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AOCNIAKEHHA LUTOTOKCUYHOCTI HAHOYACTUHOK
CYNiboIiay KAAMIIO TA CYJb®IAY CBUHLUIO,
CTABINNIBOBAHUX OPTAHIYHUMM CMOJTYKAMM

JleoHenko H. C.’, kaHgugar 6ion. Hayk, Jleonenko O.B.", nokTop 6ion. Hayk,

Hemeibka O.B.", kaHauaart Gion. Hayk, TkaveHko T./0.', kaHauaar Gion. Hayk,

Ipoasiok 5.2, KaHgMAAT XiM. HayK
AY “IHctutyT meguumHn npayl HAMH”, m. Kuis

"1V "IHCTATYT MeauumHy paui HAMH Ykpainn”, m. Kuis
2IHCTUTYT (hizudHol Ximil iM. J1.B. [Tncapxescbkoro HAH Ykpaiku, M. Kuis

PEZIOME. Mema. /locaioumu qumomoKcu4Hicmp HAHOMACMUHOK CYAbhidie Kaomilo ma Ceunuo pi3Ho2o0 po3mipy, OMPUMAHUX KOAGIOHUM MemodoM cuH-
me3y 3 UKOPUCHIaHKAM cmabirizamopia pisoi 6ydosu.

Mamepiaau ma memoodu. Jocaioxceno 800k eycnensii nanouacmurox cyasioie ceunyro | KadMilo PiHUX PO3MIpie, ompumani Ko10i0HUM memodom i cma-
0iRi308aHLX OP2AHTUHUMY CHOAYKAMU (3-MepKAnMOnPonionoaa KUCI0Ma, NoaiemuteiiMin ma dceAamutt), a makoxc 800Hi exaimoaspii pouui fonia caun-
WH) Ma KAOMER [3 emabinizamopamy ma exeimoaspri pozuunu cmabitizamopia. Aocaioxcents yumomoK CUMHOCHI RPO6OOUIL HA AHAAZAMOPT MOKCUYHOCMI
AT-05 (Pocin).

Pesyavmamu. Posmipro-ehexmugHol 3a1e#cHOCMI YUMOMOKCUMHOCIT HAHOYACMUHOK CYAb(Dicy Kaomiro ma cynsidy ceuHyro 8 pisHux cmabirizamopax e
susereno. Halibinbu moxcuynumu 0yau Hawouackunku cyivhidy kadmiro (15-20 um) 8 nosiemusenimini. Hanouacmuniu cynvghidy ceunyro 6 posmipi 10-15
HM He GUABLAU WUMOMOKCUMHOT Oii, HAMOMICMb HAHOMACMUNKY CyAbhidy ceunuio posmipomn 40-50 wm 6 0,1% dceaamuny cpuMUHIAY WUMOMOKCUMHUT
eqexcm. Bei namueni posuunu cyasgioy caunuio (10, 20, 30 um), cmabiaizoaani 1% iceaamunom, 8uasuiu yumomorcuiy 0ilo, a maxoxc npy poseedenii
1:1. Hamuenuil po3uun nanovacmurox cyavidy kaomirn posmipom 9 1m, cmabinizoeanux 1% ceaamunom cnpuduHag GUmomoRCuyHy 0ir, moodi 1k Hamug-
i pozuuny 17 ma 30 Hv 6uR8UAUCH HE LUMOMOKCUMHIMLL.

Bucnosxu. Llumomorcuurnicms naromamepianis modxce 6ymu 06ymosnena Ak Qizuxo-xiMivinumu enacmueocmamnt ma po3Mipom HaHoHaACMUNoK, max i necy-
w010 ¢hasorr ma cmabinizamopamu. O0Hico 3 Oemepminanm YUmomoKCUIHOCIE HAHOYACMUHOK MOYCYMb BUCIYRAMU APOCIOPOSE XAPAKMEPUCMUICH HAHO-
wacmurok [ cmabinizamopis. Bmim we iciyc 302a1bHUX 3GKOHOMIPHOCEL w000 DXHb020 8RAUGY HA MOKCUMHE 8AACTMUROCINT HAHOUACIMUNOK, MOMY i 83aC-

MO36 93K 0 BCMAHOBANEAMY OKPEMO 8 KONCHOMY IHOUBIOYAIBHOMY BUNGOKY.

K mnunai canaas uaunuacmmis ovarchiohy cormann  sannuacmaes ocvasdhichy vodnein om
NEHMOGE CIOGU, HURGHACIURRU CYabipiGy CEURKI, HUHOHUCIMUARW CYA6QHTY KRUUMIKG, CIRUGLILS

