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OBocHOBAHBI METOMYECKHE TPHEMbI BBISIBJICHIS N AHAJIN3a TEXHOTEHHBIX FeOXMMUYECKIX acCOLMAINIl B JIOHHbIX
OTJIOKEeHHIAX MAJBIX per arposanamadros. CrucreMaTn3npoBaHbl IOKA3aTeH, HCIMOIb3yeMble I NX XapaKTepUCTUKN
1 9KOJOTHYECKOH oneHKn. PaccMoTpensl 0COOEHHOCTH TeOXHMUYECKIX dCCOIMAIHIT B JOHHBIX OTIOKeHNAX BOJOTOKOB
CeIBCKOXO03s1iICTBeHHBIX pailonoB 6acceiina p. [Taxpei (MockoBckas obaacTs).

Methods of revealing and analysis of technogenic geochemical associations in small rivers bed sediments are proved.
The parameters used for their characteristics and ecological assessment are systematized. Features of geochemical
associations in bed sediments of water-currents of the Pakhra River basin (Moscow region) agricultural landscapes are

considered.
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CelbCKOX03ANCTBEHHOE TIPON3BOJICTBO SIB-
JISIeTCS OJHIIM 3 OCHOBHBIX MoTpeburesiei BOAbI,
4TO ONPe/eNsieT BCPOATHOCTh €r0 HeraTUuBHOTO
BO3/leIICTBIA Ha BOJOTOKM 1 BOJOEMEL. B To xke
BpPeMs OCHOBHDLIC YCHIHSI MO OXpaHe BOJAHBIX
0O'BLEKTOB OT 3arpsi3HEeHUsI XUMUYCCKUMW 3Jie-
MeHtaMn (OCOODEHHO TSMKEJIBIMU MeTaJlJlaMu)
IIUTe IbHOE BpeMs ObLIN CKOHLIEHTPUPOBAHbBI HA
npoGaemax, CBA3AHHBIX ¢ KPYITHBIMU TOPOJIAMU.
Cuurasioch, YTO 3arpsisHeHUEe OKPYsKAIOlIe cpe-
Ibl TSZKEJbIMH MeTajslaMu B arpojasjunagdrax
NN He KOHTPOJUPYEMO WJIM BTOPOCTENEHHO.
Uccanenosanus, BRITIOJHEHHBIE B PA3HBIX CTPa-
HAaX, MOKa3aJ M, UToO 3arpsisHeHue, BbI3bIBaeMoe
arponpomn3BOICTBOM, YyyKe HeJib3sl paccMaTpu-
BaTh Kak Majo3HauureabHoe [1 — 3].

XOpoIiio H3BEeCTHO, YTO UCCIEIOBAHUA BOJ
He BCeTia AaloT BO3MOMKHOCTD MOJTHOIEHHO 0Xa-
paKTepu30BaTh reOXUMUUYECKUEe 0COOEHHOCTU
BOJHBIX CHCTEM M3-3a BICOKOM IUHAMUYHOCTHU
COCTaBa U JINCKPETHOCTH NOCTABKYU 3arpsi3HAIO-
LIUX BEIECTB TEXHOTEHHLIMU UCTOYHUKAMU.
C stoit Touku 3peHus 6onee 3ppeKTUBHO
H3ydeHHe PeuHbIX OTJIOKEHUU, ABJISAIOUINXCSA
KOHEUHBIM 3BEHOM MECTHBIX JaHAIIAQTHBIX
COMPSAYKEHH A, B CHJIYy Yero HX cOCTaB OTPasKaer
reoxuMuuecKkne ocoOeHHOCTH BOJOCOOPHBIX
teppurtopuii. OcobeHHo Apko mogobHas 3a-
BUCUMOCTb NposiBisieTcsi B 6acceiiHaAX MaJbixX
pPeK, KOTopble CJyKaT OCHOBHBIMU LIPUEMHH-
KaM{ CTOYHBLIX BOJ U 3arPsI3HEHHOTO IMOBEPX-
HOCTHOTO CTOKAa C OCBOEHHBIX TEPPUTOPUIA.

