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Xiameén University of Te(hnology, Xiamen 3?’1024 Ch'lma 2. Key Laboratory! of Urhan Pollutant Conversion, Institute of Urban
Envqpnment Chinede Acddemy of Sciences, Xiamen 361021 Chmd 3. Sinosteel Tlamheng Envirenmental Protection Science &
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Abstract, Thmeen typical antibiotics in surface water of the Lianhua Reservoir were analyzed using HPLC/MS/MS to assess the
pollution’ characteristics and risk levels. Ten antibiotics except for erythromycin, sulfadiazine, and sulfamethoxazole were detected in
surface water and the total concentration of antibiotics varied between non-detectable (n. d.) and 925.26 ng-L~'. Azithromycin had
the highest concentration (n. d.-232.61 ng-L™") with the detection frequency of 75%, followed by enrofloxacin (n. d.-187.69
ng-L™"), tetracycline (n.d.-155.05 ng-L™"), and ciprofloxacin (n. d.-83.66 ng-L™") with the detection frequencies over 60% .
The spatial distribution of antibiotics was as follows: total concentration of upstream ( sampling point 1) > Aoxi River stream tributary
('sampling point 2) > reservoir downstream ( sampling point 3) > reservoir entrance ( sampling point 4) > reservoir area ( sampling
point 5). The seasonal variations in the concentrations of antibiotics were evident; total concentrations in the dry season were
significantly higher than those in the wet and normal seasons. The resulis of the environmental risk assessment indicated that ofloxacin,
enrofloxacin, and ciprofloxacin pose significant risks to the environment. In the Lianhua Reservoir, ciprofloxacin showed high potential
risk to the ecological environment, while the environmental risks of other antibiotics in the reservoir were below the medium level. The
combined risk value of the antibiotics in the dry season was higher than that in the wet and normal seasons.

Key words : antibiotics ; pollution characteristics; ecological risk assessment; drinking water source; Lianhua Reservoir
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Fig. 1 Sampling sites in Lianhua Reservoir

1.2 fERSEH

AU R R A AH 2 T 3 BB B 1% 43 ( ABI3200Q
TRAP HPLC/MS/MS System, Agilent, USA ) , 4,34+
Kinetex ® C18 # (2.6 pm, 100 x 4.6 mm,
Phenomenex ) , [ AH 2% BU%E B ( Waters 2 7], USA) ,
OASIS HLB [&AH %< BUNE (500 mg, 6 mL,CNW) ,
TH IR K B WRAL (N-EVAP™ 111 2 WAL, 0A-SYS™
7J((ﬁj]l]ﬁ“*§ Organomation 23 ), USA) , .25 T J¢

#i (DZF-6050, 1 [E ) , b=} GPS FHrl (B ik F32,

r{nl) JRER pH 31 (pH2100, H [ ) | B 385 £F 4k g i
(iR B9l A BR 2N wl b g8 41 ), L4E 0. 45

pm) .

[V TN S P T S
(oxytetracycline,OTC)  PUFF 2 (tetracycline, TC) . 4>
S CTCc )., ¥ 4 % %
(roxithromycin, RTM) , £1. % % ( erythromycin, ETM) |
Wl & 25 2= ( azithromycin, AZM ) | il fie B mE ok
( sulfamethoxazole, SMX ) . fifi fi % WE ( sulfadiazine,
SDZ) . SMZ ( sulfamethazine, SMZ) . & @ ¥ &
(ofloxacin, OFL) ¥/ N ¥ 2 ( ciprofloxacin, CIP) &
Wb B (enrofloxacin, ENR) A1 35 V> & ( difloxacin,
DIF) ¥ B A= TAEY) TR (i) Iy A IR W) (46
JEXIRT 95% ) , W W A R HER 5 Wpk 23R A
PR (faigat)  HBEM I B Tedia 2wl (i
ali) | S8 A K #4088 2l 7K (Millipore E%ﬂ(/ﬁ{
45, USA). g
13 fwasiisdt | |

SR FH R 1 WA €03 o3 Tk o 1')( \EVFA
W, A %FHEH“%HR FEiR 40°c ﬂ#% 10
wl; I *j‘?O 5 mL min| E%?@%Tﬁ{uu@j*&zﬁ
#4'S mmol# L Z@&V&Hﬁ 0. 1% EPEMKF’{& i 3
B gy T Bk m e,

ﬁxa%#f, RHHEST HE BT K 15k h 2T
Wi (MRM )5 B U5 T (GSD) A Il (GS2) Myt fit
324 50 mL-min =" A1 60 mL-min~", #L 73 HLE A

( chlortetracycline,

5500 V; HBIMAEIEEE R 550°C.

x1 BEXRER

Table 1  Gradient elution procedure

Aisf [61]/min WahAH A/ % st B/ %
0.01 90 10
6.50 80 20
8.00 80 20
8.01 90 10
12.0 90 10

