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Abstract; In recent. years, with the wide use of antibiotics in medical treatment and animal
husbandry, the antibioti¢s enters the water environment by the waste water discharge and excrement.
They had caused potential threat to human and enviroment. This paper gives an overview of the use of
antibiotics and environmental pollution in China., concluding that the concentration of antibiotics in
water environment at ng+L™' level. We summarized the distribution characteristics which suggest the
concentrations of antibiotics in the north and east of China are higher than those of the south and west
respectively. The migration and transformation of antibiotics in aquatic environment and their
biological toxicity were analyzed. The RQS is more than 100(a high ecological risk value)in Gulf of
Bohai, Haihe River and Xiaoqing River. At the end, combining with the threat of antibiotics in the

aquatic environment, the suggestins are proposed.
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Pk Z A WAEE A TG Bl b ™ A i B O A T g S e At 40 B AR K R B D Be ke i, 32
BRI RIRNMRZE DU PR 22 M IR 28 K IR 8 h b2k R R ORI T 7 & & MUK ™ 3758
245120 e eI 2k 22 R S I BREIT A4 5 e K R s v B b A R e R R ON0.79 pg- L
WV 0.19 pg- L™ R M 0.06 pg- L™ BTSEFEAK 0.08 g L7 5@ X6 & & RIK 7= i
hhiAE R TR, B ERR LR MR ZIRE B AN 75.71% ; MK =i h U H 58 B A
KR 5E2 K 94.7% WP 66.7% , 63T 10 83.8% ; K7 i b + 55 B AR B A A% KI5 N 57.9% , iR
2 27.8% TG A 81.19% ) 5 K Ab ) B 15 m A B AN 5 v vk B A K, T TS K AL B b BT
XTI A B KRN RSP R BRACR A 9.35%—26.96% "), ik R V5 K AL FE ) 1
IKHEAIKIREE 5y 1 A58 15 L.

PiAE AR E IR IR B 7K e BE AR, 35 o Ak T nd (RA ) —50 ng - L™ 2Z i), 763K [E 32 200
TR 2 R 25 55 R, P BRI /N IR 5350V Wk B 55, 1000 ng - L' DAk, VU B AH X458
1,100 ng- L' LA . — 2 ¥R BE A A 20K AR AR W A AR 1 i s MRy, LA T R st [ A (0 v B 4 2
ERBE S A P2y, PR AR s . B A5 X 4 A0 1 SRR MG AR AR B LR
U B ARGETD B 3 P A R4 0 i BOE U EE 4 5 297.4 mg-1L4226.2 mg- L' 1 205.8 mg- L.
Xu ZE SR KB, KA TR TR e v IR £ EORIE T & & 28 HLREE KRB iR B (5445,
I A ATUE YR N . B AR R B ALK BREE P B0 AR 20k BE AR, (EBE A T 1) 5 2 RS e Ak, FEXL
B H 2500 S, AR5 A RAEFREE A T R E B T AR AT

1 HRERAEZRERRRETEIIK (Status of antibiotics use and environmental pollution in China)
L1 REHA R HIBR

i 2 R ) 22 5 g SR RN T A B, AR i 8 H 233, 3R B © & bl 2 A4 = Al
I —REY A543, o E 2 5 b R R RS — | 2 5 25 5 R Y 30% , B B P8y 85 A
100 7 A 29 DHiAE R 2550, 249 A7 A 3090 A6 B R Oy B AR 2R A 4 08 e R HEJICR: T BAAS
2013 4EFR EPr A F A = ey 24.8 Ji it 11 0.06 Jimd, 8.8 Tyl ffi ik F 16 Ji N, 24 Bk
SR —2, Hp AHBTAE R 48% , B 52% bt [ db st B I RRRDIN BT 7e 4 de 1E
by DT AR 2R 1 2 B PR S PR LI 1Y 6 %, T T A BT AR R AN R N R A M T I 2K | i
I BT B I ng - L1 S5 THM e 52 A e, 2013 48 Hp B Ak 2R 4l P B 2 % [ el R 1 150 £, S
£ 1000 A AR F-HIHH S DID Y R 14 7.8 £5.38 11 3k B e E R hrE R 6.

1 PEEHTEZSUAERMSEHG
Table 1 Use of antibiotics in China and other countries

& Usages/t

EPY L
Countries Years A N I DIb7g
Total/t Human use/t Veterinary use/t
o 2013 162000 77760 84240 157
Y[ 2013 1061 641 420 27.4
B 2012 17908 3289 14618 28.8
mER 2011 — 251 — 20.4
el 2003 — 3442 — 20.1
— R R,

BHEEF A Z ARG Pt 5 DAL (WHO) 70, 3 E A Ry Y e shpLF-
ARl 25k 95% EBEEYY 80% [ 11218 'E 75%, bu il R B & FH 24 i [ PR AR fE 30%, i ik
58% " JHA oK 7R E/NRS BT, L EE R RS Y 93.7%. L E B b 97.3% S A Bk
AR E R B R BT AU 22%—25%. 3 EEEE A5 R A A 1
MR ERER " Ryl B AU E Z R EA i B EEFRZ —.
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1.2 FREKIREE A= 595 Qe BAPROK K-

PUAERAER I T 7K 2K L 2= O K i A 6 22 B V95 MR 5t 2 L, 7 e RO K (AL
R 2) PR 2R O P TTIR A BT R kLI 58.3 ng- L7, DUFR RS fie i VR JEE 1 1K 5
20 ng- L7 DA B 2280 RHEE VAL, TR SRAEL R B & SR T K (W3R 2) AR i AR R e
VU R PR B e W 128 ng - L7, KRR M S B A MUK BE IR A 535 78.3 ng - L7 TUFR R 2K
42.5 ng- L' AN v BE A BT A: 3R AR SR B 2820t i, 5 kS A2 % d A, L3R AR AR 5 2
IR B UM AR BT AR 2R BRGNP i S AT O R

