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AxkmyanbHocmb. [pobnema oxpaHb! U uchob3ogaHus 6oiom sensiemes 8ecbMa akmyarbHoU 80 8ceM Mupe, 8 MoM yucre 8 3anadHol
Cubupu, Ha meppumopuu komopoll 0obbisaemcs 3Ha4UMesnbHas yacmb yaneso0opodHoeo chipbs 8 Pocculickoll ®edepayuu, ymo co-
npogoxdaemcs UsMeHeHUeM oKpyxatowel cpedbl, 8 mom yucne u bonomHbix akocucmem. B csoro oyepeds, amo onpedensiem Heobxo-
dumocmb paspabomku Memodonoauu U mexHonoauli npupodooxpaHHbIX Meponpusmull Ha 6o1omax, no0eepearLuxcs aHMpPON02eHHO-
my eo3delicmeuto. B pamkax makot memodonoauu mpebyemcs 00cmosepHas OUeHKa UMEHeHUl cocmosiHus 6010mHOU 3Kocucmemb|
no0 8MIUSHUEM NOCMYNNEHUS 8EUECME aHMPONO2EHHO20 NPOUCXOXOEHUSI.

Uenb: aHanus u obocHosaHue ycrogulli mpaHcghopMayuu KOMMYHaIbHO-0bIMoBbIX CMOYHbIX 800 8 HU3UHHOM 6os10me Ha npuMepe mu-
nu4Hoeo Ana 3anadHol Cubupu eempogpHoeo Obckoeo booma.

MemodbI. Xumuyeckuli u mMukpobuonoauyeckuli cocmasbi 600 U mopghos uccredosanuck 6 [pobnemHoll Hay4Ho-uccredogamesnbckoll
nabopamopuu audpozeoxumuu (TI1Y), 3apeaucmpupogarHoli 8 Cucmeme aHanumuyeckux nabopamoputl Moccmandapma Poccuu. [ns
npogedeHuUs NOMHO20 XUMUYECK020 aHaniusa ucnonib3osanucs mpaduyuorHsie Memodsl. Mukpobuomoauyeckuli aHanu3 npousgoounu
nocne ombopa npob, kak npasusio, 8 meyeHue cymok. [Jocmagka npob 8 nabopamopuro ocywecmensnacs 8 Cymke-xonodunsHuke. [ns
8bIsI8/IEHUST MUKPOOP2aHU3MO8 LCnob308anu Xudkue u meepdble 3eKkmusHbie numameribHbie cpedbl. MUKpOKOMNOHEHMHbIU cocmas
onpedenanca npu nNoMoWu Macc-cnekmpomempuyeckoeo memoda ¢ UHOyKmugHO-cesisaHHoU nnasmol (ICP-MS). CmpykmypHo-
2pynnogoll cocmag pacmBOPEHHbIX OP2aHUYECKUX 8euwecms u3y4yancs mMemoOoM XpomMamo-Macc-cnekmpoMempuu e abopamopuu
paspabomku mecmopoxderull Hepmu u 2asa (TI1Y). [Ans usyyeHus: 2udpo2eoXUMUYECKUX NPOUECCO8 NPUMEHSIUCH CMamucmu4yeckue
memoObi U MameMamu4eckoe MoOenupogaHue.

Pesynbmambi u 8bi800bI. YcmaHogneHo, Ymo bonomubie 800kI omHocumensHo MK xapakmepusylomes noebIweHHbIMU co0epxaHu-
AMU Op2aHUYEeCKUX 8ewecms, npodykmos ux mpaHchopmayuu, a makke HeKomopbIX XUMUYECKUX 31EMEHMO8, C KOmOpbIMU Op2aHuYe-
cKue geuyecmesa cnocobHbl 0bpa3ogbieams Komniiekchl. Cpedu pacmeopeHHbIX 0peaHUYecKux coeduHeHuUl 8 6010mHbIX 8odax OOMUHU-
PYHOM CoXHbIe 3hupbI, KaPOOHOBbIE KUCTOMbI, KOMOPKIE CnOcObCMBYrM He MOMbKO HakoneHuto Hekomopbix anemedmos (Ni, Ba) &
800ax, HO U pa3guMUI0 MUKPOOp2aHu3mMog. [1oka3aHo, Ymo HaKoneHue 8euwecms, NOCMynalowux ¢ KOMMYyHabHO-6bIMoBbIMU CIMOYHb |-
mu godamu ¢. MenbHuKo8o, npoucxodum 8 0CHOBHOM Ha 2paHuue 0essMenbHO20 U UHEPMHO20 20pU30HMos mopgsaHol 3anexu. Moka-
3aH0, Ymo cbpoc KOMMYHabHO-6bIMO8bIX CMOYHbIX 800 8 60710MO (. MenbHUK080) He NpuBoOUM K CYLLECMBEHHOMY USMEHEHUI0 XUMU-
yeckoeo cocmaea 60r0mHbIX 800, @ aHMPono2eHHoe 8o3delicmeue IUMUMUPyemcs MUKPOBUOI02UYECKUMU U 260XUMUYECKUMU YCITO-
susMu 8 6oome. Ha ocHoBe NomyyeHHbIX OaHHbIX NPEOIOKEHO CKOPPEKmMUposams NPUPOA0OXpaHHbIE MEPONPUSMUS, 02paHu4usar-
wue pocm 3abonoYeHHOCMU meppumopuli 3a c4em ysenudyeHus NecHbIx y2odul gcrnedcmeue ocywumesbHbIX Menuopayul u 0oNoHU-
MesbHO20 BHECEHUA COeOUHEHUl asoma U Karnbyus, exo0fwux 8 coCcmag CMOYHbIX 800 XUMULWHO-KOMMYHabHO20 Xo3slicmea U
Hegpme2a30006bi8aroLLe20 KOMNIeKca.

Knroyesblie cnosa:

CmoyHble 800k, Xumudeckuli cocmas, paspabomka Memodonoauu u mexHonoaud,
€amMoO4ULEHUE KOMMYHabHO-6bIMo8bIX cmoYHbIX 800, ObCKoe HU3UHHOE boomo.
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BeepeHune

[Ipobnema OXpaHbI U UCIONB30BAHUS OONOT SIBIISETCS
BEChbMa aKTyalbHOI BO BCEM MHPE B IIENIOM U B 3amaIHOH
Cubupu B yactHocTH. [Ipruem B TOCIeIHEM ClTydae UMe-
eTcst IPKO BBIpaXKEGHHas crenuguka. Bo MHOTHX peruo-
Hax MUpa HaOmofaeTcs Jerpajfanus 0010T (BCICACTBHE
M3MCHEHUH KJMMata, JOOBIYH TOp(a, MEIHOpalHH U
HOCIENYIOMEr0  OCBOCHHS — OCYIIEHHOH —TEeppHTOpPHIt
[1-4]), a B 3amaamoit Cubnpu — mporpeccupyromiee 3a60-
NavyMBaHME (BEPTHKANBHBIA TpHpocT mo 1,8 mm/rod, B
cpeaHeM — OKoo 1 MM/ron) Ha (OHE MOBBIIEHHUS YPOB-
Hell MOA3eMHBIX BOJ (YMCHBIICHUS TTyOHHBI 3aJICTaHU)
¥ TEXHOTEHHOTO TOJTOILIEHHS B TIponecce (yHKIHOHH-
poBanus HedTerasoBoro Komiurekca [5-11].

COOTBETCTBEHHO, BO3HUKAIOT CICIM(IMYHbIC T 3ara-
Hoit Cubupu TpeOOBaHKS K OXpaHe U HCTOIb30BaHHI0 00T,
00YCIIOBIICHHBIC TEM, YTO XO3SHCTBEHHAS JeSTEIBHOCTD, BO-
TIePBBIX, HE MOXET OBITH OCTAHOBJICHA, HO JIOIDKHA YYUHTHI-
BaTh PETHOHANBHBIC TPUPOIHBIC YCIOBHS, @ BO-BTOPBIX, Ya-
CTO TIPUBOJIUT HE K JIETPaJIalii, a (B yCIOBUAX claboi Jpe-
HUPOBAHHOCTHU Y M30BITOUHOTO YBNAXKHEHNUS) K PACIIMPEHHIO
6onot [12, 13]. B cBoto ouepenp, 310 ompeenser HeoOXo -
MOCTh pa3pabOTKX METOIOJIOTHM M TEXHONIOTUH THpPHPOIO-
OXPaHHBIX MEPOIpHATHII Ha OONOTAX, HA TEPPUTOPHH KOTO-
PbIX TIPOBOAMTCS N00bIYA HE(TU U Tasa, pasMelleHue amba-
POB 0TX0/10B OypeHus, IPOUUX MPOU3BOACTBEHHBIX 00BEKTOB,
BKITIOUAS JIOPOTH U TPYOOTPOBOMIEL. B pamkax Takoi MeTomo-
Joruy TpeOyeTcst JOCTOBEpHAS OICHKA M3MEHEHHH COCTOSI-
HHA OOJIOTHOHM SKOCHCTEMBI TOA BITMSHHEM MOCTYIUICHI
BELIECTB aHTPOIIONEHHOTO IPOMCX 0K IeHus [ 14].

