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AHoTauisi. CTaTTs NpUCBSYCHA BUBYCHHIO €()eKTUBHOCTI BUAAJICHHS XJIOpaM(EHIK0JIy — aHTHOI0THKA LITHUPO-
KOTO CIEKTpPY Aii, [0 YacTO BUSBJSIOTH Y CTIYHMX BOJAaxX (apMaleBTUYHUX 1| MEIUYHHAX YCTaHOB. MeToro
JOCIHIPKEHHsI OyJI0 OUIHUTH e(heKTUBHICTh BUIAJICHHS XJIOpaM(EHIKOIy 3 MOJIEIIbHUX PO3YHHIB 3 BUKOPHUC-
TaHHsIM Lemna minor (pscku) B 3aieKHOCTI Bifl ITOYATKOBOI KOHIIEHTpAIii aHTHOIOTHKA, TPHUBAJIOCTI OUYM-
IIEHHS Ta TTMTOMOI 010MacH PSCKU.

Y nmocmimkeHHI OyiM BHKOPHCTaHI MOJENBHI PO3UYMHHU XJIOpaM(eHikody 3 KoHIeHTpamismu 2, 5, 10 i
20 mr/om3. TpuBallicTh OUMIIICHHS BapitoBajiacs BiJl 1 10 72 roauH, a BMICT xJiopaM(peHikony 0yJI0 BU3HAYCHO
3a IOTIOMOTOI0 piAHHOI XpoMaTorpadii. BcraHoBNIEHO, 10 €PeKTUBHICTh OUHITICHHS 3aJIS)KUTh HE JIUIIIE BiJl
TPUBAJIOCTI Ta MOYATKOBOI KOHIICHTpAIIil aHTHOIOTHKa, ajie 1 Bix mutomoi Giomacu L. minor. 3okpema, Haiibi-
Jipiia e)eKTHBHICTh CIIOCTEpiranacs B iHTepBaii Bif 24 10 48 ToauH, MIC/S YOro BHIAICHHS aHTHOIOTHKA
MMOMITHO 3HM)KYBAJIOCS, @ BMICT 3aJIMIIABCS CTa0ILHUM JI0 KIHIIS 72-TOJJUHHOIO TIEPIoy.

[Tpu koHUIEHTpAaIisX XJopamdeHikomy 2 1 5 Mr/am® 3 muToMoro 6iomacoro psicku 36 1/am° e(peKTUBHICTh OUH-
IIICHHS TOCTYIIOBO 3pOCTala i Jocsarajia MaKCUMaJlbHUX 3Ha4eHb 3a 72 roaunu 23,2% Tta 26,8%, BiANOBIIHO.
s 6inbinoi 6iomacu — 50 r/1m® — i moka3HUKY cTaHoBwWIM 17% Ta 19%, 110 CBIAYUTE PO MOXKIIUBY OITH-
Mi3aIlifo MPOIeCy OYUIICHHS IPU 3HWKEHHI MIUTOMOT 0i0MacH PSCKH.

[Tpu BUIIMX MOYATKOBHUX KOHIEHTpaIlisx xiopampenikomy (10 i 20 Mr/nm?®) BUKOpUCTaHHS PICKHU 3 ITUTOMOIO
OioMacoro 36 r/nm* 3abe3neuyBano MakCHMalbHe BUAaieHHs aHTuOioTHka 33,0% 1 29,5%, BiAmosigHo, 3a
72 ropunu ouullieHHs. 31 30ubIeHHIM OioMacu 10 50 r/am® eekTHBHICTh 3HMXKYBajacs 1 craHoBuia 23,6%
ta 21% i UX KOHIEHTpaIlii, 110 BKa3ye Ha 3aJISKHICTh MPOIIECY Bi KilbKocTi L. minor.

Pe3ysbraTi miaTBEPUKYIOTh, 10 BUKOPHCTaHHS Lemna minor e nepcreKTHBHUM Ut BUIAJICHHS Xjiopamde-
HiKOJTy 31 cTiYHMX BOJI. HaliBu1oi eeKTHBHOCTI OyJ10 IOCATHYTO 32 TPUBAIIOCTI mporiecy 48 roJiH 1 TUTOMOT
GioMacu psicku 36 /M3, o 3a0e3Mmeuniio 3HMKEHHS KOHIIEHTpaIlii xiopamdenikory a0 29,4% 3a mouaTko-
Boro piBHA 10 Mr/nm®. BUKOpUCTaHHS PSCKH JUIS OYHMIEHHS CTIYHUX BOJ CIIPUSE 3HIKEHHIO €KOJIOTIYHOTO
HaBaHTa)XEHHS Ta 3MEHIIYE PH3HK MTOMUPEHHS aHTUO10THKOPE3UCTEHTHOCT] Y IPUPOHUX BOJIAX.

Karouogi cioBa: ctiuHi Boju, 0i0TeXHOJIOTisS, Oi0JI0TiYHE OYUIIICHHS, BOJIHI POCIUHHU, PACKA, aHTUO10THKH.

BCTYII 10Tb. OIHUM 3 OCHOBHUX YHHHHUKIB I[LOTO 3a-
OpyJIHEHHS € CKUAAHHS CTIYHMX BOJ 3 MEIUY-
HUX 1 BETepUHAPHUX ycTaHoB [1, 2].
XnopaM¢peHiko — 11e aHTUO10THK, SIKUH 3a-
CTOCOBYIOTH JJIs JTIKyBaHHS OaKkTepiaJbHUX 1H-
¢bexuiit y mopeii Ta TBapus. [Ipote, uepes cBoro

3a0pyAHEHHS HABKOJHUIIHHOTO CEPEIOBHUIIA
CbapMaI_[eBTI/I‘-IHI/IMI/I pE€YOBHMHaMH, 30KpEMa aH-
TUO10THKaMHM, CTaJ0 CEPHO3HOI0 €KOJIOTIYHOIO
po06JIeMOI0, MacIITabu sIKOi MOCTIHHO 3pocTa-
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TOKCHUYHICTh, BIH Ma€e OOMEXKEHE BUKOpPHC-
TaHHs, OCOOJIMBO Y BETEPHUHAPIi, /Ie B JCSIKUX
KpaiHax ioro 3acrocyBanHs 3a0opoHeHne [3, 4].
[Tonpu 1€, KOHIIEHTpAIil XJ0paM(pEHIKOIY Y
CTIYHMX BOJAX BCE II€ 3HAXOIATHCS B MEXKax
0,1-2 Mxr/mMm3, 110 TIOB’I3aHO 31 CKHAaMU 3 Me-
JIMYHHUX Ta BETCPHUHApHUX ycraHoB [5, 6]. B
€KOCHUCTeMax IIel aHTHOIOTHK MOXKE IMPHU3BO-
JTUTH JI0 PO3BUTKY aHTHOIOTHKOCTIMKHX IMATO-
TCHIB, II0 B MOJAIBIIOMY YCKIJIQIHIOE JIiKY-
BaHHS 1H(EKIii.

