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Cyuacni nioxoou do idenmugikayii 3a6pyoHI08anbHUX PeUOBUH

CYYACHI OIIXOIM TO ITEHTU®IKAIIIT
3ABPYITHIOBAJIBHVX PEYOBUH, IO
COPUYMHAIOTh TOKCUYHICTD BOIU I TOHHUX
BIIK/IATIIB BOOHUX EKOCUCTEM (OTJISI)!

IIposedero ananiz cyuacHux nioxodie w000 idenmudgpixayii 3a6pyoHI08anbHUX peo-
BUH, U0 CHPUHUHAIOMb MOKCUYHICMb 800U | O0HHUX 8i10KN1A016, AKI NePesarcHO Kepyromucs
memooonozieio EDA (Effect Directed Analysis — amanis cnpamosanuti nausom), Axa
6asyemuvca Ha biomecmysanti cymiueti omouyonozo cepedosuuia (environmental mixtu-
res) y No€OHAHHI 3 NOCTIO0BHUM 3MEHUIEHHSIM CKIAOHOCN CyMitui WIXOM Pi3uKo-Ximiu-
HUX MAHINYTAUIL/ PpakuyioHysanHs.

Idess ma npouedypa TIE (Toxicity Identification Evaluation — ouyinio8anHs ideH-
mugikayii mokcuuHocmi) noniseae y nocnio08HOCMi aHai3ie, CNPAMOBAHUX HA (0eHMU-
pikayiio pewosuH, W0 UKIUKAIOMY MOKCUYHICMYb Y 600i i 00HHUX 8i0KA0AX. BuxonanHs
docrioxncenn 3paskie 3a yum nioxodom niopo3dingiomv Ha mpu pazu: Pasa I — eusHaueHHs
pisuko-ximiunux énacmusocmeti uunnuxa moxcuunocmi (Characterization); ®asa II —
ananimuume susHaveHHs uunnuka moxcuunocmi (Identification) ma ®@asa I1I — niomeep-
ONMCEHHST M020, W0 BU3HAUEHUTI YUHHUK MOKCUMHOCMI 610106i0a€ 3a 6CI0 BUABTIEHY Head-
mueny dito (Confirmation). Hasedero onuc pisHux éapianmie Qisuxo-ximiuHux maniny-
JAUiLL 31 3pazkamu 600U ma 0OHHUX 8i0KNA0I8 3A0NA 3MEHUEHHS IXHbOT MOoKCUMHOCMI ma
38YIHeHHSA KONIA NPUNYULeHD U000 MONTIUBUX HUHHUKIB POPMYBAHHS MOKCUHHOCIII.

Hasedetio 0ani cmocosro memooonozii 6iomecmysanis, ii cyuacHux moougikayiti ma
OesTKUX cCrmanoapmu3osanux 8 Yxpaini ma ceéimi memoois.

ITokasano akmyanvHy HeoOXiOHICMb Ma MOMAUBICD PO3BUMKY MOKCUKONIO2IUHUX
docrioneHv 6 YKpaini 6 HANPAMKY 3CMOCYBAHHS CYHACHUX npoyedyp idenmudixayii 3a-
OpyOHI08ATLHUX PEHOBUH, W40 CNPUHUHIOMb MOKCUUHICb 600U | 00HHUX 8i0K1A0i6 Y 60-
OHUX eKOCUCEMAX.

Kntouosi cnosa: moxcuunicmo, 800a ma doni 8ioknadu, 6iomecmysanns, TIE (Toxi-
city Identification Evaluation,).

CbOrofieHHs CTaBUTb Iepef M0 CbKOIO IIMBiTi3alli€lo BUK/INKY, BUpIlIeH-
HS SIKUX € )KUTTEBO HEOOXiTHMM JJIs ITOJJa/IBIIOTO iCHYBaHHS. AHTPOIIOTeHHA
TpanchopMmalis 6iochepu mpusBena 10 pisSHOMaHITHUX HeTaTMBHUX HACHif-
KiB, cepefj AKUX i IMOBCIOJHA KOHTAaMiHallid OTOYYIOYOTO CEPEJOBUILA Pi3HO-
MaHITHUMM 3a0pyIHIOBIbHYMM Pe4OBMHAMMI. 3a0pyJHEHHS HaBKOIMIITHBO-
O CepeioBUILA TOXOUTH 3 0AraThOX JKepesl MPOMIUCIOBOTO Ta Ci/IbCHKOTOC-
HIOZIapChKOTO BUPOOHUITBA, chepy MOOYTY, CHOXIMBAHHS Ta BUKOPUCTAHHS,
1110 GOPMYIOTD ITy/I YMC/IEHHNX Ta Pi3HOMaHITHMX XiMiYHUX PeYOBUH, SIKi 4u-

HATb HaBMVICHUII a00 HeHaBMUCHMIT BIUIUB Ha 6iocdepy [18].
3a npubnMM3HUMU OL[iHKaMU Ha TaHui MOMeHT 6/113bK0 100 000 XimMiTHMX

PEYOBUH BUKOPUCTOBYEThCA 1OAHA, a TOHax 50 MilbIIOHIB XiMIYHKX pevo-
BUH BiJOMO Ta 3apeeCcTpOBaHO, 30KpeMa y peecTpax XiMiuHOi pedepaTuBHOI
cmyx6u (Chemical Abstracts Service, CAS). Kommekcunit XiMiyHMIT MOHITO-
PVHT YCiX I[VIX PeYOBMH Pa3oM 3 Be/IMUE3HOI0 KiIbKiCTIO IXHIiX MO6iYHMX ITpO-

! Poboty BukoHaHO 3a mipTpumky HanionambHoro GoHAY ZOCTimKeHb YKpaiHn —
ITpoexr 2023.04/0045 «Po3pobxa yHipikoBaHOI TeCT-CUCTEMY /I OLIIHKM TOKCUYHOCT] Ta
ineHTHdiKarmil K1acy 3a6pyAHIOYNX PEYOBUH, [0 HOTPAIUIAIOTH y BOAHI 06’ €KTH BHAC-
TiJOK BOEHHUX Jiil».
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IYKTiB i MpoRyKTiB TpaHCchOpMallil HEMOX/IVBUIL i He BeJIbMU JTi€BUIL Yepes
00MeXXeHy JJOCTYIIHICTb JJAHMX I[0JI0 BIUIVMBY KOXXHOI pedoBMHM [28].

BusHa4eHHA YMHHMKIB, IO CIPUYMHAIOTD HETATUBHI €KOJIOTiYHi 3MiHN y
BOJHIIX €KOCHCTEMaX, MO>Ke OyTY HaJi3BMYaiTHO CKIAJHVIM 3aBJJaHHAM, OJJHaK
Ije HeoOXiIHO M1 TTOJJA/IBIIOTO IPUITHATTS BUBKEHNX OOIPYHTOBAHUX pi-
IIeHb Ta 3aCTOCYBaHH BiflIOBifHUX pecypciB [57].

Y 3B’A3Ky 3 MM 0Y710 PO3pO6/I€HO PN HAYKOBO OOTPYHTOBAHMNX ITi/IXOIB,
AKi I03BOJIAIOTH OIiHIOBAaTY 0€3MeYHIiCTh OTOYYIOYOTrO CepemoOBUINA IS JI0-
JIVHY T KVBUX OPTaHi3MiB, BCTAHOB/IIOBATU YMHHVKY POPMYBaHHA TOKCUY-
HOCTI.

Cy4acHi HOpMaTUBHI JOKYMEHTH 3 BOGHOTO MEHEI)KMEHTY BU3Ha/IM, 110
OJIVIH JIMIIIe ITi/IeCIpsIMOBAHVI XiMi4HMIT aHA/Ti3 Y MOHITOPYHTY He 3a0e3neuye
HaJIeXHY OLIiHKY HebOesnexu i 6iochepn [1]. Jocmigankamn BifMidaeTbes,
IO /I JOCSATHEHHS IIijIeil 91CTOI BOAY Ta TOOPOro eKO/MIOTiYHOTrO CTaHy He-
00XifHO TaKOX BUPIMINTY IPOOIeMy 3a0pyJHEHUX JOHHMX BiTK/Ia/IiB K JKe-
perna HebaXXaHMX CIIONYK [26].

B Ykpaini HaniuyeTbca nonap 60 Tuc. pidok i monag 20 Tuc. osep, AKi pos-
TAlIOBaHi y pajloHax JeB TV piukoBux 6aceiHiB. Yroga mnpo acouianiio 3 €C
nepep6ayae iMIIeMeHTAL0 B Hal[iOHaJIbHE 3aKOHOMIABCTBO IIOJIOXKEHb, 110
Bi/ITOBiAIOTh €BPOIEVICHKYM HOPMATMBaM 3 BOJHOTO MeHeKMeHTy [19].
€BpOIEIICbKOMY IUIAXY PO3BUTKY YKpaiHM KMHY/IA BUKIUK 3arapOHMIIbKa
BiltHa P®, fKa, KpiM ycboro iHIIOTO, 3iiICHIOE IOTY>KHIII Ta 6araTorpaHHNI
BIUIMB Ha BOJIHI pecypcu Ta rifpoekocucreMn. Byxxe € 6araTo cBifueHb mpo
Li/IeCIpsAMOBAaHMII BIUIMB BOEHHUX JIiil HAa BOJHI pecypcu YKpaiHu, 3BiTiB
MDKHApOJHIX OpraHisalill, AAKi posIVIARAITb HACTILKM LIbOrO BIUIMBY Ha iH-
bpacTpyKTypy, BOfjHE TOCIIOAPCTBO, SIKICTh BOAM SIK pecypcy [20].

