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NGHIEN CUU XAC PINH KHANG SINH SULFATHIAZOLE,
SULFAMETHAZINE, SULFAMETHOXAZOLE, SULFAMERAZINE TRONG
NUOC MAT BANG SAC KY LONG HAI LAN KHOI PHO

Pén tda sogn 9 — 7 — 2014

Pham Thi Thanh Yén
Khoa Hoa, Truong DH Cong Nghiép Ha ngi
Nguyén Quang Trung
Vign Cong nghé Moi truong, Vien KH & CN Viét Nam
Huynh Trung Hai
Vién Khoa Hoc va Céng Nghé Moi trueong — Truong Pai hoc Bach Khoa Ha Ngi

SUMMARY

RESEARCH ON DETERMINATION OF THE ANTIBIOTICS
SULFATHIAZOLE, SULFAMETHAZINE, SULFAMETHOXAZOLE,
SULFAMERAZINE IN SURFACE WATER BY LIQUID
CHROMATOGRAPHY TANDEM MASS LC/MS/MS

This is the survey results for analysis of four antibiotics sulfathiazole (STZ),
sulfamethazine (SMZ), sulfamethoxazole (SMX), sulfamerazine (SMR) in surface water
using LC/MS/MS. Optimized parameters of sample preparation include: Volume of
sample extract 500mL, pH sample before extraction 2.8 -3.2. Mean recoveries of four
sulfonamides spiked at 1jg/L were between 95.39 and 100.94% with the coefficient of
variation (CV) from 1.77% to 9.06%. The detection and quantification limits were
calculated for all compounds ranged between 0.05 — 0.16 pg/L and 0.14 -0.49ug/L
respectively. The proceduce was applied to the analysis several water samples of West
lake, Yen So lake, Ngoc Khanh lake, Kim Nguu river and To Lich river. The occurrence
and distribution of four selected antibiotics in lakes and rivers of Ha Noi were ranged
from below detection limit (BDL) to 568.25ng/L. In particular, antibiotic SMX
appeared in all samples with very high concentration from 14.93 to 568.25ng/L.
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1.MO PAU

Khang sinh duoc sir dung phd bién trong
phong va diéu tri bénh & ngudi, 1am chat
kich thich ting truong, diéu tri bénh
trong chin nudi gia suc va nudi trong
thay san M. Hau hét cac thuéc khang
sinh hip thu kém sau khi uéng khoang
30- 90% cac chat dwa vao co thé s& dugc
dao thai qua phan hodc nudgc tiéu*. Do
d6, néu xtr 1y nude thai sinh hoat khdng
dung cach s& dan dén viéc phat tan céc
loai thuéc khang sinh vao mdi truong
nudc bang nhiéu con duong khéac nhau,
nhu qua nudc thai sinh hoat, nudc thai
tir cac trang trai, nugc thai tor cac bénh
vient™>7 Két qua nghién cau cua tac gia
Bui Canh Tuyén va cong su da tim thiy
khang sinh ho sulfonamit, dac biét la
khéng sinh sulfamethazine trong nudc
song, kénh rach va hé thdng nuéc thai tir
Cac trang trai tai dong bang sdng Ciru
Long véi ham lugng dao dong trong
khoang tr 185x10%g /L  dén
19.2x10°ng /L I,

Hién nay, ¢ Viét Nam gidm sat su dung,
lam dung va thai bo cac khang sinh
khong duoc kiém soét chat ché. Tai Ha
Noi V6i co sé ha tang yéu kém, nudc
thai sinh hoat tir cdc ho dan va céac khu
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thuong mai chua qua xu ly hoac xu ly
so bo tir cac co so chira bénh ké ca cac
bénh vién Ién da db thang vao hé thdng
thoat nudc thai chung cua thanh phé gay
anh huong nghiém trong t6i chat luong
nudc mat??l, bay 1a nhung nguyén nhan
gay ra sy ton du khang sinh trong méi
truong nudc sdng hd cua Ha Noi, dan
dén sy tich tu khang sinh trong nudc,
tram tich cling nhu trong cac dong vat
thay sinh. Két qua nghién ctru nude thai
tai 6 bénh vién Ion cia Ha Noi cho thiy
du lugng khéang sinh ciprofloxacin (CIP)
va norfloxacin (NOR) dao dong tur 1,1 —
44,0pg/L va tir 0,9 — 17,0pg/L mdi chat
tuong u’ng[S]
Khang sinh ho sulfonamit la mot hop
chat hitu co Ivu huynh, c¢é chira céc géc
tw do SO,%, NH," (cac amit cua axit
sunfonic) trong phan ta. Cau tric phan
tr cia nd twong tu nhu axit p-
aminobenzoic (PABA). Cong thuc
chung cua khéang sinh ho sulfonamit la
RSO,NH,, trong d6 R 1a mot s6 nhom
hitu co. Cong thiic cau tao cua khang
sinh  sulfathiazole,  sulfamethazine,
sulfamethoxazole, sulfamerazine duoc