F2 REKAALI T KPS AZ SR (ng L)

Table 2  Antibiotics concentrations in drinking water and underground water in China (ng-L™")

X nires KA MRS W 1S PUIRZE 27 3k
Areas Sulfonamides Macrolides Fluoroquinolones Tetracyclines References
AR L nd—13.92 — — nd—21.92 [15]
MBI nd—58.3 nd—3.9 nd—15.1 nd—27.3 [16]
M 3.03—15.7 — nd—6.68 nd—32.2 [17]
L7 nd—33.4 — nd—41.3 nd—13.6 [18]
)N nd—23 nd—29 nd—74 — [19]
R nd—47.5 nd—1900 nd—634 nd—313 [20]
Rk LR nd—20.56 — — nd—18.02 [15]
K nd—78.3 nd—8.3 nd—42.5 nd—5.2 [21]
i) nd—128 — — — [22]

T nd: RKKH nd: not detected; —; RKG

FEARZWF A (WLER 3) 48 B AR P 6 E 45 R I A B S Y™ A R BRI
10 | oy 1 e eV B W 50 N W | Ay = 1 11 A -7 -0 < R A= A A S L B A i Y Dl 2B/ 3 5
RPN A B R R RO S VEAT Y 6 R Y I AL 2 R R0 A B A A AR
HrE VRS R AE TR E & Ol A R, ik B 18% i T3 E R 8% HHAE K AR
H kit e P, T BEAR A I 1] A RE WL IR, JIT LA, 45 TR0 0 P 8 3k i v, I A e 3 T o o v
H16952.5 ng- L™, Ll ZR/INiG AT Hhie i Bt i 4 1600 ng - L' T e i AE 2@ T A B L2 KIT A
F1RBRIT) PN B, A2 AU il ) P 25 8 48 00 KB $2 0, oA HH 3R A 809% LA L, e B A
nd—1508.3 ng- L™ Z [RLULAN , 20N 1w ik Jiie 2 B A 28 Rk Jli 14 3 2t A R de i Wk 38 845 ng - L7 A
3900 ng- L™, Hi AR M2 A 20Uk FE O 25 7l BE S5 SR AL 3 & SR UK P JR 8 A 54, R 2R F A ) MK
FIE 68 F7 0 DAY i ORI R i v 576 00 38 e g S o A 3%, U0 A 33 90 X 95 7K HIE i S JHL BT 7 el e 2%
P 22 e 3 (v e 0 B i R T e 1 A0 A3 5 ok e A Y A 8 3 24 R0, B 2 40 AT S i e AR AL
] A2 2 BT 4R YT B 22 55 6 AR7AT S H AR GE 4 2T H R I ) e v R B e 2 R s A i 2 B A
F, HWEAE nd—2000 ng- L7 2Z (8] 7 5 Kk B A H, B BT T A U5 YA X I, S e
H}1303 ng- L7 JESEEA 3 4%, FEE A 15 A5 R, Pl BT & & FRA P A 2 il R R pE
ESCP LIPS

2 JKIFEFTEZEH)YT#E (Fate of antibiotics in water)
2.1 KA HhUAE Z ORI SRR

IKIRBE AR RN E 1 s, A & & SR 5 AR - 3858 bl A 3=, A DR o1k
NS T, 2250V —5E H A REAIE 2R R PR HE A FREE , o A RIS AR 3R 303 S AR AN T 1T 7
ANV A A 15 K ELEEHERCTICALBE | 1 S 4330 T V5 7K 5 i 2 2 K — e ik A5 K Ab B ) /N Ak A
e R TSR KA BT X B A B L BRECRAR, K i p A RS K K AR K, B
P XA V5 KA 5 Rl A R R BRRCRISY , K BUR B/ A T A R e R
TERIUTH AR E B BN REA S5 B TEAF A B Be L R 40% 221
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&3 ENIMNTR PSR KF (ng- L)

Table 3  Antibiotics concentrations in rivers in China and other countries(ng-L™")

IR T IES T e it SNBSS W A R 2 U F Z:7% Sk
Rivers Sulfonamides Sulfadimidines Macrolides Fluoroquinolones  Tetracyclines References
Kyt nd—219 — 0.05—45.4 nd—14.2 nd—22.5 [23]
KILE KB <5—23 6—8 — <5—74 <5 [24]
KICAMEH 4.2—765 — — — — [19]
] nd—68 — nd—91 nd—327 — [25]
BRIT nd—1080 — 0.26—2260 nd—174 nd [26]
BRITBL ERYLIT nd—208.73 — nd—133.4 nd—4.85 — [26]
A nd—1508.3 — nd—1896.0 nd—70.9 — [26]
WLIEI nd—189.51 — nd—76.4 nd—7.06 — [26]
KT nd—91 nd—127 nd—198 nd—280 ud—137 [27]
KL ] nd—173.2 18.1—121 — — — [18]
TE ] nd—397.7 — nd—352.1 3.1—16952.5 1.6—3320.3 [28]
INTE TR nd—845 1.88—3900 2.18—84.9 nd—1600 — [29]
H nd—137.9 — — nd—182.7 nd—9.8 [30-31]
A Z I nd—47.5 — nd—1900 nd—634 nd—313 [20]
] A7k 39 nd—7.1 — nd—6.7 nd—3.1 nd—7.5 [32]
ES/ & ]| nd—5.5 — nd—6.7 nd—2.8 nd—6.1 [32]
KBTI nd—478 64—208 14—23 14—474 nd—4720 [33]
B 15E) BRI nd—27.51 — nd—49.18 — — [34]
SHIT nd—12.13 — nd—18.63 — — [34]
KR nd—3.48 — nd—19.76 — — [34]
T nd—7.78 — nd—4.52 — — [34]
L nd—623.27 — 0.13—9.93 nd nd—113.89 [35]
JUeiL 7k 39 nd—477.52 — — — nd—214.25 [36]
FK nd—40.18 — — — nd—37.58 [36]
(G SRR nd—106 nd—-484 — nd—119 — [37]
B A220 6 453 nd—2000 nd—150 nd—350 nd—1300 — [38]
H A 4 259 nd—6.6 0.09—0.34 — — — [39]
FEYH ] 23—544 0—45 — 0—163 — [40]
WA ] 1—35%6 — — — — [41]
§§§;§ nd — — nd—120 — [3]

