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TEE . S TiIBAK A X E T ARG IR S5 TR KR T 4 JS(DUBR IS BERES | RIFNTRZE i) 4L 10
ol FHE T A 2R [ B A 00 £ [T % J15 YRR €315 SB35 ( LC-MS/MS ) B FHE AR X120 X 10 A LR 2] 368 B 1e 4 21 4>l
DX Y D W A W TR T R R . 45 SRR R A B IS L 10 AR FEKREE N 65.6 ~467.0 ng- L', b Py
PRE TN M BE 43 1 40. 8 ~253.0 ng- L™ FIRK Y ~ 165.0 ng-L~"; KIFPIEEE A5 B2 HBE /091 3.1 ~ 14. 68
ng-L ™' FIRAKEH ~ 14. 54 ng- L' 17 X1 75 G AR X, 10 FPpiAE R AR EE S 20. 1 ~61.2 ng- L', AR PUSRE 28Uk B R
Kt ~44.0 ng-L™"; WIS . KERPIERZE T by R 2 BE 0 3 BT 2.7, 6.3 A1 21.6 ng-1L7".
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A Study on the Veterinary Antibiotics Contamination in Groundwater of Jiaxing
LU Xing'?, YU Wei-juan’, LAN Ya-qiong”, LI Li’, LU Sheng’, YE Zhao-xia’, ZHANG Yong-ming', LIU Rui*,
CHEN Lii-jun**

(1. College of Life and Environmental Science, Shanghai Normal University, Shanghai 200234, China; 2. Zhejiang Provincial Key
Laboratory of Water Science and Technology, Department of Environment in Yangtze Delta Region Institute of Tsinghua University,
Zhejiang, Jiaxing 314006, China; 3. Jiaxing Environmental Protection Monitoring Station, Jiaxing 314000, China; 4. School of
Environment, Tsinghua University, Beijing 100084, China)

Abstract: Liquid chromatography and tandem mass ( LC-MS/MS) followed with solid-phase extraction ( SPE) was developed for

simultaneously determining four classes (tetracyclines, quinolones, macrolides and sulfonamides) of ten commonly used veterinary
antibiotics in groundwater of Jiaxing city, an important pig breeding base in the Yangtze River Delta region. Samples were taken from
10 typical rural river sections and 21 main urban river sections. Results revealed severe pollution existed in the rural river environment.
The total concentration of ten antibiotics was as high as 65. 6-467. 0 ng-L ™", among which tetracyclines and sulfonamides respectively
ranged in 40. 8-253.0 ng-L~" and undetected (nd)-165.0 ng-L~", macrolides and quinolones respectively ranged in 3. 1-14. 68
ng:L™" and nd-14. 54 ng-L~'. By comparison, the pollution level in urban rivers was much lower. The total concentration of ten
antibiotics ranged in 20.1 ng-L™' to 61.2 ng-L~', among with tetracyclines varied from undetected to 44.0 ng-L~', while
sulfonamides, macrolides and quinolones were respectively below 2. 7 ng-L™", 6.3 ng-L™" and 21. 6 ng-L™".

Key words : veterinary antibiotics; tetracyclines; macrolides; quinolones; sulfonamides; groundwater; LC-MS/MS
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BRI 4R b TR DY R 28 3t 10 Bl T4
HEER L T 3E A 2 Ao BUAE B[R] I A3 AT G 1 AR
AL (SPE) - A €43 5 A 1 53 1 (LC-MS/
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R I X #5300 H (SM2011AZ3002)

YEB®I Y. BIFE(1987 ~ ), & L350k, B 9T 5 ) N B 2 37
FEAMIFAL % 75 G M I 5 45 ), E-mail ; vxing _2008 @
126. com

# Gl IHIBEFR A, E-mail ; liuruitsinghuazj@ gmail. com



9 4 BISE A Fa 4T LK i BT R 1975 G BRI A 3369

Detector Y BRI = 5 DU AT 5T 135 ( 36 [ Waters B4
HIRAF) ; T fLEAZE PG & (£ E Supelco 23
)5 HSC-12A AW (R HE SR K e A IR A
F]); Oasis HLB [& 4 Z BUHE (3 mL/60 mg, 35 [H
Waters BHEABRA T ) ; SHZ-ITT BUEIA K X H 25 %
( B oRAAAES ) 5 0.7 wm GF/F BELFHEuE
B ( 2 E GE Healthcare 23 #]) 5 0.22 um R L
I PTFE ( H i ARA ).

