Hoa hoc - Sinh hoc - Moi truong

NGHIEN CUU PHUONG PHAP PHAN TiCH DU LUQNG KHANG SINH
OFLOXACIN TRONG NUGC THAI BANG PHUONG PHAP SAC KY
LONG HIEU NANG CAO GHEP KHOI PHO

Pham Cong Minh”, Pham Qudc Nghiép, Trinh Thi Anh Nguyét, Lé Anh Kién

Tém tit: Mot phuong phdp sdc ky Iéng nhay va chon loc ket hop phwong phap khoi
phé da dwoc phat trién de xdc dinh ofloxacin trong nudc thai y té trén dai nong do 0,1-80
ug/L. Nghién ciu da tlen hanh t6i wu héa diéu kién tach chiét long-long va chiét pha ran,
tiép theo cdc thong 6 tham dinh d¢ chinh xdc phwong phap ciing dwoc xdc dinh thong qua
cdc mau cing cé cdc chdt chudn & cdc nong ¢ quan tam. Nghién civu sir dung hé thong
HPLC 1200 ghép néi dau do khoi phé 6130 cia hiang Agilent (USA) véi cét Zorbax SB-
CI8 (5 um; 150 mm x 4,6 mm). Chuwong trinh chay véi pha dong gom axetonitrile va nude
co chira 0,5% axit formic (50:50, v/v), voi téc do dong 0,5 mL/phut, thé tich tiém mau 10
uL. Két qua cho thdy phwong phdp c¢6 do ding, d¢ chinh xdc tir 70,05% - 115, 56%, gioi
han phat hién 0,2 ppb va gidi han dinh luong tir 0,6 ppb. Thir nghiém phdn tich mau nudc
thai y té tir bénh vién sau xur Iy cho thay duw lwong khang sinh ofloxacin phat hién dwoc
trong voi nong do tir 5,58 £ 0,31 ppb dén 19,95 + 1,22 ppb. Quy trinh xdy dung duwoc co
tinh kha thi dé xdc dinh dw leong cia ofloxacin trong nuede thai y té.

Tir khoa: Ofloxacin; LC-MS; Nudc thai y t&; Du luong khang sinh.
1. DPAT VAN DE

Céc khang sinh quinolon c6 pho tic dung rong, hoat lyc manh, duoc sir dung trong nhiéu
truong hop, nén déy la nhimg khang sinh dugc quan tdm nghién ctu nhiéu voi nén mau phong
pht nhu: trong ché pham, dich sinh hoc, cac ngudn nude ty nhién dén nudc thai sinh hoat, bénh
vién, cong ty dugc. Ofloxacin 1a mot khang sinh rat bén thugc nhém Fluoroquinolones thuong
duoc phat hién trong cic mau nudc thai [1] va nudc mit [2]. Do d6 qué trinh tich tu sinh hoc
khang sinh ofloxacin ngay cang bao dong va lugng ofloxacin trong moi truong ngay cang tang.
Do d6, van dé loai bo ofloxacin trong nudce thai trude khi duge xa vao moi trudong rat dugc quan
tam trong nhirg nim gan day.

Nghién ctru ctia Duvong Hong Anh va cong su (2008) sir dung HPLC véi dau do huynh quang
dé x4c dinh cac khang sinh Fluoroquinolone trong nudc thai bénh vién [3]. Ngoai ra, HPLC véi
dau do huynh quang con duoc sir dung dé xac dinh 14 khang sinh quinolones trong ca [4]. Ke He
va Lee Blaney [5] x4c dinh 7 khang sinh Fluoroquinolone trong cac mau mdi trudng va nudc thai
bang phuong phép chiét pha rin (SPE) va sic ky 16ng hiéu ning cao pha dio v6i dau do huynh
quang. Gi6i han dinh luong cua thiét bi 1a 20 - 100 pg cua khdi luong tiém. Ping-Fei Fang [6] st
dung phuong phap séc ky 1ong hiéu ning cao két hop khéi phd dé xac dinh isoniazid, rifampicin
va levofloxacin trong cac mé chudt co6 nong do lan luot 1a 0,04, 0,05 va 0,05 ug/mL va trong
huyét twong chudt tuong ung 1a 5,5; 6,0 va 6,6 pg/mL. Hanwen Sun cung cong su [7] phat trlen
phuong phap méi dé xac dinh natri ceftriaxone, metronidazole va levofloxacin trong nudc tiéu
nguoi twong ung 1a 0,05; 0,01 va 0,25 mg/mL va d¢ thu hdi trung binh khoang 97,7-100,7 %.
Céc nghién ciru da dinh tinh va dinh lugng céc chét ton du khéng sinh trong nuéc va cic mau
sinh vat. Tuy nhién, cac nghién ciru thyc hién trén nhém nhiéu chat khang sinh va chua c6 thuc
nghiém riéng 1¢ dbi voi ofloxacin. Tai Viét Nam, cac nghién ciru di phan tich xac dinh sy ton du
cua cac khang sinh nhom Fluoroquinolone trong nudc thai bénh vién. Tuy nhién, chua c6 nghién
clru xac dinh doc 1ap ofloxacin dé danh gia chinh xac hiéu qua xur 1y ofloxacin bang cong nghé
oxi hoa nang cao.

