Nghién cuu

NGHIEN CUU XU LY PONG THOI KHANG SINH
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St dung vat liéu BiOI dé loai bo dong thoi hai chat khdng sinh ciprofloxacin va
levofloxacin trong méi trwong mwde di dwege nghién ciru. Cdc yéu té anh hwéng dén
kha ndng quang xiic tdc cia BiOI nhw heong chat xiic tac BiOI (0,2 - 1,5 g/L), nong
d¢ khang sinh ban dau (1 - 5 mg/L), nhiét dg phan iing (25 - 50°C) da dwoc thuc hién.
Bén canh dé, do on dinh ciia chdt xic tic BiOl trong qud trinh xit Iy ciprofloxacin va
levofloxacin ciing dwge nghién ciru. Két qua cho thdy, vt liéu BiOI ¢é kha ndng loai
bo ciprofloxacin va levofloxacin trong diéu kién chiéu xa dnh sang ving kha kién.
Voi cac diéu kién toi wu nhuwe lwong chdt xiic tac BiOI la 1 g/L; nong dé khang sinh
ciprofloxacin va levofloxacin ban dau la 1,5 mg/L; nhiét @6 phan vng la 25 °C; thoi
gian phan iing la 60 phiit, hiéu sudt xir Iy khdng sinh ciprofloxacin va levofloxacin dat
t0i 98,7 % va 99,1 %. Ngoai ra, sau 6 lan tdi sir dung, hiéu qua xu ly cua BiOl doi véi
2 chat khdng sinh ciprofloxacin va levofloxacin van dat t6i 98 % va 98,5 %. Vi vdy, vt
liéu BiOI c6 thé g dung trong xir Iy dw leong khdng sinh trong méi truong mede &
diéu kién dnh sang vimg kha kién.
Tw khéa: BiOI; Quang xuc tac; Ciprofloxacin; Levofloxacin.
Abstract
Research on simultaneously removal of ciprofloxacin and levofloxacin in water by
bismuth oxidide - BiOl
Using BiOl to simultaneously remove ciprofloxacin, levofloxacin antibiotic in water
was studied. Factors affecting the photocatalytic ability of BiOI, such as the dosage
of BiOI catalyst (0.2 - 1.5 g/L), initial concentration (1-5 mg/L), reaction temperature
(25 - 50°C) was assessed. In addition, the stability of BiOI catalyst during the treatment
of ciprofloxacin and levofloxacin was also studied. The results showed that the BiOI
can remove ciprofloxacin and levofloxacin under visible light conditions. In an optimal
condition (BiOI dosage 1 g/L; ciprofloxacin, levofloxacin initial concentration 1.5 mg/L;
reaction temperature 25°C; and reaction time 60 minutes) the removal efficiency of
ciprofloxacin, levofloxacin were 98.7 %, 99.1 %, respectively. The results also found
that after 6 times of reuse, the removal efficiency of BiOl for ciprofloxacin, levofloxacin
antibiotic were 98 % and 98.5 %. Therefore, BiOl materials can be used for the treatment
of antibiotic residues in water at visible light conditions.

Keywords: BiOI; Photocatalytic; Ciprofloxacin; Levofloxacin.
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1. Mé dau

Du lugng thudc khang sinh dugc
xép vao loai cac chat 6 nhiém mdi trong
mdi trudong, do su gia tdng st dung, thai
bo vao moi truong va cac hoat tinh sinh
hoc ctia chung. Du lugng thudc khang
sinh khong chi phat hién trong nudc
thai bénh vién ma con tim thiy ca trong
tram xir ly nudc an ubng, nudc thai nha
may san xuat thudc [1, 2]. Mot s6 nhém
khang sinh thuong dugc st dung trong
diéu tri bénh nhu nhoém fluoroquinolon,
macrolide, sulfonamides, beta-lactam va
cephalosporin. Khang sinh fluoroquinolon
(FQ) 12 loai thudc duoc st dung nhiéu thir
tu cho con ngudi va rat hiru ich trong diéu
tri nhiém trung sau phau thuat noi nhan
nhu dyc thiy tinh thé, ting nhin 4p va
phau thuat giac mac [3]. Khang sinh FQ
thuong duoc phat hién trong nudc ngam
[4, 5], nudc uéng [6], nuGe mit [7], trAm
tich [8].

