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BJIMSAHWE ITPOI[ECCOB KOMILTEKCOOBPA3OBAHVA
T'YMYCOBBIX BEIIECTB HA ®OPMbI MUTPALIVN METAJIIOB
B IIPMPOJIHBIX BOJAX 30H CEBEPHOW TAMIV ¥ JIECOCTEITN
TIOMEHCKOW OBJIACTH

AHHOTAILIH . Paboma nocesuiena oyerKe 8AUSHUS KOMNAEKCO0Opa308aHUs LOHOB
MEmanios ¢ 2YyMycosbiMU Bew,eCmeamu npupooHslx 600 Ha pacnpedesexue Memanios
no gopmam. [Ipumererol rumepamyprole OGHHbIE O BEAULUHAX YCLOBHOLX KOHCMAHKM
ycmotiuusocmu KOMNLEKCO8 04 ONUCAHUSL AKMUBHOCMU MEMANNA 8 NPUPOOHbLX Cpedax.
Paccmomperolr pasiuirvle n00xo0bl K OUeHKe KOMNIeKcoobpasyrujux cnocobrocmel
UOHOB Memaio8 8 NPUPOOHbLLY 800AX, CMENEHU UX MOKCUUHOCMU U MUSDAYUOHHOL aK-
musrocmu. [Ipoananusuposarsl 0CoObeHHOCMU XUMULECKO20 COcmasa 600 30H aecocmenel
U cegepHol matieu U CNPOSHO3UPOBAHO BIULHUE IMUX OcObeHHOCcmell Ha pacnpedeseHus
memannos no gopman. [lpusedeno. peayromamol paciemos ¢ yuemom nPOmeKaHus KOH-
KYPEeHMHbIX PeaAKYULl 3G Cuem HAAUUUSL 8 CUCMeMe PA3IULHbLY KAMUOHOE8 U AHUOHO8 05
600 30HbL ceseproll maileu u necocmenetl Tromenckoll obaacmu. [lokasaro, 4mo pesyio-
mamol umerom 3Hauerue 04 onpeoeserus cmeneni MoKCULHOCmu 600 Npu 3a2PA3IHEHUU
UX UOHAMU MEMmAi08, U NO3B0LSLIOM BHECMI KOPPEKMUBLL 8 HOPMAMUBHL KAYECMBEa 800
(ITAK) ¢ yuemom npoyeccos urAKMuUsAUUL MEMAailo8 eYmyCco8bIMI Beljecmeamu 800.

SUMMARY. Work is devoted assessing the impact of complexation of metal ions
with humic substances of natural waters on the distribution of metals into molds. Applied
to published data on the values of the conditional stability constants of complexes to
describe theactivity of the metal in the environment. The different approaches to the
estimation of complexing ability of metal ions in natural waters, the degree of toxicity
and migratory activity. The features of the chemical composition of water and forest-
steppe zones of the northern taiga and predict the impact of these characteristics on
the distribution of metals into molds. The results ofcalculations based on the flow of
competitive reactions due to the presence in the system of various cations and anions for
the water area of the northern taiga and forest Tyumen region. Shows that the results are
important for determining the toxicity ofwater pollution in their metal ions, and can make
adjustments to the water quality standards (WQS) with the process of inactivation of
metals humic substances waters.

* Paboma evinoanena npu gurarcosoli noddepacke lpasumenscmea Poccuiickoi Dede-
payuu, nocmanogaenue Ne 220 om 09 anpens 2010 e. «O mepax no npusieweruto 8edyujux
YyueHvlx 6 poccuiickue obpasosamenvhvie yupencoeHus 6vicuieeo npo@peccuoHalbHoeo
obpasosanus» (doeosop Ne 11.G34.31.0036 om 25.11.2010 ¢.) u npu noddepaxcke Munucmep-
cmsa obpazosarnus u Hayku P® e pamkax PLI «HayuHole u HayuHo-nedacoeuiecKue
Kadpol unHosayuorHot Poccuu» na 2009-2013 eodvl (coenrauwenue Ne 14.B37.21.1255)
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KJIIOYEBBIE CJIOBA. I'ymycossie selecmsa, KOMNIeKco00pas3o8anus, opmol Ha-
XO0%HCOeHUS MEMANTO8.
KEY WORDS. Humic substances, complex, forms of occurrence of metals.