W 3 FE  ( Tetracycline, TC ), + & &
( Oxytetracycline, OTC ), 4% 2 ( Chlortetracycline,
CTC), ¥ 9 b & ( Norfloxacin, NOR), & i ¥ &
( Enrofloxacin, ENR ), ¥/ N ¥» & ( Ciprofloxacin,
CIP), % 'Rk W £ ( Tylosin, TYL), % 4 % %
( Roxithromycin, RTM ) #5 #E & W H 72 [ Dr.
GmbH 24 w, ff M W mE w
( Sulfamethoxazole, SMX ) FI fifi iz — H m& ng
(Sulfadimidine, SMD) A5 & 14 [ H [ 24 & A 9 )
akE . P O . RN (4l EDTA B
£h | ERIR AR o el s SEER HIZK A Milli-Q 7K.
L2 CRAERE SRR

S T B 1) DX~ AR R XU S 1 2 4% 7
H AT 40% DL b R ROKFER R T 2012 4F 8
JUIE, BCH PR FR A e BE B AR 1Y 7 R (RS, &
BT AR L WA . KBRS AR R R
) 1 10 AS[E W (& 1), 8K FEK T 32 3256 R
K E W L TOC MRl 17.8 ~25.8 mg-L ™",

Ehrenstorfer

VI BEER &4, V2. &M, V3. &M AR,
VA, AR R ; V5. R G A Ve, BRR A RIS
V7. JRIER BN ; V8. AT ARES R KA ; Vo, PTARR ok A i
B 5 V10. PTACRAT S DA

B 1 s B A A T SR A R

Fig. 1 Sampling sites in typical rural river sections

HAWERN1.2~8.6 mg-L7".

T DR R KA B 224t B £ Sy W s 1) 21 4>
LI TR (P81 2) , SRAEI (B 2012 4E 9 H#).
M T8 2 £ AT, K BT A2 A 0 55 G TS Qe /b oK
TOC ¥ FEM 10.8 ~22.6 mg-L™" AW E N 0.07
~1.0 mg-L7".

&

L ORI 20 SRR K0 3. mEE LA,
4. FMBEEEILTTIRR; 5. BESEERE I 105 6. BB IEIE AR
7. BWFR TR 8. BRis; 9. AHEWE; 10 MIT; 11 &
WG 12, FEIFIEALEE; 13, SEHISEAhEE; 14 =5
K 15, WERBERFIC; 16, KOKSBIBIIERT, 17. KKH#ET
JEE AR 18, BT R RRHE; 19. =)EIEPEIC; 20. bl
PERAENE; 21, B3 TR dLiE s
B2 X3 R SR E

Fig. 2 Sampling sites in main urban river sections

1.3 SEJrik
1.3.1  FRUEH A IC

HERRFRI 10 Rt A= R AR dE s 0. 010 g, iImA D
IR SRE RS 2 100 mL AE A R, H
PP 5, TR A0 1% 100 mg - L™ " B A 45 Wk, T4
R B BN [ B (R o, FH TV v i 4k
DL EARAERS £ W T AE 4°C FARAE— DA, FRifEA IR
EZNREAE R
1.3.2  [EFH#HU(SPE)

[ AHZE B B 7E Poole! ™ 9 J7 1 3L Al AT T
oAl BEAEUTR 500 mL AKFEREEE 1| L B BEE
b, A 0.2 g EDTA-2Na, T 4°C1#£4%,3 HN{E
F. KBEZ 0.7 wm GF/F BEESLF € i g )5 H 6
mol FER BRI pH 2 3 A4, I HLB /] [ A1 %5
B HLB BRI EL U T =2 R E Mk 3 k.O
FEE2 mL; @B 77K 2 mL; @pH =3 1Y HCl /K
W 2 mL; #RJ5 38 KK 500 mL, N 5