O Viét Nam, cic nhom khéang
sinh dang dugc st dung phd bién cho
con nguoi la cephalosporin, penicilin,
quinolon, macrolide,... Mot s6 thudc
khang sinh d dugc tim thay trong nudc
thai mot s6 bénh vién, cong ty san Xuét
thudc va trong nudc nudi ca & Ha Noi va
Vinh Phuc nhu ciprofloxacin, ofloxacin,
sulfamethoxazole va trimethoprim vai
ndéng do lan lwot 1a 41 pg/L, 85 pug/L,
252 pg/L va 107 pg/L [9]. 4 nhém
sulfonamides, quinolones, B-lactam va
cephalosporin dugc tim thiy trong nudc
mat, trong dé, nhém sulfonamides va
quinolones 1 hai nhém pho bién. Thang
11/2018, Vién Cong nghé moi truong da
thuc hién dy an diéu tra du lugng thube
khang sinh trong nudc thai & mot s6 bénh
vién cho thdy, ham luong amoxicillin
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to 0,1 - 0,14 pg/L; levofloxacin tur 0,21
- 70,9 pg/L; ciprofloxacin tu 0,17- 68,1
ng/L; cephalexin tr 0,11 dén 0,12
png/L; moxifloxacin tir 0,1 - 7,9 pg/L va
clarithromycin tir 0,13 - 1,5 pg/L. Nhu vay
c6 thé thay levofloxacin va ciprofloxacin
1a hai chat khang sinh xuét hién hau hét
trong cac nudc thai bénh vién va cac loai
nudce thai khic & ham luong cao hon nhiéu
so voi cac loai khang sinh khéc.

Dé kiém soat rii ro ciia thude khéng
sinh n6i chung va FQ néi riéng d6i voi moi
truong va stc khde con nguoi, viéc xu ly
chung trong moi truong da va dang dugc
cac nha khoa hoc trén thé gidi quan tam.
FQ trong nudc thai y té duoc loai bo bang
bun hoat tinh [10], hat nano Magnetite/
pectin (MPNP) va Magnetite/silica/pectin
(MSPNP) [11], hat nano oxit kim loai
(10~ m) [12], TiO -zeolite Y [13], vat li¢u
BiOI mao quan trung binh [14], BiOCl,
BiOBr du¢i diéu kién anh sang mat troi
[15]. K¥ thudt quang xuc tac dugc coi la
phit hop cho qua trinh xtr ly thudc khéng
sinh v&i hiéu qua cao, hoat dong don gian
va chi phi thap. Tuy nhién, phan Ién céc
vat liéu quang xuc tac dang sir dung chi co
hi€u qua khi chiéu xa tia cuc tim (<380nm)
1am han ché ing dung thyc té ciia né duéi
anh sdng mat tro1 hodc su dung trong nha.
Hon nira, cac quy trinh sau loc dé tach cac
chat quang xuc tac va kha ning suy giam
hoat tinh quang xtc tac trong qua trinh sur
dung lién tyc ciing 1a nhitng han ché cho
viéc ing dung vat li¢u nano trong thuc té
[16]. Do d6, su dung cac vat liéu co6 kha
nang quang xuc tac trong vung anh sang
nhin thay va dé dang thu hdi tai s dung
trong qué trinh xir ly thudc khang sinh 1a
rat can thiét. Hién nay, vat liéu Bismuth
oxyhalide (BiOX, X = Cl, Br, I) l1a dang
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vat liéu mao quan trung binh dang thu hut
su quan tim cia cac nha khoa hoc trén thé
gidi nho cu trac phan 16p doc dao cia
chung, co thé tao ra su phan tach hi€u qua
ctia cac cip dién tir - 1 trong va dat duoc
hiéu suat quang xuc tac cao [17][18].
Trong nhom cac vat liéu BiOX, BiOI c6
ning luong ving cam nho nhat (~1,93
eV) va kha niang hap thu manh ¢ viing anh
sang kha kién. Mot s6 nghién ciru chi ra
rang BiOI ¢6 kha nang phan huy hiéu qua
céc hop chat nitroblue tetrazolium (NBT)
[19], hop chét phenolic [20], chat khang
sinh [14][15] dudi anh sang nhin thay.
Bén canh d6, cac chat xtc tac BiOI c6
kich thudc tuong ddi 16m s& thuan lgi cho
qua trinh thu gom va tdi ché sau khi sir
dung chi béng mdt budc dé léng tu nhién,
diéu nay rat quan trong cho ung dung thyc
té cua BiOL. Str dung kha nang quang xic
tac trong vung anh sang kha kién cua
BiOI dé phan hity cdc chat khang sinh
nhodm Fluoroquinolone (Ciprofloxacin,
Levofloxacin) trong méi truong nude van
con 1a hudng nghién ctru con rat méi trén
thé gidi va chua c6 cong trinh nao cong
bd & Viét Nam.
2. Thye nghiém
2.1. Héa chit va thiét bi