VYce Ounplie yBard OpUILISAIOTH 010J10T1Y-
HOMY OYHMIICHHIO 32 JIOTIOMOT'OI0 BOJHUX POC-
auH. OgHUM 3 HAHOUIBIT TEPCIEKTUBHUX ITiJI-
XO/iB € BHKOpHCTaHHS Lemna minor (psicka
Maja), ika Ma€ 3JaTHICTh MOTJIMHATH TOKCUYHI1
PEUOBHHH, y TOMY YHCJIi aHTUO10THKH, 3 BOJIH.
i pocnuHU aKTUBHO MeTabO0INI3YIOTh 3a0py/I-
HIOIOYI PEYOBMHU Ta 3HWXKYIOTh X KOHIIEHTpA-
1[I0, CIIPUSIOYN OYHILEHHIO BOAOIM [7].

OfHUM 3 BaXJIMBUX MEXaHI3MIB BHAIAICHHS
xJiopaMpeHnikomy € iioro Tpanchopmailis 3a 10-
MMOMOTOI0 (pepMEHTIB, sKi Tpoaykye Lemna
minor.

depmeHTaTHBHA TpaHchopMallis XIopam-
¢benikoy y Lemna minor € KJro4uoBUM MeXaHi-
3MOM O010JIOTIYHOI0 OYHUIIEHHS BOIU BiJ IILOTO
anTHOioTHKA. I1i7 yac 1pOro mpoiecy xiopam-
(heHiK0JI MOKe 3MIHIOBAaTH CBOIO XIMIUHY CTpY-
KTypy 3a JIOOMOT00 ()epMEHTIB, 110 MPHU3BO-
IWTH 10 3MEHIICHHS HOTO TOKCHYHOCTI Ta II0-
JIETIIEHHS! BUBEAEHHS 3 POCIMHM abo 3MeH-
IIEHHs] HOTO BIUIMBY Ha HABKOJHIIHE CEPEIO-
BHIIIE.

OcHOBHI MexaHi3MH (pepMEHTATUBHOI TpaH-
chopmMarii xjopamM(eHiKoly HACTYIHI: OKHC-
HEHHSI, TIIIOKYPOHi3allis 1 cynb(yBaHHsA, peay-
Kiisi, rigponis [8-15].

OxucHeHHs xJopaMpeHikory HMOBIpHO Bi-
n0yBaeTbest HacTynHUM yrHOM [8-10]: depme-
HTH, SIK1 3aJ{isHI B OKUCHIOBaJBbHUX MpoOIlecax,
30kpeMa nutoxpom P450, MOXyTh ao1aBaTh
aTOMH KHCHIO JI0 MOJIEKYJH XJopamMQeHiKoIy.
Ile mpW3BOAMTH JI0 YTBOPEHHS HOBUX, MECHII
TOKCHYHUX (DOPM, OCKIJIBKH OKUCHEHI MeTabo-
JITH MOXKYTh MaTH 3HM)KEHY O10JI0T14YHY aKTH-
BHICTb Y MOPIBHSHHI 3 BUX1JIHUMH CIIOJyKaMH.
[ei mporec 3a3Buyaii BiIOyBAETHCSA B KIIITH-
HaxX POCIIHH, 30KpeMa B OpraHenax, TaKuxX SK
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SHJIOTIIa3MAaTHYHUHN PEeTHKYIYM 1 MITOXOHJDIT,
1€ 3HaXOIIThCs (hepMeHTH 1uToxpomy P450.

I'mokypomnizanist i cynbyBaHHS — Le ABa
TUIIA PEaKIid KOH'ToTaIlii, K1 I03BOJISIOTH I1e-
peTBOproBaTH XJIopaMpEeHiKOoI Ha MEHII TOKCH-
4yH1 opMHU. Y IUX peaKIlisax MOJIEKYJIH XJI0pa-
M(}EHIKOITY 3B'SI3yFOTHCS 3 MOJICKYJIAMH TITIOKY-
poHOBOi kuciaotu abo cynbdaris. Lle crnpuse
JETOKCHKAIIil 3a0py/IHIOBAaUiB, OCKUIBKU KOH'-
IOTOBaH1 MOJIEKYJM 3a3BHYaii MarOTh 3HAYHO
HWKYil TOKCHYHI BIIACTHBOCTI Ta JIETIIIE BHBO-
JTHCS 3 POCIMHY 200 MOTTIMHAIOTHCS MEHILIOI0
Miporo. ['miokypoHnizaiisi 3a3Buuail 3iicHIO-
€THCS 32 OTIOMOTOI0 TIIFOKYPOHO3UITpaHChe-
pa3, a cynb(hyBaHHS — Yepe3 (HEePMEHTH CYJIb-
dorpanchepasu [10-13].

[1ix gac penykuii xaopamdenikory BigOyBa-
€ThCSI 3MEHIIEHHS KUIBKOCTI OKCHUT'C€HOBAHUX
¢GyHKIiOHANBHUX Tpyn y Mousiekyii. e moxke
BKJIIOUATH BIAHOBIEHHS XJOpamMQeHiKoIy a0
MEHII TOKCUYHUX MOJIEKYJI, SIKi MalOTh 3MiHEHI
CTPYKTYPHI XapaKTepUCTUKH, HAIIPUKIA]l, 3Me-
HIICHHS KUTbKOCTI KHCHEBMICHHX T'PYII, IO PO-
OUTH MOJIEKYJIM MEHIII akTUBHUMU. Lleit mporuec
94acTO peani3yeThCs 3a JOMOMOTOI0 PEayKTas,
SIK1 37aTHI TIEPEHOCUTU ENEKTPOHU Ta BOJCHBb
Ha MOJIeKyJH 3a0pyaHioBauis [14-16].

