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Cmamvs  noceéawena 0030py Jaumepamypvl No npodieMme OYUCHKU NUMbEeGbIX U
NPOMBIULIEHHBIX CIMOYHBIX 600 OM Gewecms, GIUAIOWUX HA 20PMOHANLHYIO CUCIEMY HCUBBIX
cywecms (6ewecmea muna «3/C»). Ilpusedenvi cocmas/cmpykmypa Haubonee mMunudHblx
coeOuHeHUll, 6030eliCMBYIOWUX HA 20PMOHANbHBIU OAIAHC YeN08eKa U UX KIACCUPUKAYUsl, ONUCAHDL
nymu nonaoaHusi yKAa3aHHulX 6eujecms 8 oOKpyicaruyio cpedy. an kpamxuii ananuz mpyoHocmetl
ananumuyeckozo onpeodenenus I/C-eewecms. Kpumuuecku paccmompeHvl OCHOGHbIE MeEmOoObl
yoaneHusi OaHHBIX 3a2pssHuUmenetl u3 600 pa3iuiHO20 NPOUCXONCOCHUS. KOA2YIaYUsl, a0copoyus Ha
aKmMueHOM yele, OKUCIeHUe 030HOM U XJA0POM, Ouonocudeckue u memopantsie memoowvl. Cnucok
Jqumepamypuvl cooepaicum 25 CCbllIoK.

Kniouesvie cnoea: eewjecmea, 20pMoHanvHas cucmema, dHcueble Op2aHusMvl, COCMA8 U
Kiaccuguxayus, CmouHvle 600bl, OUUCMKA, KOAZYIAYus, aocopoyus, aKmueHwlll 2o,
0ecmpyKyus, 030H, XJ0p, OUON02UYECKAs OUUCKA, MeMOpanHble Memoobl.

Beenenue

Vxke ¢ 30-Xx rogoB MPOLLIOrO CTOJETHUS M3BECTHO, YTO PSAJ HCKYCCTBEHHBIX U
BCTPEYAIOIIMXCA B MPHUPOJE XHUMHUYECKHX COCIMHEHMH  00JaJaloT CBOWCTBAMM BEIIECTB,
WTPAIOIIMX BAXKHYI pOJIb B TOPMOHaJbHOM oOOMeHe >KuBBIX cymecTB [1,2]. CBs3p MexmIy
BEII[ECTBAMH, BIMSIONIMMH Ha TOPMOHAJbHBIA OanaHCc, ¥ BO3HUKHOBEHUEM PEMPOMYKTHUBHBIX
neQeKTOB y KHBBIX CYIIECTB ObUIa yCTaHOBJIEHa TOJIbKO B 80-X TOmax, KOrJa aBTOPHI
nyonukanuu [3] ommcanu ckuBylime Ha 3arps3HeHHbX JIJIT TeppuTopusix cram Yaek ¢
M3MEHEHHBIMH TIOJIOBBIMH OpPTraHAMH W PE3KO IOBBIIICHHBIM YHCIIOM EHCKHX 0co0ei. Dth
BEIIECTBA CO CBOWCTBAMHU, XapaKTePHBIMU [JII TOPMOHOB, MOTYT 3HAYUTEIBHO BIUATH Ha
(YHKIIMOHMPOBAHUE YEIOBEYECKOTO OpraHW3Ma, HalpuMmep, YXYIIUTh HMMYHHYIO cHCTeMy. B
HACTOAIEE BpeMsi TaKHe BEIIeCTBA, M3-3a IIUPOKOTO M BCE BO3PACTAIOIIETO MPUMEHEHUS
KOCMETHYECKHX U JIEKAPCTBEHHBIX CPEJICTB, BCE B OOJBIINX KOJMYECTBAX BCTPEUAIOTCS B MOYBAX U
MOBEPXHOCTHBIX Bojgax. K TakuM COEIUHEHHSIM OTHOCSTCS  €CTECTBEHHBbIE TOPMOHBI
(¢uroacTporeHsr), mpenapaThl €CTECTBEHHOTO MTPOUCXOKICHUS CO CBOWCTBAMH TOPMOHOB (3-omera
KUPHBIE KHUCJIOTHI), JIEKAPCTBEHHbIC IMIpemapaThl MJs JICUEHUs [IUTOBHIHOM Kene3bl, s
MpeJOTBpallleHHsT OEpEeMEHHOCTH, a TaKKe MHOTOYHCICHHbIE BEIIECTBA, IPHUMEHSAEMBIE B
npoMeliieHHOCTH U B ObITY (ITABBI, dranartel, nuiessie 106aBKU, JUOKCHH), MHOTHE JIEKapCTBa,
CpEJCTBA 3alMThI pacTeHUM (Bepanamui, tunaad, JIJIT, arpasun).

[ToMHMO ATHX BEHIECTB, CYIIECTBYET HECKOIBKO THICSIY COEIMHEHUH, KOTOPhIE TaKKe MOTYT
nomnacthb B 3TOT ciucok. [Tytu nomaganus Bemiects tuna DJ]C (Endocrine Disrupting Compounds-
EDC, mo-pyccku - 9JIC) B okpy»karolryto cpeay mokasansl Ha Puc. 1.
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Puc.1. Bo3amoxHble myTu nonaganus Bemects Tumna J/]C B OKpyKaIOIIyIO Cpemdy.

