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KAPBO®YPAH — BIOJIOI'TYHI PU3UKH MOI'O 3ACTOCYBAHHSI
0. T. Canuea, B. B. Bnrizno
IactutyT Gionorii TBapun HAAH Ykpainu

B oenaoi yzaeanvneno cyuacui aimepamypHi OaHi Npo O0O0UH 3 HAUNOWUPEHIWUX 1
NONYIAPHUX 8 A2PONpOMUCIo8ocmi YKkpainu ma inwux Kpain necmuyuo kapoogypan. Ilpayrorouu
Hao O0auolo cmammelo, MU CMAGUIU 3d Memy HNPOAHANIZY8amu i Y3a2aibHumu OaHi CY4acHoi
C8IM06oI HayKo8oi timepamypu, sKi cmocylomucs Kapoogypany i, 0ocobaueo, numans 0i0n02IUHOL
besneku 1020 BUKopucmants. ¥ pobomi nasooamvcs akmu npo 3acmocy8anHs Kapoogypauny y
c8imositi npakmuyi, iHghopmayis npo 1020 hizuKo-XimMiuHi, eKo1020-MOKCUKONOLTYHI, MemaboNiuHi
ocobnusocmi. AKyenmosaHo yeacy HA BUCOKOMY PIBHI MOKCU4HOI Hebe3neku kapbogypawny i
npenapamie Ha 1020 0OCHOBI ma HeoOXiOHOCMI iX HaUBUOwoi 3a60porU 8 YKpaiHi.

KirouoBi  ciaosa: ALNETUIIXOJIHECTEPA3A, EKOJIOITYHA  BE3IIEKA,
KAPBO®YPAH, IHCEKTULIAUW, IECTULINAM, TOKCUYHICTD

[Ipobnemy exosioridyHoi O6e3MeKH 3aCTOCYBaHHs arpoXiMiKaTiB B YKpaiHi Cllij po3IisaaTy,
BpPaxoBYIOUM II[OHAaMEHILIE JBa KJIIOYOBi, HAa HAIl MO, acrnekTu. [lo-nmepiie — Ha TepuTOpii
Haloi KpaiHM HaKONMHMYEHO BENWYE3HY KUIBKICTh BXKE HENPUIATHUX JO0 BUKOPUCTAHHS JIy)XKe
HeOe3MnevyHnx, B ToMy 4ucii 1 3a0oporenunx nectunuaiB. 3a manumu ®AO (Food and Agricultural
Organization of the United Nations — Oprani3zaiiss OOH 3 nuTaHb npogoBOJIbCTBA Ta CLIBCHKOTO
rocroaapcTBa) B YkpaiHi ix 3Haxomutbes Bifg 10 go 30 Tthcsd TOH. 3TiHO 3 IUMHU X JaHUMH
KUTBKICTh HETPHUJIATHUX JO BUKOPUCTAHHS TECTHIHIIB, IO 30epiraloThCcsi B YKpaiHl MOXHa
MOPIBHATH 3 KIJBKICTIO AaHAJOTIYHMX OTPYTOXIMIKATiB, SKi HAKOMUYEHO B YCIX appUKaHCHKUX
KpaiHax, Jie iX 3HaXOIUTbcs MPUOIN3HO 25 THcaY ToH. [lo-apyre — B arponpoMHUCIOBOMY CEKTOpi
VYKpaiHu CbOroAHI JOBOJI HIMPOKO BHUKOPUCTOBYETHCS LIIMM psii HEOE3MEUHUX NECTHLIMIHUX
IpernapariB, 3aCTOCYBaHHS SIKUX Yy IHIIUX KpaiHax 3a00poHeHe, a00 CyBOPO perjaMeHTy€eThCs.

OxHuMm 3 Takux mpenapaTiB € kapbodypan (cuHOHIMH: anidyp, Oeradyp, Opudyp,
naiipypan, kapbopan, Kypatep, dypan, pypanat, Xinypyp) — N-MeTrn kapdaMaTHUN 1HCEKTUIIH]T
IIUPOKOTO CHEKTPY Ail, IKM 3aCTOCOBYETHCS Y CUTBCHKOMY TOCIOAAPCTBI It OOPOTHOH 3 ILTHM
pSAIOM KOMax, BKIIIOYaIOuu (UIOKCEpy BHHOTPAAHOI JIO3M, POCIMHOITHMX KIILIIB Ta HEMAaTOJ.
BiH eeKTHBHO  TpUTHIYY€  PO3BUTOK  INKI[UIMBUX  KOMax  PAOIB  JKOPCTKOKPHIIUX,
NEPEeTUHYACTOKPUINX, NPAMOKPUIMX, JBOKPHWIIMX, JIyCKOKpWJIMX (IMaro Ta JMYMHKHK). Bnepiue
kapOodypaH Ha CBITOBOMY PUHKY 3’siBUBCS 1965 poky. Y CIIIA Bin OyB o¢iliiiHO 3apeecTpoBaHUN
1969 poxy. Maiixe 3a MiBCTOJIITHIO ICTOPil0 CBOTO 3aCTOCYBaHHs KapOo(dypaH CTaB HaJA3BHUYANHO
MOITYJIIPHUM TIECTHUIIMIOM B ycboMmy cBiTi. Tak Tinpku y Cnomydenux lllTarax me moHemaBHa
piuHuit 00’eM Horo BUKOpUCTaHHs csiraB 1 minbiiona ¢yHTiB [1, 2]. Takox y CILA 3apeectpoBaHO
me 11 N-merun kapb6amariB, Ais SKUX aHajoriuHa epekty kapoodypany [3]. [Ipore, mounHaouu 3
kians smnHs 2008 poky, kap6odypan B CIIIA mocTymoBo BUBOAMUTHCS 3 YXKHUTKY 1 HEBIIOB3i Oye
MOBHICTIO 3a00poHeHui. BogHodac, cTtany 3HaYHO CTPOTIMIMMH BHUMOTH JI0 BMICTY 3aJUIIKOBUX
KUTbKOCTEH LbOTO MECTHULIMIY Y BOAI Ta MPOAYKTAaX XapuyBaHHS, OCKUIbKHM KapOo(dypaH BH3HAHO
HeOe3nmeyHuM s JiTedd [2]. AreHcTBO 3 OXOpOHM HaBKOIMIIHBOTO cepenoBuiia CIIA Bxe
3a00pOHMIIO TIPOJAX BITYM3HIHOI Ta IMIOPTHOI MPOAYKIII, Yy SKIH MOXYTh OyTH CIIiIu
kapOodypany. Bapro BimzHaunTH, 1m0 rpaHyiboBaHa (opma kapbodypany Oyna 3abopoHeHa B
CIOA me B cepenuni 1990-x pokiB uepe3 Te, IO BiH CTaB NPUYMHOIO 3arubeini MiJIbHOHIB
MEPeTITHUX NTaxiB. 3a JNESIKUMH JaHUMHU [IeH TEeCTUIH] TOHEIaBHA CHPUYMHSB 3arvOelb TOHA
100 minbitoniB ntaxiB y [liBHiuHIA Amepuri. Came dakT 3arubeni KUTbKOX THUCSY JUKUX MEPHATHX
y 1984 pomni Ha onHill 13 KaHAJCHKUX IUIAHTAIIH, € 3aCTOCOBYBaJIM KapOo(dypaH MPHUBIB 10 TOTO,
mo uepe3 10 pokiB MIHICTEpCTBO CLIBCHKOTO TrocmoiapcTBa KaHaam BHIANO 3acTepEKHHIMA
JIOKYMEHT, SIKMH CTBEP/KYBaB, IO KapOopypaH € HAWTOKCHYHIIIAM JJIs MTaxiB IMECTHUIIHIOM.
HesBaxkaroun Ha 1e, y Kanani xapOodypan i1 gani mpoAoBXKyBaJld IHTEHCHBHO 3aCTOCOBYBATH,