Jlanee ucmonb3yeTcs TEPMHH «3arps3HAIOMIUE Belle-
CTBa», HO MPU 3TOM MOJIATAETCs, YTO «3arpA3HAIOIINMU
BEIIECCTBAMI) HEKOPPEKTHO HA3BIBATH BENIECTBA 10 TIPH-
3HaKy OIHOTO JIHIIb MPHCYTCTBHS B BOJHBIX O0BEKTAX B
KOHLICHTPALWSX, NPEBBIIAIONINX IIPEAETBHO JOMyCTH-
mele 3Havenus (I1JIK), ycranoBnennbie B Poccuiickoii
Denepann wim Tae-mbo erme. [ mMpU3HAHUSA 3THX
BEIIECTB «3arps3HAIOMIMI» HEOOXOIUMO I0Ka3aTh, 9TO
MX HaXOXICHHE B BOJAX 00YCIOBIECHO BIUSHAEM HMEHHO
XO3SICTBEHHOH JAEATENBHOCTH (C Yy4eToM TpeOOBaHHIA
[15]), 4TO B ycnoBUSX METOIMUYECKON HEONPEIENEHHOCTH
B psfie CIy4aeB MPUBOAUT K MPU3HAHHIO «AHTPOIIOTEH-
HBIM» JTI000€ BO3JCHCTBHE, IPUBOASIICE K TMPEBHIIICHHIO
[TAK. OnHako MeTOAMKa OMpeeeH s MOCIeIHIX Mpe-
T0NIaraeT BIIOJNHE ONpE/eICHHbIC Ta00paTOPHBIE YCIOBHS,
OUEHb YacTO CHJIBHO OTIMYANOLIUECS OT COCTOSIHUH,
Ha0ITI0MaeMBIX BHE YYaCTKOB SBHO aHTPOIIOTEHHOTO BO3-
JeiictBusd. B pesynbTaTe BO3HMKAaeT HEOIPENEICHHOCTD
OIICHKH TEHE3MCa BEIIECTB B BOAHOM OOBEKTE M, CIEIO-
BaTEJBHO, Pa3pabOTKH MEPOIPUATHIL 110 X OXpaHe.

Oco0eHHO OCTPO JaHHBIA BOMPOC CTOMT B Clyyae
TOPMSHBIX OOJIOT, TOCKONBKY TOP() — OpraHuyeckas rop-
Has TopoJa, chOPMHUPOBABIIASCSA B PE3yIbTaTe OTMHPA-
HUS U HETOJHOTO pacraja OONOTHBIX pacTeHHil B ycio-
BUSX M30BITOYHOTO YBIKHEHHS NPU HETOCTATKE KHUCIIO-
pona [16], — ABNAeTCS NCTOYHUKOM TIOCTYIUICHUS B PEKH,
03epa U TPYHTOBBIC BOJBI OONBIIOTO KOJNMYECTBA OpTa-
HMAYECKHX BEIICCTB, MPOIYKTOB HX TpaHC(HOpMAIMH H
coenuHeHui ¢ Meramiamu. [lo 3Toit mpuuuHe B 60MOT-
HBIX 3KocucTeMax (0e3 MX JMKBUALMU) HEBO3MOXKHO
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I[O6I/ITI>C5I BBITIOJTHCHUA HOPMATHUBOB Ka4€CTBa, YCTaHOB-
JICHHBIX JUIS IPOYMX BOJHBIX OOBEKTOB, U, CIIEIOBATEIb-
HO, TOPa3/l0 CIOXKHEE CIUTAHMPOBATh MPHPOAOOXPAHHEIC
MEPOTPIATHS M OLEHUTH MX YO PEKTHBHOCTS.

C yueroM 310r0 B TOMCKOM MONUTEXHUIECKOM YHH-
Bepcutetre (TIIY) B TeueHne Oosee yeM JBYX JIeCATHIIC-
THI TIPOBOJIUTCS MCCIEIOBAHNE BIMSHUS AaHTPOTIOTEHHBIX
(akTOpPOB HA 3KONOrO-TEOXUMHYECKOE COCTOSHUE 00-
JOTHBIX BOJ W TOPPOB C LENBIO pa3pabOTKH HAyYHBIX
OCHOB MEJMOpaliy W PEKyJIbTHBAINN 0OJOT 3amamHoi
Cubupu. Huxe (B passutue pabotsl [17]) mpencraBieHs!
PE3yNBTATHl OJHOTO W3 JTAIOB 3TOTO HCCICIOBAHUS, B
paMKax KOTOpPOro OBLTM PaccMOTPEHBI YCIOBHS TPAHC-
(opMarmu KOMMYyHAIbHO-OBITOBBIX CTOYHBIX BOJ B HH-
3uHHOM OosioTe. COOTBETCTBEHHO, OCHOBHOW yIOp OBINI
CICIaH HA aHANM3 PaHee HEeIOCTATOYHO M3YYCHHBIX ac-
MEKTOB M3MCHEHHS B 3arpsA3HEHHBIX OONIOTHBIX BOJAX
MHUKPO(IOPEI, HEOPTaHMYECKUX H, OCOOEHHO, PacTBO-
PEHHBIX OPTaHMIECKUX MUKporpuMecei. OCHOBHBIE CBE-
JIEHUsA 0 XMMHYECKOM COCTaBe OOJIOTHBIX BOJ U TOp(HOB
O6ckoro 6osora npuseneHs! B [17-19], a nomosHuTeNH-
HBIC CBEJICHHS O COCTaBe TOPHOB U OOIIEM COCTOSHHU
Oonot paccMatpuBaeMoii Teppuropun — B [13, 14, 20-22].

O61BLEeKT M MeToAMKa UCCNEeA0BaHUSA

B kavecTBe 00BEKTa HCCIIEIOBAHUS BEIOPAHBI YYaCTKA
JOJMHHOTO eBTpoHOTO OOCKOTO 00JI0Ta, PACTIONOKEH-
Horo B Tomckoit obmacty B IeBOOEPEKHON YaCTH JIOJH-
Hbl pekn OOb obmeit amuHol okono 104 kM, mupHHOI
1,5-7,0 KM ¥ MOIHOCTBIO TOP(AHOH 3aNICKH B CpeHEM
okono 3,2 M. Topda HU3MHHEIE, CO CTEICHBIO Pa3NoKe-
Hust 34 % wm 3onpHOCTRIO 28-29 %. Bonee mompoOHas
unpopmanus 06 O6ckom Gomore mpuseaeHa B [17-19].
OnuH U3 y4acTKOB (B ¢. MeIbHHKOBO — aAMHHUCTPATUB-
HoMm nentpe Ilerapckoro paiiona Tomckoil obaactu)
paccMmatpuBaeTcss Kak aHTPONMOTEHHO HApPYIICHHEIH, a
Ipyroit (y c. HamexoBo, pacHonoXeHHOTO IOXKHEe C.
MenbHIKOBO U BhIIIE 1O YKIOHY pekd O0b) — Kak (oHo-
BbId. [lpeoOnanaroumii Tum OuoreoneHo3a Ha 000HX
ydacTkax — Oepe30BO-TpocTHHKOBbIA. Habmonenus 3a
XUMAYECKHM COCTaBOM OONOTHBIX M CTOYHBIX BOJ MpO-
Boquiuck B TIIV u xomnanuu «TOMCKI€OMOHUTOPUHI»
THOJ PYKOBOJCTBOM W/WJIM NPU HEMOCPEJCTBEHHOM yda-
cruu aBropos B 2002, 2003, 2004, 2012, 2013, 2018 rr.,
HO Haubonee MONHbIEC JaHHBIE O NPOCTPAHCTBEHHOM H3-
MEHEHHH THAPOTCOXUMUUYECKHX ITOKa3aTeIel IOMyUCHBI
B 2012 u 2018 rr. B mpenenax HapyiieHHOTO ydacTka
BBIICICHBl CTBOPHI (MEPIEHANKYIIPHO CYX0A01dy) C00-
CTBEHHO  BBIyCKa  CTOYHBIX  BOJA  JKUJHMIIHO-
KOMMYHAIIbHOTO X035icTBa ¢. MenbHuKOBO (B Tabm. 2
obo3Hauen wuHaekcom «I») m B 50 M BbImIE moporu
c. MenpHukoBo — c. Crapas Illerapka (1I). Ha donoBom
ydactke B 2012 r. otOop mpob mpoBoAmics B yepTe C.
Hamexoso (III), a B 2018 r. — B 5 kM toxuee (IV).