Beryn. Hanomarepiaau Ta HAaHOYACTUHKM, SIKi
€ IIPOAYKTOM CYYACHMX HAHOTEXHOJIOILiH, MalOTh
KOMIUIEKC YHIKQJIBHUX BIACTUBOCTEH, IO BiI-
KPUBAKOTh LUMPOKi NEPCIEKTUBH iX IPOMUCIOBO-
ro 3acrocyBaHHs. OIHOYACHO 1€ CTBOPIOE PU3UK
MOXKJIMBUX HECIPUSTJIWBUX BIUIMBIB HAHOMATC-
piamiB Ha OpTaHi3M JIOJAWHU, CiTHCBKOTOCTO-
JApChKMX TBAPUH i POCAMH, KOMIIOHEHTU NpPH-
pomHux GiomeHo3iB. OTxke, 30iMBIICHAS OOCHTIB
BUPOOHUIITRA Ta BUKOPUCTAHHS HOBWX Marepia-
JIiB CYNPOBOAXYETHCH iHTEHCUBHICTIO JA0CHi/-
KeHb 1XHbO1 6ioA0TiuHoi Ail. B To# XKe gac, 0CHOB-
Hi epekTH Ta MEeXaHi3MM Aii HAHOYACTUMHOK,
30KpcMa HAHOYACTMHOK METANiB, W AOCI 3au-
LIAIOTBCS OCTATOUHO He 3’sicoBaHumu. Hessa-
KAKUU HA TE, 11O BXE HAKOMMUYEHO 3HAYHUM €KC-
TIEPUMEHTAIBHUIA MaTepial LIOA0 TOKCHYHOCTI
NESIKUX HAHOMATEDPIANiB IS XUBUX OPraHi3MiB,
GINMbIIICTh JOCHIIKEHL 3 BUBUCHHS OGiONOTiUHMX
e(heKTiB HAHOYACTMHOK i HAHOMATEPialiB BUKO-
HAHO 34 JOIIOMOIO0IO Pi3HOMAHITHMX HECTAHAApP-
TH30BaHUX METOIMK Ta TECT-CUCTEM, TOMY OTPH-
MaHi pe3yNbTaTH ¥ 6araTboX BUMAIKAX € HECITiB-
craBHUMHU [1].

Cnin 3a3HAYMTH, IO OUIHKA TOKCHUYHOI Jil
HAHOMATEPiaJiB € HEBIL €MHOK CKIaI0BOK) KOM-
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AaBiaiaaman  LLRIMnI eI oM
A brreizpu,  wuimnizininiuinil o,

IJIEKCHOI OLIIHKK pU3MKy. BigmoMo, 1mo HaHoOYa-
CTMHKM Ta HAHOMATEpiaiu BOJIOAIIOTh KOMILICK-
COM (PI3UYHHKX, XIMIYHHUX Ta OIOJOTIYHWX BJACTU-
BOCTEM, $IKi UACTO PAIMKAAbHO BiAPi3HSIOTHCS Bifl
BJIACTUBOCTEH THX K¢ PCUYOBHH Y HOPMi CYIILIb-
HMX CEpEIOBHUIL a0 AUCTIEPCii YACTUHOK MIKPOH-
HOTO Ta OinmbIoro po3mipy. Bucoke cmiBBiZHO-
LLIEHHS [IOBEPXHI 10 06'eMy 1 BiINIOBIAHO BUCOKUIA
BIICOTOK aTOMiB Ha MOBEPXHi — roJOBHUH (dax-
TOp, IIO BW3HAYAE BiAMIHHICTb Y TOBEAIHII Ta
BJIACTUBOCTIX  HAHO- TAa  MiKpOYACTHHOK.
IToBepxHeB] aToMM TOB'93aHil 3 MCHITUM YHCIIOM
CYCIIHIX aTOMiB 1 TOMY BOJIOALIOTh HAATUIIKOBOI)
EHEPri€0, MO POOUTEH iXHI BJACTHBOCTI (a 3HA-
YUTb, i BIACTUBOCTi HAHOUYACTUHOK B LIL1OMY) Bid-
MiHHMMU BijJ BAACTUBOCTEI aTOMIB Y TOBLUI MATe-
pii. Uepe3 MaInid po3Mip HAHOYACTHHKHA MOXYTb
HE PO3Mi3HABATUCA 3aXUCHHUMH CUCTEMAMH Opra-
Hi3My, He 3a3HaBaTu GioTpaHcdopmallii Ta MaTu
TPUBaJIWiA NEPIOL HAMiBBUBEICHHS! 3 OPraHi3My.
IloTpamigioyd IO OpraHizMy, HAaHOYACTMHKU
3/IaTHI MONIKOKYBATH OioMeMOpaHHu, OPYILYyBa-
TH (DYHKIIT GiOMOJIEKYJI, 30KpeMa MOJICKYJ TCHE-
TUYHOIO anapary KITUHU Ta KJIITMHHUX OpraHesn,
MPU3BOASYU O MOPYLICHHSI PETYJSITOPHUX TIPO-
HeciB i 3arudeni kimituHW. 11py oMy BinoMo, 110
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TOTPAIUISIHHS BCEPEOUHY KITHH 3 ITOHATIBIINM
PO3BHTKOM HECHTPUATIHBHAX €(EKTIB MOXe 3ale-
SKaTH HE TiIbKYW Bil pO3Mipy (HaNpUKIad, po3Mip
€ KIIOYOBUM (hakTOpPOM VY PI3HUX MexaHizMax
iHTepHanizauii, — audysicio 4yepe3 MecMOpaHHi
KaHanu (mupuHow 10-30 HM), eHI0LIMTO30M 200
EHEPTO3ATCKHUMI MEXaHI3MaAMU 32 JIOIMOMOTOIO
psiny pi3HMX MapLUpyTiB), a i LUISIXY Ta TPMUBAJIO-
CTi BILIMBY, 4 TaKOX 3MiH Y IIOKPUTTI IXHbOI
nopepxHi. Tak, 0COGIMBOCTI IMCIIEPCHOCTI Ta
pO3‘II/IHHOCTi MOXKYTH BIUNIMBATHU HA TUTOTOKCUY-
HicTb: MommpiKallisl MOBCPXHi COMOOLTiI30BAHNX
HAHOYACTMHOK MOXE MiJABUILIYBATH TOKCUYHICTh
Ta NOLIKOJKYBAJIbHY Hit0 [2].

