RE ISR 2013,33(9):  1664~1669 China Environmental Science

M B IR IR R iR K I E RIS RIFHE S £ S KB

BEARAR MR, T SR 8 ) o, 2 T I KBRS, 3 B (O TR EREESEB) TE F T 530004)

FEEE: A e OB (1 - 3 B ST (HPLC-MS/MS ), T T AR NV I R IR RS e ST A 31 U S RN AT AIE. 45 AR W) 4 T bt
A2 (SAs) I F AR R 2 IE (TMP) YE ARV I S I AL 3 A AN TR R L AR, t VR BT n.d~12ng/L G e FP L 5 e (SMX) 7E
LT L SR AT S8R B B 9, 20 04 100%1 4. 1ng/Ls e vk TMP(HS HE 2 87%, P43 5 1.0ng/L). 5 [l A A HEAl K AR B, BN I ik i 2
HUA BRI SEAE T AR T N I T 2k B A S B LN 355 R (8.4ng/L)> R M SN (1.9ng/L)> = IRV (1. 4ng/L). fft e K PT/E R
TERRCINTS PRI 7K S AL DX 32 S BP0 PR IR S /KT U 5 5 R 7 ™ R SR ARV A A T 2 3 A T 5 it 2R 2 KU VP A 25 SR W,
VKA B PR e FEY R S5 R M (SIMIX) A I R R A b A o A5 AL A R UG, 75 5 ESAH SR B T D Y TR

KR PUER: B WO, KEETHNY
PEISES: X52,X171 XHRFRIRFD: A XEHS: 1000-6923(2013)09-1664-06

Occurrence, distribution and ecological risks of sulfonamides in the Qinzhou Bay, South China. XUE Bao-ming,
YANG Wei-wei’, WANG Ying-hui, HUANG Wen-yu, LI Ping-yang, ZHANG Rui-jie, HUANG Kui (School of Environment
Studies, Guangxi University, Nanning 530004, China). China Environmental Science, 2013,33(9): 1664~1669

Abstract: Five antibiotics (including four sulfonamides and trimethoprim) in the Qinzhou Bay, South China, were
analyzed using highperformance liquid chromatography-electrospray ionization tandem mass spectrometry. Focus was on
the levels and distribution of antibiotics pollution in the waters. Sulfamethoxazole, with concentrations up to 12ng/L, was
the most frequently detected compound, following by TMP. In general, the contamination level was relatively low when
compared with other areas. The average antibiotic concentrations from different sections of the bay decreased in the
following order: Maowei Sea (8.4ng/L) > outer Qinzhou Bay (1.9ng/L) > Sanning Bay (1.4ng/L). The concentrations of
antibiotics in the aquaculture area were higher those in other areas, indicating that aquaculture activities could contribute
to the antibiotic residues in the environment. An ecological risk assessment revealed that sulfamethoxazole may present
possible risk to the environment. Therefore, the long—term ecological effects caused by the continuous discharge of
antibiotics in the Qinzhou Bay can not be ignored.

Key words: antibiotics; sulfonamides; Qinzhou Bay; risk assessment
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Beig Qepiia TARSE ERHA K .
1 MR57IE

s 5
Agilent1200 B w250 BUAH (4 1A, 5 K Agilent
6410Triple Quad(— F DY 2 AT ) Jit W3 ; it Jie 5= ¥
5 H TS UE e K3 B 0 L ;Supelco  SPE
Manifolds 12 fL & FHA H2E B ;CNWBOND HLB
[i] FHAE I /N FE (500mg, 6mL).

