOAYKIMEH  ITOro
MPEANPUATHS ABISIOTCS HECAMOXO/HBIE NACCAXKUPCKUE KEJIE3HOJOPOKHBIE,
TpamBaiiHble BaroHbl M BaroHbl METPO, OarakHbIE, MOUYTOBBIE U TMPOUYUE
BaroHbl CIELMAIBHOI0 HA3HAYECHHUS, a TAK)KE UHCTPYMEHTHI. TakuMm obpazom,
OCHOBHBIMM HCTOYHHUKAMH 3arps3HEHUS TOYBBI HUKENEM SBISIOTCS
MPEANPUATHS METAUIYpruu U MamumHocTpoeHus [13]. Boicokuii ypoBeHb
3arpsi3HEHUs] MBIIIBSIKOM, HHUKEIeM M CypbMoil oOHapyxeH BOmu3u 3A0
«QKCMAIIl»  (MamMHOCTpOWTENbHAS  MPOMBIIUICHHOCTB).  JlaHHOe
IIPENIIPUITHE IIPOU3BOAUT IIOJIHOTIOBOPOTHBIE TUIPaBINYECKHE
OJTHOKOBIIIOBBIE SKCKaBaTOPBI, PA3IMUHYIO CTPOUTEIbHO-TOPOKHYIO TEXHUKY
u obopynoBanue. IlpeBblmieHHe colepkaHHUS MBIIIbSIKA B  IIOYBE

Habmonmaercs  BOmm3u OO0 «Texmam-M»  —  mpeanpuAarus,
00pabaThIBalOIIIO METaNIMYEeCKUe M3/EIHs C HCIOIb30BAHHEM OCHOBHBIX
TEXHOJIOTHYECKAX  TPOIECCOB  MAIIMHOCTPOCHUS,  IPOH3BOJSIIETO

o0opyZoBaHUE [UIl TOJATOTOBKM TEKCTUJIBHBIX BOJOKOH. BbIOpoCcEl €
MNPEeANpUATH  MAIIMHOCTPOUTEIbHOW TMPOMBIIUIEHHOCTH TPUBOAAT K
MOMAJAHUIO MBIIIbSKA B MOYBY B OONbIINX KoiauuecTBax. Haubonee npouHo
MBIIIBSAK yJIEPKUBAETCSA B MOYBAX, COJAEPIKAIIMX aKTUBHBbIE (POPMBI XKelesa,
amomuHus, kKanbuus [6]. CyppMa sBisieTcs KOMIIOHEHTOM CBHMHIIOBBIX
CIUIaBOB, YBEJIMUYMBAIOIIMM HMX TBEPJOCTh U MEXAHWYECKYIO MPOYHOCTh. E&
OPUMEHSIOT B  MAIIMHOCTPOCHUU JJIS  OOJIMIOBKM  KHCIOTOYHOPHOM
anmapatypel, a TakXke i HW3rOTOBJEHUS TpyO, MO  KOTOPBIM
TPaHCIOPTUPYIOTCSI KHUCIIOTHI, IIEJIOYN M JPYTHE arpecCUBHBIE KHUJIKOCTH,
000JI04€K, OKYTBHIBAIOIIMX pa3jMuyHble 3JeKTpuueckue kadenu. OKcubl
CYpPBbMBI IPUMEHSIFOTCS MPU IPOM3BOACTBE OTHEYIOPHBIX coeAMHEeHuH [13].
Taxum o6pazom, ¢ nomormibio ADC-HMCII ananu3a B npobax Moy u3
r. Teepu (ITO 1-19) obHapyxeno 29 mertamios (Al, As, B, Ba, Be, Ca, Cd,
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Co, Cr, Cu, Fe, In, K, Li, Mg, Mn, Mo, Na, Ni, Pb, Sh, Se, Sn, Sr, Ti, V, W,
Zn, Zr), KoTopble MpeACTaBIA0T 3 Kinacca onacHOCTH. OOmUMH MeTaiaMu
s po0 Bcex m3ydeHHBIX [1O0 sBistorcss 23 wmetamna. KouieHTpanus
OOJIBIIMHCTBA BBISBICHHBIX METAVIOB HUM)KE€ HOPMATHUBHBIX 3HAYCHHI.
Opnnako mo 6 metamiam (As, Cu, Ni, Pb, Sb, Zn) 3HaueHus KoHIIEHTpaun
BblilIe cooTBeTcTBYrOmUX [TJIK.

HaunbGonpiiee uncino mpoO, B KOTOPHIX 3HAYEHUS KOHLIEHTpALUM
MetaiioB Bolie [1/IK BeisiBiieno B [Iponerapckom u1 MOCKOBCKOM pailoHax.
B oarux pailoHax TOpOJa CKOHLUEHTPUPOBAHO CYILIECTBEHHOE YHUCIIO
MPOMBILUICHHBIX TpeanpusaTuil. Haubonbmuii Bkiag B 3arps3HEHUE IOYB
BHOCSIT MPEIIPUATUS MAIIMHOCTPOUTEIBHON OTpaciu. [leaTenbHOCTh 3TUX
OPEeNNpUITHI ONpeNeNseT 3arpsA3HeHUe IMOYBbl TAaKUMHU MeETalllaMH, Kak
MBIIIbSK, HUKEIb, CypbMa, IMHK. [[pyruM HCTOYHHKOM 3arpsi3HEHUS IOYB
BBICTYNIAeT aBTOTPAHCHOPT. B mpenenax ropoga Xopoiio pa3BUTa CETh
ABTOMArucTpajied ¢ WHTEHCHUBHBIM JBHWIXKEHHUEM TpPAHCIOPTA, KOTOPBII
o0yclOBIMBAaeT HalIW4YMe B TIOYBE MEAM M CBUHIA. B jpanpHeiimem
1[EJIECO00Pa3HO MPOJOIKEHUE MOHUTOPHUHTOBBIX HMCCIETOBAaHUN COCTOSHHS
nous T. TBepHu.
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SOIL CONTAMINATION BY METALS IN TVER
Yu.S. Pershina, A.F. Meysurova
Tver state University

By atomic emission spectral analysis with inductively coupled plasma (AES—
ICP analysis) in soil samples taken in different parts of the city of Tver
discovered 29 metals (Al, As, B, Ba, Be, Ca, Cd, Co, Cr, Cu, Fe, In, K, Li,
Mg, Mn, Mo, Na, Ni, Pb, Sb, Se, Sn, Sr, Ti, V, W, Zn, Zr). The identified
metals are hazard class 3 (highly hazardous, umerennaya and low risk). Six
metals concentrations above the MPC. Among them three metals represent the
first class of hazard (As, Pb, Zn) and three metal second class (Cu, Ni, Sb).
Content analysis revealed metals and places of collection of soil samples
showed that the main sources of pollution are industrial enterprises
(mechanical engineering, chemical, power, light industry, production of
construction materials) and vehicles.

Keywords: pollution of the soil, NPP-COl-analysis, pollutant, industrial
plants, vehicles, metals, MPC, classes of danger.
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