e ond: KKH nd:notdetected ; — : A,

T B R AW AT FR L G 5 7K A B it DR 466 K 22 3R A IR K 04 BB HE AR oy, o DL )75
K B DR DR A B i 2 I K R DR PR it FH e A% B RS iR AR TR B R AR I T A 20%
) 2 7K 28 3ok — e ] R 1) AR A 3 B D0 Tt 19 A 3, SR T 3 26 4 B 7 O AN B AT AL R B AR LA,
SR E GO K FRFE A Rl BT AE AT A HE | anAs T8 R DA JCAE 1k Ja 5 R AT TR IR EFE A
PRA I AARRFEENS (0 FIAT T AR 5 K AR R B A K P2 F2 58 X, %t 7K i Al B
Feig g, A K BT BAMGETE R TR B, ISRl A B e 5 A 7K T FnE /K
A B e HE AR G K HE R A Ty e A -4, - e AR 2R R M R AR RS e R A 2R K D
R K, AR RS, B A KRB 4L S 165
2.2 KIS RRUAE R AL
22,1 ARAEYHAL

Pk R AR YA =B WO K RG4S 3 Ah oy PR R A KIS |, 5 K SR R
TUBU 5 A 0 A= W BV R 60 5 0 B o S0 5 b 2 M o K Ak rh o o A LR S5 4, HLfE
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G RK PR T A2 3R (BRI ) | s RET AN 3k R FE5F 5K P s MBI 4 & 4, NI AR S
TEAH (AW B ) SER R KARAK R T4 20 min JBORLH 0Bt Az 28 W% BB, W MR AN 23 10 min
FEI B, 30 min Ji W BT AN AR WIS BIURSE , 2 b P4, IR E0 WL RRFEE AT 182 B it AR B/ MU < SRR
> LT D B > B0 T 38 > VY 4 W > i P IR > 3 i O > g e P e 7

i i HBRyAER
eI 3 R AR = >
Phannaceijizlj;};ntifoftk?cj\i’astewater Medical antibiotic Veterinary antibiotics
AH Lt NGE
Human use Livestock Aquaculture
15K A3 FfH PRIK £
Sewage treatment plant Feces urine Soil
' i}
KR Hiek Mk
Sediment Surface water Underground
[/4;:Pi8

Drinking water

B 1 kBRI AERTERIER

Fig.1 Antibiotic migration pathway in water environment

IK A B R AE K PR v B R A 2, R R i 0 B R B R pH(EL 9T e B e 2 R K
WNBRZEHTAE RLE pH 7 MFREE T I TEAR HOK IR 2218, B INIERE S JL-T-ZEARA0] pH 2504 T B A R AR AR
PR PURR R I A R AR AR AL pH R B A W B 22 53 R B (TR AR TR 3R 858 i 7K A ok
fEEALH T A —E 22

AR RZ K i A R AR 2 0 SN — DU o B F R O 0M Bt R hiE R
RO F SEATREAR ; [RIE2CAR IR SR A P R Gy o, Qi R 465 2 R A R , 7 PHOG IR T 2577 E
FEHT, I -OH A0, RSP IO TR , 51 A P4 3 R A A2 RN AR 5 % BB T A5 R [ 1
SO 2R AR AR G X OB R ST, R IO R R e RS B 2 = RIBA R &5 T 403k 5.87
10.98 ,19.04 min , ZEA7EBIR AL = 400 T DUBR R AR K | B A o R A5 18 Razue 55 R R T
SETEVIRYRE A 60 mgo L' pH M 3.5.7 WIS T, YCRRMIIFT G — G5 o) 120
2.2.2 WAL

AR K IR ST b A R A, Ho R KA e RE  BIR IR E A L
THUEFWE DR K T A A A0 T B R 15 1B N T &Y, &5 eh
CO, M H,0'™ . E A2 il B S 50 & 0, T8 3 G 7 21 d IWAEWIRE R R 25% , T [RIRE S5 fF T H
SES g WA W RSk A T A AN BE B AR A ) AT SRR AT B 2 ] P s Y R 3R g R i A 40 e
Tohi A, TOAESE T R N U BRI 5 I A 75 V8 T B R R A R AR A %, T RE R B T
IKIABEH I A4 Huang 2570 B 98 & 0K I8 N R 26 TN B- PN BRI S b A R LU SR R e e 28 btk
BRI T T S 9 B L R 1) AR e Ak

3 KK AEEZENEERXEE T ( Hazard and risk assessment of antibiotics in water)
3.1 PiAERMGEEFE
3.1 XPKAAMIR R
H Al K 5E R AT A R XK AR A BAT BR800, i i 226 A Rtk s, A3 20% 19
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P R B A W (EC, CEBU M E ) <1 mg- L"), 6% WPt 4= R XF /K F A Bl (EC,, <
0.1 mg-L™") 29 1/3 Hil ZxH a2 BA @ E (ECy, <1 mg-L™") ,50% L b4k ZExia 284 bk (EC,, <
10 mg- L") P/ BUAR 7K A A K A A AR B B A R A N &= A i AR A, S 45 B A Kk B
WP RO I i i A2 E A AR, R vk B oA R A M HIEH , SRR ANV BRI N
70 mg- L™ 28.7 mg- L™ i, X W0 T Jis B A B 1) 383 31 47 80.89% 1 50% . Ph b4 25 2% 3 3ok 45 L 0 B2 XoF
PRI EEPE SC ISR YR R R 3 A YREE/NT 5 me- LTV E SR ATY I (MDA) TR, S ALY
IE AL (SOD) 16 PR B , W KT 25 mg- LA SREEN —8E LT, SR Bk A 3 25 mg- 17",
B AR P A A7 3] 4R LA