3370 AN 5%

B 34 %

mL-min "' % HLB A 225 T4 30 min; PR 2
mL 5% W K WO UE , 55 )5 H 4 mL B P2 18
J, VR RO 2 10 mL B B0 AR 20
T EEARZE 1 mL, H PTFE #0888 08 5 5%
2 2 mL AR AR AR
1.3.3 LC-MS/MS 77

FE Kim 251 gk i JE R0 EAOUAE T (3% A B
GIMT A, WA 35 53 B ffi ] Aglient eclipse XDB
C18 (A4 (4. 6 x 150 mm, 5 wm) ,FEi7 30°C | i
0.3 mL-min~", JEFE R 10 pL; AT SIAH A N
0. 1% WHR, C NG, LePERR LR BE 2545 .2 min
WAREF 109% C, 90% A; 2 ~ 8 min 84L& 40% C |
60% A; 8 ~24 min L E 90% C, 10% A; 24 ~26
min 1£45 10% C . 90% A, F5-1H 10% C . 90% A HiF
M e 35 A 4 min. BT RE 4 B R FH AL T 25 L B R

(ESIL+ ), Z R Wi (MRM) H=. B4EHIE 4
kV, B IR EE 120°C, 2R 350°C, A &
550 L-h ™', AT AT 10 Flbi A RARAT 30
(1) TR, DE Ak T B FL L Rl 42 P .

1.3.4 il

T i B Tk 32 R A R, O T A
TR T 3 B A AT iR 22, 3 TOC Mk 22 R
L3N R0 T = 51 /1 B3 o i U i ) | K O
WSS, HAE Rl K AR HEAT T 3 4P A7
X 3 ANIKHE TOC WA 43 3 17.8, 19.2 25.8
mg-L~".

HRAE SCHR[ 17 T HRE , b o 42 1l 26 7K R rh AR
JEWRERY 0.5 ~2 5. JBIINPiAE R FES 5 KT
oAl 2 B2 R A [R] B BT SPE f LC-MS/MS
ST MNAHTAE e B, (1) THE I

ER I (% ) = IbREE S P PUAE ZORE - 28 FRE AL P T A R

AT R, AU AR A R
AT — A~ B M X BR (25 8 1 /K W) ot F—
A BAMEXT BERE it (10 Pt 2 R TR AR K 7, Wk 2
ML ). BHRA RS 10 WK, THEAR 1A
R, MR (S/N) A 3 B AP AE R Uk B IE X
245 1 BR (instrument detection limit, IDL) , DA M
He 10 31 AL #% 2€ & PR (instrument quantity limit,
IQL) . #7794 H B (limit of detection, LOD)
FE ZBR (limit of quantification, LOQ) LA =
4 500 fY#&4> SPE-LC-MS/MS il FEmb 55

2 ZR5itie

2.1 SPE-LC-MS/MS Jihs [l i3
£ SPE AL e il T i/ 3R AY IR, 25
RANF 1 PR, KB MER B AN R KA 2Z 18] [T

T x 100% (1)

FEFINK. 3 PR K bR BICR K 50% ~
78% , B2 AR WAL 25 85 F /K A9 A IR (62%
~106% ).

b ZRK HH B A [ 23 e ARG, R T RE 2
TR K PP TE e W B A . I R AR H B
SCHR A R, R AT R B K T 2
PoAE Z AR BICR N 63% ~103% , KT 55
FKBI IR (80% ~120% ). Bk Ll 45" %t i 3%
KA R A INFR IR R 62% ~ 84% ,ixX 5AR 5L
A5 RAHLL.

