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Contamination characteristics and ecological risk assessment of antibiotics in four typical Procambarus clarkii
aquaculture environments in Jiangsu Province, China

YU Jun—nan', FANG Hao"", HU Jian—lin', WANG Zhuang', DING Cheng—cheng’, YUAN He—zhong', WANG Se', CUI Yi—bin®

(1.School of Environmental Science and Engineering, Nanjing University of Information Science & Technology, Nanjing 210044, China;
2.Nanjing Institute of Environmental Sciences, Ministry of Ecology and Environment, Nanjing 210042, China)

Abstract: To study the occurrence and contamination by antibiotics in Procambarus clarkii aquaculture environments of the Jiangsu Prov-
ince, ultra—high performance liquid chromatography—tandem mass spectrometry (UPLC-MS/MS) was used to investigate the residues of an-
tibiotics in water and sediment samples of four typical ponds in Pukou and Xuyi Districts. A total of 14 antibiotics (including 4 macrolides,
2 tetracyclines, 4 quinolones, and 4 sulfonamides) were detected in this study. Antibiotics were presented in low concentrations except for
CTC, HCL, OFL, and AZI in the water samples of two ponds in the Pukou District(16.528~57.140 ng- L™ and 9.803~47.400 ng- L', respec-
tively). Correlation analysis between antibiotic concentrations and water—quality indexes showed that the degradation of antibiotics in the
water environment might be affected by water quality, such as eutrophication and organic pollution. A risk assessment for the antibiotics in
the aquaculture environments based on R() values was conducted, which posed no threat to the growth of zooplankton in the ecosystems.

For phytoplankton such as algae, there was a medium or high risk for several macrolides (SP, CTM) and the quinolone(OFL) antibiotics in
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the water samples (0.161<R(),<2.92) in the Pukou District. The ecological risk of targeted antibiotics in the Xuyi aquaculture environment

was generally low (R(.<0.181). Our results indicate that the pollution level of antibiotics in the Procambarus clarkii aquaculture environ-

ments of the Jiangsu Province (especially in the Xuyi District) is relatively low. However, there is still a certain extent of ecological risk in

these districts. Comprehensive measures of antibiotics control are recommended to preserve the aquaculture ecosystem.

Keywords: Jiangsu Province; Procambarus clarkii; antibiotics; contamination characteristics; ecological risk assessment
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TEFRFE X K FITTAR P v (R B2 KF- , 48 78 A3 A A
Fs Y BUAR , PEA FLVE AR XURS: , B 7E R 3R [ v [ i 2
WRFRFE X PUAE 22 ALk ol AR AL il B AR A

1 #MEETE

1.1 R

R A8 K 7 73 58 Hh e A= 22 00 T Y R0 AN 28 596 e
30 Fh HARPUAE R, 4048 MCs - BT 4555 2 (AZI) e 57
E(SP) P EER (CTM) FEkE K (CLD) ;TCs: -5
Z(0TC) . #h M 4% £ (CTC HCL) \#h R P 3K % (TC
HCL) H %+ 8 R (MC) R 18 K (DXC);LCs:
H % 2R GH4ER (PEN G) ; QNs: i P & (NOR) (PR IN
bR (CIP) (R R % 55 V0 & (LOM HCL) | B it v AL
(ENR) &KV (ENO) JFRERVD 2 (MBF) V3 V0 AL
(FLX) \E 70 5 (OFL) ; SAs: Z BEAs g (SAAM) | itk
JHEE AL I (SPD) ik g W8 i (SD ) ik i Y & s (SMIX)) Tk
i B e (SMTZ,) 4 FH st e (SB ) (T fr ) FFY 4 e
(SMM ) Tt Jiig FFY 480k 122 (SMP) it g E s (STZ) ik Jie
Ji7] = F A5 IE (SDX) it Jie 41 — HY A 1 g (SDM) | Tk
Jiie st F A WE (SMD) o 341 [ 2 [5] Sigma 23 7, 4 i
KT 98%.

