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AKTyanbHocTb pabotbl 06y CrioBeHa He0OOXOAMMOCTbLIO COBEPLLEHCTBOBAHYS METOAONOMMHYECKOro M MHCTPYMEHTabHOro obecnede-
HWS, OTBEYAIOLLEro COBPEMEHHBIM YCIIOBUSM 1 PErOHabHbBIM 0CODEHHOCTAM, YTO ABMIAETCA OAHON U3 OyHAAMEHTabHbIX 3aAady, CTOs-
LUMX Mpes CUCTeMamim MOHUTOPUHIA U KOHTPOSIS COCTOSHMS 0ObEKTOB OKpYXaloLuen cpesbl. CKPUHMHIOBBLIN MOAXOA K PELUEHMIO AaH-
HOW 3aa4v cTaHeT bosiee COBEPLLIEHHBIM aHaMUTUHECKMM MHCTPYMEHTOM [i15l KOHTPOJIS COCTOSIHUS BOAHbIX 0ObEKTOB, 0CODEHHO pac-
MONIOXEHHBIX Ha YAANEHHBIX U TPYAHOAOCTYHBIX TEPPUTOPUSX C BLICOKOW aHTPOMOTEHHOM HArpy3Kov — pavioHoB He(hTeq00b141, M03B0-
15151 ONEePAaTVBHO BbISBAIAT BO3HUKHOBEHWE HELUTATHBIX 1 aBAPMVIHBIX CUTYaLIMV, MPUBOAALUMX K HEraTUBHOMY BO3JENCTBUIO Ha OKPYXa-
IoLLyI0 cpeny, v npuHuMaTe bonee 3¢peKTvBHbIE Mepbl M0 WX YCTPAHEHMIO.

Llenb paboTbi: 060CHOBaHME METORONOMM CKPUHUHIOBOTO KOHTPOSIS COCTOSHYS BOAHbIX PECYPCOB yAaNeHHbIX ParioHoB HegTen00bI-
Yy i1 BbISBIIEHWS aBapUVHBIX HEQTAHbIX Pa3nvBoOB Ha npymepe Tomckou 0bnacy.

MeToabl nccnenoBaHums. [pesnnaraetcs NCrnonb30BaTb CKDUHUHIOBBIV MOAXO0A K MOMYHEHMI0 MHQOPMALMM O Ka4ecTBe MpupOaHbIX
BOA, @ TakXe CBOEBPEMEHHOMY ODHapPYXEHMIO BO3HUKLLMX aBapPUVHbIX CUTYaLMI Ha 0ObeKTax 4OObIYM 1 TPAHCIOPTUPOBKM HEQTH,
NPUBOAALMX K COpOCaM He(hTENPOAYKTOB B BOAHbIE 0OBEKTHI, COBMECTHO C UCMO/b30BaHNEM aBTOMATU3MPOBAHHbIX ANCTAHLMOHHBIX
METOZ0B 1 reonHPOPMAaLMOHHBIX TEXHONOMMI. [I1S1 3TOro cAieniaH aHamm3 3K00ro-reoxXmMm4eckoro COCTosHUS BOAHbIX 0ObEKTOB Ha
TepPPUTOPUAX Pa3MeLLeHVS HegTera3ofo0bIBaIoLLMX NPEANPUATHN.

Pe3ynbTatbl 1 BbIBOAbI. [[p0BesieHa OLieHKa XapakTepHOro COREPXaHMs BELLECTB B MOBEPXHOCTHbIX BoAax bacceviHa p. Obw. peBebilLe-
HUe yCTaHOBIIEHHbIX HOPMATVBOB KayecTBa BOZ B OOJbLIMHCTBE Ci1y4aes 00y CIIOBIEHO PErVIOHabHbIMM OCOBEHHOCTAMM (POPMUPOBaHMS
nx coctaBa. OCHOBHOE OT/IYMe COCTaBa CTOYHbIX BOA HeghTera3oBoro komrekca Cubumpy OT MOBEPXHOCTHbIX BOL PEMVIOHA BbIPaXEeHO B
CpaBHUTENbHO BorbLLeM copepxaHum noHos Na*, Cl', cyMMbl rnaBHbix OHOB. CofepxaHiie He(hTenPOYKTOB B BbIfyCKaeMblX CTOYHbIX
BOAaX, BOA LLNaMOBbIX aMbOaPOB CyLLECTBEHHO OTIIMYAETCSA OT VX KOHLEHTPALIMV B BONOTHBIX U CBA3AHHBIX C HUMM PEYHBIX M MOA3EMHBIX
BOfiax, 4T0 MOATBEPXKAAET HEOOXOAMMOCTL COBEPLUIEHCTBOBAHIS KOHTPOIS 3a CTOKaMi 11 BHEAPEHMS CUCTEM MPEAYIPEXAeHNs aBapuii-
HbIX CUTYaLmi. B Ka4ecTBe CKDUHUHIOBLIX KDUTEPMEB B PaMKax METOLOOMM BbISBIEHWUS aBAPMVIHBIX CUTYaLMI B PavioHax BOObIYM 1
TPAHCIOPTUPOBKU HEPTI HEODXOAMMO UCMOMB30BaTL MpsMble (CoRePXaHme HeQTENPORYKTOB M0 OTKIMKY IIOOPECLEHLMM) 1 KOCBEH-
Hble f1oKa3aTe (KOHUEHTPAaLWS XTIOPUA-MOHa, YAEbHAs 31EKTPOMPOBOAHOCTb ) OAHOBPEMEHHO. 3TO 0BYCI0BIEHO OCOBEHHOCTAMM MX
WAEHTUVKALMN B MPYPOAHbIX BOAHbIX CPEAAX. YCTaHOBIEHO, YTO BbISIBIIEHWUE aHTPOMOMEHHOO 3arpsi3HEHUS HeghTenpoayKTamMu Hanbo-
Jlee JOCTOBEPHO ByAET NMpy KOHLEHTPaUMsX OT 1 Mr/OM’ Ha yaaneHum OT noTeHumanbHbIX MCTO4YHMKOB He bosiee 500 M.