Hanpukian, Tutkkn 1991 poky y mii kpaini Bukopucramm Mmaibke 500000 xr miei orpyTH!
[Tounnatoum 3 mita 2010 poky y Kanani gie 3a6opoHa Ha 3acTocyBaHHs kKapOodypaHy.

OcobmuBe  3aHENOKOEHHA  BHUKJIMKA€  MPOJOBXKEHHS  IHTEHCHBHOTO 1 4acTo
HEKOHTPOJIbOBAHOTO BUKOPHUCTaHHS KapOo(dypaHy Ta mpenapaTiB Ha MHOro OCHOBI y KpaiHax
Adpuxku. Tam med mecTUIU] YacTO BUKOPUCTOBYETHCS HE TUIBKH y POCIWHHUIITBI, a HaBITh
MICLIEBUMH TMACTyXaMH, MO0 3HMINYBaTH XW)KAaKiB — JI€BIB, JIEOMap[iB, TeMapAiB Ta IHIIUX
piakicaux TBapuH. Hampuxiazn, y 2009 poui B Kenii Bix kapbodypany 3a odiliiHUMU TaHUMH
3aruHyJM 75 JIEBiB, X04a, OUYEBUJIHO, IO pealibHa KIJIBKICTh XKEPTB € HabaraTo BUIIOK. € MaHi, 10
YacTUHA MOCTPaXJAIUX JIeBIB OTpyinacs He Oe3locepelHbO LUM IECTUIMIOM, a BHACIiJO0K
noinaHHs M’sica 3arubaux Big kapoodypaHy TilonoTamis.

[IpoTunexna curyarist 3 kapoodypaHom i y kpainax €spormn — y €C Horo BMICT CyBOpO
KOHTPOJTIOETHCS, @ BAKOPUCTAHHS CTPOTO PErJIAMEHTOBAHE 1 Y OUTBIIIOCTI BUIAIKIB 3a00pOHEHE.

Ane, He3BaXkalo4M Ha 1ie, KapOodypaH Bce IIe 3aTUILAETHCS JTOMIHYIOUMM IPENapaToM y
CBITOBOMY BHKOPHCTAHHI cepell KapOaMaTHHX mecTHUHAB [4, 5]. Moro it Hazami 3aCTOCOBYIOTH y
BEJIMYE3HUX KUIBKOCTSIX B 0aratbox KpaiHax, B ToMy uucii 1 B Ykpaini. Kapbodypan BXoauTh K
JliF04Ya peyoBHMHA A0 CKJIAy LIIOro paay necTMUMAHUX mpenapatiB («Anidyp», «Crapt 350 FS»,
«Dypanany, «XiHyQyp Ta IHIIMX») MEPEBaKHO Ul MEPEANOCiBHOI 0OpOOKHM HACiHHS I[yKPOBHX
OypsKiB, piflaKy, KyKypyJ34 Ta 1HIIUX MPOMHUCIOBHX KYJIBTYP 3 METOIO OOpOTHOM 3 IPYHTOBHUMH 1
JMCTOBUMHU HIKiAHUKaMU [6, 7]. 3aBAsku HOro BUCOKIH e€(eKTUBHOCTI 00poOKa HACiHHS, 30KpeMa
IyKpOBOT'0 OypsiKa, MM MpenapaToM 3700yia HaA3BUYaitHy MOMyJIIpHICTh. [Ipo mupoke BU3HAHHS
mpenapary CBiIYHTH Te, IO MaiKe yCl HACIHHUIIbKI 3aBOAM KOMMIIHBOTO PansHcpkoro Corosy
OTIaHYBAJIM TEXHOJIOTII0O MOTO0 BUKOPHUCTAHHS 1 JKOACH TEeKTap IIyKpoBOro Oypsika (a 1e OJM3bKO
3,5 MJIH.) He 3aciBaBcsl HaCIHHAM He 00pobiaeHuM KapOodypanom. JKozeH i3 XIMIYHUX IpenapaTiB
HE MaB 1 HE Ma€ J0 [BOTO Yacy TaKoi MOIMYJSAPHOCTI 1 BU3HAHHS — SIK Ha pUHKY YKpaiHW, Tak i
Oaratbox 1HIMMX KpaiH. YuciaeHHi J1abopaTopHi, MOJIBOBI 1 BUPOOHUYI JTOCITIAM TMOKA3aJIH BHCOKY
610J10T1YHY €EeKTHBHICTh: y cepeaHboMy Omau3bko 70—80 % mpoTH KoMIuleKcy HazeMHuX 1 80—
90 % mpoTH TPyHTOBUX IIKiAHUKIB. CrierianbHi CHCTEMaTUYHI TOCIIKSHHS, TPOBEICHI OCTaHHIMU
pOKamMH, TPAKTUYHO HE BIAMIYAIOTH 3HIDKEHHS YYTIWBOCTI MIKITHWKIB JO [HX MpenapariB i,
BIJIMOBIZTHO, BUHMKHEHHS pe3UCTeHTHuX mnomymauid. Ille oanum BaxiauBuM (akTopoMm, sSKHUM
CHIpUsi€ IIUPOKOMY 3aCTOCYBAHHIO MPENapariB Ha OCHOBI KapOodypaHy € HOro 10BOII HU3bKA IIiHA.
Tak, BapTICTh 3aXUCTY CXOMIB IIyKPOBOTO OypsKa IIUM IPENapaToM CTAaHOBUTH ISl OYpSIKIBHUKIB
2-2,5 y.o. Ha 1 Ta, 10 3HAYHO MEHIIE MOPIBHSAHO 3 IHIMUMHU 1HCeKTUIHMAaMu [8]. Takum yuHOM,
OepyuH 10 yBaru 3 OJHOro OOKYy — BHMCOKHH PiBEHb 3aCTOCYBAaHHS Y CUIBCHKOMY TOCIIOJAPCTBI
VYkpainu kapOodypaHy Ta mIpenapariB 10 CKJIaay SKUX BIH BXOJUTh, a 3 JIPyroro — Te€, IIO
kapOodypaH BITHOCUTHCSA 0 HAA3BUYAHHO HEOE3NMEUHHUX PEYOBHH 3 TOCTPOIO MEPOPATBHOI0 Ta
IHTaNAIAHOI0 TOKCHYHICTIO CHUCTEMHOI, KOHTAKTHOI 1 KHILIEYHOI Jii, HE BHMKIHMKAE€ CYMHIBY
HEOOXIHICTh Ta aKTYalbHICTh TIMOOKHUX TOCIIPKEHb MOMJIMBUX HETATHBHUX SIBUII, CIIPHYNHEHUX
3aCTOCYBaHHSM KapOodypaHy.

