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SUMMARY

STUDY ON DETERMINATION OF 6 ANTIBIOTICS IN WASTEWATER
COLLECTED FROM SEVERAL HOSPITALS BY ULTRA HIGH PERFORMANCE
LIQUID CHROMATOGRAPHY TANDEM WITH HIGH RESOLUTION MASS
SPECTROMETRY (UPLC- ORBITRAP MS)

This work has introduced method UPLC- Orbitrap MS to determine six antibiotic compounds
(Ciprofloxacin, Cephalexin, Moxifloxacin, Clarithromycin, Levofloxacin) in wastewater collected from
several hospitals in Vietnam. The chromatographic procedure used Zorbax-eclipse XDB C18 100 x 4,6
mm, 3,5 um (Agilent) and 0.1% FA in deionized water and MeOH as mobile phases. Selected ion
monitoring (SIM) mode was used for qualification and qualitication of target analytes. The parameters
such as: temperature column, mobile phases, gradient, flowrate were optimized. The investigated
compounds were cleanup from match-matrix based on SPE extraction using HLB column(supelco). The
spiked experiments were carried out for method evaluation through several parameters, such as:
repeatability, recovery (85,2 + 10,1% - 107,6 + 3,5%), linearity, MDL 0,03 ng/L (Cephalexin,
Amoxicillin) — 0,07 ng/L (Clarithromycin, Ciprofloxacin, Levofloxacin) va LOQ nam trong khodang tir
0,10 ng/L (Cephalexin) — 0,23 ng/L (Clarithromycin). Applying this method, 30 real samples collected
from five hospitals in our country were analyzed. It can be clearly seen that their systems of treatment
wastewater have been operated effectively.

Keywords. antibiotics, wastewater, solid phase extraction SPE, LC/MS.

1. GIOI THIEU khin trong diéu tri cac dong vi khuan khang
Hién nay, trudc tinh hinh céc loai dich bénh khang sinh va chi phi diéu tri tang 1én rat 1on.
ngay cang nhiéu, thudc khang sinh 1a mot cong Viéc st dung qua nhiédu ciing dan dén nguy co
cu déc lyc trong y té gip con ngudi va vat tich lily du Iuwong khang sinh trong moi truong
nudi khoéi duogc cac bénh do vi khudn gay nén tu nhién va thic dn ctia con ngudi, tir d6 xam
[1]. Tuy nhién, khang khang sinh ciing dang 1a nhép vao co thé [2]. Hau hét khang sinh dugc
van d& nhtc nhdi cia nganh y t& do sy kho st dung & nguodi va thai ra méi truong dudi
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nhiéu hinh thire khéc nhau nhu bai tiét, ton du
trong dung cu, bong, bang y té... Theo thong
ké béo cdo cta Cyc Quan 1y mdi trudong y té
(2015), ca nudc cod trén 14.000 co s6 kham
chira bénh, hang ngay phat sinh khoang
150.000 m® nudc thai. Nudce thai bénh vién bao
gdm nudc thai sinh hoat ciia can by cong nhan
vién, bénh nhan, nguoi nha bénh nhan va nudc
thai tr cac hoat dong kham chita bénh. Nudc
thai bénh vién c6 thé giy 6 nhiém moi truong
do c4c chat hitu co, cac hop chit cua nito,
photpho, cac chat rin lo limg, cac vi khudn va
hoat chit phong xa... Ngoai ra, nuéc thai bénh
vién c6 thé c6 mot sb kim loai ning nhu Hg,
Cr..., du lugng khang sinh va chit doc khac. ..
Phuong phap xac dinh khéng sinh trong céac
nén mau moi trudng, thuc pham va sinh pham
ngdy nay da duoc thuc hién tai nhiéu phong thi
nghiém va cha yéu trén thiét bi sic ky long
ghép ndi khdi phd (LC/MS, LC/MS/MS) [2]-
[5], Pbi voi mau nude, c6 thé sir dung phuong
phap chiét long long hodc chiét két hop lam
sach SPE [2], [5]. Tuy nhién, viéc xac dinh
khéng sinh trong nuéc thdi bénh vién van chua
dugc quan tim chu ¥ dén nhidu. Do vay,
nghién ctru “Phan tich du lwong mot s6 khang
sinh trong nudc thai bénh vién bang phuong
phap séc ky long hiéu ning cao ghép ndi khdi
phé phén giai cao (UPLC-Orbitrap MS) duoc
thuc hién nhim phan tich nhanh, don gian va
dong thoi ham lugng cua 06 khang sinh thugc
3 nhém quinolone, macrolide, p-lactam trong
méu nude thai, sir dung k¥ thuat chiét pha ran
két hop lam giau miu va thiét bi sic ky long
siéu hiéu nang cao ghép ndi khdi phd phan giai
cao. Pay 1a nghién ctru diu tién tai Viét Nam
sir dung thiét bi phan tich hién dai nay. Nghién
chu cling buéc diu danh gia vé& du luong
khang sinh trong nudc thai tai mot s6 bénh
vién & nudc ta.