Knio4eBble cnoBa:
HeghrenpoayKTbl, CKPUHUHI Ka4€CTBa BOAHbIX 0OBbEKTOB, aBTOMATU3MPOBaHHbIV KOHTPOSb BOAHbIX 0ObEKTOB,
MOHUTOPMHI COLEPXKaHNs HEQTENPOAYKTOB B NPUPOAHbIX BOAAX, IKOSOMMHECKMA MOHUTOPUHI B HE(DTEra30BoM KOMITIEKCE.
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BBepeHune

3arpsAsHeHue OKPYsKaloInell cpebl SBJIAETCA aK-
TyaJbHOI TP00IeMOli, cBoeBpeMeHHOe U 3(P(HeKTHB-
HOe peIlleHre KOTOPOii B TOM UHCJIe COMPSKEHO C BO-
TIPOCaM¥ OTEPATHBHOTO W JOCTOBEPHOTO BBISBJICHUS
OTKA30B TeXHUUECKUX CHCTeM (HapylleHui paboToc-
I0co0HOT0 cocToAHUs 00beKTa 1o [1, 2]) u, Kak cie-
CTBUE, COCPENOTOUEHHBIX U AUDPY3HBIX, MOCTOAH-
HBIX U BPeMEHHBIX HCTOUHWKOB 3arpsasHenus [3, 4].

BecbMa akTyasbHA 9Ta mpobsiemMa Ipu OpraHu3a-
IIUY TIPUPOJOOXPAHHEIX MEPOIPUATHN Ha 00BEKTaX
IOOBIYY ¥ TPAHCIIOPTUPOBKY HeTH, OUEHB YACTO Pac-
I0JIO’KeHHBIX B TPYAHOMOCTYIHOM MECTHOCTH Ha 3Ha-
YUTEJIHHOM YIaJeHWM OT HACEJEHHBIX NMYHKTOB [5].
Kpowme Toro, mHe()remoObIBatomme 1 0COOEHHO HedTe-
TPAHCIOPTHBIE CHCTEMBbI MOTYT OBITH PACIIOJIOMKEHBI
Ha ceficMMYeCKM OMACHBIX TEPPUTOPHUAK, YIACTKAX,
TIOIBEP:KEHHBIX 3aTOILIEHNIO, MOATOILIEHUIO, SPO3H-
OHHBIM IIpolleccaM, KakK 3a IpejelaMd HaceJEHHBIX
IYHKTOB, TaK ¥ B UX Ipejeax [6].

B macrosiriee BpeMs ToJayueHMe WHPOPMALUU O
COCTOAHUY 00BEKTOB TUAPOC(EPHI B palloHaX A00BIYT
U TPAHCIOPTA YTJI€BOJOPOLHOTO CHIPbS OCYIECTBIISA-
eTCs C MOMOIIBI0 METOLOB KJIACCHUECKOT0 IIP0600TOO-
pa ¥ IPOBeJeHN aHAIUTUYECKUX MCCAeNOBAHUIl II0-
JIEBBIMM MeTOoZaMu, Jubo B jaboparopuu. IIpumene-
HUe JUCTAHIIMOHHO-KapTorpa(uuecKkux MeTozoB (Io-
JyUeHNe a’POKOCMUUECKUX CHUMKOB) [JIf IIOJIyUe-
HUA CBEJEHUHN 0 BOBHUKHOBEHUN He()Te3arpA3HeHUN
BCe eIrle aeT HeJ0OCTATOUHO TOUHBIE PE3YIbTATHI U SB-
JIsIeTCS BeChbMa JJIATeNbHBIM IIPOLIECCOM, TaK KaK Tpe-
OyeT 3HAUMTENBHBIX BPEMEHHBIX 3aTPaT Ha PAaCIIIH-
(pPOBKY CHUMKOB. U TOT, ¥ APYroif METOA SABJISAIOTCS
3aTPATHBIMU U He MO3BOJISIOT ONEePaTUBHO Pearupo-
BaTh Ha 3arpa3HEHUE BOJHBIX O0BEKTOB HE(TEempo-
IYKTaMH TPHA ABAPUUHBIX CUTYalUAX B CBABH C
Heo0XOAMMOCThI0 3HAUNUTENbHBIX BPEMEHHBIX 3aTPaT
JUIS TIOJTYUeHUS TOCTOBEPHOTOo pedysabTata. C yuérom
aTOTO IeJiecoo0pasHa paspaboTKa KaK MeTO0JIOIHH,
TaK ¥ TeXHUUECKUX CPEACTB HKOJOTUUECKOTO MOHUTO-
puHTa B 00/1aCTH TOOBIYM U TPAHCIIOPTA YTJIEBOIOPO/I-
HOTO CBIPbS, MO3BOJISIONIET0 (PMKCUPOBATH OTKJIOHE-
HUA 0T (POHOBBIX (HOPMATHUBHBIX) 3HAUEHUH KOHIIEH-
Tpanuu He)TeIPOAYKTOB B BOAHBIX 00bEKTAX B PEKI-
Me PeanbHOTO BPEMEHH, UTO ¥ OIMpeJesIa0 COOTBET-
CTBYIOIYIO IIeJIh TaHHOH PaboTHI.

