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AHOTALIA

PoGenignH HaIeXUTh OO0 KiIacy KOKIUmiocTaTWKiB. KokmummioctaTukm — 1ie
(hapMaKoJIOriYHO aKTUBHI PEYOBHMHHU, SIKI BBOISATH SIK JOOABKH y KOPM JjIsi TBApHH,
mo0 3amo0irTd mapasuTapHiii  XBOpoO1 — KOKIUAIO3y. Y  IPOMHUCIOBOMY
TBapUHHUIITBI POOEHIAMH OCOOIMBO MOMYJISIPHUNA, 30KpEMa, MOr0 BUKOPUCTOBYIOTh
st BupouryBaHHs 70 % OpoitnepiB. 3a0pynHEHHsS KOPMIB 1 HEMpaBUJIbHI CXEMH
BUTOJIOBYBAaHHS € JDKEPEJIOM 3aJIMIIKIB  KOKIUIIOCTATHKIB Yy  TPOIYKTaX
nraxiBauirea. CpOrogdi BllOMa HEBEIMKA KUIBKICTH METOMIB BHU3HAYEHHS
poOeH1uHY, 31e01IBII0TO 11e XpoMaTorpadiuHi METOIM 3 PI3HUMU JETEKTOPAMH.

Mu po3pobunu HOBI BOJBTAMIEPOMETPUYHI METOIUKHU S BU3HAUCHHS
pOOEHITMHY B KOpMIi JIJIsi TBAPUH 1 M’SC1 MTHIN, SIKI BIAPIZHAIOTHCA MPOCTOTOIO 1
EKCIIPECHICTIO, JOCTATHHOIO TOYHICTIO 1 CEJIEKTUBHICTIO, HE MOTPEOYIOTH JOPOTOTro
oOnagHaHHs, MAlTh IMUPOKI MeEXl JIHIHHOCTI. MeToauku XapakTepu3yHThCS
MeXKaMH BU3HA4YeHHS JJig M’sica 1 kopmy 0,51 mr/kr 1 2,52 Mr/Kr BiJNOBIJIHO, B TOU
yac, sk JupextuBa Pamgu €C 2020/148 no3Bosisie BBoguTH y Kopmu 30-36 MI/kr
pOOEHITUHY.

Metoauku anpoOoOBaH1 MiJ Yac aHali3y peajbHUX 3pa3KiB KOpMy 1 M’sca
TITHUII.

IIpeamet pocaixaxeHHsi: pOOCHIIUH SK aHATIT JJIs1 BOJIbTaMIIEPOMETPIi.

MeToau moc/iizKeHHsI: BOJbTAMIIEPOMETPis (MUKITIYHA, 3 JIHIHHOK MIBUIKOIO
pPO3ropTKOI0, AWdEpeHIiiHa IMIYyJIbCHA, KBAaJPAaTHO-XBUIHOBA) 3 BUKOPHUCTAHHSIM
PTYTHOTO KpAILTMHHOTO 1 TBEPJIMX aMallblFaMHUX EJIEKTPOAIB B SKOCTI POOOYMX
enekTpoiB, pH-meTpis, ekcTpakiisi.

O0csr i cTpykrypa pob6oTH: poO0oTa CKIIaIaeThCs 31 BCTYIy, TPhOX PO3/ILIIB,
BUCHOBKIB, NepeliKy IocuIansb. 1i Buknaneno Ha 30 cTopiHKax TekcTy 6e3 J0/aTKiB,
CIIMCOK BUKOPUCTAHOI JIITepaTypu 3aiimae § ctopiHok. Pykomnuc mictuth 10 pucyHkiB

Ta 7 TaOIULb.



HEPEJIIK YMOBHUX TIO3HAYEHb
BA — BonmpTammnepomeTpis;
BAJIII — BoapTaMniepoMeTpis 3 JIHIHHOKO MIBUIKO PO3TOPTKOIO MOTEHITIAY;
JIB — nudepentiiina iMmyabcHa BOJbTAMIIEPOMETPIS;
JIM®A — numertundopmamin;
KOKI] — koxkummioctatTuk(n);
KXB — kBagpaTHO-XBHJIbOBA BOJIETAMIIEPOMETPIS;
M/IP — MakcuManbHO JOMYCTUMI PiBHI 3aJIUIIKIB;
H.K.€. — KQJIOMEJIEBUM €JeKTPO]I MOPIBHAHHS;
p.K.€. — PTYTHHM KPAlJIMHHUAN €JIEKTPOL;
POBb — poGeninuH;
VYBC — yHiBepcanbHa OydepHa cymirr;
E\acc — IOTEHITIAT aKyMYJIAIIIT;
taac — YAC AKYMYJISIIIT;
MeCN — aneToHITpuI;

MeOH — meTtaHo1I.



BCTYII

AKTYaJIbHICTL Te€MM IOCJi:KeHHsl. 3 PO3BUTKOM CUIBCHKOTOCTIOAPCHKOT
JISJIBHOCT1 3pociia moTtpeda y 3axMCTi BEJIMKHMX CKYMY€Hb CBIMCHKMX TBapwH BiJ
OakTepiaJbHHX, BIPYCHUX UM MapasuTapHux iHekuid. OFHUM 13 MOMHUPEHUX
3aXBOPIOBaHb CBIMCHKUX TBApWH € KOKLUAI03 — Mapa3uTapHa XBopoOa, CIpUYMHEHA
3apaK€HHSAM HAWUOpOCTIIIMMU  OpraHi3MaMu poay FEimeria, nyxXe MIBUIKO
MONIHUPIOETHCSI. XBOopoOa Bpaxkae cBuHel [1], Benuky porary xyno0y [2], oens [3],
KpouiB [4], ane HaiibOubIIe XBopie NTULA |5, 6] (HanpukiIaa, Kypel Bpaxkae JeB’sITh
p13HOBUIB KOKIUIINA — E. acervulina, E. brunetti, E. hagani, E. maxima, E. mitis, E.
mivati, E. necatrix, E. praecox ma E. Tenella). binbumicTe mapa3uTiB Bpaxae
IUTYHKOBO-KUIIKOBUM TPaKT, ajie NIkl MOXKYTh Bpa)KaTW W 1HIII OPraHu, Taki SK
HUPKHU YU TEUIHKY. 3aXBOPIOBAHHS MOXKE MPOSBISATUCS Y ABOX (opMmax: XpOHIUYHA
dbopma cipuyuHSE MIBUIKY BTPATy Bard, MoraHy KOHBEPCIIO KOPMY Ta HEJIOCTATHIO
HECyUiCTh f€llb y MNTHIN; rocTpa (opma KOKUMIIO3y MNPU3BOAUTH 1O BHUCOKOI
cmeptHOCTI TBapuH. OCcCkinbkud (epmepu 3allikaBlieHl y 3J0pPOBHX TBapHHAXx,
IIBUKOMY BIITOJIOBYBaHHI 1 MaJMX KOHBEPCIIX KOPMY, TO IIMPOKOTO 3aCTOCYBAHHS
HaOynmu crneniaibHi Ao0aBku — kokuuaioctatuku. Kokmwmmiocratuku (KOKI) —
(apMaKoJIOTiYHO AKTHBHI PEUYOBUHH, SIKI BBOJATH Y KOPMH 3 MPOQPUIAKTUYHOIO 200
JIKYBaJIbHOIO METOI0. 3HAYHO €(EKTUBHIIIE MOCTIHHO TOAYBAaTU TBAPUH KOPMOM 3
KOKII, To6To mpodinakTuka, aHK JIKyBaTH BKe XBOpoOy, 00 JKyBaHHS 3HAYHO
JOpOXKYe KOIITY€E 1 TIIBKM 3pijika € BAaduM. 3TiAHO 3 JaHUMU MiXHaApOIHOI
denepaitii oxopoHu 310poB’st TBapuH, 3 40,7 MIJIH TOHH KOPMIB, SIKI IIOPIYHO
BUpoOIsiIoTh Yy €C A nTHil Ta KpodiB, npudausHo 18,3 muH ToHH (45 %) MicTATh
KOKTII. KOKII six kopMmoBi no6aBku n03BojeHi Pernmamentom €C 1831/2003.

Opnak,  BiIOMI  BHUNAJKU  TEPEXPECHOTO  3a0pyIHEHHS  KOpPMIB
KOKIMTIOCTATUKAMH — HEHABMUCHUW TeEpexiJ] IHMX pPEYOBHUH 3 IUJIBOBOTO Y
HEUTLOBUHM KopM, 1S sikoro BukopuctanHa KOKIL 3a6oponeno. Take 3a0pyiHeHHs
BiIOYBAETHCSI TEPEBAXHO TIiJi Yac BUPOOHUIITBA KOPMIB, TPAHCIIOPTYBAaHHS Ta
30epiraHHs, aje TakoXX MOXJIuBe Ha d¢epMmi [7-14]. Sk pesynabTar, 116 MOXKE

MOTEHIIMHO BUKJIMKATH TOKCUYHI €(EKTH Yy HEIUILOBUX TBApUH 1 MPU3BOIUTH 10



HeOaxaHux piBHIB 3anumkiB KOKI] y mnpomykrax xapdyBaHHS TBapUHHOTO
noxomxeHHs. Tomy piBens KOKIL] y kopMax ciify 0coOIMBO KOHTPOIIOBATH.

[Ilomo nHeratuBHoro BruiuBy KOKII Ha 310poB’s IFOAUMHU, TO B pa3i TOCTPOToO
OTPY€EHHSI CIIOCTEpIraiuCh M’si30Ba CIAOKICTh Ta HEIOCTAaTHICTH Miokapnaa [15].
OpnHak 0cOONMUBY yBary MpUAUISIOTh XPOHIYHINA TOKCUYHOCTI, IO BUHUKAE BHACIIIOK
TpuBasioro BBy HU3bkuX piBHIB KOKI] [16]. Ockineku KOKI] € anTudiotnkamu,
TO AyXX€ aKTyaJbHUM € TMUTaHHS PO3BUTKY PE3UCTEHTHOCTI. TOMYy BCTaHOBIIEHO
KapeHTHI Tmiepiogu mniepen 3aboeM TBapuH. Hampukiman, s KOKIMI10CTaTUKA
pob6eninuny (POB) kapenTHuii nepioa mnepen 3a00€M MTHII CTAHOBUTH 5 JHIB [15,
17]. Hna xoutpomo KOKIL[ y mnpomykrax xapuyyBaHHS 3aKOHOJABYl OpraHU
BCTAHOBUWJIM NI€BHI MaKCUMAJILHO JOMyCcTUMI piBHI 3anumikiB (MJIP).

Otxe, mia koHTporo kopMiB Ha BMIicT KOKI] Ta ns BH3HAYCHHS 3QJIAINKIB
KOKIL] y mpoaykrax TBapMHHOTO MOXOJDKEHHS MOTPiOHI AOCTYIHI, MPOCTi, aie
BOJHOYAC HaJIWHI MeToauku. Hapasi kuibkicth MeroAiB BuszHaueHHs KOKI]
oOMexeHa. 3a3BU4yail BUKOPUCTOBYIOTh XpoMaTorpadiio 3 pi3HUMHU AETEKTOPaMH.
Xopororw ansrepHatuBoro s BusHaueHHs KOKI] € Bonbramnepometpist (BA), sika
noeaHye B COO01 BHUCOKY CEJIGKTHUBHICTh, YYTJIUBICTh, TIOPIBHIHO HEIOPOTe
oOnaHaHHs, KOPOTKHM Yac aHajizy Ta MOKJUBICTH aBTOMarm3allii. bimbm Toro,
BOJIbTAMIIEPOMETPUYHI JIETEKTOPH BUKOPUCTOBYIOTH y XpoMarorpadiuHuX MeToJax
anam3y [18-20]. Tomy po3poOieHHS HOBUX BOJHTAMIEPOMETPUYHUX METOIUK
BU3HAYCHHSI KOKIMAI0CTAaTHKA POOEHIIMHY € aKTYaJbHOK IIPOOIEMOIO.

Meta po6otu: Po3poOUTH METOIUKH BOJIBTAMIEPOMETPUYHOTO BU3HAUCHHS
KOKLUIOCTaTUKa POOCHIIMHY B 00’€KTax PI3HOT MPUPOAH, TAKUX SIK KOPM 1 M’SICO
ntuii. s peanizanii Mmetu Tpeba 0yJi0 BUPIIIMTU TaKl 3aBJAAHHSI:

— niaidpaT onTUMaibHi yMoBH A BinHOBIEeHHs: POb B ymoBax BA ananizy;
— MEePEBIPUTH MOXKIIUBICTh BUKOPUCTAHHS CTAIlIOHAPHUX aMaJlbTaMHHUX €JIEKTPO/IIB

g Bu3HaueHHsa POB;

— o0Opatu eeKTUBHI eKCcTpareHT aj1s BrtydyeHHs: POb 3 KOMIUIEKCHUX MaTpHlb;
— po3pobutu metoauku BA BusHauenns POB y cknaanux 00’e€kTax 1 nepeBiputu

PO3p0o0JIeHI METOANKHU HA pEUTHHUX 00’ €KTaxX (KOPMI JIsl IITHIIL 1 M’SIC1 TITHIII).



PO3LI 1. JITEPATYPHUM OT'JISI]I

KOKIL] xnacudikyioTh Ha MpHUPOAHI modieTepHi 1oHOMOpH (JTa3anouu,
MaJypaMilliH, MOHEH3WH, HapasiH, CAJIIHOMIIUH, CEeMIypaMilliH) Ta XiMi4HI a0o
CUHTETHYHI (aMOpoiiyM, KIOMiAOd, JEKOKBIHAT, MAWKIA3ypus, ranogyriHoH,
HEKBIHAT, POOEHIAWH, TOJTPay3Wuja) BIAMOBIAHO A0 IXHBOI XIMIYHOI HPUPOIU Ta
OiosoriyHoi akTuBHOCTI. barato cuateTnunux KOKI] icuye y dopmi riapoxiopusy
[21].

PoGeninun (POB) [1,3-6ic(n-x10p0OEH3UIIIEHAMIHO)TYaHIIMH T1APOXJIOPH/I |
cunre3oBano y 1970 pomi [22]. Ile BucokoedekTUBHUM NpodUIAKTUYHUNA 3aci0
IPOTH BOCBMU BH[IB KypsSlUMX KOKIMAIA. 3apa3 WOro akTUBHO BUKOPHUCTOBYIOTH Y
NTaxiBHUITBI, 30KpeMa, it npodinaktuku y 70 % BurogoByBaHux Opoitnepis [7].
HupextuBamu Pangu €C 1455/2004 ta 2020/148 103BOJIEHO BUKOPUCTOBYBATH KOPMHU
3 kuabKicTIO POB 30-36 mr/kr. OxpeMi (i3UKO-XIMIUHI XapaKTEPUCTUKU CIIOIYKU
nogaHo y Tadi. 1.

Tabmums 1. Jleaxi Gpizuko-XiMiuHI XapaKTepUCTUKH poOeHiauny [23].

CrpykrypHa hopmyna M, r/monb Sy, M/ pK, log Kow
Cl NH Cl
N L NS 334,2 <133 3.8

Hesxi KOKL, y Tim uucai POB, 3a60poHeHO BUKOPUCTOBYBATH ISl Kypeil-
HECYYOK, OCKUIbKH 1CHYy€ cepho3HMi pu3uk BuBeaeHHs PODB 3 sitisamu.

