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Xac dinh cac chat nhom macrolide va tetracycline trong nudc
bang phuong phap sac ky long hai lan khéi phd (LC-MS/MS)
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Tém tat

Khang sinh la chét c6 thé gay 6 nhiém & nong do thdp va dugc thay trong mdi truong
nudc & khoang nong do ng/L. Viéc xac dinh cac chit c6 ham lugng vét doi hoi trang thiét bi
hién dai va d¢ chinh xac cao. Phuong phap sac ky long hai lan khoi phé (LC-MS/MS) véi kha
nang xac dinh cac chat & nong do ppt va ppb phut hop dé€ dinh lugng cac chit nhom macrolide
va tetracycline trong nudc. Phuong phap phan tich stt dung hé thong Agilent Triple Quard 6460
LC-MS/MS véi nguén phun ion hoéa dién tii ché do ion duong, cot phéan tich Agilent XDB C18
(1,8 um x 2,1 x 100 mm) va tién cot Agilent Eclipse SDB C18 (2,1 x 5 mm x 1,8 pm). Dung moi
pha dong acetonitrile va HCOOH 0,1%. Lam sach mau bang cét chiét pha rin Oasis PRIME
HLB 3cc (150 mg). Phuong phap dugc danh gia dua trén do dac hiéu, do thu hoi, do lap lai va
udc lugng do khong dam bao do. Giéi han phat hién (LOD) cua phuong phap déi véi cac chat
phan tich 1a 0,03 pg/L. P9 thu h6i nam trong khodng 85,23% dén 117,70%; d¢ lap lai (RSD)
nam trong khoang 2,20 - 12,45%.

Ti khoa: khang sinh, macrolides, tetracyclines, LC-MS/MS.

DAT VAN PE

Khang sinh lan dau tién dugc phat hién vao nam 1928 sau dé dugc st dung rdng rai trong
y hoc d€ chita bénh cho nguai va dong vat. Cac con duong khang sinh di vao moéi truong nudc
rat da dang bao gobm nudc thai va dong chay rtia tréi tii dat do ngudn st dung phan bén cho
ndng nghiép hodc chét thai cua con ngudi [1]. Thudc khang sinh dugc st dung réng rai dé diéu
tri cac bénh truyén nhiém. Tuy nhién 30 - 90% khang sinh dugc bai tiét dudi dang hgp chat
gbc hodc chuyén hoa trong nudce tiéu va phan vao moi trudng [2]. Theo Bo Nong nghiép va
Phat trién Néng thon, mot loat cac khang sinh dugc st dung hgp phép trong chan nudi trong
dé c6 hon 30 loai khang sinh thudéc nhém sulfonamide, beta lactam, quinolone, macrolide,
cyclines va mot s6 loai khang sinh khac dugc st dung han ché [3]. Mot s6 loai khang sinh
phd rong bi cdm trong nudi trong thiy san nhu chloramphenicol, nitroimidazole va hiu hét
cac chdt nhom fluoroquinolone. Céc trang trai nudi ca stii dung phé bién nhit la enrofloxacin
(quinolones) (69%), florphenicol (amphenicols) (63%), sulfamethoxazole (sulfonamide) két
hop véi trimethoprim (44%), doxycyclines (cyclines) (34%) [4].

Vi khang sinh 1a nhiing hgp chét c6 thé tiéu diét hodc tic ché su phat trién cta vi sinh
vat nén chung c6 kha ning lam mat su cdn bang ctia hé sinh thai. Theo Kummerer va cong su
(2009) [5] du lugng khang sinh trong moéi truong co6 thé gay khang thudc cho vi sinh vat & nong
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do thap, sau do6 gen khang khang sinh c6 thé chuyén sang con ngudi hodc dong vét theo chudi
va luéi thtic an. Theo nghién ctu nhiéu loai khang sinh nhu amoxicillin, benzyl penicillin,
sarafloxacin, spiramycin, tetracycline va tiamulin tGic ché sy phat trién cta tdo lam. Theo mot
nghién ctu cta Le va cong su (2005) [6] vi khuin khang khéng sinh norlfoxacin dugc tim thay
& bun va mau nudc canh trang trai nudi tdom & néng d6 0,1 ug/mL. Theo nghién ctu Kim va
cdng su (2007) [7], sulfamathoxazole, sulphachlorpyridazine, sulfathiazole, sulphamethazine,
sulphadimethoxine va trimethoprim gay doc cép tinh cho thuy san gém vi khudn bién (Vibrio
fischeri), dong vat khong xuong séng nudc ngot (Daphnia magna), va ca medaka Nhéit Ban
(Oryzias latipes) véi gia tri nong d¢ moi trudng du doan (PEC) dao dong tui 0,14 - 16,5 pg/L.