Mertoto faHoi po6oTy OyB aHasIi3 Cy9acHMX MiAXO/iB o0 ineHTHdiKarii
3a0py/HIOBIBHMX PEYOBVH, IO CIPUYVMHSAIOTh TOKCUYHICTb BOAM i JOHHUX
Binknanis (IB), orjiHka BiTYM3HAHOTO HOCBify Ta MEPCIEKTUB 3aCTOCYBAHHS
nopi6HMX nigxonis B YKpaiHi.

[TpoBigHY porb y po3pob1ii cy9acHUX MeTOJOTOTiYHNUX Hi/IXO/iB Ta IPVH-
LMITiB BU3HAYEHHS i OI[iHKM YMHHMKIB TOKCMYIHOCTI BOAY i JOHHUX BITK/TafiB
MPiCHOBOIHMX €KOCUCTEM 3a JOIOMOTOI0 0iosoriuHMX MeTo[iB Bimirpana
Arennis 3 oxoponu foskimns CIIA (US EPA — United States Environmental
Protection Agency). ¥ 1984 p. EPA sanponoHyBasa HOBY HalliOHaJIbHY IO-
nitTuKy «Po3pobxa mo3BONIB Ha TOKCHYHI 3a0pYHIOOY] pEYOBMHM Ha OCHOBI
Axocti Bopu» [74]. Ieit moKyMeHT MicTMB /B fy>Ke Baxk/IuBi HoBalil y cdepi
KOHTPOJTIO 33 CKUJJAHHAM TOKCUYHMX CTIYHMUX BOA: 1) CKUAM OKPEMUX TOKCUY-
HVX 3a0Py[HIOBA/JIbHUX PEYOBMH HE MAIOTh IIPU3BOAUTH [0 INEpPEeBUIICHHSA
iXHiX Oe3neYHNX KOHI[eHTpalliit y IpuitMaro4ilt Bofo¥iMi; 2) Ha JOHATOK IO 00-
Me)KeHb 3a XiMiYHMMM ITOKa3HMKaMU MalOTh BUKOPMCTOBYBAaTUCA TAKOX 0io-
noriuni Metony (BUNIpPOOGYBaHHS Ha TOKCUYHICTD). 3aCTOCYBaHHS BUIIPOOY-
BaHHA 3Pa3KiB BOJM Ha TOKCUYHICTD 3a JIOIIOMOTOI0 METO/iB 0ioTecTyBaHHS
0y/10 IPYHLMIIOBO BaYK/IMBUM JJOIOBHEHHSM JIO CTAaH/JAPTHOTO PETy/IATOPHO-
rO IiJXOAY, OCKiZIbKM YCYBa/I0 HU3KY HEJOJIKIB CyTO XiMiKO- aHA/IiTUYHOIO
Hiaxozy, 30KpeMa — HeoOXiJHICTb y BUSHaYeHHI KOXKHOI i3 3a0pyAHIOBaIbHIX

54 ISSN 0375-8990. Gidrobiologiceskij zurnal. 2024. 60(6)



Cyuacni nioxoou do idenmugikayii 3a6pyoHI08anbHUX PeUOBUH

PEYOBYH, 10 HOTEHIIITHO MOXYTb OyTV IPUCYTHIMM y CK/Iaji ZOCTIIKYBaHUX
3paskiB cTiuHMX Bop [24].

Bunpo6ysanns Ha TokcnuHicTb crivHoi Bogu WET (Whole Effluent Toxi-
City — TOKCUMYHICTb YCbOTO CTOKY) BY3Ha4Ya€ KOMOiHOBaHNII BIUIMB YCiX IIpu-
CYTHIX y 3pa3Ky XiMiYHMX Pe4OBUH, BilOMUX i HeBiOMUX, TUX, 10 Oy1u y
cknmapi crivnol ta/abo mpurimatoyoi Bogu. Komnnekcuuit mingxix WET He mo-
3BOJISAB Y SIKOCTi YMHHVKA TOKCMYHOCTI BU3HAYUTI KOHKPETHY 3a0pygHIOBa-
JIbHY pedoBMHY (200 IpyIy CIOpifiHEeHNX 3a0pyIHIOBaIBHUX PEYOBMH), X04a
Taki BiToOMOCTi BKpajl Ba>K/IVBi /1A 3’ICyBaHHS IPUYMHY TOKCMYHOCTI Ta 110~
IIYKy HayKOBO OOIPYHTOBAHVX Ta €KOHOMIYHO BMBA)XEHMX pillleHb I[OAO il
YCYHEHHA.

Cawme 151 moffonanHs 1€l mpobnemu crerianictu EPA pospobuu mpo-
nenypy TIE (Toxicity Identification Evaluation — oninroBanus ifenTndikarii
TOKCUYHOCTI), fIKa 32 CBOIM 3MIiCTOM € OJTHUM 3 MO>K/IMBUX ITiIXO/IiB, [0 OXOII-
moe konuentis EDA (Effect Directed Analysis — ananis cipssmoBaHuii Brm-
BOM) B IMPOKOMY po3yMiHHi. EDA 6a3yeTbcs Ha 6ioTecTyBaHHI cymileit oTo-
IyI040To cepefioBuIa (environmental mixtures) y moegHaHHi 3 TOCTiZOBHUM
3MEHIIeHHAM iXHbOI CKIaZHOCTI HUIAXOM (paKlioHyBaHHA. TakuM 4MHOM
3BYXKYETbCA KOJIO CIIONYK, 1[0 IOTiM MalOTh MifiAraT! igenTndikamii sk imo-
BipHi YMHHUKY TOKCUYHOCTI [28]. OCHOBHI BifMiHHOCTI IMX MiAX0xiB MOJIsITa-
I0Tb y 3acTocyBaHHi B EDA cKmaflHMX BMCOKOCHEIia/li30BaHNX aHATiTUYHUX
MeTofiB 0e3BiJTHOCHO [0 3MiH TOKCMYHOCTI BUXiJJHOTO 3paska Ta BUKOPU-
craHHi 6ioTecTiB in vitro, a' y TIE — ximiunnit aHaIi3 3i 36epexxeHHsAM 6iomoc-
TYIHOCTI TOKCMYHNX PEYOBUH IIifl Yac MaHIIy/IALil Ta 6i0TecTyBaHHA in vivo
(30, 52].

OuiHnTy KOMIUIEKCHWII BIUIVB Pi3HOMAHITHNX 3a0pyIHIOBaIbHIX pedyo-
BJIH 32 pPiBHEM TOKCMYHOCTI JO3BOJIA€ BUKOPMCTaHHA METOL0JIOTII Ta METOMIIB
6iorecTyBaHHs. ['0/I0BHI IlepeBaryu 1bOTO MiAXO/Y MOJIATAIOTD Y J1OT0 BiTHOC-
HiJl IIPOCTOTi Ta JOCTYIHOCTI, MOPiBHAHO BMCOKIil IIBUIAKOCTI BUKOHAHHSA
MOCTiPKEHHA, BifICYyTHOCTI notpebu y BapTiCHUX YCTaTKyBaHHI Ta PeaKTUBaX,
BUCOKIil 9yT/IMBOCTi KOPEKTHO Hifji0paHNX TecT-opraHi3MiB 10O MiHiMa/JbHUX
KOHIIEHTpaliil TOKCUYHMX areHTiB Y BOJHOMY CEpeNOBMIILL.

[Tocwmuty inpopmMaTuBHICTD 6i0TeCTYBaHHS MOJKe ITOETHAHHS TECTiB Ha
TOKCUYHICTb 3 IEBHUMM NPOIieypaMyu 0OpoOKy 3pas3KiB BOAM i JOHHMX Bifi-
KJIafiiB, 10 IPU3BOAATD JJO 3MEHIIeHHs 0i0JOCTYITHOCTI MPUCYTHIX Y cymimax
OTOYYIOUOTO CepefjOBMINA 3a0PYIHIOBA/IbHUX PEYOBUH TOKCUYHOI Ail. Busasnu-
JIOCh, IO Lell Imiaxig Moxke 6yTy eeKTVBHNMM CKPMHIHTOBUM METO[IOM IIpU
BMABJIEHHI YMHHMKA TOKCUYHOCTI Y BOTHOMY CepelOBMIIL.