B rakux Boporokax GpopMUPYIOTCA TEXHOTeH-
HbIE FeOXMMUYECKNEe aHOMAJIUU, KOTOPble 00bIY-
HO OTJIMYAIOTCA MOJM3JIEeMEeHTHBIM COCTaBOM,
T. €. MOBBIMIEHHBIM (AHOMAJILHBIM ) HAKOILJIEHH -
€M B JIOHHBIX OTJIOKEHUsIX OTIpeJleTIEHHOH rpyTI-
IMbl XUMUYECKHUX 3jieMeHTOB. [lanHy0 rpynmy
3JIEMEHTOB, XapaKTepu3yIollyio cOCTaB reo-
XHUMHUYECKON aHOMaJNU (COCTaB TEXHOTGHHOIO
3arpsA3HeHMUs) U, COOTBETCTBEHHO, F€OXUMU-
YeCKUN (MHUTpal{MOHHbIN) MOTOK, CBA3aHHBIN
¢ MCTOUHMKAMM BO3/IEHCTBUS HA UCCAEyeMbl i
BOJIOTOK, Ha3bIBAIOT TEXHOT€HHOI reoXuMuue-
CKOI1 acconuanmeii, pasjnyHble XapaKTepHCTHU -
KH KOTOPOI1 (npesKkjie BCero, coOCTaB 1 cTelleHb
KOHIEHTPHUPOBAHUS 3J€MEeHTOB) ompejess-
10T BKOJOTHYeCKoe CcoCTOsiHUe per [4]. Iro,
B CYIHOCTU, 0OYCJOBJINBAaET HEODOXOAMMOCTD
n3y4yeHUus ycJaoBUl POPMUPOBAHUA U COCTaBa
reOXUMHYECKHUX acconuannii 1 pazpaboTku
MPUHI[MIIOB UX HKOJOTHUECKON OL[eHKH.
WNccnenosanna 66111 BuIIOJHEHBI B Mo-
CKOBCKOU o6JjacTu B mpejejax OacceiiHa
p. [Taxpor (npaBwiit nputok p. Mocksst). Ilo
XapaKTepy CeJbCKOXO03sIICTBEHHOI'0O OCBOEHU s
uccaeoBaHHbie BOROCOOPHI (MJIM MUX YACTH)
MaJIbIX peK, OXapaKTepu30BaHHbIE COOTBETCTBY-
IOIUMI TEOXUMUYECKUMHI BBIOOpKAMHU, ObLIN
pasfiesieHbl HA O TPYMIL: &) ¢ KPYNHBIMHU }KUBOT-
HOBOYECKUMI KOMILTIeKcaMu; 6) KOMIIJIEKCHOTO
CeJbCKOX03511ICTBEHHOTO OCBOEHUA (3eMilefiesine
H KUBOTHOBOjUecKue (epMbl); B) B OCHOB-
HOM 3eMJieJ/[eIbUeCKOTr0 OCBOEHHS; T) ¢ pac-
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II0JIOKEHHBIMY B UX ITpeJiesiaX arpoliocEénKaMu;
1) ¢ 1auHO-Ca/IOBOJUECKNMU MOCEJEeHNSAMMU.
B ciryuae HeToUeYHBIX MCTOUHMKOB 3aTpsA3HEH U
B I1peJiesiaX Kaskoro Bofocoopa (1 ux yacrei )
oTOUPAJIOCh 10 Beell [IJIMHEe BOJIOTOKA (¢ 1arom
250 — 500 M) ne menee 50 npob (Bepxuuit 0 —
20 cM cJ0il) cynmecuaHbIX WJIM CYHeCYaHO-
WJINCTHIX PYCJOBBIX OTJI03KeHU 1. B 30He Biusinus
JKUBOTHOBOYECKUX KOMIJIEKCOB M CeJIbCKUX
nocesieHn#t oroop npobd (He menee 30) OHHBIX
OTJIOKEHHMU OCYHIECTBJAJNCSA HEMOCPEICTBEHHO
HUKe 00beKTa (HUIKe MecTa cOpoca CTOUHBIX
BOJ|) HA yyacTKaX pycia HpOTAKEeHHOCTbIO
B 200 — 300 m (c marom 10 — 15 m). B kauecrse
(OHOBBIX HCCHENOBATNCH OTJIOKEHHUA BOMO-
TOKOB B BepXoBbAX p. [laxpwl, ynanéuupx ot
IPSAMOTO BO3IEMCTBI S MCTOYHMKOB 3aTrpsA3HEH ST
(BbiGOpKa 00 mpo6). Or6op nmpob orioxeHni
OCYNIECTBJIAJICA TIAACTUKOBBIM COBKOM B GeJibie
MOJIOTHSAHBIE MEIIIOYKH; ITPOOBLI BHICY I BAINACH
Ha Bo3fiyxe (B TeHU), IPOCEUBATUCH YePe3 CUTO
¢ nuamerpoM orBepctuii 1 MM, KBaproBajuch
¥ TTOMeNaJNCh B OyMasKHbIe TTaKeTbl. X MMUKO-
aHAJIMTUYECKUEe McCieloBaHusA 1pob ocyliect-
BJIAJUCH HPHUOJUIKEHHO-KOJUYECTBEHHBIM
CTIEeKTPANbHBIM 3MUCCHOHHBIM aHAJW30M Ha
40 snemenros; F, As, Sb uccienosanuce ko-
JUYECTBEHHBIM CNeKTpaidbHbIM MeToj0oM; Hg —
aToMHOU abcopOineit (MeTo X0JI0/lHOTO Tapa);
Se — QyryopuMeTpuYeCKUM METOMIOM.