MeTozuka nccnenoBaHus BKIFOUaNA B ceOs:

1) or6op (B HostOpe 2018 1.) U anamu3 mpod GOIOTHOM
Bojibl M TopdoB OGckoro Oonora y cen HarmekoBo u
MenpHIKOBO, BKITIOYAs OMpPECNeHHE XUMHYECKOTO
(C UCTIONB30BAHUEM MACC-CIIEKTPOMETPUUECKOTO Me-
TOIA C WHAYKTUBHO CBS3aHHOH IUTA3MOI) M MHUKpO-



M3BecTns Tomckoro nonuTexHuyeckoro yHueepeuteta. MnxuHupuHr reopecypeos. 2020. T. 331. Ne 3. 39-51
ViBaHoBa W.C. u ap. Ycnosus TpaHcopMaLmy KOMMyHaNbHO-ObITOBBIX CTOYHbIX BOA B BONOTHbIX dkocucTemax (Ha npumepe O6CKoro ...

OMOJIOTUYECKOTO COCTaBA; MECTOIONIOKEHNUE TyHKTOB
oTOopa mpob mokazaHo Ha puc. | (bonmee moapoOHas
uHdopmamus B [17]); Meroxuka otbopa U aHamM3a
npod WICHTUYHA METOIMKE, W3JIOKeHHOH B [20],
MHUKPOOHOIOTIECKUE MCCICAOBAHNS BBIOIHEHBI T10
METOJIMKaM, U3NOKEHHBIM B [23, 24], MeToMKa H3y-
YeHHS PACTBOPEHHBIX OPraHMYECKUX COSAUHEHUN H3-
noxeHa B [25-28]. [lanHas MeToauKa MpeHa3HAYeHA
U1 0030PHOTO OTPEJIENCHIST PACTBOPEHHBIX OpTaHHU-
9eCKUX COCOUHEHMH (MCKIoYas (ynbBO- M TYMHHO-
BbI¢ KHUCIIOTHI) M OCHOBAaHA Ha TOJYYEHHH XJIOpPO-
(OPMHBIX KOHIIEHTPATOB TPEXCTYNEHYATON HKCTpaK-
uen xnopopopmom nipu 3HaveHusx pH 2, 7, 11, ko-
TOpBIE Talee OBUTA M3YYEHBI METOIOM XPOMATO-Macc-
crexrpomerpun (I'X-MC) [29-31].

2) o006o0lIeHre 1 aHATH3 TaHHBIX, TONy4YeHHbIX B 2018 T.
U paHee, B TOM YUCIE W aHAIN3 U3MEHEHUH XHUMUYe-
CKOTO cOCTaBa GOJOTHBIX BOJ MO Mepe YAANCHHUS OT

CyX0[1071a ¥ BBIITyCKa CTOYHBIX BOJ, a B paiioHe cena c.

MenbHHKOBO — M3MEHEHHS COCTABa KHCIOTHBIX BbI-
TSOKEK U3 TOP(OB B BEPTHKAILHOM paspese 00J10Ta;

3) OIEHKY HACHIMEHHOCTH OOJOTHBIX BOJ OTHOCHTEIHHO
psiia MHHEAIOB M OPraHOMUHEPAIBHBIX COEIMHEHHI
Ha OCHOBE pacyera HHekcoB Hackimenus Sl (1), mo me-
TOJIHKE, OIIMCAHHOM B MPEIBIAYIIUX paboTax aBTOPOB:

SI =1gMA — 1gKyeq, )]

rae 1A — npousBeeHue akKTUBHOCTEH TPYIIIIBI BELIECTB;
Kneq — KOHCTaHTa HeycroifumBocTH. Ilepeuenb m3yuen-

[S|>2-6 u |r[>0,7 [32], tae S u & — cratuctuka (k03(du-

LIMEHT KOPPEIISLUK [ Wi perpeccuit Kej) U MOrpemHocTb

€e ONpe/IeNeHHUS; MOrPEIIHOCTb OnpeIenenHns Kodddum-
CHTa KOPPEJISIUA O; OLCHEHa 110 ypaBHEHHIO (2):

5, ~ L 2

r =~ N=2' ( )

rae N — o6beM BBIOOpKH.

PesynbTathl UccnegoBaHua u ux obcyxaeHune

Boner Obckoro 6omota Ha (OHOBOM ydacTke Y
c. HamekoBo XapakTepu3yloTcs CpeIHHMH 3HAYCHUSIMI
pH 7,5840,09 u cyMMBI TaBHBIX HOHOB Xy 559,4+14.3
MI‘/}Z[MS (B pacuere X, MCIONB30BATUCH KOHIEHTPAIIUH
Ca®*, Mg®, Na', K, HCO5, COs%, SO, CI"), nossI-
menHbIME  oTHOCHTENBHO TIJIK comepiammamu NH,'
(2,57+2,48 MF/Z[Ma) U JIOCTaTOYHO BHICOKUMH (IO CpaB-
HEHHWIO C PeKaMH PETHOHA) COIEPKAHWSAMH OpraHHde-
CKHUX BeIecTB (Hampumep, (yIbBOKHCIOT, 0OHApYXeH-
HeIX B HOs10pe 2012 1. B xommuectse 20,70 MF/)1M3 [17,
19]). B paiione c. MenbHUKOBO Ha TpaHUIIE CyXOA0Ja U
Oomota B TEYEHHE psAda IECATHIETHH HPOM3BOIUTCS
cOpoc KOMMYHAJIBHO-OBITOBBIX CTOYHBIX BOJ (CyXOM
0CTaTOK 646-1226 Mr/mv; OIpEIENEHNUE KOHIEHTpaLHi
Ca2+, Mgz+, Na‘, K*, HCO; , COgZ’ HE TIPOBOJIAIOCH, HO
BO3MOKHO HCIIONb30BaHUE MPUOIMAKEHHOTO COOTHOIIE-
HHUS [CyXol ocTaTok]/Z,~0,8), uTo mpHBENO K IMOCIeN0-
BATEIPHOMY YMEHBIICHMIO TIPH YAANCHHH OT BEITYCKa
CTOKOB CyMMBI TJIaBHBIX HOHOB X, y4acTok 0...100 m —

N 3
HBIX XUMHYECKUX PEaKIHii mpuBeieH B Tl 1. 1249,0+166,3 MF/IslM ;  ydacrok 101..250 M -
VccnenoBanne MOMTy4eHHBIX JaHHBIX BKmouano mpo-  1120,1£139,7 MF/lIMs; ydactok  251..700 ™M -
ETYPbl KOPPENSLUMOHHOro U perpeccuonHoro anamasa  1095,0£105,5 mr/am™.
P YpOBHE 3HAYMMOCTH 5 % M COOMIOJEHHH YCIOBHH
vy
o
-
IS
S
2
S
A
A
"y
-1 4-2 v-3 @Q}
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Puc. 1. Cxema pasmewenusi nynkmog HabmoO0eHuti 3a xumuueckum cocmagom 600 Obckozo boroma y c¢. Menbnukogo:
1 — cmounvie 600t MYII «Komxo3» c. Menvrukoso; 2 — ponoewili yuacmox,; 3 — yuacmox 3a2psasuénnozo bonoma

Fig. 1. Scheme of sampling points location in the Obskoe bog near Melnikovo: 1 — wastewater; 2 — points characterizing
geochemical background (natural territory); 3 — polluted area of the bog (anthropogenic territory)

41



M3BecTns Tomckoro nonuTexHuyeckoro yHueepeuteta. MnxuHupuHr reopecypeos. 2020. T. 331. Ne 3. 39-51
ViBaHoBa W.C. u ap. Ycnosus TpaHcopMaLmy KOMMYHaNbHO-ObITOBBIX CTOYHBIX BOA B BONOTHbIX dkocucTemax (Ha npumepe O6CKoro ...