Trong nghién clru nay, voi diéu kién thiét bi va yéu cAu dat ra can xéac dinh lugng ofloxacin
ton du trong nudce thai sau xtr Iy bing cong nghé truyén théng dé nghién ciru cong nghé xtr 1y
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ofloxacin bang oxi hoa néng cao, phuong phap sdc ky long hiéu néng cao nhay va chon loc ké'}
hop phuong phap khoi pho da duge xay dung phu hop d€ xac dinh ofloxacin trong nudc thai y té
sau xur ly.

2. PHUONG PHAP NGHIEN CUU

2.1. Hoa chit va thiét bi

C;héit chuan ofloxacin cta vién kiém nghiém thudc Trung wong co s¢ 2 - TPHCM, theo tiéu
chuan Duogc diéaniét Nam, d0 tinh khiét 99,81%. Cong ‘ghl’Ic hoa hoc CigHxFN3O, (M=
361,368). Noi chuan: ciprofloxacin cia Vién kiém nghiém thu6c Trung wong co s¢ 2 - TPHCM,
theo tiéu chuan Dugc dién Viét Nam, d0 tinh khiét 93,9%. Céq hoa chat khac va dung moi déu
thudc loai tinh khi€t phan tich gobm: acid formic loai tinh khiét phén tich >99% (Merk, Dirc),
methanol 99,9% (MeOH) loai tinh khiet HPLC (Merk, Dtrc), axetonitrile 99,9% (ACN) loai tinh
khict HPLC (Merk, Dirc), nudc khir ion. Pha dong A 1a H,O khir ion chira 0,5% acid forr[]ic. Pha
dong B 1a ACN chutra 0,5% acid formic. Cac pha dong dugc chuan bi méi trude khi tién hanh
phan tich.

_Thiét bi: Hé thong HPLC 1200 ctia hang Agilent (USA) bao gom bom don bdn kénh, bg tiém
mau ty dong, 10 cot, cot sac ky Zorbax SB—§318 (150 mm X% 4,6 mm x 5 pm). Hé¢ thong khéi pho
MS 6130 cta hang Agilent (USA) véi nguon ion héa phun dién tir ESI. Bo chiét pha ran (SPE)
vdi cot Oasis HLB (water) kich c& hat 50-65 um duogc st dung.

2.2. Pbi twong nghién ciru

Mau nudc thai duoc chuin bi trong phong thi nghiém va mglu nudc thai tai cac bénh vién tai
thanh pho H6 Chi Minh. Ham lugng khang sinh trong cac mau rat thap, vi vay, can phai tién
hanh xtr 1y, lam giau mau trude khi phan tich trén thiet bi HPLC/MS dé c6 thé€ thu duge hi€u suat
thu hoéi cao nhat, loai bo céc tap chat gdy anh hudng dén két qua phan tich.
2.3. Quy trinh xir Iy miu