IR . CIE T (00 4l ; W R L Wl IR — &
(KH.PO,) . Z -}V 2.8 — 81 (Na,EDTA) Jg o bl 5
HoA a0 A P g 2t 5 i FH K Ay 4tk
1.2 H#m*E

T B SRAE UM VL R4S B 5 1 (NJT, 118°50
59"E,32°10' 56" N MINJ2,118°51'34"E,32°11'7"N)
FIELEATRE (XY1,118°31'2"E,32°57' 35" N fI XY2,
118°33'38"E,32°45' 14"N) 4/ ML 71 57 [C )5BS MR FE 51
I R I LA B 1.47x104.1.33%10* ., 4% 10* m® I
1.33x10* m*, RALI[A] 53 51 2 2018 4F 11 J] 12019 4
5H o AR TS EBURETR T, 43 AR A8 B> I GE 3% DU )
A g () K )2 (0.5 m) KA IR AT E B2 LI TR
3 35 5 TR IR RS U R B (o M3 2R PSC-
200) FAER I (0~1 cm ) ARE A, FrA ke
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il R S I AR AR AT, 48 h P 5 B I Ah R K R PR AL
EIER AN i
1.3 FEmTRAL T2 R 46

JKFE I 3 0.22 pum 7K AH 8 B8 (GTTP04700, 3% [H]
Merck Millipore 23 ] ) , 32 48 /5 £ B 500 mL, fil A 2.5
mL 100 g- L™ Na,EDTA %3, FH (1+1) B2 175 W R 7
pH=3.0, 7& 43 1R 21 J5 JH] Oasis HLB [& 4 2% BUEE (500
mg, 6 mL) #1754 . HLB M FH AT 6 mL H
B 3 mLiER 21K Al 6 mL KH.POLIE W (pH=3.0) #4715
AP o K FEIE &F HLB AR I i #2924 4 mL - min™'.
IS, FH 6 mL B 4K kP HLB A, 766 T 4l
F20 min, Jf 6 mL B SR

TUBAE 5 % KT R 08 92 60 H i I, FREC
4 g T 100 mL B.0% 43 5 A 5 mL 0.1 mol - L™
Na,EDTA ¥ F1 25 mL #2 B (0.2 mol - L A5 R 2%
PP =11, V2 V) o KR E S 15 min, R %
10 min, 8.0 15 min (8000 r+ min™) , & 3 Y IF W4k
EVE, Al K GE 7R 2 500 mL, 2 A KR T AL
HEA T2 ORI RN

1E 35 C/KH T A MASCH B ik 2= 35 1,
FREZE 1 mL, 24202 um IEFHIE G 5 B0
HERE /NI, )P R 1 0 AH 2 3% — o B B 1% A (LC—
Agilent Technologies 1290 Infinity, 3& [£] MS—- AB SCI-
EX QTRAP 4500, 3 [ Agilent /2 7)) #EF 7 E o FE b
25 Agilent ZORBAX Eclipse Plus C18 {434} (150 mmx
2.1 mm,3.5 wm) 7 &, WA A O 0.2% W R IR K, B

R EIE G AR 40 °Co LB IR L mE 25 (ESD) 5
FURIE L X, 22 SO 2 W (Multiple reaction
monitoring, MRM)$4# /& &40 Hr HARPiE = . HIESH
JE R 5500 V5 56 S H A 206 851.8 Pa ffi BV &
N 275 802.4 Pa; Wi 25 Hi ol 241 327.1 Pa; Rl 18 <&
“h 41 370.36 Pa; &5 B2 400 °C.
1.4 FREREH

K MR 15 28 1t 43 B 97 8 XK R B b B A
PUAE R I 50 B 19 4R A5 3 48 ) T A% 1 QA -
QCFEIF o LIAKFNUTRAIAE o BE N B4 T b [l
Fitk £ N FIGTE 70%~120% 2 18], LIS L S/IN=
3EF 45 H R BT A 500 T S R AR A B, KR R
FLWFE 5 A9 G H BR 43 514 0.102~10.040 ng - L7 Al
0.001~2.500 ng-g' (1),
1.5 KREHIsHRNE