thé hién trén hinh 1.
-
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Hinh 1: Cong thirc cdu tao cia khang sinh STZ, SMZ, SMX, SMR
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Khang sinh ho sulfonamit dugc xac dinh
bing cic phwong phap phan tich khac
nhau nhu sic ky khi khdi phd, sic ky
l6ng hiéu nang cao (HPLC) ™ sic ky
l6ng khdi phd & Trong cac phuong
phap phan tich khang sinh thi sic ky
long hai 1an khéi phd c6 do phan giai
cao, tach tot cac chat khang sinh, do
nhay tbt va c6 thé sir dung cac manh ion
me, ion con dé dinh tinh, dinh luong
chinh xac nhat du lugng chat khang
sinh.

Muc tiéu cuaa nghién cau nay la xay
dung mot phuong phap phén tich ham
lwong vét bdn khang sinh ho sulfonamit
trén thiét bi LC-MS/MS c¢& vai ng/L
trong nudc séng, ho. Tién hanh xay
dung quy trinh xa Iy mau gém céc budc
lam sach va lam giau mau, khao sat cac
thong s6 téi wu cho thiét bi LC/MS/MS,
kiém tra do thu hoéi, do lap lai coa
phuong phap. Tir cac két qua nghién
ctru, ap dung vao phan tich 33 mau nuéc
s6ng, ho Ha Noi.

2. THUC NGHIEM

2.1. Hoa chat, thiét bj

Hoa chat: Cac loai hoa chat s dung
trong nghién cau gdom dung moi
methanol (MeOH), acetonitrile (ACN),
n-hexane, ethyl acetate thugc loai chay
sac ki cua hiang JT.Baker, USA. Nudc
deion véi dién tré 18,2 MQ.cm cua thiét
bi loc nuéc Mili Q - Water — USA dung
dé chay sic ky va xt ly miu. Axit
focmic, axit acetic, axeton hoa chat tinh
khiét phan tich coa hang Merck,
Germany. Chit chuan khang sinh
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sulfathiazole, sulfamethazine,
sulfamethoxazole, sulfamerazine —Kanto
Chemical Co, Japan. Cot chiét pha rin
Water Oasis® Plus HLB duoc su dung
dé dé xur Iy mau.

Thiét bi: Thiét bi sic ky long hai lan
khéi phé LC/MS/MS cua hdng Thermo
TSQ Quantum Access —USA gdm: May
sic ky long hiéu ning cao UPLC-Accela
két néi vai thiét bi hai 1an khéi pho MS-
MS TSQ Quantum Access. St dung cot
sic ky Hypersil Gold C18, 3um,
150x2.1mm —Thermo dé phan tach cac
chat khang sinh trong mau. Cac thiét bi
dung dé xir Iy mau géom: May lic Vortex
mixer — Velp-Scienfitica, may cat quay
chan khong — BUCHI, b chiét pha ran —
SPC10-C Chratec, h¢ thong thoi khi
nito.

2.2. Lay miu, bao quan, xir Iy mau

33 méau nudc duoc ldy tai hd Linh Pam
(HLD), hd Tay (HT), h Yén So (HYS),
séng To Lich & vi tri cdng Moc (STL)
va song Kim Nguu déi dién véi ngan
hang VietTin Bank (SKN) vao thang 12
nam 2013, thang 3 va thang 5 nam 2014.
MJ3i ho lay ¢ ba vi tri khac nhau xung
quang hd va cach bo tir 2 mét dén 3 mét.
Mau duoc bao quan trong chai thuy tinh
sAm mau ¢ 4°C va duoc phan tich trong
vong 48 gio ké tir khi lay.

Mau duoc loc thd trén gidy loc bang
bom hut chan khong, sau d6 1lay 500ml,
chinh pH tr 2,8 dén 3,2 bing axit
focmic, chiét mau trén cot Oasis HLB
(d3 dugc hoat hoa biang 6ml MeOH va
6ml nuéc) véi toe do dong Sml/phat.