Chéat chuan ciprofloxacin (CIP),
levofloxacin (LEV) cua hang Sigma
Aldrich (M¥), d6 tinh khiét 98 %. Cong
thic héa hoc cua CIP, LEV lan lugt
la C _H/FN.O, (M = 331,34 g/mol);
C18H20FN304 (M = 361,37 g/mol). Cac
héa chit khac va dung méi déu thude
loai tinh khiét phén tich gém: axit fomic
(HCOOH), methanol (MeOH), acetonitril
(ACN), amoniac 25 % (Merck, Duc).
May séc ky long 2 1an khdi phé LC-MS/
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MS (Agilient 1290 Infinity II - 6470),
cot C18 (Agilent ZORBAX Eclipse Plus
RRHD - 2,1 x 50 mm; 1,8 pm).

2.2. Thwc nghiém

Céc thi nghiém danh gid kha nang
phan huy khang sinh CIP, LEV trong
dung dich nudc cua BiOI dugc thuc hi¢n
& nhiét do phong voi ngudn sang kha
kién tir dén philip 250W. Mot lwong BiOI
dugc cho vao cde thiy tinh chira 50 mL
hon hop dung dich khang sinh CIP, LEV.
Trudce khi chiéu sang, hdn hop dung dich
dugc khudy trén may khudy tir khoang 1
gio trong boéng tdi dé dam bao qué trinh
can bang hap phu-giai hdp phu duoc thiét
1ap. Cac mau dugc 1y tir cc theo khoang
thoi gian da dinh trude. Sau do, tach bot
BiOI ra khoi dung dich CIP, LEV bang
cach ly tam & tc d6 4500 vong/phut.

Mau sau phan tng dugc dua vao hé
thong LC-MS/MS dé phan tich. Cac diéu
kién khéi phé dugc tién hanh véi ngudn
ion héa ESI (+); nhiét d§ khi phun 300 °C;
toc do6 khi phun 11L/phut; dp sudt dau
phun 25 psi; thé ngudn ion héa 4000 V va
detector 1 hé khdi pho 2 1an. Chuong trinh
pha dong theo ché do gradient véi dung
moéi gdm kénh A (H,0 va 0,1 % HCOOH);
kénh B (ACN va 0,1 % HCOOH). Chat
noi chuén sir dung trong phén tich 1 khéng
sinh Lomefloxacin.

2.2.1. Khao sat lwong xuc tdac BiOl

Khao sat lugng xuc tic BiOI dén hiéu
qua xu ly CIP va LEV dugc thuc hién vai
luong BiOI120,2; 0,5; 1; 1,5 g/L véi néng
d6 CIP va LEV dau vao 1 2 mg/L.

2.2.2. Khao sdt anh hwéng ciia nong
a6 khdng sinh ban dau

Céc thi nghiém khdo sat anh hudng
ctia ndong d6 khang sinh ban dau dén hiéu
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qua xu ly cua vat li¢u BiOI dugc thuc 3. Két qua va thao luin
hién v6inong d6 CIP va LEV lan luot la 1 3.1. Khio sit rgng chéit xiic tdc BiOI

mg/l; 1,5 mgfl; 2 mg/l; 5 mg/l Luong chit xtc tic 1a mot trong

2.2.3. Khao sdt anh hwong cua nhiét nhitng yéu t§ ¢6 anh huong nhat dinh t6i
do phan img qua trinh quang xuc tac. Khi ting khéi