Di3uko-ximiuni  enacmugocmi. XiMiuHO 4uCTHH  kapOodypan (2,3-duciopo-2,2-
oumemunbensopypan-7-in - memunxapoamam; CAS: 2,3-0uciopo-2,2-oumemun-7-6en3o@ypanin
memunxapoamam, CoHsNO; monekynspra maca 221,26) (tabn. 1) [1, 9] € xpucramigaoro
PEYOBUHOIO OLIOTO KOJIbOPY 3 JIETKUM (PEHOJIOBUM 3alaxoM, BIAHOCHUTHCS O TPyINu KapOamaris,
MOX1AHUX KapOamiHoBoi kucnoTu. Temmeparypa 1uiaBiaeHHs kapOodypaHy cTaHoBUThH 153-154°C,
kuminHsa — 254 °C, a Temneparypa poskinaay — 276 °C. KoedinieHT iforo po3nojiry B cucremi H-
oktano1 — Boxa Kow logP = 1,52 (mpu 20°C). Horo posuunnsicts y Bogi mpu 20°C CTaHOBHTBH
320 mr/n. ¥V iHIIUX peyoBHHAX KapOodypaH Mae HACTYIHY PO3YMHHICTB mpH 25 °C: B aleToHi —
150 r/kr, aneronitpuni — 140 r/kr, 6enzoni — 40 r/kr, aumerwicynbpokcuai — 270 T/kr,
nukiiorekcanoni — 90 r/kr Ta 200 r/n y nuxmopmerani npu 20 °C. [Ipu kiMHaTHIN Temmeparypi
kapOodypaH HecTabITPHUN Yy JTyKHHUX PO3UMHAX, aje CTaOUIbHUN y HelTpanbHuX Ta kucnuXx. [Ipu
20 °C #toro DT50 (nepion miBpo3naay) cTaHOBUTH Oinbiie micaus npu pH 4, 121 nens npu pH 7 ta
31 ropuny npu pH 9. [lpu HarpiBaHHi 3 Tyramu i KUCIoTaMu KapOodypaH MIBHIKO PO3KIANAETHCA,
a B CIUPTOBHX PO3YMHAX JIYTIB BIH PO3KJIAJIA€ThCA MPHU KIMHATHIN TemriepaTypi. PyiiHyeTbcs mia
JEIO0 TIMOXJIOPUTY KaJbLIO.

Tabnuys 1
XimiuHa cTpyKkTypa Kap6odypany i iioro meradoJitis [1]

TpuBianpHa Ha3Ba | NeCAS* | MonekynsipHa CrpykrypHa popmyma**




Maca
0
Kapbodypan 1563-66-2 221.25
poodyP R,O-C-NHCH,
Kap6odypan-7-penon 1563-38-8 164.20 R,-OH
i
3-T'igpokcukapbodypan 16655-82-6 237.25 .
R, O-C-NHCH,
D
INppokcumernn kapbodypan 18999-70-7 237.25
RID-C-N HCHEDH
3T mpo“”“;%io‘l’ypaﬂ'3’7' 17781-15-6 180.20 R,-OH
O
3-Kero kap6odypan 16709-30-1 235.24 I
P R.O-C-NHCH,
3-Kero-7-¢enon 17781-16-7 178.18 R,-OH
7-Menin cynbharTHa K-Ta 70988-92-0 244.27 R | <vapdaraa k-1a
7-MDeHin rmoKypoHoBa K-Ta 70988-91-9 340.33 R - raroxyponosa k-1a
i O
3-Tiapoxeukapbodypan | 70988 90, g 31732 _ i
TJIFOKYPOHOBA K-Ta Cyapdarna k-ta -R,0-C-NHCH,
3l bpoxcikapOobypas 53305-32-1 413.38 i
yp I awkyponosa k-1a -R,0-C-NHCH,
I'npoxcumerni kapoodypan . 317.32 T
Cynb(aTHa K-Ta ' R,0-C-NHCH,- cyapdaTsa K-Ta
lNapoxcumernn kapbodypan - 413.38 T
TJIIOKYPOHOBA K-Ta ' RIO-C-NHC‘H,,- FAHIKYPOHORA K-TA
3,7-Hion cynbdaTHa K-Ta 90433-38-8 260.26 Ra-cvabdarsa k-ra
3,7-Jlion riIoKypoHOBa K-Ta 90433-37-7 356.33 Rs- rapkyponoBa K-1a
F-Kero-T-gentia cymbpatia - 70988.94.2 258.25 R-cyabdarsa k-Ta
3-Kero-7- IIIIOKypOHOBa K-Ta 70988-93-1 354.31 B s- ramkvpoHoBa K-TAa
Tpumimka: *CAS registry number - peectpauiitanit HOMEp XIMIYHHX CHOIYK