Taonuya 1. Ilepeuenv uzyuennvix peakyuii U CMamMuCmMudecku 3HAYUMble KOIP@uyueHmvl Koppeisyuu mexncoy cymmoi
2NIA6HBIX UOHOB U 3HAYEHUAMU UHOEKCO8 HACLILCHUS

Table 1.  List of studied reactions and statistically significant correlation coefficients between the sum of the main ions
and the saturation indices
No Peakiusi/Reaction r(Z.) | rCa®) | r((Mg®)| r(Na®) | r(K") | r(HCO3)| r(CI) | r(SO%) | r(Si) | r(I1O)
1 CaCOs caieite=Ca’*+CO5> 0,63 - - 0,56 0,63 0,63 0,63 0,63 — -
2 | CaCOjscaite+CO,+H,0=Ca**+2-HCO; | 0,60 | 049 | —0,53 | 056 | 057 | —057 | 057| 057 - -
3 | CaMg(COs); goiomie=Ca> +Mg*+2-COs> | 0,77 - 063 | 072 | 076 0,76 0,76 076 | 048] -
CaMg(COs); goomiteT2-CO2+2-H,0=
4 Ca +Mg? +4-HCOs. -0,54 - - -0,49 | -051| -051 | -051| -051 - -
5 Ca(T'’K)=Ca®*+T'K -0,85 0,93 -0,67 | -086| -084| -084 | -084| -084 |-0,87|-0,80
6 SiO; quar+2-H,0=H,Si0,’ 0,90 -0,73 0,76 0,94 0,90 0,90 0,90 0,90 0,99 | 0,71
2-NaAISizOg airet11-H,0+2-CO=
7 AlLSi;07-2-H;0 kaolinite+2-Na*+ 0,51 - - 0,59 | 0,52 0,52 0,52 052 | 065| -
+2-HCO3 +4-H,Si0,
3-KAlISi308 microcline2-H*+12-H,0=
8 KALSI01OHh oo 42K+ 6-H,S10,° 093 | 068 | 0,78 | 096 | 0,94 0,94 0,94 0,94 | 0,94 | 0,67
Z'KA|SSi30100H2 muscovite+2'H++3'Hzo:
9 3 ALSLO; 2 HLO pot 2K 086 | -056 | 074 | 088 | 0,88 0,88 0,88 0,88 | 0,78 | 0,55
CaAl;Si,0s anortite2-H'+6-H,0=
101 A O HO o S HSIOL +Ca 0,61 - 055 | 064 | 064 | 064 | 064 | 064 [058] -
CaAIQSiz()s anurtite+2'H++ HQO:
11 - + -0,67 0,51 -0,57 | -063 | -064| -064 | -064| -064 |-053] -
AIZS|ZO7'2'HZO kaolinite"'c':‘»‘2

IIpumeuanue: * koopduyuenm Kopperayuu r NPUHUMAEMCs 3HAYUMbLM npu yerosuu |r| = 2+ 6,,;

qyumocmu.

Note: * correlation coefficient r is accepted as significant for condition || = 2 - §,; "~

[Ipu 3T0M HEOOXOAUMO OTMETHTD, YTO, BO-TIEPBBIX, B
TPUCYXOJONBHOM YacTH 60J0Ta B psme CIydaeB OBUTH
YCTaHOBJICHBI KOHIICHTPAIIMH PsJIa BEMIECTB OObIIe, YeM
B CTOYHBIX BOJAaX Ha MOMEHT ONpPOOOBAHHUS, YTO MOXKET
OOBACHATBCS KaK MX HAKOIUIEHHEM M HENONHOM mocie-
JyIOMIeH TpaHc(opManued, Tak ¥ HHTCHCH(pHKAIUEH
OMOXMMHYECKUX TMPOLECCOB B OONOTHOM 3KOCHCTEME B
pe3ynbTate MOCTYIUIEHHS COeIMHEHU T a30Ta. Bo-BTOphIX,
KOHIIGHTpalMi psfia BEIIECTB U MUKPOOPTaHU3MOB B
OONOTHBIX BOJAX Ha Y4acTKaxX MOCTYIUIGHHS CTOKOB C.
MeJbHIKOBO MEHbBIIE WM MPUMEPHO PaBHBI COOTBET-
CTBYIONIMM TIOKa3aTelsiM (oHoBoro ydactka OOCKOTO
Oornota B paifone c. HamekoBo (1abu. 2, 3). B yacTHOCTH,
HanboJiee BHICOKask KOHIEHTpanus pTyTH (3,256 MKr/im’)
B HOsA0pe 2018 r. oTmeuena y c. Hamekoso, B 100 M ot
cyxojona, a yxe gepe3 70 m camsunacs j1o 0,025 MKF/,Z[M3,
YTO IPUMEPHO COIOCTABMMO C COZEPXKAHHUEM Ha 3arpss-
HEHHOM ydJacTke y ¢. MenpHuKOBO (Tabn. 3). Hambonee
BEPOATHOE OOBSCHEHHE 3TOr0 (hakTa 3aKIIO4AeTCs B
(opMUpOBaHUM TEOXMMUYECKOTO Oapbepa MpH cMelle-
HuH OONOTHBIX M MOJ3EMHBIX BOI B 30HE Pasrpy3Ku IO-
cenHuX Ha rpaxune 6onora. OmHcaHHe COOTBETCTBYIO-
IEro MeXaHu3Ma M3JI0%keHo B [33].

O6muM U U1 HapyIIEHHOTO, U Ui (JOHOBOTO ydacT-
KOB fBJISETCS, TpPEXJAE BCEro, HaJM4YUe 3HAUYMTEIBHOTO
KOJIMYECTBA OPraHMYECKHX BELIECTB, B COCTAaBE KOTOPBIX,
KaK ¥ B OonoTax Apyrux paifoHoB 3amanHoii Cubupn [34-
38], IpUCYTCTBYIOT aNKaHbl M IUKIOATKAHBI, apOMaTHye-
CKH€ YTJIEBOJOPO/BI C PA3TMYHBIM YHCIIOM IIMKIIOB, A TaK-
K€ OpraHuYecKHe COeIUHEHHUS, UMEIOIHe B CBOCH CTpYyK-
Type KUCIOPOACOAEpKaIHe (YHKIMOHATGHBIE TPYIIIBI
(CTIMPTBL, ATBICTUIBL, KETOHBI, KapOOHOBBIE KHCIOTHI,
CTIOXHBIE 3UpbI). KpoMe Toro, B 00JOTHBIX BoJax oOHa-
PYKEHBI COEIUHEHNS, COAEPIKAILUE aTOMBI a30Ta — AMUHBI
u amugpl. Cpen MACHTU(QUIMPOBAHHBIX OPTraHMYECKUX
KOMITOHEHTOB B 3arpsi3HCHHBIX OOJIOTHBIX BOZIaX Hamboiee
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— HUsce ypoeHs 3Ha-

is lower than a significance value.

BBICOKAMHI KOHIICHTPAIIMSAME XapaKTEPU3YIOTCS CIIOKHbIE
3¢UpBL, KapOOHOBHIE KHUCIIOTHI, CIIAPTHI, AMUIBI  AMUHEL.

VPOBEHb COZICP/KAHIS ATKAHOB, KOTOPBIE OOBIMHO TPH-
CYTCTBYIOT B He(hTECOIEpIKAIMX CTOKAX, Ha (JOHOBOM ydacT-
Ke OBUT HECKOJIBKO BBIIIIE, YeM Ha HAPYIICHHOM Y4acTKe B C.
Menbhukoso (tabi. 3). ConepikaHue H-alKaHOB, Cpead KOTO-
PBIX HICHTH(HIMPOBAHB! KaK HIBKOMOJIEKYIIPHBIE TOMOJIO-
i C1-Cys, XapaKkTepHble B OCHOBHOM IS OaKTepHALHOM
nponykimu [39-45], Tak U BBICOKOMOJEKYIISPHBIE KOMIIO-
HeHTBl H-Cy7 1 H-Cyy, XapaKTepHble Il MHOTMX HA3eMHBIX
PACTeHHIA, BKIIOUAs PEBECHBIe pasHoBUaHOCTH [41, 46-48],
B BOJAX HApYLIEHHOIO YYacTKa COCTaBisieT okoio 3 %.
B Bonax ¢onoBoro ydactka (c. HamékoBo) conep:xanue H-
QJIKAHOB, CPEM KOTOPBIX IOMHUHUPYIOT HU3KOMOJEKYIPHbIC
romonort (1o Cy1), XapakrepHble anms OakTepwil, CHHe-
3eNIeHBIX BOJIOpociied W (uromiankrona [47, 49, 50], He-
CKOJIBKO BBIIIE ¥ MOXeT focturats 9 %. Cpemu yriieBogopo-
JIOB H-&JTKaHBI SBIIAIOTCS HAMMEHEE YCTOMYMBBIMU K OMOXH-
MIYECKOMY OKHCJIEHHIO, O YeM CBHJICTENIbCTBYET MpsMast
3aBUCHMOCTb MX COIEPMKAHMS U KOJMYECTBA He(TEOKUCIISIO-
X Gaktepuii B Bofax (tadm. 3) [51, 52].