Hnsa xoutpomo POB y mnpoaykrax XapuyBaHHS 3aKOHOJAaBYl OpraHd
BCTAaHOBUJIM MaKCHMaJIbHO JomycTuMi piBHI 3aymiikiB (MJIP). Ockiibku y pi3HHUX
TKaHUHAaX TBAPWH XIMIYHI PEYOBUHU 3aTPUMYIOThCS MO-pi3HOMY, TO M/JIP 3a1eXuTh
BiJ BuAy TKaHuHu. B €Bpomneiicbkomy Coro3i BcTtanoBieHO Taki MJIP amst kypsuux
tkanuH: 0,80 mr/kr nis nedinku, 0,35 mr/kr pns vHupok, 0,20 Mr/kr majis M’s31B Ta
1,30 mr/xr ans mkipu abo xupy [24]. YrpaBniHHs 3 TPOIOBOIBCTBA 1 METUKAMEHTIB
CIIA (FDA) BcranoBmwio MJIP 0,20 mr/kr ans mkipu Tta xupy Ta 0,10 Mr/kr mis

THIITUX XapyOBUX TKaHUH [25].
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Hapa3si xinbkicth MetoniB BusHaueHHs POB oOMmexena. [ns imenTudikarmii

POB y cyOcTanIii uu y nIpoCTUX MaTPUIAX OMHMCAaHI TOHKOIIApOBa XpomaTtorpadis

[26] Ta doTtomeTpis [27]. CenekTuBHICTh PoTOMeTpruHOro Bu3zHaueHHs POb myxe

HU3bKa, 60 cmyra noriauHanHs PODB mmpoka 1 mepekpuBaeTbes 31 CMyraMu 1HIIUX

KOKII, a Takox 6ararb0X 1HIIMX PEUOBHH.

B aHnamizi cknagHux 00’€KTIB 3a3BU4Yail BUKOPUCTOBYIOTH XpomaTorpadiro 3

pizHuMu nerexkropamu. Kopotky xapaktepuctuky MetoniB BuzHaueHHs: POb monano

y Taou. 2.

Tabmuis 2. KopoTka xapaktepuctuka MetoiB BusHaueHHsa POB.

Mexi O0G’extH
Meton LOQ LOD ABTopu
JHIMHOCTI aHajizy
1 2 3 4 5 6
Kypsue M’siICO
BEPX 10-1000 Mxr/m 15 mxr/kr 10 MKr/n [28]
1 STALIS
-//- 0,01-1,00 mr/m 30 Mxr/kr 10 MKT/KT puba [29]
Kypside 1
-//- 5~500 ar/ma - 10 Hr/T [30]
KpOJIsiue M’5ICO
KOPM JIJIsI
BEPX-Y® - - 400 MKT/KT [31]
TBapUH
-//- 0,05-0,5 mxr/r 0,05 Mkr/r - KypsA4e M’sco [32]
YEPX-MC/MC - 10 MKI/KT 5 MKI/KT  Kypsiue M’sCO [33]
KOPM IS
BEPX-JIAl Y@ - 2 Mr/Kr 0,2 mr/kr [34]
TBAapWH
CTaHJIapTHI
BEPX-®n - - 0,4 MKr/™MI [35]
pPO3YMHU
PX-Y® 0-2000 ar/mn 17 mxr/kr 10 MKr/Kr STATIS [36]
KOPM JIJIsI
PX-IAJ YO - 0,1 mr/kr - [37]

TBApHH
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IIpooosorcenns mabauyi 2

1 2 3 4 5 6
KOPM IS
PX-MC - 0,02 Mr/kr - [37]
TBapyH
ObepHeHo KOPM IS
dazoBa - 5 Mr/kr - TBapUH [17]
BEPX-YO
KOPM IS
PX-MC/MC - 5 MKT/KT 3 MKT/KT [11]
TBapUH
KpOJIsiue M’sICO
-//- - 1 MKr/KT 1 MKr/KT oL [11]
1 sTATIST

Ckopouennst y tabmuni 2: BEPX — BucokoedextuBHa piguaHa xpomarorpadis; YEPX —
ynbTpaceKkTuBHA piauHHA xpomartorpadis; PX — piguaHa xpomarorpadis; YO - 3
yapTpadioneroBuMm aerekropom; HAJ YO — 3 YO nionno-matpuunum aerektropom; MC/MC — 3
TaHJIEM Mac-CIIEKTPOMETPUIHHUM JETEKTOpOoM; D1 — 3 (PIryopeclieHTHUM IE€TEKTOPOM.

Hemomiku BiIOMHUX METOIB OYEBHIIHI: TPUBAIICTH MPOOOMIATOTOBKH, TTOTpeda
JIOPOTUX PEareHTiB 1 00J1aIHAHHS.

VY pobotax [38-39] nocnimxyBanu nonsiporpadiune BigHoBiaenns POb. ABtopu
[38] exctparyBanu erunanetatoM PODB 13 kypsiuoro >xupy, mikipu, M’si3iB, MEUYIHKH 1
S€llb; allETOHOM — 13 KPOBI; MIJAKUCICHUM alleTOHOM — 3 HUPOK. ExcTpakT ouuniamu
BUIIAPOBYBAHHSAM Ta TBEPJ0(a3HOIO EKCTPAKIE€I0 3 BUKOPUCTAHHSAM 10HOOOMIHHOT
cmomu CG-50. V poborti [39] 3 konueHrtpariB Buiaydanru PObB 3a momomororo
auMeTIwIpopMaminy, 3 MPOAYKTIB TBAPUHHOIO IMOXO/KEHHS — xjopodopmom. Ili
po6otu 1977-1978 pokiB, MexaHI3My €JIEKTPOXIMIYHOTO MPOLECy HE JOCITIIKYBaIH,
METPOJIOTIYHUX XapaKTEPUCTUK HE HABEJIEHO.

Otoxx mMu mocmiaunu mporiec BimHOBIeHHS POBb Ha pTyTHOMY KparmmHHOMY
eJIEKTPO/l 1 TBEPAMX aMalbraMHUX (IMOJIPOBAHOMY 1 MOJU(IKOBAHOMY PTYTHUM
MEHICKOM) enlekTpojax. Ha miit mijcraBi npononyemMo metoauku BusHaueHHs POB y

KOpMIi JIJIs1 TBAPUH 1 M’SC1 ITHUIIL.
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PO311J 2. OB’€EKTU TA METOAUKU JOCJIIKXEHb

2.1. ObnagHaHHA

JUiss  BOJIBTaMIIEPOMETPUYHUX  JOCHIPKEHb BUKOPHUCTOBYBAJIM  IU(DPOBI
BosibTamiiepomerpuuHi yctaHoBku MTech OVA-410 [40] 3 TphoXeneKTpOIHOIO
eJIEKTPOJIITUYHOI0 KOMIpKOIO (poOOYMil PTYTHUHN KpalsIMHHUNA enekTpon (p.k.e.),
HACUYCHHUM KaJOMEJIeBUN €JIEKTPOJ MOPIBHIHHSA (H.K.€.), INIATUHOBUHN JTOMOMIKHHM
enektpon); MTech UVA-410 i MTech POL-20 [40] 3 TpBOXEIEKTPOIHOIO
CJICKTPOITUYHOK KOMIpKOIO (poOoUMii CcTallilOHapHUM TBEPAMM €JIEKTPO Ha OCHOBI
amanberaMu cpiosa (mosipoBanuii p-AgSAE ab6o MoaudikoBaHUM PTYTHUM MEHICKOM
m-AgSAE), apreHTyMXJIOpUIHUIA €JIeKTPO MOPIBHIHHS 1 TUIATUHOBUI JTOMOMIKHUIM
eNeKTpoA). Y MOCHIIKEHHSIX BHUKOPHCTOBYBadM HUKIiuHy BA 1 meroq BA 3i
MIBUKOIO JIHIHHOIO po3ropTkoto notermiany (BAJIII) (OVA-410 1 UVA-410), ski
MOJKHA PO3IJIANIATH SIK METOAM CKpUHIHTY. J{71s1 po3po0IeHHs aHAMITUYHUX METOIUK
TaKoXX BHUKOPUCTOBYBaJIM MeToau jaudepeHiiiinoi immynscHoi BA  ([IB) 1
kBaapaTHO-XBWIKOBOI BA (KXB) (POL-20).

XapakTepucTuky p.k.e.: m = 5,9-10* r/c, 7= 10 ¢ y 0,2 M po3zuuni NH4Cl Ge3
HAaKJIaJaHHA Hanpyrd noispusamii. CTpyM BuMipioBaid y (IKCOBAaHUW MOMEHT
KUTTS Kari — § c.

Teepni amanbramui enektpoau (AgSAE) € HETOKCHMYHOIO aJbTEPHATUBOIO
TPaJAMLIIITHUM PTYTHUM eJeKTpoamM. [IJisi HUX TaKoXK XapaKTepHI IUPOKUN KaTOAHUN
Jiarna3oH poOOYuX MOTEHIIIAJIB, HU3bKUM (POHOBU CUTHAJI, BUCOKA BiATBOPIOBAHICTH
pe3yNbTaTiB, MPOCTa KOHCTPYKISI Ta TOPIBHSHO JIETKA pereHeparlis IMOBEepPXHi
enexktpoaa. Kpim toro, AgSAE mexaHiuHO CTIiKI, TOMY iX MOXHa BUKOPHUCTOBYBATH
st Oe3nepepBHOr0  KOHTpoio y motom  [41-44]. Tlpore miopasy mepen
BUMIPDIOBAaHHAMU (Ha TMOYaTKy pobOodoro mHs, abo KOJIM TepepBa MIX
BUMIpIOBaHHsAMM Oyja JOBIIOIO, HiX ojaHa roauHa) AgSAE Ttpeba momepeaHbo
migrotryBatu. IlomipoBanuii p-AgSAE akTuByBanum MeXaHIYHO: TMOMIPyBaIU
MNPOTATOM OJHIET XB JPIOHOAMCIEPCHUM OKCHJIOM alltOMiHIIO. MeEHICKOBUHA m-
AgSAE akTuByBaiu €JIEKTPOXIMIYHO LUISIXOM HaKJIaJaHHs Hanpyru -2,2 B npotarom

300 ¢ y po3uuni 0,20 M KCI. [lepea koxxuum BuMiproBaHHsAM moBepxHio m-AgSAE 1
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p-AgSAE Tpeba eneKkTpoXiMIYHO pereHepyBaTu Oe3mocepeHb0 B poOOYOMY
po3uuHi: Ee=1,1 B, #,=60 c. 3a nomomororw Ii€i mnpoueaypu MOBEPXHs
amMaJbraMHHUX €JIEKTPOJIIB OYMIIAETHCS Bl PEYOBHUH, SIKI MOXKYTh aJIcOpOyBaTUCA Ha
MOBEPXHI €IEKTPO/Ia 1 MaCUBYBaTH Ti.

3nauenHss pH po3umHiB BuMIpIOBaIM MOTeHIioMeTpuuHO pH-MeTpom
pH-150 MI (Pocist) 3 KOMOIHOBaHUM CKJISTHUM €JIEKTPOJIOM.

Jl71s 0cOOMMBO TOYHOTO 3BaXKYBaHHS BHKOPUCTOBYBaNHM aHamiTH4HY Bary UYA
6.4Y PLUS Ultra-Microbalance (RADWAG BALANCES AND SCALES, Ilonbiia):
MaKcHMaJbHa Maca 6,1 r, MiHiMaibHe HaBaHTa)keHHs1 10 MKr, untabenpHicTh 0,1 MKT,
OIML knac L.

2.2. CTaHapTHi pO3YNHHU, PeAreHTH i 00’ €KTH T0CIIIKEeHHS

Cyocranuiss POb (Zhejiang K-Sheng Bio-Pharm Co., LTD, Lanxi, Zhejiang
KHP), mictuts 3rigHo macnopta 98,3 % ocHoBHOi pedyoBuHU. CTaHIAPTHUI PO3UYMH 3
xouuenrpuiero POB 1.0-10° M roTyBanu po34MHEHHSAM TOYHOI HABAXKKH y METaHOJI
y MipHiil kon61 mictkicTio 10,0 M. s npumBuameHHs pozunnenns POb metanon
nigirpiBasiu - go  27-30°C  (Ha BousHINM enexkTpuuHid Oani). Tomi po3dyunH
OXOJIOJDKYBIM JI0 KiMHATHOI Temmnepatypu (rpuonuzno 20 °C) 1 1oBoauau 06’ eM 10
no3Hauku MetanosoM. Po3unn POB y meranon morano 36epiraerbes (aHaJIITUIHUIMA
curHasn POb 3menmyetscs Ha 25 % BOPOJOBXK THUXKHS), TOXK CBLKHM CTaHIApTHUM
PO3UMH TOTYBaJIM Ha MOYATKy KOKHOTO POOOYOTro JTHS.

Cranpaptauii po3und HCI rotyBanu 3 dikcanany.

Konnentpoani po3zunnu HC104, HCOOH, CH;COOH, HNO3;, H,SO4 1 H3PO4
Oymu kBamigikamii “u.a.a”. BUKOpHUCTOBYBalM PO3YMHHUKH METAHOJ, alleTOHITPHUII,
JAM®A knacy “nis xpomartorpadii”.

VY po6oTi BUKOPUCTOBYBAJIM 3pa3Ku KOPMY JJIsi CBIMCHKOI MTHUIIl 1 M’sica MTHUI
(M’s130B1 TKaHUHM), y siKUX He Oyno POB, — miaTBepmxeno ananizom BEPX-MC/MC,
BUKOHaHUM HailioHanbHOIO pedepeHc-1adopaTopiero 3 KOHTPOIIO 3aJTUIIKOBUX
KUTBKOCTEH JM1I0YMX PEYOBUH BETEPUHAPHUX IIperapaTiB Ta KOPMOBHUX J100aBOK
Jlep>kaBHOTO ~ HAYKOBO-JOCJIITHOTO ~ KOHTPOJIBHOTO  IHCTUTYTY  BETEPUHAPHUX

npenapariB Ta KOpMOBUX J100aBOK (M. JIbBIB).
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PO3ALJI 3. PE3YJIbTATU EKCIHEPUMEHTAJIbBHUX JOCJII)KEHb
TA IX OBI'OBOPEHHSI
BignoBnenns POb nocnimxyBanum Ha TphoX pobouux enexkrpoaax (p.k.e.,
p-AgSAE, m-AgSAE) 3 pi3HuMuH Tunamu po3roptku mnorteHmiany. POB
BITHOBJIIOETHCA 3 YTBOPEHHSM OJIHOTO YITKOTO MIKY Ha IUKJIIYHIA BOJIbTaMIIEpOrpami
(puc. 1) 3 norenmiaiiom miky -0,85 B Ha p.k.e., -0,94 B na p-AgSAE, -0,82 B 1-0,92
B na m-AgSAE wmeromamu JIIB 1 KXB Bigmosimno [45]. Ha anomwiii wactuHi
MUKJITIYHUX BajbTaMIieporpaM HeE MPOCTEKYBaJd >KOJHUX IMIKIB 31 3MIHOK YMOB Yy

Mexkax moTteHmiams Bix -1,5 7o 0 B. Omxe, npouec BigHoBiaeHHs POb HeoOopoTHMIA.

15+
§ 3
1.0
s
= 4
' 0.5
0.0
0.4 0.6 0.8 1.0 0.6 0.8 1.0
-E_/B -E./B
a O

Puc. 1. Bonsramneporpamu (a) y posunnax PObB na p.k.e. (1) 1 p-AgSAE (2)
Metonamu nukiIigHOi BA; Ha m-AgSAE (6) metogamu JIIB (3) 1 KXB (4); cBiTmimn
KoJbopu — BianmosigHa niHisA Gony (pozunn HCl + 30% MeOH), Cuci=0,08 M;
Cros=5,110° M, mns p.k.e. v=0,5 B/c, nna p-AgSAE i m-AgSAE E...= —0,10B i
taec=125 c.