[Ile omuH BakIMBUN MeXaHI3M (epMeHTa-
TUBHOI TpaHchopmarii xjaopampeHikony — 1e
TiApOIi3, MiJI Yac SKOro MOJIEKYJTU aHTHO10THKA
PO3IIETUTIOIOTHCS. Ha MEHII YaCTHHU 32 JIOTIO0-
Mororo Boau. ['ipomniz Moxke 3AiiCHIOBATUCS
3aB/SIKM aKTUBHOCTI (PEPMEHTIB, TAKUX SIK €C-
Tepa3H Ta JIiNa3H, 10 J03BOJISIE PO3PUBATH 3B's-
3KH MK KOMIIOHEHTaMH MOJIEKYIH XJiopamde-
HIKOJIY 1 pOOUTH ii MEHIII TOKCUYHOIO Ta OUIbII
MiAJaTINBOK 0 ToJanbiioi Olomerpamarii
[10, 17, 18].

depMeHTaTHBHA TpaHchoOpMallis XJIopam-
(eHiKoIy Mae CyTTeBe 3HaUEHHS i OlopeMe-
Jiarii, OCKIIbKUA JO3BOJISIE POCTUHI 3MEHIIIUTH
TOKCHUYHICTh 3a0pyHIOBAaYiB Ta aJanTyBaTUCS
1o 3abpynHeHoro cepenoBuina. Llel mporec
CIIpHsiE TOMY, IO XJIOpaM(EHIKOI CTAaE MEHII
HeOe3MeYHUM JJIs POCIMH Ta 1HIIUX OpraHi3-
MiB, IO MEMIKAIOTh Y BOJHOMY CepeIOBHIII
[19]. Tomy BukopucranHs Lemna minor mns
OUMIIEHHS BOJM B (hapMalieBTUUHUX 3a0py -
HIOBaYiB, TAKUX SIK XJIOpaM(]EHiKo, € eheKTH-
BHUM 1 IEPCIIEKTUBHIM METOJIOM, IO JO3BOJISIE
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3MCHIIIMTH HETaTUBHUI BIUTMB aHTHOI0THKIB Ha
€KOCHCTEMY.

depmeHTaTHBHA TpaHchopMallis XJIopam-
dbenikomy B Lemna minor e ckiagaum 6araroc-
TYIEHEBUM TIPOIIECOM, IO BKIFOYAE OKHC-
JIEHHs, TJIFOKYPOHI3aIlito, CylabQyBaHHS, PEIY-
KIIIO Ta TiApoii3. 3aBASKU UM MeXaHi3Mam
pocnuHa 37aTHA 3MEHIIYBAaTH TOKCHUYHICTH
xJiopaM(eHiKolly Ta TEpeTBOPUTH HOro Ha
MEHII IKIUTHBI crioytykH |8, 20].

bionoriune ouynIneHHs CTIYHUX BOJI 32 IOTIO-
MOTOI0 BOJIHUX POCIIUH € HE TUIBKU €KOJIOT1d-
HHUM, aj¢ W €KOHOMIYHO BHUTIJHHUM METOJOM.
3aBAsIKU MIBUAKOMY POCTY POCIHH 1 3JaTHOCTI
MOTJIMHATH 3a0pyIHIOBAYi, e METOJ MOXKE
OyTH 3aCTOCOBaHHMIl Ha BEJIIMKHUX IUIOMIAX JUJIS
OYUIICHHS CTIYHUX BOJ. BUKOpUCTaHHS TaKUX
pociuH, sk Lemna minor, 1o3Bosisie 3HWKyBaTH
KOHIIEHTpallii (papManeBTUIHNX PEYOBUH Y
BO/I1, 1110 3HAYHO MOKPAIIYE SKICTh BOAM y MIPH-
POIHHX BOJOMMAX 1 3MEHIIYE €KOJIOTi4HI pH-
3HKH, MOB’53aHi 3 3a0pyIHEHHSM BOJ aHTHO10-
TUKAMH.

META I METOAU

Metoro poOOTH € BU3HAUCHHSI CTYIICHIO BH-
JaneHHs XJopaM(deHikoly 3a JI0IOMOIOK0
Lemna minor B 3ajIe)XHOCTI Bij ITOYaTKOBOL
KOHIIEHTpallii aHTUOI0TUKA, TPUBAJIOCTI IMPO-
1[eCy Ta MUTOMOI 010MacH pSCKHU.

VY nabopatopHux ymMoBax OyJo J0CIIIKEHO
MPOIeC OYMIICHHS MOJEIBHUX PO3YHHIB, IO
IMITYBaJIM CTI4HI BOJHM, 3 BMICTOM XJopamde-
Hikoiy 2, 5, 10 Ta 20 mr/nm?. [Ipotiec mpoBou-
BCSA B CTaTMUHOMY PEXHMi y OiopeakTopax 3
Lemna minor i3 nutomoro 6iomacoro 36 ta 50
r/nm?. IIpo6u BinOupanu yepes pi3Hi IHTepBaIu
qacy — 1, 2, 4, 6, 21, 24, 48 ta 72 ron., BiJ Ho-
YyaTKy MpoIecy — Ui BIACTEKEHHS AUHAMIKU
3HWKEHHS KOHIIEHTpAIlli aHTHO10THKA.

Jlnst BU3HA4YEHHS BMICTY XJIOpaM(eHIKOTy
BUKOPUCTOBYBAJIM PIIMHHY Xpomarorpadito ta
KamoOpyBanbHy KpuBY. s mepeBipku Timo-
TE3H, 1110 3HWKEHHS BMICTY XJIopaM(]eHIKoIy €
HACJIIKOM JTii came PSICKH, TIPOBOMIIA KOHTPO-
JIBHI JIOCHIJKEHHSI Ha aHAJOTIYHUX pPO34YMHAX
0e3 nomasanHs Lemna minor.

Amnai3 3pa3kiB BUKOHYBAJIH Ha PiIUHHOMY
xpomarorpadi Agilent 1260 Infinity 11, a o6po-
OKy pe3yJbTaTiB 31IHCHIOBAJIM 32 JIONMOMOTOI0
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nporpamHoro 3abesneuenns Agilent OpenLab.
BusnauenHs BMiCcTy xyiopamM(eHIKOJIy TPOBO-
T [IUIIXOM BHMIPIOBAHHS IUIONI ITIKiB Ha
XpoMaTorpami, Skl MPOMOPITIHHI KOHIIEHTpaIii
aHTHOI10THKA B KOXKHIH MPoOi.