Mau nuéc thai duge thu gom tai cac bénh vién va tién hanh xu 1y chiét pha rén theo quy trinh
nhu sau: Budce 1: Hoat hoa cot chlet bang 5 mL MeOH, tiép theo 5 mL H,0; Budc 2: chuyén
100 mL mau da duoc loc can qua gidy loc GF/F 0,7 um va chinh pH 5 béng acid formic qua cot
chi€t; Budc 3: rira tap bang 6 mL H,O; Budc 4: rira giai bang 6 mL MeOH chura 1 % NHj; Bude
5: thoi khé mau bang dong khi N, va hoa tan lai t6i 1 mL bang dung dich ACN : H20 ti 1€ 90:10
v/v chira IS 20 pg/L; Budc 6: Loc mau qua mang loc 0,45 pm va tiém vao hé thong HPLC-MS.
2.4. Thong s6 HPLC cho phan tach ofloxacin

Pha tinh: ¢t Zorbax C18 (150 mm x 4,6 mm, 5 um), duoc on nhiét & 40 °C. Thé tich mau
tiém 10 pL. Chuong trinh pha dong theo ché do gradient (bang 1) tai toc d dong 0,5 mL/phut.
Bing 1. Ché dj chay gradien pha déng.

Thoi gian (phat) | Pha dong A (axit focmic 0,5%) | Pha dong B | Téc dp dong
(axetonitrile) | (uL/phat)
0 90 10 500
4 90 10 500
7 10 90 500
9 10 90 500
13 90 10 500
18 90 10 500

2.5. Thong s6 MS cho nhan danh ofloxacin

Budng ion héa ESI dugc cai ddt thé ion héa -4000 V, tdc do khi lam khé 8 L/phut, ép suat
phun suong 1a 30 bar va nhi¢t do budng ion héa 1a 275 °C. Ofloxacin duoc ghi tin hiéu SIM véi
ché d¢ ion hoa duong tai ion m/z 362.
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3. KET QUA VA THAO LUAN

3.1. Nhan danh Ofloxacin bing HPLC-MS

Trong céu tric hop chat ofloxacin chtra cdc nhom chirc amoni bac 3 hinh thanh 1én cac lién
két hydrogen véi cac gdce silanol ty do trén pha tinh ¢t C18. Lién két nay khién miii sic ky bi
kéo duodi, gay kho khan cho qué trinh ldy dién tich mili sic ky trong qua trinh dinh lugng. Do dau
do khdi phd can cac thanh phan pha dong dé bay hoi nén khong thé sir dung cac tac chat che tim
silcanol ty do nhu triethylamin. Chinh vi vay, trong nghién ctru nay, thanh phan pha dong chira
acid formic néng dd 0,5% nham triét ion cac nhom silanol tu do trén pha tinh cgt C18, gitip han
ché hién twong kéo dudi miii sic ky (hinh 1).

1 M™SD1 362, EIC=361.7:362.7 (CACHEM3I2ZANDATAWOFLOXACINEDUONG CHUANWOFLOXAGINEZ 10512 2021-05-13 16-31-495TD OFL 20
1 MSD1 332, EIC=331.7:332.7 {CACHEMIZNDATAWOFLOMACINEDUONG CHUANWFLOXACINE210512 2021-05-13 16-31-4903TD OFL 20
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Hinh 1. Sdc ky do va phé khéi ciia ofloxacin 20 pg/L.

CAu truc ofloxacin chtra cac tam c6 thé tao dién tich duong (amin bac 3) va tam tao dién tich
am (-COOH). Tuy nhién, dé thong so sic ky hoat dong duoc tai tam dién tich Am cAn modi trudng
pha dong c6 pH kiém, didu nay anh hudng t6i pham vi hoat dong va tudi tho cua cot sic ky. Véi
1ap luan trén, ché do ion hoa dwong dugc Iya chon cho ghi nhan tin hiéu khdi phd cua ofloxacin.
Trén sic ky d6 (hinh 1) thiy rang ofloxacin dugc rira giai tai 9,244 phat. Miii sic ky cta noi
chudn dugc rira giai dong thoi, tuy nhién, sy khac nhau vé tin hiéu m/z nén khong giy anh huong
tdi qua trinh dinh lugng.