Jlns BuGopy ontuManbHUX yMOB (Tpupojaa ¢GOoHOBOTO eleKTpotity, pH, Jac i
MOTEHIIAJI aKyMYJIsilii) MH BUKOpPUCTanu KartogHy BA 31 MIBUAKOI JIiHIHHOIO

PO3TOPTKOIO MOTEHITIATY.
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3.1. BiiuB pH i ¢oHOBOIO ejieKTpoJiTy

Jlist mocmikenHs BBy pH Ha BimHOBieHHS POB 3mintoBamm 3navenns pH
B Mmexax Bix 0,5 go 10: pH < 3 3abesneuyBainu XJI0pHUJIHOI0, (HOPMIATHOKO 1
alieTaTHolo kucinoramu, pH > 3 — yHiBepcanbHO0 OydepHoto cymimio. CTpyM MiKy
BIJTHOBJICHHS JTOCSITA€ HAWOLIBIIOTO 3HAYEHHS Y KUCIOMY cepenosuim 3a pH < 2,5
(puc. 2a, BctaBka). 3a pH > 7 ctpym niky BigHoBieHHs POb OyB HaliMeHIIUM, CTpyM
1 MOTEHIal MKy MPaKTUYHO HE 3MiHIOBaiIMCs 31 30UnbleHHsM pH 1 3arasom moraHo
BiITBOPIOBAJINCS, OYEBHIHO, 4Yepe3 AyXke Mainy po3unHHiCTh POb y myxHOMY
CepeIOBHIIII.

[loteHuian miKy BIJHOBJIEHHS 3MIIIAETHCS Yy HETAaTUBHY [UISHKY 31
36impmeHassM pH (puc. 2a, BCTaBKa), IO CBiTYMTH Opo ydacth ioHiB H' B
enekTpoxiMiuHoMy npoueci. Ha 3anexnocti E, Big pH npoctexyeTbcst Tpu JiHINMHI
JUISIHKY, K1 MO’KHA OMMCATU PIBHSHHAMM, MpeACcTaBieHUMHU y Tabia. 3. Haitbinbi

“cTpora” diHiiHa 3anexHICTb £, BiA pH npoctexyerbes s intepany pH 1,0-2,5.

9 127 —Ha
] . pH 1.3 HCIO4
12 <6 JN\ Tz, pH 2.0 104 HNO3
10_ = :m pH 32 H PO
- 1w —— pH48 8{ ——HPOs
g / : < H2SO4
% 0 | S 6{ ——HCI+MeOH
= 6_ 1 2 3pH4 5 6 7 \t
= ~ 4-
1 4-
24 2]
0 — 0 —
00 02 04 06 08 10 12 00 02 04 (1)56 /BO-S 1.0
‘E /B -E,
a O

Puc. 2. Bonbramneporpamu y po3unHax POb 3a pizuux 3Hauenus pH (@) ta
rpadik 3ajexHOCTel CTpyMy 1 MOTEHLIaldy MiKy BigHOBIeHHS Bif pH (BcTaBka);
BossTamneporpamu POB 3a pH 1,3, onepxani Ha pi3HUX (DOHOBHX €JIEKTpoJIiTax (0).

VMmoBu: p.k.e., BAJIII, v=0,5 B/c, Cpos=4,0-10> M.
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Tabmung 3. PiBHSHHS JIHIMHUX JUUITHOK 3aJI€KHOCTI MOTEHIIay miky Big pH

po3unny POB.
Koedimient
Mexi pH PiBHsHHA .
Kopeusuii, R
1,0-2,5 E=(0,758+0,002)+(0,089+0,001)-pH 0,9995
3,242 E=(0,87+0,04)+(0,042+0,012)-pH 0,8536
4,6-6,2 E=(0,634+0,028)+(0,101+£0,005)-pH 0,9948

Ockinpku cTpyM miky BinHOBieHHsI POB nocsirae makcuManbHOTO 3HAYEHHS 3a
pH 1,0-1,5, To nns momaneiux gociimkenb oopanu pH 1,3, sike BignoBijzae cepeauHi
IHTEpBaIy 1, B pa3l BUKOPUCTAHHS CHJILHOI KHCJIOTH, 3a0e3medye JocTaTHIO Jisi BA

10HHY CHITy PO3YHHY.

Ax donosi enexrpositu gociaiauin HCI, HClO4, HNOs, H,SO4 1 H3PO4 (puc.
20). Yci kucnotu (3a BuHATKOM HSO4) MOXKYTH 3a0€3MeUnTH HEOOXiTHE 3HAYCHHS
pH, 1 B pe3ynpTaTi OTpUMY€EMO BITHOCHO BUCOKI 3HAUEHHS CTPYyMY MKy BIJHOBJICHHSI.
CynbdaTHa KUCIOTa, IMOBIPHO, BHUSBIISIE OKHCHIOBAJIbHI BJIACTUBOCTI, TOMY CTPYM
BinmHOBIeHHsT PObB 3nauH0 3MeHIyBaBcs [46].

OcCkinbKM B aHaNi3l CKJIQTHUX MATPHIlb, TAaKUX SK M’ICO YH KOpM, s
BuirydeHHs: KOKL] BukopucToByroTh opraniyti ekcrparentu [11, 17, 28-37, 47-54] 1
dbopmiaTHY KUCJIOTY ISl CTBOPEHHS KUCJIOro pH, TO mOCHiAMiIu BIUIMB OpraHIYHUX
PO3YMHHHUKIB SIK 1HIUBIAyasibHO (MeTaHot, JIM®DA, aneToHITpMII), TaK 1 iXHI CyMIIIl
(puc. 3). Jns momamemux gocihimpkedsb [55] obpamm 30% MeOH, 30% MeCN 1
BojHui po3unH HCI (konuentpaiiss HCI B ycix po3unHax Cpc=0,08 M), 60 B Takux
pO3UHMHAaX MOKHa 3a0e3MeunuTy HeoOX1qHe 3HaueHHs pH 1 HallBUIIll 3HAYEHHS CTPYMY

mikiB BigHOBIIEHHS POD.
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2.0
g 1.5
=
S~
\I:
1.0 T
I ||l |- 9
o9 5858
S = 2205
= || 2 s 2=
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Puc. 3. Bulip ekctpareHnrta jyisi BojbTaMiiepoMeTpuyHoro BusHaueHus POB y

M’sici Ta KopMi. Y Bcix po3unHax sk (onoBuit enexrpomit HCl. VYmoBu: p.x.e.,

BAJIIL, v=0,5 B/c, Cros=1,3-10" M, Cici=0,08 M.

3.2. Bu0ip iHCTpPyMEHTAJILHUX MapaMeTPiB oOJep:KaHHS BOJbTaMIIepOrpam

BrnuB mBHUAKOCTI pO3ropTKU HAMpyTy nossipusaii (V) JOCTKyBalId HA P.K.€.
1 p-AgSAE B mexax Bim 0,1 mo 4,5 B/c nns po3umnHiB 3 KoHieHTpaiiewo POb
Cros=1,0-10°M i Cpos=5,0-10° M. 3i 30inbLIEHHAM U 3HAYEHHSA CTPyMy iKY
301BIIYBajIOCsA, a MOTEHIlal 3CyBaBCs y KaTOAHY MIISHKY. TaHTeHC KyTa HaXuiy
sanexnocti lg/ Bim lgv (puc. 4a) mopisaroe 0,51 mis Cpop=1,0-10°M i 0,42 mus
Cros=5,0-10° M, pH 1,3. ITomanbmi gocmimxenns meromom BAJIII BukoHyBamu 3
v=0,5B/c Ha p.xe., 1 v=1,0B/c mna p-AgSAE. OpnepxaHni 3aJ€XHOCTI TaKOX

BUKOPHUCTAJH JIJIs1 JOCIIHKEHHST MexaH13My BigHoBIeHHS POB [56].
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m0-88' Puc. 4. 3anexHocTti, OTpUMaHi
~~
= MiCTs JTOCTIKEHHS BIUIUBY IIBUIKOCTI
Yo.84- .
PO3TOPTKH  HAmpyrw TMoJisApu3alii  Ha
0.80 CTPyM 1 TMOTEHIa] MKy BIJHOBICHHS
' ‘ POB na p.x.c., Cpos=1,0-10° M, pH=1,3.
12 -08 -04 00 04 038
lg V
8

JIyist amanbraMHUX €JeKTPOJIIB JOCTIAMIM BIUIMB TapaMmeTpiB akymyssmii. Ha
puc. 5 300pakeHO BIANOBIAHI 3alexHOCTI Ha mnpukiami p-AgSAE. Ilotenmian
aKymyJsiii (Eaec) 3MiHIOBamu B Mexax Bif -0,05 B go -0,60 B nns p-AgSAE 1 Big
-0,05 mo -1,10 B mis m-AgSAE (3a (ikcoBaHOTO 4Yacy aKyMYISIIL fa,c). HaiiOunbie
3HAYEHHS CTPYMY iKY JOCATAEThCS 32 Eaee=-0,10 B 17151 060X enexTpoiB, TOMy TaKuid
NOTEHLIa] aKyMYJIALi1 00pay 11 MOAAIBIINX JOCTIIKEHb.

Yac akymyJmsnii 3miHtoBaiau Bia Big 5 ¢ go 185 ¢. CtpyMm miky 3011bITY€EThCS
JIHIAHO 31 30UIBLICHHSM fy,c B 5 ¢ 10 125 c. IIpu OunbioMy yaci HAKOMUYEHHS BiJl
125¢ nmo 185c 3HaueHHs CTpyMy 3MIHIOBAJIOCS HE3HAYHO, OYEBUAHO uepe3
ONMOKYBaHHsS TIOBEpXHI eleKTpoaa. Tomy sl TONAibIIMX BUMIPIOBaHb Ha 000X

SJIEKTPOIaX OyJI0 00PaHO Z,,c =125 c.
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051 °

00 01 02 03 04 05 06 0 30 60 90 120 150 180
-Eacc/B taee/C

acc

a o
Puc. 5. BruiuB notenmiany akymynsuii Ha p-AgSAE (a) 1 wacy akymymsmii Ha
p-AgSAE (0) Ha 3HaueHHs cTpyMmy TMiKy BigHOBiIEeHHS po3unHy POB 3 donoBUM
enekrpositom HCI + 30% MeOH; Cpos=6,0-10° M s p-AgSAE, pH=1,3, B ycix
po3unHax Cpc=0,08 M.

PesynpraTn onTumizaiii 1HCTpyMeHTalbHUX mnapamerpiB misa JIB 1 KXB
nonano y Tabn. 4. OOuparoun OAMH 3 MapaMeTpiB, IHII TapaMeTpH 3alvIIald
(bhiKCOBaHUMH.

Tabnuis 4. OnTumizanis iHCTpyMeHTanIbHUX napameTpis st 1B 1 KXB.

: : : . OO6pane
Pi13HOBH ) . Hocmmxy- ®ikcoBaHui
JocnigxyBaHuil mapamMeTy . : 3HAYEHHS
BA BAaHI MEX1  Iapamerp
napamerpy
. . t1:50 MC,
Ammmityga imoynscy P 20-100 mB 100 mB
t2=100 MC
o P=100 mB,
JIB TpuBanicts imnynecy t; 50-500 mc 50 mc
t2=100 MC
o P=100 mB,
[Tay3u Mk immynbscamu t, 50-1000 mc 50 mc
t1=50 mc
Awmmmityna imoyascy P 10-50 MB - =10 T 50 MB

KXB
Yacrora, f 20-3 T P=50 mB, 20T
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3.3. Mexanism gionoenennsa POb

Tanrenc xyra Haxwiny 3anexsHocti 1g/ Big lgu (puc. 4a) nopisaroe 0,51 s
Cros=1,0-10°M i 0,42 gna Cpos=5,0-10°M, pH 1,3. Ile ayxke OIU3LKO 0
TeopeTuuHoro 3HadeHHs 0,5, ske Bkazye Ha AudysiiiHy HOpuUpoay cTpymy. Takox
BINMOBIMHO 10 piBHAHHS Penmnca-llleBunka st HEOOOPOTHHMX peakIliii JIiHIMHA
3QJEeXKHICTh [, BiJl KBaAPAaTHOrO KOPEHs i3 MBUAKOCTI ckaHyBanHs (v'?) (puc. 46)
YITKO BioOpaxae qudy3iiHu XapakTep eIeKTpoAHOI peakii [57-60].

OTpuMaHi eKCepUMEHTaIbHI 3aJ€KHOCTI Aal0Th 3MOT'Y OOYHCIMIM KUIBKICTh
MIPOTOHIB 1 €JIGKTPOHIB, sKI OepyTh ydacTh y peakiiii BimHoBieHHs PObB. KinbkicTh
CJICKTPOHIB MOXKHA BU3HAYUTH 31 3ayiekHOCTI E,=f(lgV), A€ Haxui KpUBOi JOPIBHIOE
2,3RT/onF (F — xouncranta ®@apanes, R — yHiBepcanpHa ra3oBa crtana, # — KUIbKICTh
eJIEKTPOHIB, 00 — KOCPIIIEHT MEPEHECEHHs 3apsay, KU AJi1 HEOOOPOTHUX MPOIIECIB
nopieHtoe 0,5, T — Ttemneparypa). JlJig 1[bOro BUBYAJIM BIUIMB HIBUJKOCTI PO3FOPTKU
Hanpyru noJsipuzauii ans po3unHiB POB pizHoi xoHuentpaii (puc 4¢). O0uncieHi
3HA4YeHHA n KonuBaiucs Bifg 1,8 no 2,2.

JlonaTkoBO 1€ OOYMCIWIM KIJIBKICTh €JEKTPOHIB HAa OCHOBI IapaMeTpiB
BOJIbTaMIIEpPOrpaM 3TiAHO 3 piBHAHHAM [58, 60]:

on=-477/(Ex— Eun), (1)

ne E, — moTeHIian mKy BiAHOBICHHs, MB, E» — MOTEHINAT HA TIOJIOBHUHI MKy
BIJTHOBJIEHHS, MB.

JIJist 1bOr0 BUKOPUCTOBYBAJIM BOJbTamIeporpamu y poszunHax PObB 3a pizHux
snaueHb pH (1-7), 3 pi3HuMu koHueHTpauisimu POB 1 3 pisHuMu QoHOBUMEU
enextpomitamu (HCl 1 HCI + 30% MeOH). 3a pe3ynbTratramu po3paxyHKiB OJepiKaiu
3Ha4YeHHs 7 B Mexax 1,9-2,3. Ha mizcraBi pe3ynbTariB, OTpUMaHUX JIBOMa METOAAMH,
3poOMIIM BUCHOBOK, 1110 B €IeKTpoxiMiuHiil peakuii BinHoBieHHs PObB Oepe yuacts nBa
CJIEKTPOHHU.

CHiBBiIHOIICHHS KiJTBKOCTI MPOTOHIB (zH") 1 eNeKTpOHIB n, siKi OepyTh y4acTh B
CJIEKTPOXIMIYHINA peakilii, MOKHa OOUYMCIIUTH 13 3aJI€KHOCTI MOTEHIiaTy MiKy Big pH

(puc. 2a, BcTaBKa) 3a PIBHAHHSM:
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dE. 23RT-zH"
dpH onF (2)

Y Tabnuii 3 mojgaHO PIBHSHHS JIHIMHUX 3aJe)KHOCTEH IMOTEHIaly MKy
BiiHOBIIeHHS Bin pH po3uuny. Po3paxosani 3nauenns zH' € B mexax 0,7-1,2, To0TO B

eJIEKTPOXIMIYHIN peakiii 6epe yuacTb OJUH MPOTOH.