2.2 trfEhZ

AT A R AE LIV FE I N A C R R
()78 0.99 Lk I did: RIR A ARFE K
FRA0.03 ~3.5 pg- L™ AU ERRNO0.1 ~11.7
pg L' LUE S5 80 500 A9 SPE-LC-MS/ MS %,

F 1 HRAKMEREYE

Table 1  Recovery rates of the antibiotics in deionized water and the typical river waters

. ik B 3 AR ATRE 1) NGRS 3594E + RSD/ %
A Hirpud % 3 — - — —
/ng-L KBETFK P Eacig B
TC 100 66.3 £5.3 55.4£2.3 59.8+1.3 62.0£2.1
PUIR 0TC 100 94.8 £1.2 78.1£5.3 60.6 +3.9 57.2£1.9
CTC 100 98.1+2.1 63.1+0.9 58.2+0.8 56.0£1.5
Bk SMD 10 89.9 +4.6 52.1£0.6 55.3+7.1 56.1£3.8
SMX 10 62.4£3.0 50.4£1.6 51.7+1.6 52.2£4.3
ENR 100 89.4 +0.8 52.9£1.5 50.7 £6.2 54.1£3.2
M S NOR 100 106.2 £1.4 62.0+1.5 65.0£2.9 68.1+2.6
cIp 100 78.2 1.8 55.5+1.9 56.9 2.5 57.4+1.2
TYL 100 73.2+2.4 51.5+2.4 51.4+0.9 64.3 +4.2
KIFERZE
RTM 100 98.6 £3. 1 59.8 +0.3 67.6+1.1 59.6 £3.7
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BEAR T A H B AE B 53504 0. 06 ~7 ng-L~'Fll
0.2 ~20.0 ng-L~"; 7KFE 3 YOPAT IR B b o et 22
(RSD)E 0.3% ~7. 1% Z|A].
2.3 MARUR TR A W T O R R R A
10 A SRS FELTA] G870 A9 T Pe A = ik AN
2 Fin. FOKEEH 10 Py R IR E AL T
65.6 ~471.0 ng-L~". PURFERPi AR G BIRE K
60% LA I, Horh + %5 & OTC(13.3 ~126.9 ng-L™")
M4TER CTC(17.1 ~76.0 ng-L~") fHG H & 1 i
T PURZ (10.4 ~52.1 ng-L7").
TS AP AE B AE VS DIAMS T SRR 52
AR, b f e e SMX RS H R BEAIG, R 1.2
~4.2 ng-L~". Rl T mEIE SMD ARG vk Bl 45 R

FE AR K, Horr VO RS HE v B R ) Ak )
161.2 ng-L™", V5 KA H VI AR HAY 7 405
7 ARG HH U BE U Bl F 10,7 ~47.7 ng-L_l.

MEE IR A o AT 2 ENR AT 2
CIP A5 th A 2 Ik B ¥ eI, RO TP B ENR R
VIO AR W B R 1.6 ng-L™"; RNV E CIP H
FE VLA VO HRH W BN 1.6 ng- L' #18.9
ng- L™ E9RUD A NOR K M R 48 i, bRk V2, V4
V8 LUAN YA K, W U By 10.0 ~ 14.5
ng-L7".

KIAWBRIEBUAERTE 10 RS HEAR
HPZE R ZE TYL(6. 25 ~14. 68 ng- L") FK 1 Hk
JEMS S T2 4L E R RTM(3. 1 ~10.24 ng-L7").

*®2 FETERENRERRE /ng- L™

Table 2 Antibiotic concentrations in rural river sections/ng+L ~!