2. THUC NGHIEM

2.1. Chit chuén va héa chit

Chit chuan: 06 chat chudn bao gdm
ciprofloxacin, levofloxacin, moxifloxacin,
cephalexin, amoxilin, clarithromycin, d¢ tinh
khiét 99 % ctia hing Sigma Aldrich.
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Dung mdi: methanol, Acetone véi do tinh khiét
sic ky, cua hing VWR (Phap), axit formic
98% (FA, Merck, Pirc). Nudc deion dugc cat
tir thiét bi Mili-Q Integral 3 (Merck Millipore,
Phéap). Cac dung cu thity tinh dugc trang rira va
nung & 450°C trong 3 gio dé loai bo céac tap
chat hitu co.

Tién hanh chuén bi cac dung dich chét chuin
trong dung mdi H,O:MeOH (1:1, v:v) chira
0,1% FA. Chuén bi duong chuan 7 diém cé
néng dé tr 1, 2, 5, 10, 25, 50, 100 ppb. Céc
dung dich chuin dwoc bao quan & 4 °C trong
cac vial toi mau. Puong chuan dugc xay dung
bang cach bom phén tich 10 pL cac dung dich
chuén lam viée tir call — cal7.

2.2. Thiét bi phan tich

Hé thdng sic ky 1ong siéu hiéu ning cao UPLC
(Ultimate 3000) ghép ndi khdi phd phan giai
cao Orbitrap MS ctia hdng Thermo Scientific
(M¥) duoc sir dung dé phan tich dong thoi 06
khéng sinh. Céac thong s diéu khién thiét bi
UPLC/Orbitrap MS dugc kiém soat trén phan
mém Xcalibur phién ban 4.0 (Thermo) va dat
diéu kién 6n dinh méi tién hanh bom chuan va
mAu phan tich. Nguyén tic chung ctia phuong
phap nay 1a sir dung ddu do c6 d6 nhay cao xéac
dinh manh khéi cuia cac ion phén tich dé dinh
lwong cac chit nay trong mau. Céac chit dugc
xéc dinh boi thoi gian luu va manh phd cia ion
dac trung, d6 léch khéi; dinh luong bé‘mg
phuong phép ngoai chuan trén phian mém
TraceFinder phién ban 3.3 (Thermo).