ITpupozrHble BOABI Kak CJIOXKHEHIIHe MHOTOKOMIIOHEHTHBIe TeTepodasHble I0-
JIMIUCIIEPCHBIE CHCTEMBl XapaKTePU3YIOTCS PA3JIUYHBIMU (POpMamMK HaxoxaeHns TM
B HUX [1-6].

ITpoueccsl B3aUMOZEHCTBHS KOMIIOHEHTOB B BOJAX MHOTOOOpasHbl: THAPOJH3,
MOJIMMepU3aLysl, 00pasoBaHKe KOJUIOUIIOB M B3Beced, KOMILIEKCO0Opa3oBaHue. ITH
U MHOXECTBO JPYTMX peakUHMd 00yCJaBIHMBAIOT OJHY M3 I[VIaBHBIX OCOOEHHOCTEeH
cocTaBa IIPUPOAHBIX BOL — IIPUCYTCTBHE B PACTBOPE Psifia COCYIIECTBYIOLIUX XUMHU-
yeckux (opm IJd Kakaoro KommoHeHTa [1-4]. Xumuueckue (hOpMbl 3J€MEHTOB
pasnuyarTCs 10 MUTPALMOHHOH CIOCOOHOCTH, peakLMOHHOH CIOCOOHOCTH, YCTOH-
YUBOCTH B IIPUPOAHBIX BOAAX.

B cymMmy coCTOSHHE MeTaJslJIOB B IIPUPOAHBIX IIOBEPXHOCTHBIX BOAAX BKJIIOYEHEL
pasnuuHble daspl U OMOCHUCTEMBl U METAJLT PefKO ocTaeTcsl B ofiHOH (hase. [Ipu us-
MeHeHHH (PU3UKO-XMMHYECKHUX YCJIOBUH ITPOMCXOIUT MlepeMellieHre MeTajljla U3 OLHOM
assl B 1pyryio [1-4], [6-18]. B 3aBucumocTy ot ycaoBu# cpesibl (pH, oKUCIUTENBHO-
BOCCTaHOBHTEJIBHOIO TIOTeHLMaJIa, KOJUYeCTBa JUraHAa U APYTUX (PaKTOPOB) MeTal-
JIBl CYLIECTBYIOT B PasHBIX CTelleHSX OKHUCJIEHHS M BXOIAT B COCTaB PA3JMYHBIX
coenuHeHui. Kpome Toro, Bce MeTasibl B BOLHOH (ha3e CTPeMSITCS K PaBHOBECHOMY
COCTOSIHHIO, NP KOTOPOM (DOPMBI COCYILECTBYIOT B COOTBETCTBHH C HX (DU3HUKO-
XUMHYEeCKUMH 0COOEHHOCTSIMH.

V3yueHue 1poLeccoB KOMILIEKCOOOPa30BaHUS METAJJIOB C [YMYCOBBIMH Bellle-
creamu (I'B) Bozm, XOTS M He naeT MOJHOM KapTHHBI paclpeliesleHUs MeTaJlIoB 110
(opmam, T03BOJIIET IPOrHO3UPOBATh HOJIO PACTBOPEHHOHM M KOJJIOMAHOH (hopm
KOHKPETHBIX MEeTaJLIOB U, KaK CJIeACTBHe, YPOBeHb TOKCHYHOCTH BOA. PacTBopeHHas
(opma MeTasJIOB XapaKTepHa B IPUPONHOH Cpelle JIMLIb JAJIS He3arpsi3HEHHBIX BOJ
C MaJioil MyTHOCTbIO (copepxkaHue B3Beceit menee 5-10 mr/m) [1-4], [9]. UctunHO
pacTBOpeHHble (DOPMEL [Tpe/ICTaBIeHbl CBOOOJHBIMU aKBa-MOHAMU MeTaJlla, HOHHBIMU
napamy, MeTaJIOOPraHUYeCKUMHU U HHU3KOMOJIEKYJISIDHBIMU OPraHUYeCKUMH COe/lU-
HeHussmu. Huskue 3nauenus pH u Eh, HeGoJblive KonnMyecTBa B3BECH, BBICOKOE
cozepxkanue I'B [1-4], [10-18] criocobCTBYIOT pacTBOPEHHUIO METAJLIIOB, CYIIEeCTBOBA-
HUIO UX B HOHHOH (popMe.