[] W5z 2 4 718 70 <P Ca W e DAL 9 9, 9K JEE A
Img/mL, ¥ H 5 [ S [F] A7 3 S 56 5. g 14
WAL H Merck 2 H (R I3 RE 48 1E).5 Pt
A AU FE B W E (SDZ) ik e Y RE S ST
(SMX). fiff i — HH W g (SMZ) ik [}z WE M (STZ)
R FF A2 g 1 5 (TMIP). 470 A5 25389 g ] A8 R
FE, I B Sigma-Aldrich 23w (324 5 101, % 95 H
M, 26 B TMP LB i Rk e 2 o2k A, 0F H.
WHAE A SAs FIHIRGR, LA 1:5 [ Ee i 1, R it
AT TMP 5 SAs LR,

1.2 FESCREE KA 2]

2010 4F 10 H, 584K H Ak DA M &
Gi(GPS) A, 7 BRI I I B NIt (L HE 4K
T SPIRYT 4 T AR R HOR AR KK 34 14,
R ZIKFES A 31 R NI EE S 13
PERFE ST HOER AR BR OLI 1T AT /KA b J4 4
FiEs b SR AR T N SR S UIAE R R K AN
TH[ 7K b # R F AN B AN R AR SR AR IR B N 3R 2
T 0~50cm, ] R SR A A B AR K O A
mi R S B VU RS B DRI YE 3 IR
SLFR IR b IR 22 5050 % fRAFAE 4°C
UKFE BLAFI.

FF i TAC R P AR i) sk A4
(7R T R BCGRE KRR S 2LARKFEL Y 1L0),
R 0.45um (KR A 4T 4E BE T FL I8 L, 1T
JIA 0.2g Na,EDTA 1 100ng (100uLx1mg/L)[H|
e H F5 R PCi-MIMELR (CAF), T LA 3mol/L [
P 1T KA pH (E R 3.

HLB /N LR FH AT EAT SO 4.
I 439K 23 IRt 3 UGB 2mL 3 Ja AN
BAL ) pH {E K 3 MBEEIK, N 2420 783 HLB

1.1

1665
/INFE.
A ;
FUL T T
ML1 2/ p
b & M
| M2 3 .
MLlg ﬁs _
M5 8°°02 3 Len
%‘.’5’: ® e, D kT
M3 L
%E‘ . @ 163 DF2@
~ .ME'QZ 2 DF3@
| 2 e DF4@
BiisT e 0%
.Q3 ® DE5S
Qg O A o
o ® Qe L ]
M (D
0 5 10km .
BT BN R fR

Fig.1 The sampling sites in the Qinzhou Bay

TR 6 R LA HLB /N Mz SPE 255 %
F, 0T 8 A 5 T U s IR ¥ AR L DL Y
10mL/min [FEL R HLB /MM A E £ 58T,
FH 10mL 26 #7K Pt HLB AF, 307 T4 5, H 2mL
DR 3 VBN AL 2 10mL 1) B3 HL 98 15
DA SRS R RS Rt fH
B E A ImL ] 0.2um &1 B vk e 2
FEa A 1.5mL R CuERE i 4 COKFE P IR A7, S
PRIFEAT HPLC-MS/MS 73 Hr I FE. an AN e S i
EHLIRE 7 R 4 B ] LLSEIR4A & 1mL A A,
A7 T-20°CUKAR A EHLINAE Fr Rt — 20k
i e RLuE, LT i P A AR A W
HHIK .
1.3 HPLC-MS/MS 73 #r

i 2 F: Agilent ZORBAX Eclipse XRD-
C, 5 Rapid Resolution HT 50mmx2.1mm,1.8um
FHEOREAE KT RT3 Security Guard™ Cg(4.0mmx
3.0mm) {7 AT 5T 1% 4% A1 30k 45 H 1 55 B 1 U
(ESD), IE & 1B O EE 350 °C5 <
H 10L/min; B41E LK 4500V;MS1 5 MS2 i )&
%12 100°C, Wi %54t Ik ) 40Psi; Ml <2< 2
N (MRM) 4 R LR B AH B A A
h Smmol/L B AN 0.1% H RV A v, i s AH
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BOR ¥

33 %

B & FEE i3 0.3mL/min, BERE & 2L, HiE 25°C.
Tofs BE U W BEAT 53 1 A o 88 50 BN <148 I ] Ay
8min.
1.4 sy