Qua4 trinh tach séc ky dugc thyc hién trén cot
Zorbax-eclipse XDB C18 100 x 4,6 mm, 3,5
pum (Agilent) & 40 °C. Pha dong st dung 2
kénh 1a (A): 0,1% FA trong nudc deion va
0,1% FA trong MeOH. Cac thong sb sic ky da
duogc t6i wu bao gdm: tbc d6 dong pha dong
dugc giit khong ddi ¢ 0,4 mL/phit. 10 pL mau
duoc bom qua hé théng bom mau tu dong o
nhiét d6 budng chira mau 1a 8 °C. Chuong trinh
pha dong bét dau tir 5% B (gitr 1 phat), ting
1én 60% B (giit 7 phut), ting tiép t6i 100% B
(gitr 3 phut) trude khi giam vé didu kién dau 1a
5%B va giir 2 phut. Tong thoi gian phan tich 1
mau 1 17 phat.



He¢ thdng khéi phd phan giai cao str dung kiéu ion
hoa tia ltra dién (ESI) & do phan giai 70000-
FWHM, van hanh & ché d¢ ion hoa duong.
Trude mdi dot phén tich, hé thong khéi phd duogc
hiéu chuan doi chinh xac khéi bang dung dich
Pierce Positive ion mass calibration solution
(Thermo, CAS number 88324). Cac thong s6 van
hanh ¢ budng MS bao gdm: cac khi mang (sheath
gas 32 psi, auxiliary gas 7 L/phuit), dién thé
+2,8kV, nhiét 6 ngudn ion héa 320 °C. Ché do
do chon loc céc ion dic trung cua chét phan tich
SIM (selected ion monitoring) dugc thiét 1ap cho
phan tich dinh luong.

2.3. Thu thép, xir Iy so' bd va bio quan miu
Nghién ciru da thu thap 30 mau nudc co thé
tich khoang 1 L/miu bao gom nudc thai, nudc
mat, nudc trudc xu ly va sau xur 1y tai 5 bénh
vién da duge ma hoa lan lugt 1a Bv A, Bv B,
Bv C, Bv D, Bv E. Miu ban giao cho phong thi
nghiém dugc ma hda thong tin va bao quan
trong chai thity tinh t6i mau ¢ nhiét do 4 °C,
khong c6 anh sang chiéu vao dé han ché bién
ddi sinh hoc cia mau. Trudc khi phan tich,
mau dugc loc bing gidy loc soi thiy tinh
(GFF) 1 pum dé loai bo cac hat chat ran lo limg,
sau d6 diéu chinh pH cua miu dén 3 (s dung
axit formic).

2.4. Xir Iy miu

Phuong phap phan tich du luong thudc khang
sinh Ciprofloxacin, Levofloxacin,
Moxifloxacin, Clarithromycin, Amoxillin va
Cephalexin trong nudc thai bénh vién dugc
tham khao theo phwong phap tidu chuan ciia
US EPA Method 1694 [6]. Cac chét khang sinh
dugc chiét két hop lam sach bang cot chiét pha
rin Sulpeco HLB 200 mg 6 mL Dé danh gia
phuong phép, 1am I3p lai 3 1an mau tron (mau
pool) cta 3 mau ngiu nhién thém chuén 100
ppb dé tinh hiéu suét thu hoi va thém chuan 10
ppb dé danh gia gi6i han phat hién, giéi han
dinh lugng ctia phuong phap. Cot chiét pha rin
duoc hoat hoa & tde d6 dong 1 giot/s véi 3 mL
MeOH va 3 mL nudc deion pH2. Nap 100 mL
mau nuée loc da chinh pH Ién cét voi tdc do 1
giot/s, hut chan khong c6t SPE trong 10 phut.
Chit phan tich dwoc rira giai bang 10 mL
MeOH rdi hat chan khong khoang 30s dén
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kho. Dung dich rtra gidi duoc ¢d6 Np & 40 °C
dén can rdi dinh muc lai béng 1 mL
H,0:MeOH (1:1, v:v) chira 0,1% FA. Mau
dugc loc qua mang nylon 0.45 pum truéce khi

chuyén sang vial va chuan bi bom phan tich
trén thiét bi LC/Orbitrap MS.

