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Abstract . Usmg Solid phdbe extraction-high performdnce h.quld chromatography tdndem mass spectrometry, antibiotics belonglng to fotir

£

classes (. e. sulfonamldes quinolones, tetracychne and Macrolides) in the surface ﬁater of Taihu Lake were monitored monthly for
a year. Moreover, the “potential ecological I‘lka of antiblofics in Taihu Lake were assessed. During the one-year monitoring, 4l the
elghteen target antibigfics were detected to some exten‘t in the surface water. The detéction rates of five sulfonamides ( sulfamethoxazole ,
sulfa&‘nazo% sulfadiazine , “sulfadimethazine and tru_methgpnm) swere higher than 50%. The concentrations of quinolones in the
surfage Jvaler were relatively higher. The avérage and meditim concentrations of ciprofloxacin were 13.0 ng-L™"and 13.5 ng-L"™"'
reapectlvely There were significant differences in the antibiotic pollution during the different months, with the average concentrations of
the targét antibiotics ranging from 7.3 to 33.5 ng-L™'. The concentration levels were lower from June to October, while higher
concentrations were observed from February to May and in November. In the surface water of Taihu Lake, the spatial variations of
antibiotics among the 20 sampling sites were not significant, with the average concentrations ranging from 13. 0 to 14. 3 ng-L~'. During
the one-year monitoring, the rates of medium and high risks that the antibiotics posed to algae reached 57. 5% . The ecological risks of
antibiotics were more severe in April and November, and the quinolones may be the dominant risk factor. This issue should be carefully
considered by management authorities.

Key words : Taihu Lake; surface water; antibiotic; spatiotemporal distribution; ecological risk
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6 mL,Waters A ], I ) 5 #  R00AH €43 5 3K
Y (UPLC/MS/MS) ( Waters ACQUITY UPLC Xevo
TQ,KH).

FFARF b vE T R E (sulfadiazine ) %
FHIREME (sulfamethoxazole ) | fiff I E Mk ( sulfathiazole) |
fisk e B % BE ( sulfamerazine ) | fitf i (8] HY 48 m& g

J= kb =

( sulfamonomethoxine ), H & F & B I
(trimethoprim ) | fif§ % 14 BB ( sulfaquinoxaline ) it
— B g B¢ ( sulfadimethoxine ), H T & &

P & (norfloxacin) \HR A T 2
Vb B (enrofloxacin) (AW B
(ofloxacin ) . X % V> 2 ( difloxacin ) . 2 74§ B &
PO 3R E ( tetracycline ) , + % &
(oxytetracycline ) F1£1. %5 2 (erythromycin ) ¥l H Dr
Ehrenstorfer 28 7] (8 ) | 26 >95% ; W ({055

(thiamphenicol ) L%

(ciprofloxacin) | &7

( doxycycline ) |
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PN 25 1 /KB 3 O, BE T . R A LB R
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BERAEIRMCER 1 LK AE. WK AR i A B 48 7K 5
AR, LIl A= M A . SR 3 B KA G AR IR DR A
iz M SLHG 5 TE 4°C N ORAFFIN , 78 48 h IN5E K
FEFRIAL .

K B ET A UE R (LA 0. 45 wm) Xf K FESEA T
8. SR FH 4 A 3 A2 B0 47 SO HLB. [T AH 1
FEXS S S B K REBEA THUAE RN 73 85 AR ORI 4
AW MM SR 2. FERWESRZE 1 mL
R R G G AP T - 20°C R

®2 HAEFEREREEMNSY
Table 2 Processes and parameters of Solid phase’

_extraction of antibiotics | [

k) FhE

Wikl B S ol gl L.
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AL o | sl 5
e . “0 | Yoo
teg |fj € b to
N F A+ 3 — &l = e
WL A R 5 e
e A WE T 5 7
VR HEERERR AW (AR 1) 5 7

ki — 5 10
HER  — — 1

1.4 HrEZEE

fdiF} Waters ACQUITY UPLC R BEH C18 (100
mm x2.1 mm, 1.7 Mm)@l%*fﬁﬁ?)%*ﬁﬁ%jf/ﬂ%
BEE N 40°C . BN A 2% HIBEA T +0. 05% R
B: I +0.05% H g ; kR ERNS pL, FEME
TR E N 10°C. B EE PRI A S 80 3= 3 iR,
R 22 S0 B - M DA =X ( MRM) #4755 404, &
A HEN 3.0 kV; HLME%E BB IR (ESI) W M IE
R B IR IR E N 150°C 5 AL RS ik
FER 50 Leh™ s B 700 AR B R A 4 R
500°C #1900 L-h".
1.5 s

