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Abstract; Jo preliminarily explore the antibiotic concentration distribution characteristics of Guizhou Chishui River basin surface water and potential ecological risks, we used
solid phasé extraction liquid chromatography tandem mass spectrometry ( SPE-HPLC- MS) to analyze 21 types of antibiotics in surface water samples. Twelve types of
antibiotics were detected in the Chishui River basin surface water, and the total concentrations of ofloxacin, sulfadiazine, and trimethoprim ranged from ND- 1 166. 97
ng-L™", with a detection rate of 100%. On average, the highest concentration of the three types of antibiotics detected were ofloxacin (221.59 ng-L™"), tetracycline
(13.18 ng-L™"), and sulfadiazine (4.11 ng+L™"), and the antibiotic concentration distribution showed the following order of characteristics: downstream ( 359. 41
ng-L™") > midstream(224. 59 ng-L™") > upstream (179.72 ng+L.™"). The ecological environment risk assessment results indicated the largest risk for downstream W21,
tetracycline, doxycycline, enrofloxacin, norfloxacin, and erythromycin. The risk quotient revealed that lincomycin had a medium-risk level, and ofloxacin had a high-risk
level. This shows that antibiotics in the waters of the Chishui River basin may cause certain ecological risks.

Key words: antibiotic; surface water; Chishui River; contamination; ecological risk
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Table 1  Processes and parameters of solid phaseextraction of antibiotics
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Bl gt WA A R
/min 4 /mL-min<! (L) /% (EFUL) /%
I 0.3 90 10
5 0.3 70 30
7 0.3 40 60
12 0.3 10 90
15 0.3 90 10

1.4 s
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Table 3  Concentration and detection rate of antibiotics in the surface water of Chishui River basin

e S B w5 CAS 5% o o o, i
TCs tetracycline TC 60-54-8 329.45 13.18 ND 3.1
doxycycline DOX 564-25-0 24.58 0.98 ND 3.1
sulfadiazine SDZ 68-35-9 16. 00 4.11 2.54 100
SAs trimethoprim TMP 738-70-5 4.89 2.92 1.94 100
sulfamethoxazole SMX 723-46-6 2.25 0.13 ND 12.5
ofloxacin OFL 82419-36-1 732.36 221.59 87.65 100
QNs norfloxacin NOR 70458-96-7 7.41 0. 86 ND 9.3
enrofloxacin ENR 93106-60-6 8. 14 1.62 ND 25
erythrocin ERY 114-07-8 9.07 3.76 ND 50
MLs tylosin TYL 1401-69-0 4.11 0.57 ND 15.6
spiramycin SPI 8025-81-8 15.82 1.58 ND 9.3
lincomycin LIN 154-21-2 12. 89 1.91 ND 62.5
Jeviil 1166.97 253.21 92.13
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Table 4  Concentration level of antibiotics in some rivers in China and foreign areas
KAk TiH AR BB /gL~ itk
TC DOX SDZ TMP  SMX OFL NOR ENR  ERY  TYL SPI LIN
Max  329.45 24.58 16 4.89 225 73236 7.41 814 9.07 411 1582  12.89
TR Mean  13.18 098 411 292  0.13 221.59 0.86 1.62 3.76  0.57  1.58 L1 KBS
Freq/% 3.1 3.1 100 100 12.5 100 9.3 25 50 156 9.3 65.5
Max  94.66 — — 4.41 5.8 18.95 48.39  19.33 — — — —
KT = £ Mean — 21.39 — — 0.37 1452 9.87 3239 1.32 — — — — [31]
Freq/%  75.83 — — 72.7 100 724  97.85 26.48 — — — —
Max  349.7  ND 18.7  46.3 210 703.4  54.2 — — ND — 53.4
BRI, T M B Mean 32.55 ND 7.78 8.02  21.45 62.95 6.76 — — ND — 20.45  [32]
Freq/% 31 0 100 100 100 85 38 — — 0 — 100
Max 6.4 7.2 16 5.7 13 7.6 6.4 2.8 — — — —
W Mean 2.7 2.2 1.9 1.2 3 2 0.61  0.81 — — — — [33]
Freq/% 98 98 85 90 96 2 79 83 — — — —
o Mean — — 5.41 225 70.81 17.08  18.21 — 8.9 — — 2.3l
LR Freq/% — — 87.5 100 100 75 37.5 — 100 — — 100 [34]
Max 17.62 8.3 0.4 — 2,92 131 2477 7.85 112 ND — 1.2 -
EURIN Mean 0.52 0.74 0.04 — 1.04 0.56 0.87 1.52 045 ND — ,e“0f3i.. s [85]
Fre/%  3.64 2182 1636 —  9.36 20.09 7.27 (60 4082 0 ..
K, Max ND ND 58.9 £ 55 — — = 16.6 — [36]
ST L Max 16,15  — 2566 7347 128 1270 113 NP A\ - — "/;,,- -[‘37%”
Freq/% 43 — 100 43 100 100 7m0 1 — — {2 .
iy Max — — N0 B a1 ame oant Jprgs” = N — T 3
Mal | — — 1.4 58t & U £ — — P
BHHIR  Men [ —  — s b w S~ - — (Bl
S Srapd - — w0 Jiof | # N - - e g
i kg — - -7 4\ v — ‘%
gg;gé]z (I Mea_ — - ""C - 22— — ‘.[ﬁ__@)}
— J Freq/% — —h g e — 60 — — -
[ o I/l M 986  — — 7 - B a — —
{eT e A% Mean 1269 — — — 14.5 — - — 41
o F “regb 10 — — — 567 - - -