PE3YJIBTATHU TA ITIOACHEHHA

Pesynbrati  XpomatorpagiuHoro BU3Ha-
YEHHs BMICTY XJopaM(eHIKOIy B MOJAEIbHUX
PO3UMHAX B 3aJISKHOCTI B/l TPUBAJIOCTI X OYH-
mieHHs1 0e3 BUKOPUCTAHHS PSCKUA HABEICHO Y
Tabmumi 1.

Ta6.. 1. Bmict xopamgeHikony B MOASTBHIX
pO34YMHAX B 3QJIKHOCTI BiJl TPUBAJIO-
CTl iX oummieHHS 0€3 BHKOPUCTAHHS
L. minor

Table 1. Chloramphenicol content in model
solutions depending on the time of
their purification without the use of

L. minor
[TouaTkoBuii BMicT XJIOpaM(EHIKOTY
T y MozenbHuX posunHax Co, Mr/mam®
R 2 5 10 20
0 2,47 4,39 10,13 | 20,01
1 2,47 4,39 10,12 | 20,01
2 2,47 4,39 10,13 | 20,01
4 2,47 4,39 10,13 | 20,01
6 2,47 4,39 10,13 | 20,00
21 2,47 4,39 10,12 | 20,00
24 | 2,46 4,39 10,12 | 20,00
48 2,46 4,39 10,12 | 20,00
72 2,46 4,39 10,12 | 20,00

VYci 3HaueHHs KOHIEHTpaliil xjopaMgeHi-
koiy (2, 5, 10, 20 mr/nm?) 3anumiaroThest mpak-
TAUYHO HE3MIHHUMH TMPOTITOM 72 TOJUH, IO
CIIyTy€ KOHTPOJIbHUM MOKAa3HUKOM JIJISI OLIIHKHU
€(hEeKTUBHOCTI OYHUIIICHHS PO3YHHIB 32 JOTIOMO-
roro L. minor. OueBugHo, 110 0€3 g01aBaHHS
PSACKU 3MEHILIEHHS! KOHIEHTpalli aHTHO10THKa
He B110yBa€ThCS.

PesynpTatn XxpomarorpagiyHoro BU3Ha-
YEeHHsI BMICTY XJIOpaM(eEeHIKOIy B OYHILEHHX
MOJICJIPHUX PO3YMHAX B 3aJICKHOCTI BiJl TPUBA-
jgocTi iX ouunmeHHs Lemna minor Giomacoro
36 r/mm° HaBeneHo y Tabnmmi 2.
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Tao6.. 2. BmicT xsopamgeHikony B MOAECTBHUX
pO34YMHaX B 3aJICKHOCTI BiJI TPUBAJIO-
CTi iX OYMIIEHHS 3 BUKOPUCTAHHSAM
L. minor Giomacoro 36 r/am®

Table 2. Chloramphenicol content in model
solutions depending on the time of
their purification using L. minor with
a biomass of 36 g/L

Ta6.. 3. BmicT xnopamgeHikony B MOAECTBHUX
pO34YMHaX B 3aJIEKHOCTI BiJ TPUBAJIO-
CTl iX OYMIIEHHS 3 BHUKOPUCTAHHAM
L. minor Giomacoro 50 r/am®

Table 3. Chloramphenicol content in model
solutions depending on the time of
their purification using L. minor with
a biomass of 50 g/L

[TouaTkoBHii BMICT XJIOpaM(pEHIKOTY [TouaTkoBHIi BMICT XJIOpaM(pEHIKOTY
T y MosienibHuX posunnax Co, mr/am® T y MosienbHuX posunnax Co, mr/am®
A2 5 10 20 A2 5 10 20
0 2,47 4,39 10,13 20,01 0 2,47 4,39 10,13 | 20,01
1 2,47 4,39 10,12 20,00 1 2,47 4,39 10,12 | 20,00
2 2,47 4,39 10,07 19,86 2 2,46 4,39 10,07 | 19,95
4 2,47 4,38 9,95 19,36 4 2,46 4,39 9,95 19,83
6 2,47 4,36 9,67 18,95 6 2,46 4,38 9,91 19,42
21 | 2,29 3,99 9,13 17,53 21 2,41 4,30 9,83 17,99
24 | 2,17 3,80 7,98 16,04 24 | 2,29 4,21 9,51 17,85
48 | 2,08 3,45 7,38 14,38 48 2,23 3,96 8,45 16,46
72 | 2,08 3,43 7,04 14,34 72 2,18 3,70 7,92 15,97

3 TabnuIl BUIHO, IO 30UTBIIICHHS TPUBAJIO-
CT1 OYMIIEHHSA MOJAEIBFHUX PO3YHHIB 3 BUKOPH-
cranHsaM L. MiNOr mpu3BOIUTH 10 3HUKCHHS
BMICTY XJIOpaM(eHIKOJly y PO3YMHAX Ul BCiX
MIOYaTKOBUX KOHIIEHTpaliil antubiotuka. Ha-
NpUKIaA, 3a TOYaTKOBOI  KOHIIEHTpAIii
20 mr/mm® depe3 72 TONWHU OYMINEHHS BMICT
aHTHOI0THKA 3MeHIIyeThcst 10 14,34 wmr/om?.
Uepes 48 roauH mpoliecy OYUIIEHHS BMICT aH-
THO10THKA B PO3UMHAX CTA€ MPAKTUIHO HE3MIH-
HUM.

PesynpTatn xpomarorpadiqyHoro BHU3Ha-
YEeHHsSI BMICTY XJOpaM(EHIKOIY B OYHUIIEHUX
MOJIETTbHUX PO3YMHAX B 3aJIEKHOCTI BiJl TPUBa-
JtocTi 1x ounmieHHs Lemna minor 6iomacoro 50
r/am° HaBeeHO y Tabnwi 3.