ciryOu pedepyBaHHS BiINOBiAHUX (peneBaHTHUX) IyOmikaniii 3 ximii — Chemical Abstracts Service (sikuit €
migposainom American Chemical Society — AMepHKaHCHKOTO XiMiYHOTO TOBapUCTBA)
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Kapbodypan MokHa OTpUMATH HUITXOM CHHTE3Y apwuioBuX edipiB N-meTuiakapOamMiHOBOI
kucioTy. HeoOxXimH1 11 IIbOTO CUHTE3Y MOX1/IHI 0€H30UT1ApOodypaHy OTPUMYIOTh 13 MPOKATEXIHY
U Metanuxiuopuny. Metabonizm kapbodypaHy MpoTiKae aHAIOTIYHO A0 HAMpPSIMKIB MeTabomi3my
iHmmx apwioBux e¢ipiB  N-meTmnkap6aMiHoBoi  KHCIOTH. OCHOBHHUMH — METaOONIYHUMHU
MIEPETBOPCHHAMHU € OKHCHEHHS 1 rimpodiz (puc. 1). Metabomitu kapOodypaHy aemo MeEHIT
TOKCHUYHI HIX BiH CaM.
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Puc. 1. Merabomni3zm kapbodypany

Ekonozo-mokcukonociuni enacmusocmi. Kapb6odypan Ta #oro mupemapatuBHi (opmu
BIIHOCSTBCSI [0 BHCOKOTOKCHUHUX XIMIYHMX pPEUYOBHH. Bimomo, IO Tpu eHTepalbHOMYy Ta
IHTISIIIIAHOMY [UISIXaX HAAXOKCHHS B OPraHi3M, JaHWUN MECTHIUJA TPOSBISE PEe30pOTHUBHO-
TOKCUYHY 1 MOJIPA3HIOIOUY AiI0 Ha CJIHU30B1 OOOJOHKHM AMXANbHUX HUIAXIB Ta ouelt [10-12]. Came
TOMy, TpH poOOTI 3 KapObopypaHOM HEOOXITHO YHUKATH KOHTAKTIB Mpenapary 3 BiAKPUTHMHU
TUISTHKAMU IIKIpH, CTU30BUMH TIOBEPXHSIMH OYCH, a TaKOK BUKIIFOUUTH MOXIIMBICT TMOTPATUISTHHS
npenapaty y IuxallbHi HUIIXH.

Opniero 3 HaWBaXJIMBIIIUX XapaKTEPUCTUK TECTULHUIIB €, TaK 3BaHa, CMEpTelbHA
(;etanmpHA) 1034, AKa, SKIIO TBAPUHY HE JIIKYBAaTH BUKJIHKAE i1 cMepTh. [Ipu oMy pO3pi3HAIOTH
Taki MOHATTS, K «HamiBcMepTenbHa n03a» (J1/so), mo Buknmkae 3arubens 50 % oTpyeHUX TBapHUH
BIIMOBIHOTO BUIY, Ta abcomroTHO cmepTenbHa (JI[j00), sika mpu3BOAMTH A0 3arubeni ycix
orpyenux tBapuH. JI/Iso kapObodypany ans mypiB craHoBUTH 8,0 MI/KT, ans mumieit — 14,4 Mr/kr,
cobak — 15,0 mr/kr), a inransumiitaa TokcnaHicTh (JIKso (4 roa.) ans mypiB — 0,075 Mr/n moBiTps
(aepo3omnp)). Kapbodypan Toxcuunmii 1y OMKIN Ta IHIIMX KOPUCHUX Komax. ['ocTtpa 48-roanHHa
JIso xap6odypany mns 6mxin craHoButs 0,036 mkxr Ha ocobuny. I'ZIK (rpanudno momycTuma



KOHIIeHTpalis1) kapoodypany y rpynTi cranoButs 0,01 mr/kr. HeoOxigHO 3BepHYTH yBary, mo Ha
OanmaHc BMICTy KapOamaTiB y IPyHTI BIUTMBAIOTh TaKOX iX aJCOpPOTHBHI BJIACTUBOCTI 1 JIETYy4iCTh
ixHix cronyk. Cii BiA3HAYUTH MPO 3a00pOHY BUKOPHCTAHHS IpenapariB Ha OCHOBI KapOodypany
KOJIM piBeHb JIOKami3amii TPYHTOBHX BoJ repeOyBae Ha piBHI MeHme oxHoro merpa. ['JIK
kapGodypaHy y Boi BogoiiM craroBuTs 0,02 Mr/am-.