3.1.2 X AR

TR R FHAK AL B T X0 2 L BRalcRe EL ik, ok R R r= ) 23 5 Bl KR K 3 AR B8,
SRR FEARMG AR B TROF S BRI AR e 0 i ELbi AR 28 Rl ok 2 el e 4 , % A M i B 7 7 S . 1 AR
R FE BT AE AT AR TC T 4015, (0 25 5 R i SV R AN 2 B FH A 2 0] g 3 30 — 307 E . Kiimmerer
SOV R B B N BB T 5k A M SO N, PR R I B B MR, PUIA 2
JLEE V5 % B Bullman S %V BFFE A& BHTAE F 254 FF A ksl ( 3222 TR 7 PRIGE | THTEE | ik e
S ) i 20 LA A 2 AR A A VT i LA B S R I R ) B SR T AR 28 %60 9 240 L EL AT et 7 IR 2 % IE
BRI RILE AN S A A TR AR S
3.1.3 AU A

Pk Z ARG ASAE X K A A AR = A s i L 5 AN K A TR B AR R IR
1 I Ve 71145 F i 0 1 AT e W %=1 L 11 s A o a3 14 3 WD ORA S0 B - W R Y M ES A B e
A T K A ARG I 2 g A R B R AR, Luo 251 il XK AR AR (O AIE 5, R PR T 4 Fsk
i ATPESE R 7 ZEDUSRFE BT SR, ELUTRR Y h k2 IR R7K 3R 58 P 1) 120—2000 5. Su 251 58 i
X ARVLIR A5, 2 BRAE 38 A RAE s b, 7 AL T 25 1k °89. 1% , Xof 3 AP LA EdiA: R HA T 25 9 o
87.5%.Zhang %' TR HER R K 3R GUB AT H T sull | sul2 (FEREZE) (tet O tet Q tet X
(VURRZEZR) &5 5 FhpioE D, H & B0 SR A P e 1k 3 PR 5 s A A 1 2—3 3%, (ELAM it 40 3 TR
FEIREE Pk B st TR S K, TR Tl R BUIE AR S5 51 Oluyege 251 it 2 H I IV 78 7 b IX b R 7K o
& 2% [CBAPE LR ST , B 10% RO TN 4 FlL L bl 2 B B2tk o se 4y i 25 P 3L R 4 4
Bt B Ry — Tl B s ).

3.2 PUAEREKE AL

H T3 B A R R, Bl S 4 i XU A D7, R 22 2R FE o RILXURS: B0 e ) DRSS
{H(RQs) BFEIEAE T BIZRQs =MEC/PNEC 2 . MEC /K Fpp s i KB ng - 7' ; PNEC Ry T
D TCARH FE g Lo 1 SRAT- A0 43 KU S5, RQ (E R 4324 4 15549 RQs<0.01 ( TEAUE ) 50.01<RQs<
0.1 (IR ) 0. T<RQs<T (HTXUES ) RQs> 1 (XU ) FR EIFS /-l i b R RQs (H L3R 4.

2% 4 vl P RAEAR RN A RS 45 5, SMX L VEX A CIP 45 3 Rt A AR 7 250 RQs {H
BIRT 1 Jym AR, AR 3 A Az X 7 A% TRT U0 Hh AH R A4 7K 2B A= T B R0 i B 1 U 5 1T AZM
FTMP JLAF-JoA: 725 AU H: i v v XURS: L8R 60% , 370 &2 RQs (B f i, A 451.3, RN Vb 2
FE VD B 505 R 78 F165.51 , /N Il IR0 Bt S T 21 5 2R AR 25 MBS e, RQs (B A3 310 142 1 215,
FHEEIX 3 A5 RAL I BRVT B VL LRI RQs {H- 530 G, Bk 2 U vl BB /IN. th ] WL, oA R ik
TR RQs [HA—E = , BN RBAX AT AR 220 B 2 AR VA L IXURS: /Dy, LA 3 JRURS: 374k Ay Bk 2
i, TOvk A AR R PEAL B RTRT IR NS | S SRS R RS K AR 0 26 B XU BEA | 2
BB USRS Y, R R A B4 T a0 SSD S5 E— 25 KUK DA .

4 #5121 ( Conclusion and suggestions)

KEEDUAER A RE 2013 FFREGA R0 G EIL 16 T, Ay H &2 & ik E K
s 2 AL L IR EYUAE R E R IACE D AR PGERLL B L S A R IR 2 P8 A A R
1E, Byt RTEAS PRI o34 )iz, MR oK Rk EE B K R I P ZFTE, HE2ORIE T
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BT RN E 8 IR A, A B & 3k I R 3R I M 3R K T Gl A X A B G b 3R T T A R OE YR
303 ng- L™ JEEEM 3 45 MEE R 15 75 BARBUAE RAEKIMK T ZAET ng Z, (A FHX AR FIIK A R P
AN )RR B R RO, 755 7™ A A e R TR S — o AL Vs e ) © 8 R A 9 RS B AR R AE T
VA /N T FIEERT T RQs (B8, X0 A 25 T A 2 B g, T AL Y] RV BV VL JL R VL A 2 XU
LERSEZ U

