Mpobnema nccnenoBaHnsa buonornyeckom 6e3onacHOCTN MaTePUaIoB, MPUMEHSEMBbIX
B N3OeNNAX MeAULNHCKOIro Ha3Ha4YeHuns, CTaHOBUTCS BCE Bosiee akTyasibHON.
MaTepunanbl He oTBeYatloT TpeboBaHNAM Be30NacHOCTU, NpeabsABASEMbIM K N34ENNAM
MeONUNHCKOrO Ha3HavyeHus. 1 NoBbIWEHNS UX BUOCOBMECTUMOCTU NPUMEHSIOT
MOKPbLITUSA, KOHOEHCUPOBAHHbIE U3 MJ1Ia3MEHHOW (ha3bl, B TOM 4Yucae ans noanMepHbIX
MaTepunanos. MNpn 4NNTeNbHOM KOHTaKTe C OMOIOrM4eCcKn akTUBHbIMU CpedaMun
YXVMBOIO OpraHn3smMa nsgenma MeauumMHCKOro HasHa4yeHnsa YaCcTUYHO pa3pyLlaloTCcs, v
4aCTb XMMNYECKUX BELLEeCTB, BXOOALWMX B UX COCTAB, MUrPUPYET B OKpyxaouimne
TKaHM 4YesioBeKa. DTu BellecTBa, B OCHOBHOM, MeTaJu/ibl. MeTansibl UrpatoT
OBONCTBEHHYIO POJib B (P1U3MON0OrNN: HEKOTOPbLIE ABAAKTCA HeobXxoAUMbIMU ANs
HOPMaJIbHOrO TeYEHUS XXU3HUN, B TO BPpEMSA KaK BOIbLUMHCTBO U3 HUX TOKCUYHbI NpU
MOBbILLUEHHbIX KOHLLeHTpaunax v, cefoBaTeslbHO, OKa3biBAlOT OTpuLaTelbHOe
B/INSIHNE HA aKTUBHOCTb XKWBbIX OpraHn3amMos [1]. N36bITO4YHOE copep>XaHne NOHOB
MeTaJ1J1I0B B OpraHmsMe npon3BoanT TOKCNYECKNIN 3pdpeKT. TOKCUYHOCTb
06bACHAETCS CBA3bIBAHMEM "MeTal/In4eCcKnx a0oB" B opraHmu3me c
PYHKLNOHANBbHBbIMN FPpynnaMmn XU3HEHHO Ba>KHbIX BELECTB, YTO HapyLllaeT
HOpMaJsibHOE PYHKLMOHMPOBAHNE KNETOK TKaHen. Koin4ecTso, Npu KOTOPOM
XNMNYECKNE NHIpeanNeHTbl CTAaHOBATCHA AENCTBUTESIbHO ONAaCHbIMU AN1A OKPY>XKatoulen
cpenbl, 3aBUCUT He TOJIbKO OT CTEeNeHU 3arpa3HeHnsa uMm rugpocgeps! niau
aTMocdepsbl, HO TakKXe 0T XMMNYeCKNX 0COBEHHOCTEN 3TUX NHIPEeaNeHTOB U OT
netanen nx buoxmMmmyeckoro uuknia. Ansa cpaBHeHUSA CTeneHn TOKCUKOJI0rMYeCcKoro
BO3AENCTBUA XUMNYECKUX NHIPEANEHTOB Ha Pa3/INYHble OPraHnU3Mbl MOJIb3YTCSH
MOHATNEM MOJISPHON TOKCUYHOCTU, HA KOTOPOWN OCHOBaH psg TOKCUYHOCTH,
OoTpakalowWmnin yBesmyeHne MosIspHOro KoanyecTsa MeTasnna, Heobxognmoro gns
nposiBsieHns adphpekTa TOKCUYHOCTU NPU MUHNUMANIbHOW MOJIAPHON BEINYUHE,
OTHOCSILLLENCS K MeTaNly C Hanbonblien TOKCUYHOCTbIO. DaKTOPaMUN OKPYKatoLLEN
cpenbl, BANAIOWMMY Ha TOKCUYHOCTb, ABAAIOTCA TeMnepaTypa, PaCTBOPEHHbIN
Kucnopon, pH, XeCcTKoCTb 1 WeNo4YHOCTb BOAbLI, MPUCYTCTBUE XenaToobpasyrowmx
areHToB N APYrunx 3arpasHuTenen B Boge. YMeHbLUeHMe napumanibHOro gaBsieHus
Kncnopoaa n ysennveHne pH 1 »XeCTKoCTy BOAbI MPUBOAAT K MOHUXKEHUIO
TOKCMKOJIOTMY4EeCKOro BO34eNCTBUSA BeLLEeCTB-3arpa3HNTesIen Ha OKpy>XatoLyto cpeny
N XXNBble OpraHn3Msl, obuTatowme B HeN. YCTOMYMBOCTb XXNBOIO OpraHm3mMa no
OTHOLLEHUIO K TOKCMKaAHTaM MOXXeT BbiTb 4OCTUIrHYTa nNpu: 1) yMeHbLIEeHNN
MOCTYNNEHNA TOKCUKAHTA; 2) YBENNYEHUN KO PUNLNEHTA Bblae/IeHUSA TOKCMKaHTa; 3)
rnepeBofie TOKCMKaHTa B HEAaKTUBHYIO (OPMY B pe3ysibTaTe ero n3sonsaunm nim
ocaxkaeHunsa. PakTopsbl, BAUSOWME Ha OOCTYNMHOCTb TOKCUKAHTOB, NX YCBOEHME ”
BO34ENCTBME Ha OpPraHn3m, MoryT BbiTb COBEPLUEHHO PA3HOW MPUPOAbI: *XUMUNYECKUE
(XMMmyeckmne CBOMNCTBA, OKNCINTEJIbHO-BOCCTAHOBUTEJIbHbIE NOTEHUMAaNbI U AP.);
pn3nyeckme (ocBeleHHOCTb, TeMmnepaTypa, TYypbyneHTHOCTb B pacTBOpax);
-bnonormnyeckme (pasmepsbl, CTagnm pasBUTns, YNMTaHHOCTb, COCTOSIHNE 340POBbA,
aKKIMMaTuM3aumnsa). KaHueporeHes - 3To CNoCcobHOCTbL MeTas/la MPOHNKAaTb B KJIETKY 1"



pearnposBaTb C Mosiekysion OHK, npneBoasa K XpOMOCOMHbIM HapyLUEHUAM KJIeTKW.