1.4 FEaTiAb B

ERE A1 L /KRR, 3 0. 45 m B B8 £F 2 &
iFUE, A 0.2 g¢ Na,EDTA, ] 1 mol-L~" LR MY
pH {64 3. HLB [EAHZEBUNMER K 6 mL H EEH
6 mL BAKIEI. KFELL 3 ~5 mLemin ™' 3 1
HLB [EAHAEBUNME  KFEFEERE I, F 6 mL 4K
PR B A TR A 25 TR AR T4 30 min, 55 H
6 mL HEEPE M. S8 TR I M ZE KV 40°C 251 T &
RAZEE MW T, FH 20% P B KIBERERE
1 mL,%0.22 pm BB UESS - 20°C 1R A7, R FAE
53HT.
1.5 sl

KM AT B0, e R v Y
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0, 10,20, 50, 100, 200 F1250 pg-L~"iX 7
FEM LA, H R KT 0.99. 78 1 L A4tk A g K
A 20 ng 1200 ng (19 13 FiAE ZIRSR, [FIA
2 HA PR R AR TR RISCR | A4 3 A
ATRE. SRR, 13 FhpiAE R p gk by il 3
H 86.67% ~ 121.52%, Ji 7K F) ki 81 050 % K
80. 70% ~ 102. 90%, XI5 il 2= (RSD ) iy 3. 45%
~12.85%.
1.6 ABKEPE

AR RN £ A F5 T S ( European commission
technical guidance document, TGD) H & F 335 XU
FIPFEAN T3, >R XU BT (risk quotient, RQ) 3

A5 B 1 T SE AL 7K 2R 0 A 2 BRI RURS: , T A 2 R
RQ = MEC/PNEC (1)

RQ.. = > RO, (2)
K RQ FRA B K F; MEC 2R KK i
ZPHG T, ng-L™"; PNEC FR$i4E XA
TR, ng-L™"; AWF5EH PNEC [HS % H
KWFFE(F 2) B T DIF KA A XA 5T 48, ok 12
ik R Atk B M B AR ISR 2. RQ,, R
IR N A P A 2 A KU . AR TS RQ (E YK
NSRG4 D AESIREE RS . 4 RQ /M 0. 01
TR, 7E 0. 01 ~0. 1 Z [ AR RS, 76 0.1 ~ 1
Z ] R A AR, R 1 Sk i KU

2 MEERWMNEHBRPHNZELE
Table 2 Toxicological data of antibiotics for the most sensitive aquatic species -
IR e S ik B AR T PNEC/ng-L"! e
oTC P. subcapitata Atk 1000 1040 "[A1L
TC P. subcapitaia %‘@ 1000 3310 A12]
CTC Chlorella vulgaris C 2k 1 000 ) 9|310 [}’5‘ j
RTM P. subcapitata Atk 1000 | 100 N ADPY
ETM P, subcapitata Atk 1000 / 20 [157
~_AZM # Daphina sp. “, fi 1000/ 4 12000 (1677
S.DZ ey S, ‘capricornutum /, J_%’ P 100 . ;o Y 2 20() [17 ] e
. SMZ & | Lemna minor J,,» vy Sk 1000 | 17400 F18T e
- SMX = 1S leopoliensis J s g"'ﬁ 1000/ f .ﬂ.| 27 [19]
OFL —P. subcapitata ) [t 100 & 11.3 [20] g2
CIp M. acruginosa y {2tk | 1000 | = 5 [11]
¢ ENR | oM aeruginosa an 1 000 49 [21]
] 7 ] — = =
. %lu'ﬁi $ib FSMX Ak A, 10 FiTA= 2 444 N R RR BE ik .
Znmam—J W TE U
AZM Hks 2, M 75% . TC., CTC., CIP 1 OTC 4
2.1 EAKEEAKAR PSR TS Gk R 55% ~ 65%, Figx 5 PR R Ak 24 109% ~

TEAE K EAS [) RAFE s P 28 ARG 2
s,
FHE 3 A HL ZESEAE KR 5 A 5Bk ETM, SMZ

®3 EILKE

B NER 3

50% . A ACEAE n. d. ~925.26 ng-L~" Ko %
F%}E’J%J AZM,,H:de ENR. TC. CIP. RTM\ CTC F1

KT A R B A KT /ng - L

Table 3 Summary of antibiotic concentrations in Lianhua Reservoir/ng-L ™'

WH oTC TC CTC RTM ETM AZM SDZ SMZ SMX OFL cIp ENR DIF JEvil
kAl 40.93 155.05 58.69 72.58  0.00 232.61 11.96 0.00  0.00 54.03 83.66 187.69 28.04 925.26
5 /ME n. d. n. d. n. d. n. d. n. d. n. d. n. d. n. d. n. d. n.d. n. d. n. d. nd  nd
FHIME 8.25 24.53 11.04 814 0.00 39.09 0.73 0.00 0.00 6.53 13.86 20.43 4.28 136.88
LRI 3.43 .60 251 n.d n. d. 319 nd n. d. n.d. n. d. 1.07  n.d n.d. 11.80
K%/ % 55 65 65 40 0 75 10 0 0 50 60 45 45
Dyn. d. FRAKH.