Trong khdo sat quy trinh phan tich, tit ca cac miu déu duoc tAm soat s xudt hién cia noi
chuén ciprofloxacin va xac nhan khong phat hién trong mau. Do d6, ciprofloxacin dwoc sir dung
1am noi chuan cho qua trinh dinh lugng ofloxacin. Ciprofloxacin dugc str dung lam noi chuan do
sy twrong dong vé mat cAu tric va tinh chét hoa 1y véi ofloxacin, tuy nhién néu nén mau c6 chira
ciprofloxacin thi cn sir dung chét ndi chudn khac thay thé cho qua trinh phén tich.

3.2. T6i wu hoa qua trinh chiét pha rin
Cot chiét pha ran Oasis HLB c¢6 pha tinh dugc lam trén nén polymer nén cot c6 thé dugc sir
dung trong khoang pH rong. Trén c6t chira ca 2 nhém phéan cuc (vinyl pyrolidinone) va khéng
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phan cyc (divinylbenzene) can bang nhau nén cot Oasis HLB véi twong tac chinh 1a twong tac
ludng cuc — ludng cuc vi thé cot Oasis HLB c6 thé luu giir tot cac chit kém phan cyc dén phan
cuc; doi voi nhting hop chét rat phan cuc, néu mudn thue hién trén cot nay thi co thé thay doi pH
hodc tao phan trng hoa hoc dé 1am giam d¢ phan cuc va co thé luu gitt trén cot.

Céc yéu td anh huong t6i qua trinh luu gitr va rira giai ofloxacin trén cot oasis HLB duoc khao
sat bao gom: pH mau trudc khi luu gitt, thé tich mau, dung mdi rura tap, dung moi rura giai dugce
danh gia. Cac khao sat dugc thyc hién trén dung dich chuédn oflaxacine c6 néng do 20 pg/L va
hiéu suat thu hoi (Y%HSTH) cuta toan b qua trinh phén tich dugc st dung lam thong s6 50 sanh
céc két qua khao sat. Thé tich mau: Nén miu nudc thai co thanh phan phic tap, nén thé tich mau
tai 1én cot can phu hop tranh hién twong qua tai dung lugng cot. Cac murc thé tich 20 mL, 50 mL
va 100 mL duogc st dung dé tai 1én cot chiét SPE vdi toc do 3 mL/phut, tai cac muc thé tich mau
cho %HSTH déu 16n hon 80% va co su khac biét khong qua 16n. Do d6, dé c6 hé s6 1am gidu mau
du cao, chon thé tich mau 1a 100 mL sir dung cho cac danh gia tiép theo. Gia tri pH ctia miu trudc
khi tai 1én c6t SPE dugc khao sat, nhim dong nhat va 6n dinh mau, nham c6 thé so sanh két qua
clia cac miu dugc 1ay tai cac vi tri khac nhau vé khong gian va thoi gian. Cac mtc pH 3,5, 7 va 9
ctia mau dugc diéu chinh dé tai 1én cot SPE, cac mirc duoc 1am lap lai 3 1an dé dénh gia do léch
chuin (SD). Két qua khao sat cho thiy rang, phan trim hiéu suit thu hdi c6 xu hudng ting khi pH
tang va dat gan 100% tai mirc pH 9, tuy nhién, do léch chuan SD lai 16n hon cac mirc pH thép.
Trong mét quy trinh phan tich, 6 6n dinh 1a mot yéu t6 quan trong, do do, mirc pH 5 (% HSTH
dat 83,2%) dugc lya chon nham dam bao % HSTH va d6 6n dinh cta phuong phap. Cac khao sat
vé dung moi rira tap nhin thay rang, voi 6 mL H,O duoc sir dung khong xuat hién tin hiéu chat
phan tich, nhung duorng nén tong ion (TIC) HPLC-MS giam dang ké so voi khi khong ap dung
rira tap. Dung mdi rira giai duoc thyc hién trén cac diéu kién khac nhau vé méi truong bao gom:
MeOH, MeOH chua 1% acid formic, MeOH chtra 1% NH, . Két qua nhan thay su khac biét 10 rét
vé % HSTH, cu thé, MeOH ¢6 % HSTH rét thip, MeOH chira acid formic c6 %HSTH dat 48,2%,
MeOH chtra NH; c6 %HSTH dat 87,2%. Qua day, ap dung 6 mL H,0 cho budc rira tap va 6 mL
MeOH chtra 1% NH; cho budec rira giai ofloxacin khoéi ¢t SPE.