I3 Tabnumi mMokHa 3poOUTH BUCHOBOK, IO
npu 301IbIICHH] TPUBAIOCTI OYMIIEHHS MO/Ie-
JBHUX PO3YMHIB 3a JOMOMOT0I0 L. Minor Bmict
XJIopaM(eHIKOIy MOCTYIIOBO 3HIIKYEThCS HE-
3aJIe)KHO B1J] TOYATKOBOT KOHLIEHTpallii aHTHO1-
otuka. Tak, 3a TMOYATKOBOI KOHIIEHTpAIil
20 mr/mm® depe3 72 TOIWHW OYMINEHHS BMICT
aHTHOIOTHKA 3MEHIINBCA 10 15,97 mr/om3.
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[Tpu HIKYIMX KOHIIEHTPAIISX aHTHO10THKA 2
Tta 5 Mr/aM® eeKTUBHICTh OYHUIICHHS ITPOTS-
rom 72 rox. 3a muromoi Oiomacm L. minor
36 r/am°®  mocsria MakCHUMyMy, BiJIIOBIIHO,
23,2 ta 26,8%. Jlyisa BUIIUX KOHIICHTpAIIM aH-
tubiotTnka 10 Ta 20 Mr/mM® Takox crocrtepi-
raJIi TIOCTYIOBE 3pOCTaHHs €PEKTUBHOCTI, sIKa
yepe3 72 ronquHu gocsriia Makcumymy 33 % 3a
BMicTy Xxjiopamdenikony 10 mr/am? Ta 29,5% —
3a Bmicty 20 mr/om?>.

[Ipn xoHmeHTpamisix aHTHOlOTMKA 2 Ta
5 Mr/am® epeKTUBHICTh OUUIIICHHS 32 TUTOMOT
6iomacu L. minor 50 r/nm° mocsrna 3a TpuBa-
aocti 72 rogunu 17 ta 19 %, BignosigHo. s
KOHIIeHTpanii antuOiotuka 10 Ta 20 mr/am?
CTYIiHb BUJAJIIEHHS AaHTUOIOTHKA CTAaHOBHB
23,6% mist 10 mr/am? ta 21 % — muis 20 mr/am3.

BceranoBieHo, 110 eeKTUBHICTD BUIAICHHS
aHTHOIOTHKA 3aJIe)KUTh Bl TPUBAIOCTI OYH-
IICHHS PO3YHHIB, TOYATKOBOTO BMIiCTy aHTHOI-
orrka Ta G6iomacu L. minor. Haii6inbme 30u1-
KEHHS BMICTY aHTHO10THKA CTIOCTEPIraiu Mpo-
TAroM 24-48 TOIWH, TICIS YOTO MPOIIEC CITOBI-
JBHIOETHCS, 1 BMICT CTa€ MPAKTUYHO HE3MiH-
HHUM MPOTIATOM 72 TOAWH OYMINECHHA. Takum
YMHOM, BUKOPUCTaHHs L. MINor 3 mutomoto Oi-
omacoro 36 r/am° cripusie GinbnT eheKTHBHOMY
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mpolecy ouuieHHs. 301IbIIeHHs OioMacu psi-
cku 110 50 r/mm° oueBHIHO IPU3BOAUTE 10 3HH-
KEHHS ancopOIii aHTHOIOTHKA dYepe3 Maiy
IJIONIY KOHTAKTy KOPEHIB BEPXHIX IIApIB Psi-
CKU 3 MOBEPXHEIO pO34HHY. Takok 301IbIIEeHHS
IIITBHOCT] PSICKU MPUTHIUYE (POTOCHHTETHYHY
aKTUBHICTb B HIDKHIX ii mapax.

Y pe3ynbpTaTi OTPUMAHUX 3aJEKHOCTEH
BCTAQHOBJICHO PAIliOHATBbHI BEJIMYUHU MUTOMOI
6iomacu Lemna minor 36 r/nm° ta TPUBAJIOCTI
IpoLecy ouuIeHHs 48 roiuH.

BUCHOBKHU TA PEKOMEHJAIII

JlocmipKeHHs ToKa3alio, 10 BMICT XJIOpaM-
(beHiKOIy 3MEHILY€ETHCS 3 YaCOM IIPH 3aCTOCY-
BaHHI Oiomacu Lemna minor y kimbkocti 36 i
50 r/am*. ByIio BUSIBIEHO, 110 HA €)EKTUBHICTh
BUJAJICHHS AHTUOIOTHKA BIUIMBAIOTH TPHBA-
JICTh OYMILEHHS, IOYaTKOBA KOHLIEHTpAIlisl aH-
THOIOTHKA Ta KUIBKICTh psicku. HaiiOinbrme
3HIDKEHHSI BMICTY XJIopaM(eHIKoIy BinOyBa-
Jocs HpoTAroM mnepmux 24-48 roauH ouu-
IIEHHS, IMCJII 90r0 €(EeKTHUBHICTh OYHWIICHHS
3HAYHO 3HIKYBaJacs.

[Ipn xoHueHTpauisx xjaopamdenikomry 2 i
5 mr/am® 3 Giomacoro Lemna minor 36 r/mm?
e(eKTHUBHICTh OYMILEHHS IIOCTYIIOBO 3pOCTaia,
nocsirarour Makcumymy B 23,2% 1 26,8% Bin-
MOBIIHO yepe3 72 roauHu. Bukopucranus 6i-
nb110i 6iomacu (50 r/amM?) mpu TUX caMUX KOH-
LEHTpalisx 3a0e3nedyBayio 3HWKEeHHS Ha 17%
Ta 19%, BiamoBigHO. J{J1g TOYaTKOBUX KOHIICH-
tpamiit 10 1 20 mr/am® npu 6iomaci 36 r/am?
CTYIIHb OuMIleHHs cTaHOBUB 33% 1 29,5% ue-
pe3 72 roauHH, BIANOBINHO, TOAl K Oiomaca
50 r/am?® 3a0e3neuyBana epekTHUBHICTD 23,6% i
21%.

KoHTpoNbHI eKCHepuMeHTH MiATBEpAUIIH,
o 0e3 ydacTi psCKM BMICT XJiopaM(eHIKOIy
3aJIMIIABCS HE3MIHHUM MPOTATOM 72 TOJ., L0
CBIMYMTH MPO BaXIUBY poib Lemna minor y
MPOLIECi OYUIICHHS BOJH BiJl aHTHO10THKA.