Cyrp merony TIE monsarae y peectparii BilioBifii TecT-oprasismis npu
IIPOBeZIeHHI MOC/iIOBHOI cepil QisnKO-XiMIYHMX MaHINYIALiN 3 TOKCUYHUM
CepefoBUILeM, L0 JO3BOJLAE iTeHTU(IKyBaTI YMHHUK 200 YMHHUKU TOKCUY-
Hoi f1ii [38—41]. ¥ nboMy mifxofi BupisHAIOTH Tpu cTapii: Pasa | — Bu3HaveH-
Hs i3nKO-XiMiYHMX BIacTMBOCTEl ynHHMKaA ToKcuaHocTi (Characterization
— xapakTepusyBanHs); Pasa Il — aHaymiTYHe BU3HAYEHHS YMHHIKA TOKCIY-
HocTi (Identification — igenTudikauis); ®asa III — migTBepKEHHS TOTO, 1[0
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BIM3HAYEHNII YMHHNK TOKCMYHOCTI Bi[IIIOBifJa€ 3a BCIO BUABJIEHY HETaTUBHY
nito (Confirmation — migTBepIKeHH).

Ockinpku TIE € OCHOBHMM Cy4acHMM IIIXOZOM, 11O B pi3HUX Moampika-
LifAX IIMPOKO 3aCTOCOBYETHCA B TOKCMKOJIOTIYHMX Ta AHAMITUYHUX FOCHTif-
JKEHHSX, HVDKYe HAaBOJAUMO OilbILI JleTaTbHUI ONMNC Pi3HMX BapiaHTIB 1Oro
CKJIAJIOBUX.

3pasku 600u. Bukonanus TIE-Pasa I cnpsiMoBaHO Ha BCTaHOBJIEHHS Pi-
3UKO-XIMIYHMX BJIACTMBOCTEN TUX PEYOBUH, 5Ki OOYMOBIIIOIOTh TOKCUYHICTD
3paska. lle mocsAraeTbcs meBHMMU Impolefypamu (isuKo-XiMiYHOTO BIUIMBY
Ha IpoOy Ta BUKOHAHHAM CYNYTHIX KOPUTYIOYMX BUIPOOYBaHb Ha TOKCUY-
HicTp. Ko’kHa MaHiNynALig copsAMoBaHa Ha BU3HaUYeHH: Gi3snKo-XiMidHMX Xa-
PaKTEePUCTUK YMHHMKA TOKCUMYHOCTI IIJIAXOM IIEPETBOPEHHSA IIEBHOTO KJIacy
XiMIYHUX pEYOBUH Y 6iooriuno HepocTynHi. [Iponenypu, 10 NponoHymoThes,
JI03BOJIAIOTh PO3INTY YMHHMKY TOKCMYHOCTI Ha TaKi IPyIN: JIETIOYi pe4OBMI-
HY, TaKi SIK OpPraHiYHi PO3YMHHUKY (HAIIPUKIIAJ], KCUIO, O€H30); TOKCUYHI
PEYOBVHM, IIOB’sA3aHi i3 3aBUC/IMMY PEYOBUHAMY, SIKi MOXKYTb CTATI JOCTYII-
HVIMU JI/Is1 OpTaHi3MiB Yepes CIIOXKMBaHHA 3aBVICel (HalpUKIaf, IeCTULAAN Ta
MeTaJIn); OKMCHMKI, TaKi K X/IOp; HeiOHHI OpraHiyHi pe4oBUHM (HANIpUKIIaf,
HoMix/jIopoBaHi AudeHimm i moniapoMaTnyHi ByI/IeBOAHI); [BOBa/JIeHTHi IIe-
pexinHi MeTanu (HampukiIag, KagMiit, Mifib, CBUHEIb, HiKe/b i I[VHK); 3a7IeXKHi
Bix pH TokcukaHTH, Taki AK amiak i cipkoBopeHb [38].

Y npoueci Bukonanusa TIE-®asa I 1 BusAB/IeHHS TOKCMYHOCTI IpoOU
BOJY BUKOHY€ETbCS TIOYaTKOBUII TECT, B AKOMY BCTAHOBJIIOETbCS HAABHICTD He-
raTMBHOI Ail cymili cepeoBuIna Ha 1abopaTopHi TecT-opranismu. Skio mpo-
SIBY TOKCUYHOI Jiil Oy/I0 BUSB/IEHO, OPUTiHANIBHY IPOOY BOAM PO3AiIAIOTH Ha
IEKibKAa 4YaCTUH, 3 AKUMIU NPOBOJATH CEpil0 MEBHUX MAHINY/IALIN, cepeqn
AKMX: KopuryBaHHA pH, dinbrpanis, aepanisa, gomaBanna EDTA (etmnen-
fliaMiHTeTpaolTOBa KIC/IOTa), JOLABaHH:A HATPilo Tiocynbgaty, TBeprodasHa
eKCTpakIisg Ha copbyrounx cmonax Cis (OKTafelICHIaH), IPOIyCKaHHS Je-
pe3 crernianisoBaHi i0HOOOMiHHI cMoOMM ToIIO; B pa3i HEOOXiHOCTI KOpury-
BaHHA pH MoXe cynpoBoKyBaTu 3a3Hadyeni npouenypu. Ilicia xoxnoi ma-
HiITy/1A11ii IPOBOAATD TECTU Ha TOKCUYHICTD, Y TOMY 4MC/Ii IOBTOPIOIOTH 6a30-
BUII TIOYATKOBMII TecT (6e3 3MiHVM HATMBHOTO CTaHy IIPoOu).

Kopurysauus pH BUKOHYIOTb 3 METOI0 BUABJIEHHSA 3a0pY/IHIOBAIbHIX pe-
YOBMH, sKi IPY 3MiHi I[bOTO ITOKa3HMKa 3MiHIOIOTb CBOI BIaCTUBOCTi (1eT-
KiCTb, PO3YMHHICTD, MIBUJKICTD Jycoljanii Ta iH.) Ta CTymiHb TOKCUYHOTO
BIUIMBY (peYOBVHM 3 KUCTOTHVMM Ta OCHOBHUMMU BiacTuBOCTAMM). Big pH
MOYKe 3a/Ie>KaTV MIBYIKICTD IigposIis3y geaKuX OpraHivHuX 3a0pyIHIOBAIbHIX
pedoByH. 3HVDKeHHs pH y 6ibirocTi BUMagKiB IpU3BOAUTD 1O HiBUIIEHHS
PO3YMHHOCTI METaliB i, TAKMM YMHOM, 30i/1bIIeHHsT TOKCMYHOCTI pobu. Ko-
puryBaHHA pH BUKOHYIOTH 3a3BM4all 3 MOAAIbIION (inbTpamnieto (111 BUAB-
JIEeHHSI TOKCMYHUX PEYOBMH, IIOB’SI3aHMX i3 3aBUCsAMU/Konoigamu) Ta/abo
aeparji€eo (Ui YCYHEHHs JIETKMX, JIETKOPO3YMHHIX a00 JIETKOOKMCHIOBAHUX
TOKCMYHUX pedoByH). TecT 3 rpamyitoBanuM pH B piamasoni 6—9 Busassae
TOKCUYHICTD, IKa IIOB’A13aHa 3 aMiaKoM i CipkOBOZIHeM, Y BapiaHTaX 3 BICOKUM
pH cnocrepiraeTbcs mifiBulleHHs KOHIIEHTpallil TOKCMYHOI HeiOHi30BaHOI
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¢dopmu amiaky, Tofi Ak Hu3bKUI pH 3MiHIOe i0HHUII 6alaHC Y HANPAMKY
HMiJBUILEHHA KOHLIEHTPallil TOKCMYHOTO CipKOBOJHIO.

Hopmapannsa EDTA 3acTocoBYIOTb /151 BUABIEHHA TOKCUYHOCTI, KA CIIPK-
YJHeHa IPUCYTHICTIO JBOBa/eHTHUX MeTaniB (Me®"), XemaTyBaHHs MeTasiB
gepes B3aemoyiro 3 EDTA nepeBoauTh po34rHEeHNUI MeTal y HeTOKCUYHY Gop-
MY IIUIAXOM YTBOPEHHs MilfHOro komiiekcy Meran-EDTA. BinbiicTb nosu-
TUBHO 3apsIKeHuX i0HiB MeTaiB B3aemofitoTh 3 EDTA, ane nBoBaneHTHi 11e-
pexinui metanmn Cd**, Cu**, Ni**, Pb*', Zn*" i Mn** MatoTh 0COO/IMBO BUCOKY
crniopigHenicTp [22, 69].

HonaBaHHA HaTpiro TiocynbdaTy BUKOHYIOTb /I BUABIEHHA TaKMX TOK-
CMYHIX areHTiB K XJI0P, JiOKCUJ, XJIOPY, MOHO- Ta JUX/IOpaMiHi, 6poM, 1of,
iOHM MapraHIjIo Ta JesKuUX eNeKTPOdiIbHUX OPraHiYHUX XIMIYHMX PEYOBUH.
Tiocynpdar BUKOPUCTOBYIOTh TAKOX SIK Xe/TATYIOUMil areHT IS BesAKMX Ka-
TIOHHVX MeTaJliB, OCKINIbKY BiH edekTuBHuUI y 38’ 13yBanHi Cd**, Cu®’, Ag™,
Hg?*, 3 meHow0 criopigHenicrio go Ni**, Zn**, Pb** i Mn** [39].