R MR TR AT A 1 AT, AR S A
THEATINE (5 AT AR 2 v i T o ) VS TRA 1
RAHKEREL R R T0.99. 76 1 L AY2S FH/KEE TN
A 20 ng- L' B RIRAARES, & 6 S FATHE,

M Pl 25 BT AR il . 4558320, 18
AR R AINFR ISR R 73% ~ 1269 , A5 X A5 UE
F5M3.71% ~13.28%.

*3 BERBREESH

Table 3 Gradient elution condition parameters

Fisk ) HiiiBL HBhH A L WEhH B L
/min /mL+min ~! /% /%
RG] 0.4 90 10
0.25 0.4 90 10

4 0.4 2 98

5 0.4 2 98
5.01 0.4 90 10

6 0.4 90 10

1.6 AR ITAL
R RUBS: R (EL ( RQ ) DA A A 7K A v A 1 B A=
ZVETELE B G BT AR T :

RQ S MEC/PNEC/ ~ _#7 [(1)
PNEGH LCS0 & PNEC = 200" (o)
f ' AF o
v \ & ]

RQ.., = 1> RQ, £ AP

st MEG S FRET S s ng- 1.1 PNEC g i
TATASE g T3 (LCSO N K BOCHE  ngh 1 L5
ECS0 2 R AR ng L' 5 AF S 3P I 7
— i1 0008 RQL,, EARARIFHA % | A MG
e 25 KU |

2 BER5R

2.1 KMIKEUAE R IR

2018 4F 1 ~12 H HoRAEAKHE 247 4~ X118 i H
PRyt R AT 0T R B, 45 W S A A B
R (R 4). Hrh ARV E UARERM TR
kR <5% ; WWAREKHUER T NEZWHAERM
Kt 2R 8 20% ; KANBRED A RAHBRA T F
1 35% 5 WEE B S BAE R BV R B R R R
48% ; THRUISHUAE 22 A0 Hh 2R e i, Tl e Y s T
R IEE A it frlg Y s e T i () P 4 R P 4 2 G
WEAE 5 PSS A: R A 3R B T 50%, H it
e i) FH 4 I 1 G 1 SR 3R 3] 80% . 45 SRR WA, H iy
KK AU E RIS g, Horh i i AR R
PR TR A5 Ay 3. 12 485 S 5 41 i 7 A 08 B L At 7K ik
PiAE RIS Yeifoe — 80500, BOAR R 2 A &AL
oy TR FE BT R A 5% Y ELEE R I I
BNz ARG 5 KA B T 250t e 2 4t
A R BREOCREAR |, T e 5 808K 2 BRI S Pt
AR AR, BUAR 22 oK HA
MEREAFR , (5 FAE AR AR R A7 8

KR 5 H S5 S failipg ) s e A 5k B2 3k 2
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113. 1 ng-L™"Ab, A R A KA BB Az 22 Wk BE Y 1]
}70.5~89.5 ng-L7". 18 Fi Hbrdi sk 2 &4FEHF
WPRE R 2.8 ng- L™, AWK E R 1.5 ng-L~". i i
5 WETHEAS DR R SRR AN ER A R AT
W94 2.6, 3.6, 2.8 F0.5 ng-L~". Xu %"
T 2017 4EXF KIAWEL 4 FehiAE R AE AT IS0
SRR R M 1. 588 ~3. 141 ng-L~", 5ARWFFT 44
TARAL. AR T P H s s KA RIS BT 25 A0 T
FEAL T B K. Li 261 348 2005 ~ 2016 4E FH N
P R, & BUR W KRBT A 0294
WPEN 15,4 ~567 ng- L' KIT IR, F359 4 H
WP R n.d. ~211 ng-L~". £ FAEA0 X A K
TR R E AR AR KIRPIBRZS WS T4 R 2 A
M AE 2R 0 A vk BE 430l R 47.2 ., 60. 1 Al
383 ng- L', BRI IITT A ZEAG H e B A [ P4 Ak
THRARIK, AEATS 5 T R 56 B 26 b R /KA. 2 KR
Arno R PR HHTAE ZAG R 2 Jing- L7, LK
Ay BB 2 R P Velicu 2512 X4 21
Aw%ﬁﬂﬁmcmﬂ%mﬁﬁﬂﬁﬁﬁikﬂh