HonHble opmbl [6-8], kKak HanboJsee MOABUKHBIE U XUMUYECKH aKTUBHbIE, 00-
JlafaloT HauboJblIel TOKCHYHOCTbIO. [103TOMYy aHOMaslbHO KHCJble BOIBI OMHUMO
HeIOoCPeICTBEHHOTO OTPHULIATENBHOTO BJIMSHUS TPAHCIIOPTUPYIOT B IOBBILIEHHOM
KOJIN4eCcTBe MHOTHe HOHbI MeTasnoB. Katuonsl Cr(IIl), Hampumep, MOTYT TepeHo-
CHUTbCS JIMLIb B BECbMa KHUCJBIX CpellaX U OCaXKAAIOTCS IIPH IIOBBILLIEHHOH Ies04-
HOCTH [5], [12-18]. M0OXXHO TOBOPUTb O TOM, UTO KHCJBlE U CJIaOOKUCIbIE PACTBOPHI
c pH<6 OGuaronpuarHbl AJs NepeHoca OOJBIIMHCTBA MHUKPO3JEMEHTOB B (opme
MOHOB. YBesndeHHe pH cpezibl B OCHOBHOM CIIOCOOCTBYET CHUXKEHHIO TIOJBHKHOCTH
3a CyeT OCaxKeHHs, KaK yKa3blBaJoCh BbIILE.

Kommekchl metasios ¢ I'B B 3aBUCUMOCTH OT MOJIEKYJISIDHOR MacChl IIpe/iCTaB-
JISIOT COO0H pacTBOPeHHbIE U KOJIJIOMAHBIE ()OPMBI, KaK YKa3blBAJIOCh BbILIE, KaXKaas
U3 KOTOPBIX XapaKTepHU3yeTcs Olpe/ieleHHOH CTelleHbl0 YCTOMUMBOCTH. M3MeHeHue
ycroituuBocTH KomiiekcoB TM ¢ I'B onpepiesisteTcsi, Bo-MiepBbIX, (PU3UKO-XUMUYECKUMHU
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0COGEHHOCTSIMHM METAJLJIOB, BO-BTOPBIX, KAYeCTBEHHBIM COCTABOM OPraHUYeCKOH KOM-
MOHeHTH [12-13], B TpeTbUX, MoJeKyJasipHbIM BecoM B [1-4], [9].

BakHy1o posib B Ipoliecce KOMILIEKCOOOPa30BaHUsI HOHOB MeTaJIJIOB UIPAIOT KOH-
LEHTPALMH Pearupyrolux BelllecTB. B pabote [9] ¢ MoMOIIbI0 MaTEMATHIECKOTO MO-
NeJTMPOBAHHS BbISIBJIEHB OCOOEHHOCTH TIepPeIBHXKEHHST MeTaJIIOB B TIOYBEHHBIX BOZIAX:
murpauuss Mn(Il) u Cu(Il) onpenensieTcss B OCHOBHOM HX OpPraHWYeCKHMH COeTHHe-
HUSIMH, CBSI3b TIOABIKHBIX (popm Ph(IT) ¢ comepxaHuem rymyca BeJiMKa JIHIIb B BOC-
cranoButenpHou cpene. Coenunenus Cr(IIl) ¢ opraHnYecKUM BeILleCTBOM JIETKOIO/-
BYDKHBI U TI03TOMY BBIHOCATCSI U3 TIOUBEHHOTO MPO(UJIS B BOAHYIO CPELy.

O6o61as JuTepaTypHble JaHHbIE, MOXKHO YTBEPXKIATh, YTO OJHUM H3 BaXKHBIX
MPOIIECCOB, OTPENENTIONMX MUTPALMOHHYIO CIOCOOHOCTE MHUKDO3JEMEHTOB B TIO-
BEPXHOCTHBIX BOJIaX, BJISETCS B3aMMOJIeHCTBHe NOHOB MeTasliioB ¢ [B Boz, KoTopoe
OKa3bIBaeT CYIeCTBEHHOEe BJIHUSHHUE, KAK Ha TIOBUKHOCTh, TAaK M Ha pacrpefiesieHHe
MeTaJIJIoB TI0 (hOpMaM.