B paboTe mpemaraeTcs nCIoIb30BaTh CKPUHWHTO-
BBI# TOAXO[ JJIS MOJYUeHUA HH(POPMALKUY O COCTOSM-
Huu 00beKTOB ruapocdepsl. Takoi moaxox OyaeT Ha-
IIPaBJIeH B TIEPBYIO OYepeb Ha BBISABJIEHNE IPEBBIIIIe-
HUS HOPMATUBHOTO (11 ()OHOBOTO) BHAUEHMUS OIpe-
JenseMOr0 CKPHUHUHTOBOTO IIapaMeTpa BOJHOTO
00BeKTa, CBEJeHNS 0 KOTOPOM BO3MOJKHO TOJNYYaTh
JIUCTAHIMOHHO B PEXKUMe peajbHOro BpemeHu. Ero
peanusanusa TpedyeT paspabOTKM KOHIENTYaJbHO-
METOJI0JIOTHYECKUX OCHOB CKPUHUHTOBOTO KOHTPOJIS
00BeKTOB ruapocdepsl, 0a3uCOM KOTOPBIX CTAHET
ompeseseHue TePeyuHs 3HAUNMbIX CKPUHUHTOBIX Ma-
DPaMeTpoB KauecTBa BOJ M 3HAUEHWI UX ONTUMATbHO-
r'0 YPOBHSA, JOCTATOYHOrO I 00BEKTHBHON OIEHKHI
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COCTOSHMSA BOZHOTO 00BEKTA THAPOCHEPHI B YCIOBUAX
AHTPOIIOTeHHON HATpy3Ku. IIpu 3TOM TOYHOCTH U Ha-
IEeKHOCTb OIPefeJeHUA KOHIIEHTDAIIUN COOTBET-
CTBYIOIUX 3aTPASHUTENH MOKET OBITh 3HAUNTEIHHO
HIKe, ueM IIPY OTPeleleHNH CTaHAapTHRIMU J1abopa-
TOPHBIME MeTogaMu. [JTABHBIMU YCJIOBUAMHU YCIIEII-
HOTO TPUMEHEHUA CKPUHMHTOBOTO TTOJX0/A ABIIAIOT-
CA HAJIe’KHOE MPOSBJIEHNE OTKJINKA CKPUHUHTOBOTO
napameTpa IpU 3HAUUTEIHHOM YBEJINYEHUN KOHIIEH-
TPaIuy KOHTPOJMPYEMOTO 3aTPSASHUTENS, BO3MOK-
HOCTh TIPOBEJIEHUS €ro NPAMOTO M3MepeHus 06e3
Heo0XOAMMOCTH IPOBEAEHHA IPoO00TOOpa M MPO6O-
TIOTOTOBKM, MO3BOJIAIONIET0 OCYIIECTBUTH €TI0 aBTO-
MAaTH3AIAIO.

I mocTmiKeHUd [eu HeoOXOAUMO PEIIUTh IIep-
BOOUEPEIHYIO0 3aaUy II0 MOKCKY ¥ UCCIeJOBAHMUIO Oa-
30BBIX CKPUHWHTOBBIX KPUTEDPHEB KauecTBa BOJ, a
TaK:Ke OIpPeIeJUTh KJII0UeBble KOHTPOIbHBIE YIACTKN
aKBAaTOPUI, HAXOAIINEC B 30HE PUCKA BOSHUKHOBE-
HUS 3arPASHEHUHN He(TeIPOAYKTaAMHU.

MeTopamKa nccnepoBaHus

Metoguka ucciaefoBaHWA IpeAmoJaraia aHAIN3
HKO0JIOT0-TEOXMUUECKOT0 COCTOSIHIUSA BOJHBIX 00BEK-
TOB HA TEPPUTOPUAX pasMellneHus Hedreq00bIBAIO-
X TPeANPUATHH U He(DTEeTPAHCIOPTHBIX CHUCTEM C
IIeJIbI0 BhIfeNeHNs 0a30BBIX KPUTEPHEB CKPUHUHIO-
BOI0 IOAXO[A, KOTOPBIE MOIYT OBITH MCIIOJb30BAHEI
IJIf BBIABIEHHS CJAyYaeB 3arpaAsHeHHs BOJHBIX
00beKTOB, W MaTeMaTHUecKoe MOeJHNpOBaHIe pac-
IPOCTPAaHEHUS 3arPASHANOINNX BEHIeCTB B PEUHBIX U
0O0JIOTHBIX BoflaX. MeToquKa aHaIM3a H9K0JI0T0-Te0X K-
MHYECKOTI'0 COCTOSHMUS BOAHBIX 00bEKTOB IPHBEICHA B
[7], a meToguka mopmenupoBanusa — B [§—11].