BaknmuBUM TOKa3HMKOM €KOTOKCHYHOCTI mecturnuaiB € Tak 3BaHa NOEC (no observed
effect concentration), abo MakCHUMaJabHO HEAiI0OYa KOHIICHTpALis PEUOBHHM, TOOTO KOHICHTpALisd,
KOTpa HE BUKIIHMKAa€ XOJHOro BuauMmoro edekty. lle ekcrnepuMeHTanbHa KOHIEHTpaLisd, sKa €
HE3HAYHO MEHIIOI0 3a HAWHWKYY MJOCHIDKEHY KOHLEHTpalilo, sKa BHKJIWKAE CTATUCTHUYHO
nocroBipamii HeratuBHuM BmMB (LOEC). NOEC He BUKINMKae CTaTUCTHYHO 3HAYUMOTO
HETaTUBHOTO e(eKTy TIOpPIBHAHO 3 JOCIIDKCHOI KOHIeHTpamiero. s pud (Ha npukimami
paiayxHoi ¢openi) xponiuna 21-neana NOEC kap6odypany cranoButb 0,0087 Mr/m, 1ist JOHHHX
Mikpooprani3miB xponiuHa 28-nenHa NOEC ckmagae 0,004 mr/n, miast Bomopocteit XpoHiuHa 96-
romuaHa NOEC cranoButs 3,2 wmr/m, mis BogHux Oe3xpeberHux xponiuHa 21-meaHa NOEC
niepedyBae Ha piBHi 0,008 mr/i.

[Ile ogHMM Ba)XJIMBUM XapaKTEPU3YIOUUM IOKAa3HUKOM TOKcHMuYHOCTI necturuaiB € CKso,
LCsp, a0 — cepenHs cMepTenabHAa KOHILEHTpalis, TOOTO Ta KOHIEHTpalis Iil04Y0i PEUOBHHHU
MNECTULUAHOTO Mpenapary B OTOUYIOUOMY CEPEIOBMILI, KOTpa BUKJIUKAE CMEPTh MOJOBUHU KUBUX
Oprafi3MiB 3a MEBHHI MepioJl BUTPUMKHU MPHU HACTYITHOMY aHali3i uepe3 ACSKUN MPOMIKOK yacy.
Iaransuiiina CKso kapOodypany st ccaBiiB (urypi) cranoButh 0,05 mr/m, mist pud rocrpa 96-
roquaHa CKso— 0,362 Mr/7, a 1ie# jxe MOKa3HUK IS IOHHUX MIKpOOPTaHi3MiB Iiepe0yBa€e B MekKax
0,015-0,017 mr/m.

Jlnist BU3HAYCHHS €KOTOKCHYHOCTI 4YacTo BUKOPUCTOBYIOTH Takoxk EKso, ECsp, a00 cepennio
e(peKTHBHY KOHIEHTPAIiI0, TOOTO 03y MECTHIHIY, KOTPa BHKJIUKAE MEBHUH €(EeKT y MOJOBHHU
YKUBHUX OPTaHI3MIB 3a MEBHUH MePioJ BUTPUMKH IIPU HACTYITHOMY aHaji31 4epe3 MesIKUi MPOMIkKOK
gacy. CrocoBHO kapbodypaHy, BcTaHOBiIeHO MHoro roctpy 48-rogunnHy EKso mis BoxHux
6e3xpedeTHrX, 30kpema ais aaduiidi BoHa craHOBUTH 0,009 mr/a. LRsy (median lethal rate) —
cepelHs CMepTeNbHa 71032 BHECEHHs, TOOTO mo03a, ska BOuWBae 50 % oprani3miB, KOTpi 3a3HaNA
BIUIMBY JaHoro mectununy. LRsy kapbodypany mis uigeHHCTOHOTHX mMepeOyBae y Aiama3oHi Bif
2,68 r/ra (waiznuk (Aphidius rhopalosiphi) no 3,65 r/ra (xwxwuii ki (Typhlodromus pyri).

3aradpbHONPUHHITAM Yy CBITOBIM MPAKTHUI[l €KO-TOKCHKOJOTIYHOI O€3MeKH TECTHIHIIB €
periiaMeHTYBaHHS X 3aJUIIKOBUX KIJIBKOCTEH, TOOTO BMICTY JiF0YOi PEUYOBMHHM TECTUIUIIB 1
arpoxiMikariB, iX MOXITHUX 1 MPOJYKTIB MEPETBOPEHHS B JKMBUX CHCTEMax (MeTabomiTiB) 1y
HaBKOJIMIIIHBOMY TIPUPOJTHOMY CEPEIOBHII IMiCIsi BCTAHOBJICHOTO TEPMiHY OUYiKYBaHHS 3 MOMEHTY
ix Bukopucrtanns. B Ykpaini aitote [lepkaBHi canitapHi mpaBuia Ta Hopmu 8.8.1.2.3.4.000-2001:
«lomycTumi 103U, KOHIIEHTpAILlii, KUTHKOCTI Ta PiBHI BMICTY MECTUIUAIB Y CLTLCHKOTOCTIONAPCHKIii
CHPOBHHI, XapuOBHX MPOIYKTaX, MOBITPi poOouoi 30HU, aTMOC(HEPHOMY MOBITPi, BOJI BOJOWMHUIIL,
IPYHTI», KOTp1 € 00OB’SI3KOBUM JIsl BAKOHAHHSI HOPMaTUBHUM JIOKYMEHTOM, 1110 BU3HAYa€ KPUTEPIi
Oe3mexku I 370pOB’S JIIOJAMHHU TpU 3IIHCHEHHI JepXKaBHOIO, BIAOMYOIO Ta I03aBIJOMYOIO
KOHTPOJIO 1 Harigay 3a BHUKOPHCTAaHHSAM THecTUIHMAIB 1 arpoximikaTiB. I[lopymienns
CLUTBCHKOTOCIIOIAPCHKUX 1 TITIEHIYHUX PErjiaMeHTIB 3aCTOCYBaHHA MECTHLUAIB (HOPM BHTpAT,
KpaTHOCTI OOpOOKH, OYIKyBaHHS CTPOKIB TICIsI OOpOOKH, TOIIO) BEAYTh 1O iX HAKOMHYCHHS Y
noBkimni. [lectunmay, siki MOTpanmuiyd B 3eMJIIO 1 BOY, PO3MaNaloThes Ay)KE MOBUIBHO 1 3aBAAIOThH
BEJIMKOI IIKOAW 3/70pOB’I0 JIOAWHU. [lecTuuam MirpyroTh MO JIAHIFOTY MOBITPS-TPYyHT-POCIIAHA-
TBapuHa-IoauHa. HeomHakoBa XiMidHa CTIHKICTh TECTUITUIIB 3YMOBITIOE 1X 3QJIMIIIKOBY KUTBKICTh B
o0’exTax Oiocdepu, a TakoXK AMHAMIKY Mirpamii y OloJoriyHOMy XapuoBomy JaHio3i [13, 14].
VYKpailHCbKMMU HAyKOBLSIMH TIPOBEICHO PSII JOCTI/KEHb CTOCOBHO 3aJMIIKOBHX KUIBKOCTEH
kapOodypaHy y MpoOIyKTaX POCIUHHHIITBA. 30KpeMa, IICias OOpPOOKHM HACIHHS COHSIIHUKY,
KOPMOBOI'O Ta I[yKpOBOTO OYpsKiB NMpOTpyHHHKamMH 3 JHiouoro pedoBuHOW «Kapbodypan» y
mporieci iX BereTaiii BUSBJICHO 3aJHMIIKOBI KUIBKOCTI MECTUIMIY Ta HOro MeTaboiTiB 3a BCIX
CTPOKIB NPOBEJCHHS EKCIEPUMEHTY, B YCiX 00’ €KTax, IO JOCIHIPKyBaJIM, 30KpeMa, y TPyHTI 3-Ti1
MOCIBIB, HaBITh Micis 30upanHs Bpoxato [15, 16]. Ha 38 ta 70 nobu mociimkeHHS TPYHTY 3-TIi]
MOCIBIB COHAILIHUKY, Ha 45 1 77 nobu — kopMoBoro Oypska Ta Ha 55 1 87 mobu — IyKpOBOTO
OypsiKa 3aJIMIIKOBI KUTBKOCTI KapOoQypaHy 3HMKYIOTHCS, a 3a MOJAJIBIIMX CTPOKIB JOCIIKECHHS
MOYMHAIOTH Jenfo 3poctatu [15]. 3ammmkoBl KuTbkocTi KapObodypaHy BHUSBISIOTHCS B
KOpEHEeIIolax Ta TUYIll IyKpoBOoro Oypska HaBiTh depe3 5-5,5 MicAliB micas MOCIiBYy, IO He