3HavyeHue U BpeaHoe BiaMsgHue BemecTB TMna D/IC ropas3no Oosbliee, 4eM TpagULIMOHHBIX
sarpsizHUTENned. Jlo cMX mOp WX JAETEKTHPOBAHME/ONpPEAETICHHE W YyJAJICHHE IPEICTABISIOT
TPYAHOCTb /s uccienoBatenei [4]. O BaxHOCTH pelieHHs NpoOseMbl YIaleHHsl 3TUX BEILECTB U3
Pa3IMYHBIX BOJI TOBOPUT U PE3KH POCT YKCIa IMyOauKaIuid Ha 9Ty Temy (puc. 2).
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Puc.2. lunamuka pocta ymncia myOiauKaiuii mo Teme mno nanHeiM Science Direct.
ITouck no xiroueBwsiM ciioBam: EDC, water treatment.

Hns ynanenunss 3J1C 3arps3HUTENEH HCIIONB3yeTCss OOJBIIOE YHCIO Pa3IHYHBIX METOJOB, HO
MIPUMEHEHHE MHOTUX U3 HUX HATaJIKUBAETCS HA TPYAHOCTU TEXHOJOTHUECKOTO MM SKOHOMHUYECKOTO
xapakrepa. OrpeneneHrue ONTHUMAJIBHBIX METOJO0B AHAIMTUYECKOTO ONpPENEICHUs, MEXaHHU3MOB
paspylIeHusi, TEXHOJOTUIl  yAaJeHus U  BbIIBICHHUS  TOKCHUKOJIOTMYECKOTO  JICHCTBUA
paccMaTpuBaeMOro Kiacca COSAMHEHUH TpeOyeT maibHeWmmx pa3padoTok. HewsBecTHO, Kakyro
PEaKIMIo BHI3BIBAET B )KMBOM OpPraHU3ME OJHOBPEMEHHOE IPUCYTCTBUE HECKOJIBKUX Mpe/ICTaBUTENeH
akTUBHBIX BemiecTB [5]. [looToMy akTyanbHBIM MPENCTABISETCS KPUTUYSCKHM aHaIM3 U 0030p
cBoiictB BemiecTB THa DJ[C W MX KIacCUpUKAIMSI HAa OCHOBE XMMHUYCCKHX CBOWCTB. BakHOM
3aaueil SBISIETCS Jaliee OMpeNieieHHue MpPeeNbHO JIOMYyCTUMBIX KOHIICHTpalui, 0e30macHbIX IS
KUBBIX CYILECTB U, B IIEPBYIO OUYepeb, IJIsl YEJIOBEKA, BhIACHEHHE TEX MEXaHW3MOB, Yepe3 KOTOphIe
9TH BEILIECTBA BO3ACHCTBYIOT HA OKPY>KAIOIIYIO CPEy.

Knaccunduxkanus Bemecrs Tuna 3JC
OOBIYHO paccMaTpUBacMbIe BEIISCTBA IMOAPA3IASIFOT HA TPH TPYIIIIBI;
— OCTPOTE€HHOBOTO THIA, T.€. TaKUE, KOTOpPbIE BEAyT ceOsl aHaJOTHYHO €CTECTBEHHOMY
ACTPOTEHY, TUO0 OJIOKUPYIOT €To;
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— aHJPOreHHOBOI'O THINA, T.€. BELIECTBA, BeAylHe cedsd MNoJ00HO TECTOCTEPOHY WU
OJOKHPYIOIIUE NEHCTBUE TIOCIIEIHETO;
— THUPOMJAJIbHBIE — BEIIECTBA, MOAOOHbBIE BbIPAOATHIBAEMbIM LIUTOBUAHOM >Kese30H, MmpsMo
WA KOCBEHHO BIUSIONINE Ha (DYHKIIMOHUPOBAHUE IUTOBUIHOM JKene3bl [4].
[IpencraBurenu mnepBOro Kjacca 3THX BEIIECTB BCTPEYAIOTCS B BOAAX B HauOOJbIIEM
KOJIMYECTBE, MOATOMY B JajbHEWIIeM OyJeM paccMaTpuBaThb B OCHOBHOM COCIMHEHHUS THIIA
sctporeHoB (Puc.3).
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Puc.3. CtpykTypa TUIIUYHBIX 3CTPOrE€HOB-3arpsI3HUTENEH BOBI.