Macrolide la mét nhém thu6c khang sinh da dugc st dung dé€ diéu tri nhiéu bénh nhiém
trung duong ho hip va duong rudt & ngudi va dong vat. Mot s6 macrolide dugc sti dung phd
bién la spiramycin (SPI), erythromycin (ERY), tylosin (TYL), roxithromycin. Theo tac gia Fatta
Kassinos (2011) [8], erythromycin dugc tim thdy trong nudc mat & khoang 4,7 - 1900 ng/L,
spiramycin trong khoang 3,3 - 459,5 ng/L, tylosin 60 ng/L.

Nhom tetracycline la m¢ét ho khang sinh phS rong bao gom tetracycline (TC),
oxytetracycline (OTC), chlortetracycline (CTC), doxycycline (DOC) va minocycline [1], nhém
khéang sinh nay tic ché sy tong hop ctia vi khudn gram duong va gram 4m. Nhom tetracycline
dugc st dung trong diéu tri mot s6 bénh vé da va rdng & nguoi. Ngoai ra, nhém tetracycline con
dugc st dung rong rai trong néng nghiép nhu la chét kich thich tdng trudng trong trang trai
chdn nuéi va lam thuéc du phong trong ndong nghiép va nudi trong thuy san. Theo tac gia Lin va
cong su (2008) [9], tetracycline dugc tim thdy trong nudc thai cong nghiép 6 nong do 1,5 x 10°
ng/L, oxytetracycline 1,5 x 10* ng/L.

Do gy 6 nhiém & néng do thap va thuong xuat hién trong moéi truong nudc & ndong do
ng/L. Viéc xac dinh cac chat khang sinh doi hoéi thiét bi phan tich hién dai véi do chinh xac cao.
Phuong phap sic ky long hiéu ning cao két hgp ddu do hai 14n khéi phé la phuong phap phu
hgp dugc chon d€ phén tich cac hgp chat nay trong méi trudng nude. Nghién ctiu nay nham xdc
dinh ham lugng cac chat nhém macrolide va tetracycline trong nudc, cong thtic cau tao cua cac
chét nghién ctiu dugc thé hién trong Hinh 1.
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Hinh 1. Céng thiic cdu tao cdc chdt nhom MAC va TCs

2. VAT LIEU VA PHUONG PHAP NGHIEN CUU
2.1. Hoa chat

Tat ca hoa chit st dung déu la tinh khiét, dat chuén d€ phéan tich HPLC va nudc deion,
methanol, acid fomic. Chudn dang bét tetracycline hydrochloride (96,8%), oxytetracycline
hydrochloride (90,9%), chlotetracycline hydrochloride (93,7%), spiramycin (92,6%),
erythromycin (99,0%) dugc cung cdp bdi Sigma, tylosin tatrate (99,0%) dugc cung cdp bdi
Dr. Ehrenstorfer. Dung dich chudn goc dugc pha trong MeOH & néng d¢ 1.000 pug/mL bao
quan & - 20°C. Chuén lam viéc dugc pha tii chudn gbc trong nudc deion.

2.2. Thiét bi, dung cu

Cac thiét bi st dung cho phén tich cac chat nhom macrolide va tetracyclines goém LC-MS/
MS ctia Agilent v6i 6460 Infinity LC va 6460 Triple Quadrupole v6i ngudn ESI. Cot st dung 1a
cot Agilent XDB C18 (1,8 pm x 2,1 x 100 mm) va tién cot Agilent Eclipse SDB C18 (2,1 x 5 mm
x 1,8 um). Cac thiét bi dung cu khac bao gom c6t chiét pha ran Oasis PRIME HLB 3cc (150 mg),
bd chiét pha ran Supelco kem may huat chan khong, may lac vortex va cac dung cu thi nghiém
khac.