KaHueporeHHbIMK BeLLleCcTBaMun ABAAIOTCA HUKesb, KOBanbT, XPOM, MbILLUbSK,
bepunnuin, KagMnii. Pasnnyme B KaHLEPOreHHOM akTUBHOCTW onpeaenseTcs
OMoOOCTYMHOCTBLIO MeTaIoNPOnN3BOAHbIX: Hanbosiee NOTEHUMaNbHO aKTUBHbIE
cCoeIMHEeHNA coaep>kaT KaHLeporeHHble NOHblI MeTaJssla, CrocobHble flerko
BHeAPATHLCA B KJIETKU U pearnpoBaTb ¢ monekysion AHK. Hanpumep, conu
lwecTuBaneHTHoro xpoma CrO42- noteHumanbHO 6onee KaHLEPOreHHbl, 4eM CONun
TpexBaneHTHoro xpomMma CrcCl3, NnocKosibKy nepBble ferye NpoHUKarT B KJIETKU, a
BTOpbIE - SINLb OrpaHNYeHHO. KaHueporeHes 3aBUCUT KakK OT MexaHu3ma
MOCTYNJIEHNA KaHLUEepPOreHHbIX BELECTB B KJIETKY, TaK U OT UX KOJINYeCTBa BHYTpU
KJ1IeTKN. BaXKHbIM (DaKTOPOM B 3TOM acnekTe ABsfeTcsa obuas UMToToKCMYecKas
AKTUBHOCTb KOHKPETHOro noHa MeTanna. Tak, HanpuMep, ec/iv UOH MeTaJJla TakK e
aKTMBEH N LNTOTOKCMYEH, Kak Hg2+, To rnbenb knetkn byaeT npeawecTsoBaTbh
KaHueporeHHoMy oTBeTy [2, 3]. KaHUeporeHHble BewecTBa MOryT BbITb pa3geneHsl
Ha TPW KaTeropuu: -MeTajancofepxaline 4acTuubl; -BOA0OPACTBOPUMbIE COEAVNHEHNS
MeTaslJIoB; XKMUpopacTBOpMMble coeanHeHns. HanbonbLen crnocobHOCTbIO NPOHMKATb
B KJIeTKy obnafatloT BOLOpPacTBOpPUMbIe coegnHeHUs. Hanpumep, Takoun
BOOOPACTBOPUMbIA MOH MeTaJsla, Kak xpoMaT-noH CrO42-, cnocobeH nerko
MPOHMKATb B KNETKN C ncnosib3oBaHnem SO42--TpaHCNOPTHOMN CUCTEMbI. A HUKESb B
WOHHOWN (hOpMe He BHeOpPAEeTCH B KNeTKU C JIEFrKOCTbIO 1 MO3TOMY MHOrumne
BOOOPACTBOPMMbIE COJIN HUKESIA He pacCMaTPUBAKOTCA KakK MOTEeHUMaNbLHO
KaHLeporeHHo onacHble. X)KnpopacTtBopuMblie COeANHEHNA MEeTaJIN10B, Takue,
HanpuMep, Kak KapboHun Hukens Ni(CO)4, nerko BXoAAT B KJIETKY U MO3TOMY O4YeHb
TOKCUYHbI. B YenoBe4yeckoM Tesie CoaepXXnTcsa nopsaaka 6 Mr xpoma,
pacrnpeneneHHoro Mexxay MHOrMMm TKaHaMu. XoTa Tpebyrouwmecs 0o3bl He
YCTaHOBJ/IEHbI, OHN OOJ/KHbI ObITb 0O4€eHb MasibiMU. HeobXoAnMbI YpOBEHb XpOMa
TPYLAHO OLEHUTb XUMUYECKUMU Nan buoxmmmyecknumm metogamu [4]. Nonas B XUBYIO
KJIeTKYy, coeguHeHune MeTasijla nepBoHavaslbHO OCYLLECTBISEeT HEKOTOPYIO
NMPOCTENLLYIO XMMNYECKYI0 peakLumnio, rpas posib NycKoBOro pakTtopa, Ha KOTOPYIo
3aTeM crefyeT NaToNIOrNYeCKUn OTKINK BCe Bosiee CNOXHBbIX BUONOrnyeckmnx
MOJieKy 1 1 aHcaMbnen Monekys, U Kak KOHeYHbI pe3ynbTaT - BBeAeHne MmeTanna
B/INAET Ha OpraHusM B LesioM. [lpeactasuTenn Bcex rpynn MeTasjioB B J03aX,
npesBbIWaloWnUX MUHUMaJIbHbIE, OTYETIMBO AA0BUTLI A1 OPraHn3ma, HO ecan ons
MeTasnna | rpynnel opraHusm bosiee nam MeHee pe3ncTeHTeH, TO eCTb uMeeT