Ha puc. 4 npeacraBneHo pacnpeaeneHnue B IPUPOIHBIX BOJAX BEUIECTB TUIA SCTPOreHA IO
TOJUTAHJICKUM JTAaHHBIM [6].
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Puc.4. CooTHo1IEHNE MOSIBIEHUS SCTPOT€HHBIX BELIECTB B MPUPOAHBIX Bogax Hunepnanmos
B 2001 rogy oT pa3nu4HBIX KaTeropuil HacenaeHus [6].
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TpyaHoCTH AHAJIMTHYECKOT0 ONpe/ieeHusl

[To cBoemy ctpoenuto BemectBa THma JJ[C BeckMa pa3HOOOpa3HbBI, MOATOMY TMEpen
OTIpe/IeICHUEM UX KOHIICHTPAIIMHA HYKHO IMPOBECTH MO BO3MOXKHOCTH TOUYHYIO HACHTHU(DHKAIIIO
nccaenyemoro Bemectna. [locneaHsas npoBOAUTCS ¢ MOMOILIBIO CTAHIAPTHBIX METOAOB, MPUHATHIX
B BOJIOTNIOJIOTOBKE M OYUCTKE TMPOMBIIUIEHHBIX CTOYHBIX BOJ C YYE€TOM HaJIM4YUA Kak
«KJTACCUYECKUX» 3arps3HUTENeH BOJbI, TAaK W HAIUYUS MOHOB METAIJIOB, CIIOCOOHBIX BIIMATH Ha
TOPMOHAJILHBIA OOMEH (TaKuX, HaPUMEDP, KaK MBIIIBSIK U KaJIMUN). AHATUTUYECKUE HCCIICT0OBAHUS
B HAIllM JHU HAIpaBJI€Hbl HAa ONpPEIENICHUE 3arpsA3HUTENICH, HEJOCTATOYHO OXapaKTEePHU30BAaHHBIX
panbiie. Hekxoropeie coenunenus tuna DJ[C o0magaroT KUCIBIMU WIH OCHOBHBIMU TPYIITIAMU WITH
coJiepKaT MoJsipHble (PyHKIMOHAIBHBIE IPYIIbI, O0JEryaronie ux aHaIuTHUYECKOe ONpe/IesIeHuE.
Jnsg sToM uenu CayXuT P CHEUHAIBHBIX METOJOB, OJHAKO €IWMHOM CTaHIapTU3UPOBAHHOU
METOJMKH HE CylIeCTBYET. J[OMOIHUTENBHYO TPYIHOCTh MPEACTABISAET TO, YTO ONPEACICHUE ITUX
BEIIECTB MPOBOAUTCS, KaK MPABUJIO, IPH OYCHb HU3KUX Mpejiesiax O0HapyKeHHUsI, OpsAIKa sub-ppm
unu sub-ppb. HecMoTpst Ha TO, 4TO aHATUTHYECKHME METOBI JJIsI HA3BaHHBIX II€JICH W3BECTHHI [7],
JUISL pelIeHUs 3a/ayd OIpelelieHHs] pacCMaTPUBAEMbBIX BEIIECTB B KauecTBE NepBOi (hasbl
MPUMEHSIOT TBEpAO(Da3HYI0 DSKCTPAKIMIO C MOCIEIYIOIMIUM HCIOJIb30BaHUEM MPUOOPHOIO
aHanu3a [8]. Beibop MeTona onpeaensercss TUIOM AETEKTHPYEMON MOJIEKYJIbI.

Metoabl ynanenus semects Tuna 3/{C u3 Boa

Hann4me ScTpOreHHBIX TOPMOHAIBHBIX BEIIECTB B CTOYHBIX BOAAX (apMareBTHYECKUX
NPeaNpusAsTHA U BOJAaX BOJOOYHMCTHBIX COOPYKEHHUH psiia cTpaH oOHapyxwiu eme B 90-x rogax
npouuioro Beka [9,10]. Ha nosiBnenne 3THX 3arpsi3HUTENEN B MOBEPXHOCTHBIX BOJAX U B MUThEBOU
BOZIe 0OpaTuiu BHUMaHue TojibKko mocie 2000 roga [11, 12].

bbulo mokazaHo, uto ypanenue 3arpssHutenedl Tuna OJ[C BO3MOXKHO C TOMOIIbIO
TPAaJULMOHHBIX BOJOOYHUCTHBIX METOJOB, OAHAaKO MeronoB 100 %-ro ynaneHuss Moka He
cyuiectByer. B tabmuue 1 npuBeseHbsl COOTBETCTBYIONINE AaHHBIE, onyOinkoBaHHble [IHaiinepom
u coaBropamu [4] 00 >ddexkTHBHOCTH yIaleHHs pacCMaTPUBAEMBIX BEIICCTB Pa3TUYHBIMU
TUIUYHBIMU BOJOOYUCTHBIMU METOAMHU.

[IpombllTIEeHHBIE HUCHBITAHUSA W IPAKTHKA IOKa3bIBalOT, 4TO 3()()EKTUBHOCTH yAaJeHUs
JIAHHBIX 3aTrpsI3HUTENCH Ha Pa3IUUHBIX CTAAMAX OYMCTKU B BOJJOOUYHUCTHBIX COOPYKEHUSIX Pa3JInYHA.
CpaBumBasi koHueHtpanuu sctpoHa (El) wm 17-6eta-sctpammona (E2) B moctynmaronmx wu
BBIXOJSIIIMX BOAAX COOPYXEHMA, aBTOPbI [13] 3aKIIOYMIN, YTO CTENEHb OYUCTKH BOJABI OT ITHX
BewecTB Kosebnercs mexay 61 % u 87 % . IloaTomy BaxHO TpaIulImOHHbIE METObI BOJOOUNCTKU
JIONIOJTHUTh HOBBIMH CTAJMSIMU WIM JJOOABUTH MOCIE BTOPUYHOM OYMCTKU BOJBI JTOTOJHUTENIbHBIE
METO/IbI, YBEIMIHBAsI TAKAM 00pa3oM 3()(heKTUBHOCTB/CTETIEHb OYHCTKH.