Khi mau da di qua cot, trang rira binh
dung mau bang 10ml nuéc cit va cho
chay tiép qua cot. Sau khi chiét, cot
duoc thoi khd bang bom hat chan khong
trong 30 ph(t & 4p suat 15mmHg. Chiét
tach khang sinh ra khoi cot bang 5ml
MeOH véi tée d6 1-2 giot/phut, 1am kho
hoan toan dich chiét bang khi nito &
nhiét d6 40°C. Luong cin thu duoc hoa
tan bang 1ml dung dich axit focmic
0,2%, loc toan bd dung dich bang mang
loc 0,22 um. Bom dung dich sau loc vao
thiét bi LC/MS/MS dé phan tich cac
thudc khang sinh nghién ctu.

2.3. Piéu kién sic ky léng hai lan khéi

A

pho

Cac thong s6 MS/MS di dugc tdi uu hoa
nhu sau: Thong sb cho ngudn ion hoa
ESI: Dién thé ion hoa (Spray Voltage):
4000V, khi bay hoi (sheath gas): 40 psi,
khi bd trg (Aux gas pressure): 10 psi,
dién thé dat vao (skimmer offet): -10V,
nhié¢t d6 mao quan (capillary
temperature): 270°C, dién thé (tube lens
offet): 100V, khi Ar: 1.5mTorr. Théng
s6 khdi pho: Do rong pho Q1: 0,7Da; B
rong pho Q2: 1Da; Toc do quét: 0,25s.
Cac manh phé: manh me, manh con,
nang lugng ban phé4 cua sulfathiazole,
sulfamethazine, sulfamethoxazole,
sulfamerazine dugc thé hién ¢ bang 1.

Bang 1: Mdanh me, manh con, nang lwong ban phé cia STZ, SMZ, SMX, SMR

Thoi gian ) Manh dinh ) L
Manh ) Manh dinh tinh
R P luu lwgng o
Tén chat j me . (Nang luwong)
(Phut) (mi2) (Nang luong) iz W)
m/z V)
Sulfathiazole (STZ) 6,23 256 256—156 (12) 256—108 (20)
Sulfamethazine 5,69 279,1 | 279,1—186 (16) | 279,1—124 (20)
(SM2)
Sulfamethoxazole 7,29 254 254—156 (13) 254—108,2 (20)
(SMX)
Sulfamerazine 6,57 265 265—156 (14) 265—108 (18)
(SMR)

3. KET QUA VA THAO LUAN

3.1. Khao sat manh me, manh con va
niing lwong bin pha

Céc chét khang sinh nhém sulfonamit co
nhiéu nhém —NH, -NH, do d6 dé dang
nhan H* dé hinh thanh cac ion dang
[M+H*]". Vi vay, cac chét nay duoc ion
ho& & ché do duong (positive) trén ngudn

ion hoa ESI. Cac ion sé& co ti khoi m/z I6n
hon khéi luong phan tir 1 don vi.
Pé khao sat manh me cua céc khang
sinh nhém sulfonamit, dung cac dung
dich chuan don ndng d6 2mg/L pha
trong dung méi methanol va H,0 vdi ti
Ié MeOH:H,0=20:80. Dung dich chuan
dugc bom tryuc tiép bang xi lanh, sau d6
dugc day vao budng ion hod nhd mot
23




vong mau 5pL va dong dung moi pha
dong (ACN:H,O = 50:50) chay véi téc
d6 250uL/phut. Pau do khdi phé TSQ
Quantpm duoc chay & ché do quét scan
Q1MS véi dai quét phdé m/z 170 — m/z
400. Sic dd khéi pho cho thay manh ion
me cua cac chit twong ung thé hién ¢
bang 1.

Cuong d6 cua manh ion me di vao cac
bo tir cuc con phu thudc vao dién thé
cua tube lens — tube lens offset voltage.
bién thé dugc khao sat bang ché do toi
wu hoa tu dong. Két qua khao sét cho
thiy gié trj toi wu cua dién thé tube lens
la 100V.