onpenenieHHble MOJIeKyNsipHble MeXaHN3Mbl, KOMNEHCUpPYoLLne nepenanbl B
Kosim4yecTBax nonagawLwmx B Hero meTasnios, To oaa metasnios |l v lll rpynn Taknx
MeXaHU3MOB HeT, U yXXe o4eHb Hebonblure n3bbITOYHbIE A03bl OKA3bIBAKOTCA
hpaTanbHO HernpuemsieMbl. B OTHOLIEHWX MOYTK BCEX METaJI/IOB MOXXHO YTBEpPXXAaTh,
YTO OHW OMaAcCHbI N YacTo A00BUTLI. OOQHAaKO N3BECTHO, YTO aKTUBHOCTb METaJIJIOB KakK
A00B B 60/1bWON CTENeHN 3aBUCUT OT (POPMbl, B KOTOPOM OH NoNazaeT B XXNUBOW
OpraHm3M, To eCTb OT (PU3NYECKUX N XUMUYECKMNX CBONCTB MeTalJIn4eCcKoro



COeIMHEHMNSA N KaK CeCcTBMe OT XMMNYECKMX peaKLuil, B KOTOPblE OHO BCTYNaeT B
opraHmu3me. Mpun pH 7 Hanbonee pacnpocTpaHEHHbIM COeANHEHNEM SABNSETCS
Cr(OH)2+, HO B CBOEN MHEPTHOW, NonnagepHon, kKomnsekcHon opme. laxxe B hopme
rekcaakBanoHa xpoma (lll) obmMeH Monekynbl BOAbl C pacCTBOPUTENIEM MPOTEKAET
HECKOJIbKO AHeN. IMeHHO Takas MHEPTHOCTb orpaHu4dmBaeT posb Cr () nnwb
CTPYKTYPHbIMU (PyHKLMSAMN. ECNM XpOM BCe XKe BOBJIeKaeTCs B ObICTpble peakumun, To
OH BbICTynaeT B HUX Kak Cr (lI). B kKa4ecTBe NnoTeHUMaIbHbIX IMFraH4O0B OJ15 XpoMa
MOryT BbICTyNaTb caxapa. [N1IoKo3a CpaBHUTENIbHO MJIOXOW JINFraHg, AJ19 CBA3bIBaHUS
3TOro MeTasila, HO 3TO OrpaHU4YeHne MOXXeT U He UrpaTb POJIN B HEKOTOPbIX
KOMIJIEKCax TpexBasIeHTHOro xpoma. TpexsaneHTHbIn Cr (lll) oanH N3 HanMeHee
TOKCUYHbIX MOHOB METasJI0B; CUJIbHbIN OKUCNNTENb rekcaBaneHTHbIN Cr (VI) yxxe
bonee Tokcu4eH. MNMpwu pH4 Cr (lll) cywecTByeT B (hopMe rekcaakBanoHa, HO Mo Mepe
yBenn4yeHunsa 3HavyeHns pH obpa3syoTcsa yxe ruapoKCOKOMMNAEKCHI U UHEPTHbIE
nonnsanepHble KOMMIeKCbl C KNCOPOAHbIMU MOCTUKaMU. B HeNTpanbHbIX pacTBOpax
Cr (VI) cywecTtByeT B Buge CrO42-, Ho B opraHu3sme 4yesoBeka CUIbHO okucnsawowmm Cr
(V1) nepexoaunt B Cr (lll) [5]. NocKoNbKy HEOBXOANMOCTb METaJIJIOB U UX TOKCUYHOCTb
0151 XKNBbIX OPraHN3MOB He CBSi3aHbl HEMOCPEACTBEHHO XMMNYECKU, TO HeEoDXoaUMble
WOHbI MeTaJ1JIOB OTAEJIbHO HEe paccMaTpuBatoTcs. [nsa MHOrMX NOHOB MeTaslloB
0oCTpas TOKCMYHOCTb BO3HUKAET NpW BHE3anHOM MOCTYynaeHnn 60bLon 403bl
MeTasa; NPy 3TOM MOABAAITCA NHbIE SPPEKTbI U CUMATOMbI, HEM MPU XPOHUYECKOM
OTpaBJIEHUN; XPOHNYECKOE OTPaB/IEHNE BO3HUKAET Npu NOJIYY4EHUN HU3KNX 003
MeTaJls1a, HO B Te4YeHue Npoao/HKNUTENIbHOro rnepmnoaa BpeMeHn. bnonormyeckun
3CCeHUManbHbIe MeTasI/ibl UMET Npeaesbl 403, onpeaensowmx nx gepuunT,
ONTUMaJIbHbIV YPOBEHb N YPOBEHb TOKCUYECKOro AeNCTBUSA. TOKCUYEeCKne MeTaslsibl B
HU3KWUX O003aX He OKa3blBalOT BPEOHOro AENCTBUSA U HE HECYT B1Monornyeckmnx
PYHKUMNA, OL4HAKO B BbICOKMX [03aX OKa3blBalOT TOKCUYECKOe fencteme. Tem He