Tabnuna 1. [lokazaTtenu crenenu ouncTku BoJbl OT BemecTB kiacca IC (%) oOmenpuHATHIMU
METOJIaMH OYUCTKU [4]

Koarynsums Pazpymienue
[Toarpynna O3onu- VYasrpa- | Xnopu- / Hario- OO6partHblif|(6noaerpagamnmus,
DJ1C poBarHe ¢duoner |poBaHue|hIOKYISIHSL pus- ocMmoc  |[poroxerpanarus
Thatts , AKTUBHBIN 1J1)

[Nectuimmb 20-100 >90 0-100 <20 70-100 >90 >90
[IpombliIIEeHHBI
e 40-70 >90 <20 0-40 >90 >90 70-100
3arpsA3HUTENHN
Crepousl >90 >90 >90 <20 70-100 >90 20-100
MerTasuibl <20 <20 <20 40-70 70-100 >90 0-100
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Koaryasiumonnbie MeToabI

BemectBa tuna OJIC, kak W apyrue 3arpsA3HUTENN, MOTYT OBbIThb YJAl€Hbl U3 BOJ C
WCIOJIb30BaHUEM KOAryJsHTOB, 00pa3yIOIUXCs IPU TUAPOIINU3E COJICH, B OCHOBHOM IO MEXaHU3MY
MEXaHHYECKOTO 3aXBaTa MPUMECH XJIOMbIMU (POPMHUPYIOIIUXCS MPOTyKTOB THAPOIIH3A.

JlanHble BemiecTBa MOTYT OBITh CBSI3aHBI HA MOBEPXHOCTU MPOJIYKTOB THAPOJINM3Aa WU UHBIX
JTUCTIEPCHBIX YACTHI[ 32 CYET B3aUMOACUCTBHUS THIPO(GHUIBHBIX TPYII C MOJSPHBIMU TPYIIIaMU
MOBEPXHOCTHU, HAPUMEP OKCHUIOB, TIIIMHUCTBIX MUHEPAJIOB MU MO MEXaHU3MY MOHHOIO OOMEHa,
KOMILUIeKcooOpa3oBanus. Pa3HOOOpa3Hble MeXaHH3MBbl CBSI3bIBAHUS OCTATKOB JIEKAPCTBEHHBIX
BEIIECTB Ha MMOBEPXHOCTU OKCUOB U PA3IUYHBIX MUHEPATIOB MO3BOJISAIOT () (HEKTUBHO yIaIsATh 3TU
COCIMHEHMS U3 MUTHEBOM M CTOYHBIX BOA [14, 15].

KyH ¢ corpynaukamu [16] nzyuyanu 3ppeKTUBHOCTh yAaJICHHsI BEIIECTB THUIIA ACTPOreHa C
MOMOIIIBIO MToNU-amoMuHui-xIopuaa (ITAX), nonu-amomunnii-cunukat-cynspata (ITACC), nonu-
amromuanii-xnopua-cuukata (ITAXC) u cynedara xenesa-III (CX). Oxkazanoch, 4To AaHHBIC
peareHThl, MIUPOKO UCIOJIb3yeMble B TPAJAULIMOHHONW BOAOOYUCTKE, Manod(h(EeKTUBHBI IS
yAalleHusl OCTaTKOB M3yUYEHHBIX JEKapCTB M3 BOJ, CTENEHb W3BJIeUeHUs cocTapiseT juib 0- 7%.
[ToBeimenune xounentpamnuu ouc-perona A (BDA) wiu nHonumndenonos ao 10 mr/n u 6onee nano
yBEJIMUYEHUE CTeneHW u3BiedeHus a0 25-40% mnpu npoIosKUTENIbHOCTH KOHTAKTa C MPOAYKTaMH
ruaponuza [TAX 15 muayr. OpfHAaKo, MPU MalbIX KOHIIGHTPALMSX, B KOTOPHIX OOBIYHO
BcTpevatoTces BemiecTBa Tuna JJ]C B Boje M OKa3bIBAIOT BPEIHOE JICWCTBHUE HA JKUBBIC OPTaHU3MBI,
npoaykThl Tuaponn3a [TAX He crmocoOHBI CBSA3BIBATH 3HAYUTENBHBIE KOJTMYECTBA ATHX JICKAPCTB.