K ARV FE St B REAT 5 14 A, 2k
J7 R Ve Bl B 0.5,1.0,2.0,5.0,10.0,20.0,50.0,
100.0,200.0ug/L. 9 MR JE AL, R AT
0.99  (FF il JT I A5 PR 58 38 oA R Io o A T 2 11
P O TR, SE2 56 F 0 e e 2 2R R AR R o
A 200ng HARLAYICGRE 5 A PATHE), 4 CIRAE
24h Ja FAHIR) ) 77 32060 047 o 4 FER R B2 0
S8 HOU B I (AN B 5 ), vE 25 At A2 2R ) [l
W a5 R PUE R R 71%~81%, U1
T 1 PR T SRR RO R ZE RS
SR, R — N AR AT,
I AEBE R S e [ IS0 2 ] ¢ B AR B AT IR
LI 3 A5 M L O AR R H BR (0.07~
0.18ng/L).

=1
Table 1

LIt A A 2R Y [ U ZR AR A PR
Recoveries and the limits of detection of

selected antibiotics

- ?FH;%Z%%( [\t R

R) (%) (ng/L)

Tl (SDZ) 0.9996 82+7 0.12

Tl P 36 5 S A (SMIX) 0.9982 79+£9 0.13
T BEME(STZ) 0.9985 8149 0.070

Tl % — I ENE (SMZ) 0.9998 70+5 0.073
FHAE R 1% e (TMP) 0.9996 75+8 0.068

SO HER (PRI E R  0.9990 809 0.31

2 HR5WE

BN 0 B AR 25 IR 7K

FEAR N 5 W /KRR i P, SMIX ARG HE 3 TR
P 5, K R IE 100%, W s [ O 0.25~
9.9ng/L, W14 2 7. SMX 75 4% P V5 30T ¥ 1) v
HH SN R B 5 A AR A K I R 5 — 3K
(USR] B T SMIX W B 2 1k A A A
5,/ B AR RN K A BT S0 TMP. 72 8K NS ¥ 7K R
s PR RSE HH 23 R KT A 6] g o, LA H
KA 87%, W B A n.d.~3.8ng/L.TMP & —Ff

2.1

YA R M 5 SMX,SDZ 25 fif i 2K 4t
A2 DL 1:S (P LR BC A5 L R ke A R 1 il
AT BE SO S X 3, TMP K H 2R RIS, HA ok i st
o PR DR IR AR T ,STZ A8 40 PNV FRAS: HE SR FAG: HY
TR FE KRR T o Ath 1R i R o Ak 38 LA ik
J5E K 22 AEAS I B B I IX AR T RE A R A STZ 2
Bl A b s B 424 T K 3t 5 [y Ah 3L
Ay AH L AR N S R 2R BT A FR v G Ak TR
PG S R 35 O GBI 10 w737 (2 A 1IN 27 LA
HEVEP AR i RS N s T (R T
S & v v A g,

R2 MMEKERERKE

Table 2 The concentration of antibiotics in the

Qinzhou Bay
SiH SAs+TMP (ng/L)
SDZ STZ SMZ SMX TMP Al
WHFER (n=13)
= PNE] 1.9 0.76 1.4 12 4.1 14
M n.d. n.d. 049 045 076  0.94
LREIAN 0.24 n.d. 0.30 2.6 12 5.0
FEIME 0.41 0.13 0.41 4.1 1.5 5.1
KiH%(%) 62 38 77 100 92
HSFES (n=21)
SSUN:H 3.4 0.41 3.4 9.9 3.8 16
I /ME n.d. n.d. n.d. 0.25 nd. 0.25
LR IAEN 0.28 n.d. 0.20 2.0 0.51 2.5
SESBMH 085  0.05  0.66 3.1 1.0 4.7
K2 %) 57 14 52 100 87
VE: nud. A
2.2 BRI P R K S oA

FHAIE

LGRS 3 U 7R AL, A M B Y 3T
H,SMX H1 TMP [RJFE S0 H 48w PR HE 3 Rk
JEZKT.SMX RIS H RN P S R 20 5102 100%
Al n.d.~12ng/L; 1] TMP RS HY 2 R0 B2 V5 1 2
WA 92%A1 n.d.~4. Ing/L X FlAHIME, 46— & F4
JEE b s W T AT A N T LA BT G I YR