Odupsl 1 KapOOHOBBIE KHUCIOTHI, OOHAPYXCHHBIC B
OOJNOTHBIX BOJAX, SBIAIOTCS PE3YJIbTATOM KH3HEes-
TENBHOCTU PACTHTENBHOCTH M MUKPOOPTaHM3MOB. Brico-
K1 KOHLEHTPALMU JaHHBIX COSMHEHUI B BOIE CBA3aHbI
€0 cOpOCOM B BOIHBIC OOBEKTHI CTOYHBIX BOJ HPEIIPHU-
T NMUIIEBOH NPOMBIIUIEHHOCTH, @ TAKXKE XO3AHCTBEH-
HO-OBITOBBIX CTOYHBIX BOJI, YTO SBIISETCS XapaKTEPHBIM
I HapylleHHoro yyacTka. CnefyeT OTMETHTb, 4YTO
CIIOXKHBIC 3(UPBl U KApOOHOBBIC KHUCIOTHI MOTYT Haxo-
IUTBCS B TIPHPOIHBIX BOJAX HE TONBKO B KOJUIOHMJHON U
pacTBOpeHHOM PopMax, a Takxke MOTyT OBITh COpOMpPOBa-
HbI B3BEIICHHBIMH BENIECTBAMHU M JJOHHBIMH OTIOXKEHHS-
mu. Hakomnenue B BOAHBIX 00BEKTaX B MOBBIILIEHHBIX
KOHIIEHTPALMAX KapOOHOBBIX KHCIOT U CIOKHBIX 3QUPOB
crmoco0cTByeT pasBuThi0 MUKpodiopsl [53]. Comepika-
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HUE 3QUPOB, MPEICTABICHHBIX TJIABHBIM 00pa30M CIOX-
HBIMU 3(upamu OCH30HHOH U rekcaJeKaHOBOH KHCIIOT, B
BOJIaX HAPYIIEHHOTO YydacTka cocraBiser 34 %, mpu
TPUONIMXEHAN K CYXOJO0JNy UX COJCPXKAHWE YBEINUHBA-
ercs 10 40 %. B OomoTHBIX Bomax (hOHOBOTO ydacTka
conepkanue d(hupoB yBenuuuBaercs ¢ 25 10 41 % mo

Mepe mpudmkeHus k cyxofony. Copepskanue kapOoHo-
BBIX KHUCIIOT, MPEICTABICHHBIX TJIABHBIM 00pa3oM Majib-
MUTHHOBOH M CTEAPUHOBOM KHCIOTaMH, B BOJaX Hapy-
MIEHHOTO y9acTKa COCTaBiseT okono 22-24 %, B Bogax
(OHOBOTO ydYacTKa WX COJICpIKaHWE, MO Mepe YAATCHUS
OT cyxojoua, Bozpactaet ¢ 22 10 30 %.

Taonuya 2. Maxpoxomnonenmuviii cocmas 600 Obckoeo 6onoma ¢ 2012 u 2018 2e. (MZ/()MS) U pacuemmvle 3HAYEHUST UHOEK-

co6 nacviujerus Sl

Table2.  Macrocomponent composition of waters of Obskoe bog in 2012 and 2018 (mg/dm®) and calculated values of the
saturation indices Sl
CrBop/Discharge point
MokasaTers DOHOBBIH AHTpPOTIOTeHHBII
Indicator Y4acTOK AHTPOIOTeHHBI! yuacToOK DOHOBBIH y4acTok y4acToK
Natural Anthropogenic territory Natural territory Anthropogenic
territory territory
11 | | | | 1 1 1 v v v 1 1
L,m 90 0 110 220 300 120 200 300 100 | 170 | 210 200 650
SIa[l?nTSI?r?;(ég?e 12.11.12 26.11.18
pH 7,30 7,54 7,48 7,68 7,63 7,40 7,70 760 | 764 | 7,70 | 7,68 7,80 7,53
;r:. 580,8 1417,8| 1425,2| 1461,8 | 1477,4| 1486,4 | 1361,4 | 1102,9| 585,9| 543,6 | 527,2| 1006,0 878,9
ca® 108,2 80,0 76,0 | 102,0 | 104,0 | 90,1 | 106,4 | 122,8 | 189,9| 112,9| 125,2| 99,7 113,5
Mg* 21,2 26,8 26,8 25,6 244 26,1 29,9 323 | 145 191 | 20,3 26,0 25,2
Na* 111 218,0 | 237,0 | 217,7 | 215,7 | 2448 | 219,6 | 1526 | 6,7 8,1 8,3 139,5 119,5
K* 1,6 21,1 211 21,1 25,8 23,6 21,0 12,8 1,6 2,4 41 11,8 9,2
HCO;~ 433,1 918,7 | 854,0 | 888,2 | 950,4 | 927,2 | 793,0 | 622,2 | 372,0| 398,0| 368,0| 607,0 510,0
ClI 35 142,0 | 159,8 | 156,2 | 149,1 | 166,9 | 177,5| 1509 | 0,4 0,5 0,2 109,6 100,3
S0~ 2,1 11,2 50,5 51,0 8,0 1,7 14,0 9,3 0,1 0,1 0,1 11,9 0,1
NO;z 1,72 041 | 040 | 026 | 029 | 030 | 0,20 | 367 | 0,32| 0,31 | 0,14 | 0,38 0,36
NO, 0,00 0,01 | 000 | 006 | 006 | 000 | 000 | 0,03 | 0,00| 0,00 0,00 | 0,00 0,00
NH,* 10,00 78,13 | 62,40 | 46,80 | 63,18 | 74,00 | 37,00 | 1,05 | 0,07 | 0,14 | 0,07 | 3,06 0,30
Si 8,17 23,45 | 20,97 | 16,69 | 18,79 | 21,54 | 1859 | 13,33 | 6,29 | 7,10 | 8,85 | 13,02 18,62
Fe 1,13 2,89 | 0,650 | 8,720 | 2,010 | 0,620 | 5,780 | 0,270 | 0,530| 0,770| 0,440| 2,930 2,010
T10/PO 1,92 31,30 | 34,40 | 17,60 | 16,70 | 1256 | 8,48 | 4,88 | 1,09 | 550 | 8,60 | 5,60 8,80
DK/FA 20,79 38,65 | 73,26 | 10,95 | 28,97 | 28,80 | 17,78 | 5,02 - - - - -
T'K/HA 0,34 6,99 | 937 | 034 | 002 | 219 | 054 | 0,17 - - - - -
P‘;fgg‘;f%’;‘gga‘;‘ts 0,028 | 3,080 | 2,950 | 1,280 | 0,330 | 0,080 | 0,032 | 0014 | — | — | - - -
Howmep peaxunn
(tabm. 1) Wupexcel HackieHus S|
Number of reaction Saturation indices SI
(table 1)
1 0,10 035 | 024 | 057 | 056 | 026 | 058 | 050 | 0,20 | -0,03 | 0,12 | 0,19 | -0,39
2 0,25 0,86 0,73 0,75 0,91 0,45 0,57 0,67 2,13 2,01 1,97 2,22 2,14
3 0,54 128 | 109 | 159 | 156 | 104 | 167 | 147 | 032 | 020 | 0,49 | 084 | -0,38
4 0,84 2,31 2,06 1,96 2,25 1,42 1,64 1,81 4,18 4,29 4,19 4,90 4,68
5 1,18 094 | 092 | 104 | 1,05 | 099 | 1,08 | 1,18 - - - - -
6 0,53 09 | 094 | 084 | 089 | 095 | 089 | 0,74 | 042 | 047 | 056 | 0,73 | 0,89
7 -9,67 -4,20 | -450 | 5,19 | -476 | -519 | -5,34 | -6,01 | -7,15| 6,68 | —6,36 | 2,86 | —2,50
8 -22,07 |-16,64|-17,05|-17,26| -16,87 | -17,04 | -16,94| -18,42 | -22,10| —21,30 | —20,30 | —-18,17| -17,97
9 -0,84 1,83 1,71 2,11 2,19 1,65 2,15 153 | -0,18 | 0,31 0,73 1,87 1,12
10 -4,76 -361| -384 | -352| 351 | -391 | 336 | 3,74 | 4,07 | -4,06 | -3,87 | -3,45 | -3,61
11 -21,82 |-20,11|-20,50| —20,68| —20,21 | —21,89 | —21,30| —20,69 | —14,48| —14,72| —14,80| —14,30| —14,46

Ipumeuanue: I — cmeop evinycka cmounvix 800 ¢. Menvnuxoso, Il — cmeop 6doav dopoeu c. Menvruxoso — c. Cmapas Ille-
eapxa (Huoice no ykiony peavegha om guinycka 1), Il — cmeop 6 uepme c. Hawexoso; IV — cmeop 6 4 xm rdxcuee c. Hawexogo;
L — paccmosnue om cyxooona, m; X,, — cymma enasnuix uonos; 110 — nepmaneanamuasn oxucisemocms;, PK u I'K — ¢hynveo-
u eymunosvle Kuciomel, Sl — undexc Hacviuenus no peakyuam, Homepa KOmopvix npugeeoervl ¢ maoi. 1.