MeHee, CYLWeCTBYIOT MeTaJsJlbl, KOTOPbIE NPOABAAIT CUJIbHO Bblpa>XeHHbIe
TOKCMKOJIOrMYeCcKme CBONCTBA NPU CaMblX HU3KNUX KOHLEHTPAUUAX N HE BbIMOJIHAOT
Kakon-n1nbo nonesHom pyHKUMU. K TaKNM TOKCUYHLIM dJ1EMEHTAM OTHOCAT PTYThb,
KagMun, CBUHeL, MbilbAK. OHU He ABASAIOTCA HU XXU3HEHHO HEO6X0ONUMbIMU, HIA
61aroTBOPHbLIMU, HO AaXKe B MasibiX A03axX NPUBOAAT K HAPYLLUEHUIO HOPMaJlbHbIX
MeTabonnyeckmnx QyHKUMI opraHmima [6]. B CBA3M C 3TUM Ba)KHbIM ABASETCH
Ka4eCTBEHHbIN N KOMIJIEKCHbIN aHaJ/IN3 TOKCUYECKNX BELLECTB, CogepKaLlnxcs B
MaTepuanax, UCNoJsib3yeMbIX A1 U3roTOBJEHUSA N34ENNN MEANLUMNHCKOrO Ha3Ha4YeHNS.
B HacToswWwee BpeMsA 015 KOHTPOJIA YPOBHSA TOKCMYHOCTU UCMNOJIb3YIOTCS, B TOM Yucne,
MeToaObl BnoTecTnpoBaHms, No3esonsoLme 0bHapPYXNTb PU3N0NOrNYECKN aKTUBHbIE
hopMbl coeguHeHNI, BansaoWwme Ha opraHnsm [7,8]. Llenbto gaHHom paboThl ABASAIOCH
nccnenoBaHme oCTPOW TOKCUYHOCTU MaTepuanos, NPUMEHAEMbIX B U3rOTOBJIEHUN
n3gennin MegnumnMHCKOro HasHavyeHus. B paboTte TOKCMYHOCTbL MaTepunasios bbina
nccneposaHa MeTonoM 6MoTeCTUPOBaAHMSA C UCNOJIb30BaHMEM CTaHOAPTHOW TeCT-
KynbTypbl Daphnia magna Straus. JapHnmM 0oTHOCATCA K poay BETBUCTOYCbIX PAYKOB.



KopoTKkunii 61nonorn4ecknin UMK pasBnTusa genaeT BO3MOXXHbIM MPOC/IeXNBaHNE
poCTa N pa3BUTUA Ha BCEX XXU3HEHHbIX cTagnax. OnTuMasbHble yC0BUSA N5
pa3sseneHusa aacdHnn B nabopaTopHbIX ycnosusax: pH = 7,2 - 8,0, TemnepaTtypa 20 - 24
9C, cnabas aspauus, ceeT 14 - 16 4acoB B AeHb. B nabopaTopHbIX YCNOBUAX AahHUNA
NnoAKapM/INBaNnN eXXegHEBHO XJI0PesSION UK NeEKapCKUMU APOXK>KaMU.
Ncnonb3oBaHue BETBUCTOYChIX padkoB poaa Daphnia magna B MeTofe
BbrnoTtecTupoBaHMA yoobHO, Tak Kak AaHUM LUMPOKO pacnpoCTpaHeHbl B NpUpoae,
Nerko KynbTUBMpytoTCcs, obnagatoT BbICOKOW YYBCTBUTEIbHOCTbIO K TOKCMKaHTaM
pa3nn4yHon npupoabl. B paboTe oueHKa TOKCUYHOCTU NPOBOAMIIAaCh MO BbXKMBAaeMOCTU
n nnoposuToCcTU. B paboTe ncnonbsosaH meTon Nnpobut aHanmsa. B paboTe
nccnenosanncb obpasubl KOXKEeBEHHOr0 MaTepuana 6e3 NoKPbITUA U C NOKPLITUAMU U3
HUTpMOa raPHUa N TUTaHa, @ TakXXe CTaJibHble MAACTUHbI C MOKPbITUEM U3 HATPUAA
TUTaHa, UCNOJIb3yeMble NPU U3roTOBJIEHNN NMMIAHTOB. KOXKEBEHHbIN MaTepuan
NCcnosb3yeTcs B opToneanu A5 U3roTOBNIEHNA AeTasiel NPoTe30B, KOHTaKTUPYOLLUX
C KOXXeun nauuneHTa. [NpoBesin HaHeCeHne NOKPbLITUA MeTOL0M KOHAeHCaunum 13
njasMeHHoOW ha3bl Ha MaTepuanbl, NPUMEHAEMbIE NPU N3rOTOBJIEHUN N3L4ENNN
MeONLUNHCKOro Ha3Ha4vYeHus. PexxmumMbl HaHeceHns npeacTassieHbl B Tabnvue 1 [9,10].