Jlns xapaKTepuCcTMKHM TEXHOTEHHBIX reo-
XUMHUYECKUX acCOIMAIUI UCTIONB30BAJICH KOM-
IIeKC cIeyIoNuX mokasarenaeit [6].

1. KoadpuimeHt KoHeHTpanum xumMmmuye-
cKoro sjaementa — K, XapakTepusyeT ypoBeHb
KOHIIeHTPUPOBAHUs BJIEMEHTA B JIOHHBIX OTJIO-
JKeHMAX (B 30HE 3aTPsA3HEHUSsI) OTHOCUTEJIbHO
ero ¢oHoBoro cojep:xannsa. Kosapdpunuenr
paccunTbhiBaercs 1o gopmyJie: H'(’. =C,/C, rne
C , - cpeansas KOHIlEHTPaUA I-ro dleMeHTa,
YCTAaHOBJIEHHASA JIJIsI JAHHON TeoOXUMUYeCKON
BpiOOpKu, C, — GoHOBOE coepKaHUe ITOTO
JJIEMEHTA.

2. Mopmysa reOXHMUYECKON acconnaimm;
XapaKkTepn3yeT KAYeCTBEHHBIN (3JI€MEHTHBDII)
COCTaB U CTPYKTYPY T€OXUMUYECKOI AHOMAJINH;
npefcTaBiasieT coboil ynopsjloueHHYIO 110 3Have-
nuam K .coBokynHocTh (paHKMPOBaHHbIN PAAJ)
aseMeHTOB. Hak nmpaBuio, acconuaius, Xxapak-
TepHasl JIJIs OTIPpeeJIEHHOTO BUA BO3/IENCTBUSA,
OTJINYAeTCs cBOEOOPA3HBIM COOTHONIEHUEM
snauennii i, anementos. Gopmyna acconuanun
usobpaskaercs, nanpumep, rak: Hg . -Cd -
Ag..-As. -7Zn, -Pb, -(Cu-Co-Sb).-Mo,-(Mn-

Ti)1_7—V]15, rjae NU@poBbie UHACKCH OKOJO

CUMBOJIOB 3JIEMEHTOB IpeaAcCTaBJIAIT UX H(,.

B reoxumuueckyo accouuainnio BRIOYAIOTCH |
aJleMeHThl co 3Hadenuamu I, ne menee 1,5 (nan- |
HbIIl yPOBEHb YUYUTHIBAET MIPUPOJIHYIO BAPUALHIO |
3JeMeHTa 1 BOZMOKHYI0 OHTMOKY ornpoboBaHus
U QHAJUTUYECKOTO UCCIEeIOBAHNS).

3. llokasaTens IV,; xapaKkTepusyer Kojuye-
CTBEHHBIA COCTAB TeXHOTeHHOT reOXUMNYeCKOn
accomainum (oTpaskaeT Yucjo BXOASAINX B Heé
3JIEMEHTOB).

4. HoappunueHT cpeiHero HaKoMJIeHUs
XMMHMYEeCKUX djeMeHTOB R,; 1pejcrasager co-
001 cpeHee apudMeTHUYECKOe CyMMbl 3HaUeHU N
K, anemenToB, BXONAIMUX B reOXUMUYECKYIO
accoIuanmio, U XapakTepnuayer CpeaHIon HH-
T@HCUBHOCTD TOJIN3JIEMEHTHON aHOMAJINH; pac-
CcUUTHIBaeTcs mo gopmysie:

rae K, — koappnunent konentpanun I-ro xn-
MUUECKOTO 3JIeMEHTa, L — YMCJT0, pABHOE KoJiuye-
CTBY 2JIEMEHTOB, BXOIAIINX B aCCOI{UATLINO.

9. CymmapHbIil 1TOKa3aTejb 3arpsi3HeHNs
Z,; npejicraBaseT coboil cymmy Kodppuumen-
TOB KOHIleHTpauuu K, s1eMeHTOB, BXOAAINX
B T€OXMMHUUYECKYI0 accoIluannio, oTpakaer
aJiIUTUBHOE TIpeBbIlIeHe (POHOBOIO yPOBHSA
TPYyNnond acCOMUMPYOUUXCA DIEMEHTOB U
XapaKTepu3yeT yPOBeHb TEXHOT€HHOTO 3arpsi3-
HEeHH s BOJOTOKA; PACCYUTHIBAETCH 110 U3BECTHOMN
dopmyae 10.E. Caera:

n
XK)-(n-1),
1=1

—_—

Z, =

rae K, — xoadduunent konnentpanun I-to
XUMHUUYECKOTO 3JIeMeHTa, I — 4YUCJ0, paBHoe
KoJImuecTBy sjaeMenTon (/V,), BXOIAIMX B acco-
[MaIMIO.