Lenbio POBOAUMOK paboThl OB TEOPETHUECKHH pacyeT (hOPM HaXOXKIEHUS Me-
TaJIJIOB B MIPUPOIHBEIX BOAAX 30HBI JIECOCTENM M CEBEPHOM TaWTH MO pe3yJbTaTam jie-
TaJbHBIX WCCJENO0BAHWH MPUPOAHBIX BOAHBIX OOBEKTOB HA TEPPUTOPHH TIOMEHCKOH
ob6sactu. B xome paGoThl OBLIM MCTIOJIb30BAHBI CAEAYIOUINE TTOKA3ATENN: COlepXKaHUe
MOHOB METaJIJIOB,KOJUUECTBO OPraHMIeCcKoro BelllecTBa Boj, pH, copepxaHue Heopra-
HUYECKUX aHWOHOB. B X0Jle pacueToB yUUTHIBAJIOCh MTPOTEKAHHEe KOHKYPEHTHBIX Peak-
IIUH, MaTeprabHBIH OalaHC U 3JeKTPOHEHTPANTbHOCTb CUCTEMBL. JlaHHbBIE 00 YCJIOBHBIX
KOHCTaHTaX KOMILJIEKCOB METAJIJIOB C TYMYCOBBIMH BEIIECTBAMH OBLIH HCIOJb30BAHBI
U3 paboTsl [18] ¢ yueTom crielUKU TYMYCOBBIX BelllecTB. B Tabj. 1 mpencraBieHbl
oflye mapameTpsl, BIUSIONIME HA pacripefieieHde MeTasioB 1o (opmam, B Tabi. 2
MOKA3aHO COfiepXKaHHe METaJJIOB B MPUPOIHBIX BOJAX.

Pe3ynomamot u ux obcysicoenue. Kaxxapiil IpUPOIHBIE BOLHBINH 00BEKT — HHIH-
BHJlyasbHast XUMHYECKast CHCTEMA, B KOTOPOH MHOXECTBO (DAKTOPOB BJIMSET Ha (HOPMBI
HaxOXIEHUS MeTaslsioB. M3 OCHOBHBIX MOXHO BbiiesuTh pH cpepmsl, Koimdectso I'B,
XUMHYECKMH COCTaB MPUPOAHBIX Bojl. Hannuue B crcTemax HeEOPraHUYECKMX aHWOHOB U
KaTMOHOB BJIMSIET HA MPOLIECC KOMILIEKC000pa3oBaHus ¢ ['B, 3a cuer mpoTeKaHHst KOHKY-
PUPYIOIIUX peakui. AHAJIN3 TUTEePATyPHBIX AAHHBIX U MOJyYeHHbIE HAMH IKCTIEPUMEH-
TaJIbHBIE U PACUeTHBIE Pe3YJbTAThl BBIBUIM TAKXKe BJIHSHUE (YHKIMOHAIBHBIX 0COOEH-
HOCTeH TYMYCOBBIX BEIECTB PA3JHUYHBIX TIOYB HA (DOPMY HAXOXKJIEHUS METaJIJIOB.