3 SR P ) SR o 2 0 KR R B I, A
F5E A (TN, GB 11894—1989) | Bififi (TP, GB 11893—
1989 ) Fil = 4 BR 21 45 %X (CODy,, GB 11892—1989) .
1.6 BT

FI T Minitab 17.1 8044, 53 B KA i 28 5k i
FKARBEAL $8 B3 A0 Pearson AH5¢ 225,
1.7 MAEZETKE TR

JXUES: 7 {EL ( Risk quotients, RQ.) #% 1 vZ v FH T 43
AT I 7K R 3 K Hp i ARG 81 114 245 3 R 0 KR
T RQ.TEVFAR o FC i B 0 % 4 /K 4 v 5% B8 e A 280t
KA A R A 2 R, XU S5 Rk Al EL /NI 43 < RO,

F 1 KBEMTARYERPREZNEHR

Table 1 The limits of detection of antibiotics in water and sediment samples

EAREES IKHE TUBUIRE L HUER IKHE TURUIRE
Antibiotics Water samples/ng L™ Sediment samples/ng- ¢! Antibiotics Water samples/ng- L' Sediment samples/ng- ¢!
AZ1 0.741 0.185 MBF 3.700 0.925
Sp 0.168 0.004 FLX 3.900 0.098
CT™M 0.339 0.085 OFL 0.106 0.106
CLIL 0.052 0.013 SAAM 2.690 0.067
OTC 2.638 0.660 SPD 0.100 0.008
CTC HCL 9.700 2.425 SD 0.187 0.047
TC HCL 3.989 0.997 SMX 0.239 0.060
MC 10.040 2.500 SMTZ 0.162 0.016
DXC 3.500 0.875 SB 0.100 0.001
PEN G 1.272 0.318 SMM 0.387 0.097
NOR 0.316 0.079 SMP 0.180 0.040
CIp 7.830 2.250 STZ 0.264 0.066
LOM HCL 1.300 0.575 SDX 2.176 0.544
ENR 0.102 0.025 SDM 0.800 0.200
ENO 4.600 1.150 SMD 1.500 0.375




ARTERM, 26 TTIR DU SR 5 RS F SR X B 305 S R 5 2 R VP A 389

>1 KWPUAE R AT KSR 5 5 0.1<RQ< 1 AR P A X
B s RQ.<0.1 RN HFRAEY KA. RQAIITFEA
oy (1l
RQ.=MEC/PNEC

KA MEC AYUE RS E  ng- L' PNEC 2 Tl
W TN e, BV HOR 23 X6 AR 383858 7 A R R 5 )
RS  ng- 17, PNEC {3 52 8 75 P B0 Bk AP
fli R (AF) T3 . ARPERR R B TR T 30, AF IR
P wE PR O e B, 2R 2k B MU L(E) Cso
BF, AF BUHE 1000 24 R 2P 2 PE B L(N) OEC 1Y,
AF BUE 100, A58 i H An b Az 25 00 28 1 i Fi
AF BB H U8 FAH STk, I F IR 1 100 2% 18 0 3 H
AR A YR PNEC E LA RQ..

2 #ER5WR

2.1 MERREKTE

JITA R it v R AGIN 21 4 28 14 Fp HARBTA &, dh
FFR N TE 25 (AZLL.SP. CTM . CLI) . P4 3 2 2% (OTC.
CTC HCL) . 3%l 2% (LOM HCL.ENR .FLX ,OFL) #il
T e 2% (SAAM SPD .SD . SMX) , BT THEA | RAE: A5 K
FEFNTURRIAE S rh MR BE AN 2 FioR , R R TE
A FEAS e B AR AR R