6. ITokaszarteab caHUTAPHO-TOKCHKOJO-
THYECKON OMacHOCTH Z .5 TIpejicTaBaseT coboi
cymmy KoddpunuenTos Konuentpannn K. oame-
MeHTOB 1-TO 1 2-10 KJIaccoB OMAaCHOCTH, BXOJIA-
UX B ACCOTUATINIO, VIS KOTOPBIX YCTAHOBJIE HbI
[1JIK B BO/te BOAHBIX 0OBEKTOB. JTOT 1TOKa3a-
TeJlb XapaKTepu3yeT cTelieHb MOTeHINAJbHOI
CAHUTAPHO-TOKCUKOJOTHYECKOT OIIAaCHOCTY JIaH-
HOTO YPOBHS TeXHOTeHHOro 3arpsaanenus. [lo-
KasaTeJb PacCUMTHIBAETCA MO TOM Ke popmyie,
4TO M Z,. (€ COOTBETCTBYIONLCN KOPPEKTHPOBKON
YUUTBIBAEMbIX 3J1€MEHTOB).

7. lokasartesib J10JIEBOTO yUacTUsi XuUMuie-
CKOTO 3JIeMeHTa B MeOXHMUYECKON accoiualum
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M %; orpaskaeT NpOUEHTHYIO A0JI0 y4acTus
3JIeMeHTa B aCCOLMAIMM 1 UCTOJb3yeTCa I
XapaKTePUCTUKU CTPYKTYPHI MOCJeHEeH; pac-
cuntbiBaercs o gopmyae: M % = [(K,—1) : Z ]
x 100%, rpe K, — koapuuuenT KOHIEHTPALUN
aJeMeHTa B JAHHOW acconuanuu; Z, — cyMmap-
HBIH TIOKa3aTeNb 3arPsSI3HeH U, XapaKTePHbIN I
3TOM Ke acCoInaInu.

8. XapaKTepUCTUKU YPOBHSA T€XHOTE€HHOTO
3arpA3HEHUA U er0 CTeMeH! MOTeHIIMANbHOM
CaHNTAaPHO-TOKCUKOJOTUYECKOM OTTaCHOCTH TIPHU-
BejleHbl B Tabaune 1. YkasanHas nrkana, paspa-
fOoTaHHas HA OCHOBE SMIUPUYECKOTO MaTepHraJia,
MOJIYYeHHOTO TIPHU COMPSAKEHHOM U3y4eHU U reo-
XUMUYECKNX aHOMAJINH B JOHHBIX OTIOMKEHUAX
U B pacTBOpPE PEYHbBIX BOJI, B CYII[eCTBeHHON Mepe
uMeeT 3KcHepTHBIN xapakrep. Tem He MeHee
ONBIT CBUIETENLCTBYET 00 3(pPeKTUBHOCTU €é
NpUMeHeHHs1, 0COOEHHO NP CPABHEHU U Pa3HBIX
PeK, YYaCTKOB UX pycJia, 0OBEKTOB U PailOHOB.
CreneHb CaHNTaPHO-TOKCUKOJOTHYECKOU OIac-
HOCTH TeXHOTEHHOTO 3arpA3HEHUSA B JAaHHOM
cyuae Oonpesiesifier TaKkKe 3HAYMMOCTD JJOHHBIX
OTJIOMKEeHN I KaK HCTOYHUKA 3arpA3HeHUs BOTHOM
(a3bl H BEPOATHOCTH TOKCUYECKOTO BO3JIeMICTBUSA
ux (KaK BelecTBa) Ha KUBbIe OPTaHU3MBI.

B arponangmadrax MCTOYHHKAMU MOCTY-
IJICHU S XUMHUYCCKUX 3JIEMEHTOB B BOOTOKH CJIY-
AT MUHEepaJibHble U OpraHuYecKne ynoopeHus,
MeCTHIUB, HeCTAHIAPTHBIE arpOMeMOPAHTHI,
OTXOJbl ¥ CTOYHBIE BOJbl JKUBOTHOBOJUYECKUX
KOMILTeKCOB U (pepM, BHIOPOCHI M CTOYHBIE BOJIbI
HpeaIpUATHIA MO MPOU3BOACTBY KOMOMKOPMOB
1 NMepBUYHON NepepaboTKe arpoNnpoayKINH,
BLIXJIOIBI aBTOTPAHCIOPTA, BHIOPOCHI, OTXO/BI