Note: | — wastewater discharge point in Melnikovo; Il — discharge point along the Melnikovo road — village Staraya
Shegarka (lower by relief slope from discharge point I); 11l — discharge point in Nashchekovo; IV — discharge point, 4 km to
the south of Nashchekovo; L — distance from dry valley, m; 2 — sum of the main ions; PO — permanganate oxidability; FA
and HA — fulvic and humic acids; SI — saturation index by reactions, numbers of which are given in table 1.
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Taonuua 3. Xumuyeckuii cocmag 600 Oockozo 6oroma (0dama omoéopa npo6 26.11.2018 2.).

Table 3. Chemical composition of the waters of Obskoe bog (date of sampling 26.11.2018).
Ioka3arens EmuHuIB! n3MepeHst Crsop/Discharge point
Indicator Units of measure v [\ v 1 1
L m/m 100 170 210 200 650
Ilupora/Latitude ° 56,515 | 56,515 | 56,514 | 56,552 | 56,551
Jonrora/Longitude ° 84,026 | 84,027 | 84,027 | 84,103 |84,110
Temmeparypa Boasi/\Water temperature °C 0,3 0,5 0,3 0,5 0,1
pH emuunusl pH/measure pH | 7,64 7,70 7,68 7,80 7,53
YOI1/Conductivity MkC/cm/pS/cm 442 462 456 1036 893
Nicopr/Ninorganic ot 0,125 | 0,179 | 0,089 | 2,462 | 0,315
®ocdatsi/Phosphates ;]“; féﬁ s 0,076 | 0,060 | 0,170 | 0,150 | 0,140
F 0,36 0,38 0,32 0,20 0,22
MukposisiemenTHblii cocras/Trace elements
Li 3,94 5,24 4,84 6,40 5,47
B 54,7 50,6 64,5 59,5 74,3
Al 1706 | 36,1 63,2 2,1 83,2
Sc 0,90 0,83 1,08 1,16 2,11
Ti 8,63 2,22 4,83 4,73 | 20,23
V 0,68 0,25 0,39 0,14 1,27
Cr 3,73 2,93 3,35 4,35 4,35
Mn 1511,3 | 474,2 | 7849 | 307,0 | 988,1
Co 1,28 0,28 0,48 0,44 1,55
Ni 1,74 0,40 0,36 3,83 5,83
Cu 1,19 0,48 0,75 0,23 1,10
Zn 17,36 | 8,77 12,61 1,00 9,79
Ga 0,11 0,03 0,06 0,01 0,09
Ge 3 0,03 0,01 0,02 0,01 0,07
As MK/ 4052 | 541 | 21,42 | 22,21 |242,77
Se ng/dm 010 | 0,16 | 0,02 | 0,58 | 0,66
Br 12,21 | 7,61 5,60 ]207,38 196,14
Rb 1,02 0,73 1,57 6,10 3,27
Sr 880,0 | 638,9 | 7155 | 756,0 | 977,8
Y 0,356 | 0,076 | 0,123 | 0,018 | 0,460
Zr 0,081 | 0,029 | 0,039 | 0,024 | 0,236
Nb 0,004 | 0,000 | 0,000 | 0,004 | 0,014
Mo 0,432 | 0,114 | 0,018 | 0,015 | 0,074
Ru 0,003 | 0,001 | 0,004 | 0,001 | 0,007
Rh 0,020 | 0,014 | 0,018 | 0,018 | 0,021
Ag 0,003 | 0,003 | 0,000 | 0,002 | 0,004
Cd 0,100 | 0,045 | 0,043 | 0,005 | 0,039
Sn 0,027 | 0,025 | 0,008 | 0,018 | 0,126
Sb 0,034 | 0,024 | 0,023 | 0,045 | 0,054
Te 0,011 | 0,013 | 0,006 | 0,006 | 0,014
[ 10,0 34 6,8 16,1 315
Cs 0,008 | 0,003 | 0,015 | 0,005 | 0,007
Ba 168,9 | 84,8 2179 | 136,9 | 4844
Lu 0,004 | 0,001 | 0,002 |<0,001| 0,004
Hf 0,005 |<0,001| 0,002 | 0,003 | 0,008
Ta 0,013 | 0,007 | 0,005 | 0,024 | 0,007
W 0,009 | 0,003 | 0,005 | 0,006 | 0,014
Au 0,003 |<0,001| 0,003 | 0,003 | 0,003
Hg 3,256 |<0,050 | <0,050 | 0,038 |<0,050
Pb Mkr/av® pg/dm® 2,869 | 1,338 | 1,792 | 0,064 | 2,357
La 0,396 | 0,084 | 0,123 | 0,011 | 0,332
Ce 0,795 | 0,159 | 0,253 | 0,018 | 0,716
Pr 0,099 | 0,020 | 0,031 | 0,002 | 0,081
Nd 0,382 | 0,071 | 0,117 | 0,006 | 0,346
Sm 0,093 | 0,018 | 0,029 | 0,004 | 0,078
Eu 0,065 | 0,028 | 0,070 | 0,035 | 0,138
Gd 0,089 | 0,017 | 0,029 | 0,012 | 0,091
Yb 0,022 | 0,003 | 0,007 | 0,001 | 0,028
Th 0,029 | 0,013 | 0,007 | 0,004 | 0,036
U 0,029 | 0,059 | 0,017 | 0,004 | 0,042
bO/COD MrO,/mm*/mg0,/dm® 10,00 | 11,40 5,80 23,30 | 24,60
Oprannueckue coenunenns/Organic compounds
Aunkans/Alkanes 8,45 9,51 4,44 2,60 2,65
Luxnoankansl/Cycloalkanes % 2,28 0,24 1,48 0,00 0,52
Apomarmnueckue yraesogopoas/Aromatic hydrocarbons 0,61 1,20 411 0,00 0,00
Crmptsi/Alcohols 943 | 18,28 | 16,37 | 14,61 | 10,55

44




M3BecTns Tomckoro nonuTexHuyeckoro yHueepeuteta. MnxuHupuHr reopecypeos. 2020. T. 331. Ne 3. 39-51

Mearosa W.C. n gp. Ycnosus TpaHchopmaLm KOMMYHanbHO-ObITOBbIX CTOYHBIX BOA B 60MOTHbIX 3kocucTemax (Ha npumepe O6CKOro ...

Oxonuanue maon. 3

Table 3
Ioka3arens EnyHuIB! n3Mepenus Crsop/Discharge point

Indicator Units of measure v v v I I
Aumsernsi/Aldehydes 0,13 2,98 0,09 0,00 0,36
Keronsi/Ketones 3,34 | 592 3,59 291 | 0,55
Kap6onossie kucnotsi/Carboxylic acids 21,62 | 29,57 | 30,14 | 24,39 | 22,46
D¢upsi/Esters 41,70 | 32,30 | 25,07 | 40,36 | 34,42
Amuzsi/Amides 0,54 | 0,00 | 14,72 | 14,67 | 14,56
Amunsi/Amines 11,91 | 0,00 0,00 0,47 | 13,93

Muxpobuonoruyeckuii cocras/Microbiological composition

omurorpoduubie/oligotrophic 9800 | 11620 | 13750 | 12350 | 3880
onuronutpoduisi/oligonitrophilic 3600 | 2320 | 2200 | 4150 | 5190
nedreokucsonme/0il-oxidizing 5640 | 8200 | 2470 830 | 1160
asor¢ukcupyroupme/nitrogen-fixing 4600 | 2200 | 2400 1260 | 1800
ypobakrepuu/urobacteria KI1/MIT 3520 | 9280 | 2000 | 2400 | 1260
ammoHu¢uuypyronme/ammonifying cell/mL 102 102 101 103 102
TroHoBkIe/thionobacteria 20120 | 8650 | 22850 | 14720 | 4230
cynedarBoccTanasauBaomue/sulphate reducing 10000 | 1000 0 10000 | 1000
xenezobakrepun rereporpodusie/heterotrophic iron-oxidizing 2540 | 2400 | 37600 840 | 4700
o6pasyrotme rugpokcu/ipl sxenesa/hydroxide-forming 2500 | 2090 | 1300 120 0
OKHCIISTIONIHE coeHennst Mn/manganese-oxidizing 460 50 0 0 0

Ipumeuanue: Homepa cmeopos coomeemcmeyrom maon. 2; L — paccmosnue om cyxooona, YIII — yoenvnas snekmponpo-
800HOCM®; Nyeqp, — azom NOz , NOy u NH,"; BO — 6uxpomamuas oKucisaemocmo.