A VAT 11 PGB MR 5 B AR (NJTW -1 FIENJW =
2) W BT A & Rk 43 51 104.890 ng - L7 A1 77.579

ng- L7, 7599k LI CTC HCL>OFL>AZI>CTM>ENR>SP
>SMX>SPD 7 [#AK . CTC HCL 15 P 3 /K b v LU &S
T e JE AR AE (43 98 57.140 ng - L7 1 47.400 ng- L),
XPEPUAERM TR THAPUARZ M, BIRMF,
VU PR 2R 225 W) A B ot A FRBE K ISR B e A R
H A . Chen ZEIFIE K BH , v [/ 5 B
53 Vg K SR E XK FE 2 R i 2t AE 2 (ND~16 000
ng- L), FEEAHIFIFEL PO IR R (H YR B KA X
B FAEIY . o QR MR Ao R ol A e 4 1
FLI A5 RS, DU R b A R AR A o i sl 4
RIS E Y, P vz TSR s, X
F T i v PR A MR SR A /K44, XYW -1 H AU HE OTC
(9.756 ng- L") F LOM HCL(1.420 ng-L") ; XYW-2 1
P 0 0 T 2 470 2 2% (ENR T OFL) 8% K6 3 (1.081~
2.043 ng- L") o BEHTIT A 57 FE /K 1A Hh % B 110 32 202
PUPR SNSRI A R . BT, Tl K M
PuAE R B AT = T RG , — 7 T AT BB AZ SR A A
FHPTA ZFp A & S g . 55— ] RE L
SRR 2258 %, 11 A R & M S 3% i v
QR E IR, 0 TR SR A K & & R B
R IR TR M B T B O™ i A R R
— PR T B, AN, B A SR LA TR K SR A
KARFNGCRRY R A R B SR e e, S A
FEEREM . ERBAUKET R, Pt R

R2 KBEFMMARYERPRERITEMKE (ng-g)

Table 2 Types and concentrations of antibiotics in water and sediment samples (ng-g™")

hiA=R JKFE Water samples VIRIFE 5 Sediment samples
Antibiotics NJW-1 NJW-2 XYW-1 XYW-2 NJS-1 NJS-2 XYS-1 XYS-2
AZI 16.528 9.803 ND ND ND ND ND ND
sp 1.749 0.806 ND ND 0.008 0.012 ND ND
CT™ 5.840 3.745 ND ND ND ND ND ND
CLI ND ND ND ND ND ND ND ND
0TC ND ND 9.756 ND ND ND ND ND
CTC HCL 57.140 47.400 ND ND ND ND ND ND
LOM HCL ND ND 1.420 ND ND ND ND ND
ENR 3.594 3.675 ND 1.081 0.149 0.105 ND ND
FLX ND ND ND ND ND 0.273 ND ND
OFL 18.928 11.203 ND 2.043 ND ND ND ND
SAAM ND ND ND ND 0.104 1.018 ND ND
SPD 0.453 0.322 ND ND ND 0.015 ND ND
SD ND ND ND ND ND ND ND ND
SMX 0.658 0.625 ND ND ND ND ND ND
> 104.890 77.579 11.176 3.124 0.261 1.423 ND ND

TE:ND FoR ARAGME], T

Note : ND indicates not detected , the same below.
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) A it 355 2 ] RE R 22 3860, T 4 Ze bt A R AE K IR B v
AIRTRRE o IR BT R R R B T 25 5 (HIk
FES AL FARKT o 5 R EE R R S AR
[ P55 FA IR /K SR A PR B AR B V3 CRE I ARG )
o QR B MR SR B K A P AR R B AR . XA 22 5
Al BE S H T IR ) LA K Ak 2 O =R
AN B 58 R B BTV 0 S A [ N T
ZWAT, IRZ I E B o IR ARG B I iR
SCRERS Y, R T RNE A AT dEdr T R e BT IR
Bl Z2 5 2l T (AR B R 2 5 A b 45 4 )
N GRAT) ) M i R A L R h i AE R E 2
il 2, AT 25 R, IR TE v R R B AR 4 4
R TH B3 E A0 AR

