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Cmamovs  noceawena 0030py aumepamypbl no npobieme OYUCKU NUMbEGLIX U
NPOMBIUIEHHBIX CIMOYHBIX 600 OM GeWecms, GIUAIOWUX HA 2OPMOHANLHYIO CUCMEMY JHCUBLIX
cywyecme (6ewecmea muna «3/Cy»). Ilpusedenvr cocmas/cmpykmypa Haubonree MUNUYHbIX
coeounenutl, 8030elCm8YIOUUX HA 20PMOHANbHBIL OANAHC Yel08eKa U UX KIaccugurayus, onucansl
nymu nonaoanus YKa3aHHuIX 8ewecms 8 OKpyacaowyio cpedy. Jlan Kpamkuii aHanus mpyoHocmetl
ananumuveckoeo onpedenenus I/C-eewpecms. Kpumuuvecku paccmompenvi 0CHO8Hbie MemoObl
yoaneHus OaHHbIX 3a2ps3HUmenel U3 600 paziuiHO20 NPOUCXONCOEHUS: KOA2YIAYuUs, aocopoyus Ha
aKmueHoM yene, OKUCJIeHUue 030HOM U XA0poM, Ouono2uveckue u memopannsie memoowvl. Cnucok
Jqumepamypuvi cooepaicum 25 cCobiiokK.

Kniouegvie cnosa: eewjecmea, 20pMOHANbHASL CUCMEMA, JHCUBbLE OP2AHUMbIL, COCMA8 U
Kaaccugukayus, CmouHvle B800bl, OYUCMKA, KOaYasayus, aocopoyus, axKmueHulil Y2oib,
decmpyKyusl, 030H, X10p, OUON02UHECKAsl OUUCKA, MeMOpaHHble Memoobl.

BBenenue

VYxe ¢ 30-x TroxoB MNpoLUIOrO CTOJNETHS M3BECTHO, 4YTO PsJ HUCKYCCTBEHHBIX U
BCTpEUAIOLIUXCSd B MPHUPOJIE XUMHUYECKMX COCAMHEHUH  00JaJaroT CBOMCTBaAMM BEIIECTB,
UTpaloIIMX BaXHYI0 pOJb B TOPMOHAJBbHOM oOOMeHe »XuBbIX cymecTB [1,2]. CBsazp Mexay
BELIECTBAMM, BIMSIOIIMMHU Ha TOPMOHAIbHBIA OanaHc, U BO3HUKHOBEHHEM DPENpPOyKTUBHBIX
NeQeKToB y KHMBBIX CYIIECTB ObUla ycCTaHOBJIEHa ToOJbKO B 80-X rojmax, Korja aBTOpHI
nyomukanuu [3] onmcanu kuBymuMe Ha 3arpsisHeHHbIX JJIT TeppuTOpusSix CcTam Yaek C
W3MEHEHHBIMH TIOJIOBBIMH OpraHaMM U PE3KO IMOBBIIIEHHBIM YHCIOM EHCKHX ocoOeil. Otu
BEIIECTBA CO CBOWCTBAMH, XapaKT€PHbIMU [UIsi TOPMOHOB, MOTYT 3HAQUMUTEIbHO BIIHATH Ha
(YHKIIMOHMPOBAHUE YEIOBEYECKOT0 OpraHu3Ma, Halpumep, YXyAIUTb UMMYHHYIO cucTemy. B
HacCToOsIlee BpeMsi TaKHe BEUIeCTBAa, M3-32 IIMPOKOIO M BCE BO3PACTAIOUIEr0 IMPUMEHEHHUS
KOCMETHYECKHX U JIEKAPCTBEHHBIX CPEJCTB, BCE B OOJBIINX KOJUYECTBAX BCTPEUYAOTCs B OYBaX U
MOBEPXHOCTHBIX Bojgax. K TakuM COEIUHEHUSIM OTHOCATCS  €CTECTBEHHbIE TOPMOHBI
(¢uroscTporensl), npenapaThl €CTECTBEHHOI'O MTPOUCXOKICHUS CO CBOMCTBAMU rOPMOHOB (3-omera
KUPHbIE KHCJIOThI), JIEKAPCTBEHHbIE IMpenapaThl s JICYEHHUS IIUTOBUAHON Kenes3bl, IS
NpEeJOTBpallleHUsT OepeMEeHHOCTH, a TaKXe MHOTOYUCICHHbIE BEILeCTBa, INPUMEHSEMbIE B
npombinieHHOCTH | B ObITy (ITABBI, dTanaTsl, nuineBsle J00aBKH, THOKCHH), MHOTHE JICKapCTBa,
CpeZCTBa 3allUThl pacTeHui (Bepanamui, auHjaaH, /T, atpazun).

[TomMuMO 3THX BELIECTB, CYIIECTBYET HECKOJBKO THICAY COECAMHEHUN, KOTOPbIE TAKKE MOTYT
nonacth B 3TOT cnucok. [lytu nonananust Bemects tuna 3/C (Endocrine Disrupting Compounds-
EDC, no-pyccku - 3J1C) B okpy’Karollyto cpeay nokasansl Ha Puc.1.
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Puc.1. Bo3amoxHble myTu nonaganus Bemects tuna JJ[C B OKpyKarollyto cpemy.