2.3. Chuan bi mau

Cac mau thu dugc tao bang cach thém chudn vao nén mau trang & cac néng do thém
chudn khéc nhau. Sau d6 mau dugc chuén bi d€ phén tich theo cac budc nhu sau: 100 mL nudc
thai dugc chinh pH dén 4,5 bang acid fomic. Loc qua gidy loc. Dich loc dugc lam sach bang
cOt chiét pha ran SPE PRiME HLB 3 mL. Hoat hoéa c6t lan lugt bang 3 mL MeOH, 3 mL nudc.
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Chuyén toan b¢ dich loc qua ¢t SPE, sau do riia giai bang 3 mL MeOH. Dich thu dugc théi kho
bang khi Nito. Hoa tan can bang 1 mL MeOH. Loc mau qua mang 0,22 pm vao lo mau 1,5 mL
va xac dinh bang LC-MS/MS.

2.4. Diéu kién LC-MS/MS

Céc chit phan tich dugc xac dinh bang phuong phap sic ky long, hai 14n khéi phé. Diéu
kién van hanh hé thong dugc thé hién trong Bang 1.

Bdng 1. Diéu kién phan tich cdc khdng sinh bang LC-MS/MS

Nhom Macrolide Nhém Tetracycline
Diéu kién LC
Cot Agilent XDB - C18 Agilent XDB - C18
(1,8 um x 2,1 x 100 mm) (1,8 ym x 2,1 x 100 mm)
T6éc do dong (mL/phut) 0,3 0,3
Pha dong A: Acetonitrile A: Acetonitrile
B: HCOOH 0,1% B: HCOOH 0,1%
Gradient 0 - 6 phat: 20% A 0 - 5 phut: 10% A
6 phut: 60% A 5 phiit: 30% A
6,01 - 7 phat: 20% A 5,01- 6: 70% A
6,01 - 7 phut: 10% A
Thoi gian phén tich (phut) 7 7
Thei gian duing (phut) 2 2
Nhiét do cot (°C) 25 25
Thé tich bom (puL) 5 5
Diéu kién khéi phé
Ngudn ion héa ESI ESI
Ché d6 ion héa mau Positive Positive
Nhiét d¢ khi N, (°C) 300 350
Téc do khi N, (I/phut) 8 10
Nhiét d6 cot (°C) 25 25
Ap sudt bay hoi dung mdi (psi) 45 45
bién ap mao quan (V) 2.000 2.000

2.5. Ué6c lugng do khong dam bao do

Do khong dam bao do cta phép do dic trung cho d6 phén tdn cta cac gia tri cd thé chiap
nhan dugc quy cho dai lugng ctia phép do. Do khong dam bao do néilén do tin ciy ctia phép do.

D¢ khong dam bao do u dugc tinh theo cong thiic [10]:

U (%) = E{A‘e—x:ulzxL (1)
n=1 Xth

176 Tap chi Kiém nghiém va An toan thuc pham - Tap 3, Sé 3, 2020



Lé Van Trong, Nguyén Thi Thanh Hang, DS Quang Huy, Nguyén Manh Khai

Trong do:
u: do khong dam bao do;
X: gid tri thd i;
X,.: gid tri trung binh;
n: s6 14n lam 13p lai.
Do khong dam bao do mé rong U % dugc tinh theo cong thiic
U=kxU_ (2)

U= Juz + uz G

Trong do: k 12 h¢ s6 phti dugc cho gia tri bang 2 tuong ting v6i do tin cay 95%; u , u, 1a do
khong dam bao do ctia chuén va ctia qua trinh 1dp lai.