MJ3i phan tir mot chat khi ban pha déu
c6 nhitng manh con dic trung. Dé tim
cac manh con ciaa mdi khang sinh ho
sulfonamit, st dung ché do6 quét manh
con (scan product) ban phéa cac manh ion
me va quét cac manh con. Két qua trén
sic dd cho thay tir mot manh me bén ra
rat nhiéu manh con khac nhau, theo tiéu
chuin cia Chau Au  2002/657/EC™
chon hai manh con c6 cuong do tin hién
I6n nhat dé 1am moét manh dinh tinh va
mot manh dinh lugng. Nhu trong hinh 2
sau khi ban pha manh me
sulfamethazine (279,1m/z) da tao thanh
cac manh con nhu 124m/z,185,9m/z,
204m/z, 155,9m/z, ...ttr cdc manh con
d6 tién hanh t6i wru hoa dé lya chon dugc
hai manh con va ning lugng bin pha la
185,9 m/z(16V) va 124 m/z(20V). Két
qua cadc manh con va ning lwong ban
cua cac khang sinh con lai dugc thé hién
24
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Hinh 3: Ché dg chay pha déng phan tich
khang sinh sulfonamit mit
(279,1) thanh cac manh con va nang

lwoC t6i wu



3.2. Khao sat diéu kién chay pha dong
Khéng sinh ho sulfonamit dwoc phén
tich trén hé thdng sic ky long cao ap
Accela UPLC c6 thé chay véi cac pha
dong nhu methanol (MeOH) va nudc
(H20), axetonitri (ACN) va nudc (H,0),
hén hop ciia methanol véi axetonitrin va
nuéc ¢ thé diéu chinh pH bang céc axit
nhu axit axetic, axit focmic, axit
trifluoroaxetic mudi amoni axetat®>"?.
Két qua khao sat di lua chon duoc pha
dong la dung dich axit focmic 0,2% pha
trong nudc (A) va axetonitrit (B) voi toc
d6 dong 250uL/phat la phu hop véi loai
cot Hypersil Gold C18, 3um, 150x
2.1mm duoc su dung.

Thoi gian luvu va do nhay cua cac
khéang sinh ho sulfonamit duoc diéu
chinh bang cach thay doi nong do axit
focmic va giam ti 1&¢ phan trim
axetonitrin. Thoi gian luu tang s& lam
tang do phan giai, giam hién tuong ion
la che I4p ion can phan tich. Tuy nhién,
khi tang thoi gian luu s€ lam dodng chén
pic va giam cuong d6. Ngoai ra, do cot
sac ky str dung la C18 nén khong thé sir
dung ti 1¢ ACN qua nho, vi dung moi
H,O qué nhiéu c6 thé s& lam giam tudi
tho cot theo khuyén céo cua nha san
xuat. Tong hop cac yéu té trén va qua
khao sat voi cac nong do axit focmic tir
0,1% dén 0,4% cung véi su diéu chinh
ti 1¢ phan tram axetonitri trong pha dong
di qua cot, d3 tim duoc ché do chay
gradien pha dong thé hién trén hinh 3.
Két qua khao sét cho thdy thoi gian luu
cua sulfathiazole la 6,23 phat,

sulfamethazine la 5,69 phut,
sulfamethoxazole 1a 7,29  phat,
sulfamerazine la 6,57 phut.
3.3 Khao sat cac diéu kién xir Iy mau
Khio sat thé tich mau chiét: Mau
nuéc sau khi thu thap vé duoc tién hanh
loc tho trén thiét bi loc hat chan khong,
ldy mot thé tich mau nhat dinh (tién
hanh thay d6i thé tich chiét mau tur
100ml dén 2000ml), axit héa bang axit
focmic 0,2%, cho qua cot Oasis HLB
(43 hoat hda) voi toc do6 5ml/phit, 1am
khd chan khéng, ria giai bing MeOH,
thdi khd hoan toan bang khi nito, trang
rca bang 1ml dung dich axit focmic
0,2%, loc, phéan tich trén LC/MS/MS.
Két qua cho thay néu thé tich chiét mau
tang thi kha nang phat hi¢n khang sinh
trong mau ting lén nhung do nhiéu
duong nén ciing tang theo dic biét 1a ddi
véi mau nudc song TO Lich, séng Kim
Nguu va lam giam tudi tho cia cot sic
ky, vi vy lya chon thé tich chiét thich
hop la 500ml.
Khao sét gia tri pH cia mau chiét: Gia
tri pH cua mau la mot trong nhiing yéu
t6 quan trong cho viéc tdi wu hoa qua
trinh lwu git khang sinh trong cot chiét,
dic biét 1a ddi véi nhirng chit chiu anh
huong manh cua gia tri pH va tranh su
phan hay khang sinh P Vi vay viéc
khao sat gia tri pH thich hop trong quéa
trinh xar ly mau la can thiét. Lay 500ml
méau nudc hd Tay da loai bo hét khanh
sinh bang céach cho chay qua cot HLB
(miu tring), thém 10pg/L chat chuan
khang sinh, diéu chinh pH cua mau
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trong khoang tir 2,0 dén 4,0 sau dé tién
hanh lam tuong ty nhu trén. Két qua
phan tich cho thay khi gia tri pH trong
nuée thay doi thi hiéu suat thu hoi ciing
thay doi theo, khi gia tri pH trong mau
axit qua khang sinh sulfonamit bi phan
huay con khi gia tri pH cao thi kha nang
luu gitr cac khang sinh nay trong cot
HLB giam, két qua phan tich cho thiy
gia tri pH thich hop 12 2,8 - 3,2.