a \
Hinh 1. So do léy mau tai bénh vién B
3. KET QUA VA THAO LUAN

3.1. Téi wu qua trinh tach sic ky

Nghién ciru d4 tién hanh khao sat va phan tach
thir nghiém trén 3 cot sic ky pha dédo bao gdm
cot Hypersil Gold PFP 150 x 2,1 mm, 3 um
(Thermo), aQ C18 (Thermo) va Zorbax-eclipse
XDB C18 100 x 4,6 mm, 3,5 um (Agilent).
Két qua tach sic ky dung dich chuin 100 ppb
cho cdt Zorbax-eclipse XDB C18 tach dugce du
6 chat. Hai chat Amoxicillin va Cephalexin
kho tach trén 2 cdt con lai. Sau khi lya chon
dugc cot tach, nghién ctu tiép tuc tién hanh
khao sat didu kién tach sic ky chi yéu bao
gdm tdc d6 dong, chwong trinh pha dong. Két
qua diéu kién phan tich t6i wu cac thong sé nhur
da néu trong muc 2.2. Ngoai ra, Bang 1 cho
thdy, do lap lai vé thoi gian luu va do chinh
xac khéi cua ion 6 chét phan tich la tvong ddi
t6t (RSD < 1%).

B B Bo s Fo s Bon Bos

Hinh 2. Sdc dé tach 6 chdt phan tich trong
dung dich chudn 100 ppb trén thiét bi
LC/Orbitrap MS



Bang 1. Thoi gian leu va dg 1éch khéi ciia 6 chat phdn tich

) . ) - o RT + SD (n=6| lon phan tIChTTA ’

STT| Ténchat |Phanloai| lon phén tichLr . P9 chinh

: min) m/z £ SD (m=6) S

xac khoi
1 |Ciprofloxacin 332,1405 [M+H]* | 9,53 0,03 | 332,1406 + 0,0005 0,15
2 | Levofloxacin | Quinolone | 362,1511 [M+H]* | 9,33+ 0,04 |362,1511 + 0,0007 0,05
3 | Moxifloxacin 402,1824 [M+H]* | 10,08 = 0,05 | 402,1822 + 0,0005 -0,41
4 Clarithromycin Macrolide | 748,4842 [M+H]* | 13,02 + 0,03 | 748,4845 + 0,0005 0,33
5 | Amoxicillin B-lactam 398,1380 [M+CHs]*| 8,60+ 0,07 | 398,1376 + 0,0009 1,00
6 Cephalexin 348,3942 [M+H]* | 9,56 + 0,29 | 348,3940 + 0,0004 1,35

3.2. P§ chinh xic khdi ciia chit phén tich

Do chinh xac khdi ciia 6 chat phéan tich duoc
tinh béng cach bom lap lai 6 lan doc lap dung
dich chudn 100 ppb trén thiét bi LC/Orbitrap
MS theo cdc diéu kién da tdi wu. Manh khdi
cua ion phén tich dugc tinh dua trén cong thirc
phan tir coa chit bing phin mém online
Envipat phién ban 2.2. Tir bang 1 c6 thé thdy,
d6 chinh xac khéi ciia ion cac chat phan tich do
thuc nghiém déu < + 1 ppm so vaéi ly thuyét.

3.3. Xac nhén gia tri sir dung cia phwong phap
Nghién ctru tién hanh khao sat khoang tuyén
tinh trong dwdng chudn lam viéc cua 6 khang
sinh bang cach bom phan tich 7 diém c¢6 ndng
do tir 1, 2, 5, 10, 25, 50, 100 ppb. Két qua thu
dugc khoang tuyén tinh cua Ciprofloxacin,

Moxifloxacin, Clarithromycin tir 2 — 100 ppb;
100 ppb va
Amoxicillin, Cephalexin tir 1 — 100 ppb v&i hé
s6 twong quan hdi quy R2>0,99.