O0BeKTOM WCCIeOBAHUA TOCTYKUIN BOAHBIE
00BeKTH B Oacceiine p. O0u, rae J00BIBAETCS OCHOB-
Had 4acTh yrieBomoponoB B Poccuiickoit enepamun
[12-14]. B kauecTBe MCXOAHON WH()OPMAIWH [
aHAJIM3a MCIOJb30BAHbl ONy0JMKOBAHHEIE MATepHa-
sl MuHKCTEPCTBAa IPUPOIHEBIX pecypcoB Pocecuiickoit
@enepantuu - u Pocruppomera [15-18], AO
«Tomcrxreomoruropunr» [19-22], Tomckoro moJju-
TeXHUYECKOTo yHuBepcurtera [23—25], mamHHbBIE rocy-
TApPCTBEHHOTO HKOJIOTMYECKOTO0 MOHUTOPHUHTA IO
cyoberram Poccuiickoit @epepanuu [12, 26-32],
Ony0/JINKOBAHHBIE MAaTepPHAJbl APYTUX AaBTOPOB

[33-35].

Pe3yanaTb| nccnenoBaHns n nx Oﬁcy)KH,EHVIe
XMMWYeCKUM COCTaB M KayecTBo MOBEPXHOCTHbLIX BOA

ITepBeiii 1mar K paspaboTKe METOLOJIOTUU CKPU-
HUHTOBOT'O KOHTPOJIS U BLISIBJIEHUS 3arPSA3HEHUS BOJI-
HBIX 00'BEKTOB 3aKJIOUAETCS B OI€HKE XapaKTePHBIX
COJIePIKAHUI BEIeCTB B MOBEPXHOCTHHIX Bogax. s
5TOTO0 OBLI BLITIOJIHEH aHAIN3 JaHHBIX Pocrumpomera,
TIIV, TTY, AO «ToMCKT€OMOHUTOPUHT» U PAgA APY-
I'UX OPTaHU3AIUN, KOTOPBIY II0KA3aJ, UTO 0 KJIACCH-
(¢uramun O.A. AnéKuHa peuyHble BOABI B OacceiiHe p.
00u B Ipefesax TYHAPHI, JECOTYHAPHI, TATH U JIECO-
CTeIHU B IeJIOM IIPEeCcHbIe ¢ MUHEPaJIN3alell OT OUeHb
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MAaJIOX B TYHApE A0 CPeJHeH B JIeCOCTeNn, IIAPOKap-
OOHATHBIE KaJbI[eBbIe; B 30He CTENH — IIPECHBIE C II0-
BBHINIIEHHOW MUHEpAJIu3aIuel nin coJOHOBaThIe, XJI0-
punHse HaTpueBbie. OOUTHI TPEH] TePPUTOPUATHHO-
T0 U3MEeHEHUS — YBeJIMUeHre KOHIIEHTPAIIAH TJIaBHBIX
MOHOB B BOJIaX DABHUHHBIX PEK B HATPABIEHUU OT
TYHAPEL 10 cTemu (Tabu. 1). B peuHbIX Bogax ropHBIX
U TPEATOPHBIX PAiOHOB KOHI[EHTPAIUS TJABHBIX
MOHOB B I[eJIOM HIIKe, YeM B Taiire ¥ JIeCOTYHApPE, 1
BBIIIIE, YeM B TYHApPE. ITO CBA3AHO, C OJHOI CTOPOHEI,
¢ 00paTHOH 3aBHCUMOCTHI0 MEXKIY WHTEHCUBHOCTBHIO
BOI00OMEHA 1 COMeP:KaHUeM BelrecTBa B PEUHBIX BO-
JlaX, a ¢ Ipyroi — ¢ 6oJiee BBICOKKM BOZO0OMEHOM B
TOPHBIX U IIPEATOPHBIX paiionax [24, 36].

Tabmuya 1. CpegHie 3HayeHus pH, CyMMbI IIaBHbIX MOHOB X,
KoHUeHTpaum Na* v CI, 3HaveHuut BI1Ks v XTIK B
peyHbix Bogax Cnbupu [24]

MAaI[ii OPraHUYeCKUX BEINeCTB, COeJUHEHUI MeTal-
JIOB ¢ oOpraHuvecKkuMu KucaoraMu. Oco0eHHOCTHIO 60-
JIOTHBIX BOJ TaKJKe ABJIAOTCA U HU3KUe 3HaueHus pH
[24, 25, 37]. IIpu BomooOMeHe 6OJIOT ¢ peKaMu, 03€pa-
MU ¥ IOA3eMHBIMI BOJAMH IIPOUCXOAUT O0OMEH C YKa-
3aHHBIMU BelecTBaMu [38], B pesyJbTare uero ypo-
BeHb UX COJIeP:KaHMA B BOAHBIX 00BEKTaX 30H TAUTH,
JIECOTYHAPHI ¥ TYH/PHI B IIEJIOM BBIIIIE, UeM B JIECOCTE-
1 U crend. Ho mpu 5TOM cieiyeT OTMETHTb, UTO JarKe
B CTeIIX ITOIiMa MHOTMX PEK B TOU WJIM MHOU CTelmeHU
3aHATa 0oysoraMu (OOBIYHO HUBWMHHBIMU), SBJISIOIIN-
MHCS MCTOUYHUKOM IIOCTYILJIEHHS B PEUHBIE BOAHI (he-
HOJIOB, YIJIEBOZOPOAO0B, TYMUHOBBIX 1 ()YJIbBOKKCIIOT,
COeTMHEHNH KeJesa u Ip.