JIOMTyCKA€EThCSl  CaHITapHO-TirieHiYHUME HopMmamu. Lleit Qakr miaTBEpMKEHO pe3yibTraTaMu
JBOpIUHUX Jocaimxkens [17, 18]. 3anumikoBi KibKocTi KapOodypaHy BHUSBIEHI TAKOXK Y MPOAYKTaxX
nepepoOKH TOCIIKYBaHUX POCIIMH: Y MaKyci, )komi Ta maroui [15].
Bionoziuna 0in. MexaHi3M TOKCUYHOI Jii MOXIAHUX KapOaMiHOBOI KHCIIOTH, B TOMY YHCIIi
— kapOodypaHy BUBUCHUN JOCUTH A0OpeE. 3arajlbHOBIIOMO, IO 32 MeXaHi3MoM Aii kapbodypaH €
3BOPOTHIM IHTI0ITOPOM HEpoMeaiaTopy aleTuiaxoiaiHecrepasu (puc. 2).
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Puc. 2. Cxema iHriOyBaHHS alleTHIXOJIiHECTEPa3H KapOoPypaHOM i Horo MetabomiToM 3-riipokcukapoodypanom.
I — inribiTop (xapbodypanom ado 3-rigpokcukapdbodypan) [1]

Leit mpenapaT € TakoX BUCOKOTOKCHYHMN Ui JIIOAMHU 1 TEIUIOKPOBHUX TBAapHH IPH
MEPOPATBHOMY Ta IHTAIAMIKHOMY HaJIXOKEHHI, KpiM Komax. B ymoBax xpoHiuHoro BmiuBy Kd
MPU3BOJMTH /10 3arajlbHO TOKCUYHOI JIii HAa OpraHi3M 3 MEepeBakKHUM BIIMBOM Ha XOJIHOPEAKTHUBHI
CHCTEMH, TPOSIBIIIE KAHLIEPOTeHHY Ta eMOpPIOTOKCHYHY aKTHUBHICTh, PEPOIYKTUBHY TOKCHYHICTh
[10, 11, 12, 19-29]. Xoua, 5K aneTHIXONMiHECTepa3HUil iHTi0ITOp, KapOodypaH B mepiry 4epry i€
Ha HEPBOBY CHUCTEMY, BiH, MOTPAIUISIIOUYA B OPTraHi3M, MOXE HETaTHMBHO BIUITMBATH Ha OUIBIIICTH
IHIIMX CHCTEM, BPaXOBYIOUH LUIIXHU HOTro HUpKyJswii (puc. 3).

Bcranorneno, mo kapOodypaH IIBHIKO BCMOKTYETBhCS, OlOTpaHCPOPMYETHCS IO
METa0OJIITIB 1 PO3MOISETHLCSA B OPraHax 1 TKAHMHAX TBapHH. 3a IUX YMOB, HAIIPUKJIAJ, B OpraHi3Mi
Kypeil BHSIBICHO TIMOMPOTEIHEMIIO, TiMoanbOyMiHEMil0, TinepOiTipyOiHeMit0, 30UTbIICHHS
NpOTPOMOIHOBOTO Yacy, MiJABHMIIEHHS aKTUBHOCTI iHAMKATOpHUX (epmeHTiB AcAT 1 AnAT, a
takox sakrataerigporenasu (JIAT) i JI® i npurnivenns aktuBHocTi XE y cupoBaTmi KpoBi. Y
TKaHWHI TIEYIHKKA OyJI0 BCTaHOBJIIEHO mpurHideHHs akTuBHOCTI ACAT, AnAT, JIAI' ta XE i
i IBHILCHHS aKkTUBHOCTI JID [16].