3HaueHue U BpenHoe BiusiHHE BemiecTB Tuna DJIC ropaszno Gosbliee, YeM TPaAUIIMOHHBIX
3arps3HATENEH. Jl0 CHX TOp WX JETEKTUPOBAHHE/ONpEACICHHE W yJaJIeHHE IPEICTaBISIOT
TPYJIHOCTD AJisi uccaenoBateneii [4]. O BaXHOCTH pelieHus NpoOIeMbl yIaleHus 3TUX BEIIECTB U3
Pa3IUYHBIX BOJ TOBOPHUT M PE3KHUI POCT YHCIA IMyOJIMKAIMIA Ha 3Ty Temy (puc. 2).
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Puc.2. Jlunamuka pocta 4yrcia myOaukanui mo TemMe o JanueiM Science Direct.
ITouck no ximroueBbIM ciioBaM: EDC, water treatment.

Jnsa ynanenust D/1C 3arpsi3sHUTENEH HCMONB3YETCS OOJIBIIOE YUCIO PA3IUYHBIX METOJIOB, HO
MIPUMEHEHHE MHOTMX U3 HUX HATAJIKUBAETCS HA TPYJHOCTH TEXHOJIOTMUECKOI0 UM HIKOHOMUYECKOTO
xapaktepa. OrnpeneneHue ONTHUMAIBHBIX METOJOB AHAJIUTHUYECKOTO OIPEICICHHs, MEXaHH3MOB
pa3pyllieHusi, TEXHOJIOTUWA  yJaJeHUss W BBIIBICHHUS  TOKCHUKOJOTHMYECKOro  JEHCTBUS
paccMaTpuBaeMoOro Kiacca COeIUHEHUIl TpeOyeT AaibHEeWImmX pa3paborok. HeusBecTHO, Kakyro
peaKirIO BbI3IBAET B 5KMBOM OpraHU3Me OJIHOBPEMEHHOE MPUCYTCTBHE HECKOJIbKUX MPEACTaBUTENEH
akTuBHBIX BemiecTB [5]. [loaToMy akTyalbHBIM MNpeACTaBIAETCS KPUTHUYECKHI aHalu3 U 0030p
croiictB BemiectB Tuna JJ[C W uX KiIaccUpUKAIMs HA OCHOBE XUMHUYECKUX CBOMCTB. BakHOii
3ajaueil sBJsIeTCs Jaliee OTpeJieieHne MpPEeeNbHO JIOMYyCTUMBIX KOHIIEHTpalui, 0e30macHbIX Jyis
YKUBBIX CYILECTB U, B MEPBYIO OYEPE/Ib, IS YEJIOBEKA, BHIAICHEHUE T€X MEXaHU3MOB, Yepe3 KOTOpPhIE
9TH BEILIECTBA BO3JCHCTBYIOT HA OKPYKAIOIIYIO CpENy.

Kaaccudukanusa semecrs tuna 3/C
OOBIYHO paccMaTpUBaeMble BELIECTBA MOPA3AAISIOT Ha TPU TPYIIIIbL:
— DOCTPOTCHHOBOTO THIIA, T.€. TaKHe, KOTOphIe BEIyT ceOs aHaJOrMYyHO ECTECTBEHHOMY
ACTPOTEHY, TUO0 OIIOKUPYIOT €T0;
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— aHJApPOreHHOBOI'O THMA, T.€. BELIECTBA, Bexylue ceds MOoJ00HO TECTOCTEPOHY WU
OJIOKHpPYIOIIUE EHCTBUE TIOCIIEHETO;
— THUPOMJAJIbHBIE — BEILIECTBA, MOAOOHBIC BbIPAOATHIBAEMBIM IIUTOBUAHOMN JKe€JI€30H, MPSIMO
WM KOCBEHHO BIIUSIONINE HAa (PYyHKIIMOHUPOBAHHE IIUTOBUIHON sKeJe3bl [4].
[IpencraButenn mepBOro kjiaacca 3TUX BEINECTB BCTPEYAIOTCA B BOAAX B HAMOOJbIIEM
KOJIMYEeCTBE, MOATOMY B JajbHeWlieM OyJeM paccMaTpuBaTh B OCHOBHOM COCIUHEHHS THIIA
actporeHoB (Puc.3).
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Puc.3. CtpykTypa TUIMYHBIX 3CTPOTEHOB-3arPSI3HUTENICH BOIBI.

Ha puc. 4 npeacraieHo pacnpeneieHrne B MPUPOJIHBIX BOJIaX BEIIECTB THUIIA ACTPOreHa MO
TOJUTaHJICKUM JIAaHHBIM [6].
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Puc.4. CooTHo1IEHNE NOSIBIEHUS SCTPOT€HHBIX BEUIECTB B IPUPOAHBIX Bojgax Hunepnannos
B 2001 romy oT pa3iU4YHbBIX KaTerOpui HaceJeHus [6].
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TpyaAHOCTH AHAJIMTHYECKOI0 OIpe/ieIeHUs