W CTOUYHBIE BOJABI CEJILCKUX HACEJIEHHBIX IyHK-
TOB, PEKPealMOHHbIX 00'bEKTOB U MAaCTEPCKUX
N0 PEMOHTY CeJbCKOXO3AWCTBEHHOU TEeXHUKHU
[7]. OcHoBHBIE CIOCOOBI MOCTYILIEHUA 3arpA3-
HAOIUX BellecTB (B pacTBOpe BOJ M B COCTaBe
TBEPJOT0 B3BEIIEHHOTO MaTepuala) B BOAHbIE
00BEKTEI — cOPOC CTOYHBIX BOJI ¥ TOBEPXHOCTHBIN
(B TOM 4HcCJIe BHYTPUIIOYBEHHBIN) CTOK C BOJO-
cOOPHBIX TEPPUTOPUTA.

C 3K0JIOTO-TeOXUMUYECKUX MO3UIHH B arpo-
nanamadTax ocodbyo posib UTpaeT NpUMeHeHUe
dochopHbIX yToOpeHuil, KOTOpbie, KPOMe «3Ke-
JlaTelbHOro» hocdopa, B MOBBIIIEHHBIX KOJNYE-
CTBaX COJIEPyKAT OOIIMPHYIO Py XUMHYECKUX
aneMenToB. Tak, B ynoOpeHUAX B MOBBIIIIEHHBIX
KoauyecTBax Kounenrpupywores F, As, Sn, Cd,
Y, La, Ce; HekoTopbie BUAbI YIOOpPEeHN, KpOMe
TOTO, OTJIMYAIOTCA 3HAYUMBIMU CONEPKAHUAMU
Sr, Pb, Ba. C kaauitHsIiMu yoOpeHUAMU CBA3A-
Ha nocraBka Mo, ¢ asorusimu — As, Cd, Hg, Co,
Mo, Pb, Sn, ¢ KOMIJIeKCHBIMHM y[IOOpeHUAMHU
u Mmukpoynobpenusmu (B, Mo, Cu, Zn, Mn, Co),
necrunuaamu (Hg, Cu, F, Sn, Zn, V, Mn, As, Pb),
C OpraHMYeCKHUMHU yJ0OpeHuAMHU (HEKOTOPbIX
TsAKeabIX MeTasuioB). [Tpn o6paborke mous arpo-
TeXHUKOM mpoucxonurt ux sarpsasuenue Fe, Cr, V,
Ni, V, Cr, Zn (BBIXJIONBI IU3€JbHBIX YCTAHOBOK,
WCTUPAHUE MEXaHM3MOB U IIINH).

Bce Buibi 0TX0M0B, 06pa3yoNuXcs B 5JKUBOT-
HOBOJICTBE M NTHUIEBOICTBE, XapaKTePU3YIOTCH
noseilieHHBIMU cofepskanuamu P, Hg, W, Sr,
Zn, B menbineii crenenn — F, Bi, Ag, Cu, Mo, B.
INpucyrcrsne Hg, W n Mo B cyiiectBeHHO# Mepe
00YCJIOBJIEHO MTOMAJIJaHUeM B OTXO/[bI BbINIEAIITAX
13 CTPOSi PTYTHBIX JaMI, NpubOpPOB U JaMIl Ha-

Tabanna 1

OpueHTHPOBOYHAA LIKAJA OLIEHKN 3arpsi3HEHNsI peK M0 HHTeHCHBHOCTH HAKOIJIeH!A XUMIUYeCKUX
3JIeMEHTOB B JOHHBIX OTJIOKeHHAX [6]