Taxum 00pas3oM, IpeBHIIIEHUE YCTAHOBIEHHBIX
HOPMATHBOB KAaYecTBa B IOBEPXHOCTHBIX BOJAX B 0ac-
ceitre p. 06mu (Kax u B GacceiiHax apyrux pex Espa-
31M) MOKeT OBITH CBA3AHO C PETUOHATBHBIMU 0COOEH-

Table 1. Average values of pH, amount of main ions %, con- ~ HOCTAMU ()OPMUPOBAHUA UX XMMHUYECKOTO COCTaBA B
centrations of Na* and CI', BODs and COD values in - ycyioBUAX BBICOKOH 3a060JI0UEHHOCTH 3HAYMTEJbHOM
Siberia river waters yacTy BOJOCOOpHBEIX Teppuropuii. C yuérom sroro,
. = E |vE BBIJIeJIEHE TIPUPOJHON 1 AHTPOTIOT€HHOM COCTABJIAIO-
Mpvponras |2 v |F » |2 &t |2 I2N1ER mell B 3HAUeHWM OOJBIIMHCTBA TUAPOXMMHUUYECKUX
] 30Hfl | EZ|lgs|o3|ss Pl = % 2 % HOKas3aTesell IpefcTaBIgeT co0oi BechbMa CIOMKHYIO
errestria ER|l-T|S o ~29|=E =2
ecosystem SalE ek o ElGE g S |¥ao safady.
[ra) g < 8
A |581|440] 3,7 | 6,0 | 1.47 |60,01 Tabnuua 2. CpeaHui XMMUYecki CoCTaB OTXOL0B BOZ LLUAaMO-
iﬁ:ﬁf’: N | 47 57 57 57 7 7 BbIX ay6ap05, CTOYHbIX 1 6ON0THbIX BOA [39],
[ |578]249| 23 | 22 | 0,73 |50,85 mr/am
A |758(172,2| 133 | 53 | 1,55 |17,68 Table 2. Average chemical composition of sludge pits waste
JF-lc?rCec;TtytTfrlw%?a N1 161 21 21 2 T 7 water, sewage and bog waters [39], mg/dm’
r 75711225 50 | 3,0 | 1,41 |16,55 s
Tai A |7401(268,4]109 | 93 | 3,37 |4414 B 8 ©
anra N [1379 | 1370 | 1370 | 1370 | 1508 | 1971 2 |2olp Buwl|e
Taiga T, 225 522w
r (7361873 57 | 3,7 | 2,33 [28,25 Qe E S 58|9©2a 53
A |7,66|494,2| 43,4328 315 [23,37 Mokasatens c8|z8|o8|%2|%9%
Jlecoctenb : S |Que|L%os | o |5C
N | 163 | 212 | 212 | 212 | 443 | 494 Indicator ao|og |28 BL |z o
Forest steppe S |Xg|82|cs |89
r 76542951279 | 11,9 | 2,23 (17,25 = 2|3 g X %g g5
o =
A [7,48(823,2(132,0|196,1 - 27,38 5 o |& L= |3
Crenb — B =
Steppe N | 34 63 63 63 16 =
PP T [7.46697,2| 96,5 |1453| — |25.41 2
A |74511249| 50 | 3,2 | 2,57 | 9,83
[OpHbie PaVOHb G555 690 | 690 | 690 | 1599 | 1886 o N R N AL
Mountain areas alosl 50 T 20 78 Ty 7211,8 1830,8| 52,9 | 109,3 | 222,6
. - - - : . Na* 212481 82,2 | 2,5 1,9 13,0
[MpumedaHme: A = cpegHee apygpmeTndeckoe 3HadqeHne, N — ko- -
NM4ecTBo npob,; [ = cpesHee reoMeTpudeckoe 3HaqeHue, X, — d 38744 792 | 24 | 32 | 93
CyMMa rn1aBHbIX MOHOB C y4éTom CO5”"; BI1Ks — buoxummyeckoe XMK / COD 364,69(278,10(322,13 (307,88 | 228,51
rotpebnerue kucnopoga 3a 5 cyt; XK — xumumdeckoe rnotpebne-
HMEpKMCﬂOpOﬂa (no gMXpOMaTH)(/)ﬁ OKMCHHGMOCTM)'I'IOny)KZprIM Eeqﬂenponyml 0,511 | 1,579 | 0,189 | 0,128 | 0,157
/ etroleum hydrocarbons

LUPUEPTOM BblfjeNeHb! 3Ha4eHus, npesbilatoime MK, npodyepk =
N<10.

Note: A is the arithmetic mean value; N is the number of samples;
["is the geometric mean value, X., is the amount of the main ions
in view COy”; BODs is the biochemical oxygen demand in 5 days;
COD is the chemical oxygen demand (by dichromate oxidation);
the values above TLV are in bold; dash is N<10.

Il 30H TYHIPHI, JIECOTYHIPHI ¥ Taliru XapaKTep-
HO IIMPOKOE PAacIpocTpaHeHue 60JI0T, BOIbI KOTOPHIX
cofiepsKaT GONBIII0e KOJIMYECTBO PABINYHBIX OPTaHU-
YeCcKUX BelrecTB (Tabi. 2), BKJIOYAA YTI€BOJOPOIBI
IPUPOLHOTO IPOUCXOKAEHNS, IIPOLYKTOB TPAHCHOP-

[Mpumedarna: Z., — cymma rnasHbix noHos, XK — xumundeckoe
notpebneHue Kucnopoaa rno bruxpoMaTHOK OKUCISEMOCTY.