AzcopOunsi Ha AKTUBHOM YIJie

AKTHBHBIE YTJIM IPUTOJIHBI 1JIs1 CBA3BIBAHUS HEKOTOPHIX TUIIOB JIEKAPCTBEHHBIX BellecTB. Mx
3¢ EeKTUBHOCTh B 3aBUCUMOCTH OT CBOMCTB (pa3Mep yAeiIbHOI MOBEPXHOCTH, paclpeieleHue mop
o pasmepam, TUAPOPOOHOCTb, TNIOTHOCTH 3apsaa MOBEPXHOCTH) MOKET OBITh BECbMa Pa3IMYHON.
JIOMUHAaHTHBIM MEXaHU3MOM CBSI3bIBAHHSA M YJAJICHHS OPraHUYEeCKUX BEIECTB SBISACTCS
rupodoOHOE B3aMMOJICHCTBUE W, B OIpeIesieHHONH Mepe, MOHHbIH oOomeH [17, 18]. Iloatomy
aKTUBHbIE yITU S(QQEKTUBHBI B MEPBYIO OYepelb IS yJaJeHUS HEMOJSPHBIX OpPraHHMYECKUX
coequHenuil. Jlanuwiii meron Oosiee 3(ddexkTuBeH A yJAIEHUS paccMaTpHUBAaEeMOro Kiacca
nekapcetB, yem koaryssinusa. Ky m corpynnuku [16] m3ydanu 3¢ @GEeKTHBHOCT CEMH 00pas3IioB
aKTUBHBIX yIJIeH, 00JalalolMx pa3IUYHbIMUA CBOWCTBAMH, B XoJ€¢ 15 MHHYTHOrO KOHTaKTa
azcopOenTa ¢ azacopbatoMm. Mertona okazancs J0CTaTo4yHO 3(PGEeKTHBHBIM, OJHAKO HEOOXOAMMO
YUUTBIBaTh, YTO B OYMCTHBIX COOPYKEHUSX MPOAOKUTENBHOCTh KOHTAKTa OOBIYHO 3HAYUTEIHHO
MEHbIIIE, YeM B JIabOopaTOpHBIX omnbITaX. KpoMe Toro, perenepanusi akTUBHBIX yIilei TOXe SBIIsETCS
JIOPOTOCTOSILLEH CTAIUEM.

Kanr u coaBropsl [19] cocTaBuinm crneayronuil psa aacopOIMOHHON €MKOCTH COPOCHTOB IO
OTHOLICHUIO K 3arpsi3HuTersiM tuma Octpaxuon-17f (E2) u 170 -3tunun- scrpaguon (EE2) :
HAYTJIEPOKEHHBIA aJICOPOEHT > TpaHyIMPOBAHHBIA AKTUBHBIM Yrojb > MOHOOOMEHHBIE CMOJIBI >
XUTO3MH > XHUTO3aH.

bbulo moxazaHo ganee, 4YTO MPUCYTCTBYIOUIME B ECTECTBEHHBIX YCIOBHUSAX B BOJAAX
MMOBEPXHOCTHO-aKTHBHBIE BEIIECTBA M TYMHUHOBBIE KHUCIIOTBI, @ TaKKe AUCIEPCHBIC YaCTHIIbI
(KoJUTOMIBI) B 3HAUMUTENBHOM Mepe BIUAIOT Ha 3(P(EKTUBHOCTH aICOPOIMOHHOIO IOTJIOLICHUS.
OHH, ¢ OJHOW CTOPOHBI, U3MEHSAIOT AJCOPOIMOHHYI0 €MKOCTh COpOEHTa, a C IPYTroil - U3MEHSIOT
pacTBOpUMOCTh  3arpsizHuTeneil. Kpome TOro, TyMHHOBBIE KHCIOTBI MOTYT 0OOpPa30BbIBATH
KOMIUIEKCHBIE COETUHEHUS C 3arpsI3HUTEISIMH.

[Ipu ynanenun BemectB Tuna E2 um EE2 Ha akTMBHBIX YIVIIX CTENEHb CBS3BIBAHUS B
peaIbHBIX CTOYHBIX BOJAX MOXKET OBITH BbIIIE, YeM B JaOOPaTOPHBIX MOJAENBHBIX cuctemax. [Ipu
9TOM MOXET COKpallaTbCsl MPOAOJKUTEIBHOCTh HEOOXOAMMOr0 KOHTAaKTa copOeHTa ¢
MOTJIOIIAEMBIM BEIIECTBOM. JTH aBTOPHI MOKa3aiH Janee, 4To 3((EKTUBHOCTH TOTJIONICHUS Ha
aKTUBHBIX YIJIIX CHJIBHO 3aBHCUT Takxke oT pH cpezasl. IlpuunHa 3TOro0 - M3MeHEHHE MIIOTHOCTH
MMOBEPXHOCTHOTO 3apsiaa yactull. Hanpumep, yBenmuyenne pH Gosnee 8§ mpuBeno xk pocTy aacoponmu
Ha akTUBHOM yrie 3arps3Hurtenss EE2. B to ke Bpems qis BemectBa E2 poct pH Bbime 8 He
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OpPUBOAMI K yiydwmeHHto ancopOuuu. K anamormuseiM 3aximoueHusM npuuuim Kypac u
corpyanuku [20] mpu M3ydeHHUH aAcopOnuM aoavHa (H-IOJCUMI — TyaHWJUH - aleraTta) Ha
MOPOLIKOOOPAa3HBIX AKTUBHBIX YIJISAX.