MWHNMaNbHbIM 3HA4Y€HNEM CUJIbl TOKA, HEOBXOOMMOro A8 3aXXKUraHusa gyru,
apnsetca 60 A. Npu yBenn4eHU aHHOIMo 3Ha4YeHUS yBesIMd4MBaeTCa cogep)xaHme
KanesibHOM pa3bl B MOKPLITUN. [Py NOBLILLEHNN OMOPHOIr0 HaNMpPs>XeHUsa CToJ, Ha
KOTOPOM 3aKperieH MmaTepuaJs, HarpeBaeTcs, 4YTO HeJONYCTUMO AJ1I9 OPraHNYeCcKux
rMnoAaJslIoXKeK, TakK Kak Npu 3TOM Ha4YMHaeTCsa AeCcTPpyKuna MmaTepuana. MloHHasa o4ncTKa
600 B npegHa3HavyeHa ons MeTasl10B, TO €CTb MPW MOBbILLEHUN OMOPHOIro
Hanps>XXeHns Ha4YnHaeTCca NoHHasa bombapanpoBKa NOBEPXHOCTMU. ITO o4MLLaEeT
MOBEPXHOCTb, MOBbILWAET agre3nto NOKPbITUSA, HO MPU 3TOM CUJIBHO MNOBbIWAET
TemnepaTypy Matepuana. Tabnuua 1 - PeXXnMbl naazmMeHHON Mmoandunkaumnm
MaTepuanos Bug maTtepuana OpTtonegunyeckasa koxxa Ctanb OnopHoe Hanps>xeHue, B
0 250 JasneHune a3zoTa, MM.pT.CT (2-3)x10-3 (2-3)x10-3 Bpemsa KoHaeHcauuu,c 30x6
1200 Tok gyru, A 60\70 60\70 MaTepuan nokpbITUa TuTaH /radHun TuTtaH /racHuin
NoHHas o4ncTka, B - 600 MoandunumpoBaHa MeToanKa NMPOMbIBKU OpTONeanyecKon
KOXXW C KOHTPOJIEM TeMNepaTypbl CBAPUBAHUSA KOXUN C MOKPbITUAMU U B3 HuX.
Mpouenypa NPOMbIBKM KOXW XPOMOBOIro AybaeHnsa B ANCTUANNPOBAHHON BOAE
rMo3BoJIUJIa NPOBECTU YaCTU4YHOEe yaasieHne NOHOB XPOoMa, HaXo4ALWNXCA B
HeCBA3aHHOM COCTOSAHUW B ToJsilwe aepMbl. NMpoBeaeHbl U3MepeHnUs MacCoBON [0/
BJ1larm 1 MaccoBOW [0JIM OKCUAa XpoMa B obpa3uax KoxXu, onpenesieHa TemnepaTypa
CBapuBaHuUA. Pe3ynbTaTbl U3MEPEHNI NOKa3aJn, HTO HAaHeCeHue NJia3MeHHbIX
KOHOEHCATOB Ha KOXY He MPUBOAUT K U3MEHEHUIO XMMNYECKOro CoOCTaBa KOX, a
npouenypa nNnpoMbiBKM BANAET Ha Ccogep>XaHne Xxpoma B Koxe. TemnepaTypa
CBapUBaHUA KOXKUN XPOMOBOIro AybneHnsa HeCKONbKO HUXKeE, YeM TOT »Ke NokasaTesb Y
MPOMbITON KOXW. BoOgHbIe BbITSXKN N3 nccienyemMbix obpasyos roToBuan B
cooTBeTCcTBUM € TOCT P MCO 10993. Obpa3ubl KOXK pa3pesasn Ha MenKkmne 4acTu



nepepn sKCTpakumen oasa yaydweHnsa norpy>XeHns B SKCTParmpyoLwyo cpeay.
Mpounssenn pacHyeT HeOOXOANUMbIX 06BEMOB 3KCTPArnpyoLLLen XXNAKOCTU B
3aBMCUMOCTM OT CTAaHOAPTHOM MNJoLwanm NoBEPXHOCTN NN MacCbl MaTepuasnos.
Ob6pa3Lbl KOXXN aHaIN3NPOBaAN No rpade «nopucTblie N3aenmsa HenpaBuIbHON
dopMbI», roe COOTHOLWIEHMNE NpPU 3KCTpaKuum macca/obbvem coctasngaeTt 0,1 r/ma.
