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IMpencraBiaeHbl pe3yabTaThl CE30HHBIX UCCIENOBAHUM XMMUYECKOTO COCTaBa BOI, MOCTY-
narlmx ¢ ceauTteoHoil Tepputopuu T. Ilerpo3aBoncka B Ilerpo3aBonckyto rydoy OHex-
ckoro o3epa. C TMBHEBBIMU U IPEHAXHBIMU BOIAMU C Tepputopuu ropona B [lerposason-
CKYI0 TYOy MoCTynaeT MUHepadbHbIX coJieir 21.1 ThIC. T/rol, OpraHuYecKuX BellecTB (1o
XTIK) — 8.3 T C/rom, 6uoreHHbIX — 657.4 T/Ton. Co cTokoM pek JlococuHka u HermuHka B
IMerpo3aBonckyto Ty6y moctymnaeT 10.1 Thic. T/Tom MUHEpaIbHBIX cojieil, 678.2 T/ron co-
ennHeHuit 6uoreHHbIX a1eMeHTOB (P, N, Si, Fe). JleroM o cpaBHeHUIo ¢ BecHoit B 70%
cilyyaeB HabJIOIaeTCsl MOHWXKEHNE KOHIEHTPAIMK HaTpusl U xJiopa, B 80% cityyaeB — mo-
BBIIIICHUE KOHIICHTPAIIUK CylTb(haToB. 3MMOIi, TI0O CPAaBHEHUIO € OceHbIo, B 40% mpob mo-
BEPXHOCTHBIX CTOYHBIX BOJ HA0JII01aeTCsl MOBBIIIEHWE KOHLICHTPALMM HATPUS M XJIopa, a
conepxaHue cyibdhatoB B 85% mnpo6 moHmkaetcs. YuuTeiBasi, uyTo [leTpo3aBonckas ry6a
CIIyXKUT WCTOUHUKOM LIEHTPAJIM30BAHHOTO XO3SIMICTBEHHO-MUTHEBOTO BOJOCHAOXEHMST U
00BEKTOM PEKPEallMOHHON M PHIOOXO3SMCTBEHHON AEATEIbHOCTH, HEOOXOIMMa OpraHu-
3alIMsl CUCTEM OYMCTKHU MOBEPXHOCTHBIX CTOUHBIX BOJI.
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9JIEMEHTBI, 3arpsI3HSIONIME BEelIeCTBa, CeIUTeOHbIe TeppuTopuM, [leTpo3aBomckasi ryda
OHEeXCKOro o3epa
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BBEAEHUE

AKTyabHOI MPOOJIEMOI KPYITHBIX HACEJIEHHBIX MTYHKTOB SIBJISIETCSI 00ecIieueHre 3KOJ0-
TMYeCcKoil 0e30MacHOCTM OOBEKTOB MUTHEBOTO M XO3SIMCTBEHHOTo BomocHabxeHus. Ilo-
BEPXHOCTHBIN CTOK C CEJIUTEOHBIX TEPPUTOPHIL OKA3bIBAET HETAaTUBHOE BO3/AEHCTBUE HA Ka-
YeCTBO IPUPOJIHBIX BOJ MpreMHOro 6acceiiHa. OH OopMUPYETCS U3 TaJIbIX, TOXIEBbIX, MO-
JIMBOMOEUYHBIX M NPEHaXXHbIX BOA. XMMWYECKUIA COCTaB IMOBEPXHOCTHOIO CTOKAa CUJIBHO
U3MEHSIETCSI IO TEPPUTOPUM TOPOJIa, TIOCKOJIBKY €ro (hOpMUPOBAHUE TIPOUCXOIUT B PA3HBIX
(byHKIIMOHATBHBIX 30HAX: MPOMBIILICHHBIX, aBTOTPAHCIIOPTHBIX, CTPOUTEIbHBIX TUIOIIA-
JIOK, MHOTOBTAXHBIX U MAJIO3TAXKHBIX XUJIBIX PallOHOB. PaznuuHble 3arps3HsOLINe Bellle-
CTBa, CMbIBa€MblI€ C 3THUX PAlOHOB ropoa, cy>aT UCTOYHUKOM TOKCUYHBIX BellecTB (HedTe-
MPONYKTOB, TsDXeIbIX MeTaioB, CITAB u np.) B mpuHuMarlolieM BomHOM oObekTe. B poccuii-
CKMX TOpOJIax 3KOJOTMYECKOMY MOHMTOPUHIY TOBEPXHOCTHOIO CTOKA C YpOAHU3UPOBAHHBIX
TEpPUTOPUIA YIEJISIETCSI HENOCTATOYHOE BHUMAHNUE, YTO YACTUYHO MOXET OBITh OOBSICHEHO OT-
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HECEHMEM MOBEPXHOCTHOTO CTOKA B paHee IeCTBYIOIIEM 3aKOHOIATEIbCTBE K YCJIOBHO-YM -
CTBIM BOJaM, He TPEOYIOILIMM OYMCTKU TIepes COpOCcOM B BogoeM. DTO yITyIlleHUEe UCTIpaBJie-
HO B 2018 I. HOpMaTHBHBIM TOKyMeHTOM [16]. JINBHEBBIe KaHAIM3AIIUM, TT0 GOMbIIEH YacTH
IMOCTPOEHHbIE B COBETCKOE BPEMSI, UMEU OHY 1IeJib — OTBEAEHME TTOBEPXHOCTHOTO CTOKA.
B Hacrosiiiee BpeMsi pa3BUTHE XWIOK 3aCTPONKHU, TTPOMBIIIJIEHHOCTH U MH(MPACTPYKTYPBI
He BCerma COIPOBOXIAETCSI OMHOBPEMEHHBIM CO3aHuEeM JIMBHEBOM KaHanu3amnuu [17].

IletpozaBonck — ropon ¢ HaceaeHrueM 280 ThIC. Yes., paclOI0KEeHHBIM Ha I0ro-3amnaiHoM
oepery Ilerpo3aBonckoii ryobpl OHexXcKoro o3epa. IIoBepXHOCTHBIE CTOKM C €ro CeJIMTeOHOM
TEPPUTOPUM OKAa3bIBAIOT CYLIECTBEHHOE BJIMUSIHUE HA 3KOCHCTEMY T'yObl M 03epa B LIEJIOM
[8, 15]. Mansie peku — Jlococunka n HernmuHka, BomocO0pbl KOTOPBIX HAXOISTCS Ha ypOa-
HU3UPOBAHHOUN TEPPUTOPUU TOPOJa, TAKXKE MOABEPXKEHBI AHTPOIIOTEHHOMY BO3IECHCTBUIO.
YpoBeHb U XapaKTep 3TOro BO3AEUCTBUS olpeaessieTcs (PyHKIMOHATbHBIMU OCOOEHHOCTSI-
MU OPpUOPEKHBIX paiiloHOB. JIMBHEBBIN M ApEHAXKHBI CTOK ropojia IOCTYIIaeT 1o Tpyoam 0e3
ourctku B IleTpo3zaBoackylo ryoy. BrisiBieHMe 0OCOOEHHOCTE XMMUYECKOIO COCTaBa pey-
HOTO, JIMBHEBOIO M JpeHaxHoro croka B [lerpo3aBonckyio ryoy OHEXCKOro o3epa MMeeT
BakHOE 3KoJIoTMYeckoe 3HaueHue 111 Pecrryonuku Kapenwsi.

Llenb uccnenoBaHus — U3y4eHNUE XMMUYECKOTO COCTaBa PEUYHBIX Y MTOBEPXHOCTHBIX CTOY-
HBIX BOJ| C ceTuTeOHO TeppuTopum ropoja I[lerpo3aBozacka, mocrymnatomux B [leTpo3aBo-
cKy1o Ty0y OHEXCKOro o3epa.

OBBLEKTHI 1 METOAbI MCCIIEAOBAHUA

Tepputopust r. [TerpozaBoacka (135 km?) pacronaraercs B I0ro-3anajgHoii yactu Iletpo-
3aBOJCKO# TY6BI (rutomanp 72 kM%) OHEXCKOro o3epa. TpaHCIOPTUPOBKA MTOBEPXHOCTHBIX
CTOYHBIX BOJ TIO CEJIMTEOHON TEPPUTOPUN TOpoOIa OCYIIECTBIISAETCS KakK IO KOJIJIEKTOPHO-
NPpEHaXXHOU CUCTeMe, TaK M OTKPBITBIM CIIOCOOOM.