34. Két qua phan tich khang sinh ho
sulfonamit trong nuéc song va ho Ha Noi
Xay dung dwong chudn: T cac tinh
thé, chat chuan dwoc pha & ndng do
1000 pg/L trong MeOH bao quan &
nhiét do -20°C dung trong 6 thang. Cac
dung dich lam viéc thuong xuyén dugc
dung trong vong maot tuan. Doi voi cac
chat chuan c6 nong dudi 100 pg/L, dé
giam sai s6 do nén mau gay nén, sir
dung chinh mau nuéc hd sau khi da cho
di qua cot HLB dé pha loang. Puong
chuan  khang sinh  sulfathiazole,
sulfamethazine, sulfamethoxazole,

sulfamerazine dugc xay dung tai 5 diém
tly theo nong do cua chit phan tich
trong mau ma duoc pha ¢ cac khoang
khac nhau. Hé s hdi quy tuyén tinh R?
> 0,99, cac diém chuan sai s6 nho hon
20% [,

Xac nhgn gia tri se dung ciia phuwong
phap:
Xac dinh do thu hdi va h¢ sb bién thién
cua phuong phap bang cach lay 500ml
mau tring sau d6 thém 5pg/L chat chuan
khang sinh, tién hanh chiét trén cot HLB
twong tu nhu lam véi mau that, lam lap
lai 6 1an va m&i mau phan tich 6 1an, két
qua thé hién & bang 2.

Xac dinh gidi han phat hién va giéi han
dinh lugng cua phuong phap: Lay
500ml mau tring sau d6 thém chuan &
cac nong do 0, 5 pg/l; 0,75 pg/l; 1,0
ug/l; tién hanh chiét trén cot HLB
tuong tu nhu lam véi mau that, lam lap
lai 3 1an, két qua tinh gii han phat hién
va gidi han dinh luong thé hién trén
bang 2.

Bang 2: B¢ thu héi, hé sé bién thién (CV), gidi han phéat hién ciia phiong phdp
(LOD), gioi han dinh lwong cua phwong phap (LOQ)

Tén chat Tiéu chuan
Céc STZ SMZ SMX SMR 2002/657/EC
gia tri
bo thu hoi (%) 100,94 99,20 99,83 95,39 70%-110%
CV (%) 4,31 1,77 1,79 9,06 <20%
LOD (ug/L) 0.05 0,12 0,06 0,16
LOQ (ug/L) 0.14 0.37 0,18 0,49

Két qua phan tich khang sinh he
sulfonamite trong m@t s6 miu nwéc
ho va séng: Mau nudc séng va hd sau
khi 1ay vé duoc xu ly 1am giau 1én 500
lan, sau @6 tién hanh phan tich trén thiét
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bi sic ky long hai lan khdi phd
LC/MS/MS. Két qua phan tich dugc ap
véi manh me va hai manh con cua chat
chuén, bén canh d6 thoi gian lwu cua
mau khdng léch so véi chat chuan la



+2,5% %, Gia tri cua két qua chi duoc
chap nhan khi ty Ié gitra dién tich sic d6
va d6 nhidu duong nén (S/N) phai 16n 3
lan. Két qua thé hién & bang 3 cho thiy
du lugng khang sinh sulfamethoxazole
(SMX) tdn tai trong tat ca ca&c mau nudc
ho va sbng, gia tri nam trong khoang tir
14,93ng/L dén 568,25ng/L. Khéang sinh
sulfathiazole (STZ) ¢6 11/33 mau khong

phét hién c¢6, mau HT2 1a c6 nong do 16n
nhit  19,78ng/L. Khang  sinh
sulfamerazine (SMR) 12/33 mau khdng
phét hién thiy, cac mau con lai phat hién
véi ndng do rat thap. Khang sinh
sulfamethazine (SMZ) c6 9/33 ndng d6
nho hon gidi han phat hién cua phuong
phap, cac mau con lai nong do phét hién
trong dbi nho tir 1,31 dén 5,23ng/L.