Yposenb Crenenb caHUTaAPHO- CopeprkaHne TOKCHYHBIX
Z, Z., TeXHOTEHHOTO TOKCHKOJIOTHYECKOMH 3;IeMEHTOB B PACTBOPE PEYHBIX
3arpsAsHeHUsI OMaCHOCTH BOJ,
. BoabuimHcTBO B npepesax
<10 <10 Cnabwbiit [onycrumasn pen
¢ona
MHuorne noBbiIeHbI OTHOCUTE b-
10 - 30 10 - 30 Cpennuii YmepeHnHas HO (DOHA; HEKOTOPbIe ANMH30uYe-
cku pocturator [1JIK
. Muorue 3amerno Bbilie (oHa;
30 - 100 | 30 - 100 Bricokmuii OmnacHas pona;
Hekoropsie npessbiinaior [TJIK
MHorue Bo MHOro pa3 BhILLEe
100 - 300 | 100 - 300 QOueHb BBICOKMIA Ouenb onacHas ¢oHa; HeKoTOpBie CTabUIbLHO
npesbimaior [TJ1K
. BoapmuncTBO BO MHOTO pas
YpessrivaiiHo U .
> 300 > 300 o Ipe3Bbiuaiino onacHas | Boline poHa; MHOTHE CTAGUIBHO
BBICOKHIi
npesbiraior [TJIK
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KasuBaHusa. EcTh cBemedHuss 0 3HAYMMBIX
YPOBHAX PTYTHM B KOMOMKOpMAaX, HCTOUHUKOM
KOTOPOU CJYKUT PhIOHAST MYKa, TOTOBSAIIASCH N3
MOPCKOU pbIObI, OTIIMYAIOLIeTICA MOBbIIeHHbIM
cojlep:kaHuneM 3toro Metanja. Harkonaenne
B 0TX0jlax 1 cTokax Sr, F m Sn o6ycnosieno
ynorpebJeHneM B KauecTBe KOPMOBLIX 1004BOK
docdaros, kotopsie cocraBasior 10 0,8 — 1,5%
ob11ero Beca KOMOUKOPMOB M OTHOCHUTEJILHO
oboraieHbl, KPOME YKa3aHHbIX 3JIEMEHTOB,
P, As, Cd, Y, La, Ce u Pb. B cocraB tTunosnix
PalMOHOB KOPMJICHMS CeIbCKOX03MCTBEHHbIX
JKUBOTHBIX 100aBAAIOT coenuaenns Zn, Mn, Cu,
Co, J, unorga F, B, Se, Mo. IlosblmieHHBIMUT
yposusimu Zn, Cu, As orjimuaercsa MACOKOCTHAA,
pbiOHas U KpujeBas MyKa. B skuBornoBogcTse
NPpUMEHSIOTCS AaHTUCENITHKY, COlepsKalye pas-
andHbie MeTanabl. CTOuHBIE BOABI JKUBOTHO-
BOJTYECKUX KOMTIJIEKCOB IPECTaBIAIT cobOM
CTOK, COCTOSILIMN M3 KUIAKOTO HaBO3a, MpPo-
N3BOJACTBEHHBIX, ObITOBBIX M JPEHAKHBIX BOJ,
cusocHOro coka. Hak npasuno, oun cogepsKar
B noBbimennbix Kourenrpanusax Cu, Mn, Zn,
Fe, B, Mo, W, Hg, Sr, F u gpyrue asemMeuTo.
[locsae ocBerneHnst B OTCTORHUKAX W TIpejiBa-
pUTeNIbHON 00pabOTKHU CTOKM cOpachiBalOTCs B
BOJIOTOKM WJIM MCTOAB3YIOTCA [/ OPOIeHUs
yroanii. OObIYHO OHM OTJNYAIOTCH BHICOKUMU
COJlePKaHUAMHN B3BECIICHULIX BeIlecTB, YTO
onpejensier ceoeobpasne GOpMHPYIOMIUXCA B
pycaax pex oTjojKeHnuil.

Takum o6pazom, NOTEHIMAIBLHO KA4eCTBEH -
HbIIT COCTAB OCHOBHBIX TTOTOKOB 3aTPA3HAIONINX
BeuecTs B arpoaaniradrax pasnoobpasen. Xu-
MHUYECKHE DJIIEMEHTDHI, TIPUCYTCTBYIONNE B 3K/ -
KOW 1 TBEPOT YACTN TAKUX TIOTOKOB, B KOHEYHOM
cYéTe NMOoCTYHAlOT B BONOTOKM U HAKAIJIMBAIOTCS
B JIOHHBIX OTJIO}KeHAX (Tabn. 2).

MakcuManbHble 3HAYCHHUA KOJUYeCTBeHHbIX
XapaKkTePUCTHK TMeOXMMUYCCKIUX acCOLUaIui
TUITYHbBL [T 30H BO3JCHCTBUA KPYIHBIX }KUBOT-
HOBOJLUECKUX KOMILIEKCOB, rjie (hopMupoBanne
MONdIeMeHTHBIX anomanuii (V, = 16 — 20)
CBsI3a10 C BJUSIHMEM CTOUHLIX BOJ. 3[ech A
psna snementos HabmofaloTes Bbicokue K, uto
HaXOUNT OTPasKeHye B OTHOCHUTEbHO IOBLIIIeH -
HbIX 3Havenusax R, (2,5 — 3,3). O6pamaer na
cebs BHUMaHNe OJU3KUI KayecTBeHHbII cocTan
acconmanuii (npu sBeaynieii poan Hg, Ag, 7Zn,
Se, As, P). XapakrepHo TakKe HaKoIjeHue B
pounbix orioskenusax Cd, Cu, Mo, Sr, W. Muo-
re 13 YKa3aHHBIX HJI€MEHTOB MPUCYTCTBYIOT B
«aHOMAJNILHBIX» KOJHMYECTBAX B OTXOJAaX U CTO-
Kax JKHUBOTHOBOAYECKHUX OOBEKTOB. 3HAUYCHUSI
nokasatens Z,. onnpeaensiorT BLICOKMIA ypOBeHb,
anokasartens Z,.. — onacHyio cTelieHb CaHuTapHo-

TOKCHKOJOTUYECKOH BPeITHOCTU TeXHOTEHHOTO
3arpsA3HeHUS PeK.