[To cBoemMy crpoenmio BemectBa Tuna OJIC BecbMma pa3HOOOpa3HBI, IMOITOMY IEpes
OTIpEe/ICIEHUEM WX KOHIIGHTPAIIMM HYXHO IMPOBECTH IO BO3MOKHOCTH TOYHYIO HUICHTH(PHUKAIUIO
nccaegyemoro Bemectsa. [locneqHsas mpoBOANUTCA ¢ MOMOIIBIO CTAaHAAPTHBIX METOJOB, MPUHATHIX
B BOJIOTNOJIOTOBKE M OYMUCTKE TMPOMBIIUIEHHBIX CTOYHBIX BOJ C Y4YE€TOM HaJIM4Ms Kak
«KJTACCUYECKUX» 3arps3HUTeNIel BOJbI, TaK U HAJIM4YUs MOHOB METAJJIOB, CIIOCOOHBIX BIMATH Ha
TOPMOHATBLHBIA 0OMEH (TaKUX, HAPUMED, KaK MBIIIBSIK U KaJMHI1). AHATUTHICCKUE UCCIIEIOBAHUS
B HAIllM JHU HaIpaBJE€Hbl HA ONpPEACIICHHUE 3arps3HUTENCH, HEJOCTAaTOYHO OXapaKTEPU30BAHHBIX
panbire. Hekxoropeie coenunenus tTuna J/[C o0magaroT KUCIBIMU WA OCHOBHBIMU TPYITIAMU WIIH
coJiepKaT MoJsipHble (PYHKIMOHAIbHBIE MPYIIBI, 00JEryaroue ux aHaJUTHYECKOE ONpe/eeHHUE.
Jnsg 3TOM uenu CayXuT psjf CHEUHAIBHBIX METOJIOB, OJHAKO €JIUHOM CTaHIapTU3UPOBAHHOU
METOJUKH HE CyHIeCTBYET. J[OMOMHUTENBHYIO TPYIHOCTh MPEACTABISAET TO, YTO ONPEIEICHUE ITUX
BEIIIECTB MPOBOJIUTCS, KaK MPaBUIIO, IPU OYCHb HU3KUX Mpejesiax 00HapyKeHHUs, OpsIKa sub-ppm
nunu sub-ppb. HecMoTpst Ha TO, 4TO aHATUTHYECKHWE METOMABI JUIsl HA3BaHHBIX II€JIe M3BECTHHI [7],
JUIs peUIeHusl 3aJjaud OMpEeJeNIeHHs] paccMaTpUBAaeMBbIX BELIECTB B KayecTBe MeEpBOil (asbl
MPUMEHSIIOT TBEpPAO(Da3HYyI0 OJKCTPAKIHMIO C TOCIEAYIONIMM HCIOJIb30BaHUEM MPUOOPHOIO
ananu3a [8]. BeiOop meTona onpeaenseTcst THIOM AETEKTUPYEMON MOJIEKYJIbI.

MeTtoanb! ynanenus semects Tuna I/C u3 Boa

Hanuuue SCTpOTeHHBIX TOPMOHANBHBIX BEIIECTB B CTOYHBIX BOJaxX (apMaleBTUYECKUX
NPEeINpUsATHA ¥ BOJAX BOJOOYHCTHBIX COOPYKEHUH psija cTpaH oOHapyxwiu eme B 90-x romgax
nponuioro Beka [9,10]. Ha nosiBiieHre 3TUX 3arpsA3HUTENICH B MOBEPXHOCTHBIX BOJIAX U B MUTHEBOU
Bozie 0OpaTwiu BHUMaHue Toabko mocie 2000 roga [11, 12].

beuto mokazanHo, uyto ynpanenwe 3arpsizuTeneil thuna OJ[C BO3MOXKHO C MOMOIIBIO
TPaJAUIIMOHHBIX BOJOOYHMCTHBIX METOAOB, oAHako MeroaoB 100 %-ro ynameHus moka He
cyuiectByer. B Tabnuue 1 mpuBeneHbl COOTBETCTBYIOIIME AaHHbIE, onmyOnukoBanHble LlIHaiinepom
u coaBTopamu [4] 00 »d(deKTUBHOCTH YJaleHHUs paccMaTPUBAEMbIX BEIIECTB Pa3IMYHBIMU
TUMTAYHBIMU BOJIOOYHCTHBIMA METOJIAMHU.

[TpoMblIlITIEeHHBIE HCTIBITAHUA M TMPAKTHKA IOKa3bIBalOT, 4TO A(P(GEKTUBHOCTH yAaIeHUS
JAHHBIX 3arpsA3HUTENIEH Ha pa3IMYHBIX CTAIUAX OYUCTKU B BOJIOOYUCTHBIX COOPYKEHUSAX pa3INyHA.
CpaBuuBasg koHueHTpauun sctpoHa (E1) u 17-Gera-sctpammona (E2) B moctymaromux u
BBIXO/ISIIIIUX BOJIaX COOPY’KEHMsI, aBTOPHI [13] 3aKmrOumiIM, 4TO CTETEHb OYUCTKHU BOJBI OT ITHX
BeriecTB konebnercs mexay 61 % u 87 % . [ToaTomy BaxkHO TpaaulIMOHHBIE METOABI BOJOOUYUCTKU
JIOTIOJTHUTh HOBBIMHU CTaJUsMU WA TOOABUTH IMOCJIE€ BTOPUYHON OUYMCTKH BOJBI JOTIOJHUTEIbHBIC
METO/Ibl, yBEIHYMBasi TaKuM 00pa3oM 3(h(PeKTUBHOCTL/CTENEHb OUYUCTKH.