3a gonomoroto metopiB TIE, onncanux Buie (aepariisi, ginbrparis, TBep-
nodasHa eKcTpaklif, fofgaBaHHA Tiocynbdary Harpito Ta EDTA, xopekuis
pH) MoxHa ifeHTNiKyBaTV YMHHUKM TOKCMYHOI Aii Y IOPOBMX BOJAX Ta BO-
OHUX BUTSDKKAX i B IOJA/IbIIOMY €KCTPAIIOIOBATH TOKCUYHY [il0 Ha Li/IbHI
JIB. He3Baxxaroun Ha mmpoke BUKopucTaHHs, Metoan TIE 3 mopoBumu Boja-
MM Ta BOGHUMU BUTsDKKaMi I B MaloTh IeBHI METOAMYHI 3aCTOPOTU 3 IeKib-
KOX IIPUYMH: 1) MOXK/IVBe 3MEHIIeHHs BMiCTy 3a0pyIHIOIOUNX PEeYOBVH II€B-
HUIX KJIaciB (HaIIpuK/Iaf, depes aficopOIiito Ha MOBepXHi BUIPOOYBaIbHOI 110-
CYAVIHM); 2) BUKTIOYEHHS iHIIMX BOX/IVMBYX IUIAXIB BIUVIMBY 3a0PyIHIOIOUYIX
pedoBMH Ha OEHTOCHI OpraHi3Mu B IIpoljeci BUIIPOOyBaHHA TOKCUYHOCTI (30K-
peMma, alliMeHTapHOro0), 3) HOATKOBUII CTpeC /Il OEHTOCHMUX TeCT-OpraHi3MiB
(BimCyTHICTB JpKepena DKi, 3aBe/lMKe OCBIT/IEHHS TOILO), 110 IPU3BOJUTD JO
XMOHO HeraTMBHUX Pe3y/IbTaTiB (HAIPUKIIa/l, HEraTUBHA Jiisl, CIIPUYMHEHa I0-
JIOlyBaHH:M, @ He BIUIMBOM TOKCMKAHTIB) [39, 71].

Lonni eioknaou. Pospobka meropis TIE nisa nonHux Bifknazis 6asysaina-
CA Ha ifledgXx 1 migxopmax, 1o 6y)11/[ CTaHJAPTU30BaHi [/1A aHajli3y TOKCUYHOCTI
3pasKiB BOAY, IpoTe ifeHTUdiKallisi YNHHVKIB TOKCMYHOCTI B III/IbHIX JOHHUX
BiK/IaZlaX € BiflTHOCHO HOBUM IiJXOMNOM, CIPAMOBAaHMM Ha BCTAHOBJIEHHA
00’€KTVMBHUX IPUYUH HETaTMBHOTO BIUIMBY JOHHMX BifIKIajliB Ha G€HTOCHI
oprauismu [46]. [Topi6bHO [0 MeTOAIB, pO3POOTEHNUX /IS CTIYHMX i 3a6py)1He—
HVIX IPYPOJHUX BOJ, JIOTO CYTb IIOJIATAE B TOMY, 110 3a0pyAHIOIYi PEYOBVIHIA,
Bi/IIIOBifla/IbHI 32 TOKCUYHMII BIUIVB, MOXXYTb OyTHU ineHTHdikoBaHi 3a gomno-
MOro0 cepil mpoleayp, MpU3HAYEeHNX IJIs 3HVDKEHHA 610[j0CTYNHOCTI Ta,
BHACJI{/IOK 1IbOTO, TOKCUYHOCTI KIIIOYOBUX K/IAciB 3a0Opy[HIOBAIBHNUX pevo-
BuH. Po3po6ka i cranpaprusanisa meronis TIE g [IB maroTs neBHi TpygHOII
Jyepe3 HaSABHICTb y CUCTeMi TeCTyBaHHA pisHUX (ismuHux ¢as, CKIagHicTp i
MIiHIMBICTD XiMi4HOTO cKmany /1B, a TakoX pisHOMaHITTA LIIAXIB BIVIMBY 3a-
OpYIHIOBaIbHUX PEYOBMH Ha TeCcT-opraHismm. 3abpynHIOBadi MOXYTb pO3-
MOJIINIATUCA MK BOJOI0 Ta JIB 3ae>XHO BiJj TaKMX YMHHMKIB K PO3YMHHICTD y
BoJi, pH, okMcHIOBa/IbHO-BiTHOBHMI ITOTEHIia/l, CIIOPiAHEHICTb 10 OpraHiu-
HIX CIIONYK, po3Mip 4acTok JIB Ta in. Yepes pisHOMaHITHICTb IUIAXIB BIJIUBY
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3a0pyIHIOBAIbHIX PEYOBYH Ha OPraHi3MI, 1[0 MeIIKaTh y [IB, ixua 6iogoc-
TYIIHICTh Ta TOKCMYHICTh MOJKe BapiloBaTH 3a/I€)KHO BijJj BUY HOCII>)KYyBaHOTIO
oprauismy (tect-06’eKkTa), a He ymuIe Bix BracTuBocreit [IB [23, 35, 54, 56].
BeHTOCHI OpraHismu 3a3HalOTh BIUIMBY 3a0pyIHIOBA/IbHIX PEYOBUH Yepe3 BO-
ny (IOITIMHAHHA PO3YMHEHNX PEeYOBMH), YaCTMHKM BifkIafiB Ta uBi op-
ra"ismu (aniMeHTapHMI MUIAX) [60, 72, 75]. Tun i gocTymHicTh DX, IIBUAKICTD
il cnoxuBaHHA, eQeKTUBHICTb acMMinALii, ¢isionoriuni mpomecy, Taki fAK
LUIAXY eKCKpeLlil Ta IeTOKCUKallil, BIVIMBAIOTD Ha IIBUAKICTh HAAXOMKEHHA Ta
BUBEJICHHS, i B KIHIIeBOMY ITi/ICYMKY BIUIMBAIOTh Ha TOKCUYHICTD 3a0py/HIO0-
91X pe4OoBUH [21].

Merog TIE mna nineuux [IB [39] € 6inbin iHpopMaTHBHNM NOPIBHAHO 3
TECTYBAHHAM IIOPOBUX BOJI, Y€PE3 Te, 10 BiH BK/II0YAE BU3HAYEHH BIIMBY AK
TBepAoi, Tak i BogHOI a3y Ha JOCimKyBaHi opraHismu. PesynbraTi excro-
3uil y nipHux 1B € 6i1b11 pesleBaHTHMMY, OCKIZIBKY: TeCT-OpraHi3M nepedy-
Bae y 61/1b1II CTabI/IbHMX KOHILIEHTPAL[ifAX TOKCUKAHTIB IIPOTATOM Iepiofy moc-
JIJKEHD 3aBIAKY MEHIIIN IX BTPATi y TECTOBiMl EMHOCTI Ta 4epe3 IOITIMHAHHA
TECTOBJMMI OpPraHi3sMaMy a0 BHAC/TIIOK iHIINX NPUYNH; TECT € O/IVDKINM JI0
JOCTTiI>KeHHS peaIbHOI eKCII03M1ii 3a0pyAHIOBaIbHIIX PEYOBYH in Situ 3aBJs-
K1 0OMeXXeHUM MaHinynAniaM 3 mpobamu [IB; Tect 103Boss€ BpaxyBaTy HO-
TEHILIITHUI BHECOK 6araThoX MUIAXIB HAOXOIKEHHA TOKCUKAHTIB; TECT JO3BO-
7€ BpaxyBaTy (isuyHy B3aeMofito Mk opranisamom i [IB (manpukaz, 6io-
TypOallis BHaC/IiJOK 3aKOIYBaHH:A OPraHi3MiB TOIII0); YMOBYU BPaXxOBYIOTb Ha-
SIBHICTb IPUPOJHOTO pKepena Dki (opraHiuHa peyoBUHA, JETPUT) IS Op-
raHi3MiB.

s inentndikanil YMHHNKIB TOKCMIHOCTI y 1B, 0KpiM MeTOgRiB, po3po6-
JIEHVX JI/IA 3pasKiB BOAM, 6y/I0 3aIIpOIIOHOBAHO BUKOPYCTAHHS iHIINX MaHiITy-
JIALN, AKi 3 PISHUM CTYIIEHEM CEeJIEKTUBHOCTI 3/IaTHI 3HVXKYBATU TOKCUYHICTh
3pasKa, CIIpUYMHEeHY [IeBHOIO IPYIIOI0 3a0pyJHIOBAIbHIX pedoByH. Ha mesxmx
3 HMX BapTO 3YIVHUTUCH JIeTA/IbHIIIE.

Busienenus mokcuurozo ennusy, cnpudurenozo amiakom. Omy6ikoBaHO
HU3Ky IiIXOAiB O 3MeHIIeHHA 0i0fOCTYIHOCTi Ta TOKCMYHOCTI aMmiaky B
mocmifax 3 uinbHUMM 1B, BKIIIOYHO 3 BUKOPUCTaHHAM MaKpOBOZOPOCTEN, 1110
JIOJAIOTHCS IO IIOBEPXHEBOTO IIAPY BOJY, TA 3MiIlIyBaHHAM LI€ONITY 6e3moce-
penubo 3 IB. Jlo Mmopchbkux i ectyapamx mpo6 [IB, mo mictwam migBuiieHi
KOHIIeHTpaIil aMiaky, fjogaBami MakpoBogfopictb Ulva lactuca pyia 3MmeHIIeH-
HA IXHbOI TOKCMYHOCTI [49, 61]. [Tokasano, o U. lactuca Mo>ke 3SHAYHO 3HU3U-
TV KOHIIEHTPALil0 3araJ/IbHOTO Ta HEiOHI30BAaHOTO aMiaKy y IIOBEPXHEBOMY
mapi BoAy y focrifi 3 minpHuMu /1B, omHak 1eit npoiec He € cnenndivHuM i
XapaKTepU3y€eThCs Ce30HHOIO AVTHAMIKOIO, 1[0 00Me)Xy€e MOK/IMBICTD JI0TO 3a-
CTOCYBaHHA.