Anh huéng cta nhiét do dén qua luong chat xic tic s& tang cuong kha
trinh quang xtic tic CIP, LEV cuia vat ligu nang tiép xiic gilta chat xic tic Vi cic
BiOI dugc thuc hién véi cac diéu kién toi ~ chat khang sinh dan dén luong chat khang
uu dugc lya chon & muyc 2.2.1 va 2.2.2. sinh bi Phéjln huy s tang. Do d6 nghién
Nghién ctru duge thuc hién véi cdc mire  CUu dac diém cua qua trinh quang xuc tac
nhiét d6 1an luot 13 25°C, 40°C va 50°C. céq phai khao sé‘g lu'c,n}g chat xtc tac can
thiét st dung nham t61 vu hi¢u qua xuic
i ) tac. Pé danh gia anh huong cua luong

Do on dinh cua chat xuc tic duoc  chit xic tic BiOI dén qua trinh quang xiic
thuc bang cach tién hanh 6 lan thi tac, cac thi nghiém duoc da tién hanh d6i
nghiém trén vat liéu BiOI véi cac di€u  v6i 2 loai khang sinh CIP, LEV & ndng do
kién t6i wu dugc lwa chon tir muc 2.2.1; 2 mg/L; thoi gian phan img 60 phut véi

2.2.4. Pé 6n dinh cua chdt xic tac

2.2.2;2.2.3. luwgng vat liéu BiOI 14 0,2; 0,5; 1; 1,5 g/L.
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Hinh 1: Anh hwéng ciia lwong chit xiic tac BiOI dén kha néing phan hiiy khdng sinh
ciprofloxacin (trdi) va levofloxacin (phai)

Két qua nghién ctru anh hudng cua lugng xuc tac BiOI 1a 1 g/L. Két qua nay
luong chdt xuc tac BiOI dén kha ning hoan toan phu hop véi nghién ctu cla
phan hity cac chit khang sinh CIPva LEV ~ A.Dehghan, khi ting chat xtic tac d¢én mot
thé hién trong hinh 1 cho thdy khi taing lwong nhat dinh, hiéu suit xtr 1y khang
ham lugng xuc tac BiOI tir 0,2 - 1,5 g/L, sinh s€ tang [21].

kha nang phén huy CIP va LEV tang tang 3.2. Khdo sdt nong dp khdng sinh
do su gia ting cac vi tri hoat dong trén  ban dau
bé mat chat xuc tac. V61 lugng BiOl la Trong qué trinh quang xtc tic, ndng

1 g/L, toc d6 phan Ung tuy xay ra chdm 45 diu 1a mot yéu td quan trong can phai
hon so voi lugng BIiOI 1,5 g/L nhung khao sat. Nong do dau cao s& lam ting
khi thoi gian phan ng 1a 60 phut, lugng  kha ning khuéch tan cia cac chit khang
khang sinh phan huy gan nhu hoan toan. sinh trong dung dich dén bé mat cht xtic
Do d6 céc nghién ctu tiép theo s& chon tic dan dén toc do phan huy sé& ting. Anh

17

Tap chi Khoa hoc Tai nguyén va Moi truong - S6 41 - nam 2022



Nghién cuu

huong cta nong d6 khang sinh ban dau
dén qua trinh phan huy duoc thyc hién véi
thoi gian phan ung 60 phut, lugng BiOI la
1 g/L, ndng d6 CIP va LEV thay dbi tir 1 -
5 mg/L. Két qua thé hién trong hinh 2 cho
thdy, khi néng do khang sinh ban dau ting
tir | - 2 mg/L, téc d6 phan huy ting nhanh.
Khi ndng do khang sinh ban dau tang 1én
t6i 5 mg/L, tdc d6 phan huy ting cham
hon. Diéu nay duoc giai thich 1a khi nng
dd ban dau thép, cac trung tam hoat dong
trén bé mit cua BiOI van chua duogc lap
day boi cac chat khang sinh nén kha ning
phan huy cao. Nhung khi ting nong do
khang sinh thi céc trung tdm trén da duoc
che phi1 kin thi kha nang phan hity giam rat
nhanh. B& mit chét xtc tac bi bio hoa bai
cac chét khéng sinh. Bén canh do, tbe do