cua Levofloxacin tor 5 -—

Mat khac, giéi han phat hi¢n ctia phuong phap
duoc xac dinh bé'lng cach thém chuin néng do
5 ppb trén nén mau thyuc, lam lp 7 1an va tinh
thong qua gia tri ti 1¢ tin hiéu so voi nhidu nén
(S/N). Bang 1 cho két qua gia tri MDL cac chat
nim trong khoang 0,03 ng/L (Cephalexin,
Amoxicillin) — 0,07 ng/L (Clarithromycin,
Ciprofloxacin, Levofloxacin) va LOQ nim
trong khoang tir 0,10 ng/L (Cephalexin) — 0,23
ng/L (Clarithromycin). Diéu nay ching to
phuong phap c6 d6 nhay dap tng yéu cau phan
tich rat tot.

Bdng 2. Puong chudn, MDL, LOQ, dé thu hoi ciia phwong phdp trong nghién ciru

TT| Tén chét lon phan tich RT Phl‘ro’ng tri?h R Re:RSD( MDL | LOQ
(phut) dwong chuan ng/L
1 | Ciprofloxacin | 332,1405 [M+H]* | 9,53 |Y =3,118E7*X —2,756E5|0.9993 |95,5 + 10,9| 0.07 | 0,22
2 | Levofloxacin | 362,1511 [M+H]* | 9,33 |Y =7,103E7*X — 3,551E5|0.9975 | 107,6 + 3,5 0,07 | 0,22
3 | Moxifloxacin | 402,1824 [M+H]* | 10,08 |Y =1,162E8*X — 4,954E5|0.9988 | 85,2 + 10,1 004 | 012
4 | Clarithromycin | 748,4842 [M+H]* | 13,02 |Y = 4,169E7*X + 2,543E6|0.9998 | 93,0 +6,3 | 0.07 | 0,23
5 | Amoxicillin 398,1380 [M+CHs]" 8,60 |Y =3,316E6*X + 2,956E4|0.9996 | 96,6 +8,0 | 0.03 | 0,11
6 | Cephalexin | 1481012 [M+H]* | 9,56 |Y = 1,900E6*X + 1,042E4|0.9997 | 95,1 +4,9 | 0.03 | 0,10

Ngoai ra, nghién ciru tién hanh thém chuén 100
ppb vao miu thyc va lam Ip 7 lan dé tién hanh
danh gia hiéu suat thu hdi ciia phwong phép.
Gia tri hiéu suét thu hdi cia 6 chat quan tam
nam trong khoang tr 852 * 10,1%
(Moxifloxacin)- 107,6 + 3,5% (Levofloxacin),
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déap tng yéu cau thim dinh mot phuong phép
phén tich méi.

3.4. Phan tich miu thwe thu thip tai cac
bénh vién

Nghién ctru dp dung phuong phép da duoc
phat trién dé phan tich 30 miu nudc thai bao