3.3. Pj tuyén tinh ciia dwdng chuin
Tién hanh dung dudng chudn cta ofloxacin trong khoang nong do tir 0,1 dén 80 png/L. Thue
hién phén tich ghi tin hiéu HPLC-MS theo cac di¢u kién dugc néu trong (muc 2.4). Két qua cho
thay rang, ofloxacin c6 khoang tuyén tinh t6t trong khoang noéng d¢ tir 0,1 — 80 pg/L, hé so tuong
quan dat 0,9991. Két qua duoc tong hop ¢ bang 2.

Bing 2. Khodng tuyén tinh, phiong trinh dwong chudn va hé so‘”’ twong quan
cua khang sinh ofloxacin trén nén mau nuoc.

Khéng sinh | Khoang tuyén tinh (ng/L)| Phwong trinh dwong chuian| R’
Ofloxacin 0,1-80 y = 1145,5x + 318,0 0,9991
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Hinh 2. Puong chudn phan tich ofloxacin.
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3.4. Xac dinh d$ thu hoi, d9 1éch chuin twong ddi
Lay 100 mL mau tring mdi lan thi nghiém, thém hon hop chét chuan véi ham luong 2 ng/L,
50 pg/L va 100 pg/L, lam 13p lai n=10 lan véi timg ndng do, tinh d6 thu hdi, d6 1éch chuin
tuong d6i (%RSD), két qua thé hién & bang 3. Theo tiéu chudn cua Lién minh Chéu Au
2002/657/EC [9] khi phan tich cic miu thém chuan & néng d6 <1 pg/L d6 thu hoi chap nhan
dugc 1a tir 50 dén 120%, vay két qua tinh do thu hdi clia cac khang sinh nghién ctru tai khoang
nong do khao sat dat tiéu chuan. Do 1éch chuan tuong ddi thap nhit 1a khang sinh OFL 2,1% tai
ndéng d6 50 pg/L, theo tiéu chuan cia AOAC d¢ thu hdi cua cac két qua phan tich nam trong
khoang gidi han cho phép.
Bing 3. D¢ thu hoi, dj léch chudn tiong doi, dg khéng dam bao do.

2 ug/L (n=10) 50 pg/L (n=10) 100 pg/L (n=10)
Khangsinh | Do thuhdéi | RSD | Dothuhdi |RSD Do thuhdi |RSD U (%)
(%) (%) (%) (%) (%) (%)
Ofloxacin 80,5 8,9 83,4 2,1 73,8 76 | 194

3.5. Xac dinh gi6¢i han phat hién va giéi han dinh lwgng ciia phwong phap
’Tié'n hanh phﬁnNtich mau thém chuén ofloxacin tai mirc néng d6 2 ‘ug/L, thuc hién lap 7 lan.
Tién hanh xir Iy mau theo (Myc 2.3) va ghi tin hiéu HPLC-MS theo di€u kién (myc 2.4), LOD =
3xSD, LOQ = 10 xSD, trong do, SD 1a d¢ 1éch chuan cua cac két qua phan tich mau lap.
Bdng 4. Gioi han phat hién va gioi han dinh lwong ciia phwong phap.

Khéng sinh OFL
LOD (ug/L) 0,2
LOQ (ug/L) 0,6

3.6. Panh gia sy hién dién ciia du lwong thudc khang sinh Ofloxacin trong nwéc thai sau xir
ly ciia cac bénh vién
Céac mau nudc thai trude va sau khi xir Iy bang sinh hoc duoc 1ay tai hé thong xir Iy nudc thai
ctia 12 bénh vién tai thanh phé Ho Chi Minh. Ldy mau va bao quan mau nudc thai theo TCVN
6663 — 1:2011, TCVN 5999:1995, TCVN 6663 — 3:2016. Phan tich va tinh toan v&i mau dugc lap
lai 3 1an. Két qua trong bang 6 cho thiy su hién dién ciia OFL & 6 bénh vién. Cao nhét 1a Bénh
vién Pa khoa Sai Gon va Bénh vién Nguyén Tri Phuong v6i nong d6 nudce thai dau vao va nude
thai dau ra twong ddi cao: 48,85 + 2,76 pg/L va 39,89 + 1,76 pg/L; nudc thai 19,95 + 1,22 pg/L
va 19,71 £ 1,47 ng/L. OFL la mét loai khang sinh manh, ¢ nhiéu tac dung phu nén hau hét cac
bénh vién khong uu tién st dung loai khang sinh nay. Trong ca 12 bénh vién, chi c6 6 bénh vién
sir dung khang sinh ofloxacin mot cach han ché. Pay 1a mot loai khang sinh khé phan huy nén c6
thé tich tu & nong dd cao trong nudc [10]. Bang 6 ciing cho thy, hiéu qua xir Iy nude thai chta du
lugng khang sinh OFL b:lfmg cong nghé sinh hoc truyén théng chi dat tir 37,1% dén 59,5%.
Bdng 5. Sy hién dién cua OFL trudc va sau khi xir ly sinh hoc.