[TpupoaHble BOABI 30HBI CEBEPHOHM TAWTM XapaKTepuayloTcs Gojiee HU3KUMHU T10-
Kasatessimu pH u o61edt menogHoctd (TabJ. 1), 4em BOABI 30HBI JIECOCTEIH, UTO BJIM-
SeT Ha paclpeesieHHe MeTaJIOB, CKJIOHHBIX K THAPOJHU3Y. K TaKOBBIM OTHOCATCS
AJIIOMUHUH, MeJlb, HUKeJb. TakKe TaHHBIA (PAKT BAMSET HA 00pa30BaHKe KapOOHATHBIX
KOMILJIEKCOB MOHOB IIEJIOYHO3eMENBHBIX MeTaJlIoB. Ec/i B IPUPOIHBIX BOAIAX JIECO-
CTEMHOM 30HBI (TabJ. 4) GoJblasg yacTb IIEJOUHO3eMEeJbHBIX MeTasJioB CBs3aHa B
KapOOHATHBIE KOMILJIEKCHI, TO B BOIAX 30HBI CEBEPHOU TaHru 00Jiee paclpoCTpaHEHbI
HOHHBIE (DOPMBI HAXOXKAEHUS MeTasyoB. COriacHO TMOJTYUeHHBIM JJAHHBIM, CTPOHIIUH,
KaK TpeJICTaBUTENb IIEJOUHO-3eMeJbHBIX METAaJJIOB, HAXOMUTCS B MOHHOH (hopme B
MPUPOAHBIX BOAAX YKa3aHHBIX 30H. Hu3kue KOHIEHTPALMH IIeJ0YHO3EMEbHBIX Me-
TaJJI0B B MIPUPOJHBIX BOJAX 30HbBI CeBEPHOU TaWTH (Tabs. 2) B MPUCYTCTBUU BBICOKHX
(>100 MKr/J1) KOHIEHTpAlMH aJIOMUHHS U JKeJe3a CIOCOOCTBYIOT HH3KOMY CBSI3bI-
BaHMI0O MOHOB KaJblM W MarHus C TYMYCOBBIMH BeI[ECTBAMH BOJ, OCOOEHHO MpH
COfIepXKaHUH OpraHuuecKux BeiecTs mexee 10 mr O/
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HWonst Fe(I1T) u AI(IIT) comep>kaTcst B BRICOKHX KosruecTBax (6osee 100 MKr/ )
U B TPUPOIHBIX BOJAX 30HBI CEBEPHOH TAWTH, U B TPUPOAHBIX BOAAX 30HBI CTETEH
(tabs. 2). CTOMT OTMETHTB BBICOKYIO CTETleHb CBSI3BIBAHMS HOHOB KeJje3a C TyMycCo-
BBIMH BEIIECTBAMH BO BCEX HCCJeNyeMBIX o0bekTax (1adu. 3-4). Al(IIl) sBusercs
MeHee HM3Y4YeHHBIM HOHOM, UTO He I03BOJIIET CPABHUTb ITOJyYEHHBIE Pe3yJabTaThl
¢ pabotaMu Apyrux aBTopoB. M3BecTHO, uto HOoHBI Al(IIT) crioco6HBI 06pa3oBhIBATH
kommiekcsl ¢ ['B HapaBue ¢ nonamu Fe(IIl) [6-8], HO H3-3a pa3HOOOPA3HOrO XUMH-
YeCKOro COCTaBa BOAHBIX OOBEKTOB CTeNeHHW CBfA3bIBAHHE C ['B MOXeT CHJIbHO Ba-
PBUPOBATHCS.

Hanpumep, B NpUPOAHBIX BOAAX 30HBI JecocTener (TabJ. 4) pasaudus Mexmay
aKBaHOHHBIMH U KOMILIEKCHBIMH hopmamu Al(IIT) cocrasastor 6omee 50-70%. Hus-
KHe KOHLIEHTPALWM HOHOB MeJIH, IIMHKA M CBHHIA (MeHblie 2 MKT/J1) B TIPUPOIHBIX
BOZaX 30HBI JiecocTened o npasuay Jle [llaTtesbe 00ycJaBIUBAIOT MPEUMYILIECTBEH -
HO aKBaWOHHBIN THIT MUTPALIMK METAJJIOB, HO B TIPUPOAHBIX 0OBEKTAX 30HBI CEBEPHOH
TaWTH CTENeHN CBSI3BIBAHMS MOHOB MeIH C TYMYCOBBIMH BEILECTBAMH BOJ, IOCTUTAIOT
20%. Kagmuil B IPUPONHBIX BOAAX 30HBI CEBEPHOH Talrd M CTened HaxOOUTCS B
HMOHHOH (hopMe, UyeMy CIOCOOCTBYIOT HH3KHE YCJIOBHBIE KOHCTAHTBI YCTOHYHMBOCTH
KOMIJIEKCOB [18] 1 HU3KOe cofep:KaHHWe KaIMHUS B MPUPOAHBIX Bofax. Kommiekco-
00pa3oBaHKe MOHOB HUKEJ B OTAEJNBHBIX BOJHBIX O0BEKTaX 30HBI CTeMeH W 30HBI
CeBepHOHM TaWrW NMpH HU3KOH KOHKYPEHTHOH Cpefie M KOJHM4YecTBax rymyca Oosee
10 Mr O/n pocruraer 70%, UTO CBS3aHO C HHU3KOM KOHKYPEHLMEH 3a I'yMYCOBbIE
BellecTBa B gaHHOM obObekte. Mn(Il) B mpupoaHbIX Bomax TIOMEHCKOrO peruoHa
HaXOAUTCS B HOHHOH (hOpMe, UTO OOBSICHSIETCS HEBBICOKHMH KOHCTAHTAMH YCTOHUH-
BOCTH KOMILJIEKCOB W MaJbIMHA KoHUeHTpauusmu metanna. Cr(IIl) B mpupomHbix
00bEKTaX HaXOAUTCS MTPEUMYILECTBEHHO B BU/IE THIPOKCOKOMIIIEKCOB U TIPAKTHUECKH
He 00pa3yeT COeINHEHWH C TYMYCOBBIMH BEIECTBAMH BO[.

