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Distribution characteristics and ecological risk assessment of antibiotic pollution in Xiaoqing River watershed
LI Jia'?, ZHANG Rui-jie’, WANG Run-mei'?, ZHANG Hua", JIANG De-juan', ZOU Tao', TANG Jian—hui', LU Jian'

(1.Key Laboratory of Coastal Environment Processes and Ecological Remediation,Yantai Institute of Coastal Zone Research( YIC), Chinese
Academy of Sciences(CAS), Yantai 264003, China; 2.University of Chinese Academy of Sciences, Beijing 100049, China; 3.College of
Oceanology, Guangxi University, Nanning 530004, China)

Abstract: Concentrations of 4 types of antibiotics in the surface water of Xiaoqing River watershed were determined using solid—phase ex—
traction (SPE ) and high performance liquid chromatography tandem mass spectrometry (HPLC—MS/MS ). The spatial distribution of these
antibiotics was also examined. The potential pollution sources were explored in combination with land use characteristics of the watershed.
Also,ecological risk assessment was performed using calculated risk quotients(RQs). Results showed that 13 antibiotics were detected in
surface water samples, among which trimethoprim and macrolides were present in all water samples. The ranges of macrolides, quinolones,
sulfonamides,and trimethoprim concentrations were respectively 2.18~84.9 ng+ L™, nd~1600 ng- L™, nd~845 ng-1."!, and 1.88~3900 ng- L.\
Relatively high concentrations of macrolides and quinolones mainly occurred in the downstream of densely populated areas. Sulfonamides
and trimethoprim were found in the downstream of areas with intensive aquaculture. The ecological risk level of 13 antibiotics was 38.5%,
23.1%, and 38.5% at heavy pollution, medium pollution, and safety, respectively. Our study suggested that antibiotic pollution in the Xiao—
qing River watershed was mainly caused by aquaculture wastewater and domestic sewage, and antibiotic pollution might pose threat to sensi—
tive aquatic and benthic organisms in the watershed.

Keywords: Xiaoqing River watershed; antibiotic pollution; distribution pattern; pollution source; ecological risk assessment
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Figure 1 Map of Xiaoqing River watershed showing sampling sites

and land use types
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Figure 2 Percentages of detected antibiotics
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Table 1 Statistics of antibiotic concentrations in

Xiaoqging River watershed

T _ _ He g L _
e/ ME S YN FHE ERIALER
SAAM nd 8.46 8.46 8.46
STZ nd 4.98 4.98 4.98
SDZ nd 20.3 9.70 9.86
SDM nd 19.3 9.27 9.76
SMX 9.43 845 134 87.6
T™MP 1.88 3900 600 124
ET™ 9.65 84.9 333 224
AZM 3.00 7.76 4.92 4.57
CT™M 2.18 7.33 3.88 342
RTM 3.30 22,5 8.86 6.50
OFL 9.53 1600 150 55.0
CIP nd 56.6 21.2 16.6
ENO nd 9.22 6.30 4.88

T :nd FoRARAEME

PRI AT R — B, SR T 2 Bt AR R v OFL 1
S R 150 ng- L7, RS2 CIP(21.2 ng+ L),
ENO (¥ AUl 6.30 ng-L7,

5[ NS K P A R AH (36 2) /N
AL TMP 1 OFL 475 Y™ H, Hofe RV 25 15
F [ N AT, A JURRHT A 28 A VR 8 3 Bl A5 ] P Ak
R e R G G S R N = WA NS R B T 1A -8