POB Moxxe icHyBaTH y ABOX TayTOMEpHHX (opMax i Mae HMOHAWMEHIIE TpH
peaxiiifHi EHTPH, 3aTHUX JI0 BITHOBJICHHS 3a y4acTiO MPOTOHIB. [lepmioro cramiero
€ enekrpoximiune npuenHands (E) aBox enexkTpoHiB 1 omHoro mporoHa. lle eram,
KU BH3HAYa€ IMBUIKICTh EJIEKTPOXiMiuyHOTO Tmporecy. Jlami y CHIbHOKHCIOMY
CepeIOBHILI HaWIMOBIpHIIIE BiAOYBAETHCS MPUENHAHHS APYTOro MPOTOHY (XIMiuHA

crazis, C) 3a HACTYITHOK cxemoto [61]:

I cl— >—
26 H 4@_\4—'\?' +1H >4=NH
T “NH, ¢ H%NH

E fC—NHE
— / —MNH — ;N—NH
CI@J Cl \ /

3.4. BukopucTaHHs pe3yJbTaTIB J0CTIIKeHHS B aHAJTI3I

r:|4< >—
N
>:NH
N—NH

3.4.1. Memoouxa odepoicanus epadyo8aibHUX po34UHie

AnKBOTY cTaHaapTHoro po3unny POb BiauBamu y mipHy KosiOy MicTKicTiO 25,0
MJI JUISL OJEp>KaHHS PO3YMHY MOTPIOHOI KOHLeHTpauii, Toai aoxasaimu 7,0 mi
dboHOBOTO €NeKTPoiTy (Oyau AOCHIKEeH1 (POHOBI €JIEKTPOIITH Pi3HOI MIPUPOJIH, JTUB.
n. 3.1), 10 MO3HAYKK JOBOAMIN OiTUCTHIHLOBAHOI BOJOK0. [lepeHocHIM po3dmH A0
CJIICKTPOTITUYHOI KOMIPKH, BUIAISUIA PO3YMHEHHH KHUCEHb OYHUIICHUM aproHOM
npotsaroMm 10 XB Ta peecTpyBajid BoJbTaMIieporpaMu B iHTepBajii moTeHmiams Big 0,0
no —1,1 B. BumiproBanu ctpym miky I, MKA 1 OyayBaiau 3aJexHicTb I, MKA BiX
kounentpaiii POb C, M (puc. 6). AHaITUYHI TTapaMeTpu 3aJeKHOCTEH TMOJAHO Y
tabn. 5. LOD 1 LOQ gns Bu3HaueHHs ooumcioBanu tak: LOD=3,3S,/b; LOQ=10S,/b
(S, — 3aynuIIKOBE CTaHAApPTHE BIAXWJICHHS MapaMmeTrpa a y PIBHSIHHI IPSIMOi JIHIHHOT

3anexHocTi [, MKA — C, M; b — kyToBuM KoedILieHT Hi€T 3aexHocTi) [S7].
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* — 0.10
o’ */ — 2% posuuniB PObB 3 ¢ponosum poszunnom HCl
0.34< */ 213 )
2 N — (a) 1 HCl + MeOH (6) na p.x.e.; 3
= 041 *” - 9.
& 8.16
g 0.2 R R R B REED 1190 poHoBuM pozunHoM HCl + MeOH na p-
~ C/mkM
\'EO ] AgSAE (8); 3 donoBum po3unnom HCI +
MeOH na m-AgSAE 3 nmudepenmiitHo
0.0 04 06 08 10 IMITYJICHOIO (2) 1 KBaJpaTHO-XBUJIHOBOIO
-E, /B (1) TUMaMU  PO3TOPTKU  TOTEHIIIAIY;
.

BCTaBKH — T'PaAyIOBaNIbHI Tpadiku IJIs

KOKHOTO (DOHOBOT'O €JIEKTPOJIITy, poO0YOro eynekTpoja i tumy posroptku; pH 1,3,
v=0,5 B/c na p.k.e., mia p-AgSAE v=1,0 B/c, E,.c=0,10 B, t,.—=125 c; B ycix
po3unHax Cpc=0,08 M.



Tabmuig 5. AnaniTuyH1 napaMmeTpu rpaayroBaibaux rpadikis, Cyc=0,08 M
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PoGouwnit enextpon P.k.e. p-AgSAE m-AgSAE
@DOHOBHI1 €NEKTPOIIT
HCI + HCI + HCI + HCI +
AHamTHYHI HCI
30% MeOH 30% MeOH 30% MeOH 30% MeOH
napameTpu
PiznoBug BA BAJIII BAJIII BAJIII JIIB KXB
[IBuaKiCTH pO3ropTKH L, B/C 0,5 0,5 1,0 JuB. Tabm1. 4 JluB. Tabm1. 4
[Totenmian miky E, B -0,86 -0,85 -0,93 -0,82 -0,92

IFlana30H MHIAROT SATEKHOC- 5 3.107_7 5105
Ti [p,MKA Big C, M [

[TapameTp b=Ab, MkA/M (116,0+0,5)-10°
[TapameTp a+Aa, MKA (15,3+0,6)-102
KoedimienT xopemnsii, R 0,99996
RSD 0,011
Mexa Busnauyenns (LOQ), M 5,2:107
Mexa susiBnenns (LOD), M 1,7-107

6,4107-5,0-10° 4,3-107-5,0-10”

(128,4+0,5)-10°
(-5,740,6)-10°
0,99997
0,010
4,7-107
1,5-10°7

(46,4+0,6)-10°
(45,4+1,9)-10°3
0,99968
0,004
4,1-107
1,4-107

1,0:107 - 1,2-107

(19,91+0,24)-103
(88,3+0,7)-10°3
0,99923
0,008
3,5-1077
1,0-1077

1,0:107 - 1,2-10°

(24,73£0,21)-103
(80,50+0,10)-10°
0,99947
0,006
4,0-107
1,2:107

8] pymii koHmenTpauii posunnis POB He mocmipKyBay.
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3.4.2. Memoouka npob6oniocomosKu i 00epiHCaHts 2padyio8aibHO20 epaiKy O
susnayennsi POB y kopmi 015 meapun

Ha ananituyniii Ba3i Baxwiu 0,25 r kopMy (IuB. 1. 2.2) y TUIACTUKOBY MPOOIpKY
s ueHTpudyru (o6’emom 15,0 mi), gomaBamu 10,0 mu1 hOHOBOTO €JIEKTPOJITY,
IHTeHCUBHO mepemimryBaiu mnpotsrom 10 xB. [loTim cymim ueHTpudyryBamu
npotsroM 5 xB Ha mBUAKOCTI 5000 000poTiB Ha XB, 3a JOMOMOTOI MIPHOI MIMETKH
nepeHocuan 8,0 MJI pO34YMHY B €JIEKTPOJITHYHY KOMIpKy. Jlam Oe3mnocepeaHbo y
CJIICKTPOTITUYHY KOMIPKY 3a JIOMOMOTOI0 MIKPOMINETKH JJ0JaBajiy IEBHI 00’ eMu
cragnapTHoro po3unHy POB. Ilepen KoXHUM BUMIPIOBaHHSM YCYBalW PO3YMHEHUUN
KHCEHb OYHUIIEHUM aproHoM. BompTammneporpamu peectpyBanu B mexax Big 0,0 mo
-1,1 B. OTpumani 3aJ€XKHOCTI 300paX€HO Ha pUC. 7, METPOJIOTIUHI XapaKTEPUCTUKU

rpaayroBaibHuX TpadikiB mais BuzHaueHHss POB y kopmi i1 CBIMCHKOI NITHII TTOJAHO

y Ta01. 6.
2.0+ C/MkM 0.61 o C/MkM
= T I —os
1.2 h 4 212 015 .
1.54< 0 / —— 5.00 Em /* 8:33
s . 10.00 § 0.4 \'EOOQ # S
< L o = = — 2566
s 1.0 03] #* \': 700 05 1.0 15 20 25 30,
= 0 5 10 15 20 25  0.21
~ 0.5- CImkM
0.0
0.0 .
0.4 0.6 0.8 1.0 0.6 0.8 1.0
-E_/B -E,/B
a 9]

Puc. 7. Bonprammeporpamu Ha p.k.e. (@), p-AgSAE (6) 1 BiamosigHi
rpaayroBaibHi Tpadiku (BCTaBKH), OJIepkaHI B PO3YMHAX EKCTPAKTIB 3 KOPMY IS
ceiiicekoi nruii. Ymou: HCl + MeOH, Cuc=0,08 M, nns p.k.e v=0,5 B/c.; nusa p-
AgSAE v=1,0 B/c, Esce=0,10 B, t,cc=125 c.
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3.4.3. Memoouka npo6o niocomosku it 00epiHCanHs epaoyrosailbHO20 epapiKy ons
susnayennsi POB y m’sci

I'pangyroBanpHi rpadiku ans BusHadeHHs POBb y wm’saci ogepxyBanu 3
BUKOPHCTAHHSAM PI3HUX €KCTPAreHTIB.

Cnoci6 I. Ha ananitinuniii Ba3i Baxkwiu 1,00 r m’sica (nuB. 1. 2.2) y MIaCTUKOBY
npoOipky mis neHtpudyru (o6’emom 15,0 mur), momaBamu 10,0 M cymimi HCI +
30% MeraHosy, IHTEHCHMBHO mepemimyBaid mnpotarom 20 xB. [licns
neHTpudyryBanss Bopoaosxk 15 xB Ha mBuakocTi 5000 060pOTIB/XB 32 1OMOMOT0OIO
MIpHOiI TineTku mnepeHocusn 8,00 M po3uMHY B €JIEKTPOJITHYHY KOMIipKy. Jlami
0e3mocepeIHbO B €ICKTPONITUYHY KOMIPKY 32 JOIIOMOTOI0 MIKPOMINETKH J0JaBalu
neBH1 00’emu ctanaaptHoro po3unHy PODB 1 mpogoBxkyBaTu Tak camo, SIK OMUCAHO
JUIs aHanmizy kopmy. OTpuMainy 3ajeXHOCTI, 300paxkeHl Ha puc. 8a, METPOJIOTIYHI
XapaKTepUCTHKH 3a3HAaY€HO B TabI1. 6.

Cnoci6 Il. POb Buily4anu aneTOHITPUIIOM, SIKUM 4acTO BUKOPUCTOBYIOTH JIJIs
xpomarorpadiunoro BusnaueHnuss POb [9, 47-50, 52, 53, 32, 36]. Baxwm 1,00 T
M’sica B IUTACTUKOBY NpoOipky it uentpudyru (15,0 mm), momaBamu 5,0 mu
alleTOHITPUIY, 1HTEHCMBHO  mepemimyBaau  nporsrom 20  xB.  Ilicas
neHTpudyryBanss npotsarom 15 xB Ha mBuAKOCTI S000 060pOTIB/XB 32 JONOMOTOIO
MipHOi TineTku nepeHocwtn 4,00 M po3uuHy y MipHY Koi0y mictkicTio 10,0 mi,
monaBamu 0,40 wmin po3umny HCI (Cpe=2,00 M), 10 mO3HAYKH JAOBOJMIU
O1MMCTUIILOBAHOIO BOJIOI0. PO3YMH I1HTEHCHMBHO TEPEMINIyBalid, 3a JOMOMOTOIO
MipHOi mineTku TnepeHocuan 8,00 M po3uMHY B €IEKTPOJITUYHY KOMIPKY.
besnocepeHbO B €IEKTPONITUYHY KOMIPKY 3a JOMOMOTOI0 MIKPOIINETKH J0/1aBajH
neBHi 00’emu cranaaptHoro po3unHy PODB 1 mpogoBxkyBaTu Tak camo, SIK OMUCAHO
st kopMmy. OTpuManu 3aJIeKHOCTI, SIKI 300pakeHO Ha puc. 86, METPOJIOTrivHI

XapaKTEPUCTUKHU NOJIAHO B TA0II. 6.
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C/MkM C/mMkM

0.89 o5 —0.76 05 —025
Pa—

0'6'52 03 N —221

0.4 0.6 0.8 1.0 0.4 0.6 0.8 1.0
‘E, /B ‘E, /B

a o
Puc. 8. BonpTammeporpamu 1 BIANOBIAHI I'padyroBaibHI rpadiku (BCTAaBKH),

onepxkani B ekcTpaktax HCl + MeOH (a) 1 HCl + MeCN (6) 3 m’sica nTuiil.

Bonprammeporpamu, ofiep)kaHi y pO3YMHAX EKCTPAKTiB 3 KOPMY UYd M’sca,
MOPIBHSUIM 3 BOJIbTaMIIEporpaMamMu Jjisi cTaHaapTtHux posuuHiB POB (puc. 6).
3HadeHHs cTpyMy (DOHOBOI JiHIT I PO3YMHIB €KCTPAKTIB € JICIIO BHIIUM, HIK IS
CTaHJIAPTHUX PO3YMHIB, OJHAK HE BUHHMKA€ HISKMX HOBHX IiKiB. CTpym ¢oHy
3a3BMYail BUIUI ISl pealbHUX 3pa3KiB, IO IOB’S3aHE 3 MATPUYHUM €(PEKTOM.
BincyTHicTh 1HIIMX MiKIB Ha BOJbTAMIIEPOTpPAMax 3 PO3UMHIB EKCTPAKTIB CIpPHUSE

celiekTuBHOCTI Bu3HaueHHA POBD.
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Tabmui 6. MeTposioriuHi napameTpu rpaayroBaibHuxX rpadikiB BuzHaueHHs POb y kopwmi ta m’sici, Cyci=0,08 M.

Po6ounii enextpos P.x.e. p-AgSAE

DOHOBUH EJEKTPOJIT Kopm M'sco Kopm M'sco
AHamiTH4H1 HCl1 + MeOH HCI1 + MeCN HCI1 + MeOH HCl1 + MeOH HCI1 + MeOH
napameTpu
[Torenmian miky E, B -0,87 -0,84 -0,88 -0,94 -1,00

Jliamma3oH niHIAHOT 3aJIeKHOC-
Ti I, MKA Bi1 Cpos, M
Jliana3oH JMHIKHOI 3aJIe’KHOC-
Ti Iy, MKA Big ymicty POB mr/kr
Koedimient kopessiii, R
[TapameTp b, MkA/M

Ab, MkA/M

[Tapametp a, MKA

Aa, MKA

LOQ, M

LOQ, mr/kr

LOD, M

LOD, mr/kr

6,0:107 -2,5-10"

8,90-370,70

0,9998
46,46-103
0,22-10°
25,4-1072
3,1-102
6,39-107
9,48
2,11-107
0,31

0,93-18,54

0,9989
79,9-103
1,8:103
55,7-103
4,9-103
6,13-107
2,27
2,02-107
0,75

2,5:107-5,0-10° 7,6:107 —7,6-10°

2,82-28,17

0,9992
52,5-10°
1,0-10°
54,7-107
4,9-10°
9,33-107
3,46
3,08-107
1,14

1,3107-2,6:10° 1,1-107 - 1,4-10°

1,93-38,55 0,41-51,90
0,9996 0,9993
41,1-10° 474,5-10°
0,6-10° 10,0-10°
61,5-107 120,7-107
0,7-10° 6,5:107
1,70-107 1,37-107
2,52 0,51
5,62:10°® 4.52-10°®
0,83 0,17
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3.5. Pe3yabTaTn aHaai3y peajJbHUX 3pa3KiB

Jnia nepeBipku po3pobiieHux Metoank BusHaueHHs POB cTBoproBanu MoaenpHi
3pa3ku kopmy 1 M’sica. Kopm 1 M’sico, siki onucado y 1. 2.2, 30arauyBajd TOYHO
BimomuMu Kinbkoctsimu POB.