Bang 3: Két qua phan tich STZ, SMZ, SMX, SMR trong mdu nuwéc song, hé Ha Ngi

Ténchat | STZ (ng/L) SMZ (ng/L) SMX (ng/L) SMR (ng/L)
STT

HT1 - 41,67 -

HT2 19,78 155,71 -

HT3 - 24,62 -
HNK1 - 4,68 14,93 3,96
HKN2 - 21,36 -
HNK3 - 35,78 1,31
HYS1 11,84 136,57 -
HYS2 - 237,92 -
HYS3 - 5,58 142,11 -
STL1 19,05 107,00 1,98
STL2 - 511,45 -
STL3 8,33 215,50 1,73
SKN1 - 2,78 378,42 -
SKN2 - 402,34 1,31
SKN3 - 568,25 5,23

“-“: Nho hon giéi han phéat hién cua
phwong phap

Két qua phan tich nay phl hop véi cong
b ciia mot sé tac gia vé nghién cau du
luong khéang sinh ho sulfonamit trong
nuéc mat. Cac két qua dé déu cho thay
khang sinh SMX ton luu nhiéu nhat
trong nudCc mat so vai cac khang sinh
sulfonamit khac va cac tac gia khac déu

cho rang khang sinh ho sulfonamit la dé
hoa tan trong nudc va thoi gian bi phan
hay lau ¥, Két qua phan tich ciing cho
thdy miu duoc ldy & clng mot vi tri
nhung khéc thoi diém, cho két qua khéc
nhau didu ndy cho thiy anh hudng cua
thoi tiét ddi véi sy ton tai cua du lwong
khang sinh 1 rat I6n. Dé co thé tim hiéu
dugc quy luat bién d6i cua khang sinh
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trong hd va sdng can phai ¢6 cac nghién
ctu trong mot thoi gian dai.

Sample Mame: "HYS6"  Sample 10:™  File: "Data 5 ET2.wiff"
Peak Name: "SMX1" Mass(es): "254.000146.000 03"
Comment: ™ Annotation: ™

Ho Yén So (HYS22)
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Sample Name: "HTE" Sample ID:™  File: "Data SET 2 wiff"
Peak Hame: "sMH1"  Mass(es): "264.000/146 000 03"
Comment:™  Annotation: ™

Ho Tay (HT23)

Tine.min
Sample Name:"STLE" Sample 10:™  File: "Data§ ET 2 wiff"
Peak Name: "SMX1"  Mass(es): "254.000/156 000 Da"
Comment: ™ Annotation: ™

Séng T6 Lich (STL2)

Hinh 4: Sdc do phan tich khang sinh
SMX trong mdu nuwéc song To Lich, ho
Tay, ho Yén S¢

4. KET LUAN

ba xay dung thanh cong quy trinh xtr ly
mau va phan tich lwong vét bon khéng
sinh  sulfathiazole,  sulfamethazine,
sulfamethoxazole, sulfamerazine trong
cac mau nuéc sobng, ho trén thiét bj
LG/MS/MS. Qui trinh xi Iy mau don
28

gian va c6 thé xac dinh duoc luong vét
Cc4c chét tir vai ng dén vai trim ng/L,
gi6i  han dinh lwong tur 0,14 dén
0,49ug/L va do thu hdi >95,39%. Pa
ung dung vao phan tich cac khang sinh
noi trén trong nudc hd Tay, hd Yén So,
hd Ngoc Khanh, song Kim Nguu va
séng TO Lich. Nuéc tai cac séng, hod
nghién ctru déu c6 khang sinh SMX véi
nong do tir 14,93ng/L dén 568,25ng/L.
Khéng sinh STZ, SMZ, SMR da phat
hién thay trong mot s6 song, hd nhung &
nong d6 thap. Piéu nay cho thiy trong
nuéc hd Tay, hd Yén S, hd Ngoc
Khanh, song Kim Nguu va song To Lich
da c6 su ton du khang sinh sulfathiazole,
sulfamethazine, sulfamethoxazole,
sulfamerazine. Dé ¢ cai nhin tong quat
hon can phai tién hang phan tich s
luong mMAau va tan xuat phan tich Ion
hon.
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