Came, BpaxoBYIOYM TaKy OCOOIUBICTb, CHif
BiI3HAYATH MPUHLMUIIOBY HECTALLIOHAPHICTL Ta
HETOMOTEHHICTh iHTEp(Eiicy “HaHO-6i0”, dKa
OBYMOBIIOETBCSA CKIATHOK CTPYKTYPOIO BiTKOBO-
BYIJIEBOJHO-JIIIIAHOTO MAaTpPUKCY MEMOpaHHU Ta
MIHJTABAM (YEPE3 KINTUHHY CEKPELil0 i MOTOKHK
TKAHWHHUX PIIMH) CKIAAOM CEpPEeAOBUILA, LIO
OTOUyE HAaHOYACTWHKY. Lli 3MiHW MOXYTDH CTIpHYM-
HUATUM Moau(ikalilo BJIACTUBOCTEH [OBEPXHI
HAHOYACTHMHKH, a HAHOYACTHHKA, B CBOIO YEpry,
MOKE BIUTHHYTH HA XiMIYHWI CKIazd cepeIoBHIIA,
YaCTKOBO PO3YMHAIOUNCEH B HhOMY 260 KaTaji3yio-
YU Pi3Hi OKUCHI MPOLIECH i [EHEPALIilD AaKTUBHUX
(hopM KHMCHIO.

Ha TtokcuuHicTh Ta 6GioJOTiUHY aKTHBHICTHL
HAaHOMATEPiaTiB TAKOXK MOXKYTh BIUTUBATHA KOMTIO-
HEHTHW CUHTE3Y: DO3YMHHUKHU (BOIHI, HEBOMHI,
HEIOJSIPHi), BITHOBHAKM HEOPTaHiuHi (Tigpas3uH,
Gopriapun Hatpio) abo opraHiuHi (popmanbic-
rig, rialoKo3a, HTpPAaTH Ta iH.), cTadimizaTopm
IpUPOIHI (KEJaTUH, KPOXMalb, arap-arap Ta iH.)
ab0 CWHTETWYHi (MOJIMEPU Ta TOBEPXHEBO-
AKTUBHI peyoBuHM) [3].

Takum 9YMHOM, CTYIIIHB HEOE3MEKM HAHOMATE-
piafiB 3aJeXUTh Bill BEJIMKOI KiJIBKOCTI XapaKTe-
PUCTHK HAHOYACTHHOK TA OTOUYIOUHX (PaKTOPIR.
V CBOK0 4epry, YMca0 MOTCHUIHHUX KOMOIHALIA
PI3HHX BJIACTMBOCTEW MaTepiayiB MOXE JOXOJUTH
JIO NECSITKIB THCSIY, SIKi HEpEaJbHO BpaxyBaTH B
EKCTIEPUMEHTI HA TBAPUHAX.

Tomy, HE3BAXKAIOYW HA YUCTIEHHI EKCTIEPUMEH-
TAJIbHI JOCIKECHHS, IIMTAHHS OLIHKM HEOE3IEKH
HAaHOMATEepialiB, 30KpeMa HAHOYACTMHOK METa-
JIiB, 3aluIIaEeThesl BinkputuMm. He 3MeHmyroum
poJi TpaaULIAHUX TOKCUKOJOTIYHUX JOCHIIXEHb
TIpY OLIHLI PU3MKY BIUIMBY HAHOUACTUHOK, IaHi,
SIKi OTpMMAHi 32 AOMOMOIOK BUKOPUCTAHHS Tak
3BAaHWX €KCITPEC-METOAIB (HOCTIIKEHHST [IUTOTOK-
CMYHOCTI), HAAalOThb MOIMNCPEIHIO iH(GOPMALii0
IOAO TOKCHMYHOCTI HaHOMATEpPialiB, 3 SKHMH
MAapTh NOpo@eciiHUIl KOHTAKT NpaliBHUKH.
To10BHOWO MEpeBaroy OUIBIIOCTI TOCHIAKEHb in
Vitro € MOXJIUBICTH ITPOBOIUTH TECTYBAHHS BEJIU-
KOro MacHBY O0'€EKTIB, a TAKOXK MOXJIHUBICTb O1liH-
KM TIPSMOI TOKCUYHOI Ai1 HA KIITHHY (MillleHb), 10
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TOTO X OTPHMAaHi JaHi MOXHAa BUKOPHCTOBYBATH
JUTS aHAJTi3y MEXaHi3My TOKCHYHOT JIil.