Bukopucranus reosnitHoi cmoym SIR600° ist 3HMKEHHS KOHI[EHTpALIil Ta
TOKCUYHOCTI amiaKy npy TecTyBaHHi [IB TakoXX [aso MO3UTHUBHI pe3ynbTaTh
[27]. Byno nokasaHo eeKTMBHICTb BUKOPUCTAHHA LIi€l PEYOBVHM /I 3HU-
JKeHHsI TOKCMYHOCTI amiaky mist 6okoriasiB Ampelisca abdita [31]. Inmmit,
MEHII IOV PEHNIT METOJ, SHVDKEHHA TOKCMYHOCTI amMiaKy B JOCTifiaxX 3 I[ib-
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HuMu JIB nepenbayae mocriiiHe ounieHHs/OHOBIEHHS LIapy BOAY HABKOJIO
TecT-00’eKTa [42].

Busenenns moxcuurozo ennusy, cnpuuurero2o memanamu. Meronm ineH-
Tudikanii MeTasiB, 110 3HAXOAATHCA Y pO3UMHEHOMY CTaHi y B sk unHHMKa
TOKCUYHOI fil 3a3BMYail Iepen6avyaoTh JOJAABAHHA y 3pasKy Xe/lIaTyounx
cmon (Hampukag, SIR300°) [29]. Maroun BignoBigHi GyHKIiOHAMIBHI rpyTIN
(R-CH,-N(COOH),), SIR300° 3H1KY€E KOHIIEHTpPAI[if0 KaTIOHIB METasIiB y po3-
4Hi 32 paxXyHOK 0OMiHy 3 poTHioHaMMu (BOJIeHb Ta HATPiil) IIUIAXOM Xe/laTy-
BaHHsI MO3UTUBHO 3aPsI/I>KEHNUX iOHIB IBOBAJICHTHNUX METAJIIB, 1110 MAIOTh 6i/1b-
ury criopipHenicts (Hanpuxiaan Cd, Cu, Zn, Pb, Ni).

Oxpim MetasiB y kaTioHHii popmi, MeTany, AKi BXOZATD O CKIafly aHio-
HiB, TAKOXX MOXKYTb OyTU Bay</IuBUMM 3abpynHioBadamu [IB. []y1s ix 3B’s3yBaH-
HS BUKOPVICTOBYIOTh aHIOHOOOMIHHiI CMOJIN, fAKi IPAIIOIOTh NUIAXOM O0OMiHY
HeraTMBHO 3aps/KeHNX i0HiB (X10puz i cynbdar) Ha aHIOHM, 1[0 3HAXOAATHCS
y pO3uMHi i MaroTh BuIy cropigHeHicTb. CeleKTUMBHA [JO apCeHaTiB cMojla
ASM-10-HP'i cenextnBHa 1o xpomaris cmosa SIR700 6y epeKTUBHO BUKO-
pMCTaHi i1 3HMYKEHHA IXHbOI KOHIIEHTpALll Ta TOKCUYHOCTI y HOCHifax 3
nineHuMM [IB [32]. IIpoTe icHye Brcoka JIMOBipHICTb, 1[0 3aCTOCYBAaHHA IIUX
CMOJI MOXX€ TaKOJX BIUIMBAT Ha TOKCUYHICTb Me€TaJliB y KaTiOHHIN cbopMi, 1110
NpU3BOJUTMME /10 HEBIPHOIO BU3HAYEHH S Y/MHHMKA TOKCUYHOCTI.

Baxaerbcs, 110 /1B 3 HapMIIKoM Tak 3BaHMX «IeTKMX Cynbdimin» (acid
volatile sulfide) MicTATh HU3PKY KOHIIEHTpaLil0 KaTiOHIB 6araThboX mepexiz-
HVIX METaJIiB i, IK HaC/TiIOK, He TOBVHHI OyTV TOKCMYHUMIU /I BOGHOI 6i0TH
[36, 70]. 3aponionoBanmit Ha ocHOBI 1boro Metoy, US EPA nepenbauae nopa-
BaHHA po3unHy Na,S mo [IB [39] i, micna BpiBHOBa)KeHHS IpOTAroM 24—
96 rof, mofjablle TECTYBAHHA IXHbOI TOKCMYHOCTI 3a JOIIOMOTI'OI TeCT-Opra-
HisMiB. [TokasaHo, 110 1jeit MeTof 6yB eeKTUBHUM /I 3HVDKEHHS TOKCUY-
HocTi JIB 3 BMCOKMM BMiCTOM KajMilo, Mifii, CBUMHIIIO Ta IMHKY. [Ipore edex-
TUBHICTb BUKOPUCTAHHS LIbOTO METOAY 3a/IeXKUTD Bifl HOCATHEHHA Hal/INIIKO-
BOI Ki/IbKOCTi cy/b(ifiiB BifHOCHO BMiCTy pO3YMHEHNX MeTasiB [39].

Busenenns moxcuunozo eniusy, cnpuduHeHo20 HeiOHHUMU OP2aHIYHUMU
peuosuHamu. BBaxxaerbcs, mo 6i0JOCTYIHICTD i TOKCMYHICTD HEIOHHMX Op-
raHiYHYX 3a0pyAHIOBAIbHIX PEYOBMH (nonionic organic) y BOJHOMY cepero-
BUIIIi 3a71€XKaTh B IEPIIY YePTy Bifl IXHbOTO pO3MOJITY MiXK BOJJHOIO Ta TBEP-
foro ¢asaMu, Ipy bOMY KPUTUYHIM YMHHUKOM Y PO3IIO/iITi MiX I[IMU IBO-
Ma ¢azamu € opraHiuHuii Byrens [37]. 3 ornamy Ha 1je 6y1o po3pobieHo Me-
TOJIVIKY HOJiaBaHH: 10 LIbHMX [IB OpoIKomnofibHOro akTMBOBaHOTO BYTi/-
ns [47]. Byno mokasaHo, 1o I Ipolefypa 3HIDKYye TOKCUYHicTh [IB, ski
MicTATDb HeioHH] oprauiuni cionyku 3 log Kow Bizt 4 5o 8. Kpim Toro, ogaBanusA
HOPOIIKONIOAiOHOTO aKTVBOBAHOTO BYTi/I/Is €(eKTUBHO 3MEHIIYBA/IO TOKCUY-
HicTb /1B, 3a0pyaHeHNX MOMipHMMM KOHIIeHTPaLisMU MTOJIiX/I0poBaHuX bide-
Hi/B Ta MOMiapOMaTUMYHMX BYITIEBOJHIB. X04a aKTMBOBAaHE BYTI/IA € JyXKe
eeKTUBHUM [T 3HVDKEHHA 0i00CTYITHOCTI Ta TOKCMYHOCTI pi3HUX OpraHiy-
HIIX 3a0pyIHIOBAIbHUX PEYOBUH, BOHO He aficOpOye CeNeKTUBHO JIMIIe 1i pe-
yoBMHM. TaK, KOHLIEHTpallisl Ta TOKCUMYHICTDb y [IB Takux MerasiB AK Mifb i
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CBMHEIIb TAKOXX MOXKYTb 3HAYHO 3HIDKYBATUCA B IIPUCYTHOCTI aKTBOBAHOIO
Byrimsa [47].

IlomaBaHHsI ByI/IeneBuUX afcopOyrounx cmon Ambersorb 563, 5727, 1500
Amberlite XAD4 TakoX 3HIDKY€ TOKCUYHICTD IUISAXOM II€PEPO3IONINY 3a-
OpynHIOBaTbHMX pedoByH 3 [IB y copbuiiini dasu. [Tokasano, 1o 11i cMonu He
TOKCHMYHI /I TeCT-OpTraHi3MiB Ta e(peKTUBHI I/I 3HYDKEHHA 610[j0CTyIHOCTI
HeiOHHNX OpraHiYHMX 3a0pyIHIOBaIbHUX pedoBuH [42, 54, 76]. IlepeBara
IXHPOTO BUKOPUCTAHHA IIOPIBHAHO 3 aKTVBOBAHMUM BYT1/ULIM IIOJLATAE Y TOMY,
[0 CMOIM MOXXYTb OyTy BupineHi 3 [IB micna 3aBepluneHHA TeCTyBaHHS TOK-
CUYHOCT] HIIAXOM IIPOCIIOBaHHA 3 MOJA/IbIINMM €KCTPAaryBaHHAM 3 HUX 3a-
Opy[HIOBaIBHMX PEYOBIH OPTaHIiYHMMY PO3YMHHUKAMM 1 iXHIM aHaII TUYHUM
BusHaueHHaM (TIE-®asa II).