Tabnuna 1. [lokazaTenu cTreneHu o4ucTKU Boabl OT BeriecTB kiacca IJC (%) oOmenpuHITbIMU
METOJaMHU OYUCTKH [4]

Koarynsamus Paspymenue
[oarpymnmna O30mH- Vsrpa- | Xnopu- / Hato- O6patHsIif|(6uoaerpaganys,
SC poBaHie duoner |poBaHue|pIOKyIALIKS prme- ocMoc  |[poromerpagaus
Thatti , AKTUBHBIN W)
[ecTunummpt 20-100 >90 0-100 <20 70-100 >90 >90
[TpoMbltIeHHBI
e 40-70 >90 <20 0-40 >90 >90 70-100
3arps3HATENN
Crepoubl >90 >90 >90 <20 70-100 >90 20-100
MeTasuibl <20 <20 <20 40-70 70-100 >90 0-100
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KoaryassumoHHnbie MeTOaAbI

BemectBa tuna JJIC, kak W Jpyrue 3arpsa3HUTENH, MOTYT OBITh YJalleHbl U3 BOJA C
HCIOJIb30BaHUEM KOAryJsiHTOB, 00pa3yIOIIUXCs IPU TUAPOIHU3E COJieH, B OCHOBHOM 10 MEXaHU3MY
MEXaHUYECKOT0 3aXBaTa MPUMECH XJIONbsIMH (HOPMUPYIOMIKUXCS TPOAYKTOB THIPOIH3A.

JlanHble BemiecTBa MOTYT OBITh CBSI3aHBI Ha MOBEPXHOCTU MPOIYKTOB THIPOJIM3a WA WHBIX
JUCTIEPCHBIX YACTHI[ 32 CYET B3aMMOJICHCTBHS THAPO(PHIBHBIX TPYMI C MOJSPHBIMH TPYNIIAMH
MOBEPXHOCTH, HANPUMEP OKCHUJIOB, TJIMHUCTHIX MUHEPAJIOB MU MO MEXaHU3MYy MOHHOTO OOMEHa,
KOMILUIeKcooOpa3oBanus. Pa3HOOOpa3Hble MeXaHU3Mbl CBSI3bIBAHUS OCTATKOB JIEKApCTBEHHBIX
BEIIECTB Ha MOBEPXHOCTH OKCHIOB U Pa3IMYHBIX MUHEPAJIOB TO3BOJISIOT 3((HEKTUBHO yIaIsITh 3TH
COEJIMHEHMS U3 MUTHEBOM M CTOYHBIX BOJ [14, 15].

KyHn ¢ corpynaukamu [16] nzyuanu 3g¢heKTHBHOCTh yIAJICHHUS BEIIECTB THIA SCTPOTeHAa C
MOMOIIIBIO MoNu-amoMuHui-xaopuna (ITAX), nonu-amomunmii-cunkar-cynbdara (ITACC), nonu-
amromuanii-xnopua-cuimkata (ITAXC) u cynedara sxenesza-I1II (CXK). Okazanoch, 4TO JaHHBIC
peareHTbl, MIMPOKO HCMOJb3yeMble B TPAAMIMOHHON BOJOOYUCTKE, Masiod()(eKTuBHBI I
yAaJeHUs] OCTaTKOB M3YUYEHHBIX JIEKapCTB M3 BOJ, CTENEHb M3BJIEUEHUsS cocTaBiseT juib 0- 7%.
[oBbienue xkonueHtpanuu o6uc-gpenona A (b®A) unu Honmnpenonos 1o 10 mr/a u 6onee gano
YBEJIMYEHUE CTENEeHU u3BJieueHus 10 25-40% npu npoaoDKUTEIBbHOCTH KOHTAKTa C MPOAYKTAMHU
rugpomnza [TAX 15 munyTr. OpfHako, Hpu MaliblX KOHILIEHTPAIMSAX, B KOTOPBIX OOBIYHO
BCcTpeuaroTesa BemectBa Tuna 3/]C B BoJie M 0Ka3bIBAIOT BPEAHOE JICHCTBUE HA KUBBIE OPTaHU3MBI,
npoaykTel ruaposnia [TAX He ciocoOHBI CBSI3bIBATH 3HAUNTENBHBIE KOJTMYECTBA STUX JIEKAPCTB.