OTxe, METOW JOCTIMKEHHS O6yJI0 MOCTimUTH
LIMTOTOKCUYHICTh HAHOYACTUHOK CyAb(iaiB Kaj-
Mil0 Ta CBHHIIKO Pi3HOTO PO3Mipy, OTPUMaHUX
KOJIOITHUM METOAOM CHHTE3Y 3 BUKOPUCTAHHIM
CTabuUTi3aTOPIB Pi3HOI OYVIOBMH.

Marepiaan Ta METOAH JOC/Ii/IKEHb.
HocmimKeHO BOIHI CyclieH3ii HAHOYACTHHOK
Cynb(DiJIiB CBUHINO 1 KaJMil0 Pi3HUX PO3MIpIB,
CTAaOLII30BAHUX OPraHiYHUMH CIOJNVKaMH, a
TaKOX BOJHI EKBIMOJISIPHI PO3YHMHU iOHIB CBUHITIO
Ta KaaMilo i3 cTadinizaropaMM Ta €KBIMOJSIpHi
pPO3UMHM CTa0IiNMi3aTOPiB, OmEpKaHi KOJOITHUM
METOZIOM Y Bijmini cotoximii IHCTUTYTY (hismuHOi
ximii im. JI.B.TTucapxercskoro HAH Ykpainu.

Hepwa cepis docaioxcens

CdS Nel. HanouvacTWHKM cynbdigy Kaamilo,
cTabinizoBati 3-MepKanTONnpoInioHOBOIO KUCIOTOIO
(MTIK). [CdS] = 1x102 mons/n (1,44 1/70),
[MIIK] = 1x102 monb/a (1,05 r/m), nyxHe
cepenosuuie [NaOH]| = 1x10-2M (0,4 r/n). B sxo-
CTi pO3UMHHWKA — BOAA. XOJOCTA: 3-MEPKAaNTO-
nponioHosa kucnora + ionu Cd**, ge [MIIK] =
1102 mosb/n (1,05 r/n), [Cd*"] = 1x107% monb/21
(1,12 v/m). Po3mip: 4-6 HM.

CdS Neo2. HanouyacTMHKH Ccyabdigy KamMilo,
crabinizoBani momidocharom narpito (MMPNa).
[CdS] = 5x107 monb/n (720 mr/m), [IIONa] =
5%1073 Mosp/m (545 Mr/11). B IKOCTi pO3UMHHUKA —
Boma. Xosocta: momidocdar Harpito + ioHH
Cd**, ne [MM®Na] = 5x107 monb/n (545 mr/n)
[Cd?*] = 5107 Mo,/ (560 Mr/m). Posmip: 15-20 Hm.

CdS Ne3. HaHouacTHHKY cyimbdiny Kammiioo, cTa-
6itizopani nomieTrweHiMiHoM. [CdS] = 1x10-2 Momb/it
(1,44 t/m), |I1E1] = 0.25 mac.%. B axocTi po3unH-
HUKA — BOJa. XOJOCTA: IMOJIETHIEHIMIH + iOHUK
Cd?*, ne [TTEI] = 0.25 mac.%, [Cd*"] = 11072 Mons/1
(1,12 v/n). Bonoairotk iHTeHCcUBHOIW POJI (KBaH-
touit Buxig ®JI go 10%). Poamip: 1.8-2 Hm.

PbS Nel. HanouacTuHkM cynb(iny CBUHIIIO,
crabinizosaui xenatuHoMm. [PbS] = 1x1073 Momn/n1
(239 mr/n), [xenatuu] = 1 mac.%. B sikocti po3-
YMHHMKA — BOJA. XOJIOCTa: XelaThH + ionu Pb**,
ne [xenatnn| =1 mac.%, [Pb2*] = 1x10-3 moms/1
(207 mr/m). Po3mip 10-15 HM.

PbS Ne2. HaHouyacTUMHKHM CyJab(ily CBUHLIO,
crabinizosani xexatuaom. [PbS] = 1x103 mosnb/1
(239 mr/n), [xenatud] = 0.01 mac.%. B saxocrti
PO3UYMHHWKA — BOma. X0JOCTA: KeJlaThH + 10HK
Pb?*, ne [xenarun] = 0.01 mac.%, [Pb*']=1x10-3
moaw/n (207 mr/n). Po3mip 40-50 HMm.

Hpyea cepis docnidncens

HaHouacTHHKM Cynb(iny KaaMilo po3MipoM
9 uM, 17 uM, 30 HM, CTaDIiTi30BaHI KEJATUHOM
(1mac.%), Ta HAHOYACTUHKU CYIb(}imy CBHUHIIIO
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poaMmipom 10 aM, 20 HM, 80 HM, cTabimizoBaHi
xenaruHoM (1mac.%).