Ce30HHBII 0TOOP MPOO OCYILECTBISUICS B aripesie, Mae, utose, oktsaope 2017 r. u mapte
2018 1. B BOCbMM KOJUIEKTOPHO-IPEHAXKHBIX BBIITYCKaX, TPEX PyUbsX U IBYX peKax, IpoTeKa-
IOIIUX MO Tepputopuu ropoaa. ITpoGbl Boabl B peKax OTOMPaIMCh B BEPXOBbE U YCThE
(puc. 1). OnucaHue cTaHLIMIT OTOOpa MPoO BOIKI MIPEACTAaBICHO B Ta0. 1.

XUMUYECKU aHaIU3 TTPOBOIUIICS 110 TTIOKa3aTeJIsiM, OTPaXKaloIIMM 0COOEHHOCTU aHTPO-
TIOTEHHOTO BO3IEUCTBUSI Ha MIOBEPXHOCTHO-CTOYHBIE M peYHBbIe Bombl. [Ipu 3TOM paccmar-
PUBAJIVCH CIIeMyIOIINe TPYITbl TOKa3aTeIei:

1. MuHepanu3anusi, 3J1eKTPONPOBOIHOCTb U MOHHBIH coctaB Boabl (Ca?t, Mg?t, Na™,

K*, HCO;3, SO; ™, CI).
2. Opranuyeckoe BemniectBo (OB): 11BeTHOCTH, mepmaHraHatHasi okuciasgemMoctsb (I10),

XuMuueckoe norpeodseHue kucaopoaa (XI1K), Gumoxumuyeckoe notTpedieHre Kucjaopoaa 3a
5 cyrok (BIIKj).

3. BuOTeHHBIE 371eMeHTbE: Pog, Py, NHY, NO5, NO3, N

4. pH Bonbl, B3BellIEeHHOE BEIECTBO.

5. 3arps3Hsioliye BelecTBa: HeTenpoayKThl, TsKeable MeTalibl (Cu, Zn, Pb, Cd).

OnpeneneHre XMMUYECKOTO COCTaBa MPUPOIHBIX BOI ITPOBOAWIM B J1JAOOPATOPUY TUAPOXU-
muu u ruaporeojiorur MHcturyra BogHbix npoosieM CeBepa KapHLL PAH. IMpu BbITtonHeHUN
XMMWYECKNUX aHAJIM30B WCHOJB30BAIMCh MeTombl, omnmcanHbie B [1]. Illeaounocts (AlK,

Si, Fe, Mn.

opr,

MrHCOj5 /1) onpenesnsiiach MOTEHUIMOMETPUYECKUM METOAOM C ABYXTOYEYHBIM TUTPOBAHUEM
1o pH 4.5u 4.2; Na™ u K — nmnamenno-dortomerpuueckum Meronom; Ca?™ u Mg?t — atomno-

2—
a0bcopOLMOHHBIM MeTonoM; SO,  — (HOTOMETPUUECKUM METOAOM C XJIOPUIOM Oapusi U cysibho-
Ha3zo I1I; CI™ — ¢poToMeTprYECKMM METOIOM C TUOLIMHATOM PTYTU U HUTpaToM keesa (I11);

n _
NH, — ¢poromeTrprnueckum MHIOPEHOIBHBIM MeTOAOM; NO; — BOCCTAaHOBJIEHUEM Ha Kal-
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Puc. 1. Kapra-cxema craHuuii otbopa npo6 Boabl ¢ cequteOHoi Tepputopun T. [letposaBoncka B 2017—2018 rr.
Fig. 1. Water sampling stations in the residential area of Petrozavodsk in 2017—2018.

MHEBOM PEIyKTOPE U C MOCJECAYIOIIMM aHaJIM30M HUTPUTOB C cyibdaHunamMmuaom u N-(1-
HadTUI)-3TUIEHIMAMUHA TUTUAPOXTOPUIOM; N6, — MEPCYIbdAaTHBIM OKUCIEHUEM B 1LE-
JIOUHOI cpene; Feyg, — aTOMHO-a6cOpOLMOHHBIM METOAOM; Pyg, — mepcynbhaTHbIM OKKC-
JICHMEM U NOCJeNyIoUMM aHaiau3oM docdopa muHepanbHoro; Py, — doroMerpuueckum
metonoM Mopdu u Paitnn; HepTenpomyKTEl — 3KCTpPaKIMOHHO-XpoMaTorpapuiecKuM
HNK-cnekrpomerpuueckum MetogoM; Cu, Zn, Pb, Cd — aToMHO-a0COPOIIMOHHBIM METO-
JIOM; B3BEIIEHHOE BEIIECTBO — IPaBUMETPUUYECKUM MeTOnoM; Si — (hoToMETpUIECKM Me-
TOMOM B BUJIE XeJITO KPEMHUIMOIMOIEHOBOI reTepONnOJUKUCTOTHI.

OlieHKa 3arpsI3HEHHOCTU MOBEPXHOCTHBIX CTOYHBIX BOJ Y PEK, MPOTEKAIOIIUX MO CEeTU-
TeGHOI TeppUTOpUH, BhITToIHEeHA 110 P 52.24.643-2002 [13]. B paGote npumensuuch ITIK
TSI BOIOEMOB PbIOOX03SIICTBEHHOTO Ha3HaueHus [12].

O0BeM BbIHOCA BEIIECTB € CeIUTeOHOM TeppuTopuu I. IleTpo3aBoucka onpeaessiiv o ux
KOHIIEHTpAIMU B BOJIE U 00BbEMY CTOKA € 3TOM Tepputopuu. OO6beM CTOKa C CEIUTEOHOIM
TeppuTopuu I. [lerpo3aBoacka ObLT pacCUMTaH ISl TETUIOTO U XOJIOAHOTO TIePUOIOB, C yUe-
TOM 3aCTPOEHHBIX, 3aac(aTbTUPOBAHHBIX Y UHBIX “3arevyaTaHHbIX’ TUIOIIAACH.

PE3VIJIbTATBI 1 OBCYXJIEHUE

ITosepxHocTHbie cTrouHbie Boabl (IICB). ITICB, nocrynatomniye B pUOpeXHbIC pPailioHbI
ITeTpo3aBonackoii ryobl, XapakTepu3yloTcsl BICOKON MUHepanu3anueit. CoyeBoit cocTaB B
I1CB usMeHsieTCcsT B TeUeHUE rofa B IIMPOKUX Mpenaeiax — ot 264.7 no 1277.0 mr/a (B cpen-
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Taomuua 1. OnrcaHue cTaHLMiE 0TOOpa MPOG BOABI
Table 1. Description of the water sampling stations

No craHimm HaumeHoBaHue, KOOpAMHATBI I[MpumeuaHue
1 Pyu. Crynenen BbITekaeT U3 IeCHOro MaccuBa, NMPOTEKaeT ye-
61°49.790’ c.u1.; 34°18.318 B.1. PE3 IPOMBILIUIEHHYIO 30HY, 10 36MJISIM ObIB-
IIIETO COBX03a, JKUJIOTO MaJIO3TaXKHOTO KOM-
TIeKca
2 Pyu4. Bunra MecTHOCTB 3a00JI0UeHHAasI, B paiioHe BO3BO-
61°49.561’ c.1u1.; 34°18.181" B.11. IIATCS KUJI0I MaJIOSTAXHBIA KOMIUIEKC
3 Tpy6a no yn. MeneHTbeBOI 3aBonckue ctoku JCK, Manbix mpennpusTuii,
61°48.694’ c.u1.; 34°19.797’ B.I1. MpOMBIIIIIeHHast 30Ha “IleTpo3aBonckmari”
4 Tpy6a no yn. MockoBckast PekpeanioHHasi MECTHOCTb, CTAHLIASI MOMKH
61°48.403" c.mm1.; 34°20.816” B.1I1. aBTOMOOWUIIEH
5 Tpy6a 1o yi. JleHMHrpaackoit MHoOroaTaxHbIi1 XX1UJI0H MacCuB
61°48.068" c.u1.; 34°21.611" B.11.
6 Tpy6a Bozne PoroHabl Toponckast HaGepexHast
61°47.763’ c.u1.; 34°22.517 B.1.
7 Tpy6a Bo3e ropoackoro 3AI'Ca Toponckast HabepexxHast
61°47.718’ c.u1.; 34°22.584" B.51.
8 Tpy6a 1 Heoprann3oBaHHbIN cTOK Cyno- | KoJmekTop nepernoiHeH MTOBEpXHOCTHBIMU

CTPOMTEJILHOTO 3aBO/Ia U ABTOKOJIOHHBI 1126

61°46.886’ c.m1.; 34°24.776 B.1.