TakuM 4HHOM, CJIiJ BiI3HAYUTH ONTUMAJIbHI
YMOBH Il BUJAJIEHHS XJopaMmdeHikony, sKi
MOKYTh OyTH BUKOPHUCTAHO B 1IHKEHEPHUX PO-
3paxyHKaX OYHMCHUX CIOPYA: TPUBAIICTh —
48 ron.; muToma Giomaca psicku — 36 r/am3, Ta
3abe3neyaTh €(PeKTUBHICTh OYMIICHHS CTIYHOL
BOAM Bix anTHOioTHKAa — 29,4% 33 MOYATKOBOI
fioro koHuentpauii 10 mr/am>.

22

JITEPATYPA

1. Kumar V., Lakkaboyana S. K., Sharma N.,
Chakraborty P., Umesh M., Pasrija R., Thomas
J., Kalebar V. U., Jayaraj I., Kumar Awasthi M.,
Das T., Adeyemi Oladipo A., Barcelo D., Dumee
L. F. A critical assessment of technical advances in
pharmaceutical removal from wastewater — A
critical review // Case Studies in Chemical and
Environmental Engineering, 2023, 8(1), 100363.
https://doi.org/10.1016/j.cscee.2023.100363

2.  Gros M., Petrovic M., Barcelé D. Wastewater
treatment plants as a pathway for aquatic
contamination by pharmaceuticals in the Ebro River
basin  (northeast Spain) //  Environmental
Toxicology and Chemistry, 2007, 26(8), 1553-
1562. https://doi.org/10.1897/06-495R.1

3. Wei H., Hashmi M. Z.,, Wang Z. The
interactions between aquatic plants and antibiotics:
Progress and prospects // Environmental Pollution,
2024, 341 (1), 123004.
https://doi.org/10.1016/j.envpol.2023.123004

4. Zhou Q. Liu G., Arif M., Shi X., Wang S.
Occurrence and risk assessment of antibiotics in the
surface water of Chaohu Lake and its tributaries in
China // Science of The Total Environment, 2022,
807(3), 151040.
https://doi.org/10.1016/j.scitotenv.2021.151040

5. Tran N. H., Reinhard M., Gin K. Y. H.
Occurrence and fate of emerging contaminants in
municipal wastewater treatment plants from
different geographical regions: A review // Water
Research, 2018, 133(2), 182-207.
https://doi.org/10.1016/j.watres.2017.12.029

6. Wang J, Wang S. Removal of
pharmaceuticals and personal care products
(PPCPs) from wastewater: A review // Journal of
Environmental Management. 2016, 182(1), 620-
640. https://doi.org/10.1016/j.jenvman.2016.07.049
7. Anuar N. F., Shah D. R. S. I, Ramli F. F.,
Zaini M. S. M., Mohammadi N. A., Daud A. R.
M., Syed-Hassan S. S. A. The removal of
antibiotics in water by chemically modified
carbonaceous adsorbents from biomass: A
systematic review // Journal of Cleaner Production,
2023, 401(2), 136725.
https://doi.org/10.1016/j.jclepro.2023.136725

8. Bartrons M., Peiiuelas J. Pharmaceuticals
and personal-care products in plants // Trends in
Plant Science, 2017. 22(3), 194-203.
https://doi.org/10.1016/j.tplants.2016.12.010

9. Li Z., Sobek A., Radke A. Fate of
pharmaceuticals and their transformation products
in four small-scale wastewater treatment plants in
Sweden // Environmental Science & Technology,



https://doi.org/10.1016/j.cscee.2023.100363
https://doi.org/10.1897/06-495R.1
https://doi.org/10.1016/j.envpol.2023.123004
https://doi.org/10.1016/j.scitotenv.2021.151040
https://doi.org/10.1016/j.watres.2017.12.029
https://doi.org/10.1016/j.jenvman.2016.07.049
https://doi.org/10.1016/j.jclepro.2023.136725
https://doi.org/10.1016/j.tplants.2016.12.010

lpobaemu sodonocma4vaHHs, 80008i0sedeHHs ma 2idpasniku, sun. 48, 2024

2016, 50(11), 5614-5521.
https://doi.org/10.1021/acs.est.5b06327

10. Tan Z., Yang X., Chen L., Liu Y., Xu H.-J.,
Li Y., Gong B. Biodegradation mechanism of
chloramphenicol by Aeromonas media SZW3 and
genome analysis // Bioresource Technology, 2022,
344(1), 126280.
https://doi.org/10.1016/j.biortech.2021.126280

11. Kumar K., Gupta S. C., Baidoo S. K,
Chander Y., Rosen C. J. Antibiotic uptake by
plants from soil fertilized with animal manure //
Journal of Environmental Quality, 2005, 34(6),
2082-2085. https://doi.org/10.2134/jeq2005.0026

19. Nguyen L. M., Nguyen N. T. T., Nguyen T.
T.T.,Nguyen T.T.,NguyenD. T.C., Tran T. V.
Occurrence, toxicity and adsorptive removal of the
chloramphenicol antibiotic in water: a review //
Environmental Chemistry Letters, 2022, 20(1),
1929-1963.  https://doi.org/10.1007/s10311-022-
01416-x

20. ausder Beek T., Weber F. A., Bergmann A.,
Hickmann S., Ebert 1., Hein A., Kiister A.
Pharmaceuticals in the environment — Global
occurrences and perspectives // Environmental
Toxicology and Chemistry, 2015, 35(4), 823-835.
https://doi.org/10.1002/etc.3339.