[lig niero xap6odypaHy B Oprani3mi TBapHH 1 JIFOIWHH MOXXE PO3BHBATHUCS TOCTPE UM
XpOHIYHE OTpy€eHHS. ['0CTpa IHTOKCHKAIlIS XapaKTePU3y€eEThCs MBUAKUM PO3BUTKOM. OCOOIUBICTIO
BIUIMBY KapOamaTiB Ha OpPraHi3M JIIOJWHH MPH FOCTPOMY OTPY€HHI € iX 3/[aTHICTh CHPUYMHIOBATU
3MIHU B CTPYKTYpi Ta (pyHKIIT 3a7103, 110 HE MalOTh MPOTOKiB, HacamIiepe ] MUTOMOIIOHOT 3aI03H.
Cepen BigaJIeHUX HACHIJKIB TOCTPOTO KapOaMaTHOTO OTPYEHHS MOXKYTh CIIOCTEPIraTUCS PO3Jaan
GyHKIT €eHIOKPUHHKX 37103 (IIUTOMOAIOHO1, HATHUPKOBUX 1 CTATEBUX); aJIepPTiyHi 3aXBOPIOBAHHS
IIKIpH (JepMaTUT), oueii (KOH IOHKTHBIT), JIeTeHb (OpOHXiadbHA acTMa); 3HWKCHHS IMyHOJIOT1YHOT
PE3UCTEHTHOCTI OpraHi3My, IIO CYNPOBOKYETHCS YaCTUMH 1HQEKIIHHUMHU 3aXBOPIOBAHHIMH
pi3HOI JIOKai3aIii; TeMaToJIOTIuHI TOpYIIeHHs (aHEMIs, JTICHKOIEHIsI, TPOMOOIIUTOTIEHIS).

Kapbodypan Moxke HiITH Ha HEPBOBY CHCTEMY, 30KpeMa MPHU3BOASYH /O CYIOpOr Ta
JMXAJIbHOT HEAOCTATHOCTI, BUKJIMKATH Tapaiid. Sk Bke Oylio Bin3Ha4eHo, kKapOodypaH, K 1 iHIII
kapOamatu, Bpakae [[HC msixom iHTIOyBaHHS XOJIIHECTEpa3H, KA T1IPOJI3ye HEHPOTpaHCMITED
aneTwixoiid. Take iHriOyBaHHS J103BOJISE ALIETWIXOMIHY aKyMYJIOBATUCS Ha MOCTCHMHANTHYHHUX
penenTopax, M0 BUKIUKAE CTUMYJILIIO eheKTopHUX opradiB. Ilicisi 3BOPOTHBOTO 3B’S3yBaHHS
kapOodypaHOM XOJiHecTepa3u ii peakTHBaIlisd BiIOyBa€ThCs JOCUTH MOBLILHO. HepBoBa cuctema
OpraHi3My 3a3Ha€ CTUMYJIIOBaHHS MapacUMIIATHYHUX Ta CUMIIATUYHUX LUIIXIB, aJpKe alleTHIIXOJIH
CTUMYJIIOE  HIKOTMHOBI  pELENTOpM COMATHYHOI HEPBOBOI CHCTEMH, IMapacUMIIATHYHOI,
MPETaHTTIOHAPHUX HIKOTWHOBHX 1 MMOCTTAHTIIIOHAPHUX MYCKapHHOBHX PELENTOPIB.
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Puc. 3. Cxema MeTaboNYHNX NUIAXIB LUMPKYJSLi kKapOodypaHy y TBapuHHOMY opraHizmi [1]

3 Meror JoCHiPKeHHA BIUIMBY Ha (yHkumioHansHuil cran IIHC TtBapun kapOodypany
NPOBEICHO WUIMH P  eKCHepUMEHTiB. TBapWHM JOCHIAHUX TPyl NEPOPATBHO OTPUMYBAIU
kapbodypan mpotrsrom 30 ta 180 mHIB y mo3i — 0,1 mr/kr 1 0,2 Mr/kr Macu Tina. Y pe3yJsbTari
aHa3y OTPHUMAHMX JTaHUX BCTAHOBJIEHO, IO KapOodypaH MOTipiryBaB €(EKTUBHICTh BUKOHAHHS
[iAI0CHITHAME TBapuHaMu Tecty Moppica Bix 10-15 % y 30-n060Bomy excriepumenti 1o 80—100 %
y 180-m1000BOMY €KCIIEPUMEHTI, 1110 CBITYUATH PO HEHPOTOKCUYHY HeOe3neKy npemnapaty [7, 8].

Bigomo, mo nimuid psg kapbamMaTHUX MECTHIMAIB, 30KpeMa TaKuX sIK CeBiH, sutan, TMT/I,
uuHeo6, uupam, TpuldydoH, adonoH, maned, Tuinam, kapOiH, entaMm, Kapoapui, GeHTuypam, akap
BOJIOZIFOTH IMYHOTOKCHYHOIO fi€to [4, 30, 31]. He3axaroun Ha BiAMIHHOCTI y ii IHTEHCUBHOCTI Y
pi3HUX TpemnapaTiB, BCi BOHH SK MpPH XPOHIYHOMY, TaK 1 MpPHU TOCTPOMY BIUIMBI 3HIKYIOTH
IMYHOJIOT1YHY PEaKTUBHICTh, MIABUIIYIOTh YyTJIUBICTD 1 CIPUUHSTIUBICTS OPraHi3My 110 iH(EKIIii.
Hebe3neunnM € Te, 10 NPUTHIYEHHS NPUPOAHOI PE3UCTEHTHOCTI Ta IMYyHHOI PEaKTUBHOCTI
OpTaHi3My CIIOCTEPITa€ThCs MPOTSATOM JIOCHTH TPUBAJIOTO MEPioay HaBITh Mmicist Oe3rmocepeHboi il
npenapatiB. Kapbodypan Takox cnpuuuHioe 3MiHU (aroluTapHOi aKTUBHOCTI, OAKTEPUIIUIHOTO
MOTEHIIIally CHPOBATKU KPOBi, TUTPY arfioTHHIHIB. Bce 1€ CBIAYUTH MPO CYTTEBE MPUTHIYCHHS
MIPUPOJTHOT PE3UCTEHTHOCTI OpraHi3my [4].