CTOYHBIMUM BOJaMH

9 Kanasa (Mopckoii ki1y0) [eiicTByeT BO BpeMsl MaBOIKOB U OCaIKOB
61°46.708’ c.u1.; 34°25.154’ B.11.

10 Py4. Bonbmoii MecTHOCTB 32a007104¢HHAs, C OOMIbHBIMU BbI-
61°46.103" c.1u1.; 34°26.449" B.11. XOJaMM TPYHTOBBIX BOJI, Ha JIEBOM Gepery pac-

MOJIOXKeHa BTOpasi ouepe/ib MOJI0K03aBoaa
11 Pyu. KameHHBII I1poTtekaeT B XujbIx paiioHax KitouyeBast u
61°45'01.69” c.u1.; 34°28'58.8” B.11. CaifHaBOJIOK

12 P. HernmunHka (BepxoBbe) W cTok n3 HebobI10ii 1aMObl. BepxoBbe peku
61°45.714" c.u1.; 34°15.688’ B.10. 3abonoueHHOe. [IpoTekaeT yepe3 MuKpopaiio-

13 P. HerurKa (ycTbe) Hbl [IpeBnsinka, [1epeBanka, [TepBomaiickuii
61°47.902" c.1ir.; 34922.156' B.11. u Lentp

14 P. Jlococunka (cpen. TeueHue) BritekaeT u3 03. JlococunHoe. BepxoBbe pexu
61°43.910" c.1u1.; 34°20.483' B.11. 3a00JI04EHHOE, POTEKAET YEPE3 MUKPOPAio-

15 P. lococuHKa (ycThe) Hbl JIpeBnsinka, [0JIMKOBKa, TEPPUTOPUIO

OBIBIIIETO TPAKTOPHOTO 3aBoja (LIEHTP ropoja)

61°47.215" c.1.; 34°23.718’ B.11.

HeM 403.7 Mr/n), u B 11 pa3 mpeBbilllaeT MUHepaIu3aluio Boabl B Tyoe (24.4 mr/a). Ha
10 craHusIX 0T60pa MPOG CTOKOB OTHOCUTEILHOE CHUXKEHUE MUHepanu3auuu (%-3KB.) Je-
TOM 10 CPAaBHEHMUIO C BECHOI1 BBISIBJICHO B UETBhIPEX CJIyYasiX, IMOBBILIEHUE — B TISITH CITydasix,
OTCYTCTBUE U3MEHEHMII — B oMHOM citydae. [loHM>KeHre KOHLIEHTpalluu HAaTpus U XJiopa jie-
TOM IT0 CpaBHEHMIO C BeCcHOI Habmomaetrcs B 70% citydaeB, a MOBBIIICHUE KOHIICHTPAIIUKA
cynbdaroB — B 80% ciyvaeB. [1o-BuIruMomy, ¢ OMHOM CTOPOHBI 3TO OOYCIOBJICHO ITBUICBU/I-
HBIMU BBIOpOCAMM IIEMEHTA, C IPYro — BBINMAACHUSIMU CEPHOM KUCIOTHI, CBI3aHHBIM C
npeobJagaHreM 3arnaaHoro nepeHoca BO3AYIIHBIX MacC CO CTOPOHBI MHIYCTPUAIBHO Pa3BU-
ThIX cTpaH 3ananHoit EBpomnbl. Takum o6pa3zoMm, “UMMIOpPT” cepbl IIPEBBIIAET “3KCOOPT” U
BEIIAIEHHWE B pe3ylabTaTe cOOCTBEHHBIX amuccuii [5, 10]. 3umoii 2018 r. HabIIOmAINUCH Ya-
CThI€ OTTeNe U U ¢ TanbiMU Bogamu B [TCB moctynanu XxumMuueckre peareHThbl, 0OoralieH-
HbI€ XJIOPMCTHIM HaTPUEM, TTOHMXKAIOLIMM OOJiefleHEHME TOPOXKHBIX TOKPbITUIi ropoaa. [1o-
3TOMY B 3TOT CE€30H, MO CPABHEHUIO C OCEHbIO, HAOIIOAAETCS MOBbILIEHNE KOHLIEHTpaLUU
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Hatpus 1 xjiopa B IICB B 40% npo0, a coaepkanue cyabdaroB B 85% npob IMOHMXKAETCS
(tabm. 2).

OmHOBpeMeHHOE U3MEHEHNE KOHIEHTPAIlUM MOHOB HATPUSI M XJIOpa YKa3bIBaeT Ha aH-
TpororeHHoe 3arpsisHeHue [ICB, cBsi3aHHOE ¢ XO3SIICTBEHHO-OBITOBOM AESITETbHOCTBIO.

Conepxanune opranmdecknx BemrectB B [ICB mo kocBenHbM mokaszatensim (ITO u XITK)
CPaBHUTEIIEHO HEBBICOKOE JUTS CTOYHBIX BOI 1 U3MEHSIETCSI B TEUCHUE TO/la COOTBETCTBEHHO OT
2.2 no 58.9 mrO/n (B cpenem 13.6 mrO/m) u ot 17.3 mo 96.4 mrO/n (B cpentem 42.4 mrO/mn)
(tabn. 3). CpenneronoBoe 3HaueHue BITK; mo 11 Beimyckam ITCB paBHsutock 5.28 mrO,/n
(2.5 TIIK st pei6oxo3siicTBEHHBIX BogoeMoB) u cocrasisuio 40% ot I1O u 8% or XIIK,
4YTO yKa3bIBaeT Ha npucytctBue jJerkookucisempix OB B IICB B TeueHune Bcero roma. DKc-

N BIK;
TpEeMaJIbHbIX 3BHAYCHNU OTHOLLICHHNEC ﬁ (1015) JOCTUTACT B KOJIJICKTOPHO-JIMBHEBbLIX BO-

JTaxX LIEHTPaJIbHOTO paiioHa ropoaa (CTaHIUA 7).

Ha necsaru cranmusx or6opa mpo6 I1CB camxenune konuenrpanuu OB o 110 u XIIK B
JIETHUI MEPUO/ IO CPABHEHUIO C BECEHHUM BBISIBJIEHO B YETBIPEX Cy4asiX, MOBbIIIEHUE — B
sty ciaydasx. [Ipudem CHUKeHUE coep KaHusl OT BECHBI K JIETY BhIpaxkKeHO 0oJiee pe3Ko (OT
30 mo 55%, B cpenHeM 39%), yuem yBennueHue (ot 2 1o 54%, B cpenHeM 24%). YBeandyeHue
koHueHTpauu OB 1o 1O u XITK ot oceHu K 3uMe ObLIO OTMEYeHO B 5 cayuasx (56%),
ymenblnenue — B 3 (33%), orcyrctBue — B 1 (11%).

CpenHerogoBoe cofepkaHue B3BellleHHBIX BemecTB B [1CB mo 11-tu BeIITycKaM paBHSIET-
cs 14.0 mr/a (cMm. Tabm. 3). MakcuManbHBIe UX KOHIOeHTpauuu (83.2 Mr/JT) onpeneeHbl Ha
CTaHLIMU 8, MUHUMAaJIbHbIE — Ha cTaHuM 6 (3.9 Mr/i). B peuHbIX Bogax HaMMEHbIINE KOH-
LIEHTpaluu B3BellleHHbIX BelecTB (0.7—1.3 Mr/i) HaiiieHbl B BEPXOBbSIX B 3UMHMIA TTepUO/,
Haubosbive — 12.3 u 70.0 Mr/n B ycTbeBbIX yuacTKax pek JJococunka u HernmmHka cooTBeT-
CTBEHHO.

B I1CB oTtmeuaeTcst BEIcOKasi BaAprabeIbHOCTD CoJlepxKaHUsI coeqnHeHui (pocdopa u azo-
Ta (Ta6a. 4). Konnenrtpauus ob6iero ¢pochopa n3MeHsISTCS B TeUSHME TOa B IMMPOKUX IIpe-
nenax; cpenHee 3HauyeHue cocTapiaseT 250 MKr/i. MakcuMyM ero KOHIIEHTpalluKu IPUypo-
YeH K OCEHHEMY Ce30HY (cpeaHee 3a ce30H — 453 Mkr/in). CpenHeronoBoe couepxaHue 00-
uiero poccopa B ITCB B 10 pa3 mpeBOCXOIUT €ro KOHLIEHTPAllMU B BoJax Tyos! (25 MKr/n).
ConepxaHue MUHepaJIbHOro pocdopa BeICOKOE U cocTasiisieT 60—98% ot 00111ero, 4To SIB-
HO CBSI3aHO C XO35IICTBEHHO-OBITOBBIMU UCTOUHUKAMU ero noctyrieHus B [ICB. HauGonee
BbICOKME KOHUeHTpauuu Py, n P 5., paBHble 1678 1 2136 MKT/J, OTMEYEHBI B JINBHEBBIX
BBINTYCKaX B BOCTOUHOM YacTH MOGEpexXbs ryobl (CTaHIMs 8).