E%Mﬁ*wlkﬁ%ﬁ@hiim BiiiE TAEHL
5 F L (Bl TR A=, Hs
%W@%%ﬁﬁ%&.

AHIGE Y, v i T S B AR R v B A .
PRI VD R ST EA v B R RS v B 43 3R 3 13,0
ng-L~'F113.5 ng-L™' (% 4). Xu %" 1E2017 4K
WP AR TS Qe i A v [RIRE R 3T 65 v ) s s T 2%
P ZIRAT. Chen %7 AR K 2 17 Flbt
AERAT TS A R RN VD B TR A e
(174 ng-L7"). iR 45E BIB T & BRIR N K A 855 v
METE TR HT A R IAE AT e, RIIKMI B A =75
PR R T Be A R A ARG AR OC. Wi R 2
PAERENMABHHIUAER, T Z N H T A3
Y18 BB B LA R IR B TR YT, o TR E AR
%ﬁ%%miﬁﬁﬁlh$%a¢ﬁE§%q%
AR X 2013 4FMEVETRASHTAE 3 14 (i) bl 72
ﬁn%ﬂmﬂMb@mm*hE%Emﬂﬁ¢%
Mﬁﬁﬁhkmﬁ%ﬁﬁ%mﬂﬁ¢V%%$%
Mﬁﬁ%ﬁ%%ﬁlz~—

#a' paEpRmmEmRE Yy ”‘.{

Table 4 Prequen(:les Ei“p('{ concentrations of detected antibiotics

}uﬂjdgr/ng Lt T ¥

Z1 = o M ﬂn‘}:/% o 55 7 7 R T
T e 29 [ g2 "1} 1 30.0n

u g e y | _‘66'1 ) 4.8 | of ' d 34 23.3 of
(o U o | 4 [ss! /Y 46 3.3 o 19.7
o G| B s % g L5 0.9 10.0
i T e P 4 SO 1.8 1.3 10.4
RS (7 54 0.6 0.5 6.5
it Jrie P TERAR 11 0.2 0.2 0.4
it e — F s e 17 3.1 0.3 14. 8
SRS 26 3.1 3.2 9.9
R R 22 2.0 1.1 13.2
EANTARA 2 13.0 13.5 19.4
TR 2 Bitib 2 48 3.4 3.1 17.5
AR A 34 4.2 4.0 26.2
BRI B 21 4.1 3.7 16.6
ZVHRER 20 2.3 2.9 4.4
UIEZNE e PURRE 5 5.6 4.2 15.7
+ER 2 0.3 0.2 0.9
KA NERI RS 35 0.5 0.3 3.9

2.2 KKAESTAE R AR AR 4L

TP B e B B B 0 PR 22 5
6 ~ 10 HHiE R W B AKCFRAR, b 6 H4iERT
I 7.3 ng-L™"'; 2 ~5 AR 11 AR HHkER
L YU E R W EYE 4 Hik5) 33.5 ng-L7', 26
Higa. 6 5[ K 2(a)]. BHET, KE 5T 8 1 P02
ol /KA 2 S5 X6 0 A 2R A 1% B[] A Ak L i
FERAE 1228 — A Oy, K IR 85 v A 3 A Tk
AR BR T AR EHAR ) Mok, £

RIHBAR! 2 00 IR, A5 WF 5 rhbe 2R R RAE (1 B
I ASAEHLHEA BTAS ] FVRAR 451 (¥ B 50 K BLAL T
RT3 4 B - R 9 7K AR 2 2R A AT A A
m¥m?ﬁwﬁﬁm@mWhiiﬂffﬁ%m