B mouHBIX OTHOMKEHUAX peKk paHOHOB KOM-
MJIEKCHOTO CeabCKOX0351HCTBEHHOTO OCBOEHUS
TaKKe HAKAIJIMBAeTCA IUPOKUI KOMIIJEKC
snementos (IV, = 13-22). Ho 3aeck, Bo-niepBbIX,
y#e npeobnajpaior Te u3 Hux, K, KoTophIX
B OCHOBHOM HaxopuATcs B npepenax 1,09-3, yro
obycyioBInBaeT HeBbIcOKMe 3HaYenna R, (1,4 —
1,8). Bo-BTOpHIX, B cocTaBe accoiiuaumnii JOMU-
Hupyortantodpuabasie snementsl (F, Sc, Nb, La,
Y, Yb, Mn, Sr, V), x0T 1O0CTaTO4YHO UHTEHCHUBHO
HakammmBaiorces gocdop u xanbroduasasie Hg,
Ag, Sn, Ga, Cd. Tuninmuno npucyrcrsue Cu, As,
Se. Itu asemenTsl b0 HesenanpasieHno (P),
aunbo B BUE HesKeJdaTeJbHBIX NMpuMeceit (ripe-
JK/e BCEro, JUTOMUIbHbBIE 37I€MEHTbI) BHOCHTCS
¢ ynoOpeHnsiIMI M arpoMeJInOPaHTaMM, a TaAKKe
HOCTYIAIOT ¢ OTXOJAaMH M CTOKaMU TOYEYHBIX
NCTOYHUKOB ((hepMbl, PEMOHTHBIE MacTepCKUe
M T. I1.). 3HayeHNs NoKasarens Z,.. onpeje-
JISI0T YMEPEHHYIO CTeHeHb CAaHUTAPHO-TOK-
CMKOJIOTMUECKOIT BPEIHOCTH, a NoKasaTens Z . —
NPeNMYIIeCTBeHHO CPeAHNNA YPOBEHb TEXHOTEH-
HOTO 3arpsAASHEeHNSA PEK HTUX PailoHOB.

Acconuanuy B JOHHBLIX OTJOMKCHUAX PeK
3eMJIeleJIbUCCKUX PAllOHOB 3a KOHOMEPHO OTJIN-
4aloTCs MeHee MHTCHCUBHBIM HAKOTIeHneM Ag
n 6osiee BeICOKIM copiepskaninem Mn u P. 3nech
HabJ1o1aeTcss foIycTnMasi crernenb caHuTapHo-
TOKCHKOIOTHYECKON BPEJIHOCTH U CPEJITHUN yPO-
BeHb TEXHOTEHHOTO 3arpA3HEeHUA PeK.

B 30me BAMAHUSA arpornocenika B peuHbIX
OTJIO}KEHHAX YCTAHOBJICHO HaKoMenue Ag (Tu-
MTMYHOTO XUMHYCCKOrO HJIEMEHTa MPaKTHUYEeCKN
J10001 TEXHOTeHHOIl aHOMaJInN), B MeHbIIeil
crenedu Co n P. 910 onpenessier 6ojiee BbiCO-
KHe, HeMKeNn U1 PeK 3eMJie/le/lbYecCKuX paio-
Hos, snauenus R (1,7 — 1,8), Gonee Bricokue
3Hauenua Z,. (oTBevaioliye cpejiieMy ypoBHIO
3arpsA3HeHns) 1 yMepenmylo ¢cTelieHb CAaHUTapHo-
TOKCHKOJOTHUYCCKON BPEHOCTH T€XHOTEHHOTO
3arpsi3HeHus.

CBoeobpasHbl reOXMMUYECKUEe acCOMang
B JIOHHBIX OTJIOKEHNAX BOAOTOKORB, IPEHUPYIO-
HUX IAYHO-CaJ0BOUECKNe MOoceJeHus. 3aech
Beayinas poiab npuHajie:kur P u Mn, xapak-
TepHo npucyrcrBue Sn, Mo, Zn, Hg, Pb, uto
SIBJISIETCSI CAICCTBHEM IPUMEHEeHU s 11eCTUIU0B
1 HECTAHJ@PTHBIX arPOMEJIMOPAHTOB, BJINSAHUSA
OBITOBBIX OTXOMOB. bonee nHTeHcnBHOE Ha-
KOTIJIEHNME B OTJIOKEHUSAX 3JIEeMEeHTOB 3 Kiacca
OIacHOCTYU 0OYCJOBIMBAET ONYCTUMY1O CTEIIEHb
CAHUTAPHO-TOKCUKOJIOTUUECKON BPEJHOCTH
3arpsA3HEeHHUs MPU ero cTaOMIBLHOM CpejiHeM
ypOBHE.