R4 FREBATHRBIAE RQs 18

Table 4 RQs of antibiotics in typical rivers in China

BUAE% Antibiotics PrBes : — ‘ e —
(ng-L7) KIALWH NEW HRIT. e P N 3 T HIIT
T iz H W e (SMIZ) 195201 %! — — 0.017 0.032 0.006 0.022 0.04
Jliz W I (SDZ) 2200167 — 0.001 0.153 0.018 0.019 0.136 0.145
Tk} R I ( SMIX) 27(68] 3.37 31.3 7.148 2.046 5.185 36.67 2.159
TLRLER (CTM) 260 — 3.67 — — — - —
Fi[ 255 % ( AZM) >1200001 7 — 0.001 — — - - —
AP ZE(0TC) 210007 0.132 — — 0.004 0.013 0.002 0.022
MR £ (NOR) 103.87 13.3 — 2.418 — 65.51 — 0.586
NV E (CIP) 50731 13 11.3 — — 78 40 —
ORI R (VFX) 11.3[71 24.8 142 9.558 — 451.3 21.24 —
PP &R0 S W IE ('TMP) 16000°7] 0.008 0.238 — 0.004 0.007 0.016 —
B % (RTM) 10017 1.98 0.218 1.69 0.099 6.3 39 —
LLFGE (ETM) 201! — 4.25 31.8 7.5 215 —
275 SCHk [27] [29] [76] [46] [77] [33] [78]

T — JORUE R,

WRAE HRTHTA: KPR 15 BB BUR, 32 U T . (1) FFEHTAE R A HK AR BB g
FEEMEAR R A BB E ARG B T M b 58, S fT2E R B BRR (2) IRAWTFEHUAE R
WeEfigr B AT R SigE 70, IR figt 7 0 0 BRI BRI R WA Bt A R 5 PR A B IV R B A AR (3) Pl i A %
9, A 1R PR T R ER B IR X BT AR A AT ISk b PR A 305 s IR AT D 26 P 40 1R
OI AR REANTS G K- | S BT 24 M2 T HEOR v , AR SR 2 1 A L BRI TR A T B BOR 507 k. (4) B
SRR A K PRI i s e WA K IR T 2 395 Gk s stk [ ROK T PERIs gk
BRAK B A% A B IRET

2% 3Lk ( References)

[ 1] BMR, RO, S, 4F REFRST P4 TER e R B R AR E [)]. FREIL2E, 2015, 34(5) . 875-883.
GE L K,REN H L, LU J J,et al. Occurrence of antibiotics and corresponding resistance genes in the environment of China []J].
Environmental Chemistry,2015,34(5) :875-883(in Chinese).

[2] w5k FREERERARAIK Pl R 15 R BUR AEREE AT [ 1], BR5E SRR, 2015, 32(2): 173-178.

YE B X, ZHANG L. Analysis of the current situation and health effects of antibiotics in environmental water and drinking water [ J].
Journal of Environment and Health, 2015, 32(2) : 173-178(in Chinese).

[ 3] KIMOSOP S J, GETENGA Z M, Orata F, et al. Residue levels and discharge loads of antibiotics in waslewaler treatment plants
(WWTPs) , hospital lagoons, and rivers within Lake Victoria Basin, Kenya [ J]. Environmental Monitoring and Assessment, 2016, 188
(9): 532.

[4] #RbgAe A WG, 45 NS 5 & YR Kbt R BOIRBLT [J]. P E AT, 2010,26 (1) :93-95.

LIN X H,LIY Y, HE J Y, et al. Analysis on hormone and antibiotic residues in partial livestock and poultry meat in guangzhou [ J].Chin.
J of PHM, 2010,26 (1) :93-95(in Chinese).

[5] BHR, 2 AR, G T IMIRP is JeR O 2 (1], DA R4S, 2007,17(12) ¢ 2288-2290.

MAO X W, LIY Y, LIN X H, et al. Investigation on pollution to aquatic products in guangzhou [ J]. Chinese Journal of Health Laboratory
Technology, 2007,17(12) ; 2288-2290. (in Chinese) .

(6] M, ™, i, & AT A K7 E YR H X5 KA B rh i FnaiE [J]. RS, 2014, 35(5) : 1817-1823.
GAN X M, YAN Q, GAO X, et al. Occurrence and fate of typical antibiotics in a wastewater treatment plant in southwest china[J].
Environmental Science, 2014, 35(5) : 1817-1823(in Chinese).



1498 B2 5% 1k 2 37 %
[7] EemH, B, soR. SR 2 ALREFRY 2R B4 ap 2Ry [J]. R8T (), 2015 (8)

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

31-33.

BITT, ZHAO H Y, ZHANG S L. Acute toxicity experience to goldfish of ofloxacin, norfloxacin lactate and enrofloxacin [ J]. Farm
Products Processing, 2015 (8) : 31-33(in Chinese).

XU J, XU Y, WANG H, et al. Occurrence of antibiotics and antibiotic resistance genes in a sewage treatment plant and its effluent-
receiving river[ J]. Chemosphere, 2015, 119, 1379-1385.

XIWEHE , T8, b, 48 A AR AL Ttk XU [1]. #7kHK ,2015,45(12) : 116-121.

LIU X H, WANG W L,GUO X C et al. Occurrence, toxicity and risks of antibiotics in water [ J]. Water & Wastewater Engineering, 2015,
45(12) :116-121(in Chinese).

FRICHR , J A HLA R AR, GF &AM AR (1], BERE ST, 2007, 24(1) : 23-27.

ZHENGY L, ZHOU Z J. The root of abuse of antibiotics, harm and rational use of the strategy [ J]. Hospital, 2007, 24(1) . 23-27(in
Chinese) .

ZHANG Q Q, YING G G, PAN C G, et al. A comprehensive evaluation of antibiotics emission and fate in the river basins of china; source
analysis, multimedia modeling, and linkage to bacterial resistence [ J]. Environmental & Technology, 2015.49(11) ;6772-6782.

Wi, ARPE, BISEI A 3R E SR R PO R R R SR (1], thEE S Bk 2013,30(2) 128-130.

HU Y, BAI J G, HUX M, et al. Exploring on the status,reasons and countermeasures of antibiotics abuse [ J]. Chinese Journal of Social
Medicine, 2013,30(2)128-130(in Chinese).

JBE Ay, 25 KRHT FRED LR BT A R IRAE T BT [C]. dest: spE 2% 22010,

Gu X F, WANG Y, ZHENG Y. Status and reform countermeasures study of antibiotics abuse on children in.Ghina[ C]. Beijing: Chinese
Pharmaceutical Association, 2010(in Chinese).