(AR A F rR SR, R 2 AR 28 i f R Rk L
PITRTIRARR , R 25U AR 3 5
2.2 INFIAFIS R K P A R = B R

&l 3 51 13 Bl Ak 2k B 1Y 2 (8] 43 A 15 10 S 4%
P DR AR RS ANl 3a B, KIFPIER
Fepi A RAE I vk A i, DN i 2 R U, vk
J3E 2 0 2R TR/ N R A A i T K P RGN 3
WEwEm ARPUER, MG KFERAER
X, R A TS, R A T3 45 X i A
NP ERERX , M2 T3 AR X H 1,54
P F IS I X 11, S6 43 386 T 1 368 17 - v
(P 1), FEIX 3 A~ AR A 30 3 e B 1) R ER A g 2
PR, MIAFAASERX BE, @t g,
M2 57 RN BRSSP A R MR A s = T ML 5
Hh, BT (PCA) SRR 4 PR N B A:
FE TR —453 (£ 3), U ek AR —I5 48 .
R EBORBLE , K" FRHES ] ETM, CTM HEEH T A
FPRIAIT, LA BT R /INE TR I KRN
Be2shiA: 2 E2Ok A AR TS YLk .

SME TR AS B A R — P NS, JLR 4y
A NIRRT T £ B S D S I i e s (H i
WIER S AT T (& 3b) . SRIFNERRGTAE RS
AT FUARARL, v BE 5 i A J LA sl vt 2 M2, S4 i Se,
M1 507 F v AR FAIK, ERAT 2 DX PN JUMs 145 i 2%
P 20 B ORI A T TS Y T e O X R

&2 EWNIMERAKPRERREITLL

Table 2 Comparison of concentrations of antibiotics in global surface water

o L Kl
STZ SDZ SDM SMX TMP ETM RTM OFL cIp ENO ENRO NOR R

NI nd~5.0  nd~20.3 nd~193 9.4~845 1.88~3896 9.7~849  3.3~225 9.5~1605 nd~56.6 nd~9.2  nd nd A
WL nd~341 49~53.6 < —  2.18~2596 « — 04~39  02~09 nd~6.5 nd~27 nd~28 —  nd~2.6 [14]
BRIL — — — 143221 — 489+70 7041 74x15 — — —  166x42 [15]
i <LOD~85 1.0~30.5 1.0  6.7~1732 5.3~I21.1 — — — — — — —  [16]
JUleL — nd~60.5  —  nd~93.4 — — — nd~46.2 — —  nd~608 —  [17]
KFEM  0d~022 nd~1.10 —  0.65~1.81 nd~13  337~192 nd~0.35 — — — — — [9]
g in] —  <LOD~280 —  36.5-335 <LOD~-215 <L.OD~4150 <LOD~39 <L.OD~155<LOD~155 — — —  [10]
FEY ] — — — 23~544  0~45 — — 0~55  0~<10  0~10 0~11  0~163 [I8]
BAFEE 1~9.6  13~64 1-23.1 1.88~356  — — — — — — — —  [19]
DL — —  <10~13  <5~82  <10~26 — — — — — — —  [20]
PI4RE R — — — nd~106  nd~484 — — — nd-119  — —  nd~51  [21]
HAPUZ&] 0.08~6.6 nd~0.05 0.05~0.17 0.37~0.56 0.09~0.34 — — — — — — —  [22]
ii;} nd~30 — —  nd~2000 nd~150 — nd~350 —  nd~1300 nd~300 —  nd~1150 [23]

1 :nd FARRAGM B ; —FR KA ; <LOD Frm K FAGIIFR .
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Table 3 Component matrix of 13 antibiotics
o D
1 2 3 4 5
SAAM -0.199 0.045 0.163 0.756 -0.063
STZ 0.007 0.210 -0.544 0.008 -0.191
SDZ 0.453 0.674 0.116 0.095 0.128
SDM -0.056 0.419 0.733 -0.171 0.227
SMX 0.450 0.743 -0.097 0.287 0.110
T™MP -0.259 -0.006 -0.255 -0.543 0.536
ET™M 0.712 -0.246 -0.223 -0.048 -0.404
AZM 0.930 0.166 0.086 -0.119 0.089 %\%ﬂ(jﬁ_‘ﬁz%%?%g% E/‘] %ﬁ ﬂﬁ i
CT™M 0.959 0.070 -0.017 -0.101 0.093
RTM 0918 -0.119 -0.290 0.029 0.121
OFL 0.210 -0.741 -0.004 0.218 0.353
CIP 0.548 -0.615 0.368 0.208 0.255
ENO 0.321 -0.172 0.507 -0.364 -0.555
TR % 31.5 17.6 11.4 9.5 8.5 %: RQS:

JETF T, AT RBER/K 7= FREE AT O o M4 LA A 2, S
VS SR DX o S v s v T 2 b A 25 Y E s S Ak,
B R 10, 7K R A LR (DOC ) ¥ J3E AR,
B — i B 68 1 AR 58 94 )5, DOC. (1 /1> 7T B
b A: Z W, TR g RS A R
Wz,

ZINTE T 3 3 PN Tt B B A 3 VR B 3 A R
BICHE 3 ¢)o T Ui DX IR I 21 45 5 k5 f SMIX, 1] g
PRIK - FRIA AR A B BRI A G o ARSI
RIK R K R BRI I B E RIS L i - B
i 55 15 S PE T M K SR X 7 AN TR A it v
PRSI B e IS B A AR B 10 BH SR A KR ] 1]
IR T A R Y DTRRA K . S3 AT RN T 44
PTG YL, S 30Z0h SMX R ERE . A TS3 F
WA M5 307, v] A7 HHEA R m , S5 H SMX 1Y
WRET i o S5 A T 1% B R A & O R 0 T iEAS
TEAL , FRATTFE L LRGN ) 4 R S BT K EDE
TR E R 2Ok A T YT

TMP 3 H 5 SMX SDZ 25 fif i 25 B A= R il & fff
FHRHG TR 2R PR, FLAE 23 (] b 19 43 A B 5
WeHitE ZAH—5, B 3 d B, m kR TMP 3232
A AR SE IR 11 A0 9 X, T 37 e 9 A S X
PN TMP ()3 FE A, Ui B R iK™ SR B XS TMP f975
P EE TR, 735, TMP 1 H SR KR rp AR AR e 2,
Sy LR P AR KO TR N TR M2,
S4 F1 86 ufifsr , TMP F ¥k BEAEXTRA, W B 5% X A=

RQs=MEC/PNEC
. : MEC (Measured Environmental Concentration ) &
S EREE B ng« L' PNEC( Predicted No Effect Con—
centration ) A UM JCRL N W, ng - L7

PNEC {H 3 1 2 [8] SCHRARAS | 0% i i 2otk
B PR B 2 SIS B S VTAS ARk AR
AT BRSO A TEE R FHPUAR 3R A S5 R S vk J&
RITE AN A RQ {H . DA ARSI )7 PFAh 13 F
A RMIRE RSB (K 4).

Ry 1 TG Xy b K AR 2R R AR AR XU R
/N RQ BN 23 4 ADEFESERQs<0.01 S o KUK

T4 DBHREENTEHER RQE

Table 4 Toxicity data and RQ values for 13 antibiotics

g s FEFLAR i iTF PNEC/ - 5%
ks 7] 28 [HF ng-L” RQs SRk

SAAM C. vulgaris a2 1000 13200 6.41x10™ [33]
STZ C. vulgaris 2 1000 16 340 3.05x10™ [33]
SDZ  S. capricornutum 2Pt 1000 22 000 9.24x10™* [34]
SDM  S. capricornutum =Pt 1000 2300  8.40x107° [34]

SMX S. leopoliesis =tk 1000 27 313 [35]
TMP R. salina AP 1000 16400 2.38x10™ [36]
ETM P subcapitata  Z24E 1000 20 425  [37)
AZM  Daphniasp. 2%t 1000 12000 6.47x10* [11]
CTM P subcapitata 181 1000 2 3.67  [37]

RTM P subcapitata 2% 1000 100 2.185x10™" [38]
OFL P. subcapitata 181 100 11.3 1.42x10*  [39]
CIP M. aeruginosa 2t 1000 5 11.3 [39]
ENO V. fischeri 2 100 28.8  3.20x10™" [39]
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Figure 3 Distribution of antibiotic concentrations in Xiaoqing River watershed
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