Note: the numbers of discharge point correspond to table 2; L — distance from dry valley, m; Conductivity — electrical
conductivity; Ninorganic — Nitrogen NO3~, NO, ™ and NH,"; COD — chemical oxygen demand.
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Fig. 2. Ratio of concentrations of Ni and ethers (a), Ba and
fatty acids (b) in waters of the Obskoe bog in
November 2018

Bompoc B3auMOCBSI3H COIEpKAHUS MHKPOIIECMEHTOB
M PacTBOPEHHOI0 OPTaHMYECKOTO BEINECTBA, MPEACTAB-
JISIOIETO CIOXKHYI0 CMECh COCIMHEHHH alMKIMYECKOTo
U [UKIAYECKOTO CTPOCHHS, OCTACTCS MO CHUX MOp Malo
M3y4eHHEIM. [l YCTaHOBNEGHHS PONH OTACIBHBIX TPYIIIT
OpPTaHMYECKUX COCAMHEHHI B IPOIECCAX MUTPALUH H

HAKOIUICHUS MUKPOJJIEMEHTOB B BOJAX MPOBE/ICHA OLCH-
Ka 3aBHCHMOCTH COJIEPKaHMH KHCIOPOIOPTaHIIECKUX
COCTMHEHHUI M HEKOTOPBIX MHKPOIJIEMEHTOB B HCCIETY-
eMbIX 00BekTax (puc. 2, a, 6). [lomyueHHBIE pe3ymbTaThI
CBHJICTENLCTBYIOT 00 yCTOHUMBOIl TEHJEHIMU K BO3pac-
TaHUIO KoHNeHTpalmi Ni u Ba ¢ yBenuueHnem conepixa-
HUH CIOXKHBIX 3QUPOB M KapOOHOBBIX KHMCIOT COOTBET-
CTBEHHO B OOJIOTHBIX BOJAX Kak HAapyLICHHOTO, TaK M
(onoBoro ywactkoB. Takum o0pasoM, NpHBEICHHbIE
JIaHHBIC TO3BOJIAIOT MPEIOTI0XKHUTb, YTO KUCIOPOACO-
JepXKalllie OpraHUYecKUe COCAUHEHHUS CIOCOOCTBYIOT
HAKOIUICHAI0 MIKPOJJIEMEHTOB B BOJAX HE3aBHCHMO OT
CTEINeHH aHTPOIIOTEHHOTO BO3/CHCTBUS HA HUX.

JUnst GOMOTHBIX BOJ C Pa3HOM CTENEHbIO AHTPOIOTEH-
HOTO BO3/ICHCTBHS XapaKTEpHBI NPUMEPHO OJMHAKOBBIE
COIEPXKAHUS  ONUTOTPO(HBIX, AMMOHH(HUIUPYIOIIHX,
THOHOBBIX M CYJIb()aTBOCCTAHABIMBAIONINX OaKTEpHit
(Tabn. 3), mpHYeM KOHLEHTPAIMH OMUTOTPOGHBIX U aM-
MOHH(UIUPYIOINX MUKPOOPTAHHU3MOB B OOJNOTHBIX BO-
Jax OBUIM BO BCEX CIydasx CYIIECTBEHHO HIKE, 4eM B
CpelHeM B peuHbIX Bojax B Oacceiine Cpemuerr O6w, a
KOHIICHTpAlMk OaKTepHil IUKIA CEphl — MHOTOKPAaTHO
MEHbIIE. 3aMeTHOS YBENMYEHHE B BOAAX HAPYIICHHOTO
y4acTka OTMEYEHO TOJIBKO JUIS ONUTOHUTPO(UIOB — OaK-
TEpUH, MPUCTIOCOONEHHBIX K Cpefe C BeCbMa HH3KHM
CoZIepKaHUEM JICTKOYCBOSIEMBIX OPraHMYECKHUX BEIIECTB,
HO C OTHOCHTENBHO MOBBIMICHHBIM COJEPKAHUEM COE/IH-
HEHUH a30Ta.

Eme onHoii o0uieil 3akOHOMEPHOCTBIO ABIAETCS He-
HACBIIIEHHOCTh OOJIOTHBIX BOJ{ OTHOCHTENBHO MEPBHY-
HBIX aNIOMOCIJIMKATOB, IEPECHIIICHHE OTHOCHTEIBHO
KapOOHATOB, TYMAaTOB KaJbIlMsS M KBapla W KojeOaHuWs
BEMMUMHBL S| i peakimit TpaHcOpManuit CIIOABI B
TJIMHHUCTBIE MHHEPAIBl OT HEJOHACBILICHHOCTH OTHOCH-
TENbHO MHUKPOKJIMHA Ha ()OHOBOM Y4acTKe 10 Iepechl-
MEHUS TIPH MAKCHMANbHOM TPHOMMKCHHH K BBITYCKY
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CTOYHBIX BOA (Ta0J. 2). 3HAYECHUS HHACKCOB HACHIIICHUS
OTHOCHTENIFHO HEKOTOPBIX MUHEPAJIOB M3MEHSIOTCS MPO-
MOPLHMOHATEHO M3MEHEHHSIM COJePKaHUH MUKPOQIOPHI,
TpUYEM 3Ta CBA3b B pAfic CIydacB HemHeHHas. Hampu-
Mep, HACHIIICHAE OTHOCHTEIBHO KANBIUTA B OTCYTCTBHE
PacTBOPEHHOTO YTJeKUCIoro rasa Bospactaer or —0,39
10 0,20 npu yBenuueHWH KOHIEHTPAIM THOHOBBIX Oak-
Tepuil npuMepHo 10 20 ThIC. KII/MI, a TIOTOM TIpH JAajb-
HeWleM yBENMYeHWH MOCIeqHNX cHmkaercs 1o 0,12
(puc. 3). CratuctHyeckd 3HAYMMAas CBS3b CTEIEHU
HACBINICHHST OONOTHBIX BOJ HAONFONACTCS M C COAEpIKa-
HUSIMH TTaBHBIX MOHOB (Tabm. 1), mpuuem cymma riias-
HEIX HMOHOB B OONOTHBIX BOJAX YAOBJIETBOPHUTEIHHO
OTIpEeNAeTCS BIMAHHEM DPEaKIUH PacTBOPEHHS — Oca-
KJICHNsS KapOOHATHBIX MIHEpANOB M KBApIa, IIHPOKO
IPENCTABICHHBIX B COCTABE MUHEPAIBHBIX BKIIOUCHHUI B
Topdha HI3MHHEIX 60n0T ToMckoit obmactu [54]:

2“m = (277’15 i 60;01) 51(3) +
+(1093,67 + 83,44) - SI(6),

e SI(3) u SI(6) — MHAEKCHI HACHINIEHNUS, COOTBETCTBY-
TOIIe HOMEpaM peakuuil B Ta0N. 1; KBagpaT KOppessiu-
OHHOT'O OTHOILIEHHUS R2:0,93.

JIOTIONTHUTENBHO K M3YYECHHUIO N3MEHEHHI XUMIYECKO-
r0 cocTaBa OOJOTHBIX BOJ JEATENHHOTO TOPH30HTA TOP-
(bsHOH 3aJexu Mo Mepe yAaleHHs OT CyX0/0J1a U BBIITyC-
Ka CTOYHBIX BOJ (TakKe Ha TpaHUIe 00JI0Ta H CYX0I0Ia)
OBUIO BBITIONHEHO OIIPEENCHIE COCTaBa BOAHBIX M KHC-
JIOTHBIX BHITSOKEK U3 TOPGOB 10 TIIyOUHBI 3 M OT TOBEpX-
HOCTH 0070Ta B HyHKTE, pacronokeHHOM B 200 M OT
cyxonona B ctBope II (Tabx. 3). B pesymbrare ObL1 mOA-
TBEpXKIEH MOTy4eHHbIH paHee [33] BBIBOA O HAIMYMH
TeOXIMUYECKOro Oapbepa TPHMEPHO HA TPAHHIE Ies-
TENBHOTO U MHEPTHOTO TOPH30HTOB (puc. 4). Murparus
3arpsA3HAIOIIMX BELIECTB HIDKE 1 M OT moBepxHOCTH 00-
J0Ta, OE3yCIOBHO, BO3MOXKHA, HO €€ MacITab Hecomo-
CTaBHM C NIEPEHOCOM B JEATENHHOM FOPU30OHTE MO JIMHU-
SIM CTOKA.