HocmimkeHHsT THUTOTOKCUYHOCTI MPOBOIWUIHN
Ha aHauizaTopi TokcuuHocti AT-05 (Pocist). dns
OLIHKH LIUTOTOKCUYHOCTI HAHOMATEpPialliB B SIKO-
CTi TecT-00'eKTy OyJIO BUKOPUCTAHO CIEpMY
BEIHMKOI pOTaToi XymoOH, 3aMOpPOXEHY B IIapax
piakoro asory. B ocHoBl MeTOLY J€XKUTH JOC/IiI-
KEHHY 3MiHM 3aJ1E€XHOCTI PYXJIMBOI aKTHBHOCTI
CIIEPMATO301IiB Bill 4acy TIPH BIUIMBI XiMiYHHX
CTIONYK.

OLIHKY CTYIICHSI IIMTOTOKCHUYHOCTI PO3paxo-
BYBATW 3a BEJMYMHOIO iHIEKCY TOKCWYHOCTI It,
11O JOPiBHIOE BiAHOIIEHHIO NAPAMETPY PYXJIHBO-
CTi cycreH3ii ciepMaTo30idiB Vv AOCTiITHOMY 3pa3-
Ky IO MapaMeTpy PYXJMBOCTI CIIEPMATO3011iB Y
KOHTPOJILHOMY 3Pa3Ky Ta BUPAXEHOI B IPOLICH-
tax. [1pu 3HaUeHHi iHAEKCY TOKCUYHOCTI Bin 1 10
70% t1a 6inbwe 120% nocaigHuil po34nH BBAXKA-
€ThCS LIMTOTOKCUYHHM,

Pesynsratn Ta ix obrosopenns. Ha nepimomy
eramni AOCHiAXeHb Oy/10 OLIHEHO LMTOTOKCHY-
HICTh CKBIMOJISPHUX PO3YMHIB OpraHiyHuX CTa0i-
Ji3atopiB (Tadu.1.) Ta BOOHUX CYCIIEH3iii HAaHOYa-
CTHHOK cyIb(QiIiB CBUHIIO i KaaMilo, a TaKokK
BOJHUX EKBIMOJISIPHUX PO34YMHIB iOHIB CBUHIIIO T4
KanMiro (tadm. 2).

Byno BcTaHOBIEHO, 1110 MEPKATITOTIPOTTIiIOHOBA
kucnora (MIIK), nomicdocdar Hatpito ([TPNa)
Ta XeNaTHH 1% He BUSIBWIN IIMTOTOKCHYHOT Ail,
todi K noaietincHiMid (ITEI), monierineniMin 0,
25%, momieTineniMin y po3pemeHHi 1:10 Ta xema-
mH 0,1% Oyau TokcuuHumu. OCTaHHE MOXe
OYTH BUKJIMKAHE 3MiHaMHI B IPOCTOPOBOMY VIIO-
PAOKYBAHHI MAKPOMOJIEKYJT KEJIATHHY ¥ PO3UHHI,
1[0 MOXE MPU3BOAMTH A0 3MiHU (Pi3MYHUX BA-
CTHBOCTCH 1 9K HACHiOOK, BIUTMBATHA Ha 0i0JI0Tid-
HY aKTUBHICTb [4].

Po3MipHO-e(heKTHBHOT 3a7eKHOCTI ITMTOTOK-
CUYHOCTI HAHOYACTMHOK CyIb(iny KaaMito (1,8-
2 HM, 4-6 HM, 15-20 HM) y pi3HUX cTadini3aTOpax
He BHUSIBIcHO. HaTMBHI po3YMHM HAHOYACTHHOK
cynbdiny kagMmio po3MipoM 4-6 HM, cTabinizoBa-
"I MTIIK, Ta posmipom 15-20 HM, craGirizoBaHi
I[IPNa, COpUYMHSIN IIATOTOKCHYHY  iIO.
Haii6inbm TOKCHYHUMU OyJaW HAHOYACTHHKH
cynbdiny kammio (15-20 um) B I1EI, ockinbku
LMTOTOKCUYHMIA €(DEKT CIOCTepiraBcsi HaBiTh NPU
IXHBOMY PO3BE/ICHHI.

Takox NOpOBEACHUMMU AOCHIAXEHHSIMM BCTa-
HOBJIEHO, IO HAHOYACTMHKHM Cyab(ily CBHHIIO
po3mipoM 10-15 HM HE BUSBUIM LUTOTOKCHUHOI
Jii, HATOMIiCTh HAHOYACTHUHKU CYIb(igy CBHHIIIO
posmipoM 40-50 uM B 0,1% XKemaTHHY CIPUIMHSI-
M MUTOTOKCUIHMIT epekT. Takum quHOM, Ofep-
KaHi JaHi CBiIYAaTh IIPO CKIAIHY 3aJIE€KHICTh CITiB-
BiIHONIEHHSI HAHOMATEpiadiB 1 BIONOriUHUX
00 €KTiB, IO MOXE OYTH IIOB’SI3aHE K 3 BEIMYM-
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Ta6nmuigs 1