Bhger W EBUEZ MM [D]. Mt M PR R ,2012.1-39.

FAN T T. The regulation research of antibiotic abuse in china [ D]. Nanjing: Nanjing University of Chinese Medicine, 2012:1-39 (in
Chinese) .

E R BRI PINRIE TG 9 FPUER TS Y ARFAE [ D], 8 2Rl RS, 2012 1-37.

WANG Y. Pollution distribution characteristics of 9 antibiotics in the source of drinking water and sewage for parts of Anhui area [ D].
Anhui; Anhui Agricultural University, 2012;1-37(in Chinese).

BRI, RER 22 RN, 5 T Bl S R KOK SR e A BB BERRIE [ ], /KBTI, 2016,32(3) :84-88.

HU G J, CHEN S L, MU S, et al. Characteristics of concentrations of antibiotics in typical drinking water sources in a city in Jiangsu
province [ J]. Water Resources Protection, 2016,32(3) ;:84-88(in Chinese).

BT, FME. UPLC-ESI-MS/MS i [N Ay 7 Rigiag [ 1], PSRl EH S £ ,2009,21(3) :37-40.

ZHANG C, HU G J, SUN C. Simultaneous analysis of 7 antibiotics in water by ultra performance liquid chromatography-electrospray
ionizatio-tandem mass spectrometry [ J]. ThesAdministration and Technique of Environmental Monitoring, 2009, 21 (3):37-40 (in
Chinese) .

JIA A, HU J, WU X, et al. Occurrence, source apportionment of sulfonamides and their metabolites in Liaodong Bay and the adjacent,
Liao River basin, North China [ J]«Environ Toxicol Chem, 2011,30;1252-1260.

CHANG X, MEYER MT, LIU X, et al. Determination of antibiotics in sewage from hospitals, nursery and slaughter house, wastewater
treatment plant and source water in:Chongging region of Three Gorge Reservoir in China [J]. Environ Pollut,2010,158 . 1444-1450.
MINH T B, LEUNG H W, T.OI I H, et al. Antibiotics in the Hong Kong metropolitan area; ubiquitous distribution and fate in Victoria
Harbour [ J]. Mar Pollut Bull, 2009,58:1052-1062.

HU X G,/ZHOU Q X, LUO Y. Occurrence and sourceanalysis of typical veterinary antibiotics in manure, soil, vegetables and groundwater
from organic vegetablebases, northern China [ J]. Environmental Pollution. 2010.158(9) :2992-2998.

ZHOU L], YING G G, LIU S, et al. Simultaneous determination of human and veterinary antibiotics in various environmental matrices by
rapid resolution liquid chromatography-electrospray ionization tandem mass spectrometry [ J]. Journal of Chromatography A, 2012,1244.
123-138.

YAN C, YANG Y, ZHOU J, et al. Antibiotics in the surface water of the Yangize Estuary: Occurrence, distribution and risk assessment
[J]. Environmental Pollution, 2013, 175; 22-29.

LI W, SHI'Y, GAO L, et al. Occurrence of antibiotics in water, sediments, aquatic plant, and animals from Baiyangdian Lake in North
China [ J]. Chemosphere, 2012,89,307-1315.

XU W, ZHANG G, ZOU S, et al. A preliminary investigation on the occurrence and distribution of antibiotics in the Yellow River and its
tributaries, China[ J]. Water Environment Research, 2009, 81(3) ; 248-254.

YANG J F, YING G G, ZHAO J L, et al. Spatial and seasonal distribution of selected antibiotics in surface waters of the Pearl Rivers,
China [J]. Journal of Environmental Science and Health Part B, 2011,46.272-280.

QIN Y W, ZHANG L, SHI Y, et al. Contamination characteristics and ecological risk assessment of typical antibiotics in surface water of
the Daliao River, China [ J]. Research of Environmental Sciences, 2015,28(3) :361-368.

GAO L, LI X, ZHANG Y, et al. Research on pollution characteristics of antibiotics in Qinghe River in Beijing [ J]. Ecological Science,
2014,33(1) : 83-92.

25, SRERAN , A, A5 N AT 2R TS Y A RRAE S A S U AL [T]. Ol BR324 40, 2016,35(7) :1384-1391.

LI J, ZHANG R J, WANG R M, et al. Distribution characteristics and ecological risk assessment of antibiotic pollution in Xiaoging River



7

5 FEI R A  F K PRI P AR BRI 0 B XU Al W 5 i 1499

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

watershed [ J]. Journal of Agro-Environment Science, 2016,35(7) :1384-1391(in Chinese) .

FERR , Writgale, st b, 55 ST TR K DU SR 2R 2625035 Y BUR BORR AT [J]. Bl R %241, 2013,40(6) : 1043-1048.
TANG J, CHEN HY, SHI T Z, et al. Occurrence of quinolones and tetracyclines antibiotics in the aquatic environment of Chaohu Lake
[J]. Journal ofAnhui Agricultural University, 2013,40(6) ; 1043-1048(in Chinese).

FEAR AT, TR S S IR R A R R B IR T [J]. T SRR, 2014, 14(4) :334-338.

TANG J, ZHANG F H, WANG C C, et al. Analysis of Residues of Sulfonamide in Chaohu and Into Lake [ J]. Journal of Safety and
Environment, 2014,14(4) :334-338(in Chinese).

LUO Y, XU L, RYSZ M, et al. Occurrence and transport of tetracycline, sulfonamide, quinolone, and macrolide antibiotics in the Haihe
River Basin, China [J]. Environmental Science & Technology, 2011,45(5) ;1827-1833.

RIBER, aRke, AR5, S RIS KB A: 5 R E 0T 5 AR S KU P (1], 3R8ERM, 2016, 37(12) : 4596-4604.