Meroto TIE-®asa II € izenTudikanis 3a0pygHIOBaIbHUX PEYOBMH, fAKi
HiJ03PIOI0THCA Y TOKCUYHIN Aii, mo 6yna BuasneHa Ha TIE-®a3a I, 3a gonmomo-
TOI0 METOJIB po3fineHH: Ta PppakiionysanHs [39, 40]. Ha miit ¢asi Bukopn-
CTOBYIOTbCA 6inbi criennivyHi METOAM MiATOTOBKM 3pasKiB Ta aHami3y, AKi
CIIPSIMOBaHI Ha BUABJICHHS KOHKPETHOI XiMiYHOI Ipymy 3a0pymHIOBaJIbHUX
PEYOBUH 3 METOI0 BUJIEHHA PeYOBIUH, IO CIPUYMHAIOTD TOKCUYHY fito. Lle
Jla€ 3MOTy MIAToTyBaT! NMpoOy BoaM ab0 HOHHUX BifKIamiB Jyis XiMiYHOTO
aHasisy. I1a ¢asa 3a3Buyaii 3aBepIIyeThCA aHATITUYHOIO ifeHTHdiKanieo pe-
YOBUHIU, fIKa Mif03pI€TbCcs B ToKcuyuHin fii. Tpagnuuirina TIE-®asa II npn
MOCTiPKEHHI TOKCUYHOCTI LIIbHUX JOHHUX BIKIAliB 30CEPEKYEThCA Ha
aHasi3i 0OMeXeHOi KiIbKOCTi LiNbOBUX 3a0pyIHIOIYMX PEYOBUH i BU3HA-
YeHHI IPUYMHHOCTI IIUIAXOM IIOPiBHAHHSA BMICTY BUAB/IEHNUX 3a0PyIHIOIOUNX
pedoBuH B JIB Ta iXHiX moporiB Tokcm4HOCTi. Bukopucranna 6impin cre-
1udivHMX METO/iB MiAATOTOBKY 3pa3KiB Ha I1it ¢asi MoXKe IPU3BOANUTH 10 Ya-
CTKOBOTO irHOpPYBaHHS NINUTaHHA 6i0OCTYMHOCTI mif yac imenTndikanii 3a-
OpyIHIOBaIbHUX peYOBUH [52].

Ocranniit eran — TIE-®a3a III, nigTBepkeHHA — CKIAIA€ThCA 3 HU3KU
KPOKiB, IIpM3Ha4YeHNX [/IA MigTBEPI>KEHHA TOrO, 10 MiJ03pI0BaHi YMHHUKNU
TOKCUMYHOCTI IIPaBWIbHO imeHTU(iKOBaHI 1 BiiTOBia0Th 3a IPOSIB BCi€l TOK-
CMYHOCTI. 3a3BMuaili eTall MifATBep/KEeHH CIlifly€e 3a eKCllepYMeHTaMM 110 BU3-
HaueHHI0 ToKcumyHOCTi (Pa3a I) Ta aHanmisoM i oaTKOBUMY eKCIIepUMeHTa-
MU, IPOBeIeHNMM 3 BU3HaueHH: TokcuyHocTi (Pa3za II). [IpoBenenns ogHoro
eKCIepVMEeHTY ab0 TeCTy He4acTO IIePEKOH/INBO HOBOAUTD IPUIMHY TOKCUY-
HOCTI, TOMY /151 3abe3IedeHHs BaroMocTi fokasis Ha Pasi III BukopucToByio-
ThCSA yCi MOXK/IMBI MpakTNyHi migxoan. Cepep TUX, AKi 4aCTO € KOPUCHUMMU JIJIA
3abesre4eHHsI JOCTOBIPHOCTI Ta HaAiHOCTI, € MOIIYK KOPEJIALiHNX BiffHO-
CMH, CIIOCTEpeXKeHHs 3a CUMIITOMAaMI TOKCMYHOTO eeKTy, TOpiBHAHHA Bifi-
HOCHOI 9YT/IMBOCTi Pi3HMX BUJIB 10 TUX YM iHIIMX TOKCUKAHTIB, JOJaBaHHA
PEYOBVH «ITi03PIOBAHMX» Y IIPOSIBI TOKCMYHOCTI, OIfiHKa 6a/IaHCy Mac Ta Jo-
JIATKOBVX KOPUTYBaHb Tif[pOXiMiYHNIX XapaKTepUCTUK Boau [41]. OpHak 9acTo
Mk BukoHaHHAM a3 TIE Mosxe He OyTy 4iTKOI Mei, BOHU MOXYTb BifjOyBa-
TUCh MOCTIiJOBHO Ta TPMBATU OFHOYACHO.

AmHaJti3 pe3ynbpTaTiB JOCTi/I)KeHb, IPOBefeHNX nporsarom 1990—2010 pp.
3 BukopucranHaM npouenypu TIE g inentndikarii ocHOBHUX K/TaciB TOK-
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CMKaHTiB (HeioHHi OopraHiuHi XiMiYHi pe4OBMHY, METa/IN Ta aMiaK), JO3BOJIVB
3poONTM NeBHi y3ara/JibHEeHHs LIO0 YMHHMKIB TOKCMYHOCTI B €KOCHCTEMax
pisHOro THHY [46]. ABTOpPU LIBOTO JOCTiI>KEeHHS IPOAHA/Ii3yBa/Iu pe3y/IbTaTi
36 HayKOBUX poOIT, AKi cTocyBanucsa Bukopuctanusa npouenypu TIE mna 67
1po6 JOHHVX BiIK/IaiB, IPUAIAIOYN YBary iXHil IPMHAIEKHOCTI 10 IIpicHO-
BOJHMX a00 MOPCHKMX €KOCKCTEM, a TaKOXX TUILY JOCTiKYBaHOI MaTpuii
(cymimni cepemoBuILA iCHYBaHHS: LI/IbHI JOHHI Bifikaagy abo moposi Bopn).
BusBumnocs, 1m0 HeioOHHI OpraHiyHi pe4yoBMHM, OKpeMO a0 y NO€IHAHHI 3
iHImMu 3a6pypHIOBaYaMiL, 6y mprdeTHi 10 70 % yciX IposABiB TOKCUYHOCTA.
HocnimkeHHs, poBefieHi 3 BUKopucTaHHAM MetopiB TIE Ha moposiit Bofi,
BUABW/IN IIEBHE IepeBakaHHA KiZIbKOCTI BUIIAJKiB TOKCUMYHOCTI Yepes Taki
OpraHivHi pedOBMHM IOPIiBHAHO 3 «KaTiOHHMMM» MeTanamu (67 i 49 % Bin-
nosigHo). Ha BigMiHy Biff IbOTO, HOC/TIZI>KEHHS Ha II/IbHIUX JJOHHMX BiIK/Ia/jax
nokasams, mo 90 % BUIIAJKIB IPOSIBIB TOKCUYHOCTI BinOyBaluCh 3aBJsAKU
IPUCYTHOCTi HEiOHHMX OpPTaHiYHMX PEYOBMH, OKpeMO 260 B IIOEJHAHH] 3 iH-
HIVM TOKCMKAHTaMU, a «KaTiOHHi» MeTa/N BiflirpaBa/iil 3HAYHO MEHIIy POJIb
(menme 20 % Bunaaxis). Amiak OyB BU3HaHMIT TOJIOBHUM YMHHUKOM TOKCUY-
HOCTI y HeBe/MKiii KiIbKOCTi po6 JOHHUX BifjKIaniB. ABTOpU pOOIATH BUC-
HOBOK IIPO Té, 110 BiIMiHHOCTI y pesy/lIbTaTax ABOX TUIIB JOCTIKEHb CIIPK-
YJHEH] METOAVYHMMH BiIMiHHOCTAMN, IKi MOXXYTb IPU3BOAUTH AK JIO IIEpe-
OLIiHIOBaHHA, TaK i HEJOOLIHIOBAHHA POJi [JeAKUX YMHHUKIB TOKCUMYHOCTI
(46].

B ocranHi poku BiOyBaeTbcs akTuBHe 3acTocyBaHHA nigxoxnis TIE, npn
IIbOMY 0CO0/IVBa yBara JOC/IiJHKIB IPU/IAEThCA MifOOPY Ta BiIpaltoBaH-
HIO ONTUMaJIbHUX JITOPUTMIB 1 aleKBaTHUX HAOOPIB TeCTiB [yis HafiiTHOI
imenTudikaii YMHHUKIB TOKCUYHOCTI BOJY i JOHHUX BifKIaAiB (K LiIbHUX,
TaK i HOPOBUX BOJ), 3aJIE>KHO BiJj 0COOIMBOCTEN BOIHUX 00 €KTIB Ta BUMOT
HOCTiKeHHA. PO3IMMPIOEThCA CIEKTP OpraHisMiB, fAAKi BUKOPVCTOBYIOTbCSA
ns nposesieHHs TIE, sokpema 1o iX mepermiky ZOfaHO TakyMX OEHTOHTIB AK
BeC/IOHOTI paku [34], xipoHoMinu Ta amdinomu [55].