JocaiKeHHs] IUTOTOKCHYHOCTI €KBIMOJIPHAX
PO3YHHIB OpraHiyHux cTadizizaTopis

Ne [ Posuun Toxcl:li[:(l)(cc;i, %
1 | HEI 17,2

2 | EI 1:10 13,8

3 |IEI0,25% 1,0

4 | [IE10,25% 1:100 115,6

5 Kenaruu 0,1% 150,0

6 | XKenartun 1% 1074

7 | O®Na 5%10¢9 m 1:100 103,4

8 | NdNa5x100) M 101,5

9 | MK 1X10¢2m 109,1

10 | MTTK 1x10¢D m 105,9

Tabauns 2

JocHimKeHHs MUTOTOKCHIHOCTI BOMHAX CYCHeH3ii
HAHOYACTHHOK CYNb}iAiB CBUHIIO
i Kamilo Ta BOJHMX eKBIMOJIAPHUX PO3YMHIB

iOHIB CBHHIIO Ta KaAMil0

S
1 | CdS Nel MITK 4-6 12,6
2 | CdS Nel xonocra 4-6 24,4
3 | CdS Nel MIIK 1:100 4-6 94,6
4 ?:c]l(S)ONQl X0JIocTa 46 79.2
5 | CdS TTdNa N2 15-20 1,0
6 | CdS Ne2 xonocta 15-20 39,5
7 | CdS TI®Na Ne2 1:100| 15-20 77,9
] ﬁ(li(S)ONQZ X0JI0CTa 15-20 747
9 | CdS I1EI Ne3 1,8-2 46,0
10 | CdS Ne3 xonocra 1,8-2 10,2
11 | CdS IIEI Ne3 1:100 1,8-2 50,6
2 ?:cllgoNQ} X0J10CTa 1.8-2 52,6
15 | PbS Nel 10-15 91,1
16 | PbS Nel xomocra 10-15 101,5
17 | PbS Nel 1:100 10-15 112,8
18 | PbS Nelxomocra 1:100| 10-15 111,4
19 | PbS Ne2 40-50 1,0
20 | PbS Ne2 xomnocta 40-50 5,1
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JocnigKeHHa HTUTOTOKCHMHOCTI BOOHHX CYCIEeH3ii HAHOYACTHHOK CY/Ibdiais cBHHIIO

i Kaamito, cradinizoBaHnx xeaaruHoM (1%)

Tabmuog 3

Innexc TokcmanocTi, %

Ne 3paszok
HATHBHUIA 1:1 1:10 1:100 1:1000
1 | PbS 10 um 32,1 67,2 88.5 128,7 117,2
2 | PbS 20 um 1,0 27,2 6,6 95,0 106,4
3 | PbS 80 um 9,3 50,4 87.9 110,0 118,6
4 | CdS9um 61,7 120,0 104,6 100,0 109,2
5 | CdS 17 am 73,5 162,4 118,4 115,1 104,6
6 | CdS 30 um 77,9 120,4 116,4 102,0 105,6

HOIO Ta XIMIYHOIO IPUPOICI0 HAHOYACTUHOK, TaK
i 3 Hecyuoto (pazolo Ta cTabinizatopamu.

Takox OyI10 TTPOBEASHO NOCTiKEHHS HAaHOYA-
CTUHOK Cyjb(idy KaaMilo Ta Cyabdilay CBUHLIO
Pi3HUX PO3MipiB, cTabL1i30BaHuX 1% Xe1aTUHOM
(apyra cepig gocmigxkens) (taba. 3).

Bci HatiBHI po3unHu cybdiny ceuHIo (10, 20,
30 HM), crabinizoBaHi 1% XeJaTMHOM, BUSIBIIIN
IIUTOTOKCUYUHY Iil0, 4 TAKOX IIPH PO3BEACHHI 1:1.

He cnpuyuHUIN IMTOTOKCHUHOTO e(EeKTy
po3uuHKM cyab(iny CBMHLIO Po3MipoM 10 HM y
po3sseaerHi 1:10 ta 1:1000, po3mipom 20 HM y po3-
BedgeHHi 1:100 Ta 1:1 000, posmipom 80 um 1:10,
1:100, 1:1000.

Y cBow 4epry, cepel HATMBHHMX PO3YMHIB
HAHOYACTHHOK cyJIb(Diay KaaMito 17 oM Ta 30 HM
HE CAPUYMHMIM LUTOTOKCUUHOI i, HATOMICTh 9
HM BMSIBUJIMCSI IIUTOTOKCHUYHMMM, Ilpu po3Be-
JieHHi 1:1 po34rMH HAHOYACTUHOK CYIb(IAY CBUH-
10 po3MipoM 17 HM CIIPUYMHSIB LIUTOTOKCUYHY
nmiro. B possemenngx 1:10, 1:100, 1:1000 Bci
JOCTIDKYBaHI PO3YMHKA HAHOYACTUHOK CYIB(piAy
KaJMIiI0 HE BUSIBUJIM HUTOTOKCHUYHOI Iil.

OnepxaHi pe3yJbTaTH CRiMUATh HAa KOPHUCTH
IIPpOBEACHHA I104AJIbIINX CKCIECPUMEHTAIbHUX

|. Klien K. Genotoxicity of metal nanoparticles: focus on in vivo
studics / K. Klien, J. Godni¢-Cvar // Arh Hig Rada Toksikol.
—2012. — V.63, N2. — P.133-145.