Ob6pa3ubl N1acTUH aHann3npoBaan No rpage «toawmHa 1,0 Mm», rge CoOoTHOWeEeHne
Npwn 3KCTpakKuum naowanb noBepxHocTn/obbvem coctasngaeT 1, 25 cM2 /M. Monb3yack
TabANYHbIMM OAHHbLIMUW, NONYYNAN chepyowme 3HavyeHns. Tabnanya 2 - O6bem
3KCTparupytowen xnagkoctm ana obpasuos Ne obpasua HanmeHosaHne O6bem
3KCTparupytowen xnagkoctm, ma 1 Koxxa xpomosoro aybneHusa 131,56 2 Koxa
XpoMoBoro aybneHunsa nocne npouenypbl NpoMbiBKK 119,26 3 MeTannnyeckue
NAaCTUHbI C MOKPbLITUEM N3 HUTPUAA TUTaHa 17,6 4 Koxka xpoMmosoro aybneHus c
NOKPbITUEM U3 HUTPUAA TUTaHa N raHUA Ha nmueson ctopoHe 115,55 Koxka
XPOMOBOIro AybneHnsa ¢ NOKPbITUEM U3 HUTPUAA TUTaHa N radHUSa Ha obenx CTopoHax
127,2 9KCTpakuuo npoBoann B pexxnume temnepatypbl 37 2C B TedyeHne 72 4acos.
NccnepoBaHme NK-CNeKTPOCKONMM BOOHbLIX SKCTPAKTOB npoBoanan metonom ®dypbe-
NK-cneKTpocKonuu ¢ NomMoLLbio nH(ppakpacHoro dypbe-cnektpomeTtpa ®CM 1202.
PaccMoTpenu cBA3b MHPPAKPACHOro CreKkTpa NOrJaoeHns n XMMn4eckoro coctaBa
06pa3uoB KOXWU. 13 npmBeneHHbIX MK-CNeKTpoB OTHOCUTENLHOIO NPOoNyCcKaHns
BUAHO, 4TO BHE 3aBUCMMOCTW OT nsia3mMeHHon obpaboTkm, OT Npouenypbl MPOMbIBKIN
KOXXWN XpOMOBOro aybneHns onbiTHble 06pa3ubl BOAHBIX SKCTPAaKTOB KOXWN He
OTJ/IMYAIOTCA NO COCTaBy OTHOCUTESNIbHOIro Apyr Apyra. MNukn nornoweHna obpasuos
nexaT B ogHoM 06nacTu, N1b HE3HAYNTESIbHO OT/IMYAACh MO UHTEHCUBHOCTK [N
onpeneneHns KoHUEHTpaLMM MeTaJIJIoB B ucciegyembix npobax ncnonb3oBaanm Meton
peHTreHoglyopecLueHTHOro aHanumsa. iccnegosaHme NpoBOAUAM C MOMOLLbIO
MOPTATUBHOIO PEHTreHOMNYyOpeCLEeHTHOro CnekTpoMeTpa C NOJIHbIM BHELUHUM
oTpa>keHnem S2 PICOFOX. OueHO4YHble KOHLEHTpaUum 3f1eMeHToB B obpasuax
npeacTtasneHbl B Tabnnue 3. Tabnmua 3 - OueHoYHble KOHUEHTpPaLn 3/1IEMEHTOB B
obpa3suax, r/n Kog obpa3sua Nel Ne2 Ne3 Ne4 Ne5 Si0,70,750,40,40,080,20,3Cl0,4
0,20,20,30,3K0,060,10,10,070,07Ca2a0,5090,30,40,5Ti0,0010,010,0001 -
0,0001 Cr 0,007 0,003 - 0,003 0,003 Mn 0,001 0,002 - - - Fe 0,15 0,005 0,03 0,002
0,002 Zn 0,002 0,004 0,01 0,001 0,002 Br 0,01 0,01 0,05 0,008 0,008 Sr 0,005 0,01
0,003 0,003 0,003 Ni 0,0001----Cu0,0005----Pb0,002 - - --TlpurotoBaeHHbIE
BOOHbIE€ SKCTPaKThbl UCCNefoBanN Ha TOKCMYHOCTb C noMoLlbio Daphnia magna.