[Ipeobnanaromeit popmoit MuHepanbHBIX hopM a3oTa B [ICB B TedeHue roma sIBasieTCs
HUTpaTHast, coctaiistiomas 0.2—6.51 MrN/i (B cpenHeM 2.92 MrN /). CpenHeromgoBast KOH-
LEHTpallns aMMOHUITHOTO a30Ta B 2 pa3a MeHbllle HUTparHoro. Konuenrpanus N, 8 [ICB
n3Mensietcst ot 0.01 mo 1.58 MrN/n (B cpenrem 0.67 MrN/i); ata (popma coemMHEHMIt a30Ta
He npeBapyeT. CpenHeromoBast KOHIeHTparus N, . B 7 pa3 MeHbIIIe, YeM CpeaHEeroaoBast
CyMMa MUHepaJIbHbIX COeAMHEHU a3oTa (Tab. 4).

Hcrounrkom utopuiabHo-01oreHHbIX a7eMeHToB (Fe, Si) B [ICB ciy>kut B OCHOBHOM I1O-
CTYIUIEHUE UX 13 TpaHC(HOPMUPOBAHHBIX TPYHTOB M TOPHBIX MOPOJI TOPOACKOI TEPPUTOPUM.

ConepxaHue ob1ero xene3a B ucciaenoBaHHbIx [ICB B TeueHue roma naMeHsioch oT 0.1
no 18.9 mr/n. Ero cpenHssi 3a ron KOHIIEHTpalus cocTtaBisuia 2.3 Mr/i, 4yto B 12 pa3 Bblliie
TakoBOli B Bomax ryonl. ComepxkaHne KpeMHUS Bo BceexX Beimyckax [1CB Haxommitochk B mpe-
nenax 2.8—6.9 mr/n (B cpenHeM 3a rox 4.8 mr/n). CpenHue KOHIIEHTpAIlMK eTo B Boaax TyObl
B 2 pa3a HUKe.

Panee uccnenoBanus comepkaHus 0MoreHHbBIX 371eMeHTOB B [1ICB OblM 1poBeaeHBI Bec-
Hoii 1993 1. 1 2003 r. 1 11 CpaBHEHUSI JAaHHBIX B TabJI. 5 MpUBEAEHBI UX CPEIHUE 3HAYCHUS
0 BCEM BBIMYCKaM 3a yKa3aHHbIe rojbl M BecHy 2017 1. VI3 Tabnuliibl BUIHO, YTO coaepKa-
HYE BCEX MUHEPAIbHBIX (DOPM OMOTEHHBIX 3JIEMEHTOB yBeandmiioch B 2017 1. B 2—4 pa3a no

opr
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Tabauua 2. YaenbHasi 3JeKTPONPOBOAHOCTb, MUHEpaIn3alusi, MOHHBII COCTaB U BeJiuurHa pH B mo-
BEPXHOCTHBIX CTOUHBIX BOJaxX U MaJibix pekax B 2017—2018 rr., cpeaHue 3HaYeHUsI

Table 2. Conductivity, mineralization, ionic composition and pH value in surface wastewater and small
rivers in 2017—2018 (average values)

& CyMMa MOHOB Cymma
CraHuus MKCN; Jem 3(72 ), ML/ KaTHOHOB (X,,;),| pPH WonHnslii cocras, %-3KB.
n’> MMOJIb*3KB/JT
1 434 308.8 42 7.68 Ca’"49Na"23Mg" 23K "5
HCO362CI 18SO2 18N 032
5 497 371s 49 180| Ca’ 50Na'25Mg’ 21K 3NH;I
HCO372CI"14S03 12N 032
3 590 4002 p 753 Ca’*45Na"28Mg? " 19NH 5K '3
HCO350C124S02 20N 036
4 580 4041 s 759 Ca**47Na 27Mg* 22K 3NH; 1
HCO355CI 2450571 8NO33
5 596 393.8 5.6 8.06 Ca”"45Na’30Mg” 22K "3
HCO351CI"22S03 20N 037
6 855 520.8 8.0 7.92 Na'56Ca’"20Mg*" 11K "4
CI50HCO0332503 10NO34Aoprd
; 540 3602 50 756 Ca’*45Na*30Mg? 17NH; 5K 73
HCO;354C1724S03 19NO33
8 1150 734.4 11.0 757| Na'51Ca>"29Mg™ 14NHz4K"2
CI"49HCO0339S03 9NO3 2A0pr|
9 534 353.4 5.0 7.43 Ca”"42Na"40Mg” 15K "2
HCO347CI"37S03716
10 806 487.1 7.3 7.90 Na'52Ca’"30Mg™ 15K "2
CI"51HCO0334S03 11NO3 4
1 146 104.8 L6 Ca’*49Mg?*31Na 17K 2NH; 1
HCO3 54A0pr23C1 12803 9N052
Cpennxee* 612 403.7 5.8
D 13 55 02 431 [H"26Ca* 25Na"22Mg> 19K " SNH; 3
SO} 42CI 38A0pr16NO; 4
3 a4 2502 39 735 _Na'38Ca’"35Mg” 21K 4NH;2
HCO341C1 31A0pr14S03 11N0O33
” 0 28.9 0.5 6.91 Ca*"44Mg’*36Na" 16K 4
HCO3 56A0pr30S0O3~7C177
5 93 €21 0.9 74 Ca*38Na*33Mg? 25K T4
HCO352C1 30803 10A0pr6NO3 2

TMpumeuanue. * — cpenHee 3a rof 1Mo oAUHHAAIATYU BeiTTyckaMm [TCB.
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Ta6muua 3. KocBeHHbIe rokasatesu conepxaHusi OB B MOBEepXHOCTHO CTOUHBIX BOAAX M MaJIbIX peKax
B 2017—2018 rT., cpegHMe 3HAYCHUS
Table 3. Content of indirect indicators of organic matter in surface wastewater and small rivers in 2017—

2018 (average values)

Cranums ll__lB, 10, XIIK, BIIKs BITK5/T1O, | B3pemeHHoe
pan mrO/n mrO/n MrO,/n % BElLIeCTBO, MT/J
1 75 12.8 39.7 2.09 16.3 4.0
2 66 11.3 38.1 3.62 32.0 9.2
3 35 9.8 49.7 7.49 76.8 16.6
4 33 9.8 51.5 6.73 68.5 5.4
5 21 4.4 23.6 1.24 28.4 2.6
6 50 12.3 29.6 6.72 54.9 1.5
7 37 8.7 39.3 8.80 101.5 8.4
8 37 12.0 41.4 10.94 90.9 83.2
9 27 4.6 21.8 3.79 82.0 5.2
10 27 20.0 33.9 5.03 25.2 16.5
11 401 44.3 97.4 1.67 3.8 13.0
Cpennee* 74 13.6 42.4 5.28 52.8 14.0
12 292 44.1 84.9 1.38 3.1 1.3
13 158 22.3 55.0 5.66 25.4 28.4
14 158 21.7 44.3 1.76 8.1 3.0
15 155 20.5 42.6 0.89 4.4 8.4

TMpumeuanue. * — cpenHee 3a rof 1Mo OAUHHAAIATYU BeiTTyckaMm [TCB.