Ofloxacin (ug/L) ,
TT Bénh vién N S Hiéu xuat xir ly (%)
Pau vao Paura
1 | BV Rang ham mat Trung Uong | KPH (<0,2) | KPH (<0,2) -
2 | BV Thdng Nhét KPH (<0,2) | KPH (<0,2) -
3 | BV Hung Vuong KPH (<0,2)| KPH (< 0,2) -
4 | BV Da khoa Sai Gon 48,85+ 2,76| 19,95 + 1,22 59,2%
5 | BV Gia Dinh KPH (<0,2) | KPH (< 0,2) -
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6 | BV Cho Riy 24,21 +1,05| 15,32 + 1,65 37,1%
7 | BV Ung Bué6u 22,12 +1,13| 12,23 + 0,95 44.7%
8 | BV Binh Dan 13,78 +0,45| 5,58 + 0,31 59,5%
9 | BV Tim Tam Duc 0,65+0,21 | KPH (<0,2) -
10| BV Chan thuong chinh hinh | KPH (< 0,2) | KPH (< 0,2) -
11| BV Phuy san Qudc té Sai Gon | KPH (< 0,2) | KPH (< 0,2) -
12| BV Nguyén Tri Phuong 39,89 +1,76| 19,71+ 1,47 50,6%
4. KET LUAN

Trong nghién ciru nay da xay dung duoc phuong phap phan tich du lugng khang sinh ton du

trong nudc thai bang ky thuat sic ky 16ng hiéu niang cao két hop khéi phd. Két qua cho thay
phuong phap pht hop va c6 d6 thu hdi cao dé xac dinh néng do du lwong khang sinh ofloxacin.
Trén co s& do6, phan tich danh gia hién dién ctia khang sinh ofloxacin trong nudc thai y té tai cac
bénh vién & TPHCM véi ndng do tir 5,58 — 19,95 pg/L.
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ABSTRACT

DETERMINATION OF OFLOXACIN ANTIBIOTIC RESIDUES
IN WASTEWATER BY HIGH PERFORMANCE LIQUID CHROMATOGRAPHY
WITH MASS SPECTROMETRY (LC-MS)

A sensitive and selective liquid chromatographic method incorporating mass
spectrometry has been developed for the determination of ofloxacin in medical wastewater
over a concentration range of 0.1-80 pg/L. The study conducted to optimize the conditions
for liquid-liquid extraction and solid phase extraction, followed by method validation
parameters which were also determined through samples fortifying standards at important
concentrations. The study used an Agilent HPLC system (Model 1200series) equipped
with an Agilent 6130 Series Quadrupole LC/MS system with a Zorbax SB-C18 column (5
pum; 150 mm x 4.6 mm). The program is run with a mobile phase consisting of acetonitrile
and water containing 0.1% formic acid (50:50, v/v), at a flow rate of 0.5 mL/min, sample
injection volume 10 pL. The results show that the method has accuracy from 70.05% -
115.56%, detection limit of 0.2 ppb and limit of quantification from 0.6 ppb. Analysis of
medical wastewater samples from the hospital after treatment showed that ofloxacin
antibiotic residues were detected in concentrations ranging from 5.58 + 0.31 ppb to 19.95
+ 1.22 ppb. The developed procedure is feasible for the determination of residues of
ofloxacin in medical wastewater.

Keywords: Ofloxacin; LC-MS; Medical wastewater; Antibiotic residues.
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