IKCMNEepUMEHT NPoBOANAN C NCXOOAHbIMU 3KCTPAarMpoBaHHbLIMN pacTBOpPaMn U
pacTBopamu, pa3bassieHHbIMU B 2, 4 1 10 pa3 ANCTUNINPOBAHHOW BOAOW. 10 3TuM
pe3ysbTaTaM bblaIM NOCTPOEHbI FPaPUKN NTMHENHON 3aBUCMMOCTU NMPObUTHOro
3HaYeHus rmbenn gaHUn OT Norapudma KoOHUEeHTpauun nccnegyemoro obpasua. Ha
OCHOBaHUM NOJIYHEHHbIX AaHHbIX MOCTPOUAN rpauK OLEHKN OCTPON TOKCUYHOCTN
nccnepyembix Npob (puc. 1). Mpobbl Nel, Ne2, Ne4 oueHMBAKOTCA KaK TOKCUYHbIE,
MOCKOJIbKY B HUX rnbHeT 6onblie 50 % aaHUn No CpaBHEHUIO C KOHTpoaeM. Mpobebl



Ne3, Ne5 0CTpOro ToKCMYeCKOro 4encTBmns He oKa3blBatoT. [TOCKONbKY
3KCNepuMeHTasIbHO He yOaN0Ch NMOJIYYUTb TOYHOIMO 3HAYEHNSA KPaTHOCTU
pa3baBneHns pacTBOPOB NMPob, OKasbIBaOWMX TOKCMYECKOe AeNCTBUE U Bbi3blBaOLLNX
50 %-Hylo rnbenb gapHUM 3a 96 YacoB IKCNO3NLNN, TO AN NOJYHEHNS TOYHOIO
3Ha4vYeHuns JIK50 6e3 BbINOSIHEHUSA JOMOJIHUTESIbHbIX 3KCMEPUMEHTOB, NCMOJIb30Basn
rpadpuydeckmun metop onpepeneHus. Puc. 1 - OueHka oCTpON TOKCUYHOCTH
nccnenyembix Npob Onpenennnn 3HaveHns JIK50, koTopas Bbi3bliBasla CMePTHOCTb 50
% padHUN 1 3HavyeHus BK10, npu KoTopbiX AaHHaa npoba cTaHoBMNAch be3BpeaHomn
(yTpaymBana oCTPYH TOKCUYHOCTL) U Bbi3biBana rmbenb He 6onee 10 % TecT-
06bekToB. Puc. 2 - 3aBUCMMOCTb CMEPTHOCTU AadPHUN OT KOHLEHTpauumn
3KCTparmpoBaHHOro pacteopa obpasua Nel Mo KpUTEpUo BbIXXMBAEMOCTU
TOKCcM4yeckum gencteuem obnapana npoba Nel, coneprxalias obpasubl XpOMOBOM
KOXXW (PUCYHOK 2). Bbls10 OKa3aHO JOCTOBEPHOE yrHeTatllee eNCTBMEe Ha TecCT-
06bEeKTbI, KOTOPOE BblparkasioCb B CMEPTHOCTU payvykoB. IcxooHaa KOHUEHTpauus
pacTeBopa bbina abcontoTHO neTtanbHOM ona padkos Daphnia Magna. T'mbenb gacdHnn B
KOHTPOJIbHOM pacTBope cocTasmna 100 %. MuHMManbHaa KOHLEeHTpauns pacTteopa,
NMpu KOTOPOW BbXMBaeMoCTb JadpHum pasHa 70 %, coctasnseT 0,0007 mr/n. AHanm3
ONHAMUKWN U3MEHEHUSA TOKCUYHOCTW NMoKasas, YTO MeHbLUEN TOKCMYHOCTbIO, YeEM
npoba Nel, obnapgaeT npoba Ne2. Habnwogaetcsa yrHeTeHNE XXU3HeAEeATeIbHOCTH
AadHMIN, HO NPU 3TOM OTMEeYeHa TeHAeHUMA K ociabneHnto TOKCUYHOCTU. IDTO
0b6bACHAETCA YaCTUYHbIM pa3aybmBaHneM KOXXM XpomMoBoro aybneHmns nocne
MPOMBbIBKW, B pe3yibTaTe Yero yaansaeTcsa YyacTb CBOOOAHON KUCNOTLI N conen. Nmbenb
naHnM B Nnpobax Ne3 1 Ne5 HeBenmka nam npakTUY4eCcKn OTCYTCTBYET.
Bbi>knBaemocTb gadHun coctaBuna 70 % n 80 % cooTBeTCTBEHHO. AHanM3 npob Boabl
rnokKasasl OTCYTCTBME TOKCNYECKOro a(pdekTa. IKCnepmMeHTasibHble pe3ysibTaThl
nokasanu, 4To pacteop Npobbl Ned 6e3 pasbaBneHUsA okasbiBaeT yrHeTawowee
0encTBMe Ha BbIXXMBaeMoCTb aadHuin. MNMpun pa3zseneHnn 1:4 TOKCUYHOCTb CHMXKAETCH.