AncopOuusi Ha AKTUBHOM YIJle

AKTHBHBIE YTJIU MPUTOJIHBI JJIsl CBSI3bIBAHUSI HEKOTOPBIX THIIOB JIEKAPCTBEHHBIX BellecTs. Mx
3¢ (HEeKTHBHOCTH B 3aBUCUMOCTU OT CBOMCTB (pa3Mep YIEeNbHON MOBEPXHOCTH, PACIpeIeIeHUE Mop
1o pazmepam, ruapodoOHOCTh, MIIOTHOCTD 3apsjia TOBEPXHOCTH) MOXKET OBITh BEChMa Pa3IMYHOM.
JIOMMHAaHTHBIM MEXaHU3MOM CBS3BIBAHUSI M YyJAJICHUS OPraHUYECKUX BEIIECTB SIBIISAECTCS
runpodoOHOE B3aWMOJNICHCTBHE W, B OMNpENeNieHHOH Mepe, MOHHBIH oOmeH [17, 18]. Iloatomy
aKTUBHbIE yriu S(QQEKTUBHBI B MEPBYI OYepeqb A YOAICHUS HEMOJSPHBIX OpraHUYEeCKHX
coenuHeHuil. JlanHbId MeTon Oosiee 3(QQEKTUBEH A yHaJCHHS paccMaTpUBaeMOTro Kiacca
aexkapcTB, yeM koarymauus. KyH u corpyauuku [16] msydanu 3¢dekTuBHOCTH ceMu 00pas3loB
aKTUBHBIX YIJIEW, OOJaJaroNIMX pa3IMYHBIMU CBOWCTBaMHU, B XOA€ |5 MHUHYTHOrO KOHTaKTa
aacopbenTta c aacopbaroM. Metoa okasaics AOCTaTOYHO 3G EKTHBHBIM, OJHAKO HEOOXOAMMO
YUYHUTBIBATh, YTO B OUHUCTHBIX COOPYKCHHSIX MPOJOJDKUTEILHOCTh KOHTAKTa OOBIYHO 3HAYUTEIHHO
MEHbIIIe, YeM B JTa0OpaTOPHBIX ombITaXx. Kpome TOro, pereHepanusi akTUBHBIX yTIEH TOXe SIBISIETCS
JIOPOTOCTOSIIIEH CTAIUEH.

Kanr u coaBTopsl [19] coctaBunu cneayromuil psa aacopOoMOHHON eMKOCTH COPOSHTOB 110
OTHOWICHUIO K 3arps3uutTesiM tuma Dctpamuon-17f (E2) u 170 -atuaun- scrpaguon (EE2) :
HayTJIEPOKEHHBIN aJCOpOEHT > rpaHyIUPOBAaHHBIA aKTUBHBIM yroib > MOHOOOMEHHBIE CMOJIBI >
XUTO3UH > XUTO3aH.

bbulo moka3zaHo najee, YTO MPHUCYTCTBYIOIIME B €CTECTBEHHBIX YCIOBUSAX B BOJAxX
MOBEPXHOCTHO-AaKTUBHBIE BELIECTBA M TYMUHOBBIE KHUCJIOTHI, @ TAaKXE JIUCIEPCHBIE YaCTHUIIbI
(kommouapl) B 3HAYUTEIHHOM Mepe BIMSIOT Ha 3(P(GEKTUBHOCTH aJCOPOIIMOHHOTO TOTJIOMICHHUS.
OHu, C OJHOW CTOPOHBI, U3MEHSIOT aJACOPOLIMOHHYI0 €MKOCTh cOpOeHTa, a C APYroil - U3MEHSIOT
pacTBOpuMOCTb 3arpsizHuTeneid. Kpome TOro, ryMHHOBBIE KHCIOTBI MOTYT 0Opa3oBBIBAThH
KOMILIEKCHBIE COEMHEHUS C 3arPsI3HUTEIISIMH.

IIpu ypanenun BemiectB Tuma E2 u EE2 Ha akTUBHBIX YIUISIX CTENEHb CBS3BIBAHUS B
pEATBbHBIX CTOYHBIX BOJAaX MOXKET OBITh BBIIIE, YeM B JaOOPAaTOPHBIX MOJAEITBHBIX cucTemax. [lpu
3TOM MOXET COKpallaThCsi MNPOAOKUTEIBHOCTh HEOOXOJUMOro KOHTakTa copOeHTa ¢
MOTJIONIAEMBIM BEIIECTBOM. DTH aBTOPHI MOKa3alu jAaniee, 9To PPEKTUBHOCTH MOTIIONMICHUS Ha
aKTUBHBIX YIUIAX CHUJIBHO 3aBUCUT Takxke oT pH cpensl. IlpuunHa 3TOrO - M3MEHEHHE IUIOTHOCTU
MMOBEPXHOCTHOTO 3apsiaa yactull. Hanmpuwmep, yBenuuenue pH Gonee 8§ mpuseno K pocTy aacopOomnuu
Ha akTUBHOM yrue 3arpssHutens EE2. B 1o ke Bpemsa mia BemectBa E2 poct pH Bbie 8 He
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NpUBOJMI K yhyudmeHuto ajacopOuuu. K ananmoruuneiM 3akimtodeHusM npunuid  Kypac u
corpynuuku [20] mpu wm3ydeHUW ajcopOumu AoAWHA (H-TONEIWI — TyaHWJWH - alerara) Ha
MOPOIIKOOOPA3HBIX AKTUBHBIX YTIISX.