Taomuna 4. ConepxxaHre OMOTeHHBIX 3JIEMEHTOB B ITIOBEPXHOCTHBIX CTOUYHBIX I PEYHBIX Bomax B 2017—

2018 rr., cpeaHue 3HAYEHUS

Table 4. Content of nutrients in surface wastewater and river waters in 2017—2018 (average values)

Py Poou NHZ NO5 Nopr Feoom Si
CraHuus
MKT/JT MT/1
1 66 84 0.27 0.80 0.45 1.9 5.0
2 105 142 1.02 1.54 0.50 2.6 5.6
3 252 269 3.68 4.62 0.19 2.5 5.4
4 103 138 0.80 2.75 0.48 1.6 5.5
5 153 161 0.30 4.06 0.62 0.3 5.2
6 95 267 0.48 4.50 2.29 1.5 4.6
7 565 700 3.15 4.10 0.29 0.3 4.1
8 460 688 5.68 3.50 0.59 1.7 5.0
9 67 142 0.18 0.63 0.65 1.2 4.3
10 56 85 0.55 4.70 0.81 1.0 4.7
11 46 78 0.37 0.90 0.45 10.5 3.7
Cpennee* 179 250 1.50 2.92 0.67 2.3 4.8
12 15 43 0.09 0.10 0.93 1.2 3.1
13 99 140 0.66 1.80 0.56 2.6 4.1
14 32 61 0.04 0.08 0.93 1.2 2.4
15 39 72 0.09 0.25 0.56 1.7 2.6

IMpumeuanue:* — cpenHee 3a roj Mo oqMHHaNLATH Bbityckam [TCB.
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Taomuna 5. CpeaHue 3HaYeHMS KOHLICHTPALUM OMOTeHHBIX 3JIEMEHTOB 110 BCEM BOIOBBIITYCKAaM B Be-
ceHHue ce30HbI 1993, 2003 u 2017 rr.

Table 5. Average values of the concentration of nutrients for all water sampling stations in spring seasons
in 1993, 2003 and 2017

Py Poom NHZ NO; Nopr
Ton
MKT/J1 MrN/a
1993 88 140 0.14 0.57 0.59
2003 53 80 0.15 1.60 0.99
2017 101 142 0.70 2.72 0.47

cpaBHeHUIO ¢ 1993 u 2003 rT., T.e. aHTpornoreHHas cocTtapisioomas B [ICB HeykiIoHHO BO3-
pacraer.

Bomoc6op p. Hernmuuku (ctaHius 12) omimyaeTcst BHICOKO# 3a6onoueHHOCThIo (15%) [3].
Bona B BepxoBbe peku oOorailieHa TyMYCOBBIMU BellecTBaMM (LiBeTHOCTh 292 rpan.; 1O
44.1 mrO/n; pH 4.31) (cM. ta6u. 3). [1pu Takux HU3KUX 3HaYeHUsIX pH B Bole OTCYTCTBYIOT
IUAPOKApOOHATHI, a TPEBANMPYIOIINM aHUOHOM SIBJISIIOTCS CylbbaThl, KaTuoHoM — H. Ta-
KOe HeoOBbIUHOE pacTipee/ieHre CBSI3aHO B TIEPBYIO OYepenb C 0COOEHHOCTHIO KUCIIOTHO-0C-
HOBHOTO PaBHOBECHSsI ITOBEPXHOCTHBIX BOI TYMUIHOM 30HBI. Takasl crieninduka BOII CBsI3aHa
C HaJIMYMeM OPraHUYECKMX BEIIECTB, COAEPKaHWE KOTOPBIX COMOCTABUMO C CONMEpKaHUEM
MMHEPATbHBIX BEIIECTB, MO3TOMY KHMCJIOTHO-OCHOBHOE paBHOBECHE B HUX OOYCIIOBJIEHO
IBYMSI CUCTeMaMU: KapOOHATHOI M TyMycoBoii; pH Takux Bom onpeaessieTcst ConepxaHueM
UX PaBHOBECHBIX KOMMOHEHTOB [6]. KHMCIIOTHOCTh MOBEPXHOCTHBIX BOJA T'YMUIHOM 30HbI
06ycI0oBJIEHa HAJTMUMEM CBOOOIHBIX MoHOB H™, yriekucioro rasa u ciabelX OpraHU4ecKux
KHCJIOT, B TIEPBYIO o4epeab T'yMycoBbIX [6]. CTereHb aHTPOIOTeHHOTO BO3ICHCTBUS Ha XH-
MUYECKMi1 cocTaB Boabl peK Jlococmnka (ctanmuu 14, 15) u Hermuuka (ctanouu 12, 13)
BO3pacTaeT OT BEPXOBbEB K YCThIM. B BEpXOBbsIX peK Ka4eCTBO BOIIBI COOTBETCTBYET UX ITPH-
pomHoMy cocTostHUIO. ClienyeT 0co00 MOMUEePKHYTh CTeTIEeHb aHTPOTIOT€HHOTO BO3AEHCTBUS
Ha Bonnbl p. Hernmuuka. B BepxoBbsix p. Hermmuku u JlJococuHku o0111as1 MUHepaau3aius Bo-
Ibl cocTaBisuia 5.5 u 28.9 Mr/a COOTBETCTBEHHO, B YCTh€ PEK OHa BO3pOCja B IEPBOi B
46 pa3, Bo BTOpOii — B 2 pa3a (cM. Ta6:1. 2). [Ipuuem Bo3pactaHue o0IIeil MUHEpaTU3aliK B
Boze p. HermmHKa cBsI3aHO B TIEPBYIO OYepelb C YBEIMYESHUEM COICPXKaHUS XJIOpuaa Ha-
TpUsi, B OCOOEHHOCTH B TIEPHOJ TTOJIOBOABS. Takske MOBBIIIEHHOE Colep>KaHue XJIOPUIOB 1
cynb(daToB YCTAaHOBJIIEHO B yCcThe p. HermmHKuU, 4TO, MO-BUIMMOMY, CBSI3aHO C MHTEHCUB-
HBIM TOCTYIUJIEHMEM MUHEPAIbHBIX BEIIECTB C TOPOACKON TEPPUTOPUU BMECTE C TOXKIEBBI-
MU M TanbiMU Bomamu. KapavHanbHOe n3MeHeHre ¢hopMyJibl HOHHOTO cocTaBa Boabl (B %-
9KB, cpenHeronoBoe) peku HernmuHka ot BepxoBbsi (1) K ycThbio (2) CIIYXUT SIpKOI WJLTIO-
cTpalueil aHTPOTIOTEeHHOTO BO3IEMCTBUST Ha XUMUYECKUI COCTaB BOMIBI PEKU:

H26Ca’"25Na"22Mg? 19K 5NH} 3
SO2"42C1 38A0prl6NO; 4

(1)

Na*38Ca’"35Mg” 21K 4NH] 2

. 2
HCO;41CI 31A0pr14SO; 11NO;53

[TepepacnpeneneHus: A0JU MIaBHbIX KATUOHOB M aHMOHOB B MOHHOM cocTaBe p. Jloco-
CHHKA He MTPOUCXOINIIO0, HO HE3HAUUTEIBHO MoBbIatorcst noau Natu Cl™.

ConepxaHue pacTBOpEeHHOro Kucjoponaa B p. JlJococunka usmensiercss ot 8.30 mo 10.27
(73—89% nacwieHus ). KoHLieHTpalusi paCTBOPEHHOI'O KMCJIOPOIa U MTPOLIEHT HACHILLIEHUS
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B p. HernHka Hu3Kue JieToM B UcToKe (5.91 Mr/n u 57% HachIIeHUsI) W TTOBBIIIAIOTCS B 3a-
MBbIKaro1eM cTBope 1o 8.31 mMr/i1 u 80% HachIlleHUs.

Bona B BepxoBbe pek, Kak paHee ObUIO OTMEYEHO, COMCPXKUT OOJIbIIOE KOJTUYECTBO ajl-
JoxtoHHOoTo OB TpupomHoro mpoucxoxneHus. Tak, cpemHVe BeIWYWHBI LIBETHOCTU B
p. Hermuuka u p. JJococunka paBHbl 292 n 156 rpan., 1O — 44.1 u 21.7 mrO/n, XITK — 84.9
u 44.3 mrO/n, BIIKs — 1.38 u 1.33 MmrO, /1 coorBeTcTBeHHO. K ycThIO 1TOKa3arenu OB B Bone
p. JlJococuHKa MpakKTUYeCKN He M3MEHSIIOTCS, TOrIa Kak B p. HemmmHKa 3Ha4eHUs [IBETHO-
ctu, I10 n XI1K ymeHbIIaroTCs mpakTudeckKu BaBoe. [1pu 3ToM KOIUIeCTBO JIETKOOKHCIsSIe-
Moro OB cyiectBeHHO Bo3pacTtaeT — cpenHee 3HaueHue bI1Ks, oTpaxatolero 1abuiabHyIO
gacth OB, coctaBisieT 3mech 5.66 Mr O,/11 (cM. Tab. 3).