OxuciauresbHble (1€CTPYKTUBHbIE) METOAbI

ABtopbl [21] mokaszamu, uro paspyumeHue Bemects tuna E2 u EE2 ¢ nomomisro
yibTpaduoaeToBoro obiydyeHus 6onee 3(P(YEeKTHBHO, Ue€M COJHEUHBIM CBETOM, IMOCKOJBbKY HX
yibTpaduoneToBas abcopOiust Benuka. OqHako dP(EeKTUBHOCTh yAaJCHHS ITHX BEIIECTB U3 BOJ
JAHHBIM METOJIOM CHJIBHO 3aBHCUT OT MX HMCXOJHOW KOHIeHTpauuu. CreneHb yaaaeHus Ouc-
¢denona A (b®A) u Honmndenona cocrapisiio 60-89 %. Kyn u corpyanuku [16] nuzydanu BiausHue
OKHCJICHUS XJIOPOM U O30HOM IIPH KOHTAKT€ B T€UEHHE 7 MMHYT AJIS yAAJCHUs pacCMAaTPUBAEMBIX
BEIIECTB NpH UX UcxoqHoi KoHueHTpauu 500 ur/n (Tabnuma 2).

Tabnuua 2. Crenens ynanenus us Bog bOA u HoHMI(eHoa MeTo1aMu 030HUPOBAHUS
XJIOpUPOBaHMs (COCTAaBJICHHAsi HAMU TaOJIMIIA TIO IAaHHBIM aBTOPOB [16])

Crenenb ynanenus (%) npu
OKHCJIEHUE 030HOM OKHCJICHHE XJIOPOM
BemectBo Ucxonnas Hcxonnasa Ucxonuasa Ucxonnas
KOHIEHTpAlUsl | KOHLEHTPAlUA | KOHIIEHTpalMs | KOHIIEHTpaIus
030Ha, 1 Mr/n 030Ha > 4 Mr/x xJyiopa 1 mr/n xJiopa > 5 mMr/n
BDOA 60 100 5 100
Houundenon 89 100 58 100

OO6HapyxeHo, 9T0 3(PpPeKTUBHOCTE 00PaOOTKH 030HOM W XJIOPOM BBIIIE MPU 00JIee BHICOKUX
HaYalbHBIX KOHILIEHTPALUAX OKUCIHUTENel, yeM mnpu Huszkux. Okwucinenue BemiectB Tuma IJ1C
SIBIISIETCS CEJICKTHMBHBIM METOJIOM T10 OTHOILICHHIO K ()YHKIIMOHATIBHOM TPYTITE, MPUCYTCTBYIOIICH B
coenquHeHnH. MX peakiiMoHHas criocOOHOCTh MO OTHOLIEHUIO K aau(paTHUYeCKUM U apOMaTUYECKUM
COCTMHEHUSAM H3MEHSETCS B PSAAY: THOJBI > aMHUHBI > TUAPOKCUIIBHBIE TPYIIIHI > KapOOKCUIbHBIE
TpyMIbl. ApoMaTHYeCKHe COCIMHEHHS Oojee peaKIMOHHOCIIOCOOHBI, ueM anudarudeckue. s
paspywenus Bemects tuna JJ[C mumpoko pacnpoctpaHeHHon ctana Y ®-noza 5-30 MuKoITB/CM’.
Jia ynaneHust Apyrux MHKpPO-3arps3HUTENEH JOCTaTOYHO MPUMEHEHHS 3HAYMTENbHO MEHBIINX
no3. OaHako, mpuUMEHeHue OONbIIMX 703 yiabTpaduonera ans ygaueHus BemectB Ttumna I/C
SKOHOMHUYECKH HE 000CHOBaHO. B TO e BpeMs, KOMOMHHUPOBAHHOE MPUMEHEHHE YIbTpaduoieTa u
JPYTUX OMHUCAHHBIX METOJOB MOXXET OBITh IeJIecO00pa3HbIM Ui yAaJeHHUs M3 BOJ HEKOTOPBIX
TOPMOHAJIBHBIX U MOJ00HBIX UM COEIMHEHUH.

Buorpanchopmanus/onogerpaganus

OgHuM H3 pacmpoCTpaHEHHBIX CHOCOO0B wu3yuyeHHs aerpananuu BemlectB Tuma JJC
SIBJISIETCS] MCCJIEIOBAHME aKTUBHOT'O MJIa BOJOOYUCTHBIX COOPYXeHHI. B cTangapTHOM COOpyKEeHUU
MO/ BIMSIHUEM HaXOXKJICHHUs OcajKka B aKTMBHOM wiie 6uodunbrpanuu 3Hauenue BIIK ot 300 mr/n
MOKET 32 HECKOJBKO YacOB YMEHBIIHUTHCA 10 10 mr/im. B nmuteparype mosBisieTcst Bce OOJbIme
JTaHHBIX MO JErpajallid pacCMaTPUBAEMBIX BEIIECTB 3TUM METOAOM, B TO ke BpeMs, TPYIHO
MEXJy HUMH HAWTH COOTBETCTBUE/Koppensuuioo. [Ipu wu3ydeHuu paboThl BOJOOYHCTHOTO
COOPY)KCHHSI  HEBO3MOXXHO JIOCTOBEPHO OIPEACIUTh TOYHBIE YCJIOBHS IIpoIlecca, HampuMmep,
TOYHOE BpEeMsI KOHTAKTa MHKPOOPTaHM3MOB C 3arps3HHUTENEM, BpeMs HHUTPUPUKALUUA U
JNeHUTPUUKAIIMN, TEMIEpaTypy, HECMOTPS Ha TO, YTO 3TH IMapaMeTPhl SIBISIOTCS BaKHBIMH
MoKa3aTeJsIMU  mporecca. MOryT OTJIMYaThCd W METOJbl OOHApyXEHUsT U  OINpe/esICHUs
KOHIIGHTpAllMd JTaHHBIX BemIeCTB. [IpoOMODKUTETLHOCTE HAXOXKICHUS KOMMYHAJIBHBIX BOJI
KpPYIIHOI'O TOpo/ia B BOAOOUYHUCTHBIX coOpykeHusAx EBpocoro3a mensercs ot 4-x 10 14 yacos, a s
HEOOJIBIIIUX CEJICHUH M TOPOIOB COCTaBIISIET TObKO 0,5 daca.