TREs DU fitk e 2 M KIANERZE St
CTC OTC TC SMD SMX ENR NOR cIp TYL RTM -
V1 17. 1 13.3 10. 4 1.4 1.2 ND 10.2 1.6 6.2 3.9 65.6
V2 39.9 78.3 29.9 47.7 1.3 ND ND ND 9.1 6.4 212.8
V3 27.1 56.9 15.2 32.5 2.7 ND 12.7 ND 6.8 5.2 159.2
V4 23.2 42.2 12.0 20. 1 2.8 ND ND ND 7.5 5.2 113.1
V5 29.3 22.4 13.4 ND ND ND 11.9 ND 6.9 4.6 88.5
V6 18.0 78.3 21.0 27.8 2.5 ND 10. 1 ND 7.6 3.1 168.5
V7 22.7 32.1 14.9 19.8 3.2 ND 11.6 ND 6.7 4.7 115.8
V8 26.6 25.9 17.2 10.7 2.9 ND ND ND 7.4 4.1 95.0
V9 76. 1 126 52.1 161.0 4.2 ND 13.0 8.9 14.7 9.9 467. 1
V10 17. 1 18.7 12.5 13.3 1.5 1.6 14.5 ND 6.9 10.2 96. 4

1) “ND” Frm AR A

A UCS™ BPTAl SRl — B R i Y
PUERAMUIRR  RIFN BRI SE | G2 5
FRFOREH IR P UER. RIFNEEEDT
R FBIARE R MM RR R AOFEERS
UCS BPHARE R &, VRS R B R AR E
FEIH P RTISR BB AR P > R e 55 0 2 4
DX )] T 7 A I 5 AR X AR

VO HRPTAE R BAG HR (RR IR DY PR R SRR
RYUERWE) B35 & T IHE R, 0 & A
VO FRFE 7K™ IR FE AN B IR FE IR 22 | T AT
ERE L WA IRIE P R L R
OTC PR AE , SRR R, AN 5y B Ak, el it 21 R 45
AT RERSE A7 TEAR A IR 1], PRI 24 1 5 A% 1k A K 35
B R EOZI B PR R AR .

PUAE RAEMARIR L T RIA) i S - A Bt R A
SIS S Pyt H AT 250, A BT L
TLAK BT RIS E 2 W R I IS DT AR B A 2 e e
BT A BB R RPN, T AR AT IE
K PP ZRR R BEAR R, S R A T 3 TR R AR

B SN BT G i — .
2.4 T DX F TP A R I R AR R A A

T DX 2 ] [0 A7 D 1 FH T A 2R v G 3% 3
. UK A B AE 21 AN T R KRR & rf 244 #
th(E R B 22 3R K, FE 20 ~ 60 ng- L' 22 [A]. F
W ,299 (15 (1,2,5,6,11,18) Pk E AT
30 ng-L~",24% (9 55.(3,7,10,19 21 ) Fitk K Mk E
7£30 ~50 ng-L™" ,48% Y 55.(4,8,9,12 ~17,20) $t
AR BIRETE 50 ~62 ng- L' 2ZJA].

PURR R0 E 2015 39% ~95% , WS Tt Bl N
KK ~44.0 ng- L7 GRS HLA RIRBEARAL, W&
FESE ARG L ~2.7 ng-L™"; KIF P BR Uk E 1
BN ) ~6.3 ng-L™"; ME3#A R 28 ¥k B2 ¥ AR
Bl ~21.6 ng-L7". [l SR 4R X T K ¥t
A BTG YL A 4 R R PSR R 2R R 13.0 ~
56.9 ng- L™, HARRMFFTL REARKESR.