phan hily quang héa lién quan dén sy hinh
thanh gdc -OH trén bé mat chét xuc tac va
kha nang phan tng gitra gbc -OH vdi chét
6 nhiém. Nong do CIP, LEV ban déu ting
kéo theo mot lugng 16n hon CIP, LEV hap
phu trén cac tam hoat dong bé mat ctia chit
xuc tac BiOI, va do do su hép phu cua cac
ion hydroxyl (OH-) trén cuing s6 tAm hoat
dong nay giam, nghia 1a téc do hinh thanh
cac gbc -OH giam theo. Mat khéc, theo
dinh luat Beer-Lambert, khi néng do CIP,
LEV ting, chiéu dai dudong din cac photon
vao trong dung dich giam va cac photon c6
thé bi chan trude khi tién dén bé mat xtic
tac; do do, su hép thu photon cua chét xtic
tac giam di, két qua 1a sy phan hiy quang
hoéa bi giam. Két qua nay twong tu nghién
ctru cia M. Galedari et al., [22].
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Hinh 2: Anh hwong ciia nong dé khdng sinh ciprofloxacin (trdi) va levofloxacin (phii)
ban ddu dén higu sudt phéan hity ciia vt ligu BiOI

3.3. Khao sdat anh hwong cia nhiét do phan wng

Céc thi nghiém khdo sat anh huéng cua nhiét do dén qua trinh phan huy CIP, LEV
ctia vat liéu BiOI dugc tién hanh & thoi gian phan ing 60 phit, luong BiOI 1g/L, nong
d6 CIP, LEV ban dau 1,5 mg/L. Két qua nghién ctru dugc trinh bay trong Hinh 3.
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Hinh 3: Anh hwéng ciia nhiét @9 dén khd ndang phan hiy ciprofloxacin (trdi) va
levofloxacin (phdai) cua vt liéu BiOl
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Tir Hinh 3 ¢6 thé thdy khi nhiét do
tang tlr 25 - 50 °C hiéu suat phan huy céc
chét khang sinh CIP, LEV cua vat li¢u
BiOI ¢6 xu hudng tang nhe. Khi nhiét do
tang, tbc d6 phan tng ting, nén kha ning
phan huy CIP, LEV cua BiOl tang. Mit
khac, khi nhiét do ting dan dén su gia
taing qua trinh khuéch tan cua CIP, LEV
dén bé mat BiOI lam tang kha ning tiép
xuc giita chat xuc tac va cht bi xuc tac.

3.4. Khdo sdit dp on dinh ciia chit
xuc tac

Céc thi nghiém d4nh gid do 6n dinh
ctia chat xtc tac BiOI dbi véi qua trinh xtr

Nghién ciru

ly dong thoi khéang sinh CIP, LEV trong
nude duoc tién hanh vdi cac didu kién tdi
uu da lua chon ¢ trén. Vat liéu BiOI sau
mdi 1an thir nghiém kha niang quang xuc
tac s€ duoc loc, rua sach béng nuge cat
va duoc tiép tuc su dung dé xu ly dung
dich c6 chtra hon hop CIP va LEV. Céc thi
nghiém duoc lap lai 6 lan mau. Két qua
thé hién trong Hinh 4 cho thay sau 6 lan
thir nghiém, hiéu suat phan hiy CIP, LEV
ctia BiOI giam khong dang ké. Nhu vay,
c6 thé thdy ring hoat tinh quang xuc tac
cta vat liéu BiOI rét on dinh.

100 -
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Hinh 4: Két qua ddnh gid dp én dinh ciia chit xiic tic BiOI doi véi qud trinh xi¢ I khdng
sinh ciprofloxacin (trdi) va levofloxacin (phai)

4. Két luan

Vit liéu BiOI c6 kha ndng xur ly
hiéu qua khang sinh Ciprofloxacin va
Levofloxacin trong nuéc trong diéu kién
anh sang vung kha kién ¢ diéu kién tdi
uu nhu lugng chat xic tac BiOI 1a 1 g/L;
néng do6 khang sinh Ciprofloxacin va
Levofloxacin ban dau 1a 1,5 mg/L; nhi¢t
dd phéan g 1a 25 °C (nhiét d§ phong);
thoi gian phan ung 1a 60 phut. Higu suat
xur ly khang sinh CIP va LEV dat t6i
98,7 % va 99,1 %. Ngoai ra, BiOI c6 d¢
6n dinh xuc tac cao, hiéu qua xu ly dat

98 % va 98,5 % sau 6 lan tai st dung.
Cac két qua nay cho thay BiOI la vat
liéu rat kha thi nham loai bo khang sinh
Ciprofloxacin va Levofloxacin trong moi
truong nudc.

Loi cAm on: Nghién ctu nay dugc
tai tro boi Vién Han lam Khoa hoc va
Cong nghé Viét Nam, mid s6 VAST
07.03/21-22.
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