BT AR T o K A 3E i 8 B T DX T
N VAR IX R B A A Kl e e ) 2 v TR b
bR T STZ ARk L RPUERMERITILAAFFE
JEE (PR HH 5 W VA L (R0 A 25 R PR L AR A1, B
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rR LA 6.8ng/L,IX AT E L5 5 e VI KR K,
H 156 B AT O%. 4 B LR R R 7K S ARV
NN KT G 8Tk it A S i e o Az
FURBEAHR B 5 s 9.2ng/L, IXAR AT fig 5 46
LRI A IEAH G s L EfiE 1 K&
IK PRGN 53 A, 32 B R UEFRIE A I R 75 £ 7K
7GR b T SRR AR, DAy 15 1 E 0 T AT KR
HAAHPUE R oK UL PR 2 RUER 32 487K
0, LIS PO B R B0 2 BT 308 A
SR, 48 BT R LA A 25 1P B9 AN Ok AR
N2 KA 2 4%, 0T A R eI
2 EE S R IR A, U W AR N S S (R A 2R G
B T A N Z A 3B A U8R WK e R,
TS 555 5 S A B DTyt A B 9T X 3
TR e S e A F ik B KCE Ab T K P 3L
R AR 2R O gy ) 8 ks [ 1 R 1
Ji] (Youngsan River)!"™ H1 3 [H (1) 2 &L (Tyne
River)!'®! ¥ B 1 24 (3 3).

*3 PHMNTEREIMERIREKFE0gL) 5H M
X bhE
Table 3 Global comparisons of SAs concentrations (ng/L)

in the water

5T IX SDZ SMX SMZ TMP SCik
RN n.d~3.41 nd~104 nd~3.39 nd~3.77 AW
S nd~41 nd~140 nd~130 nd~120 [2]
&M 0.01 1.4 0.02 1.4 [1]
SN nd~04 15-82 nd~1.5 13~329.5 [13]
. 3~141  2-165  4~179 n.a.
BRI [6]
135~336 111~193 107~323  na.
i I A na. nd~47.5 nd~8.6 2.6~216 [7]
I 1.4~40.6 4.9~55.2 2.1~623.3 2.2~62.4 [14]
R EEE 1020 0~110  10~20  10~20  [15]
2 BT 2 [ na. <20 na. 4~19 [16]
FEYNI], 1% n.a. 40~140 <10,4.4% nd~36  [17]
B RER IS n.a. 30~70 <30  <30~40 [18]
JE AT n.d. 20~33 <50 5~20 1]
ZEENIWLAA <150 4~23 n.d. <100
139 9,26 M nd 520 120 300 [20]
5 AN] 1, [ na. <20 na.  <4~569  [21]
LERIE T na. 43 na. 29 [12]

T n.d I ARKL G na kB

2.3 HUERTTYAER NS K25 [ A

B NERTARE @ ) RN VS SR/ RE IRA B 27 A a8
TS 1o B S WV T4, AT B A SR FE A v
TR TN (B 2). 76 4 2% 1T R
1 i 28 Bt A R JE S v (P 3 10ng/L, B
L4ng/L). 4 i Tk SRV 2 AR M T X, 2 508N
R ZIX A SRR DI N e AR IR b X,
IEETIRESE SF T EAN) -3 il SN MR S s R
ST G I RN T A AR i R AR R I
YRR R AERT L G i 7 L T AR M e R X R 42
TR DX I B o A AR AR 1), 1 — A il
T U R AN R 3% By 2 56 W RNV K A bt AR
BT YRR T 1 B B D] 22 0 BN Y AR [ 4k 1
V5 G D, S I IN VA (1) e B L A 7 A
W RGN MR = 333 3X 3 S URES AR IR
HH PG [r] A0 S i, 0 A 38 SR A AR AIE A -
5 RIECEY 8.4ng/Lfx i 16ng/Ly>4R MANE(F
%1 1.9ng/L 1 6.8ng/Ly> =% (F1 1.4ng/L,
e 2.0ng/L). X R AR B2 R TS S
¥ YR PR B A, 52 AN IR YR B A v T EL A
B KAARAZ H B T AHRTR 59, F e 1A 22