AHanusupys (QopMbl HAaXOXIEHUSI MeTaJJOB, MOXKHO CJeJNaTh 3aKJIIo4YeHHe
0 60J1bLIOH BapuabeJbHOCTH (DOPM pacripefesieHus MEeTAJJIOB, B IPUPOIHBIX BOJAX,
KOTOpbIE OMPEEJIIOTCS COCTABOM M KOHLEHTpaLUWed MHUKPOJEMEHTOB M OCOOEeH-
HOCTSIMM TYMYCOBOTO BellleCTBA. XMMHUECKHe CBOHCTBA [B B TPHPOIHBIX BOAAax
3aBUCHAT, B CBOIO OYEpeflb, OT CBOMCTB TI0YB, PACIOJOXKEHHBIX Ha BOLOCOOpe U COOT-
BETCTBEHHO UMEIOT 30HAJBHYIO CIIElU(UKY.

Hcxong W3 pacrnpenesieHHs MeTalJoB MO (OpMam, OMacHblE CBOWCTBA TaKHX
METaJIJIOB KaK allOMHAHUH, KeJe30, Melb TIPOSBJISIOTCS B TPUPOAHBIX BOAAX C HU3KUM
Coflep’KaHWeM TYMYCOBBIX BeIeCTB BBICOKOH OOIIEH IIeJOYHOCTbIO. TOKCHUYHBIE
CBOWCTBA Ka[MM$l, CBUHIIA, HUKEJS], LUMHKA TIPOSIBJASIOTCS B TIPUCYTCTBUU OOJBILINX
KOJIMUECTB MOHOB XKeJie3a, Me[ld, aJIlOMUHUS, TO eCTb IIPH HAJWYHU B CHCTEME CHJIb-
HBIX KOHKYPEHTOB B KOMILJIEKCOOOPA30BAHMHU C TYMYCOBBIMH BEILECTBAMH.

CylecTBYIOT CJOXKHBIE MEXaHHM3MBl CBSI3BIBAHHS M pacmpenesieHus (opm Ha-
XOXKIE€HHS METaJJIOB B TIPUPOJHBIX BOAAX, KOTODBIE ONpPENesdioTCd He CTOJBKO
CBOMCTBAMH CAMHX MOHOB METAJIJIOB, CKOJBKO OOLIMM XHMHU3MOM BOJI, BKJII04as BeCh
KOMILJIEKC COJepKaHHUH METaJsJIoB, a TakkKe WHAWBHUAYaJbHBIMH KadeCTBeHHBIMH
0COOEHHOCTSIMH TYMYCOBBIX BeleCTB B HUX. Kaxzas BogHas cUCTeMa MMeeT YHH-
KaJIbHBIH HAa00p XUMHUUECKMX KOMIOHeHTOB U ['B. PU3MKO-XMMHUYEeCKHe CBOHCTBA
HMOHOB METaJIJIOB, UX COAEp:KaHMS, a TaKKe KOHLEHTpalUWH KAaTHOHOB M aHHUOHOB
00yCJIaBIMBAIOT CllelU(PUUecKHe TeHJeHIIMH B MUTPAld MeTaJlJIoB.
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