OCHOBHBIM  MPOILIECCOM  YJAJCHUSl SABJISIETCS pa3pyllICHUE 3arpsA3HSIONIMX  BEILECTB
OaktepusiMu [22], HO ONPEACICHHYIO POJIb UTPAET U MEXaHWYECKOE CBS3bIBAHWE BEIIECTBA B WIIC,
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ymenbinatomiee nepexos J/1C-3arps3auteneii B Boanyto ¢asy. [lepBoHauanbHbIe UCCIIEOBAHUS 110
JTAHHOM TMpoOJieMe OTPaHMYMBAIUCH PACCMOTPEHHEM IporieccoB Ouonerpanamuu. OHHM MMOKa3anu
3¢ (}eKTUBHOCT, METO/Aa YIAJCHHsS M3 BOJ paccMaTpUBaeMbIX 3arpsizHuTeneid. OgHako MpHpoaa
00pa3yIoMXcsi MPOAYKTOB AETpajallid M MX BIUSHUS HA OKPY)KAIOUIYIO CPEdy OCTAalUCh BHE
BHHUMaHUs HccneaoBareneil. Okazanoch, 4TO MOPOIO MPOIYKTHI OMOAErpagaliud MOTYT ObITh Ooliee
BPEIHBIMU/OMACHBIMH, YeM «MAaTEPUHCKOE», MCXOJHOEe 3arpsi3HeHue. J[)KOHCOH W COaBTOpHI [22]
MOKa3aju, YTO METOAOM Jerpajaluu B akTUBHOM wie BemectBa Tumna El u E2 moryt ObITh
ynajeHsl u3 Boj B konuuectBe 88% u 74%, coorBercTBeHHO. baponTu n coastops! [13] npusenu
naHHble 3(Q(HEKTUBHOCTH yAANEHUS STHX BEIIECTB Ha OWMOJIOTMYECKUX BOJOOYUCTHBIX CTAHIIMSIX
Puma (Tabnumna 3).

Tabnuna 3. DddexTruBHOCTH OunCTKH BeniecTB Tuma E1 u E2 akTHBHBIM UJIOM Ha BOJIOOYUCTHBIX
coopykeamsix Puma (mo nanaemM [13])

BopoouucrtHas craHuus Crenens ynanenust E1 (%) Crenens ynanenus E2 (%)
Pum —Or 76 19
Pum-Boctok 92 84
Pum-Cesep 92 65

W3 npuBeACHHBIX JaHHBIX CIIEAYET, YTO OMOIOrMYECKU METOT MOKET OBITh A3(P(EKTUBHBIM U
JICHIEBBIM METOJIOM YIQJICHHS TOPMOHAJIbHBIX BEIIECTB U3 CTOYHBIX BOJ, OJHAKO U3-3a
BO3MOXXHOTO OOpa30BaHUs BPEIHBIX MPOMEKYTOUHBIX WM MOOOYHBIX MPOIYKTOB 3TOT METOJ
1esnecoodpazHo KOMOMHUPOBATH C IPYTUMHU METOJIaMH, HAIIpUMeEp, 030HUPOBAHUEM.

MeMOpaHHbIe METObI

VYabTpa- 1 HaHOGUIBTPALUS SIBISIIOTCS Bce Oojiee MIMPOKO MPUMEHSEMbIMH METOJaMU ISt
yAJIEHUs] MUKPOIIPUMECEH U €CTECTBEHHBIX OPIaHMUYECKUX BEILECTB B XOJE OYMCTKHU MUTHEBHIX U
MIPOMBIIIJICHHBIX CTOYHBIX BOJ. Kuco u cotpymuuku [23] u3ydanu ynaneHne CUiIbHO THIAPOPOOHBIX
3arps3HUATENEN, TaKUMX  Kak, apoMaTHMYeCKHe  IECTHUIM[IbI,  aJKWI-pTajaTtbl, METOJO0M
HaHoQuiIbTpanuu. OGHapy>KEHO, UTO CTENEHb YJIAICHUs CUIBHO 3aBUCUT OT MOJIEKYJIIPHONW MacChl,
pa3mepa 1 ruipooOHOro XapakTepa MPUMECH.