2. Kwon J.Y. Current investigations into the genotoxicity of zinc
oxide and silica nanoparticles in mammalian models in vitro
and in vivo: carcinogenic/genotoxic potential, relevant mecha-
nisms and biomarkers, artifacts, and limitations / J.Y. Kwon, P.
Koedrith, Y.R. Seo // Int J Nanomedicine. — 2014. — V.9,
Suppl 2. — P.271-286.

3. Heynoxoesa A.B. CuHTe3 CynpaMOeKyIapHbIX HAHOMATEPHA-
JIOB IUTSL PETUCTPALIMU TONIOTPaMM U ONITHYECKOM 06paboTKU

JIITEPATYPA

JOCTIIKEHD LATOTOKCUYHOCTI HAHOYACTHHOK
OJHOIO PO3Mipy B pi3HUX CcTabGiNi3aTopax Ta HAHO-
YACTHHOK Pi3HMX PO3MIpiB y NMeBHOMY crabiniza-
TOpi. 3aranoM, Ajsi PO3yMiHHSI MEXaHi3MiB Aii Ta
PEAKTHBHOCTI HAHOYACTUHOK HEOOXIMHO BUKOPU-
CTaHHA 6aTapei CTAHAAPTUIOBAHUX TOKCHUKOJIO-
rYHUX J0CHIIKEeHDb Ta BpaXyBaHHS TaKuX (hi3uKo-
XiMIYHHUX XapaKTepPHCTUK K PO3Mip, MOpAoIIorid,
IUIOIIA MOBEPXHI, MOBEPXHECBUMA 3apsia, MOOUMI-
Kalliss MOBepXHi, XiMIUYHWH CcKiIamg, KpHUCTaliuHa
CTPYKTypa Ta arjomepauisa [1, 5].

BuchoBgu. 1. LIUTOTOKCUYHICTH HAHOMATEPIA-
JIiB MOXe OyTH 00yMOBJeHa K (Di3UKO-XiMiYHK-
MU BJIACTUBOCTSIMM Ta PO3MIPOM HAHOYACTHHOK,
Tax i Hecy4o1o (a301o Ta cTadiiizaTopaMu.

2. OnHie0 3 JeTepMiHAHT ILIUTOTOKCUYHOCTI
HAHOYACTMHOK, 110 CJ1iJ BpaXOBYBaTHU NpU BUPOO-
HMUTBI HaHOMaTepialiB Ta OLIHIII pPU3KMKY,
MOXYTh BUCTYIATH TPOCTOPOBI XapaKTEPUCTUKU
sIK HAHOYACTMHOK, Tak i crabimizaropiB. Ilpu
ObOMY HE iCHYE 3aradbHUX 3aKOHOMIipHOCTEI
OA0 IXHBOIO BIUIMBY HA TOKCWYHI BJIACTMBOCTI
HAHOYACTUHOK, TOMY Lli B3aEMO3B’SI3KU CJIiJl BCTa-
HOBTIOBATH OKPEMO B KOXXHOMY iHIHUBiTyaTbHOMY
BUITAJIKY.

nHbopmaimu / A.B. Heymokoema, AH. Manop //
KowmmeiotepHada ontrka.— 2008.— T.32, Ne4. — C.348-352.

4. Synthesis and characterization of white-emitting CdS quantum
dots stabilized with polyethylenimine / Rayevska O.E.,
Grodzyuk G.Ya., Dzhagan V.M. [et al.] //J. Phys. Chem. C.—
2010.— V.114, N31.— P.22478-22486.

5. Effect of contact angle, zeta potential and particles size on the in
vitro studies of AlI203 and SiO2 nanoparticles / |G.
Karunakaran, R. Suriyaprabha, V. Rajendran , N. Kannan] //
1ET Nanobiotechnol. — 2015. — V.9, N1. — P27-34.
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HCCHE/IOBAHHE HHTOTOKCHYHOCTH HAHOYACTHI] CYJIbDPHAA KATMHSA H CY/IbDH/IA CBHHIIA,
CTABHIH3HPOBAHHBIX OPTAHHYECKHMH COETHHEHUAMH
H.C. Jeonenxo, 0.5, JTeonenko, A.B. Jemeyras, T.FO. Tikavenko, 4. Tpodsrok

PE3IOME. Ileas. Hcenedosams yumomoK cuuHOCMb HAHOYACMUY, CYAb@UOA KAOMUS U COUHUA PAZNUMHBIX PAIMEPOS, HOAVHEHHbIX KOATOUOHBIM Memodom
CUHME3A C RPUMEHeHUEM CAOUAU3AMOPOS PA3NUHHORO CHIPOCHUS.

Mamepuaast u memodoi. H3yuaau 6o0Hbie cycnen3uu HaHOHACMUY CyAbhUO08 KAOMUA U CEUHYA PAZTUMHDIX PASMEPOS, NOAVHEHHBIX MEMO0OM XUMUMECKO-
20 CUHME3A U CADUAUIUPOGAHHBIX OP2AHUMECKUMY COCOUHEHUAMY (3-MEPRANMONPONUOHOBON KUCAOMOU, NOAUIMUACHUMUHOM, HCEAAIMUHOM), & MAKJce
800HbIE IKBUMONADHBIE PACHBOPH UHOHOB KAOMIUS K COUHHA CO CADUAUAMOPAMY U IKEUMOAAPHbIE PACMBopsl cabususamopos. Hccaedosanie yumo-
MOKCUMHOCIU IPOROOUAU HA anaruzamope moxcuurocmu AT-05 (Poccus).