12. Ahmad F., Zhu D, Sun J. Environmental fate
of tetracycline antibiotics: degradation pathway

mechanisms, challenges, and perspectives //
Environmental Sciences Europe, 2021, 33(1),
125981. https://doi.org/10.1186/s12302-021-
00505-y

13. Diaz-Cruz S., Barcelo D. LC-MS2 Trace
Analysis of Antimicrobials in Water, Sediment and
Soil // TrAC Trends in Analytical Chemistry, 2005,
24(7), 645-657.
https://doi.org/10.1016/j.trac.2005.05.005

14. Homem V., Santos L. Degradation and
removal methods of antibiotics from aqueous
matrices — A review // Journal of Environmental
Management, 2011, 92(10), 2304-2347.
https://doi.org/10.1016/j.jenvman.2011.05.023

15. Lin J,, Zhang K., Jiang L., Hou J., Yu X,
Feng M., Ye C. Removal of chloramphenicol
antibiotics in natural and engineered water systems:
Review of reaction mechanisms and product
toxicity // Science of The Total Environment, 2022,
850(1), 158059.
https://doi.org/10.1016/j.scitotenv.2022.158059
16. Vymazal J., Zhao Y., Mander U. Recent
research challenges in constructed wetlands for
wastewater treatment: A review // Ecological
Engineering, 2021, 169 (), 106318.
https://doi.org/10.1016/j.ecoleng.2021.106318

17. YanY. DengVY. LiW.,DuW., GuY., Li,J.,
Xu X. Phytoremediation of antibiotic-contaminated
wastewater: Insight into the comparison of
ciprofloxacin ~ absorption,  migration,  and
transformation process at different growth stages of
E. Crassipes // Chemosphere, 2021, 283(1), 131192.
https://doi.org/10.1016/j.chemosphere.2021.13119

REFERENCES

1. Kumar, V., Lakkaboyana, S. K., Sharma,
N., Chakraborty, P., Umesh, M., Pasrija, R.,
Thomas, J., Kalebar, V. U., Jayaraj, I., Kumar
Awasthi, M., Das, T., Adeyemi Oladipo, A,
Barcelo, D., & Dumee, L. F. (2023). A critical
assessment of technical advances in pharmaceutical
removal from wastewater — A critical review. Case
Studies in  Chemical and Environmental
Engineering, 8(1), 100363.
https://doi.org/10.1016/j.cscee.2023.100363

2. Gros, M., Petrovic, M., & Barcelo, D. (2007).
Wastewater treatment plants as a pathway for
aquatic contamination by pharmaceuticals in the
Ebro River basin (northeast Spain). Environmental
Toxicology and Chemistry, 26(8), 1553-1562.
https://doi.org/10.1897/06-495R.1

3. Wei, H,, Hashmi, M. Z., & Wang, Z. (2024).
The interactions between aquatic plants and
antibiotics: Progress and prospects. Environmental
Pollution, 341 (1), 123004.
https://doi.org/10.1016/j.envpol.2023.123004

4. Zhou, Q. Liu, G., Arif, M., Shi, X., & Wang,
S. (2022). Occurrence and risk assessment of
antibiotics in the surface water of Chaohu Lake and
its tributaries in China. Science of The Total
Environment, 807 (3), 151040.
https://doi.org/10.1016/j.scitotenv.2021.151040

5. Tran, N. H., Reinhard, M., & Gin, K. Y. H.
(2018). Occurrence and fate of emerging
contaminants in municipal wastewater treatment
plants from different geographical regions: A
review. Water Research, 133(1), 182-207.
https://doi.org/10.1016/j.watres.2017.12.029

2

18. lkehata K., Naghashkar N. J., EI-Din M. G.
Degradation of Aqueous Pharmaceuticals by
Ozonation and Advanced Oxidation Processes: A
Review // Ozone: Science & Engineering, 2006,
28(6), 353-414.
https://doi.org/10.1080/01919510600985937

23

6. Wang, J.,, & Wang, S. (2016). Removal of
pharmaceuticals and personal care products
(PPCPs) from wastewater: A review. Journal of
Environmental Management. 182(1), 620-640.
https://doi.org/10.1016/j.jenvman.2016.07.049

7. Anuar, N. F., Shah, D. R.S. I., Ramli, F. F.,
Zaini, M. S. M., Mohammadi, N. A., Daud, A. R.



https://doi.org/10.1021/acs.est.5b06327
https://doi.org/10.1016/j.biortech.2021.126280
https://doi.org/10.2134/jeq2005.0026
https://doi.org/10.1186/s12302-021-00505-y
https://doi.org/10.1186/s12302-021-00505-y
https://doi.org/10.1016/j.trac.2005.05.005
https://doi.org/10.1016/j.jenvman.2011.05.023
https://doi.org/10.1016/j.scitotenv.2022.158059
https://doi.org/10.1016/j.ecoleng.2021.106318
https://doi.org/10.1016/j.chemosphere.2021.131192
https://doi.org/10.1016/j.chemosphere.2021.131192
https://doi.org/10.1080/01919510600985937
https://doi.org/10.1007/s10311-022-01416-x
https://doi.org/10.1007/s10311-022-01416-x
https://doi.org/10.1002/etc.3339
https://doi.org/10.1016/j.cscee.2023.100363
https://doi.org/10.1897/06-495R.1
https://doi.org/10.1016/j.envpol.2023.123004
https://doi.org/10.1016/j.scitotenv.2021.151040
https://doi.org/10.1016/j.watres.2017.12.029
https://doi.org/10.1016/j.jenvman.2016.07.049

lMpobnemu sodonocma4vaHHs, 80008i0sedeHHA ma 2idpasniku, sur. 48, 2024

M., & Syed-Hassan, S. S. A. (2023). The removal
of antibiotics in water by chemically modified
carbonaceous adsorbents from biomass: A
systematic review. Journal of Cleaner Production,
401(1), 136725.
https://doi.org/10.1016/j.jclepro.2023.136725

8. Bartrons, M., & Pefiuelas, J. (2017).
Pharmaceuticals and personal-care products in
plants. Trends in Plant Science, 22(3), 194-203.
https://doi.org/10.1016/j.tplants.2016.12.010

9. Li, Z, Sobek, A., & Radke, A. (2016). Fate of
pharmaceuticals and their transformation products
in four small-scale wastewater treatment plants in
Sweden. Environmental Science & Technology,
50(11), 5614-5521.
https://doi.org/10.1021/acs.est.5b06327

10. Tan, Z., Yang, X., Chen, L., Liu, Y., Xu, H.-
J.,, Li, Y., & Gong, B. (2022). Biodegradation
mechanism of chloramphenicol by Aeromonas
media SZW3 and genome analysis. Bioresource
Technology, 344(1), 126280.
https://doi.org/10.1016/j.biortech.2021.126280

11. Kumar, K., Gupta, S. C., Baidoo, S. K.,
Chander, Y., & Rosen, C. J. (2005). Antibiotic
uptake by plants from soil fertilized with animal
manure. Journal of Environmental Quality, 34(6),
2082-2085. https://doi.org/10.2134/jeq2005.0026