Huskoe conepxaHue MuHepaabHoro (5-15 Mkr/n) u obiiero ¢gocdopa (10—35 Mxr/n) xa-
pakTepHo JUIs1 TpupoAaHbIX Boa Kapennu n nctokos ndydyaembix pek [5]. K ycTblo cpenHero-
noBble KOHUeHTpauuu P, B Bone p. Herunka Bo3pacraiot ¢ 15 (BepxoBbe) 10 99 Mkr/i, a
Poou — ¢ 43 o 140 mxr/a (cM. Taba. 4). dons Py, B cocrase Pg,, Bospactaer ¢ 35 1o 71%,
YTO CBUIIETEILCTBYET 00 aHTPOIIOTEHHOM BO3IEMCTBUY, BBI3BAHHOM IMOCTYITJIEHUEM XO3STi1-
CTBEHHO-OBITOBBIX CTOUHBIX BOJI C ceJinTeOHOI Tepputopuun. Kpome Toro, Ha BogocOopHOit
TEPPUTOPUM PEKU UMEETCS Psifi HEOPTaHU30BAHHBIX CBAJIOK OBITOBOIO M XO3SIMCTBEHHOIO
Mycopa, a 3HauUMTeJIbHAasl 4acTh BOJOCOOpA peKM HAXOAUTCSl Ha Tepputopuu T. [leTpo3aBo-
cka [14]. MakcuMaJIbHO BBICOKOE cofiepkaHue obiero pocdopa (262 MKT/J1) GBUIO BBISIBIIE-
HoO B p. HermnHKa B miepron OCEHHETO MTaBOIKa.

CpenHeronoBoe cofepxaHue MUHepaIbHbIX (popM azota NO;3 u NH4Jr B p. Hernmmuuka Bo3-
pacTaeT 1Mo TeYEeHMIO K YCThIo cooTBeTcTBeHHO ¢ 0.10 10 1.80 MrN/im u ¢ 0.09 50 0.66 MrN/x,

Torna kak B p. JlococnHka koHueHTpauuu NO; u NH:{ COOTBETCTBEHHO YBEJIMYUBAIOTCH
He3HauuTenbHO: ¢ 0.08 1o 0.25 MrN/m1 1 ¢ 0.04 1o 0.09 MrN/m.

3arpsizasionme Bemectsa B [ICB. 3arpsizHsitoniye BelecTBa (Tsixkeable METaLIbl U HedTe-
mpoaykThl) ToctynaioT B [ICB M3 HecaHKIIMOHWPOBAHHBIX CBAJIOK TOPOICKUX OTXOMIOB,
MIPOMBINUIEHHBIX MPEANPUSITHM, aBTOTPAHCITOPTa, aBTO3AMPaBOK. DTHU 3arpsI3HSIONINE Be-
1IecTBa noranaroT B [1eTpo3aBoacKyo rydy B OOJIbIINX KOJIUYECTBAX B IIEPUOIbLI BECEHHETO
naBoika M oOMJIbHBLIX goxkaei. ComepxxaHue HedTenponykToB ObLio B mpenenax 0.01—
7.54 Mr/n. MakcuMalibHOE MX KOJMYECTBO 3a(pMKCHUPOBAHO B LIEHTPAJbHOM YacTU ropoja
(ctanmum 4, 5, 6). B Bome Bcex BoiTycKoB conepxkanune Cd (0.01—0.12 mxr/m) u Pb (0.3—
4.3 mxr/n) 6bL10 3HauMTebHO HUXKe [TJIK (Ta6mn. 6). KoHueHTpalys Zn BapbupoBaja B 11~
poxkux npeaenax (12.2—154.2 Mxr/n), u B cpenHem cocrtapisiia 67.4 mxr/n (6.7 ITJIK). Mak-
CUMaJIbHOE COJepKaHUEe LIMHKA OIpEeNesIeHO B BBIMMYCKE Ha CTaHIUM 3, IIe MpOTeKaloT 3a-
Boackue ctoku JICK, MasbIx MpeanpusiTiii 1 TpoMbILIJIeHHO 30HbI “IleTpo3aBoackmari”,
a TakXe B BBIMYCKe Ha CTAHIIMM 6, CTOKM KOTOPOTO MpoTeKaloT Yyepe3 eHTp [leTpo3aBoacka.
Kpowme Toro, Bce uccinenoBanusie [1CB conepkanu moBbiieHHOe KoanyecTBo Cu — ot 4.3
no 95.4 mxr/n (B cpenreM 30 mkr/n, unu 30 TTK). XoyeTcss oTMETUTD, YTO MOBBIIIIEHHOE
conepxxanue Cu 1 Zn XapakTepHO JUISI BCETO PErMOHa U, IO BCeil BUIMMOCTH, TIOMUMO aH-
TPOIIOTEeHHOTrO BO3aeiicTBUS, ux coaepxxanue B IICB orpaxkaeT u reoxuMmuyeckue ocoOeH-
Hoctu Tepputopuu [7, 9]. Ipu nocrynnenun B [leTpo3aBoackyio rydy yacTb MeTaJJIOB, Ha-
npumep Fe, Oyner cBsizaHa ¢ OpraHMYECKUM BEIIECTBOM aJIJIOXTOHHOTO TPOUCXOXIEHUS, a
ocTajbHbIe 2J1eMeHTHI (Zn, Pb, Cd) OynyT HaXOOUThCS B MIOHHBIX, TO €CTh HAan00JIee TOKCY-
HBIX ¢popMmax [11].

M3 3arpsA3HSIONIMX BEIIECTB B BOAE PEK, MPOTEKAIOIINX MO CEIMTEOHON TEPPUTOPUU TO-
pona, UCCIeI0BaIMCh HE(PTENPOMYKTHI 1 TsiKesible MeTaiuibl (Zn, Cu, Pb, Cd). CpenHeromo-
Bble KOHIIEHTpalMM HePTENMPOAYKTOB B BepXxOBbsix peK JlococuHka u HernmHka paBHBI
0.08 mr/m, K ycthsiM pek oHU Bo3dpacrtatot 10 0.17 (3.4 TIAK) u 0.52 mr/n (10.4 TIAK) coot-
BeTCTBeHHO. Cpeln TSKeIbIX MeTaToB MpeBbiiieHue TTIK B ycTheBbIX ydacTKax peK OTMe-
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Ta6muua 6. ConepxxaHue HeTENPOAYKTOB U TSIXKEIbIX METAJIJIOB B MOBEPXHOCTHBIX CTOYHBIX BOJAX U
Mautbix pekax B 2017—2018 rr., cpenHue 3HaYeHUS

Table 6. The content of total petroleum hydrocarbons and heavy metals in surface wastewater and small
rivers in 2017—2018 (average values)

Zn l Cu | Pb l Cd HedrenponykTel
CraHuums
MKT/JT Mr/a
1 27.6 13.6 1.2 0.06 0.12
2 12.2 4.3 0.4 0.04 0.08
3 125.9 37.0 0.6 0.09 0.16
4 73.5 27.2 0.5 0.04 2.13
5 44.4 17.2 0.4 0.06 0.84
6 154.2 95.4 4.3 0.09 0.85
7 80.1 34.4 0.4 0.04 0.39
8 97.2 53.2 2.2 0.12 0.49
9 57.5 16.5 0.6 0.12 0.08
10 45.5 229 1.2 0.08 0.60
11 23.7 8.7 0.9 0.03 0.08
Cpennee * 67.4 30.0 1.2 0.07 0.53
12 10.9 1.7 0.7 0.05 0.08
13 30.1 48.3 1.9 0.07 0.52
14 9.7 1.5 0.5 0.08 0.08
15 50.4 20.3 1.5 0.05 0.17
ITJK (111 BogoeMoB phIOOX0- 10 1 6 5 0.05
3MCTBEHHOI'O Ha3HAYEHMS])

IMpumeuanue. * — cpenHee 3a roi 1Mo OAWHHAMIATYU BbiTTyckaMm [TCB.

yeHo i Zn (ot 3 no 5 IJIK) u Cu (ot 20 no 48 INAK). MakcumanbHble KOHLIEHTPALIIU
IepBOro oTMe4YeHbI B p. JIococuHKa, a Broporo — B p. HermuHka (cM. Tabi1. 6).

Bonmr p. Jlococutka Ha BceM TeueHnr no KM3B (KoMIUIEKCHBIN MHAEKC 3arpsi3HEHHO-
ctu Bon) u YKM3B (ymenbHbId KOMOMHUPOBAHHBINA MHIACKC, OIPEASISIeMblIil 110 YaCTOTe 1
kpatHocTH TipeBbieHus I1JIK) orHocsaTcs K “cnabo 3arpsi3HEHHBIM BoJgaM B UCTOKE, a B
3aMbIKaOIIEM CTBOpe — K “3arpsisHeHHbIM”. Boma p. HermuHka B yCTbe MO KPUTEPUIO
YKW3B aBnsieTcs “odeHb 3arpsisHeHHO” (TabJ1. 7). B ycThe pexku HabaonaeTcsi u3MeHeHue
COCTaBa IIaBHBIX MOHOB, C MPeo0IagalouM KAaTHOHOM HATPUSI.