Note: X, is the amount of the main ions; COD is the chemical
oxygen demand by dichromate oxidation.

B paGote [23] ObLIO TOKA3aHO, UTO, BO-NEPBHIX,
nuddepeHITAIA BEIIeCTB II0 TeHe3UCY MOKeT OBITh
BBITIOJTHEHA ITYTEM DPAcuéTa COOTHOIIEHWS MOCTYILIE-
HUS BeIecTBa II0 COCPeNOTOUeHHBIM (S,) U pacmpee-
JIEHHBIM 110 BOZ0COOPY UCTOYHUKAM 3arpasHeHus (S;) K
IUAPOXUMHUUeCKOMy cToKy G. IIpu aToM K Kareropuu
«TIPUPOJHBIX» TIPEIIOKEHO OTHOCUTDH BeIleCTBa, I
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KoTopeix BesmuuHa (S, +S;)/G menbie 5 %, K «Ipen-
MYIIeCTBEHHO IPUPOAHBIM» — BenuuuHa (S, +S;)/G Ha-
xopuTcd B guanasone 5 % <(S,+S;)/G<20 % ; x «mupu-
DOJIHO-aHTPOIIOTeHHBLIM» — B IIPOUUX CJaydasx. Bo-
BTOPBIX, IPUBE/IEHO 000CHOBAHYE TOTO, YTO (POHOBAS
KOHIIEHTPAIUA TpPeCTaBIsgeT co00il YCIOBHO PaBHO-
BECHOE COCTOSIHIE CHCTEeMBI «BOAa—II0po/a» 1 MPH Ha-
JINYUY JAHHBIX HAOJTIOIeHUI MOKeT ObITh paccurTaHa
KaK cpeJHee reOMeTPUYECKOe 3HAYEHVE 32 CTATUCTH-
YeCKHU OJHOPOJHBIN mepuoj. B-TpeTbux, pacuér mia-
TBI 3a cOPOC BaTPABHAIOIINX BEIIECTB Ie1eco00pasHo
TIPOBOJIUTH TOJBKO JIJIS BEIECTB IPUPOTHO-AHTPOIIO-
T€HHOTO TIPOUCXOKIEHU.

XVMMWYECKMI COCTaB CTOYHBIX BOA U BAMAHME
nX c6poca Ha COCTOAHNME BOAHbIX 00bekToB

YT00bl MAEHTHPUIUPOBATH MCTOUHHKM M CAM
(haKT 3arpA3HEHNS BOLHOIO 00bEKTa, I[e1eco00pasHo
3HATh XapaKTepHBIE COJEP:KAHUA PA3IUUHBIX Be-
ITIeCTB B CTOUHBIX Bofax. C aToii 1eJ1bi0 OBLIO IIPOBe/e-
HO 0000IIeHIe BOLOX03ANCTBEHHON MHMDOPMAIUH.
B pesyabraTe ObLI cesaH BHIBOJ O TOM, UTO, BO-Iep-
BBIX, HOPDMATHUBHbIE ITOKABATEJN KAuecTBa CTOUHBIX
BOJ[ He TOCTUTAIOTCS Ha OOBITIEH YaCTH OYMCTHBIX CO-
opy:xenuii (86 % ), mpuuéM OUNCTKA UMEeT HaMeHb-
myio 3Q(eKTUBHOCTSD AJIA OPTaHUUECKUX BEIECTB II0
XIIK u coepunennii hocdopa, azora u xejesa. II0BbI-
IIIEHHOE COfIePIKaHIe HUTPATOB U SBJIsSeTCS MOoKasare-
JIeM TOT0, UTO Heo0XOAMMa JOMONHUTEIbHAS CTALUs
OUMCTKHU CTOUHBIX BOJ OMOJOTHUECKUX COOPYIKEHUIT
OT MPOAYKTOB PasoiKeHUs JIETKOOKUCAIeMbIX Opra-
HUYECKUX BEIECTB, IPEBbINIeHe HOPMATUBHLIX 3HA-
YeHWH APYTrHX [apaMeTPOB TOBOPHUT 00 YKasaHHOMH
BBIIIIE TPUPOTHOM cIeruduKe paccMaTpuBaeMoil Tep-
puTOpuu (BHICOKOH 3a00JI0UEHHOCTH), OIPEIeJIIo-
mett npessimnenue [IIJK y:xe mpu 3a6ope BojbI U3 110-
BEPXHOCTHBIX ¥ IOA3eMHBIX mcTouHuKoB [40]. Bo-
BTOPBIX, CyOCTPAT U CTOUHBIE BOJBI, COAEPIKAIIIIECS B
IIJIAMOBBIX amMbapax He()Tera3oBbIX MECTOPOXKACHMIA,
COZIeP:KaT 3HAUMTENbHOE KOJMUYECTBO He(PTEmPOayK-
TOB, KaJIus, CYIb(ATOB, XJTOPUIOB U PSAA IPYTUX Be-
mecTs (Tabj. 2). 9TO CBUAETEILCTBYET O 3HAUNTEIb-
HOM OTKJIOHEHHX COCTOSHMS COCTABJIAIOIINX 00BEeK-
TOB J00BIUX ¥ TPAHCIOPTUPOBKY HE()TH OT COCTOAHUS
OKpY:KaroIlell TPUPOAHON Cpenbl, BKJIIOUYAS BOJHBIE
00'BEKTHI.