WU X Y, ZHOU H, ZHU R, et al. Occurrence, Distribution and ecological risk of antibiotics in surface water of the Gonghu Bay, Taihu
Lake [ J]. Environmental Science, 2016, 37(12) : 4596-4604(in Chinese) .

ZHENG Q, ZHANG R, WANG Y, et al. Occurrence and distribution of antibiotics in the Beibu Gulf, China: impacts of river discharge
and aquaculture activities| J ]. Marine Environmental Research, 2012, 78 26-33.

JIANG L, HU X.L, YIN D Q,et al. Occurrence, distribution and seasonal variation of antibiotics in the Huangpu-River, Shanghai, China
[J]. Chemosphere 2011,82, 822—828.

ZHANG D D, LIN L F, LUO Z X, et al. Occurrence of selected antibiotics in Jiulongjiang River in various seasons, South China [J].
Journal of Environmental Monitoring, 2011,13(7) ; 1953-1960.

LOCATELLI M A F, SODRE F F, JARDIM W F. Determination of antibiotics in Brazilian surface waters using liquid chromatography-
electrospray tandem mass spectrometry[ J]. Archives of Environmental Contamination and Toxicology, 2011, 60(3) : 385-393.
WATKINSON A J, MURBY E J, KOLPIN D W, et al. The occurrence of antibiotics in an urban watershed ; From wastewater to drinking
water[ J]. Science of the Total Environment, 2009, 407(8) ; 2711-2723.

SHIMIZU A, TAKADA H, KOIKE T, et al. Ubiquitous occurrence of sulfonamides in tropical asian waters[ J]. Science of the Total
Environment, 2013, 452. 108-115.

TAMTAM F, MERCIER F, LEBOT B, et al. Occurrence and fate of antibiotics in the Seine River in various hydrological conditions[ J].
Science of the Total Environment, 2008, 393(1) ; 84-95.

GARCIA-GALAN M J, DIAZ-CRUZ M S, BARCELO D. Occurrence of sulfonamide residues along the Ebro river basin: removal in
wastewater treatment plants and environmental impact assessment[.J ]. Environment International, 2011, 37(2) . 462-473.

GUO R, WANG S J, CHANG S, et al. Distribution characteristics\of antibiotics in Jiaxing drinking water source and Uran River []J].
Environmental Chemistry,2016,35(9) :1842-1852.

i 75968, AT, SR, 45 ) AR M AR I K 57 B DX DA R A e SIS 24 ) Y R B R RO A B g B KU BT [T]. BRI R,
2014,35(7) :2728-2735.

HE X T, WANG Q, NIE X P, et al. Residues and health risk assessment of sulfonamides in sediment and fish from typical marine
aquaculture regions of Guangdong Province, China [J]. Environmental Science, 2014,35(7) :2728-2735(in Chinese).

FOK P, 5 L REE A AR PR T AE XU S T e ()], EEREE 54K 2007,30(3) 1 108-111.

WANG B, SUN C, HU.G J. The potential risk of antibiotic residues in environment and its research progress [ J]. Environmental Science &
Technology, 2007,30(3) :108-111(in Chinese) .

Eidg. 15K s EPTE R LR SR EAHE [D]. MR B/RE LIRS, 2012,

BAI Y. The Removal efficiency and residual characteristics of sulfonamide antibiotics in sewage treatment plants [ D]. Harbin; Harbin
Engineering University, 2012(in Chinese) .

FARS AL PUAE RAEA T FRIE T IR FRAE M ()R 3R (0], KR ), 2006,33(5) :217-221.

HU M H. Applicationy; problems and countermeasures of antibiotics in aquaculture [ J]. Fisheries Science &Technology Information, 2006,
33(5):217-221(in Chinese).

ZHU Q Q, ZHAO P, ZHANG H W, et al. Adsorption of antibiotics on the surface of aquatic particles [ J]. Acta Scientiae Circumstantiae,
2014,34(5) ; 1150-1156.

VOLMER D A, HUI J P. Study of erythromycin decomposition products in aqueous solution by solid-phase microextraction liquid
chromatography/ tandem mass spectrometry [ J]. Rapid Commun Mass Spectrom, 1998,12(3) :123-129.

KEITH A L, CRAIG D A, MICHAEL T M, et al. Effects of ionic strength, temperature, and pH on degradation of selected antibiotics [ J].
Environ Qual, 2008,37. 378-386.

NIKOLAOU A, MERIC S, FATTA D. Occurrence patterns of Pharmaceuticals in water and waste water environments [ J]. Analytical and
Bioanalytical Chemistry, 2007,387:1225-1234.

A R AR, S K AR I AYAEAFDEIE T reRefR [J]. B TR, 2012,6(8) :2465-2469.

HU X X, CHEN Y, NIE Y L, et al. Photodegradation of tetracyclines compound in aqueous solutio under different light irradiation [ J].
Chinese Journal of Environmental Engineering, 2012,6(8) :2465-2469 (in Chinese).

RAZUC M, GARRIDO M, CARO Y S, et al. Hybrid hard and soft-modeling of spectrophotometric data for monitoring of ciprofloxacin and
its main photodegradation products at different pH values [ J]. Spectrochimica Acta Part A: Molecular and Biomolecular Spectroscopy,
2013,106:146-154.

XIS, 8 WR/INTE S PO R AR ET P BT STIEIE [J]. SR 250k, 2000,30(3) : 89-94.



1500

7 A 14

pS

37 %

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

[77]

[78]

LIU W, WANG H, CHEN X ], et al. Progress on ovine theileriosis and genetically engineered vaccine in China [ J]. Progress in Veterinary
Medicine, 2009,30(3) : 89-94(in Chinese).

UNKER T, ALEXY R, KNACKER T, et al. Biodegradability of C-14-labeled antibiotics in a modified laboratory scale sewage treatment
plant at environmentally relevant concentrations [ J]. Environmental Science&Technology, 2006,40( 1) :318-324.