Sk B emigemMioNIOTIYHUX, TaK 1 B €KCIICPUMEHTAILHUX JOCIHIDKEHHSIX IOBEIACHHUH 3B’SI30K
BIUIMBY NECTHLM/IB HAa OCHOBI KapOo(dypaHy 3 MOpPYLIEHHSIMHU PEHNpPOAYKTHBHOI CHCTEeMH. Takox
BIIOMO. IO OLIBLIICTh MPEICTABHUKIB I'pynH KapOamaTiB B €KCIIEPUMEHTAaX Ha JIabOpaTOpHUX
TBapUHaX TPOSBISIOTh TEPATOTEHHY Ta eMOpioTokcuuHy aifo [10, 32]. 3okpema, BCTaHOBIICHO, IO
kapbodypan TexHiunuil, 97 % B 1031 1,0 MI/KI BUK/IMKAaEe TOKCUYHUI €(EeKT y BariTHUX CaMHLlb
1rypiB (KJTiHIYHI O3HAKM — CyJIOoMHU npoTsiroM 10—15 XB miciis BBeleHHs Ipemnapary ; 3HUKEHHS



MacH TiJIa Ta IPUPOCTY MACH TiJla B IEPioJl BBEJACHHS MperapaTy; 301IbIIeHHS KIJTbKOCTI BariTHUX
caMHIlb 3 TOBHOIO pPe30pOIiel0 eMOpioHIB), a TaKkoX eMOpioTOKCHYHHM edekT (301TblIeHHs
KUTBKOCTI TIOCTIMITJIAaHTAIIMHOT 3aru0ei, 3HIKEHHSI CepeIHhOI MacH Tila TUIOJIB, YIOBUIHHCHHS
nporeciB ocudikaiii ckenery) [10]. JloBeneHo 1o, B rpyIni caMIliB, IO OTPUMYBaIH KapOodypaH B
1031 0,1 Mr/kr mo/iHs, BHYTPIITHBOILITYHKOBO, TMPOTATOM 12—16 THXHIB, BCTAaHOBJIEHA TOKCHYHA
NSl Ha PENpoayKTUBHY (YHKIIIO: JIOCTOBIpHE 3OLUIBIIEHHS KIUIBKOCTI MATONOTIYHUX (opm
CIepMAaTO30i/liB Ta 3HIKEHHS TPHUBAJIOCTI PYXOBOI AKTUBHOCTI CHEpMIiiB, 3HMKEHHS 1HJICKCY
3a4aTTs Ta 30UIbIICHHS a0COMIOTHOI Ta BIHOCHOI KUTBKOCTI 3aruOiuX 0 IMIUTAHTAIl 3apOJKiB y
rpymi IHTaKTHUX CaMOK, 110 3 HUMU criaproBanachk [33].

Y3acanvnennn  ma  nepcnekmusu  nooanvwux  Oocaioxycens.  HemomaBHiMuU
JOCITIDKEHHSMU OyJI0 BCTAHOBJICHO, IO KapOoQypaH BHUKIMKAE XpPOMOCOMHI abepamii y Mumien
[34], a y N-niTpo3okapOodypaHy mokazaHi MyTareHsi BiactuBocti [22]. Lli Ta iHmi, HaBeaeH1 y
naHii  crarTi  (akTHh, MIOKPECTIOTh HAA3BUYAHHO BHCOKY pI3HOIUIAHOBY TOKCHYHICTB
kapOodypany Ha xuBuii opraizm [33—40]. [Togamenri HayKOBi AOCTIDKEHHS KPIM MPOIOBKCHHS
BHBYCHHS O10JIOTIYHHUX MeEXaHi3MiB [ii kapOodypaHy, MalOTb OyTH CHPsSMOBaHI Ha PO3POOKY
Croco0iB JIETOKCUKaILlli OpraHi3My ypakeHOro HHM ImpemapaToM. KpiM TOro, Bxke HasBHI Ta
MaiiOyTHI pe3ynpTaTh IOCHIKeHb KapOodypaHy MarOTh CTaTH HAyKOBUM OOTPYHTYBaHHSAM IS
MOBHO1 1 HAWIIIBUIIOT 3a00POHH MOTO0 BUKOPUCTAHHS B Y KpaiHi.

Y. T. Salyha, V. V. Vlizlo
CARBOFURAN — BIOLOGICAL RISKS OF ITS UTILIZATION
Summary

In the present review a general survey of modern literature data about cabofuran - one of the
most commonly used and popular pesticides in the agriculture of Ukraine and other countries of the
world is made. Working over this article, we had the purpose to analyze and generalize the data of
the modern scientific literature which concern carbofuran, and especially, questions of biological
safety of its use. In work the facts about application of carbofuran in world practice, the information
on its physical and chemical, ekologo-toxicological, metabolic features are mentioned. The
attention is focused on high level of toxic danger of carbofuran and preparations on its basis and
necessity of their interdiction in Ukraine in the nearest future.

1O. T. Canviea, B. B. Bausno
KAPBO®YPAH — BUOJIOTHYECKHE PUCKU EI'O HCITOJIb30OBAHUA
AHHOTAUUSA

B mpencraBneHHOM 0030pe 0000IIIEHBI COBPEMEHHBIC TUTEPATYpPHBIC JaHHBIE 00 OJHOM U3
CaMbIX PaCIpPOCTPAaHEHHBIX W MOIYJISIPHBIX B arpONPOMBINUICHHOCTH YKPauWHBI U JPYTUX CTPaH
necrunuae kapoodypane. Paboras Ham 3Toi craTheil, Mbl MMEJH II€Jb NPOAHATIM3HPOBATH U
0000IINTh JAaHHBIE COBPEMEHHOH HAy4YHOW JIMTEpaTypbl, KOTOphIe KacaroTcs KapOodypana, u
0COOEHHO, BOIIPOCOB OMOJIOTHYECKON OE30MacHOCTH €ro HCIOJIb30BaHMs. B pabore mpuBomsiTCs
(dakTel 0 mpuMeHeHHH KapObodypaHa B MHPOBOM mMpakTuke, HHPOpMAIHMs O ero (U3HUKO-
XUMHUYECKHX, HKOJOTO-TOKCUKOJIOTUYECKUX, METa0OJIMYECKUX OCOOCHHOCTAX. AKIEHTHPOBAHO
BHUMaHHE Ha BBICOKOM YPOBHE TOKCHYECKOH OMacHOCTH KapOodypaHa W IpermapaTtoB Ha €ro
OCHOBE ¥ HEOOXOJAMMOCTH HX 3alpeTa B YKpanuHe B caMOM OKaifiieM OyayIieMm.
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