3. KET QUA VA BAN LUAN

3.1. D9 ddc hiéu caa phuong phap

Dai véi ky thuét phan tich LC-MS/MS s6 diém IP phai dat dugc la 4 [10]. Thuc hién ban
pha 1 ion me va thu dugc 2 ion con. Véi 1 ion me thu dugc 1 IP va mdi ion con thu dugc 1,5 IP.
Theo cach tinh thu dugc 4 diém IP, nhu vdy phuong phéap c6 tinh dac hiéu dap ting dugc yéu
cau. Thoi gian luu ctia tling chét phan tich dugc thé hién trong Bang 2.

Badng 2. Ché do phan tich MRM

Fragmentor  Collision ener- Thdi gian luu

Chat phdan tich Madnh me Manh con V) 2y (V) (phiit)
Tetracycline 445 427 120 15 3,361
Tetmcycline 445 410" 120 20 3,361
Oxytetracycline 461 443 120 20 2,967
Oxytetracycline 461 426 120 20 2,967
Chlotetracycline 479 462 120 15 4,726
Chlotetracycline 479 444 120 22 4,726
Tylosin 916,5 772,4 119 30 3,769
Tylosin 916,5 174,17 119 40 3,769
Erythromycin 734,5 576,4 124 14 3,477
Erythromycin 7345 158,1° 124 26 3,477
Spiramycin 843,5 1422 145 40 2,207
Spiramycin 843,5 174,2" 145 34 2,207

Ghi chii: * mdnh dinh lugng
3.2. Khoang tuyén tinh va giéi han ciia phuong phap

Dbudng ngoai chuin dugc xay dung béi 5 diém chudn c6 ham lugng lan lugt la 10; 20; 50;
100; 200 pg/L do6i véi cac chat nhom tetracylin va 5; 10; 50; 100; 200 pg/L doi véi cac chat nhom
macrolide. Két qua thu dugc thé hién trong Bang 3 véi hé s6 tuong quan R* tit 0,9990 - 0,9999
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(Hinh 1). Gia tri giéi han phat hién (LOD) ctia phuong phap dugc xac dinh dya vao ty 1é tin
hiéu trén nhiéu nén S/N bang cach thém chudn vao nén mau trang tai mic nong do 0,03 pg/L.
Tat ca S/N déulén hon 3: 1. Do d6 LOD ctia cac chat phan tich dugc lay 1a 0,03 pg/L va gi6i han
dinh lugng LOQ la 0,10 pg/L.

mmmmmmmmmmmm

Hinh 1. Dudng chudn ctia cdc chdt nhém tetracyline va macrolide
a-O0TC b-TC, c-CTC d-ERY,e-SPL f-TYL

Bdng 3. Dudng chudn ciia cdc chdt nhém tetracycline va macrolide trong mau nuidc

Chat phan tich Phuong trinh tuyén tinh R’
Tetracycline Y = 46,2046x - 308,0819 0,9996
Oxytetracycline Y =37,0110x - 224,6509 0,9994
Chlotetracycline Y =30,9578x - 162,8734 0,9992
Erythromycin Y =169,9842x + 280,9997 0,9990
Tylosin Y =151,5842x + 88,03339 0,9999
Spiramycin Y = 33,6860x - 39,2631 0,9998
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3.3. Do thu hoi va d¢ lap lai

Xdc dinh d¢ thu hoéi va d6 1ap lai ctia phuong phap béng cach thém chudn trén nén mau
trang & 3 muc noéng do 0,1; 0,5; 1,0 pg/L. O moéi muic ndng do thuc hién ldp lai thi nghiém 6 lan.
Két qua dugc thé hién trong Bang 4.