15. Lin, J., Zhang, K., Jiang, L., Hou, J., Yu, X,
Feng, M., & Ye, C. (2022). Removal of
chloramphenicol antibiotics in natural and
engineered water systems: Review of reaction
mechanisms and product toxicity. Science of The
Total Environment, 850(1), 158059.
https://doi.org/10.1016/j.scitotenv.2022.158059
16. Vymazal, J., Zhao, Y., & Mander, U. (2021).
Recent research challenges in constructed wetlands
for wastewater treatment; A review. Ecological
Engineering, 169 (1), 106318.
https://doi.org/10.1016/j.ecoleng.2021.106318

17. Yan,Y. Deng, Y., Li,W., DuW.,Gu,Y.,Li,
J, & Xu, X. (2021). Phytoremediation of
antibiotic-contaminated wastewater: Insight into the
comparison of ciprofloxacin absorption, migration,
and transformation process at different growth
stages of E. Crassipes. Chemosphere, 283(1),
131192.
https://doi.org/10.1016/j.chemosphere.2021.13119
2

18. lkehata, K., Naghashkar, N. J., & EI-Din, M.
G. (2006). Degradation of  Aqueous
Pharmaceuticals by Ozonation and Advanced
Oxidation Processes: A Review. Ozone: Science &
Engineering, 28(6), 353-414.
https://doi.org/10.1080/01919510600985937

12. Ahmad, F., Zhu, D, & Sun, J. (2021).
Environmental fate of tetracycline antibiotics:
degradation pathway mechanisms, challenges, and
perspectives. Environmental Sciences Europe,
33(1), 125981. https://doi.org/10.1186/s12302-021-
00505-y

13. Diaz-Cruz, S., & Barcelo, D. (2005). LC-
MS2 Trace Analysis of Antimicrobials in Water,
Sediment and Soil. TrAC Trends in Analytical
Chemistry, 24(7), 645-657.
https://doi.org/10.1016/j.trac.2005.05.005

14. Homem, V. & Santos, L. (2011).
Degradation and removal methods of antibiotics
from aqueous matrices — A review. Journal of
Environmental Management, 92(10), 2304-2347.
https://doi.org/10.1016/j.jenvman.2011.05.023

24

19. Nguyen, L. M., Nguyen, N. T. T., Nguyen, T.
T.T., Nguyen, T. T., Nguyen, D. T. C., & Tran,
T. V. (2022). Occurrence, toxicity and adsorptive
removal of the chloramphenicol antibiotic in water:
a review. Environmental Chemistry Letters, 20(1),
1929-1963.  https://doi.org/10.1007/s10311-022-
01416-x

20. aus der Beek, T., Weber, F. A., Bergmann,
A., Hickmann, S., Ebert, 1., Hein, A., & Kiister,
A. (2015). Pharmaceuticals in the environment —
Global occurrences and perspectives.
Environmental Toxicology and Chemistry, 35(4),
823-835. https://doi.org/10.1002/etc.3339.



https://doi.org/10.1016/j.jclepro.2023.136725
https://doi.org/10.1016/j.tplants.2016.12.010
https://doi.org/10.1021/acs.est.5b06327
https://doi.org/10.1016/j.biortech.2021.126280
https://doi.org/10.2134/jeq2005.0026
https://doi.org/10.1186/s12302-021-00505-y
https://doi.org/10.1186/s12302-021-00505-y
https://doi.org/10.1016/j.trac.2005.05.005
https://doi.org/10.1016/j.jenvman.2011.05.023
https://doi.org/10.1016/j.scitotenv.2022.158059
https://doi.org/10.1016/j.ecoleng.2021.106318
https://doi.org/10.1016/j.chemosphere.2021.131192
https://doi.org/10.1016/j.chemosphere.2021.131192
https://doi.org/10.1080/01919510600985937
https://doi.org/10.1007/s10311-022-01416-x
https://doi.org/10.1007/s10311-022-01416-x
https://doi.org/10.1002/etc.3339

lpobaemu sodonocma4vaHHs, 80008i0sedeHHs ma 2idpasniku, sun. 48, 2024

Influence of technological parameters of biological wastewater treatment using lemnaceae on
the degree of antibiotic removal

Liubov Kika, Larysa Sablii

Abstract. The article is devoted to the study of the effectiveness of the removal of chloramphenicol, a
broad-spectrum antibiotic that is often found in the wastewater of pharmaceutical and medical institutions. The
aim of the study was to evaluate the efficiency of chloramphenicol removal from model solutions using
Lemna minor (duckweed) depending on the initial concentration of the antibiotic, time of cleaning and specific
biomass of duckweed.

Model solutions of chloramphenicol with concentrations of 2, 5, 10 and 20 mg/L were used in the study.
The cleaning time ranged from 1 to 72 hours, and the chloramphenicol content was determined by liquid
chromatography. It was established that the efficiency of cleaning depends not only on the time and initial
concentration of the antibiotic, but also on the specific biomass of L. minor. In particular, the greatest efficiency
was observed in the interval from 24 to 48 hours, after which the removal of the antibiotic markedly decreased,
and the content remained stable until the end of the 72-hour period.

At chloramphenicol concentrations of 2 and 5 mg/L with a specific duckweed biomass of 36 g/L, the
cleaning efficiency gradually increased and reached maximum values in 72 hours of 23.2% and 26.8%,
respectively. For a larger biomass — 50 g/L — these indicators were 17% and 19%, which indicates the possible
optimization of the cleaning process when reducing the specific biomass of duckweed.

At higher initial concentrations of chloramphenicol (10 and 20 mg/L), the use of duckweed with a specific
biomass of 36 g/L provided the maximum antibiotic removal of 33.0% and 29.5%, respectively, in 72 hours
of purification. As the biomass increased to 50 g/L, the efficiency decreased and amounted to 23.6% and 21%
for these concentrations, which indicates the dependence of the process on the amount of L. minor.

The results confirm that the use of Lemna minor is promising for the removal of chloramphenicol from
wastewater. The highest efficiency was achieved with a process time of 48 hours and a specific duckweed
biomass of 36 g/L, which ensured a decrease in the concentration of chloramphenicol to 29.4% at the initial
level of 10 mg/L. The use of duckweed contributes to reducing the environmental burden and reduces the risk
of the spread of antibiotic resistance in natural waters.

Key words: wastewater, biotechnology, biological treatment, aquatic plants, duckweed, antibiotics.
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