AXTUBHO pO3BUBaIOTbCA MeTOAM NpoBefieHHsA npouenypu TIE in situ, Ta-
KMl TAXi[ JonoMarae YHUKAaTy IOMWIOK, IIOB’sI3aHUX 3 BibopoM mpob Ta
iXHPOIO TA0OPATOPHOI0 0OPOOKOIO, TO3BOJISIE IIPOBECTY €KCIIOHYBAHHS TECT-
OpranismiB 3 ypaXyBaHHAM 3MiH IPUPOAHUX YMHHMKIB, a TAKOXK 3MEHIUNTU
PeCypcoeMHICTb HOCTITHNX BUIIPpOOyBaHsb (33, 73].

Tak, noegnanus npouenypu TIE (in situ) 3 KOHTpoIeM rifpoxiMiYHNX 1o-
Ka3HMKIB Ta OLIiHKOIO ITIEPEHOCY TOKCUMKAHTIB 3aBUC/IIMI PeYOBMHAMM JI03BO-
JIMJIO BCTAHOBUTY, 1O HETaTMBHA [jis Ha TECT-OPTaHi3MM iHOJi CIIOCTepira€Thb-
cs 1 Ha AUIAHKAX 3 HM3BKMM BMICTOM 3a0pYAHIOBA/IbHUX PEYOBUH — IIPOTE
JINIIE 32 CYTTEBMX JOOOBMX KOMMBAaHb BMICTy pPO3UMHEHOTO KUCHIO [57].

CriBpobitHunTBO HaykoBILiB IHCTUTYTY Tiffpo6ionorii HAH Ykpainu 3
koneramu 3 US EPA possonuo ycnimno 3acrocysatu nigxogu TIE mpu goc-
JTIKeHi HeraTMBHUX 3MiH B JieAKNMX BOJHMX 00 ekTax YKpainu, HabyTu moc-
Bi/ly IUIaHyBaHHA Ta IIPOBEJieHH: BUNIPOOYBa/IbHMX TIpoLeayp [43, 48, 68].

biomecmyeanns sk ocHo8HUll memood ouinku mokcuunocmi. Came pe-
aKnisg 6i0TecTiB y eKCIepyMeHTax € MipiIoM TOKCMYHOCTI, 32 3MiHaMU AKOI
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CIIOCTEpiraroTh y poueci ¢pisnko-xiMivHMX MaHIIy/IALii 31 3paskaMy BOAY Ta
JIOHHMX BifiK/IafiB (K IIPHUX, TaK i IXHIX BOZHUX BUTSDKOK, @ TAKOX IIOPO-
BuX Boji) py BuKoHaHHi nponenyp TIE Ta EDA. Xoua ornag meropis 6iorec-
TYBaHHA He € IPeAMeTOM L€l my6Oikaii, c1ify 3a3HaYnTy, 0 BOHYU aKTUBHO
PO3BUBAIOTHCA B YKpaiHi Ta cBiTi [25, 50, 51, 58, 59 Ta in.]. Cranpmapru 3 6iote-
CTYBaHHS BOJV Ta JOHHUX BiIK/IafiB po3poOIAIOTHCA i 3aTBEPIKYIOThCA H6ara-
TbMa OpTaHi3allifIMU y CBiTi, 30KpeMa AMepUKaHCbKIUM TOBAPUCTBOM Te€CTY-
BaHH: MaTtepianiB (American Society for Testing Materials — ASTM), Arenr-
CTBOM 3 O0XOpoHM HaBKonuiiHboro cepeposuina CIIA (US EPA), Ilentpom
exonoriyHux TexHonoriit Kanagu (Environmental Technology Centre, Canada
— ETC), Opranisaii€eto eKOHOMIYHOTO CIIiBpOOiTHUIITBA Ta po3BUTKY (Orga-
nization for Economic Cooperation and Development — OECD), Mi>xxunapoy-
HOI0 opraHisarjieo 3i cranpaprusanii (International Organization for Standar-
dization — ISO) Ta iH.

Ha njeit yac B YkpaiHi 1je He po3po6iieHi cranjapTy 6i0TecTyBaHHS Linb-
HUX TOHHMX BifkaapmiB. I OIiHKM TOKCMYHOCTI 3paskiB BOAy (BKIIOYHO 3
IIOPOBMMIU BOJAMM i BOGHMMY BUTsDKKaMu [1B) MporoHyeThcs HU3Ka METOHIB
i3 3acTocyBaHHAM pisHMX rpyn 6iotectiB. I[Ipu Brbopi 6ioTecTiB KepyroThcA
Ki/IbKOMa NMPVHIMIIAMY, Cepef AKMX 30KpeMa: MIBUIKICTh peakiii 6ioTecty,
crieryidivHicTh/HecenivHICTD 10 Aii HEBHMX TOKCUKAHTIB Ta iH. Haitbinpm
inpopmaTuBHUM € 3acToCcyBaHHs OaTapei 6ioTecTiB Ha TecT-opraHi3amMax pis-
HUX TpodivyHuX piBHIB i cucTeMaTnyHuX rpyn. Cepes CTaHZAPTU30BAHNX BiT-
YM3HAHMX 0iOTECTIB 3aCTOCOBYETHCs 0IO0TECTYBaHHA 3 BUKOPYCTAHHSAM JIIO-
MiHiceHTHUX 6akrepiit Vibrio fischeri (MeTony BCTAHOBJIEHHS IPUTHIYyBa/Ib-
HOi 7ii mpo6 BoAM Ha CBITJIOBUIIPOMIHIOBAaHHS I LIOMHO MiATOTOBIEHUX
6akTepiil, BUCYLLIEHUX PIIVIHHUAM JIeCUKaHTOM Ta tiodinisoBanux) [5—7], Tect
Ha NPUTHiIYeHHs pocTy 6akrepiit Pseudomonas putida [4], BUMiprOBaHHS TOK-
CMYHOCTI 32 YIOBiIIbHEHHAM >KUTTENSIBHOCT] HiTpUQiKyBamIbHUX MiKpoop-
raHi3MiB akTMBHOTO My7ny [16]. BunipoOyBaHHA Ha IPUTHIYE€HHA POCTY CTaH-
MapTU30BAHO TAaKOX JIJIs1 OJHOKITMHHIX 3€eIeHUX BOJOPOCTeit BuiiB Pseudo-
kirchneriella subcapitata i Desmodesmus subspicatus [14]. Bakrepii Ta of-
HOKJIITUHHI €yKapioTy XapaKTepu3yIOTbCA BMCOKOIO IMIBMIKICTIO peakiiii Ha
TOKCUYHUI BIUIUB i € 3pYYHMMU 00’ €KTaMy /I TeHeTUYHUX Moamdikariii,
IO Hi/IBUIIYIOTH IXHIO YyT/IUBICTD Ta iHAMKaTUBHI nposBu [45, 77].

3aCTOCOBYIOTbCS METO[M BMU3HAUYE€HHA TOKCUMYHOCTI Ha BUIIMX BOJHUX
pOC/IMHAaX — PACII Matiil Ta pAcHOKOpeHesiit [8, 9].

Hait6inpur mommpeHi crangapTi3oBani 6ioTectt B YKpaiHi BUKOPUCTO-
BYIOTb I'JUIACTOBYCKX pakonofiouux Daphnia magna i Ceriodaphnia affinis,
AKi JO3BONAIOTh BU3HAYEHHA JIETA/IbHOI, Cy0/IeTalIbHOI Ta XpOHIYHOI TOKCHY-
HOCTi XiMiYHVX pedoBMH Ta Boau [2, 3, 10]. AKTMBHO 3aCTOCOBYIOTbCA TaKOX
pubu Brachydanio rerio mpu BU3Ha4eHHi rOCTpPOI JIeTa/IbHOI TOKCUYHOCTi BOJU
3a CXeMaMU CTaTUYHOTO, HAIiBCTATUYHOTO Ta POTOYHOTO MeTOHiB [11—13],
a TaKOX eMOpioHM Ta iKkpa mpicHOBogHUX pub [15].

CyuacHi MeTofu 6i0TeCTyBaHHs OPIEHTYIOTHCS Ha PEECTPALiI0 BIUIMBY
TOKCHKAHTIB sIK Ha IIeBHi aCIIeKTV XUTTENISTIBHOCTI (CIIaKOBICTh, BifTBOpeH-
Hs1, MeTaboJTi3M Ta iH.), TaK i peak1ifo ycboro opraiamy (3arubens). Po3Burox
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CYy4acHUX MOJIEKY/IAPHO-TEHeTUYHNX METOZIB JO3BO/INB IiABUIUTY 1HANKA-
ilfHI XapakTepucTUKM 6i0TecTiB 3a PaXyHOK T€HETMYHUX TpaHCPOpMaLii
NEeBHMX BUJiB Ta PO3BUTKY CUCTeMM peecTpaliii meBHUX 3MiH (MyTaliii, KOH-
¢dbopmariii opraHiuHNX MOIEKy Ta iH.) 3aBAAKM I[bOMY PO3BMHYBCA HOBUII Ha-
IpsIM 3aCTOCYBaHHs 6ioceHcopiB Ta 6ioTectiB in vitro. Yepes BUCOKY 4yT-
JIUBICTb, IIBUAKY PEAKIIiI0 Ta IPOCTOTY €KCIITyaTallil ximio-/6ioceHcopu jo-
Ope MiaXoAATh 1A MIBUAKOTO eKOIOriYHOT0 MOHiTOpuHTYy. Cy4yacHi 6ioceHco-
P¥ 3/ TeCTYBaHHA Ha TOKCUMYHICTD 30cepeyKeHi Ha BUABIEHHI IPOYKTIB I10-
mwkomkeHHs [THK, epekTiB pyitHyBaHHs CTepOITHMX TOPMOHIB i iHTiOyBaHHS
¢depmenTiB Ta iH. [loegHanHA XiMio- Ta 6i0ceHCOPiB IPOIIOHYETHCA LA Maji-
OyTHBOTO BJIOCKOHAJIEHHA aHAITUYHMX iHCTpyMeHTiB B EDA Ta pospobxn
HOBUX TEXHOJIOTII BUABIEHHA YMHHMKIB TOKCUYHOCTI JOBKiA [53].