XapakTepucTHKA BOJHOTO CTOKA C ceauTeOHoil Tepputopmu. K OCHOBHBIM (haKTopam,
OIpeNeIIoNIMM M3MEHEeHe BOMHOTO OajaHca Ha ypOaHU3MPOBAHHBIX TEPPUTOPUSIX, MOXK-
HO OTHECTH ClieAyloliiee:

— HaJIMYMe y4aCTKOB BOJOHEIIPOHUIIAEMbIX TPYHTOB;

— Tmpeobpa3oBaHUE BO3MYIIHBIX MAacC Hal TOPOIOM, YTO COMPOBOXKIAETCS M3MEHEHUEM
TeMIIepaTyphl BO3yXa, OCAIKOB 1 MCTIapEHUS;

— U3MEHEHME YCIO0BUI (pOpMUPOBAHUS TTOA3EMHBIX BOI U PEXKMMa UX CTOKa.

Ornpenensionyo poib B UBMEHEHUHM TOJOBOTO CTOKAa C OOJIBIIUX BOIOCOOPOB MTPAIOT
nepBble nBa (akrtopa. B cpemHem 3a rom Ha Tepputopuio T. IleTpo3aBoicka BbITIagaeT
620 MM aTMochepHBIX ocankoB [2]. O6beM cToKa Kaxaoro u3 11 o6¢aeq0BaHHBIX BBIITYCKOB
I1CB Heu3BecTeH, U OHU HE OXBATBHIBAIOT BCIO YpOAHU3UPOBAHHYIO TEPPUTOPHUIO Tropoja,
noatoMy ctok ITCB ¢ cenuTeGHOIT TeppUTOPUM OIPEaeisiid BOAHO-0aJaHCOBBIM METO/IOM.
[MpuHuUManoOCh, YTO M3MEHEHHE CTOKAa COOTBETCTBYeT M3MeHeHWio ucrapeHus [8]. s
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Taomuua 7. KM3B, YK 3B noBepXHOCTHBIX CTOYHBIX BOI 1 BoA pek Jlococunka n Hernmuka B 2017—
2018 rr., paccuntanHsble 1o I[TJIK

Table 7. Combinatorial index of water pollution and a specific combinatorial index of surface wastewater
and the Lososinka and Neglinka river water pollution in 2017—2018, calculated according to maximum
permissible concentration

CraHnus KHN3B VKU3B XapakrepucTtuka Bonbl 1o YK 3B
1 42.3 2.7 3arpsizHeHHasI
2 42.8 2.7 3arpsisHeHHasI
4 63.1 4.0 I'psizHas
5 29.6 1.9 Cabo 3arpsi3HeHHast
6 88.2 5.5 I'psizHast
7 63.7 4.0 I'psizHas
8 83.1 5.2 I'psasHas
9 40.1 2.5 3arpsisHeHHAasI
10 52.3 3.6 OueHb 3arpsi3HeHHast
11 43.3 2.7 3arpsi3HeHHast
12 23.5 1.4 Cnabo 3arpsi3HeHHast
13 64.3 3.8 OueHb 3arpsi3HEHHast
14 25.8 1.5 Cnabo 3arpsi3HeHHast
15 37.1 2.2 3arpsisHeHHasI

Tabmuua 8. Vcnapenue ¢ ropoackoii teppuropuu [lerposaBoacka (Mm)
Table 8. Evaporation from the urban area of Petrozavodsk (mm)

Mecsnbl
Ton

saretb -y Il | I | IV | V | VI | VII |[VII| IX | X | XI | XII

5 5 13 35 73 102 | 106 | 68 33 13 7 6 466
5 5 13 35 14 16 18 | 21 20 10 7 6 170
5 5 13 35 62 89 86 | 59 32 12 7 6 411
5 5 13 35 54 78 75 | 53 30 12 7 6 373

Ipumevanue: E, — ucnapsemocts, E, — ucrnapenue ¢ MpakTUYeCKy BOXOHETIPOHUIIAEMOI (“‘3areyaTaHHoOl”) Ja-
CTHU TEPPUTOPUU FOPoOJIa, Eprfncnapel—me C OKPY>KaIoILIEit TEPPUTOPUH, Egorfncnapem/le C TEPPUTOPUU FOPOIA B LIEJIOM.

r. [Terpo3aBojcka ObIJIO pacCYNTAHO UCTTApEHUE OTAEIBHO TSI TETIJIOTO U XOJIOAHOTO TIepH-
olla C YYETOM TUIOIIAIH 3aCTPOSHHBIX 1 3aac(halbTUPOBAHHBIX TeppuTOopuii [4]. Pe3ynbrarsl
pacueTa McnapeHus ¢ Pa3IMIHbIX TEPPUTOPUIA MIPEACTAaBICHBI B Ta0JI. 8.

3HavYeHWe CTOKa C OKPYXalOIIe ropoa TEpPUTOPUH, TTOJyIeHHOE TP OCPETHEHNH Be-
JIMYMH CTOKa OJIMKaIMX pek, coctaBisieT 350 MMm. BomoHenmpoHuiaeMasi TeppUTOPHUS TO-
pora, cocTaBlisionas okojio 16%, cHUKaeT ucnapeHue, CleIoBaTeIbHO, YBEININBAET CTOK
Ha 38 MM. B TakoM citygae ci1oii cToKa ¢ TOponcKoit repputopum cocransiser 388 mm. I1mo-

IA0b CEIUTEOHOI TEPPUTOPUH rOPOaa COCTABIsIeT 135 KMZ, Torna o6beM CTOKA C CeTUTe6-
HOI1 TeppuTOpME Topoza Gyxer paseH: 135.0 x 388 x 10° = 52380 toic. M>/ron. CpeaHeMHO-

TOJIETHUIA pacXol BoxHI p. JlococuHKH paseH 3.21 M3 /c, p. Hermunku — 0.48 m3/c. Ucxons
M3 CKa3aHHOTO BhIIIE, ObLT ONpeneieH BEBIHOC XUMUYECKHUX BEIIECTB C CETUTEOHOM TEPPUTO-
pMY TOpoJia ¢ TIOBEPXHOCTHBIMU BOJIAMY U PEUYHBIM CTOKOM (TabJ1. 9).
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Taomuua 9. BeIHOC XMMHUUYECKUX BELIECTB C ceIMTeOHOM TeppuTopuu ropoaa [lerpozaBoacka nmosepx-
HOCTHBIMUM CTOYHBIMU BofamMu 1 pekamu B 2017—2018 rr.

Table 9. Removal of chemicals from the residential area of the Petrozavodsk city by surface wastewater and
rivers in 20172018

INoka3zaTenp CenutebHast TEpPUTOPUST p. JlococuHka p. Heruuka
CymMa MOHOB (X,;), THIC. T/TOI 21.1 6.3 3.8
B3BenieHHOE BeleCcTBO, T/TOM 743.8 852.0 438.0
MO, T O/roxn 712.4 2079.4 338.2
XIIK, T O/ron 2220.9 4321.2 834.2
BITKs, T Oy/ron 277.6 90.3 0.09
Py T/TOI 9.4 4.0 1.5
Po6up T/TOR 13.1 7.3 2.1
NHZ, T/r0x 78.6 9.1 10.1
NOj3, 1/ron 151.9 25.4 27.3
NO3, 1/ron 5.2 0.5 0.7
Nopr> T/T01 36.7 56.8 8.5
Noguw» T/T00 272.4 91.8 46.6
Feogu, T/TOR 120.5 172.4 39.4
Si, T/rox 251.4 263.7 62.2
Cu, 1/ron 1.6 5.1 0.8
Zn, T/TON, 3.5 2.9 0.5
Hedrenponykrsl, T/Ton 27.8 17.2 7.6

Kak BumHO 13 Taba. 9, HauboablIee BIMSIHUE ceuTeOHoM Tepputopun IleTpo3zaBoacka
oTpaxaetcs Ha MuHepaau3auuu [1CB u peunsix Boa. BerHoc MuHepanbHbIx BeiecTs ¢ [ICB
B 9.5 pasa Bbiiiie, yem opranundeckux (nmo XITK). BuorenHsiit cTok ¢ cenuteOHOI TeppuUTO-

pun HeBenwk (P 13.1 t/rom, N 272.4 t/ron). OnHako 66mbias yacts oT P MIPUXO-

o611 o611 o611

aurest Ha Py, — 72%, a ot Ng,, 56% npuxomutcst Ha NO3 1 27% — na NHj. Jlonst N, He-

6onbinast — 13%, u coBcem Hu3Kas nonst NO, — 4%. Takoe pacripenesneHne B cToke ¢hopm
a30Ta 3aKOHOMEPHO, ITOCKOJIbKY IPEHaXXHbIC JUBHEBbIC BOIBI C CEJIUTEOHON TepPUTOPHUU
XOPOIIO HACKIIIEHbI KUCIOPOAOM, U MPOLIECC HUTPU(PUKALIMM B HUX 3aKaHUMBaeTCsI oopa-
30BaHNEM HUTPATOB.