OxkucianresbHbIe (1eCTPYKTHBHbIE) METOAbI

ABtopbl [21] mnokaszamu, uro paspymeHue BemectB tuna E2 u EE2 ¢ nomomibro
ynbTpaduoneToBoro obmyueHuss Oojee 3PGEKTHBHO, YEM COJHEYHBIM CBETOM, TOCKOJBKY HX
yneTpaduoneToBas abcopOuust Benuka. OnHako d3PPEeKTUBHOCTD YIaJCHHs 3TUX BELIECTB M3 BOJ
JAHHBIM METOJOM CHWJIBHO 3aBHCHUT OT MX HCXOJHOW KOHIeHTpauuu. CreneHb yaajneHus Ouc-
¢denona A (b®A) u Hornndenona cocrabisiio 60-89 %. Kyn u corpynuuku [16] u3ydyanu BiausiHUE
OKHCJICHHS XJIOPOM U O30HOM IIPH KOHTAKTE B TEUEHUE 7 MHUHYT Ul YAAJICHHUS paccMaTpUBaeMbIX
BEIIECTB NpH UX ucxoaHon KoHueHTpauu 500 ur/n (Tabmuma 2).

Tabnuua 2. Crenens yganenus usz Bog bOA 1 HoHUIpeHOIa MEeTOAaMU O30HUPOBAHUS U
XJIOPUPOBAHMS (COCTaBJICHHAss HAMH TaOJIUIIA IO IAaHHBIM aBTOPOB [16])

Crenenb ynanenus (%) npu
OKHCJICHHE 030HOM OKHCIJICHHE XJIOPOM
BemecTBo Ucxonuasa Ucxonnas Hcxonnas Hcxonnas
KOHLIEHTpALUsI | KOHIEHTpalusi | KOHIGHTpAMs | KOHICHTpPAIHS
030Ha, | Mr/n 030Ha > 4 Mr/n xyiopa 1 mr/n xJiopa > 5 mMr/x
bDA 60 100 5 100
Houundenon 89 100 58 100

O6HapyxeHo, uyTo 3(hPEeKTUBHOCTh 00PAOOTKH 030HOM M XJIOPOM BBIIIE TIPH 00JIee BHICOKUX
Ha4yaJIbHbIX KOHLIEHTPALMAX OKUCIUTENEeH, yeM npu Huszkux. Oxwucienue BemectB tuna I/(C
SIBIISICTCS CEJICKTUBHBIM METOJIOM I10 OTHOIICHHUIO K (D)YHKIIMOHAJIBHOM TPYIITE, MPUCYTCTBYIOIICH B
coenuHeHNH. VX peakiroHHasi CmOCOOHOCTH MO OTHOIICHHUIO K aNu(paTUYECKUM U apOMATUYECKUM
COEIMHEHUSIM U3MEHSETCS B PSALy: THOJIBI > aMHMHBI > THIPOKCUIIbHBIE TPYHIbI > KapOOKCHUIbHbIE
rpynnbl. ApoMaTHuecKue COeqUHEeHHsI 0ojiee peaklMOHHOCMOCOOHBI, ueM anudparudeckue. s
paspyuenns Bemects tuma DJIC LIHPOKO paclpocTpaHeHHOH crama YdD-mo3a 5-30 Mmkois/cy’.
Jna ynaneHuss Jpyrux MHKpPO-3arps3HHUTENCH JOCTaTOUYHO MPUMEHEHHsI 3HAYUTEIBHO MEHBIIUX
n03. OnHako, MpUMEHEHHE OONbIIUX 103 yiubTpaduonera s yaaneHus BemiecTB tuma D/C
SKOHOMMYECKU HEe 000CHOBaHO. B TO ke Bpemsi, KoOMOMHUPOBAHHOE MPUMEHEHHUE yIbTpaduoseTa u
APYyrux OHNHCaHHBIX MCTOAOB MOKET OBITH HCHGCOO6paSHI)IM A yaaJlCHUusd W3 BOJ HEKOTOPBIX
TOPMOHAJILHBIX M MOJAO0OHBIX UM COETUHEHUH.

Bbuorpancdopmanusi/ouogerpaganus

OngHuM M3 pacnpoCTpaHEHHBIX CHOCO00B H3yueHHs jerpagauuu BemectB Tunma OC
SIBJIICTCSI UCCIIEZIOBAHUE AKTUBHOT'O MJIa BOJOOYUCTHBIX COOpPYKEHHH. B cTanmapTHOM coopy keHuH
OJT BIMSTHIEM HAaXOXICHUS Ocallka B akTUBHOM miie Onodunprpanmu 3Hauenue bIIK ot 300 mr/n
MOJKET 3a HECKOJbKO 4YacoB yMeHbIIUThCSA A0 10 mr/a. B nutepaType mosiBnsercss Bce Oouibliie
JaHHBIX MO Jerpajalid pacCMaTpUBAaEMbIX BEIIECTB 3TUM METOJOM, B TO K€ BpeMs, TPYIHO
MEXJy HUMHM HalTH cooTBeTcTBUE/Koppemsaiuioo. Ilpu wu3yueHun pabGoOThl BOJOOYHCTHOTO
COOPYXEHHSI HEBO3MOXXHO JOCTOBEPHO OINpPEIENIUTh TOYHBIE YCJOBMS Ipolecca, Hampumep,
TOYHOE BpEMs KOHTAKTa MHUKPOOPIaHM3MOB C 3arps3HHUTENEM, BpeMs HUTpUPUKALMU U
JNeHUTpU(UKALNU, TeMIepaTypy, HECMOTPS Ha TO, YTO 3TH IapaMeTphl SIBIISIOTCS Ba)KHBIMU
nokaszaTesqsiMi Tpouecca. MOTyT OTIMYaTbCs U METOJbl OOHApy)KEHUS U ONpe/eseHus
KOHLEHTPAallMl JaHHBIX BewlecTB. IlIpoAomKUTENbHOCTh HAXOXACHUS KOMMYHAJIbHBIX BOJ
KPYIIHOT'O rOpoJia B BOJOOUYUCTHBIX COOpykeHusx EBpocoroza Mensiercs ot 4-x 10 14 yacos, a s
HEOOJBIINX CeJIEHUH U rOpoI0B cocTaBiseT Tobko 0,5 yaca.