L AT BRAREY 5 S, B VDO TR i 4t 3R
IR BT YR T4 ORI, Cui 457 (B

REMKIL = AIMNEKER AR REELA TS TH
2. Li S50 AT ST ) & I R T B 4 A K R Y 2
ERIUERAE 6 ~7 AW . KR PP E W)



4 39 TRIGAE : AR 2K AR M AT A FR 28 A1 A 25 XU A 1815

W72 MR REE AR 1 B AR R A K%
B0 3 [ 2 1 B A 4 Y
P FIRAFIRB IO 275 A, AT T b 402k B AE 2 ~
5 VR AEHE B, 5 SO B 1 T 4 B 5 45 L 2K
1222730 SRl R T B, B KRR
G RIS X0 22 i P i e K e A, %
B 16 B 1 6 K k7 4 4F b T AR K OF HL AT e
10 K B H1 4 P8 RV Yo e S 188 ,
AU 2 A K BRI A 3 A HE 6 ~
10 H KWK P P e 220 B 13 F e, 3 AT i 2
TR P A 2 A R B | WK B 2 7 R R
O TRl 2 U A A D 2 3 % — 2 ) R 2 4
S5 (A9 R, 11 ] bk R MR T
A—AH (10 A) BT BE#E& . 11 A RBEA
A, KL 10 7 5 [ A ) | W Al ek 7k At
He 2P TR AR T . 12 F1 90, A W e B B pe
K 96.3 mm, N AER) T AEB) 2 HEOK N, KK
Pk RO R 11 H A A, 7T K W e
FMRAEK T H b 30 B . TR — 2 4 1A ) A
%W%T FUE R P émimﬁ%#ﬂ

n%Ah%ﬁﬁﬁﬁ%MTuEwﬁ@ﬂﬁm
HEZTE Y mﬁﬂ*%ﬂ@

..-‘

120

N
Lélzﬁ%

920

He /gL
2
T

W
I

/I (O T |
123456?89”]“]"

Hir

KNI A A R4 A A A Br 22 5 [ &
2(b) ]. BRI HUAE RAE AR A B i LA
Horr 1 ARG e R LL IR 5 95. 9%, F %S bi A
RAEK IS IR A B RRLL . B 1 4, s
KPiE R RBIKE AR, 3 ~5 F ik
P EH T A, 4 125.9 ~300. 4 ng- L' 1E
6 ~8 H iKY RWE R E 34.2 ~72. 1
ng-L-' RPN FEm, B EIN IR G
AW IR EH A RTE 6 ~9 HIRA K. Cui
SO VT = A N K R TR B B DU 34 36 e i A
BRI R R A, (R R e v AR AR
PUBR RIS hiE R TE H Z 0 R AF /K 3 T4 2. U3
R R 5 T U0 I 4 DU Fn B 4
W B, FE K EREE R (4T R VA R 5 2 7K SCOK IR Dl
12200 BOHAE R [ K dak E’Jmnt%—?%j‘?'ﬁjtj;ﬂ
DA R 2K B 254 ) e 2 24 A Bk 3,
R E A 1493 ng- L7'(9 H); ﬁmﬁ%**ﬁ
ziﬁﬂ%%%hi%ﬂfv 9Hﬁ&%@%h
$Mﬁﬁwﬂﬁﬂ ﬁm%mﬁmmﬁﬁﬂﬁ
TEW%@J@EEM{%W@ %hi%ﬁﬁ@mﬂﬁ
K K- f—"ﬁiﬂ% ﬁfﬂ@%%ﬂﬂ%m@ﬂ E‘zéﬁitﬁﬂ:j.

mﬂﬁ¢h%?ME%Mﬁ*m
(b) AR A A kAR
1
2
3
4
5
0 6
m 7
8
9
10
1
12
0 20 40 60 80 100

JB fik 5y 8%

(a) KA HE 5 (b) KAl
B2 KEREBEKREFEREHRENGHFHENAEREL

Fig. 2 Monthly variations of detected concentrations and species of antibiotics in the surface water of Taihu Lake
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Fig. 3 Spatial distribution of antibiotics in the surface water of Taihu Lake
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