18
17F
s VA b
16+ Wi W ph
15F
14
13k Hl T™MP
> B SMX
it XY SMZ
% o EH STZ
L Zd SDZ.
S 9t
Bogh o
. KX
® 7t | B .
KX X
6F B | R B
i R | B B
5 oo IR 2026 %
2| . KK IR 0303
- BT RS XY XXX
RS KXY | K& RRK
3 R oo NN %!
R Peteds \ ]
o L B R | AN o2e%
B X | 27 2
o Lol Seon 7% A

5

FURTL L KR SxBlil 5 RIS HOMNE = 4R
B2 NS HUE RS G E R A
Fig.2 Distribution of antibiotics in the Qinzhou Bay

2.4 TERESPUAE R AEGON TS AR S KBS VPN
R 4 BR B 1R B AR 18 3 SO (TGD) 26 1 36
5 R VP (07 941220, 2% 0 ik B A R 5 v 1) 2B 2
A FT UARF AU 75 {EL(RQs) [ R /N R PEA . RQs
() TH A5 n] DL ek v ey 1) B 58 1k FiE (PEC)
B S bR W 09 (MEEC) 55 T30 6 2% 3 3k
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(PNEC)[¥ LLAH 3k 3 A 5T i ,PNEC {8 /il ik
PN SC R W R fl e A FOR — S i Sk
RIS Pk 45 B KA R A 75 B KR A2 K Tsidori™),
Kummerer®Fl Leel 25 (R 57, 05 & #5235 V70
R0 255 2 NPl T B R L 2% 1 AR 5T
th XS 7 L (RQs) B v 5l e il i SR i Ak =
) i DR S o M Ak 82 5 e SRR ) A ¥ PNEEC
AT T4 k45 4% . Hernand 25PH2 119 RQs
[ 53 8 T7 V5 ZRAE A 25 XU I AN [RI 2 - RQs<0.1

AKX, 0. 1<RQs<1 4 48 XK RQs>1 Ay
e AU

HEAS B PP 45 R W 3), KB/ Rsifi 2
PUAE AL BN g 7K A PR 555 v ) Rl ) A 2 X
B8 AL T /K- (RQs<0.01) AHAEER SNV 4 25736
TR GF R FIRTT A3 TRVERIT),SMX %}
7K 8 (Synechococcus  leopoliensis) [ A% 7 (RQs)
THHS KT 0.1, RIAAAE p &5 AR 28 R M XURS: DA il
RPUEBRALR MBI P (175 G AN BN

10" 10' 10'
10°F ) 10°f 10° f
10"} L 10"} 10" f
‘I %E
» 107 ° 107 107 §
g 5 3
107k 10 ,% 10° ¢
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AT R AN
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3 RIS 4 Fhri A 2 i xR 7 4B
Fig.3 The RQs of 4 antibiotics in the Qinzhou Bay
|:|25%~75% IIO%WO% Oy —hpif 0O T
3 4iE [D]. J Mo [REE B S ER AL 2B ST, 2011,

A P A 2R TMP A8 4R N TS 30 v Je 4
ST T P4 A7 AN [ R PR PR R, Y A Y
M n.d.~12ng/L¥MH 5.84ng/L. "4 SMX 7E Tk
IR (RS HH 2685 17,2015 100%; TMP IK 2, {31
PANES RIS 2R 53 0 92% K1 87%;1 STZ $x¢
(R K RS H 280 14%). M 5 3]
DT AR 25 B v T I TR B AR # S
YL T I 2 P D (%) 385 0 1 9 D> A0 e D A 5
ST RS DX it Jle S e A 387 e 1) R UL A
NSRS AP SRV € i @l FEH 5 e e 1
JeR P e IR BE AL TR AR SMX 5% B’
X AH R FR) B IR AE ) A A v A A AR XU Y 5 |
FEC A D I 1 AW R EDUAH Y. B e 4 .
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