OCHOBHBIM NPOLIECCOM  yNAJEHUS SBIAETCS pa3pylIeHUE 3arps3HSIOIIMX — BELIECTB
OaxTepusaMHu [22], HO ONpPENEICHHYIO POJIb UTPAET U MEXAHUYECKOE CBA3BbIBAHME BEIIECTBA B WIIE,
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ymeHnbmatomiee nepexosn DJC-3arpsizaurteneii B BoaHyto ¢a3zy. [lepBoHadanbHbIe UCCIETOBaHUS IO
JTaHHOW Tpo0JieMe OTpaHHYMBAIUCh PACCMOTPEHUEM TpolleccoB Omonerpamanuu. OHU TIOKa3aIH
3¢ (}eKTUBHOCTh, METO/Aa YIAJCHHs M3 BOJ paccMaTpUBaeMbIX 3arpsizHuTeneid. OgHako Mpupona
00pa3yrommxcsi MPOIYyKTOB JErpajjallii U WX BIHUSHUS HA OKPYKAIOIIYI CPEAy OCTAIHUCh BHE
BHHUMaHUs HccienoBaresneil. Okazanoch, 4To MOPOIO MPOIYKTHl OHOAETpaallid MOTYT OBbITh Ooee
BpPEIHBIMU/OMACHBIMH, YeM «MAaTEPHUHCKOE», UCXOTHOE 3arpsizHeHue. [[PKOHCOH U coaBTOPHI [22]
MOKa3ajaM, 4YTO METOJOM Jerpajalid B akTUBHOM mie BemectBa Tuna El1 m E2 Moryt ObITH
yaajeHsl U3 Boj B KonuuecTBe 88% u 74%, cooTBeTCTBEHHO. bapoHTH 1 coaBTOps! [13] npusenu
naHHble 3(Q(PEKTUBHOCTH yAalleHUS! STUX BEIIECTB Ha OMOJIOIMYECKUX BOJOOUYMCTHBIX CTaHIUSIX
Puma (Tabnwuma 3).

Tabnuna 3. DddexTuBHOCTH OuncTKU BemiecTB Tuma E1 u E2 akTHBHBIM HIJIOM Ha BOJAOOYHUCTHBIX
coopyxkeHmsix Puma (mo ganaemM [13])

BojoouuctHas craHuus Crenens ynanenust E1 (%) Crenens ynanenust E2 (%)
Pum —FOr 76 19
Pum-Boctok 92 84
Pum-Cesep 92 65

W3 npuBeieHHBIX NaHHBIX CIEAYET, YTO OMOJIOTHYECKHI METOI MOXKET ObITh 3 (HEKTUBHBIM U
JIEHIEBBIM METOJIOM YJAJICHUs TOPMOHAJIBHBIX BEIIECTB W3 CTOYHBIX BOJI, OJIHAKO U3-3a
BO3MOXKHOTO 00pa3oBaHUsl BPETHBIX MPOMEKYTOYHBIX WM MOOOYHBIX MPOIAYKTOB 3TOT METOJ
1enecoo0pa3Ho KOMOMHUPOBATh C IPYTMMHU METOAAMU, HAIPUMEpP, 030HUPOBAHUEM.

MemOpaHHbIEe METOBI

VYnbTpa- U HAHOQUIBTPALUS SBISAIOTCS BCe 0ojee IUPOKO MPUMEHSAEMBIMU METOAAMHU JUIS
yAaJeHUs] MUKPOIIPUMECEH U €CTECTBEHHBIX OPraHMYECKHUX BEIIECTB B XOJI€ OYUCTKU MUTHEBBIX U
HPOMBIIIJIEHHBIX CTOYHBIX BOJ. Kuco u cotpynnuku [23] u3yvyanu yjgajieHue cuibHO ruaApo(OoOHbIX
3arps3HMATENEH, TAaKMX  KaK, apoMaTHYeCKHe  IeCTHIMIbI,  aJKWI-PTansaTtel, METOJOM
HaHo(puIbTpanuu. OOHapy’KEHO, YTO CTENEeHb yNaJIeHUsl CUIIBHO 3aBUCUT OT MOJIEKYJISIpPHON Macchl,
pa3mepa 1 rupooOHOro XapakTepa MPUMECH.