B-Tpersux, HECMOTPS Ha MHOTr00Opasue CocTaBa
CTOUHBIX BOJ Hed)TerasoBoro kommaerca Cubupu, ux
KJII0YeBOe OTJINYKE OT COCTAaBa IMOBEPXHOCTHBIX BOJ
PermoHa 3aKJI0UaeTcs B 3aMeTHO 00JIbIIIeM COIepsKa-
uuu nouoB Na*, Cl°, cyMMBI IJIaBHBIX MOHOB. JTO CBA-
3aHO C T€M, UTO B CHCTEMe MOANEPKAHMS ILIACTOBOTO
naBjeHusa B 3amagHoit CuOMpM MCIOJIB3YIOTCA IOJ-
3eMHBIe BOALI C MuHepajausaunuein 0osee 4 r/am®u
mpeobiafaHueM Cpefy aHMOHOB XJOpuA-noHa [41].
YuuTsBasg JOCTATOYHO HU3KOE (DOHOBOE COZEp:KaHMe
Cl” B mOBEePXHOCTHBIX BOJAX PETMOHA, KOHIIEHTPAII
aTOro MoHa yiKe Oosee H0 Mr/mm® MOXKHO paccMaTpu-
BATh KaK CBUJETENLCTBO 3aTrPAsHeHusd. B oTiuune oT
Ipyrux mokasareineii, ompenenenne Cl He CI0KHBII
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mpolecc 1 He TpeOyeT JOPOTOCTOAINEro 000pyI0BaHMI
[42-44]. Kpome Toro, Bo3MOKHA KOCBEHHAsS OIleHKA
ATOTO IOKA3aTeJA 10 YeIbHON 3JIEKTPOIIPOBOJHOCTH
[45-46], uTo IO3BOJUT MCIIONH30BATH €€ B KAUECTBE
0a30BOTO CKPUHUHTOBOI'O MapaMeTpa. B-ueTBEPTHIX,
VPOBEHb COIEP:KAaHUA IIPOUNX KOMIIOHEHTOB, BKJIIO-
Yad BeIllecTBa, UACHTU(UAIUPYeMble KaK He(Tempo-
oyKTel [47], KapaAUHATIBHO OTJIMYAETCA OT COIEpPIKa-
HUS 9TUX JKe BEIeCTB B 00JOTHBIX U CBA3AHHBIX C HU-
MU PEUYHBIX ¥ IOJ3€MHBIX BOJAX, B OCHOBHOM 0
300-500 m oT pa3;mBOB HE(TU, BHITYCKOB CTOYHBIX
BOJI, IIIJTAMOBBIX aM0apoB.

IToceqHu BBEIBOA OATBEPIKIAETCA KAaK MaTepua-
JamMu HaOJIOJEHW, TaK U Pe3yJbTaTaMi MaTeMaTHu-
YEeCKOr'0 MOJEJIMPOBAHUSA PACIPOCTPAHEHUA 3arpas-
HAIOIUX BEIIeCTB B IIOBEPXHOCTHBIX BOJHBIX 00BEK-
Tax (cM. pucyHok). Tak, MozenupoBaHue IOCIHe[-
cTBUii cOpoca B Bacioranckoe 60JI0TO CTOUHBIX BOJ,
IOTEeHI[MAJIBHO 00PasyIOINXCA MPH paspaboTre Bak-
YapCKoTo JKeje3opyaHoro yaaa B Tomckoii obsacTi,
II0KAa3aJI0, UTO JOCTATOYHO PE3KOE CHUIKEHUE COJep-
JKAHUI PACTBOPEHHBIX COJell (IPUMEpPHO B TPH Pasa)
Oymet mpoucxoauTh Ha yuacTke 10 200 M oT BBITyCKa
(TIpe TIoI0KUTENEHO, 38 CIET BBIBEIEHIS U3 PACTBOPA
MAaJOpPaCTBOPUMBIX COEJMHEHUH, HAIPUMep I'yMaToB
KaJbl[ud ¥ MarHusd, ¥ YCBOGHUA MUHEDPAJBbHBIX Be-
1ecTB 00JIOTHOM PACTUTENIBHOCTHIO, COCTAB KOTOPOH B
paze ciayuyaes OyfeT MEHATHCA B HAIIPABJIEHUH IIOBEI-
meHusd TpoHOCTH OOJIOTHOR DKOCHUCTEMBI).
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PucyHok. ViameperHbie (1) u BbluvicnenHbie (11) KoHUeHTpaLmm
HegTenpoaykToB B Bogax Obckoro 6onota y ¢. MenbHu-
koBo (Tomckas 06aacTb, coctoaHue Ha 12.11.2012)

o

Measured (1) and calculated (I1) concentration of petro-
leum hydrocarbons in the Ob bog waters near Melniko-
vo village (Tomsk region, in the state of 12.11.2012)

Figure.

IIpoTs:KeHHOCTh M3MEHEHHBIX YUYACTKOB BCJIE[-
CTBHME KaK MPAMOTO BO3JEHCTBUS CTOKOB, TAK 1 U3Me-
HeHU TPO(HOCTH 060JOTHBIX 9KOCHCTEM B MECTAX Pas-
MelleHa He(Terasoqo00bIBaOIINX IPEAIPUATHI MO-
JKeT cocTaBadaTh B cpepueM oT 5—10 mo 100-200 M, B
pane cayuaes pocturad 500 M. Menee ycToiunBEIMU
K QHTPOMOT€HHOMY BOZIEHCTBUIO ABJSIOTCA MAaJble
PeKH, 03épa 1 BepXOBbie 00J0Ta, HANOOIEEe YCTONUM-
BBIMU — HUBMHHEIE 60J0Ta [8, 9].