VY touni HaBaxku yuctux (0e3 POB) 3pa3kiB kKopMy BBOAMIN TOYHI HaBaXKHU
cyoctaniii POB 1 nepeminryBaiu npotsiroM 10 ronuH Ha IPUCTPOT BOPTEKCHOTO THITY,
TOJ11 30€epirajn TUXKACHb Y XOJIOAUIBHUKY.

JletanpHy TpoLeAypy NpOOOMIArOTOBKM 3pa3KiB KOpMy ommcaHo y m. 3.4.2.
Bu3HaueHHsS BUKOHYBaJIM METOJIOM M00aBOK: B €KCTPaKT KOPMY B €IEKTPOJITHUHIN
KOMIpIIi 32 JOMTOMOTOI0 MIKPOIINETKH BBOAWIM 100aBKU cTaHaapTHOro po3unny POB.
[Ticnst BBeACHHS KOXKHOI T0OABKU PO3YMH MPOAYBAIH OYHIIEHUM apTOHOM IPOTSATOM
TPbOX XB JJIi YCYHEHHS PO3YMHEHOTO KHCHIO 1 TEepeMILIyBaHHS PO3YHHY, TOJI
peecTpyBanu  BosibTammeporpamu  (puc. 9a 1 96). PesynbTaTH BU3HAYCHHS

MPEACTaBICHO y Ta0M. 7.

C o6 /MKM
20, '8 0
1.5 e 0,15
1.2 gig
$ 1.54 5 o9 ——0.60
S0 -
\':1 04 0.3 " oo 03 Coisln%?M 12 —_—120
to 0.0
0.5
0.0 . .
0.4 0.6 0.8 1.0 0.6 0.8 1.0
-E_/B -E,/B
a 7]

Puc. 9. Busnauenns POb y kopmi cmoco6oM cCTaHAapTHUX A00aBOK:
BOJIbTAMIIEPOTPaMU Yy PO3YMHAX EKCTPAKTIB 3 KopMmy 3 ¢oHoBUM po3urHoM HCI +
MeOH Ha p.x.e. (@) 1 Ha p-AgSAE (6), BctaBku — rpaaytoBaibHi rpadiku. Ymosu: HCI
+ MeOH, Cyci=0,08 M, nns p.x.e v=0,5 B/c.; nis p-AgSAE v=1,0 B/c, E,.c—=0,10 B,
tacc=125 c.
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VY tounl HaBaxku yuctux (06e3 POB) 3pa3kiB M’sca BBOAWIU (3aKOJIOBAIH
MIpuoM) TouHl 00’emu crangaptHoro poszuuHy PObB. Taki momenbHi 3pa3ku
30epirajiv y XOoJOAWIbHUKY HE MEHIe 24 TOIUH 1 TUIBKUA TOJ1 aHalli3yBajd Ha BMICT
POB.

JleTanbHy mporeaypy npoOOmiaAroTOBKY 3pa3kiB M sica onucana y 1. 3.4.3. POb
BWIyYaJIM 3 M’sica JBOMa crocobamu: migkuciaeHuM wmetanoiaoMm (Cnocio ) 1
arietoHiTpuioM (Cnoci6 II). BusHaueHHsS BUKOHYBaJIM METOJIOM JOOABOK: B €KCTPAKT
M’sica B €JICKTPOJITHYHINA KOMIPIIl 3a JIOMOMOI'OK MIKPOMINETKH BBOJWIN JTOOaBKHU
crangaptHoro po3unHy POB. Iliciis BBeieHHSI KOXKHOI JOOAaBKU po3urH 0apOOTyBalln
OUYUINEHUM aprOHOM TMPOTSITOM 3 XB IS YCYHCHHS PO3YMHEHOTO KHCHIO 1
nepeMilllyBaHHsl PO3UYMHY, TOJ1 peecTpyBaiu BosibTamiieporpamu (puc. 10a 1 100).
Pe3ynbraTty BU3HAYCHHS TIOJIaHO Y Ta0I. 7.

[Tix gac anamizy 3pa3KiB M’sica 3a TAKOK METOAMKOIO BUSBHIIACS CUCTEMATUIHA
MoXuOKa: CTyMiHb BU3HAYEHHs OYB HaJITO BeMUKUM (Tabma. 7). IMOBIpHO, BiIOyBa€ThCS
B3aemoniss POb 3 mMaTpuuyHUMH KOMIIOHEHTaMH M’SiCa, 1 TAKUM YWHOM aHATITHYHUN
CUTH&JI 3HAYyHO NOCWIIOEThCs. OTxke, I aHali3y M’sica BBEACHHS J00aBKU
cTtangaptHoro po3urHy PODB B enekTpoxiMiyHy KOMIpPKY HE€ MiIXOIuUTh. ToMmy Mu
BUMPOOYBaNu 1HIMIMKA crocid, KOJMM KOXXKHA CTaHAapTHa Jo0aBKa BBOJUTHCS
(3aKOJIFOETHCS MIPUIIOM) B OKpemy TpoOy m’sica (puc. 106). Jlam Bunydamu POB Tak
camo, sk y Cnoco6i II. Ha xanp, uyepe3 KapaHTHHHI OOMEXEHHS MH BCTHUTIIU
anpoOyBaTH TaKUM CHOCIO TUIBKU JUIS P.K.€. JJIS JBOX 3pa3kiB. MU MiATBEpAWIH, IO
Takuh Miaxig € e(QEeKTUBHUM, OJHAK Ie MOTpedye moompaitoBaHHs. Pe3ynbraTn

BU3HAYCHHS HaBEJEHO y Ta0I. 7.



C/mMkM

Puc. 10. Busnauenns POb y m’sci:
BOJIbTaMIIEpOrpamMu 1 BI/IIIOBI/IHI
rpaayroBajgbHl  Tpadiku (BCTaBKM),
onepkani B ekcrpaktax HCl + MeOH
(cm. I — a) 1 HCI + MeCN (cm. II — 6)
(cn.IIl — 6); pH 1,3, v=0,5 B/c; B ycix
po3unHax Cpc=0,08 M.
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Tabmum 7. PesynpTaTé aHamizy METOJIOM «BBEACHO-3HAWICHO» pPEabHUX

3pa3KiB KOpMY 1 M’sica, OTpUMaHi po3pO0JIEHUMU HAMU METOANKAMHU.

Crtyninp BU3HAYCHHS

ExcnepumeHTanbHO 3HANUIEHO

I[OI[aHO Cexcn 3HAMT
POB, mr/kr 7 =—=222.100 %

(yBeneHo) C
POB, mr/kr Hap.x.e., Ha p-AgSAE,

Hap.k.e. Ha p-AgSAE
n=5, P=0,95 n=3, P=0,95

KOPM
17,5 19,7+0,8 — 112,6 —
18,9 18,7+0,5 — 98,9 —
19,6 19,8+0,4 19,7+£0,3 101,0 100,51
40,5 40,5+0,3 40,45+0,21 100,0 99,88
M’SCO (cmoci6 11 cioci6 II)
0,30 1,3+0,5 0,76+0,3 433,3 253,33
0,60 2,1£1,0 — 350,0 —
1,70 3,3+1,2 — 194,1 —
3,40 7,8+3,6 — 229.,4 _
M’SCO (cnoci6 I11)
0,30 0,34+0,11 — 113,3 —

0,90 1,00+0,09 — 111,1 —
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BUCHOBKH

. IIpobrema KOHTPOIIO BMICTY KOKIHIIOCTATUKIB € aKTyaJIbHOIO JUISI Xap4OBO1
MPOMUCTOBOCTI. MU JOCTIIUIN BITHOBJEHHS POOCHIAMHY Ha PTYTHOMY
KPAIUIMHHOMY €JIEKTPO/il 1 TBEpAUX aMallblaMHHUX €NEKTpoAax (MOJIipOBaHOMY
1 Moau(}iKOBaHOMY PTYTHUM MEHICKOM) METOJaMU IHUKJIIYHOI, IIBHIKOL
JHIMHOT, nudepeHIiiHoi IMITYJTbCHOT 1 KBaJIpaTHO-XBUJIHLOBOT
BosibTamriepoMetpii. Ha Bcix BonbTammeporpamax MpPOCTEXKYETbCS OIUH
KOHTPOJIBOBAHUM JUPY31€0 MK, CTPyM SKOTO TMPSMO 3aJ€XKHUTh BiJl
KOHIICHTpaIlli poOCHIINHY Y IIUPOKUX Mexax (O1yIblle, HIXK JIBa MOPSJIKH).

. Poboui enexTpoau Ha OCHOBI pTyTHUX Kpamenb (p.k.e., SDME a6o HDME)
HalKpaiie maxoaaTh sl IIBUAKOTO aHaNi3y 3pa3KiB 31 CKIaJHOI0 MATPHUIICIO,
Kl HE TMPOWIUIM CKJIaJHOI MIArOTOBKU. TBEpAl aMmaimbramHi €JIEeKTPOIU
(AgSAE) edextuBHimi  An8  MOCTIMHOTO  KOHTPOJIO Yy  MOTOII.
BonpramnepomeTpuiHe BHU3HAYCHHS 3a CTPYMOM BIJTHOBJIGHHS 3a3BHYail €
OUTbII CEJIEKTUBHUM, HDK 3a CTPYMOM OKHCHEHHS, OCKUIbKH OlIBLIICTD
OpraHiYHMX CHOJIYK, BKJIIOYAKOYW Ti, MmO MICTITh rpyny —OH, 3gaTHi
BOJIbTAMITIEPOMETPUYHO OKUCHIOBATHCS.

. Bmepmie BHBYEHO MeXaHI3M  BIJHOBJIEHHS pOOEHITUHY: BIJHOBIICHHS
Bi10yBaeThes 3a EC MexaHI3MOM 3 MEPEHECEHHSIM B €JICKTPOXIMIUHIN cTajii
JIBOX €JIEKTPOHIB 1 OJTHOTO MPOTOHA.

. Po3pobneno mnpocty, mBHIKY, BUOIPKOBY Ta HaJiiiHy METOJUKY aHaJi3y
KOpPMIB Ha BMICT pOOEHIIUHY. AHAJIITUYHI MapaMeTpyd METOAMKU IOBHICTIO
3a10BONTBHSI0TH BUMOTH Permamenty (€C) No 1455/2004 ta Pernmamenty (€C)
No 2020/148.

. BcranoBneno, mo s BU3HAU€HHS POOEHIAMHY Yy M’sici Tpeba cTaHAapTHI

n00aBKH BBOJUTH KOXKHY B OKpeMy Mpo0y M’sica.
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Voltammetric Behavior and Reliable Method for the
Determination of Coccidiostat Robenidine in Animal Feed

and Poultry Meat

S. Ivakh,**l L. Dubenska,'” M. Rydchuk," and S. Plotycya!”

Abstract: The voltammetric behaviour of coccidiostat
robenidine was investigated. The outcomes have revealed
that reduction of robenidine causes an appearance of one
diffusion-controlled cathodic peak on a static mercury
drop electrode (SMDE) and a silver solid amalgam
electrode (p-AgSAE). The influence of pH, a supporting
electrolyte, a scan rate and accumulation parameters was
evaluated. The mechanism of robenidine reduction in-
volving two electrons and one proton was studied for the
first time. The calibration curves with the wide linear
concentration ranges (more than two concentration

orders) were obtained under optimized experimental
conditions and operating parameters. The reduction
current linearly increases when increasing the concentra-
tion of coccidiostat. The methods of voltammetric deter-
mination of robenidine in feed and meat have been
developed. The limits of quantitation of the methods of
robenidine determination in feed are 9.5 mg/kg and
2.5 mg/kg on SMDE and p-AgSAE, respectively. Calcu-
lated recoveries ranges of robenidine were between
88.8 % and 101.5 %.

Keywords: coccidiostats - drug residues - feed - robenidine - voltammetry

1 Introduction

Coccidiosis is a common infectious amoebic disease
affecting livestock, viz. pigs [1], cattle [2], sheep [3],
rabbits [4] and especially poultry [5,6]. Also there are
known facts of this infection of fish [7,8]. The disease is
caused by several species of unicellular organisms of
Eimeria and Isospora protozoa. Coccidiosis is highly
contagious and it is carried from one animal to another by
a contact with infected faeces [9]. The illness has several
forms. The acute form of coccidiosis leads to high mortal-
ity in animals; and the chronic form causes a reduction of
weight gain, a poor feed conversion and insufficient egg
production in poultry. Nowadays, this disease is the most
dangerous parasitic disease of poultry.

Coccidiostats are special feed additives, used to
prevent this disease in animals. These substances can be
categorised as naturally occurring polyether ionophores
(lasalocid, maduramycin, monensin, narasin, salinomycin,
semduramycin) and chemical or synthetic (amprolium,
clopidol, decoquinate, diclazuril, ethopabate, halofugi-
none, nequinate, robenidine, roxarsone, toltrazuril) ac-
cording to their chemical nature and main biological
activity. Some of the chemical coccidiostats are in the
form of hydrochloride [10]. Coccidiostats are generally
mixed into compound feed [11].

Robenidine [1,3-bis(p-chlorobenzylideneamino)guani-
dine  hydrochloride]  (physicochemical  properties:
M,,=334.2 g/mole, pK,=3.3 [12]) was designed in 1970 as
a highly effective prophylactic agent against eight tested
species of chicken coccidia [13]. Now it is actively used in
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agriculture, robenidine is applied for 70 broilers out of
100 [14].

Whilst coccidiostats are important and necessary in
industrial livestock, during the production of feed cross-
contamination (unintentional transfer of these substances
from target to non-target feed, for which the use of
coccidiostats is not authorized) can and does occur. Such
transfer happens primarily during the production of feed,
but also during its transport and storage as well as on a
farm [14-19]. As a result, it can potentially cause toxic
effects in non-target animals and can result in undesirable
levels of coccidiostats residues in food of animal origin. It
is also a known fact that robenidine is not permitted for
the use for laying hens because there is a serious risk of
coccidiostats being excreted in eggs, resulting in an
undesirable coccidiostats level in food for humans. The
research [20,21] has pointed at the feed contamination as
a likely source of coccidiostats residues in poultry
products. Therefore, the level of coccidiostats in feed
should be particularly monitored. For this purpose,
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Regulation (EU) No 1455/2004 and Regulation (EU)
No 2020/148 have authorised the use of feed with level of
robenidine 30-36 mg/kg. The withdrawal period before
poultry slaughter for robenidine is 5 days [22,23].

Concerning the negative impact of coccidiostats on
human health, clinical signs of acute rhabdomyolysis were
observed due to accidental ingestion of the pure com-
pounds. The symptoms were muscle weakness and
myocardial insufficiency [22]. Additionally, paper [14]
reported exacerbation of certain conditions of ischemic
disease by residues of coccidiostats in food. Although
there are cases of acute toxicity, special attention should
be paid to the chronic toxicity resulting from the
prolonged exposure to low levels of coccidiostats [24].

Regarding risks associated with human health, regu-
latory authorities have set maximum residue limits
(MRLs) for robenidine in chicken tissues. In the Euro-
pean Union individual MRLs have been set for specific
chicken tissues namely 0.80 mg/kg for liver, 0.35 mg/kg for
kidney, 0.20 mg/kg for muscle and 1.30 mg/kg for skin or
fat [25]. Similarly, the US Food and Drug Administration
(FDA) has set MRLs of 0.20 mg/kg for skin or fat and
0.10 mg/kg for other edible tissues [26].

Therefore, the reliable methods are needed to detect
and quantify coccidiostats precisely, in particular, to
detect robenidine residues in the feed and products of
animal origin. The number of methods for the determi-
nation of robenidine is limited. Chromatography with
various detectors is commonly used. The short description
of the methods for robenidine determination is presented
in Table 1. For the detection in different matrices a thin
layer chromatographic [27] and photometric [28] methods
were also described. Quite a few papers have been
published considering multi-methods for the determina-
tion of few coccidiostats, including robenidine, using
chromatography [16,29-36].