XFFUURIRE i, BF RS PR SRAFE a5 A A 0 380 4 fu]
HEsPUAER . NJS-1 M NJS-2 0K A i i A R ok
B, B 5 A 0.261 ng- g Fl1 1.423 ng-g's {HAF
TR PR R A KRR R B — YR Y CTC
HCL, SR MR i o R A, m BE - LA 3 1 7 i
A K. K RS SAs (SAAM Fl SPD) #k J 35 il
0.015~1.018 ng- g™, 55 Chen ZE'AGBF 57 25 5 (0.1~0.8
ng - o) AHARL, 2% B e 25 1 T R A O A 1 BB A S
QNis A7 858 1 W 56 23 1 g, o 25 5 e W B 1 00 R
b AR AR (ND~446 ng - o) FIER 7T 1
(ND~153.06 ng - g™") F5 58 X TR v e 3 4 224,
SR, A B 5% H QNs 1Y € 8 35 [ /X ND~0.273 ng -
g P2 R AT RE IR TR AE AR P R AR TR] . A
PRI, VL5 v QR B MR SR AR PR b 2 275 Yk oF

F3 MERKESKRIBREXREST
Table 3 Correlations between antibiotic concentrations and

water—quality indexes

Wi TN TP CODy,
AZI 0.959+ 0.913 0.688
Sp 0.918 0.868 0.660
CTM 0.969% 0.925 0.695
0TC -0.687 -0.798 -0.983%

CTC HCL 0.989% 0.950% 0.707

LOM HCL -0.687 -0.798 -0.983%
ENR 0.989% 0.995% 0.850
OFL 0.962% 0.931 0.748
SPD 0.980% 0.938 0.702
SMX 0.988* 0.952% 0.705

T R U A OC (P<0.01) 5 3R I (P<0.05)
Notes: ** indicates extremely significant correlation with P<0.01;
*indicates significant correlation with P<0.05.

RATFEF 2 2R MR EPE
B,

22 KEFMERRKESKRERHXE

PUAERVE A —FIR A YLIE 8, K Ik T 5
RIS DGR AR Y A S R e A B . AAERE
FEFR, IR R S5 Mt AE 28R K IR v A o figf ik
R T HRIEIL IR AE v PG R S R S 58 K AR rhoAss
F 1Y 10 Fhbt A R 5K Bi 45 45 (TN TP, CODw,) [ 3¢
XA T AR A3 BT . AnER 3 TR, AZLL.CTM .
CTC HCL.ENR,OFL.,SPD ,SMX f9 ¥ & 5 TN & 3% 1E
AH 56 ; CTC HCL . ENR . SMX [k & 5 TP i & i #% i
FAEAG . KR B IR AR B A3 N mT BB AE — o &
FE B LA A R 2 (RS2 CTC HCL . ENR
SMX) 7E F5 5 K 858 ) B A o DAAE AT IR 5E e
KA R TP B (NOR) | A e g e (TMP) 3R 1N
W (CIP) (%5 K (ETM) MR S & B b g 2
1E FH P2 K B OTC F LOM HCL (9 ¥k B 5
CODyw, . AL (R 3) . AIRER T RIEA VLG LY
FERUE AR N SR 7 05 48050 A, K TR A R 2 L A
MRS A R A PR R . AR fEZR AT
SCEEPIRRFSE R, NOR TMP |, CIP ¥k J3 5 4 L 75 e F
B R A G, W RE SR R AN LA S A
Ko SR, H AT ZE M AS BEHE 72~ K AR B AL 4 J3 52 T
A R Pl By HU LS
2.3 EEXEE ST

AN RN 0 A 20 60 10 S5 BB ) b ) PNEC (B AN 35 4
FRE7R TR A e AR 2 O R, AR R AT RE XS
T R ) 3t B e e P e, DA T X 5
At B 55 b (0 A= W Hb R 4K 27 5 B A N R B
M, 25 R R IR N IR XS B 8 A K AN A I
@l 374 TE