CiokHBIM XMMUYECKUit cocTas HedTu o0ycaaBIu-
BaeT 00pa3oBaHKe YCTONUMBOM 9MYJIbCHHU B CAYUAE ee
YTeUKHU B BOAHBIE 00beKThI. Ompe/eneHo, uTo HedTh
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COZEPKUT B cpefHeM 57 % anupaTudecKux yrieBo-
nopomoB, 29 % apoMaTHUYeCKHX YIJIeBOJOPOJOB,
14 % acdanabpTeHOB U APYyruxX coeauHeHuit [48, 49].
IToaromy upeHTH(GUKAINIO He)Te3arpa3HEHUA BOJO-
eMa BO3MOKHO 9KCIPECCHO YCTAHOBUTH II0 MPUCYT-
CTBUIO apOMAaTHUECKO# (DpaKIuy TMOCPEACTBOM IIPH-
MeHeHusa Y®@-(uaroopecenTHOro MeToxa. Ilpumcyr-
CTBYIOII[IE B BOZOEME OpraHWYecKue ¥ OMOJOrmye-
CKMe BelecTBa He OYAyT CYIIeCTBEHHO MeIaTh OIIpe-
NeJIEHWI0 YPOBHS COlepKaHMU He()TeIIPOAYKTOB, TaK
KaKk uX BIUSHUe OyJeT y4TeHO B OTKJHWKe (hoHA.
Y®-(urtoopecieHTHBIA METOJ CPAaBHUTEIHHO JIETKO
aBTOMATU3UPYETCS, MMEET BBICOKYI0 UYBCTBUTE]b-
HOCTb OIIpefeeHusA He(TeIpPOAYKTOB B BOAE — [0
0,005 mr/ov?®. [Ina cpaBuernud: [IJIK Hedremponyx-
TOB B BOJIe BOJHBIX 00bEKTOB X03IHMCTBEHHOTO HA3HAa-
yenus cocrasasger 0,3 mr/om® (0,1 mr/am® 1s MHO-
TOCEPHUCTHIX Hed)Tell), a 1A BOTHBIX 00BHEKTOB PHIOO-
xo3aiicTBenHOr0 3HaUeHMA — 0,05 Mr/mm®. Y®-duioo-
PECIIEHTHbBIE JATUYNKH TAKMKe MOTYT HCIIO0JIb30BATHCS
yIaJeHHO.

Takum 06pasoM, (IOOPECIEHTHBIH OTKJIUK MO-
JKEeT MCII0Jh30BaThCSA B KauecTBe CKPUHUHTOBOTO Ma-
paMeTpa KOHTDOJISA cojep:KaHus He(TEeIPOAYKTOB B
BOJIE.
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The current importance is caused by the need to improve the methodological and instrumental support, which corresponds to modern
conditions and regional features, being one of the fundamental challenges before the environmental monitoring systems. Screening ap-
proach to solving this problem will become more advanced analytical tool condition monitoring of water bodies, especially those located
in remote and difficult to access areas with high anthropogenic impact — oil production areas, allowing identifying quickly the occurrence
of abnormal and emergency situations, leading to a negative impact on the environment, and taking more effective measures to elimi-
nate them.

The aim of the research is to prove water resources screening control methodology of remote oil production areas for detecting emer-
gency oil spills on the example of Tomsk region.

The research methods. It is proposed to use a screening approach to obtain information on the quality of natural waters, as well as
timely detection of emergency situations occurred on the oil production and transportation facilities, leading to oil discharges to water
bodies, together with the use of automated remote sensing methods and GIS technologies. For this purpose the environmental and ge-
ochemical conditions of water bodies in the accommodation areas of oil and gas companies were analyzed.

The results and conclusions. The evaluation of the characteristic substances in the surface waters of the Ob River basin is carried out.
The excess of the established water quality standards in most cases is caused by regional features of formation of their composition. The
main difference of waste water composition of oil and gas complex of Siberia from the regional surface waters is expressed in rather
larger content of Na*, CI" ions, the sum of the main ions. The petroleum hydrocarbon content in produced waste water, sludge pits wa-
ters differs significantly from their concentrations in wetlands and rivers and groundwater, associated with them, that confirms the ne-
ed to improve the effluents control and implementation of emergency early warning systems. It is necessary to use direct indicators (to-
tal petroleum hydrocarbons content by the fluorescence response) together with the indirect ones (chloride ion concentration, conduc-
tivity) as screening criteria in the accident detection methodology in oil production and transportation areas. It is caused by the peculia-
rities of their identification in natural aquatic environments. It was ascertained that the detection of anthropogenic oil pollution would
be most reliable at concentrations from 1 mg/dny’ at a distance from the potential sources not more than 500 m.

Key words:
Petroleum hydrocarbons, screening of water bodies quality, automated monitoring of water bodies,
petroleum hydrocarbons concentration monitoring in natural waters, environmental monitoring in oil and gas complex.

The research was supported by the grant issued in accordance with RFBR r_a 16-48-700230.
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