Table 1. The methods of robenidine determination.

ELECTROANALYSIS

Good alternatives to known methods of robenidine
determination are electroanalytical methods, particularly
voltammetry, which combines high selectivity and sensi-
tivity, relatively inexpensive instrumentation, a short time
of analysis and possible automation as well. There are
reported works where voltammetric detectors were used
in chromatography [47-49]. As far as it is known,
previously scientists [50-51] have investigated a polaro-
graphic reduction of robenidine. The robenidine was
extracted from chicken fat, skin, muscle, liver, and eggs
with ethyl acetale; from blood with acetone [54]. After
extraction by high-speed blending or overnight shaking,
the extract was cleaned up by evaporation, solvent
partition, and/or elution from CG-50 ion exchange resin.
Recoveries ranged from 64 to 125 %. Autors of paper [55]
extracted the robenidine from concentrate with dimethyl-
formamide, and from products with chloroform.

Therefore, the purpose of our study was to investigate
the electrochemical process in solutions of robenidine on
static mercury drop electrode and silver solid amalgam
electrode. Silver solid amalgam electrodes (AgSAEs)
represent non-toxic alternative to the traditional mercury
electrodes due to outstanding properties such as a wide
negative potential window, a low noise, an easy con-
struction and a regeneration of an electrode surface [52-
55]. Moreover, AgSAEs are mechanically stable and can
be successfully used for a continuous control in a flow.
Based on this, our next purpose was to develop new
methods of the determination robenidine in complex
matrices (feed and meat) using these two electrodes.

Method Linear range LOQ LOD Objects analyzed References
HPLC ™ 10-1000 pg/L 15 pg/kg 10 pg/L chicken tissues and eggs [37]
—/l- 0.01-1.00 mg/L 30 pg/kg 10 pg/kg fishery products [38]
~/I- 5~500 ng/mL - 10 ng/g chicken and rabbit tissues [39]
HPLC-UV M - - 400 pg/kg animal feeds [40]
~/I- 0.05-0.5 pg/g 0.05 pg/g - chicken muscle [41]
UPLC-MS/MS © - 10 pg/kg 5 ug/kg chicken tissues [42]
HPLC-DAD UV M - 2 mg/kg 0.2 mg/kg animal feeds [43]
HPLC-F1 - - 0.4 ug/ml standard solution [44]
Lc-uv! 0-2000 ng/mL 17 ng/kg 10 pg/kg eggs [45]
LC-DAD UVl - 0.1 mg/kg - animal feeds [46]
LC-MS - 0.02 mg/kg - animal feeds [46]
reversed-phase HPLC-UV - 5 mg/kg - animal feeds [23]
LC-MS/MS [ - 5 pg/kg 3 pg/kg animal feeds [18]
—/l- - 1 pg/kg 1 pg/kg eggs, poultry, rabbit [18]

[l HPLC - high performance liquid chromatography; ! HPLC-UV — HPLC with ultraviolet detection; [ UPLC- MS/MS - ultra
performance liquid chromatography with tandem mass spectrometric detection; ! HPLC-DAD UV — HPLC with UV diode-array
detection; ) HPLC—F1 - HPLC with fluorescence detection; ! LC-UV - liquid chromatography with UV detection; ¥ LC-DAD UV-LC

with DAD detection; ™ LC-MS/MS-LC with MS/MS detection.
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2 Experimental
2.1 Standard Solutions

Robenidine standards were purchased from Lanxi, Zhe-
jiang (Zhejiang K-Sheng Bio-Pharm Co., LTD) with the
purity 98.3 %.

The working solutions of standard samples (SSS) of
robenidine (ROB) for the voltammetric investigation
were prepared by dissolving the exact amount of the
standard in methanol in 10.0 mL volumetric flask to yield
the final concentration of 1.0-10° M. Since ROB is not
too well soluble in methanol at room temperature, the
solution was heated to 27-30°C to improve the solubility.
Then the volume of the solutions was adjusted to the
mark at room temperature (ca. 20°C) with methanol and
mixed thoroughly. ROB solutions in methanol were
unstable (the value of the reduction peak -current
decreases by 25 % per week); therefore, fresh solutions
were prepared daily before work.

2.2 Chemicals and Reagents

The solution of HCI fixanal was used in the work. The
glass ampoule was broken, and the solution with the exact
concentration was quantitatively transferred into a
50.0 mL volumetric flask. Then the solution was adjusted
to the mark at 25°C with double-distilled water and mixed
thoroughly. Thus, the solution of 2 M HCI was obtained.
Solvents MeOH, MeCN, DMFA and concentrated sol-
utions of HC1O,, HCOOH, MeCOOH, HNO;, H,SO, and
H;PO, were of analytical grade.

Purified argon was used to remove dissolved oxygen
from the solution before obtaining voltammograms.

2.3 Instrumentation

Voltammetric measurements were performed on two
instruments.

At the beginning of the research we worked on the
digital device MTech OVA-410 [56] with three-electrode
cell (working static mercury drop electrode (SMDE), a
saturated calomel reference electrode and platinum wire
auxiliary electrode). The accuracy of potential measure-
ment is 1 mV, the uncertainty of current measurement is
0.1 %. The employed SMDE had the following character-
istics: m=5.94-10"*g-s™"; t=10s in 02M NH,Cl with
open circuit. The current was measured at a fixed time
(8 s) in the life of the drop. Then we used digital device
MTech UVA-410 [60] with three-electrode cell (working
silver solid liquid mercury free polished (p-AgSAE)
amalgam electrode, a saturated silver/silver chloride
reference electrode and platinum wire auxiliary elec-
trode).

The measurements of electrochemical process were
carried out using cyclic voltammetry, and the linear sweep
voltammetry was applied for the development of an
analytical technique. This method can be considered as a
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quick screening method, which is characterized by a low
limit of detection and a quick response.

The pH of the solutions was measured potentiometri-
cally using pH-meter pH-150 MI (Russia) with combined
glass electrode.

The analytical balances UYA 6.4Y Ultra-Microba-
lance (company RADWAG BALANCES AND
SCALES, Poland) were used. Datasheet: maximum
capacity 6.1 g, minimum load 10 pg, readability 0.1 pg,
OIML Class I.

2.4 Voltammetric Procedure and Sample Preparation

The preparation of working solution was as follows: an
aliquot of SSS was added into a 25 mL volumetric flask to
obtain a solution with the requested concentration, then
7 mL of supporting electrolyte (the supporting electrolyte
of different nature were utilized, see further) was added
to the flask and double-distilled water was added to the
mark. The obtained working solutions were introduced
into the cell. Prior to the measurement, the cell with
solutions was deoxygenated with purified argon for
10 min. Voltammograms were recorded in the range of
potentials from 0.0 to —1.5 V.

2.5 Preparation of Feed and Meat Samples and the
Procedure for their VA Analysis

In the study we used feed and meat samples free from
robenidine (according to HPLC-MS/MS analysis) pro-
vided by National Reference Laboratory of Veterinary
Drug Residues Control.

For the verification of our method, blank samples of
feed and meat, fortified with ROB, were used. Different
exact amounts of standard powder were added into the
samples of feed depending on sample weight. Then these
samples were stirred for 10 h on the vortex type mixing
device. Afterwards, they were stored in the refrigerator
for a week. The preparation of meat samples for the
verification was the same, but the solution of ROB was
used for the fortification.

0.25 g of feed was weighed into 15 mL plastic centri-
fuge test tube, and then 10.0 mL of the background
electrolyte (HCl+30% methanol, Cyq=0.08 M) was
added. Then the sample was mixed thoroughly. After
centrifuging at 5000 rpm for 5 min, 8.0 mL of the solution
was transferred by measuring pipette into the electrolytic
cell. Prior to the measurement, the cell with solutions was
deoxygenated with purified argon for 10 min. Voltammo-
grams were recorded in the range of potentials from 0.0
to—-1.5V.

Two extracting solutions for the determination of
ROB in meat were investigated. According to the
procedure with the first extractant, 1.00 g of meat was
weighed into 15 mL plastic centrifuge test tube, and then
10.0 mL of background electrolyte (HCl+ 30 % methanol,
Cya=0.08 M) was added. Then the sample was mixed
thoroughly. After centrifuging at 5000 rpm for 15 min,
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8 mL of solution was transferred by measuring pipette
into the electrolytic cell. Prior to the measurement, the
cell with solutions was deoxygenated with purified argon
for 10 min. Voltammograms were recorded in the range
of potentials from 0.0 to —1.5 V.

Another extractant, used in this research, was
acetonitrile. This extractant is often used in chromato-
graphic methods of robenidine determination [16,29-
32,34,35,41,45]. The procedure of sample preparation
was as follows: 1.00 g of meat was weighed into 15 mL
plastic centrifuge test tube, and then 5.0 mL of acetonitrile
was added. Then the sample was mixed thoroughly. After
centrifuging at 5000 rpm for 15 min, 4.0 mL of solution

1.5

0.6 0.8 1.0
“EN

Fig. 1. Cyclic voltammograms of 5.1-10°M ROB solution at
HC1+30 % methanol, as the background electrolyte on SMDE
(olive) and p-AgSAE (orange), blank measurements lighter
colors, respectively, pH 1.3. For SMDE v=0.5V-s™!, for p-
AgSAE v=10V-s™!, E,.,=-0.10V and t,.=125s; concentra-
tion of HCl Cy;=0.08 M in all solutions.

0.4

1 JuA

00 02 04 06 08 10 12
EN
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was transferred by measuring pipette into a 10 mL
volumetric flask, then 0.4 mL of HCI (Cyg=2.00 M)
solution was added, adjusted to the mark with double-
distilled water. The obtained solution was mixed thor-
oughly and then transferred by a measuring pipette into
the electrolytic cell. Prior to the measurement, the cell
with solutions was deoxygenated with purified argon for
10 min. Voltammograms were recorded in the range of
potentials from 0.0 to —1.5 V.

3 Results and Discussion

Figure 1 shows the cyclic voltammograms in the solutions
of ROB. The reduction of ROB on SMDE and p-AgSAE
gives one cathodic peak at the potentials ca. —0.85 V and
—0.94V, respectively. With the increase of analyte’s
concentration, the potential of the reduction peak is kept
unchanged on two instruments.

The absence of anodic peaks indicates the irreversibil-
ity of electrochemical process. In the anodic region the
voltammogram was not changed during the change of
experimental conditions. Therefore, we used cathodic
linear sweep voltammetry to select the optimal conditions
and to determine the analytical parameters.

3.1 Effect of pH and Supporting Electrolyte

The value of current and of the reduction potential of
ROB solutions are affected by various factors, particu-
larly, by pH of the solution. This is clearly demonstrted in
the Figure 2a. The study of pH influence was performed
in pH range from 0.5 to 10 (pH <3 - at the background of
hydrochloric acid and acetic acid mixture, pH>3 — at
Britton-Robinson background solution).

The currents of the reduction peak reach maximum in
a strongly acidic medium at pH < 2.5; then decreases with
the increase of pH. The rise of pH value >7 did not cause

——HCI
HCIO4
——HNOs3
—— H3PO4
H2S04
——HCI + MeOH

00 02 04 06 08 10
-EpN

Fig. 2. Voltammograms of ROB solutions at different pH (a) and plots of the reduction current and the reduction potential vs. pH of
the solution (inset); voltammograms of ROB solutions at different background electrolytes, pH=1.3 (b) on SMDE, Crop=4.0-10" M,

v=05V.s.
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the changes on the plots of reduction current vs. pH, and
the results were poorly reproducible.

Regarding the potentials of the reduction peak, they
are shifted to the negative direction with increasing pH,
and have three linear segments. This behaviour demon-
strates that the -electrochemical reduction of ROB
involves the stage of proton transfer. The dependences of
the reduction peak current vs. pH of the solution and of
the potential of the reduction peak vs. pH of the solution
are shown in Figure 2a (inset). The obtained plot of the
reduction potential vs. pH of the solution can be
described by the equation presented in Table 2. The
strictest linear range on the plot of the potential of the
reduction peak vs. pH of the solution is observed for pH
value 1.0-2.5. These dependences can be used for the
calculation of the number of protons involved in the
reduction of ROB.

Since the peaks current reaches its maximum at
pH 1.1-1.3, so this pH value was chosen for further
measurements.

The influence of a supporting electrolyte on ROB
voltammetric behaviour was investigated. Since the acidic
pH value was chosen for measurements, so effect of acids
such as HCl, HCIO,, HNO;, H,SO, and H;PO, has been
examined as well (Figure 2b). As it is shown in Figure 2b,
all strong acids (except of H,SO,) can provide needed pH
value, and as a result, relatively high currents of the
reduction peak are obtained. As for sulphuric acid, it
probably exhibits its oxidizing properties, so it cannot be
used.

Table 2. The equations of the linear plots of the reduction peak
potentials vs. pH of the solution.

pH Equation Correlation
range coefficient, R
1.0-25 E=(0.758+£0.002)+(0.089+£0.001)-pH  0.9995
3242 E=(0.874+0.04)+(0.042+0.012)-pH 0.8536
4.6-62 E=(0.63410.028)+(0.101£0.005)-pH  0.9948
1.4 -
°
< 1.2
3.
=~
2
'1.0
.
® \.
08 1 \.\.
00 01 02 03 04 05 06

acc
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Also tetraoxalate buffer solution as a background
electrolyte with the acidic pH value was studied. The
results were poorly reproducible and the peak’s current
peak was of small value.

3.2 The Effect of Scan Rate and A ccumulation
Parameters

The influence of scan rate (v) was investigated in the
range from 0.1 to 4.0 V-s™'. When increasing the v, the
peak height also increases, and the potential shifts to the
cathodic region for both investigated concentrations of
ROB solutions. The slope of dependence of Igl vs. 1guv has
the value of 0.51 at pH 1.3 and at C=1.0-10"> M, and 0.42
— at pH13 and at C=5.0-10"M. It is close to the
theoretical value of 0.5, indicating the diffusive nature of
the current. According to the Randles-Sevcik equation for
irreversible reactions, a linear change of the current with
a change of the square root of the scan rate (v'?) clearly
reflects a diffusion-driven mechanism of the electrode
reaction [57-60].

For p-AgSAE, the factors affecting the ROB accumu-
lation, viz. the accumulation potential and the accumu-
lation time, were investigated. The influence of the
accumulation potential (E,..) on the value of the reduc-
tion current was examined by varying it over a range from
—0.05V to —0.60 V, while the accumulation time (30 s)
was constant. As it is shown on Figure 3a, the maximum
values of the peak heights were obtained at E,..=—0.10 V
, and then they gradually decreased. Therefore, the
accumulation potential of —0.10 V was chosen for all
subsequent measurements. The dependence of the value
of the reduction current on the accumulation time (t,,) is
shown on Figure 3b. As it is demonstrated, the peak’s
current increases linearly, as the value of t,,. is increased
from 5s to 125s. Since at the larger accumulation time
the value of the current was changed slightly, so the
electrode surface was saturated; and t,. of 125s was
chosen for further measurements.

0 30 60 90 120 150 180
acc/S

Fig. 3. The effect of the accumulation potential (a) and the accumulation time (b) on the peak’s current of ROB solution on p-AgSAE,

Crop=6.0-10"" M.
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3.3 The Possible Mechanism of the Electrochemical
Reaction

The number of protons and electrons involved in the
reaction has been calculated to establish the mechanism
of the electrochemical reduction of robenidine.