OcHoBHas noinst B cymMmapHoM 6moreHHoM ctoke (P, N, Fe, Si) B [ICB npuxomurcs Ha
Noow (41%). Bropoe Mecto 3anumaer Si, 3atem uayt Fe u P. B peuHoM GMOreHHOM CTOKe
OKOJIO TIOJIOBUHBI €r0 MPUXOIUTCSA Ha aoito KpemMHus. [ICB u peuyHble BOAbI BHOCST B
OHexXCKoe 03ep0 3HAUYNTEIbHOE KOJIMYEeCTBO HedTenpoayKToB (0KoJio 28 T/rom). Bricokoe
konmuectBo Cu (5.1 T/rom) BHOCUTCS ¢ pedHBIMU Bomamu, a Zn (3.5 t/ron) — ¢ ITICB.

BbIBOJIbI

IIpoBeneHHBI aHAIN3 XUMUYecKOro coctaBa IICB u pe4HBIX BOI, CTEKAIOIINX C CEJIr-
TeOHOM TeppuTopuu ropoaa Ilerpo3aBoacka, Imokasaj, YTO OH IMOABEPKEH 3HAYMTEIbHOM
BHyTpl/lFOﬂOBOf/‘l N3MCHYMBOCTHU U MPOCTPAaHCTBCHHO HCOOHOPOICH. BblﬂBﬂeHO, 4yTO HaM-
GoJIbLIME U3MEHEHMS IIPETEPIEBAET MUHEPAIBHBINA 1 GMOTeHHBII COCTaB BOI, B 0COOEHHO-
CTH B IIEPUOJ BECEHHETO IOJIOBOIbsI, KOLIA TAJbIe BOIBI COAEPKAT MAKCUMAJIbHOE KOJIMYE-
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CTBO HaTpus U xJiopa. B ieTHUit nmepuon nmoskwiiaeTcs conepxanue cyiabdaroB B [ICB, uto
CBSI3aHO C UX TOCTYIUIEHUEM ¢ aTMocdhepHbIMU ocankamu. B ocennuit nepuon B [1CB co-
nepxxaHue ob1ero ¢ocdopa g1ocTUraeT MaKCUMaJIbHBIX BEJIMYUH (B cpenHeM 453 MKr/i).
Kpome Toro, mo maHHBIM IPOLUILIX UcciaeaoBaHuii (B BeceHHuit mepuon 1993, 2003 u
2017 rr.) oTMeuaeTcsa TeHAESHIIMS POCTa coAepKaHUsI OMOTeHHBIX BEIIeCTB B 2—4 pasa, 4To
TOBOPHUT O BO3pacTaHUU aHTPOIIOTeHHOro Bo3aeiicTBusa Ha I1CB.

ITpoBeneHnHsble MccienoBaHusi xuMmuyeckoro coctaBa [ICB u peyHbIX BOI IO3BOJMIU
olleHUTh X noctyruieHre B I[lerpo3aBoackyio ryoy OHexckoro o3epa. 3arpsisHeHue I1CB
HedTenpoayKTaMu HOCUT JIOKaJbHBIN XxapakTep. OHO MaKCUMaJIbHO B TPOMBIIIIEHHBIX 30-
Hax ropoja. PeuyHble Boabl B T€UEHUE MEPUONIa OTKPHITON BOAbI UMEIOT BHICOKHME KOHIIEH-
Tpauuu HedTenponykToB. Peka JlococuHka, ycTheBbie M MPENyCTheBbIE YaCTU KOTOPOI pac-
MMOJIOXKEHBI Ha TEPPUTOPUH OBIBILIETO TPAKTOPHOTO 3aBOJa, BBIHOCUT B [leTpo3aBonackyto ry-
oy 17.2 t/ron HedrenpoaykroB. UccinenoBanHbie [TCB u Boabl p. HermuHKM oTHOCSTCS K
KJIacCy “Tpsi3HBIX” WIN “O4YeHb IPS3HBIX”.

Xumuueckuit coctaB [ICB 1 peuyHbIX BOI OTpaxkaeT BCe HEraTUBHBIE TTPOLIECCHI XO3SIii-
CTBEHHOI NesITeIbHOCTY Ha YypOaHM3UpOBaHHOM Tepputopuu IletposzaBoncka. M3mMeHeHne
XO3SIMICTBEHHOM JESITeIbHOCTU Ha CEJIMTEOHON TEPPUTOPUM CKA3bIBAETCS Ha COMAEpPKaHUU
OCHOBHBIX XUMUYECKMX KOMIIOHEHTOB B Boze. [lerpo3zaBonckas ryda OHexXCKOro o3epa ciy-
KUT UCTOYHUKOM LIEHTPAJIU30BAHHOTO XO35IICTBEHHOTO BOIOCHA0XEHUSI U OOBEKTOM pe-
KpeallMOHHON M PBIOOXO3STACTBEHON NEesTEIbHOCTH, IMO3TOMY HEOoOXoIuMa opraHu3alus
cucreM ourcTku [1CB ¢ yp6baHM3UPOBaHHOI TEPPUTOPUY TOPOJA U OPTAHU3ALIUST KPYTJIOTO-
IWYHOTO MOHUTOpUHTA 3a KayecTBoM [1CB.

CraTbs TTOATOTOBICHA IIPU (PMHAHCOBOM OOecleueHNN (eaecpabHOro OI0oIKeTa Ha BBI-
nonHenue rocygapcrBeHHoro 3amanust KapHII PAH (MBIIC KapHII PAH). UccnenoBa-
HUS BBITTOJTHEHBI HA HAyYHOM ob6opynoBaHuu LleHTpa KouieKTUBHOTO moJjib3oBaHus Dene-
paJIbHOIO MCCJIeA0BaTeIbCKOro LieHTpa “Kapenbckuit HayyHbli LeHTp Poccuiickoit akane-
MUM HayK”.
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Chemical Composition of Surface Drainage and River Waters Coming from the Area
of the Petrozavodsk City to the Onego Lake

A. V. Sabylina® *, T. A. Efremova® *, and O. I. Ikko!" **

! Northern Water Problems Institute, Karelian Research Centre, Russian Academy of Sciences,
Petrozavodsk, Russia

*E-mail: efremova.nwpi@mail.ru
***E-mail: vos-olga-zenia @yandex.ru

The results of seasonal studies of chemical composition of water coming from the residential
area of Petrozavodsk to the Petrozavodsk Bay of the Onego Lake are presented. From the
residential area of the city, 21.1 thousand tons of mineral salts per year, 8.3 tons of organic
matter per year (in terms of COD), and 657.4 tons of nutrients per year enter the Petroza-
vodsk Bay with storm and drainage waters. With the runoff of the rivers Lososinka and Neg-
linka 10.1 thousand tons of mineral salts per year, 678.2 tons of nutrients (P, N, Si, Fe) per
year enter the bay. In summer, compared with spring, the decrease in the concentration of
sodium and chlorine in surface wastewater is observed in 70% of the samples, the increase in
the concentration of sulfates is observed in 80% of samples. In winter, compared with au-
tumn, an increase in the concentration of sodium and chlorine in surface wastewater is ob-
served in 40% of the samples, and the content of sulfates decreases in 85% of the samples.
Considering that the Petrozavodsk Bay serves as a source of centralized drinking water sup-
ply and an object of recreational and fishing activities, it is necessary to organize systems for
treating surface wastewater.

Keywords: mineralization, ionic composition, organic pollutants, nutrient pollutants, resi-
dential areas, Petrozavodsk Bay of the Onego Lake
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