5 FRLR B % A DX I T T PR A RV B
I X 2T X W s T T, 6 B S B A s YL AR T
B2 5 R T XK R EE thi AR s Y ny s 22 JR A
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Table 3 Antibiotic concentrations in main urban river sections/ng+L !
P PUFR R T WE 2 RIFNBER o
CTC OTC TC SMD SMX ENR NOR CIP TYL RTM
1R ND ND ND 0.1 1.0 ND 8.0 11.8 ND 3.6 24.5
2. M RAR ND 12.1 ND 0.1 0.8 2.4 ND 9.5 ND 3.1 28.2
3. A 18.5 ND ND 0.1 0.9 ND 8.7 12. 4 6.2 ND 47. 1
4. I 21.9 13.6 ND ND 0.8 ND 9.4 12.0 ND 3.2 61.2
5. FiEH O ND 12.1 10.3 0.5 0.5 ND ND ND ND ND 23.5
6. WARKAF 19.2 ND ND ND 0.9 ND ND ND ND ND 20. 1
7. B 19.8 13.6 ND 0.1 1.1 ND ND 9.6 ND 3.9 48.2
8. PRl 19.0 12.3 ND 0.7 0.7 ND 7.9 12.1 ND ND 53.0
9. AFIPk 20.5 11.9 ND 0.8 0.9 ND 7.8 10.7 ND 3.4 56.3
10. 17 ND 11.8 10.5 0.2 0.7 ND ND 10.5 ND 3.1 37.1
11. g 22.2 ND ND 0.2 0.8 2.6 ND ND ND 3.8 29.8
12, VA 21.2 12.5 10.2 ND 0.8 ND 8.0 ND ND 3.8 56.7
13. A 20.0 12. 1 ND 0.3 0.8 ND 8.4 12.0 ND 4.9 58.7
14, M=% 21.3 ND 10.5 ND ND ND 7.9 13.3 ND 3.1 56.2
15. I 20.2 12. 1 ND 0.7 0.8 ND 8.0 9.8 ND 3.5 55.4
16. WGHAHEAT 19.2 ND 10.6 0.8 1.8 ND 8.2 9.5 ND 3.2 53.6
17. HARAR 23.0 12.7 ND 0.2 0.8 ND ND 12.3 ND 3.7 52.9
18. JERURHR 18.6 ND ND ND ND ND ND 9.7 ND ND 28.4
19. ¥HIC 18.6 12.4 ND 0.2 0.6 ND ND ND ND 4.1 36.2
20. KARHF 19.4 12.0 ND 0.5 0.8 ND 7.9 11.6 ND 3.5 56. 1
21. JLiE#F 18.8 ND ND 0.3 0.8 ND 8.5 10.7 ND 3.3 42.5
1) “ND” 7R KA
. Health Research, 2002, 12(2) : 133-144.
3 gﬁl’l’: [5] Sarmah A K, Meyer M T, Boxall B A, et al. A global
s ey oLz, perspective on the use, sales, exposure pathways, occurrence,
R l)ngﬁ%%}éﬁii‘m%ﬂ(EP 10 ﬁl: i ‘D—LL%H? fate and effects of veterinary antibiotics ( VAs ) in the
:"ﬁ‘ﬁz%‘% lﬂﬁﬁ*ﬁ*ﬁyﬂu E"J SPE-LC/MS/MS &7'( ’ j]l] 13]( environment[ J ]. Chemosphere, 2006, 65(5) ; 725-759.
Eq&$ﬁ 50% ~78% , %ﬂﬂ%%7kjﬁ E/‘J 2)%%” /Xﬂ:/f’{:‘z: [ 6] Richardson S D, Ternes T A. Water analysis; emerging
j(; Xﬂ‘ E ﬁﬁi%’?ﬂ@%jtﬂ BEj‘] 0.06 ~7 ng- L. contaminants and current issues [ J ]. Analytical Chemistry,
2) B U A ZRAE 72 2467 DXT] 99 DB T 51 R 1 75 2011, 83(12) : 4614-4648.
SRR VLS, (R TR A e R g [T DT SR ST, SR RSAREART
A R T X TR T, 51 % 10 PURIRRI T ARIR, 2007, 162« 3%
SR IVEN SRR, T8 XA, B, AR, . BREOM A €T T
SEXM: PG AE K b AR Y AU R (D). AP BRI,
[ 1] Halling-Sgrensen B, Sengelv G, Tjgmelund J. Toxicity of 2006, 25(2) : 1-5.
tetracyclines  and  tetracycline  degradation  products  to [ 9] R4eig, kT, 4Bt 5. T ik 2 F0 #E Bk VL) M ]
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resistant bacteria[ J]. Archives of Environmental Contamination 2006, 27(12) : 2459-2462.
and Toxicology, 2002, 42(3) : 263-271. [10] Tong L, Li P, Wang Y X, et al. Analysis of veterinary antibiotic
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1202(2) ; 173-180. FRSHREID]. M. hEBEBFRAE B, 2007, 2-3.
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