BoeiBoabl 1) MNMpu npoBegeHUn nccnegoBaHns no onpegeneHnto ycromdmsoct Daphnia
magna K BOAHOMY pacTBopy buxpomaTa Kanmsa K2Cr207, cMepTHOCTb PayKoB B
koHTposie (K) He npeBbicunia 10%. JlabopaTopHas KynbTypa AaHUA CHMTaeTCs
npurogHom ansa bunotectnposaHmsa npob sofbl. 2) Mo pesynbTaTam bnoTecTnpoBaHms
YCTaHOBJIEHO, YTO BbDKMBAEMOCTb JAaPHUW CBOAUTCA K HYJIIO B BOOHOM 3KCTpaKTe
KOXW XxpomoBoro aybneHusa (cmepTHOCTb AadHur 100 %). DTo NoKa3biBaeT Haln4mne
TOKCU4YeCckKoro apdekTa y xpoMa. [locne npouenypbl NPOMbIBaHUA KOXXa XPOMOBOIO
nybneHna gaBana MeHbLUA MPOUEHT TOKCUYHOCTK (80 %), 0oAHaKO He UCKJ4Yana ee
MOJIHOCTbLIO N NoAAep>XMBaJsia Ha AOCTAaTOYHO BbICOKOM YPOBHE. DKCNepuMeHT
Mo3BOISIeT CcAeNaTbh BbIBOA O HEOOXOAMMOCTU TLWATENbHOW MPOMbIBKU UN
NPUMeHeHUs NHbIX MeToA0B AybneHnsa Koxu, obecneymBaoLIMX MEHEE TOKCUYHbIE
ahekTbl Bo3aencTens. 3) MNpobbl, conep>kalime B CBOEM COCTaBe HUTPUA TUTAHa U
HUTPUA rapHUA, OCTPOro TOKCUYECKOro 3pdekTa He NposaBnaAnN (CMePTHOCTb AaHUIn
30 % 1 20 %), 4TO NoATBEepP)XAAeT BO3MOXKHOCTb NPUMEHEHNA TUTaHa 1 rapHns ans



HaHeCeHNs NOKPbITUN B N3AENNAX MEAULIMHCKOIO Ha3Ha4YeHuns. bnonornyecku
AKTUBHOE MOKPbITUE, OCHOBAHHOE Ha KOHAEHCALUN N3 NJa3MeHHOW (ha3bl HUTPUOOB
TUTaHa u racHmsa, obnagaetT aHTUMNKPOOHBLIM 3PPEKTOM U BbINOJHAET 3aLLNTHYIO
hyHKUMIO. TTOKpbITME NMO3BONSET 3alUMTUTL MeTaJsIJ1 OT peareHTOB, Bbi3biBalOLLMX
KOppOo3uio, N aBnseTcsa bapbepom A4 BbIXO4a NPOAYKTOB KOPPO3UW B MOJIOCTU
TKAHEW XXNBOro opraHmMiama. 2To onpenenseT COBMeCTUMOCTb MaTepmana C TKaHAaAMN
XXUBOIr0 opraHmsMa. 4) YCTaHOBJIEHO, 4TO BOAHAS BbITAXKA N3 KOXXN XPOMOBOI0
AybneHns c NOKpbITUEM U3 HATPUAA TUTaHa U raHUSA Ha NNLEBON CTOpPOHe be3
pa3baBsieHNs OKa3biBaeT yrHeTalee 4ENCTBME HA BbI)XXMBAEMOCTb AahHNI
(cmepTHOCTL gadpHUM 70 %). MNMpwn passeneHuUn 1:4 TOKCUYHOCTb 3aMEeTHO CHUXXaeTcs
(o 40 %). N3 BbllLLeCKAa3aHHOI o csieayeT, YTO HEKOTOPbIE MeTaJlJlbl OKa3bIiBaloT
TOKCMYECKoe AeNCTBME N1Lb B onpedesieHHbIX KOHLeHTpaunsax. Metoabl
BrnoTecTUpoBaHMNS NMO3BONAIOT YCTAaHOBUTbL Be3onacHble ANs XXUBbIX OPraHN3MOB
KOHLeHTpauun. 5) Ina onpeneneHnsa KOHUEHTpauum MeTassioB B Uccnenyemblx
npobax Ncrnosb3oBasan MeTo PEHTreHOMTyOpPeCLLEHTHOIO aHanm3a, KOTOpPbI BbisIBUN
KOHLIEHTpaL MM BCEX JIEMEHTOB, NPUCYTCTBYIOWMX B obpa3uax. 1o pesynbTaTam
nccnenoBaHMSa KOHUEHTPaUMSA XpoMa B KOXKe XpoMOBOro aybseHnsa nocne npouenypsl
NMPOMbIBKW B 2,3 pa3a HUxe, 4eM B HernpoMbliTon koxe (0,007 n 0,003 r/n
COOTBETCTBEHHO). [1pn 3TOM KOHLEHTpaunsa TUTaHa B MPOMbITOWN KOXXe NnpeBbillaeT B
10 pa3 COOTBETCTBYOLLYIO KOHLUEHTPAUWIO B HEMPOMbLITON KOXe. 6) NccnenosaHmne NK
CMEeKTPOB OTHOCUTE/IbHOIO NPONyCcKaHMa MmeToaoM NK-Oypbe-CneKTpoCcKonun
nokKasaJso, 4YTOo OnblTHble 0bpa3Lbl BOAHbIX SKCTPAKTOB KOXXWN HE OTJIMYAOTCA Mo
COCTaBY OT KOHTPOJILHOIO, @ TakXXe OTHOCUTENbHO apyr gpyra. NMukn nornoweHns
KOHTPOJIbHOIO 1 OMNbITHbIX 06pa3uo0B NexxaT B oaHOM 06/1aCcTu, Wb HE3HAYUTENbHO
OTJ/INY4AACL MO NHTEHCUBHOCTW. 7) MNony4eHHble pe3ysbTaTbl NoKa3asn, 4To
TOKCUYHOCTb NMPUMEHSAEeMbIX MaTepuasioB 3aBUCUT OT COCTaBa U KOHLEHTpaLuun.
NpoBefeHHble NCCNef0BaHNA ABNAIOTCA LOKa3aTe/IbCTBOM aKTyasibHOCTU BblIOpaHHbIX
06BbEKTOB N MEeTO40B NMPOBeAeHNs SKCNepuMeHTa.