MonexynsipHas Macca OonbpiuHcTBa BemecTB tuna JJIC u3mensiercs B mpenenax 150-500
naneToH. [loaToMy MeTomaMu MHKpPO- U yJAbTpaQUIbTPAllMM MOTYT ObITh YAaJeHbl TOJIBKO Te
3arpsiI3HUTENN, KOTOpbIE COEJUHEHbl C KaKOW-TO Jpyrod dacTtuued 3a cueT QUIOKYJISLNH,
KOaryJisiiui M T.N. BOJIBIIMHCTBO 3THX BELIECTB (HANpUMeEp, TOPMOHAIbHbBIE CTEPOHUbI) MOXKET
ObITh yJaJICHO METOJJaMH OOpaTHOrO OCMOCa WM HAHOQWIBTPALMM CO CTENEHBIO OYHCTKHU
90% [24].

IOn u gpyrme [25] w3ywanmu sddextuBHOCTh ynaneHue 27 coenuHenmid tuma JJIC
MeMOpaHHBIMH METOJIaMU M3 MOJENBHBIX BOJ U M3 BOJ TpPEeX Pa3IUYHBIX HCTOYHUKOB. OHHU
YCTaHOBHJIM, YTO Y€M BBIIIC MOJSPHOCTh IPUMECH, YeM OHA MEHee TUAPOoPOOHa U MEHee JIeTyya,
TEM MEHbIIIee BpeMsl HaXOXJICHUS TpeOyeTcs A yIaleHUus MpUMecH HaHO(PWIbTPAIIMOHHON (AJis
BemecTB ¢ M = 600+200) wiu ynpTpadmibTpaunonnoi (s coenunHenuid ¢ M = 8000+1000)
MeMOpaHoil. Bputo nmanmee mokazaHo, YTO HaHO(DWIBTPAIMOHHBIE M YIbTpaQHUIbTpPALMOHHBIC
MeMOpaHbl CBA3BIBAIOT, Kak mnpaBmio, 0-2,5 ur/cm’ Bemects tuma DJC mpu >(QeKTHBHOI
(paboueit) mromaan meMOpansl 16,9 oM’ [IpogoKUTENIBHOCT HAXOXKJIECHHUS TMPUMECH B
HaHO(WIBTPAIMOHHON MeMOpaHe oOKasajach BBINIE, YeM B Cilyd4ae yJIbTpaduIbTpaliOHHBIX
MeMOpaH, YTO aBTOPbI OOBACHSIOT OTIMYMEM B pa3Mmepax mnop. [Ipeanonaranoch Takke BIUSHUE
XMMHUYECKHUX ITapaMeTPOB UCCIIETyEMbIX BOJL.

BriBoabl

Hns ynanenust w3 Boj 3arpsi3Hsitomiux BeniecTB Tumna JJ[C, mpUCYyTCTBYIONIMX B MajbIX
KOHIIEHTPAIIUSAX, HAn0OJIee MPUTOTHBIMU SBISIOTCS METOJIBI JECTPYKIIMU O30HOM H aacopOIvs Ha
aKTUBHOM YTJIE.
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JIns penieHust ATOH 3a/a4d MOXKHO HCIOJIb30BaTh TAKXKE OMOJOTMYECKHE METOABI OYHCTKU
IIPU WX JIOTIOJTHEHWH OKHCIICHHEM C MOMOINBI0 030HA. B 3TOM ciydae coueTaHue JBYX METOHOB
MO3BOJIICT COKPATUTh TPOAOJDKUTEIBHOCTh OYHCTKH TPU  JOCTIKCHHUH JOCTaTOYHOH ee
3¢ (HEeKTUBHOCTH.

Meronpl  KOaryssinuu/QIOKyJISUA  TPUTOAHBI, TJAaBHBIM 00pa3oM, s yIaJeHUs
rupodoOHBIX 3arps3HUTENed. DPPEKTUBHOCTH METOAA MOXET OBITh IOBBIIIEHA TPH €ro
JONOJIHEHUN ajcopOuueil Ha aKTHBHOM yIiie WM J00aBICHHEM JHCIEPCHBIX/KOJUIOHTHBIX
3aryCTUTENEH.
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REMOVING OF SUBSTANCES THAT INFLUENCE THE HORMONAL SYSTEM
OF LIVING ORGANISMS FROM THE WASTE WATERS USING TRADITIONAL
WATER-TREATMENT METHODS
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The article obtains a broad literature review on issue of drinking and industrial waste waters
treatment. Substances that strongly impact on the hormonal system of living organisms (Endocrine
Disrupting Compounds or EDC-type substances) are mostly in a focus. Composition/structure of
the most typical substances, affecting hormonal balance of man and their classification are given.
The paths of getting the indicated matters into environment are described. The short analysis of
difficulties of analytical determination of EDC-substances are given. The basic methods of this kind
pollutants removing from different types of water are critically considered: coagulation, adsorption
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on activated carbon, oxidization, biological and membrane methods, ozone and chlorine. The
article contains 25 references.
Keywords: substances, hormonal system, living organisms, composition and classification,

sewages,

treatment, coagulation, adsorption, activated carbon, destruction, ozone, chlorine,

biological treatment, membrane methods.
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