The number of electrons can be determined from the
dependence E,=f(lgv), where the slope of this depend-
ence is equal to 2.3RT/onF (F is the Faraday’s constant, R
— the universal gas constant, n — the number of electrons,
a — the charge transfer coefficient and 7 is the temper-
ature). For this purpose, the effect of scan rate and the
solutions of different concentrations of ROB were inves-
tigated. Then the dependence of the potential of the
reduction peak E, V wvs. lgv was constructed. The
coefficient o equals to 0.5 because investigated system is
irreversible. The analysis of this plot shows that the
number of electrons varies within 1.8-2.2.

Also the electron number n was calculated using
another approach, viz. by the following equation [58, 60]:

n=—417/(E, - E,) (mV), (1)

where a — the charge transfer coefficient, n — the number
of electrons transferred in a stage of an electrode process,
E, — the potential of the reduction peaks, E,, — the
potential of the reduction half-peak.

Based on the quantitative parameters of the voltam-
mograms, obtained at different conditions, the electron
number n was calculated by the equation (1). For this
purpose, the voltammograms of ROB solutions with pH
1-7 were used; as well as the voltammograms of the
solutions with different ROB concentrations and different
background electrolytes (HCl and HCl+30% MeOH,
Cy=0.08 M). The results of the calculations showed that
the value of n varies within 1.9-2.3. It means that the
number of electrons is equal 2.

The number of H* ions (zH™) involved in the electro-
chemical process, can be estimated from the plots of the
peak potential E, V vs. pH, according to the following
equation:

dE 23RT-zH'
dpH — anF @

Oﬂ
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In Table 2 presented the equations of linear depend-
ence of potential of the reduction peak vs. pH of solution.
The obtained values of zH" were within 0.7-1.2.

Robenidine may exist in two tautomeric forms and has
at least three reaction centres, capable for proton
reduction. The first stage is the electrochemical accession
(E) of two electrons and one proton. This is the stage that
determines the speed of the electrochemical process.
Next, in a highly acidic medium, the most likely to join
the second proton (chemical stage, C) according to the
scheme below.

This is the stage that determines the speed of the
electrochemical process. Further, the unpaired electron
can move along the chain, and the anion radical can be
coupled fast.

3.4 Determination of Analytical Parameters

To obtain the dependence of the reduction current vs. the
concentration, the solutions with the specified concen-
trations were prepared, and the voltammograms were
obtained as described in Section 2.4. According to the
maximum values of the peak heights, the plot of the
reduction current I, uA vs. the concentration of ROB
C, M was constructed. To determine the analytical
parameters at SMDE, three background electrolytes were
investigated. Initially we have used H;PO, as supporting
electrolyte to construct a calibration curve, but linearity
concentration ranges were narrow (less than one concen-
tration order), and the results were poorly reproducible.
The calibration graph obtained at the background of HCI
has much better performance (Figure 5a).

Since organic reagents are used as extractants in the
analysis of complex matrices (such as meat or feed), so
the influence of various organic solvents as background
electrolytes has been investigated. We have studied
methanol, dimethyl formamide (DMFA), formic acid,
acetonitrile as individual reagents and their different
mixtures (Figure 4) and consequently, the mixtures
HC1+30% MeOH, HCl+MeCN, and individual HCI,
have been chosen. (Concentration of HCl was Cyq=
0.08 M in all solutions). As a result, this solution provides
the necessary pH and high current values in the solutions
of ROB. The calibration curve at the background of this
solution is linear with good analytical parameters (Fig-
ure 5b, Figure 5c¢).
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Fig. 4. The choice of extractants for voltammetric determination
of ROB in meat and feed on SMDE. There is a background
electrolyte HCl in all solutions. Cyq=0.08 M, Crop=1.3-10" M.
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The analytical parameters are presented in Table 3.
The LOD and LOQ for the determination is based on
three and ten times of the blank standard deviation &bk,
(3.3S,/b, 10S,/b), respectively (S, — residual standard
deviation or standard deviation of the y-intercept) [61].

3.5 Analysis of Feed and Model Solution of Meat

The detailed preparation of the samples is described in
Section 2.5, we used feed and meat samples free from
ROB according to HPLC-MS/MS analysis. The depend-
ences of the reduction current /, uA vs. the concentration
of added ROB C, M have been constructed for feed and
meat, and strictly linear plots were observed. According
to the voltammograms on Figure 6, the background
current is higher compared to voltammograms of standard
solutions of ROB (Figure 5), but there are no peaks on
the background line of voltammograms of blank samples
of feed and meat solutions (without ROB). The back-
ground current of the real samples increases, obviously
due to the matrix effects. It contributes to the selectivity

7' iZ /*/* %“1/'30
h 4 E
== & — 3.20
64 T SR 5.10
* — 8.80
54 ol ——14.00
——21.00
4 ] ] 5 10 15 20 C/HM ——2800
< 6 ——35.00
\j'Q?)- <4 *,./
- = P
2 2 7
el
11 o=
0 10 20 30 40 50C/
0{ =
00 02 04 06 08 10
-E IV

Fig. 5. Voltammogramms of ROB solutions at the background of HCI solution (a) and at HCI+30 % methanol solution (b) at SMDE;
voltammogramms of ROB solutions at HCI+30% methanol solution, at p-AgSAE (c); insets — the calibration curve at the
corresponding background electrolytes and the instruments; pH 1.3, for SMDE v=0.5V-.s™', for p-AgSAE: E,.=-0.10V and

t.ee =125 s; concentration of HCl Cy;=0.08 M in all solutions.
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Table 3. Analytical parameters of the calibration graph.

Working electrode SMDE SMDE p-AgSAE
and supporting
electrolyte
Analytical HCIM HCI+30 % MeOH" HCI+30 % MeOH"
parameter
Scan rate v, V/s 0.5 0.5 1.0
Peak potential E, V —0.86 —0.85 —0.93

Linear concentration!™ range, M

Slope b+ Ab, pA-M™
Intercept a+ Aa, pA

23-107-75-10°°
(116.0+0.5)-10°
(15.340.6)-10

6.4-107-5.0-10°
(1284 40.5)-10°
(-5.74£0.6)-102

43-107-5.0-10"°
(46.4+0.6)-10°
(45.4+1.9)-107

Correlation coefficient, R 0.99996 0.99997 0.99968
RSD 0.011 0.010 0.004

Limit of quantiation (LOQ), M 521077 4.7-1077 4.1-107
Limit of detection (LOD), M 1.7-1077 1.5-1077 1.4-1077

[ for p-AgSAE E,.=—0.10 V and t,..=125 s; ! the solutions with higher concentrations were not prepared. ! Cy;=0.08 M

207 15 x CluM CluM
1.2 */ — (.63 08' 05 * :ggg
154 éo.g */ : g;g = /*/ 3.40
T 0.6 */ %
0.3 **/
310- "0 5 1&}&\2 20 25
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' 051
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C/uM 0.18 C/uM
— ' u
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0.39
e .64
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—1.40
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Fig. 6. Voltammograms of feed solutions with ROB (a) of meat solutions with ROB (b) at the background of HCl+30 % methanol
solution, of meat solutions with ROB at the background of HCl+ acetonitrile solution (c) at SMDE; voltammograms of feed solutions
with ROB at the background of HCl+ 30 % methanol solution at p-AgSAE (d); insets — the calibration curve at the corresponding
background electrolytes and the instruments; pH 1.3; for SMDE v=0.5V-s™!, for p-AgSAE: E,.=-0.10V and t,=125s;
concentration of HCI Cy=0.08 M in all solutions.
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Table 4. Analytical parameters of the methods of determination of ROB in feed and meat.

Working electrode SMDE p-AgSAE

and supporting

electrolyte
Analytical
parameter

feed meat feed meat
HCl+MeOHM HCl+MeCNF HCl+MeOH®  HCl+MeOH®  HCl+MeOH"

Peak potential E, V —0.87 —0.84 —0.88 -0.94 —1.00
Linear concentration range, M 6.0-107-25-107° 2.5-107-5.0-10° 7.6-107-7.6-10"° 1.3-107-2.6-10° 1.1-107-1.4-10°°
Linear concentration range, mg/kg 8.90-370.70 0.93-18.54 2.82-28.17 1.93-38.55 0.41-51.90
Correlation coefficient, R 0.9998 0.9989 0.9992 0.9996 0.9993
Slope b, pA-M™ 46.46-10° 79.9-10° 52.5-10° 41.1-10° 474.510°
Ab 0.22-10° 1.8-10° 1.0-10° 0.6-10° 9.9.10°
Intercept a, pA 25.44.1072 55.7-107° 54.7-107 61.5-107° 120.7-107°
Aa 3.12-1072 4.9.107 4.9-107 0.7-107 6.5-107°
LOQ,M 6.39-1077 6.13-1077 9.33-1077 1.70-1077 1.37-1077
LOQ, mg/kg 9.48 227 3.46 2.52 0.51
LOD,M 2.11-1077 2.02-1077 3.08-1077 5.62-107° 4.52-107"
LOD, mg/kg 0.31 0.75 1.14 0.83 0.17
Bl Chyu=0.08 M

of the determination, but as well it has the negative effect
on the sensitivity. The absence of other peaks contributes
to the selectivity of the determination, but the increase in
background current has the negative effect on the
sensitivity.

The blank samples of feed and meat (free of ROB)
were used for the verification of the analytical procedure.
The analytical parameters of the determination of ROB
in feed and meat are shown in Table 4.

The accuracy was verified by the “added-found”
method. Feed samples were further prepared as described
in Section 2.5. Afterwards, the aliquots of ROB SSS
(standard additives) were added into the cell with a
micropipette, so that the concentration of these additives
in the final volume was from 1.5 uM to 10.0 uM (which
corresponds to the range 3.8-25.2 pg). After the introduc-
tion of each additive, the obtained solutions were purged
with argon for 3 min to remove oxygen and to stir the
mixture, and then the voltammograms were recorded.

The sample preparation procedure of meat was as
follows: 1.0 g of blank meat was fortified with 0.8 puL,
1.6 pL, 4.0 uL and 8.0 pL of SSS of ROB and stored in the
refrigerator for 24 hours. Thus, 0.3 pg, 0.6 pg, 1.5 ug and
3.0 ug of ROB were added. The samples were further
prepared as described in Section2.5. Afterwards, the
aliquots of ROB SSS (standard additives) were added
into the cell with a micropipette, so that the concentration
of these additives in the final volume was from 0.12 pM to
0.86 UM (which corresponds to the range 0.29-2.07 ug).
After that the same procedure as with feed was used.
Results are presented in Figure 7 and Table 5.

During the analysis of meat samples, a systematic
error is detected if we use this approach. Probably, the
chemical interaction of robenidine with the matrix
components of meat takes place, and thus the analytical
signal is greatly enhanced. Therefore, for the analysis of
meat, the introduction of the additive of ROB standard
solution immediately into the electrochemical cell is not

Table 5. Results of “added-found” of ROB determination in feed and meat, obtained by the developed voltammetric method.

Added ROB, mg/kg

Found ROB, mg/kg

Recovery, %

On SMDE, On p-AgSAE, On SMDE On p-AgSAE
n=5, P=0.95 n=3,P=0.95
FEED
17.5 19.7+£0.8 - 112.57 -
18.9 18.7+0.5 - 98.94 -
19.6 19.8+0.4 19.7+£0.3 101.02 100.51
40.5 40.5+0.3 40.45+0.21 100.00 99.88
MEAT
0.3 1.3+£05 0.76+0.3 433.33 253.33
0.6 21+1.0 - 350.00 -
1.7 33+1.2 - 194.12 -
34 7.8 £3.6 - 229.41 -
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Fig. 7. Determination of ROB in feed and meat: voltammograms of feed solutions with ROB (a) of meat solutions with ROB (b) at the
background of HCl+30 % methanol solution, of meat solutions with ROB at the background of HCl+ acetonitrile solution (c) at
SMDE; voltammograms of feed solutions with ROB at the background of HCI+ 30 % methanol solution at p-AgSAE (d); insets — the
calibration curve at the corresponding background electrolytes and the instruments; pH 1.3; for SMDE v=0.5 V-s™', for p-AgSAE:
E,..=—0.10 V and t,,., =125 s; concentration of HCI Cy;;=0.08 M in all solutions.

suitable. Different calibration method has to be used, e.g.
when each additive should be pre-entered into each meat
sample, or the separation step has to be added.

4 Conclusions

The problem of the control of coccidiostats content is
urgent for the food industry. We have studied the
voltammetric behaviour of robenidine and selected the
optimal conditions for its determination, and as a result,
we have proposed a method of its voltammetric determi-
nation in animal feed and poultry meat, which is based on
the electrochemical reduction. The mechanism of ROB
reduction involving two electrons and one proton was
studied for the first time.

Voltammetric determination using the reduction cur-
rent usually is more selective, than by the oxidation
current, because most organic compounds, including those
containing the —OH group, are capable to be oxidized.
We suggest to determine robenidine on two electrodes-
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systems, each of which has several advantages. A “mer-
cury drop” working electrode (SDME or HDME) is best
suited for the rapid analysis of samples with complex
matrix, which have not undergone sophisticated sample
preparation and separation. The surface of these electro-
des is easily and constantly renovated, so the components
of the matrix do not block the surface of the electrode.
Silver solid amalgam electrodes (AgSAESs) have also wide
negative potential window and can be successfully used
for continuous control in flow. Our method is simple,
rapid and selective, specially for the analysis of feed.
Using our developed voltammetric method, it is
possible to accurately determine robenidine in feed in a
wide range (for large contents, the reliability of the
determination is higher). It fully complies with the
requirements of the Regulation (EU) No 1455/2004 and
Regulation (EU) No 2020/148, because they have author-
ised the use of feed with level of robenidine 30-36 mg/kg.
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Analytical Chemistry AuajiTn4Ha ximis

POLAROGRAPHIC REDUCTION OF ROBENIDINE
Ivakh S. R., Dubenska L. O.
Department of Analytical Chemistry, Ivan Franko National University of Lviv, Lviv, Ukraine
sophiaivakh@gmail.com

Coccidiosis is a common infectious amoebic illness affecting domestic animals and
especially poultry. The disease has several forms. The acute form of coccidiosis leads to high
mortality, chronic form causes weight gain reduction, poor feed conversion and insufficient egg
production in poultry. Nowadays this disease is the most dangerous parasitic disease of poultry.

Robenidine [1,3-bis(p-chlorobenzylideneamino)guanidine hydrochloride] is special
feed additives which are added to prevent animal’s coccidiostats. Presently it actively used in
agriculture. However, contamination of animal meat with coccidiostats may occurs, thereby
causing adverse effects in humans consuming such meat.

Therefore, reliable methods are needed for accurate qualitative and quantitative
determination of robenidine. There are very limited number of robenidine determination
methods. Chromatography with various detectors are commonly used. Good alternative to
known methods of robenidine determination are electroanalytical methods, particularly
voltammetry, which combines high selectivity and sensitivity, relatively, inexpensive
instruments, quickness of use and possible automation as well.

The behavior of robenidine in hanging
10 mercury drop electrode were investigated. The
robenidine directly reducted on hanging mercury
drop electrode and did not need derivatization to
< other forms. Cyclic voltammogram of robenidine
° is shown in Fig. 1.
T The different factors, which can affect the
reduction of robenidine, was investigated. The
0 study of the pH influence was performed in the pH
00 02 o4 o6 o8 1o 12 14 range from 0.5 to 10. The current of the reduction
EV peak reaches maximum at pH 1.3, then decreases
: with increasing pH. The initial studies were
e - performed in the presence of HCI, HCIO4, HNO3,
b;c():bkzrr](l)?;r?g nggttrlglr;?et’?ﬁlf 53 HzS(_)4 an_d H3PO4 as well. The best resylts were
Croberiaina = 4.0x10°° mMol/L. v = 0.5 VV/s obtained in the presence of hydrochlc_)rlc .3_1C|d as
robenidine ’
on HVIDE background electrolyte. Therefore, this acid was
chosen to get proper pH, ionic strength and highest
current values in following measurements.