MonekynspHas mMacca 6onbiinHcTBa BemiectB Thna DJ(C m3Mensierca B mpenenax 150-500
naneToH. [lo3TOMYy MeToaMu MHKpPO- M YIbTPaQHUIBTPAIIMH MOTYT OBITh YAaJeHBI TOJIBKO TE
3arpsA3HUTENIN, KOTOpbIE COEAMHEHBbl C Kakoi-TO Jpyro dacTuued 3a cyeT QIIOKYJIALUH,
KOAryJisiiuM M T.NM. BOJBIIMHCTBO ATHX BEIIECTB (HAIpHUMEp, TOPMOHAIbHBIE CTEPOUIbI) MOXKET
ObITh YyJAQJIEHO METOoJaMU OOpaTHOro OcMoOca WM HAaHOQWIBTPALMU CO CTENEHBI0 OYHUCTKU
90% [24].

IO u pgpyrue [25] usyuyanu s¢dexkTuBHOCTh ynaneHue 27 coenuHenuid tuma IJIC
MeMOpaHHBIMH METOJIaMH W3 MOJEIBHBIX BOJ W W3 BOJ TPEX pPAa3IMYHBIX HCTOYHHKOB. OHHU
YCTAHOBMJIM, YTO Y€M BBIIIE MOJSIPHOCTh NPUMECH, YEM OHa MeHee THApodoOHa U MeHee JieTyya,
TE€M MEHbIIIEEe BpeMsl HaXOKJIEHUS TpeOyeTcs A ylaleHHs IPUMECH HaHOQUIbTPALMOHHOMN (11s
BemiectB ¢ M = 600+200) unu yneTpadunsTpanuonHoi (mist coequHenuit ¢ M = 8000+£1000)
MeMOpaHoii. bBputo manee mokazaHo, YTO HAHOQPWIBTPAMOHHBIE W YIbTPadMIbTPALMOHHBIC
MeMOpaHBI CBS3BIBAIOT, Kak mpasmio, 0-2,5 mr/cm” Bemects tuma DJIC mpu ShdekTHBHOI
(paboueii) mwromamu MemOpanbl 16,9 cm’. IIpOZOIDKHTENBHOCT HAXOXKICHHS MPHMECH B
HaHO(UIBTPALIMOHHON MeMOpaHe oOKasajach BbIIIE, YeM B cilydae YJbTpaduibTpalMOHHbBIX
MeMOpaH, 4TO aBTOPHI OOBIICHAIOT OTJIMYMEM B pa3mepax mop. lIpeamonaranock Takxe BIUSHHE
XMMHUYECKHX MapaMeTPOB UCCIIEAYEMBIX BOI.

BriBoabl

Jna ypanenuss w3 Boj 3arpssHstoniux BemecTB Tuna OJ[C, mMpUCYTCTBYIOIUX B MallbIX
KOHIIGHTpaLuAX, HauOoJiee MPUTrOJHBIMU SIBJISIFOTCS METO/IbI JECTPYKIIMU O30HOM M aJcopOLus Ha
aKTUBHOM YTIJIE.
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Jlns pemieHust 3TOM 3a1a4M MOXKHO HCIIOJIB30BaTh TAKKe OMOJIOTHUECKHE METOJbl OUYMCTKU
IpU UX JIONOJHEHUU OKHCICHHEM C MOMOINBI0 030HA. B 3TOM ciyyae coderaHue IBYX METOJOB
MO3BOJIICT COKPATUTh TPOJOJDKUTENBHOCTh OYHCTKM MPU  JOCTHKEHWH JOCTaTOYHOH ee
3¢ (HEeKTUBHOCTH.

Mertonpl  KOaryJsinuu/QIoKyJIAIUM  MPUTOAHBL, TJaBHBIM 00Opa3oMm, Uil  yJaJleHHS
rupodoOHBIX 3arps3HUTeNned. DPQPEKTUBHOCTH METOJa MOXKET OBITh IOBBIIIEHA MPU €ro
JONOJIHEHUN aJicopOuneil Ha AaKTHBHOM yIJie WM J00aBIEHHEM JUCIIEPCHBIX/KOIIOUIHBIX
3aryCTUTENEH.
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CMIiYHUX 800 8i0 pevosuH, WO BNAUBAIOMb HA 20PMOHANLHY CUCMEMY JHCUBUX iCmom (peyo8uHu
muny «EJ/[C»). Hasedeni cxnad/cmpykmypa Hailbineuws mMunosux CHOIYK, WO 6NIUBAIOMb HA
2OPMOHANbHUL 6ANAHC NIOOUHU MaA IXHA Kiacugixayis, onucami wisixu NONAOAHHsA 3A3HAYEHUX
peuosun 8 omouyroue cepedosuuye. JlaHo KOpomkuil ananiz mpyoHowie aHanimuyHo20 U3HAYEeHHs.
EJIC - peuosun. Kpumuuno posensnymi OCHO8HI Memoou 8UOAieHHs . OaHUX 3a6pyOoHI08ayis 3 800
Pi3H020 NOXOO0XCEeHHA: Koazyaayis, adcopoyisn Ha aKmu8O8aHOMY GY2illi, OKUCIEHHS O030HOM i
X10pom, bionociuni i membpanni memoou. Cnucox rimepamypu micmums 25 NOCUNAHD.

Knrouosi cnosa: peuosunu, copmonanvHa cucmema, Hcusi opeauizmu, ckiao i kiacupikayis,
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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

Bopa i BogooumncHi TexHonorii. Haykoso-TexHiyHi BicTi - Ne 4(10), 2012 - Ne1(11), 2013 33



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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