1 npuknauan oxozorn Nit, 2009
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ATPO9ROJIOIA

Pacuérbl noxkasareas M(;% CBU/IETEIBCTBYIOT
0 TOM, 4TO TOJBKO aHOMAJUH, 00YCIOBJIEHHbIE
BIUSAHUEM JKMBOTHOBOJUECKUX KOMILJIEKCOB
1 arpornoceyKoB, OTINYAIOTCA HATUYHEeM 3JIeMeH -
TOB — AABHBIX «JIUJIEPOB» IO J0JEBOMY Y4aCTHIO
B acconualuu: B 1iepBom cayuae — ato Hg, Ag
n 7Zn (B cymme cocrapasone 96 — 59%); o
BropoMm — Ag (32%), oruactu Co (11%) n P
(7%). O6BIYHO 3Ke TeOXMMUYECKHEe acColnalinu
BKJIIOUAIOT 3JIEMEHThI, XapaKTepPU3yoIiuecs
bonee nam menee paBHbIMU 3HaveHuaAMu K,
(uaie Bcero B nipegenax 1,0—3). B 6oabmuncrse
clly4yaeB CTeleHb MOTEHINAJTbHON CAHUTAPHO-
TOKCUKOJIOIMUYECKON BPEJHOCTM TEXHOTEHHOTO
3arpsAA3HEHUs OTpeieIAeTCA MHTEHCUBHLIM Ha-
KOIJIeHUEeM B JIOHHBIX oTiokeHusnx Hg u Ag.

Takum o6pasom, XapaKTEepUCTUKHU reo-
XUMUYECKUX aCCOTMATMIA B JOHHLIX OTJIOMKE-
HUAX BOJIOTOKOB arpojlaHjmiadToB OTPaskaioT
crnennduKy X031HCTBEHHOTO HCIOJb30BAHUSA
BOJ0cOOPHBIX TeppuTopuii. B cocras accouna-
U BXOJIAT 3JeMeHTH 1-ro Kiacca onmacHocTu
(crabunbno Hg, ouenn penko Be), 2-ro riacca
omnacHoctu (crabunsno Ag, As, Cd, F, Mo, Pb,
yacto Ba, Co, Se, Nb, unorna Bi, Sb, Sr, W),
3-ro rkaacca onacuoctu (Cr, Cu, Mn, Ni, V,
Zn). OpHaKo TSI MHOTHX 3JI€MEHTOB TUIHYHLI
snavenusa KB mpenenax 1,5-7; Tonbko B 30HaX
BIVAHWSA }KUBOTHOBOJUCCKUX KOMIIICKCOB JIA
Hg n Ag onn 3amerno soime. [luis 30u Bosgei-
CTBUSA JKMBOTHOBOYECKNX KOMILIEKCOB TUITMYHO
WHTEHCHBHOe HaKoIlJleHue B omynoskeHusax Hg,
Ag, Zn, As, Se, P, B menbmienn crenenn — Sn,
Mo, Cd; ps paitoHoB 3emiieensa U KOMILIEKC-
HOTO CeJILCKOXO035CTBEHOTO HCMOJIb30BAHUSA —
P un Ag, nnorma As, Mn, Sn, Cd; sonn Binsanus

arporniocénka — Ag, Co n P, B Menbmien crenenn
V, Bi, Ni, Zn, Pb; naunoro nocéaxka — P, Sec,
Ga, Sn, Mn. Haubonninas crenesnb caHUTapHO-
TOKCUKOJIOTUYEeCKOH BpesHocTH (omacHas)
1 HanboJiee MHTEHCUBUBII YPOBEHD 3aTPsA3HEHNA
(BbICOKMIT) XapaKTepHBI JIJIs1 YIaCTKOB peK, nc-
IBITLIBAIOIIMX BO3JEICTBUE KUBOTHOBOLUECKIX
KoMTLIeKCOB. Bootoku npyrux cenbckoxossii-
CTBEHHBIX TEPPUTOPHIl OTAUYATOTCS YMEPEHHOM
CTeNeHbI0 CAHUTAPHO-TOKCHKOJIOIMYeCKON Bpeji-
HOCTH M MPEUMYIIECTBeHHO CPEeJHINM yPOBHEM
3arpA3HeHus.
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