0,3 1

0,2 1

15000 20000 25000

THroHOBBIE OaKTEPHH, KII/MIT
Thionobacteria, cell/mL

Puc. 3. Coomnowienue unoekco HacvleHuss OMHOCUMENb-
Ho Kanvyuma (peaxyus 1 6 maba. 1) u cooepacanuii
muoHoswix baxmepuil ¢ 6odax Obckozo boroma 6
Hosope 2018 2.

Fig. 3. Ratio of saturation indices relative to calcite (reaction 1
in Table 1) and contents of thionobacteria in waters of
the Obskoe bog in November 2018
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msiickax uz mopghos (nynkm 6 200 m om cyxoooia é
cmeope II, ma6bn. 2) 6 noabpe 2018 a.

Fig. 4. Change of Ca and Na concentrations in depth of the
peat deposit of the Obskoe bog in acid extracts from
peats (point 200 m from dry valley in discharge
point I1, table 2) in November 2018

3aknioyeHne

B pesynmbrate mpoBeIeHHBIX HCCIICIOBAHMI YCTaHOB-

JIeHO:

1) B BOmAaxX HM3MHHOTO 0OJIOTA, HE3ABHCHMO OT CTCIICHH
QHTPOTIOTEHHOTO BO3/EHCTBUSA, HAOMIOAeTCs MpPEBbI-
IICHHE HOPMATHBOB KA9EeCTBA XO3HCTBEHHO-TIUTHEBOTO
M PHIOOXO3SHCTBEHHOTO BOJOMONB30BAHUS TI0 COIEp-
KAHUIO OPTaHWYECKWX BEMIECTB (MO0 OMXpOMATHOM H
TIePMAHTAHATHOM OKHCISIEMOCTH, KOHIICHTPAIHsIM KOH-
KPETHBIX OpraHHYECKHX BEIIECTB), MPOAYKTOB HX
Tpancopmarn (BKkmiouas NH,', aMuHBI M pou3BoJI-
HBIe KapOOHOBBIX KHCIIOT) U COCIMHEHHI ¢ METAIUIAMH
(HampruMep, KOMILTEKCHI OpPTaHIMIEeCKUX KUCIIOT U Fe);

2) aHTpOmOreHHoe BiIMsHHE Ha cocTosHHe OOCKOro
Oonota HanboJIee OIIYTUMO CKa3bIBACTCS B YBEIHUE-
HUU PACTBOPEHHBIX OPTaHUYECKUX COEJUHEHUH B BO-
Jax, TPEICTABICHHBIX ITTABHBIM 00pa3oM CIIOKHBIMU
shupamu 1 KapOOHOBBIMH KUCIIOTAMH, KOTOPBIE CIIO-
COOCTBYIOT PasBHTHIO MHKPOOPIaHH3MOB, a TaKkKe
IPUBOJUT K ONpPEACICHHOMY KOHIIEHTPHPOBAHUIO
pafa XUMUYECKHUX 3JIEMEHTOB B OONOTHBIX BOAAX
HapyIICHHBIX Y9aCTKOB 60JI0TA B BUIE KOMIUIEKCHBIX
COCIIMHEHHH CO CIIOKHBIMU 3(pUpaMu 1 KapOOHOBBIMU
KHCJIOTaMy;

3) HaKoMIECHHE BEIIECTB, MOCTYMAIOMNX C KOMMYHAIb-
HO-OBITOBBIMH CTOYHBIMHM BOAAMHU C. MENbHUKOBO,
TPOKMCXOANT B OCHOBHOM Ha T€OXHMIIECKOM Oapbepe
Ha TPaHMLE JACATENHHOTO0 M WHEPTHOTO TOPH30HTOB
TOp(SHOI 3aNeXKH U UyTh HECKOJIBKO HIDKE (pUMep-
HO JI0 TiIyOMHBI OKOJO 1 M), 4TO, BIpOYEM, HE HUC-
KIIIOYaeT TMOCTYIICHHE 3arps3HSIONMX BELIECTB B
HIDKEPACTIONIOKECHHBIE CJIOM, HO yXe B 3aMETHO
MEHBIIEM KOJIMYECTBE;

4) ¢ y4eToM TOTYYEHHBIX JAHHBIX, BO-IIEPBBIX, HET OC-
HOBAHUI OTPULATH AOIMYCTUMOCTb U KONOTHYECKYIO
OIpABJAHHOCTb OTPAHHYEHHOr0 cOpoca KOMMYHANb-
HO-OBITOBBIX CTOYHBIX BOJI B 0OJIOTO, TOCKOJTBKY 3TO
HE TIPUBOIUT K CYIICCTBCHHOMY W3MCHCHHIO XHMH-
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10.

11.

12.

13.

YeCKOr0 COCTaBa OOJNOTHBIX BOJ, & AHTPONOTEHHOE
BO3/ICICTBUE TUMHUTHPYETCS MHKPOOHONOTHYECKUMH
Y TEOXUMHUYECKUMH YCIOBUSIMH B 00JIOTE; BO-BTOPBIX,
crparernst oxpaHel HE3MHHOrO OOcCkoro Oomora Ha
y4acTke cOpoca CTOYHBIX BOJ . MENbHUKOBO JOJXK-
Ha BKJIOYaTh MEPONpPHUATHS XUMHYECKOH MeIHopa-
UK (Hanpumep, U3BECTKOBAHHE);

C y4eToM MaciuTaboB 3a00J0UEHHOCTH TaeKHOH 30-
Hbl 3ananHoit Cubupu nenecoodpa3Ho MepecMOTpeTh
W/ CKOPPEKTHPOBATh TPHPOIOOXPAHHBIE MEpO-
NPUATAS TI0 HEKOTOPOMY OTPaHUYECHUIO pocTa 3a00-
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Relevance. The issue of conservation and use of bogs is very urgent throughout the world, including Western Siberia, where a large part
of hydrocarbon raw materials in the Russian Federation are extracted. It is accompanied by environmental changes, which concern bog
ecosystems. This determines the relevance to develop a methodology and technology for environmental protection of bog ecosystems
subjected to anthropogenic impact. For this methodology, a reliable assessment of changes in the bog ecosystem under the influence of
the influx of substances of anthropogenic origin is required.

The aim of the research is to analyze and interprete the conditions of municipal wastewater transformation in lowland bog on the example
of typical Western Siberian eutrophic bog Obskoe.

Methods. Chemical and microbiological composition of natural waters were analyzed in the Fundamental research laboratory of hydroge-
ochemistry (TPU), which is registered in the System of analytical laboratories of Gosstandart of Russia. To carry out the comprehensive
chemical analysis the authors applied the traditional methods. The microbiological analysis was carried out after sampling, basically during
the day. The samples had been kept in the cooling bag until they were delivered to the laboratory. To identify the microorganisms the au-
thors used liquid and firm elective nutrient mediums. The trace elements were determined by inductively coupled plasma mass-
spectrometry (ICP-MS). The structural-group composition of dissolved organic matter was determined by gas chromatography—mass spec-
tfrometry method. Statistical methods and mathematical modeling were applied to study hydrogeochemical processes.

Results and conclusions. It was found that the bog waters are characterized by high contents (relative to maximum permissible concen-
trations) of organic matters, products of their transformation, as well as some chemical elements, which are able to form complexes with
organic matters. Among the dissolved organic compounds esters, carboxylic acids are dominated in the bog waters. They contribute not
only to accumulation of certain elements (Ni, Ba) in the waters but to development of microorganisms as well. It was shown, that accumu-
lation of the elements entering the bog waters from municipal wastewater of Melnikovo settlement takes place mainly on the boundary of
active and inert horizons of the peat deposit. It was shown, that the discharge of municipal wastewater to the bog near Melnikovo settle-
ment does not significantly change the chemical composition of the bog waters, and anthropogenic impact is limited by microbiological and
geochemical conditions of the bog. Based on the data obtained, it was proposed to adjust environmental measures to limit the expansion
of boggy areas by the increase in forest land due to drainage reclamation and the addition of nitrogen and calcium compounds that are
part of municipal wastewater and wastewater of oil and gas industry.

Key words: Wastewater, chemical composition, development of methodology and technologies,
self-treatment of municipal wastewater, Obskoe lowland bog.
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