Ilepenik cTaHAApTU30BaHNX METOMK 3 OL[iHKM TOKCUYHOCTI JOHHUX Bifj-
K/Ia/liB y CBiTi OXOIUIIOE IIMPOKMII CIIEKTP TaKCOHOMIYHMX TPYI TECT-Opra-
Hi3MiB, BK/IIOYHO 3 MELIKAHIIsIMI BJIacHe JIHA — OEHTOCHVMMU aHHe TilaMI, MO-
JTIOCKaMM, PaKOOZIOHMMM, TMIMHKaMM KoMax [25, 50, 51, 58, 59 Ta in.].

Po3po6ku ciBpobitHuKiB IHCTUTYTY Tifpo6ionorii — aBTopis 1iei craTTi
— PO3BMBAIOTh HAYKOBMII HAIIPSIMOK 3 BIIPOBA/PKEHHA CY4aCHIX METOHIB 6io-
TECTYBaHHA B YKpaiHi Ta MOXYTb CTaTV HAYKOBOI OCHOBOIO CTaH/apTU3aLlil
MeTOZIiB 6i0TecTyBaHHs JOHHMX BiffK/Ia/iiB, 30KpeMa — i3 3aCTOCYBaHHAM Xi-
ponomin Chironomus riparius Ta pakonopiounx poguay Gammaridae [17, 44,
63—67].

Taxum 4MHOM, B YKpaiHi € HayKOBi Ta OpraHisalnjiliHO-TeXHi4Hi Iepexmy-
MOBU I PO3BUTKY KOMIUIEKCHOI METOMOJIOTII 3 OLIiHKM Ta imentndikarii
YMHHMKIB TOKCMYHOI [Iii y BOZi Ta JOHHUX BifK/IalaX IPUPOAHMUX Ta aHTPOTIIO-
TeHHO OPYLIEHNX BOJHMX 00’ €KTiB. PO3BUTOK TaKOT0 KOMIIJIEKCHOTO IIiAXOY
BKparl HeoOXigHMIT I/1 IBUAKOI ifeHTHiKaIlil YMHHNKIB TOKCMYHOCTI B yMO-
Bax arpecii P® Ta mocTilfHOTo i HEIMPOrHO30BaHOTO 3a0PySHEHHS IIOBEPXHe-
BUIX BOJHMX 00’ €KTiB BHACTIOK BOCHHMX Jiil.

BucHoBku

TaxuM 4MHOM, cy4yacHi migxoay moyno izeHTUdiKanii 3a6pyIHIOBaIBHUX
PE4YOBUH, 110 CHPMYMHATD TOKCUYHICTb BOJAY i JOHHMX BiIK/IaJiiB CHUPAIOTh-
cs Ha Meropoorito EDA (aHani3 cipsAMoOBaHMIT BIUIMBOM), AKa 0a3yeTbCs Ha
6ioTecTyBaHHI CyMillleit 0TOUyI0UOTO cepefoBuIia (environmental mixtures) y
NO€IHAHH] 3 TOCIiJOBHMM 3MEHIIEHHAM CKIaTHOCTI cyminni myraxom ¢isu-
KO-XiMiYHMX MaHinynAnii/ppaxkiionyBaHHA.

Haii6inpin Bigommit mipxip TIE (oninroBanHs ifeHTndikarmii TokcnaHoC-
Ti) moJIATaE y NOC/ilOBHOCTI aHaIi3iB, CIpAMOBaHNX Ha ineHTUdiKa1io pevo-
BJH, 110 BUK/IMKAIOTh TOKCMYHICTD y BOJi Ta JOHHMX BifK/IajgaX. 3a JOIOMO-
rOI0 TIOEJHAHHS TeCTiB Ha TOKCMYHICTH pasoM 3 ¢ismyHyMMy i XiMivHUMMM
MaHimysanismu 3i 3paskamu TIE mo3Bosisie mocTynoBo 3By>xyBaTu GOKyc 1oc-
JTIPKEeHHs Ha peYOBHI, sIKa Mi/j03pI0eThbcsl B TokcnaHocTi. Metopm TIE 6ynn
po3pobiieHi iisi TOTO, 1100, HACKI/IBKY 11e MOXX/IMBO, 30eperTul 3B’ I3KM MiX
OPUTIHAIBHUM 3Pa3KOM, AKUI JOCIIKYETHCA, 1 TOKCUYHICTIO, 110 CIIOCTe-
piraerbcs.
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Hanwit migxin Ta itoro mopudikanii nigposainaoTs Ha Tpu ¢pasu: Pasal —
BM3HaYeHHs (Pi3uKO-XiMiYHUX BIacTUBOCTEN YMHHMKA ToKcyHOoCTi (Charac-
terization — xapakrepusyBanHs); ®asa Il — aHaniTM4YHe BUSHAUEHHS YMHHU-
ka TokcnuHocTi (Identification — imenTudikanis); ®asa III — nigTBepmpKeHHS
TOTO, 11J0 BM3HAY€HWUI Y/HHMK TOKCMYHOCTI Bi/JIIOBifla€ 3a BCIO BUABIIEHY He-
ratuBHYy jito (Confirmation — mifTBepIKeHHS).

CyuyacHi nigxoy IpONOHYITh INPOKNI CIIEKTP METOIB, CIIPAMOBAHUX
Ha BMSIBJIEHHA PEYOBMH PisHOI XiMiuHOI mpupoyn i ¢pi3nko-XiMiYHUX BIacTu-
BOCTeI1. ApceHasI [UX MeTOJiB IIOCTiiTHO IONIOBHIOETDCA, @ AITOPUTMM IXHBOTO
TIO€/[HAHHS BIOCKOHATIOIOTHCS. [XHE 3aCTOCYBaHHSA B TIPAKTUILi BITIUSHAHUX
CKPUHIHTOBUX JOC/II/PKeHb MOXKe OyTM Ha[j3BUYAIHO NEepPCHEKTUBHYUM IIPU
BUSBJICHHI YMHHVKA TOKCMYHOCTI Y BOZHUX 00’ €KTAX, 1[0 IOTEPIIAIOTh BHAC-
JIITOK BOEHHUX [iil.

AHaji3 JOCTyIIHUX JiTepaTypHUX JpPKepesl CBiTOBOTO Ta BiTYM3HAHOTO
TOCBifly IIOKa3ye, 0 HaABHMI HAYKOBUII Ta TEXHIYHMII IOTE€HIIAI JO3BOJIAE
PO3pOOUTY HAYKOBI OCHOBY Ta B Maii0yTHbOMY BIIPOBAiUTI Y IIPAKTUKY KOM-
IUIEKCHY IIpoLeAypy ifeHTndikanii 3a6pyjHIOBAIbHUX PEYOBUH, 10 CIPUYN-
HAIOTh TOKCUYHICTh BOAM 1 JOHHMX BifJK/IaJliB B Y KpaiHi.
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MODERN APPROACHES TO THE IDENTIFICATION OF POLLUTANTS CAUSING
THE TOXICITY OF WATER AND BOTTOM SEDIMENTS OF AQUATIC
ECOSYSTEMS (A REVIEW)

The analysis of modern approaches to the identification of pollutants that cause toxi-
city of water and bottom sediments is mainly guided by the EDA (Effect Directed Analysis)
methodology, which is based on the biotesting of environmental mixtures in combination
with the successive reduction of the mixture complexity through physical-chemical mani-
pulations/fractioning.

The idea and procedure of TIE (Toxicity Identification Evaluation) is a sequence of
analyses aimed at the identification of substances causing toxicity in complex samples of
the water environment (matrices), in particular, bottom sediments. The performance of
sample research according to this approach is divided into three phases: I — determination
of the physical and chemical properties of the toxicity factor (Characterization); II — ana-
Iytical determination of the toxicity factor (Identification) and IIT — confirmation that the
determined toxicity factor is responsible for all detected negative effects (Confirmation). A
description of various options for physical-chemical manipulation of water samples and
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bottom sediments in order to reduce their toxicity and narrow the range of assumptions re-
garding possible factors of toxicity is given.

Data on biotesting methodology, its modern modifications, and some standardized
methods in Ukraine and the world are given.

The urgent need and possibility of the development of toxicological research in Ukrai-
ne in the direction of applying modern procedures for the identification of pollutants that
cause toxicity of water and bottom sediments in aquatic ecosystems is shown.

Keywords: toxicity, water and bottom sediments, bioassay, TIE.
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