Peayasmamst. Pazmepro-3¢hhexmuanoil 3a8UcUMOCINU YUMOMOKCUYHOCIIY HAHOYACMUY CYAbDUOA KAOMUS U CYAbPUAA CBUHYA 8 PAALYHBIX CINADUAL3A -
mopax ne obrapyaceno. Hauboaee moxcuunsimy ooy Hanovacmuuor cyavguoa Kaomus (15-20 um) ¢ nosusmusenumune. Hanouacmuys cvavguda ceun-
ua 8 pazmepe 10-15 ith e nPoABUAL UUMOMOKCUYECK020 DeticBus, Mmoeoa Kax ianosacmuupl cyasuda ceuntua pasmepon 40-50 v e 0,1% yceaamiie
guizbieany yuMomoxcudeckut s¢gexm. Bee namuenvie pacmeoput cyavguoa ceunya (10, 20, 30 um), emabuausuposannvie 1% wceaamunom, o0HapyIcl-
AU yumomokcuteckoe deticmaue, a maxyce npu passedenuu 1:1. Hamuenwii pacmeop narouacmuy, cyrsguda kadmus pasmepom 9 wm, crmaburusuposa-
Hoix 1% HeeaamuHoM 8bi3bI6AA YHIMOMOKCUMeCKoe delicmeaue, mo20a Kax HamueHsie pacmeopsl 17 u 30 vM 0kazamcs HeyumomorKcueckumu.

But6oowt. Llumomok cuunocms HAROMAMEPUAA08 MOXCEN Obilib 0OYCA0BACHA KK (DUIUKO-XUMUMECKUMU CEOUCMEAMU U PAZMEPOM HAHOUACHIUW, MAK U
Hecyueli pazoi u cmaduauzamopamu. Oonol u3 demepMUHanm YUMOMOKCUMHOCU HAHOYACMUL, Yo credyem YHUmbI8ams NpU NPoU3BO0CmMEe HAHOMA-
Mepuanos U Ouenke PUcKa, Mo2ym gulCyname nPOCIMPAHCMBEHHbIE XAPAKMEPUCMUKY KAK HAHOYACHUY, Max 1 emaduausamopos. Ilpu smom He cyuje-
cmeyemn oBux 3aK0HOMEPHOCINGI! OMHOCUIREABHO UX 6AUANUS HA MOKCUMECKUE CEOUCMEA HAHOUACTHUY, NOIMOMY MU 83GUMOCE3U CAedyem YCMaHa8Al -
8amb OMOCALHO 8 KUNCOOM UHOUBHAYANBHOM CAYYde.

Kuoueeoie crosa: Hanouacmuybt cyao@uoa ceUHYaA, HAHOUACHUbl CyAbhuda Kaomus, cmabuau3amopst, 4umomoKCU4HOCHb.

STUDY OF THE CYTOTOXICITY OF CDS AND PBS NANOPARTICLES, STABILIZED WITH ORGANIC COMPOUNDS
N. Leonenko, O. Leonenko, O. Demetska, T. Tkachenko, G. Grodzyuk

SUMMARY. Objective. To investigate cytotoxicity of CdS and PbS nanoparticles of various size, synthesized by colloid method using different stabilizers.
Materials and Methods. Water suspensions of CdS and PbS nanoparticles of various size, synihesized by colloid method and stabilized wiih organic com-
pounds (mercaptopropionic acid, polyethyleneimine, gelatins), water equimolar solutions of Cd and Pb ions with stabilizers as well as equimolar solutions of
stabilizers were analyzed. Cyfofoxicity was studied using toxicity analyzer AT-05 (Russia).

Results. Size-effective dependence of CdS and PbS nanoparticles cytotoxicity was not found. CdS nanoparticles ( 15-20 nm) in polyethyleneimine showed the
highest toxicity. PbS nanoparticles (10-15 nim) were not presented cytotoxic effect in contrast to PbS nanoparticles (40-50 nm) in 0,1% gelatins. All native
solutions of PbS (10, 20, 30 nm), stabilized with 1% gelatins, as well as diluted 1:1, displayed cytotoxic effect. Native solution of CdS nanoparticles (9 nm),
stabilized with 1% gelatins, were shown fo be cytotoxic, whereas native solutions 17 and 30 nm were not.

Conclusions. Cytotoxicity of nanomaterials may be caused by physico-chemical properties and nanoparticles size as well as carrier phase and stabilizers.
Spatial characteristics of nanoparticles and stabilizers also may be nanoparticles cytotoxic determinants. At that there are no general rufes of their impact on
toxic properties of nanoparticles, so this impact has to be determined in each individual case.

Key words: PbS nanoparticles, CdS nanoparticles, stabilizers, cyfotoxicity.
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