Additionally, the analytical parameters were determined. The calibration curve with
different values of the concentration of the robenidine solutions were constructed. The linear
dependence of reduction current vs. concentration were obtained in range from 2.3-10~ mol/L
to 2.0-107° mol/L. The detection limit is 1.9-10~ mol/L, the quantitation limit is 5.7-10~" mol/L
and the corelation coefficient is 0.9999.

Fig. 1. Cyclic voltammogram in

11
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BOJIBTAMIIEPOMETPUYHA ITOBEJIHKA KOKIHUAIOCTATHUKA
POBEHIIUHY

leax C.P., /Iybencora JI.O.
Kageopa ananimuunoi ximii,
JIvgiscokutl Hayionanvrul ynisepcumem imeni leana @panka,
eyn. Kupuna i Megoois, 6, 79005 Jlveis, Yrpaina
e-mail: sophiaivakh@gmail.com

Kokmumaioctatuku — 11€ peuoBUHH, SIK1 BBOJSTH K JT00aBKH J0 KOPMIB JUIsl TBAPUH 3
JIKYBAJILHOIO 1 TPO(UTAKTHYHOIO METOT0, 00 3amo0irTH KOKIKIi03y (Mapa3uTapHa XBopooa,
Bpaka€ IUTyHKOBO-KMIIKOBUM TpakT). Pobeninun (POB) BUKOPHUCTOBYIOTH Y TPOMHUCIOBOMY
BHUPOIIlYBaHH1 KypeH, IHAMKIB 1 KpojiB. Llell KOKUMIIOCTaTUK € OCOOIMBO MOMYJSPHUM,
30KpeMa, Woro nonaarwTh a0 pamiony 70 % OpoiinepiB. [loTpamisioun B opraHi3aM TBapuHU
pa3zom 3 kopmoM, POB 3anuimaerbcst B TKaHWHAX, TAKUM YUHOM 1 Y TIPOJYKTaX TBApUHHOTO
noxoxeHHs. J(upexktuBa Pagun €C 2020/148 pernmamentye Bmict PObB y kopmi B Mexax 30-
36 Mr/kr, a MakcuMaibHO nomycTuMi piBHI POB y Kypsumx TKaHWHaX KOJIMBAIOTHCS Bill
0.20 mr/xr mo 1.30 mr/kr 3amexHo Bim TkaHuHW. s BuzHauenHs POB y mpoaykrax
XapuyBaHHS BUKOPHUCTOBYIOTh BUKJIIOUHO BHCOKOC(PEKTUBHY pimuHHY XpoMarorpadiro. Tomy
MMATAaHHS PO3pOOJICHHS HOBUX JIOCTYITHMX, NPOCTHUX, ajleé BOJHOYAC HAIIMHUX METOJIIB
Bu3HaueHHsa POD € akTyanbHUM.

POb wMictuTh (QyHKIIOHAIBHI TpynH, 37aTHI A0 BIIHOBIGHHS B yMOBax
BOJIbTamIiepoMeTpii. JlocnipkeHHs MPOBOIMIM Ha JBOX POOOYUX €IEKTPOoJaxX — PTYTHOMY
KpalIMHHOMY (p.K.€.) 1 TOJIIpOBaHOMY TBepaoMYy amanbramHoMmy (p-AgSAE). BuBuminu
BB pH, (POHOBOro e€NeKTposiTy, MBHAKOCTI PO3rOPTKH, MHapaMeTpiB aKyMyJsIii Ha
enekTpoxiMiyHe BinHOBIeHHS. PObB  BiIHOBIIOETbCS 3  YTBOPEHHSM OJHOTO  IIKY,
KOHTPOJbOBaHOTO au(ysiero, 3a moteHmianiB -0.85B i1 -0.94B na p.x.e. i p-AgSAE
BignoBigHo. pH 3minoBanmu B Mexax 0.5-10, HaliOuIbIi 3HAUEHHS CTPYMIB JIOCSTAIOTHCS 32
3naueHns pH 1.3. [lns 3abe3nedenns takoro Husbkoro pH mocmiaunu BrumB kuciaot — HCI,
HNOs, H.SOs, HCIO4, H3POs. 3 ormsay Ha Te, mo mpu poOOTI 3 TaKUMH CKJIAQIHUMH
MaTpPHUISIMH, K M’SICO YM KOPM, IOTPIOHO BUKOPHUCTOBYBATU €KCTPAreHTH, TO MH JOCIIAUIN
takox MeCN, IM®A, MeOH, HCOOH sk iHauBigyanbHO, TaK i iX CyMilli y pi3HOMY
crniBBinHOMmeHHI. Halikpamti pe3yiabpratu oTpumainu ais ¢poHoBoro enektposity cymimr HCI +
30 % MeOH. 3a onTtuManbHUX YMOB JiHIHHI 3aJI€KHOCTI CTpyMy Bia KoHueHTpauii POb
otpumany ang 2.3:107" — 7.5:107° M. Mexa Busnauenns POB 1j1s kopMy nopiBHIOE 9.5 Mr/kr

Ha p.K.e. 12.5 mMr/kr Ha p-AgSAE, pe3ynbTaT OBTOPIOBaHI.
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CONTROL OF POULTRY MEAT FOR THE COCCIDIOSTAT ROBENIDINE
CONTENT
Ivakh S. R, Dubenska L. O.
Department of Analytical Chemistry, Faculty of Chemistry,
Ivan Franko National University of Lviv, Kyryla & Mephodia Str. 8, Lviv, Ukraine
sophiaivakh@gmail.com

Contemporary agricultural practice often involves the application of a wide range of
veterinary medicines and feed additives to treat and protect animals from a large variety of
pathological conditions. Infections (bacterial, parasitic, or viral) account for a large fraction of
these diseases. Coccidiostats (COC) are pharmacologically active molecules employed to
prevent and inhibit parasitic protozoa of the genus Eimeria, referred to as coccidia, causing a
very contagious disease of the gastrointestinal tract in many farmed animals. Coccidiosis
represents a major disease in poultry, causing intestinal lesions, scarce weight gain, poor feed
conversion and poor egg production; in its acute form, coccidiosis causes high mortality rates.

A range of COC is currently licensed as feed additives according to Regulation (EC) No
1831/2003. The International Federation for Animal Health (IFAH) estimated that of the 40.7
million tons of feed produced annually in the EU for chickens for fattening, turkeys, and rabbits,
approx. 18.3 million tons (45%) contain an added COC. Unfortunately, the overuse and/or
improper application of veterinary drugs can result in high residual drug levels in tissue and the
surrounding environment. Thus, due to feed contamination, COC get into food of animal origin.
Regarding risks associated with human health, regulatory authorities have set maximum residue
limits (MRLs) for robenidine (ROB) in chicken tissues. In the European Union individual MRLs
have been set for specific chicken tissues namely 0.80 mg/kg for liver, 0.20 mg/kg for muscle
and 1.30 mg/kg for skin or fat. Concerning the negative impact of COC on human health, clinical
signs of acute rhabdomyolysis were observed due to accidental ingestion of the pure compounds.
The symptoms were muscle weakness and myocardial insufficiency. Additional studies show
exacerbation of certain conditions of ischemic disease by residues of COC in food.

Therefore, reliable methods are needed to

0.8, °5 . ﬂ”‘:‘fe detect and quantify COC precisely, in particular, to
04 S 200 detect ROB residues in products of animal origin. We
0.6{5° // 40 propose to determine ROB in poultry meat according

B —75% to a unique method developed by us using
voltammetric analysis. This method is based on the
electrochemical reduction of ROB on the mercury drop
indicator electrode. We investigated the influence of
pH, a supporting electrolyte, a scan rate and
accumulation parameters [1]. Since organic reagents

0.4 0.6 0.8 10 are used as extractants in the analysis of complex
'Ep/V matrices (such as meat or feed), so the influence of
———————————————————————— e various organic solvents as background electrolytes has
Fig. 1. Cathodic voltammograms of been investigated. We have studied methanol, dimethyl
meat solutions with ROB at the . formamide, formic acid, acetonitrile as individual
backgrounq HCI - methgnol ?01‘1“0“ reagents and their different mixtures and consequently,
at SMDE; inset —_‘ghe calibration the mixtures HCl + 30% MeOH, HCI+ MeCN, and
_ourve;v=05V-s ,pHI1.3. . individual HCI, have been chosen.

As shown in Figure 1, we obtained the linear dependence of the reduction current vs. the
concentration of ROB in poultry meat.

[1] S. Ivakh, L. Dubenska, M. Rydchuk, and S. Plotycya. Voltammetric behavior and reliable
method for the determination of coccidiostat robenidine in animal feed and poultry meat //
Electroanalysis. DOI: 10.1002/elan.202060225
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MEXAHI3M MOJSAPOTI'PA®IYHOI'O BITHOBJIEHHS POBEHIIUHY
leax C.P., /[ybencwvka JI.O.
JIbBiBCHKMIT HaIlIOHAJIBHUM YHIBepcUTeT iMeH1 IBana dpanka
Kadenpa ananituynoi ximii
sophiaivakh@gmail.com

3 PO3BHUTKOM CUIBCBKOTOCIOMAPCHKOI iSIIBHOCTI 3pOocTae morpeda y 3acTOCYBaHHI
HIMPOKOTO CHEKTPY KOPMOBHX JJOOABOK 1 BETEpMHAPHUX IpENaparis, 00 3aXUCTUTH TBAPHH
Bl OakTepiaJbHUX, BIPYCHMX YW TapasuTapHux iHekmid. OgHuM 13 MONIMPEHUX TaKUX
3aXBOPIOBaHb € KOKIMIIO3, IO Bpakae CBIMCHKUX TBApWH, O0COONMBO NTHUIO. OCKiTbKA
dbepmepu 3aliKaBiieH] Y 3I0pOBHX TBapHUHAX, IIBUAKOMY BIJTOJOBYBaHHI 1 MAJIMX KOHBEPCIAX
KOpMY, TO HIMPOKOTO 3actocyBaHHs HaOymu kokumumiocratuku (KOKL]) — dapmakonoriaao
aKTHBHI pEYOBUHHU, SIKi1 BBOJSATH Y KOPMU 3 TPO(DPIIAKTUIHOIO 200 JIIKYBaJILHOI METO0. 3T1THO
3 gaHuMu MixHapoaHOI (eneparii 0XopoHH 370poB’s TBapuH, 3 40.7 MIIH TOHH KOPMIB, IO
I0pi4HO BUPOOIsitoThes B €C 11 nTUlll Ta KpouiB, mpubau3Ho 18.3 miH ToHH (45%) MICTATH
KOKII. KOKII sixk kopmoBi 106aBku jo3BojieHi Permamenrom €C 1831/2003.

OO0’eKTOM  HAIIOTO  JOCHIPKEHHS €  KOKIMIIOCTAaTHK  poOeHimuH  (MOXiaHe
JiaMiHOTYaHITUHY), OCOOJMBO TMOMYJSIPHUNA dYepe3 aHTUIapa3uTapHi BIACTHBOCTi, HOTO
nonatote 1o pamiony 70% OpoiinepiB. Pobenimun (POB) mae y crtpykrypi (puc. 1)
(GYHKIIIOHANIBHI TPYIH, 3[aTHI IO BiAHOBICHHS B
Cl NH cl yMoOBax nojsiporpadiunoro anamnizy. JlocmimkeHnHs

\O\,Nx JL N ﬁ MPOBOJMIIA Yy TPHUEIEKTPOAHIM EJIEeKTPOTITHIHIN
- ﬁ H KOMIpIi 3 poOoYMM PTYTHUM KpAIUIMHHUM
eNeKTposioM (p.K.€.), HACHYEHUM KaJIOMEIbHUM

Puc. 1. CtpykTypHa dhopmysa poOSHIIMHY —€IeKTPOAOM  MOPIBHSHHS 1 IUIaTUHOBUM
JIOTIOMI>KHUM €JIEKTPOJIOM.

Jnst Toro o6 AociuTy MexaHi3M BiqHoBIeHH POB, BUBUIIH BIUIMB Pi3HUX YMHHUKIB (pH,
npuponaa (GOHOBOTO ENIEKTPOJITY, PO3YUHHUK, KOHIIEHTpAIlis) Ta 00paiy ONTUMAIIbHI YMOBHU ISt
BiHOBNeHHA PObB. 3mintoBamu pH B mexax Big 0.5 no 10. Ctpym BimHOBieHHs POB nocsras
HaWOLIBLIOrO 3HAYEHHSI Y CUIIBHO KucioMy cepenosuill (pH < 2.5), moTiM pi3ko 3MeHIIyBaBcs 31
36utb1IeHHAM pH. 3a 3HauenHs pH > 7 nosnsiporpamu He BIATBOPIOBAIMCS. 3aI€KHICTh OTEHLIATY
iKYy BiJ 3Ha4eHHs1 pH po3urHy Masia 9iTKi TpH JIiHIHHI JUTHKE y Takux Mexkax pH: 1.0-2.5; 3.2-4.2;
4.6-6.2. BuxopucroBytoun (opmymu dE/ApH=(2.3RTzH*)/(anF) (1) i an=-47.7/(Ep-Epz) (2),
pO3paxyBaji CIiBBITHOIICHHS KIJIBKOCTI €NEeKTpOoHIiB N i mpoToHiB ZH*. 3a ¢opmyson (2)
JIOJTaTKOBO OOUMCIMIIM KUIBKICTh €JIEKTPOHIB 13 3aJIEHOCTEH CTpyMy Bl KOHIIEHTpALlii pO3YMHY
POB. OTox pe3ynpTaTi OOYHCIIeHB TaKi: KUTbKICTh eNeKTpoHiB 1.9-2.3, kinbkicTs mpoToHis 0.7-1.2.

BrmiB mBuiKoCTI po3ropTky NOoTeHwiany v 3MiHoBau B Mexax 0.1-4.0 B/c. Cnocrepiranmu
30LIbIIEHHS BUCOTH ITIKY 31 30UIBIIECHHSM V, TOTEHIIIAIN 3CyBaJIMCS B KATOAHY 00J1acTb. 3aJIeXKHICTh
E=f(Igv), ne naxwi kpuBoi gopisHioe 2.3RT/anF, Takox 1ae 3MOry O0YUCITUTH KiJTbKICTh €JIEKTPOHIB
n, sika popieatoe 1.8-2.2. Ilpupoma ctpymy amdysiiiHa, 60 KoedimieHT D Haxmiry 3ame)HOCTI
Igl=f(Igv) nns pisHux kouteHTpartiii gopisHroe 0.51 10.42, 1o myxe 6mm3bke 10 Teoperuaroro 0.5.

PobGeniquH Mae mioHaiMeHIIe TPU aKTWUBHI LIEHTPH, 3aTHUX JO BITHOBJIECHHS 3a Y4acTIO
npotoHiB. HalliMoBipHille, Ha nepirii ctafii (e1eKTpoXiMiuHii) B110yBAa€ThCS MPUETHAHHS IBOX
€JIEKTPOHIB 1 OJTHOTO NMPOTOHA, YTBOPIOIOYM MPOAYKT peakiii — aHioH-pagukai. Lle eran, skuit
BU3HAYA€E IIBHUJIKICTh EJIEKTPOXIMIYHOTO Tporecy. Jlami HecrmapeHWUd eNeKTPOH PyXaeThes
B3JIOBXK JIAHLIOTa, Y CHJIBHO KHUCJIOMY CEPEIOBMII INBHUIKO NPHETHYETHCS IMPOTOH, IO €
XIMIYHOIO CTaJI€I0 MEXaH13My B1THOBJICHHS.
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