S5 R B R IR B (MEC) T AR
I ot QSR B AR SR B K AR T (9 RQ.(E S) , T s Bt
A= R S A K LT %A K. NJ-1H CT™
FTOFL (NJ-2 H1 CTM X 5 28 5 P i A ) AT B i
A S KU s NJ-1 1 SP NJ-2 1 SP 1 OFL &b F H 28 X
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Table 4 Aquatic toxicity data of target antibiotics

PR IRtgUE I ERIPES PR T LR Toxicity data/ng- L™ PNECneel 275K
Antibiotics ~ The most sensitive specie  Taxonnmy AF L(E)Cs L(N)OEC ° References
AZI Daphnia sp. TS 1000 1.2x107 12 000 [29]
Sp M. aeruginosa TR 1000 5000 5 [30]
CTM P.subcapitata ety 1000 2000 2 [31]
D. magna RIS 1000 2.572x10 25720 [31]
0TC P.subcapitata ety 1000 1.04x10° 1040 [32]
D. magna RS 1000 6.69x10° 669 000 [32]
CTC HCL D. magna s 100 4.1x10° 4100 [33]
ENR M.aeruginosa T Y 1000 49 000 49 [34]
D. curvirostris TR 1000 4.33x10° 4330 [35]
OFL P.subcapitata ) 100 1130 11.3 [26]
D. magna TR 1000 3.175%10 31750 [36]
SPD L.minor ) 1000 4.6x10° 460 [37]
SMX S.leopoliesis el ERY| 1000 27 000 27 [38]
D. magna RIS 1000 1.77%10° 177 000 [39]
5 BRERIREURKE S WX EE
Table 5 R(Q), of target antibiotics to the most sensitive species
Bt % U HW A2k JRUB: B Risk quotients(RQ.)
Antibiotics The most sensitive specie Taxonnmy NJW-1 NJW-2 XYW-1 XYW=2
AZI Daphnia sp. s 1.38x107 8.17x10™
Sp M. aeruginosa TRUFAE ) 0.161
CT™M P.subcapitata TRURAE ) 1.87
D. magna tEisikY] 2.27x10™ 1.46x10™
oTC P.subcapitata eI ERY| 9.38x10°°
D. magna peRiiz=ILY] 1.46x107°
CTC HCL D. magna S 1.39x10 1.16x10°?
ENR M.aeruginosa ERiiRiERY| 7.33%107 7.50x107 2.21x107
D. curvirostris TR B 8.30x10™* 8.49x10™* 2.5x10™*
OFL P.subcapitata pERiiRiERY| 0.991 0.181
D. magna TR 5.96x10™ 3.53x10™ 6.43x10°
SPD L.minor ) 9.85x10™ 7.00x107*
SMX S.leopoliesis ERliiERY)| 2.44x107 2.31x107
D. magna s 3.72x10° 3.53%10°
(TYL,RQ=0.116) #b , HARHT A= 5 09 KUK 7 (B AR T e RS
0.1, AW v TG 5 IR 2L MR SR A B i HiAE & 3
=A

A S UL K AR 241, i 2 R AR XU 15 9 A i A v
LA R RS TN T 20 o A IR BH A 7= rp fi
R AR dh A AE B dh b P AR &R X HE
PRA W HA R RE PR A AR W) SRR O H AT RE T 1
R I KA B RGEMEY ZFEERIIIEE, B B
TEWY R XS BRI B A A S 2 —P b FR A i
FEFRHULE R A, BEAS A AU AR L A 25 A A 2 f

(D VEF CRERE TR ) v FQ R B MR SR A K AR bt
A KI5 YLK FIA K . CTC HCL ,OFL  AZI &3/ 1
FAK R EEPUE R DB b A R
BRE

(2) FEF 15T RQIEAT I KBS PEAR 22 B, T 11 5%
Bl K AR SP L CTM Fil OF L ] Rl o 4 35 45 07 i Fl W #
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AT AR
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