Bdng 4. D¢ thu hoi va dj lap lai ctia cdc chdt nhém tetracycline va macrolide (n = 6)

Chdt phan tich Miic thém chudn (ug/L) H % RSDr %

Tetracycline 0,10 112,30 5,06
0,50 86,89 6,01

1,0 96,13 2,44
Oxytetracycline 0,10 104,87 10,69
0,50 90,12 3,83

1,0 92,97 4,29
Chlotetracycline 0,10 117,70 11,14
0,50 91,23 5,86
1,0 100,13 10,80

Spiramycin 0,10 93,55 12,45
0,50 100,39 4,00

1,0 96,43 6,11

Erythromycin 0,10 85,23 9,25
0,50 101,47 2,20

1,0 97,22 2,93

Tylosin 0,10 96,08 4,76
0,50 98,83 3,25

1,0 90,62 7,66

O Hinh 2 thé hién két qua thu dugc d¢ thu héi dat tit 85,23 -117,70% nam trong khoang
cho phép ctia AOAC (40 - 120%) & muic thém chuén 1,0 ug/L. D9 ldp lai RSDr tui 2,20 - 12,45%
dat yéu cdu cia AOAC (< 30%) 6 mtc thém chuédn < 1,0 pg/L.

10 2, 20,000 DF=0.000 (734.50000 -> )
x MRM CF=0.000 DF=0.000 (734.50000 -> 158.10000) std-MAC-100ppb.d X102, MM CF=0.000 DF=0.000 (445.00000 -> 410.00000) std-TCs-100ppb.d
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doi véi cdc chat nhém MAC va TCs
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3.4. Dy khong dam bao do cta phuong phap

Do khong dam bao do dugc tinh theo cong thiic thé hién trong muc 2.5. Két qua dugc thé
hién trong Bang 5.

Bdng 5. D) khong ddm bdo do mé rong cua cdc chdt phan tich nhom tetracycline va macrolide

Chdt phan tich  Miic nong dé (ug/L) U (%) phgztz'ch Miic nong do (ug/L) U (%)
TC 0,10 28,25 SPI 0,10 35,19
0,50 30,38 0,50 10,88
1,0 10,10 1,0 17,79
orcC 0,10 31,16 ERY 0,10 37,71
0,50 22,11 0,50 6,68
1,0 18,01 1,0 9,61
CTC 0,10 28,98 TYL 0,10 14,90
0,50 23,24 0,50 9,07
1,0 29,27 1,0 27,34

3.5. Két qua phan tich mau thuc té

Mau phan tich dugc ldy tai bon vi tri. Két qua phan tich dugc thé hién trong Bang 6.
Cac mau nudc dugc 14y ngau nhién tai ting nudc mit trong mua kho.

Vi tri 1: HO tiép nhin nudc thai bénh vién Dai hoc Y Ha Noi, toa do (21,0014; 105,8300)
s6 1 Ton That Tung, P. Khuong Thuong, Q. Pong Pa, Ha Noi

Vi tri 2: Kénh ti€p nhan nudc thai chg dan sinh, toa do (21,0024; 105,8179), ph6 Cau Mdi,
P. Nga Tu S, Q. bong ba, Ha Noi.

Vi tri 3: Trang trai Nam Ha, thon Van Diém, xa Van Ha, huyén Dong Anh, Ha Noi.
Vi tri 4: H6 cau Pam Ny, thon Van Diém, xa Van Ha, huyén Dong Anh, Ha Noi.
Bdng 6. Két qud phan tich mau thuc
Don vi: ng/mL

Vi tri 7c o1C CcTC SPI ERY TYL
Vitri 1 - - - 344,83 ; ;
Vi tri 2 ; 225,89 ; - ; ]
Vitri 3 318,63 358,62 ; ] ] ]
Vi tri 4 ; ] ; ] ) ]

Ghi chu: “-”: khong phat hién
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Qua két phan tich mau thuyc cho thdy, du lugng khang sinh dugc tim thiy tai khu vuc
bénh vién, trang trai chidn nuéi va khu vuc chg thuc phdm. Tai khu vyc bénh vién ham lugng
spiramycin thudc nhém macrolide 1a 344,8 ng/L; tai trang trai chdn nu6i, ham lugng cac chat
tetracycline va oxytetracycline 1an lugt la 318,6 va 358,6 ng/L. Trong nghién ctiu nay, mac du
mdi chi khao sat 04 mau nudc thai va nudc mit da c6 03/04 mau phat hién thay du lugng khang
sinh, ddc biét c6 01 mau chita 02 loai khang sinh. Diéu nay budc dau cho thiy miic d6 ton du
khang sinh trong nudc mét va nude thai 6 Ha Noi 1a kha phé bién.