TEAT T, A, SR TR A IR AR M- e S RO €05 vk [ B s K A e Y 10 RSB R ()], FRBERL,2012,33(2) :652-657.
HONG L J, SHI L, ZHANG Y L, et al. Simultaneous determination of 10 sulfonamide antibiotics in water by solid-phase extraction and
high performance liquid chromatography [ J]. Environmental Science, 2012,33(2) :652-657(in Chinese) .

HUANG C H, RENEW ] E, SMEBY K L, et al. Assessment of potential antibiotic contaminants in water and preliminary occurrence
analysis [ J]. Water Res Update, 2001,120,30- 40.

SANDERSON H, BRAIN R A, JOHNSON D J, et al. Toxicity classification and evaluation of four pharmaceuticals classes: Antibiotics,
antineoplastics, cardiovascular, and sex hormones [ J]. Toxicology, 2004,203; 27-40.

NS, B 2 XBYCR, A TR T S B A 20 OB R S TR AN A AT [T]. HREERH# 543, 2014,39(5) :46-48.

LIAN P, GE L Y, DENG H H, et al. Toxic effects of two quinolone antibiotics on platymonassubcordiformis [ J]. Environmental Science
And Management, 2014,39(5) :46-48(in Chinese) .

Vbt ER e R A DUAE RGN XA R [J]. AT IR, 2015,15(4) :380-385.

SHEN H Y, CHAO Z H, ZHAO Y, et al. Toxicity effect of norfloxacin on koi [ J]. Journal of Safety and Envitonment, 2015,15(4) :380-
385(in Chinese).

KUMMERER K. Antibiotics in the aquatic environment-A review-Part I [ J]. Chemosphere, 2009, 75(4) ; 417-434.

BULLMAN S, PEDAMALLU C S, SICINSKA E, et al. Analysis of fusobacterium persistence and antibiotie-résponse in colorectal cancer
[J]. Science, 2017, 358(6369) ; 1443-1448.

LUO Y, MAO D Q, RYSZ M, et al. Trends in antibiotic resistance genes occurrence in| the Haihe River, China [ J]. Environmental
Science&Technology, 2010,44(19) :7220-7225

SU H C, YING G G, TAO R, et al. Class 1 and 2 integrons, sul resistance genes and antibioti¢ resistance in Escherichia coli isolated from
Dongjiang River, South China [ J]. Environ Pollut, 2012,169 :42-49.

ZHANG Y, SNOW D D, PARKER D, et al. Intracellular and extracellular antimicrobial resistance genes in the sludge of livestock waste
management structures [ J]. Environmental Science&Technology,2013,47 . 10206-10213.

OLUYEGE J O, DADA A C, ODEYEMI A T. Incidence of multiple antibiotic resistant gram-negative bacteria isolated from surface and
underground water sources in south western region of nigeria [J]+ Water Seience and Technology, 2009,59(10) :1929- 1934.

BIALK -BIELINSKA A, STOLTE S, ARNING J, et al. Ecotoxicity, evaluation of selected sulfonamides [ J]. Chemosphere, 2011,85;
928-933.
EGUCHI K, NAGASE H, OZAWA M, et al. Evaluation of antimicrobial agents for veterinary use in the ecotoxicity test using microalgae
[J]. Chemosphere, 2004 ,57.1733-1738.
FERRATI B, MONS R, VOLLAT B, et al. Environmental risk assessment of six human pharmaceuticals; are the current environmental risk
assessment procedures sufficient for the/protection of the aquatic environment [ J]. Environ Toxicol Chem, 2004 ,23;1344-1354.

ISIDORI M, LAVORGNA M, NARDELLI A, et al. Toxic and genotoxic evaluation of six antibiotics on non -target organisms [ J]. Sci Total
Environ, 2005,346.87-98.

FDA CDER. Retrospective review of ecotoxicity data submitted in environmental assessessments ( Docket no. 96N-0057) [S]. FDA Center
for Drug Evaluation and Research, Rockville,1996,MD, USA.

ZOUNKOVA R, KLIMESOVA Z, NEPEJCHALOVA L, et al. Complex evaluation of ecotoxicity and genotoxicity of antimicrobials
oxytetracycline and flumequine used in aquaculture [ J]. Environ Toxicol Chem, 2011,30;1184-1189.

BACKHAUS T, SCHOLZE M, GRIMME LH. The single substance and mixture toxicity of quinolones to the bioluminescent bacterium
Vibrio fischeri [ J]. Aquat Toxicol, 2000,49.49-61.

HALLING-SORENSEN B, LUTZHOFT H CH, ANDERSEN HR, et al. Environmental risk assessment of antibiotics: comparison of
mecillinam , trimethoprimand ciprofloxacin [ J]. Antimicrob Chemother, 2000,46;53-58.

LUTZHOFT H CH, HALLING -SORENSEN B, JORGENSEN SE. Algal toxicity of antibacterial agents applied in Danish fish farming [J].
Arch Environ Contam Toxicol, 1999,36. 1-6.
YANG L H, YING G G,SU H C, et al. Growth -inhibiting effects of 12 antibacterial agents and their mixtures on the freshwater microalga
Pseudokirchneriella subcapitata [ J]. Environ Toxicol Chem, 2008,27.1201-1208.
XU W, ZHANG G, ZOU S, et al. Determination of selected antibiotics in the Victoria Harbour and the Pearl River, South China using high
-performance liquid chromatography -electrospray ionization tandem mass spectrometry [ J]. Environ Pollut, 2007 ,145.672-679.
Z0U S, XU W, ZHANG R, et al. Occurrence and distribution of antibiotics in coastal water of the Bohai Bay, China: Impacts of river
discharge and aquaculture activities [ J]. Environ Pollut, 2011,159,2913-2920.
ZHANG X, ZHANG D, ZHANG H, et al. Occurrence, distribution, And seasonal variation of estrogenic compounds and antibiotic residues
in Jiulongjiang River, South China [ J]. Environ Sci Pollut Res, 2012,19.1392-1404.