gdm nudce tai bé gom (trude xir 1y), sau xtr Iy va
nudc thai & mdi trudng tiép nhan tai 5 bénh vién
trong ca nudc. Péi v6i mau nude thai tai bé
gom (trude xir 1y), két qua phan tich cho thiy
ham lugng khang sinh ton dong tuong ddi 16n,
dic biét véi mot s6 hoat chit nhu Cephalexin,
Ciprofloxacin va Levofloxacin. Ham lugng
Ciprofloxacin phan tich dugc 1én tGi gan 40 ppb
(Bv B) va ciing la chit déng gép nhicu nhét
trong cac mau nudc thu thap tai Bv A, B, E.
Trung binh cdc mau nudc chua qua xir 1y tai cac
Bv C va D thi ham lugng Cephalexin chiém wu
thé (1an lugt 73% va 42%). Clarithromycin duoc
phét hién ham luong twong dbi thap & cic mau
nudce bé gom tai tAt ca 5 bénh vién. Tuy nhién,
tAt ca cac bénh vién hién nay déu da duoge lép
dat hé théng xir Iy nude thai. Qua hé théng nay,
ham luong khang sinh da giam di dang ké. Sau
xir 1y, ham luong Levofloxacin chiém wu thé &
bénh vién D (53,9%) va Bv E (84,9%), con
Cephalexin chiém uu thé tai bénh vién C (42%).
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Hinh 3. Phdn b6 ciia 6 khang sinh trong méau
nwoc thdi truoc va sau xu ly tai 5 bénh vién
Tir két qua phan tich cac mu trude va sau xu
Iy cho thay hé théng xtr 1y nudc thai cua 2/5
bénh vién da xut ly tuong ddi tot cac chat
khang sinh tich lily trong qua trinh hoat dong
ctia bénh vién, voi hidu sudt xir Iy cua tit ca 6
khang sinh déu dat > 90% (Bv B va E). Pang
cha y, mot s6 hoat chit nhu Amoxicillin,
Clarithroymycin va Moxifloxacin gin nhu
khong phat hién dugc tai trong nude da qua xu
1y tai bénh vién B, C, D, E. Hai khang sinh
dugc st dung nhiéu 1a Cephalexin va

Ciprofloxacin dugc xtr Iy kha hi¢u qua tai hiu
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hét cac bénh vién (> 65%), trir bénh vién C
(Hiéu sudt xir Iy nudc thai dat khoang 40% dbi
véi Ciprofloxacin).

100.0

BvA BvB BvC BvD BvE

® Amoxicillin @ Cephalexin ® Ciprofloxacin ® Clarithromycin ® Levofloxacin mMoxifloxacin|

Hinh 4. Hiéu sudt xit [y nuede thai cia 6 khing

sinh tai 5 bénh vién

Dbi v6i méi truong tiép nhan, két qua phan
tich cho thidy ham luong khang sinh di giam
dang ké, tham chi 1a khong phat hién trong cac
mau ndy nhu Amoxicillin, Clarithromycin va
Moxifloxacin. Didu nay c6 thé dugc giai thich
la do cac chat khang sinh bi phan huy trén
duong di tir hé thdng xir 1y nudc thai ra dén ho
chira hodc da bi pha lodng véi nude ty nhién
trong hd. Mic du vy, mot sé miu van phat
hién dugc Ciprofloxacin, Levofloxacin hodc
Cephalexin & ham lugng rat nho (< 0,5 ppb).

4. KET LUAN

Nghién ctru thanh cong phuong phap xac dinh
ddng thoi 6 chat khang sinh trong nudc sir
dung thiét bi sic ky léng siéu hiéu ning cao
ghép ndi khéi phd phan gidi  cao
(UPLC/Orbitrap MS). Phuong phéap xtr Iy mau
1a chiét tach két hop 1am sach bang cot chiét
pha rin HLB (Sulpeco). Két qua nghién ctru
cho thdy phuong phap c6 do nhay rat tt (MDL
< 0,10 ng/L) va d¢ thu hoi (85,2 + 10,1% -
107,6 + 3,5%) trong khoang yéu cu cho thim
dinh phuong phidp m¢i. Bén canh do, nghién
ctru di ap dung phuong phap dé phan tich va
danh gia du lugng 6 khang sinh trong 30 mau
nudc thai thu thap tai 5 bénh vién trong ca
nudc. Cac két qua cho thdy hé théng xir 1y
nudce thai cia cac bénh vién déu dat hiéu qua
trong ddi cao, phan 16n cho hiéu sudt xir ly
nude thai > 80% trudce khi thai ra moi truong.



Tuy nhién, trong cac miu nudc sau xir ly va
mdi truong tiép nhan van phat hién thiy mot sd
khang sinh ton dong ¢ ham luong thip. Dicu
ndy van c6 nguy co cao dbi v6i 6 nhiém moi
truong va trong coéng tac diéu tri bénh cia
nganh y té.
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