M RS HT A 25 Y R R B e, O 352. 43 WS ms = Tl R B R X (n. d. ~ 117

ng-L~",ENR #; ¥k B fc /i, M n. d. ~ 187.69
ng-L~", 44 20.43 ng-L~"; HKE CIP, K 83. 66
ng-L™" F 13. 86 ng L™ AHFFEh CIP ¥ & LIk
TR IR H M X (n. d. ~383 ng-L™") ,{H ENR

ng-L~ . HEEIE KR H OFL (0.38 ~ 32.6
ng-L™" )Ml CIP(n.d. ~60.3 ng-L™") 5AMFF Y
W SE BT P X RE S T AR R s ISP AR E
i BB KA s M AR 56 2

) [22]
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KL N R PTEZE T AZM 4 n. d. ~232.61
ng-L7" 3FH39.09 ng- L' BIFAYIERZE; H
YN RTM ik 72. 58 ng-L~" -4 8. 14 ng-L " AHF
8T RTM Mk IR F ZE400T (n. d. ~350 ng-L~") i
W B ERE K (7.6 ~ 114.46
ng-L~") P07 R IR PN i i AR e — K e
A= EA IR SR IR AE P TE Y T, S5 R RRE
FET AP FE LR Gopcds ™. SEAL K 12 B
WA R ARG X, N OO 4. RIT =2k 1 A 7
TGKRGAE IR R AK IR T, R T e B0k
AR .

U REHAZRH TC A n d. ~ 155.05
ng-L~" ¥ 24.53 ng-L~". TC 1 OTC & TBkIT)
Jllfﬂﬁﬁﬁwﬂé B BRI A R U

TLURBRAY TC WK (n. d. ~ 106 ng-L™") , 5AHFS
iﬁa?@l%ﬁ VIR Pl RAE KRB P A RE
B 5 5% 36 BRI AL W0 ) 55 i v e Iﬂlttf
TR IR eyt AN 1.

3 Pk e B 2 ARG i JEE A T s
% ﬁﬂﬁﬂﬁa?@%ﬂﬂlﬂ%*i?iﬁ&7ﬁ¥ ﬁqﬂ,ﬁ
htmﬁﬂﬂiél}i H#tﬂ(&f“&?&ﬁﬁ@ %’7@
n. d# ~11.96 ,If'g fif h&i&ﬁ?ﬁf&xﬁw%t” ﬁif

T“ﬁzﬁfiﬂzl:% TR K 8 Elﬂﬁ%ﬁﬂ%hi?( 10.
2385 ng; L), @H?Z&Eﬁnﬂ’ﬁk? 6 e 5 hi

%fﬁﬁﬁ?zﬁ%ﬁﬁ& wﬁ@%ﬁﬁﬁ%iﬂ;&ﬁ;‘t XS

iﬂﬁéﬁﬁ%&ﬁﬁimﬁﬁﬂlﬁ/\

MRS B AZM R CIP &b T 42 75 195 Yk
- HAR YA REAA T E IR K, YA 57
AN DRI ol FH R 0 5 55 S ] 5 S30KG: H vk 3
FKHBERRE
2.2 LKA AR R A5 8] 53 A0 REAE

Pk R AE ALK PR (23 8] 43 A R AE W& 2 7
TN SEAEIK PR A SR S PR R B LT 87. 19
~225.35 ng-L7'. SI s AP AE R OB E
(225.35 ng-L™") i S AL T K _EFEAE R
U7, BT AT MR, A Rl DX A it ) 7 8 2 AT AL
B, X AT RBSE T & E A i bR 3, S8
A HLIE A 4 g T A 2R 3 S JIE R 2 A R e
Fill J 1S oAy M AR AT YA JB] BB B i P, R R
BT/ N TR 240 15 K HE L, 15 G R A
% RECT IR A TR . FLRCl S5 R
S2 s, BUAE F B E 43 5 R 162.86 ng-L7' FI
158. 17 ng- L™ BIKF LUEEALER. S5 M FKE
JEE DX M P 1T BRHSIE 4 i X sk, ) 3 RN I R e
KA A RFRZRE 1 I8, N FBOZ S AR
WA R S2 s T 00 — SR A MR I %8,
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