Theo tac gia Hoa va cong su [11], cac chat nhém macrolide dugc tim thdy trong hé thong
kénh hodc cac song tiép nhén nudc thai  Ha Noi nhu spiramycin, oleandomycin, azithromycin
v6indng do lan lugt la 90,8, 134, 621 ng/L. Cac chiat nhom tetracycline dugc phat hién trong hé
thong thoat nudc do thi, kénh thanh phd, kénh ngoai 6 va song nhung véi tan suét it hon. Trong
hé thong thoat nudc do thi, TC va OTC chi dugc phat hién trong 2 mau & nong do 258 ng/L (tai
Ha Noi) va 316 ng/L (tai Can Tho), trong khi d6 OTC dugc phat hién & kénh trong thanh pho,
kénh ngoai 6 va song v6i nong do nhoé hon 5, 226 va 7 ng/L. Nhu vay, ham lugng khang sinh thu
dugc ti cac mau nudc thuc té co gia tri tuong duong véi cac nghién ctiu clia cac tac gia khac,
déu gay nguy hai cho hé sinh thai & khoang nong d6 ng/L.

KET LUAN

Phuong phap xac dinh cac chat nhém tetracycline va macrolide trong méi trudng nudc
dugc thuc hién trong nghién ctiu la dang tin cdy véi hé s6 tuong quan tuyén tinh R? cao (> 0,9990),
do thu héi ndm trong khoang cho phép ctia AOAC (nam trong khoang 40 - 120%) va do lap lai
RSDr < 30% & mtic thém chudn 1,0 ug/L. Gi6i han phét hién ctia phuong phap (LOD) la 0,03
ng/L, gi6i han dinh lugng ctia phuong phap (LOQ) 1a 0,10 pg/L. D6 khong dam bao do cua
phuong phap (U) tti 9,61 -37,71%. Két qua phan tich mau thuc té€ cho thay ham lugng du lugng
khang sinh dugc tim th4y trong nudc thai khu vic bénh vién, trang trai chdn nudi va khu vuc
chg thuc phdm nam trong khoang 225,9 - 358,6 ng/L. Két qua phan tich 04 mau khao sat thi
c6 03/04 mau phat hién c6 du lugng khang sinh, dac biét c6 01 mau chia 02 loai khang sinh
v6i ham lugng tit 225,9 - 358,6 ng/L. Ham lugng khang sinh trong cac mau nghién ctiu tuong
duong véi cac két qua nghién ctiu clia cdc tac gia trudc day.
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Determination of macrolide and tetracyclins group in water hy
liquid chromatography tandem mass spectrometry (LC-MS/MS)

Le Van Trong"?, Nguyen Thi Thanh Hang', Do Quang Huy’, Nguyen Manh Khai*
'National Center for Food Analysis and Assessment — Food Industries Research Institute

?Faculty of Environmental Sciences, University of Sciences, Vietnam Nationnal University, Hanoi.

Abstract

Antibiotics are contaminants at low concentrations and found in water with the range of
ng/L. Determination of antibiotics at trace concentrations requires modern and high accuracy
equipment. Liquid chromatography mass tandem spectrometry (LC-MS/MS) able to determine
contaminants at ppt and ppb levels, which is suitable for quantification of the macrolide and
tetracycline group in water. The Analytical method using Agilent Triple Quard 6460 LC-MS/MS
system with positive ion mode. Agilent XDB C18 column (1.8 pm x 2.1 x 100 mm) and Agilent
Eclipse SDB C18 pre-column (2.1 x 5 mm X 1.8 um) were used. Mobile phase was acetonitrile
and HCOOH 0.1%. Samples were cleaned with Oasis PRIME HLB 3cc SPE column (150 mg).
The method was evaluated based on specificity, recovery, repeatability and estimation of the
uncertainty. The method detection limit (MDL) for the analytes is 0.03 pg/L. Recovery ranges
from 85.23% to 117.70%; repeatability (RSDr) is between 2.20% and 12.45%.

Keywords: antibiotics, macrolides, tetracyclines, LC-MS/MS.
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