1)“—"5 I;ﬁﬂiﬁj{ﬁ'ﬂ , Max F/RF KA, Mean 278 F-34H , Freq( detection frequency ) /R K H R ND R A4 H
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Fig. 2 Concentration distribution of 21 antibiotics

in the surface water of Chishui River basin
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B SR ME — A M DU IR R A OR R S, R TR E
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K Pearson AH 2 28 B0 X% 2R 7K ] 378 Je s 2 7K
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TRV A FE (TDS) AT 3BT, 25 R 3. 5 Fos , vl L&
th, TMP 5 SMX FI LIN £ 7E M & 2 IEAH X R (P
<0.01) ,FHRK R B 0. 510 A10.509; SMX 5
LIN Z A 2 0% 3% IEAHSE (P <0.01) , A R
0. 657 , X FPHL A R 2 18] B AH S A% 53 BT AT B 2 B
TMP 55 SMX 1 LIN, LI Jz SMX 15 LIN o] GEF¥ 76 A
A 5. NOR. 5 Hhy 5 5 2 i) 52 % Sl e (P <
0.05) , 15 4 Iﬁlﬁi{ﬁﬁﬁéf“zwﬂzmi‘%ﬁ *HBQ(P
<o 01),SPI' 5 pH ZIEHEEE%WHBE(P 4*0 05)
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Table 5 Pea-rso‘n ¢orrelation analysis of.: dntlbwht mﬁenlmhon and water quality pdrdmelers in the surface water of Chishui River Basin _.-""'..
| TC /DOX [+ SPD  TMP = SMX /JOFL 4NOR  ENX  ERY 4/ TYL <8Pl | LIN pH “FEC TPS

Tc. 1 5 ¥ v} Y F

pOX_ -0.042 1 £ 'y /¥ )

P’ —0.058| 0.1 = a4 L~z

TMP /' . 04132 “70.133  -0.122 1 -

SMX  -006  -0.06 -0.022 0.510™ 1

OFL 10.081 0.037 -0.161 -0.127 -0.16 1

NOR -0.075 -0.075 -0.154 0.341 -0.108 0.477" 1

ENX  -0.102 -0.102 -0.098 0.033 0.358 0. 285 0.132 1

ERY -0.196 -0.196  0.109 0.097 -0.202  0.003 0.125 0.109 1

TYL -0.086 -0.086 -0.076 -0.155 -0.123 0.001 -0.156 -0.211 0.231 1

SPI -0.072  -0.072 -0.156 0.406 " -0.103 -0.14 0.303 -0.001 0.08 -0.149 1

LIN 0.013 -0.028 -0.032 0.509 ™ 0.657 ™ -0.248  -0.205 0.105 -0.244 0. 005 0.186 1

pH 0.275 0.169 -0.36  -0.054  0.06 0.049 -0.213 0.168  0.117 0.082 -0.428" 0.15 1

EC 0.198 -0.198 0.066 -0.132 0.09 -0.365 -0.500" 0.064 -0.291 0.065 -0.174 0.339 -0.044 1

TDS 0.179 -0.141 0.085 -0.159 0.087 -0.366 -0.526"" 0.08 -0.285 0.087 -0.211 0.33 -0.015 0.996 " 1

1) * %R P<0.05, WM, ™ FR P<0.01, BB EHX
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ARG R T ok BE o o, DL S 1 A 2R AT (}lujﬁﬂ(

P, RQ N TE A5 PRS2 PR K H R ( measured
environmental concentration, MEC ) 5 Tl JC %5 o7 &
Ji ( predicted no effect concentration, PNEC) FJ Lt 18,

PRSI AR R R 10 7 A= 00 08 A AR A5 XU AR 4 I 4

ARG (TCD ) HLIE T 75 Y Wy #1458 XUBS: 1) 344

T SRR BB PP Al e A R K BRBE Y AR 2

DR | VBR85S B 2 e J32 55 0 I 2500 6 5 1) B
E AR,

RQ = MEC/PNEC (1)

PNEC = EC, 8¢ LC,/AF (2)

ECs, CPEGUNHE ng- L") 80#H LCy, (CREEUEH
B ng-L™") 514 K F (assessment factors, AF) ) [
1B AHIESE B 7K Az A= 9 25 SRR 122 R R 258
ECOSAR %4 %2 ( https :// cfpub. epa. gov/ecotox/ ) Fll
B AUI AR . BT R E R L E K,
PRSI B (MEC) Bt i RIEITR, R PpiAE R
XoF 07 A 7K A A P P U AN 6 s
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Table 6  Aquatic toxicity data of antibiotics to the most sensitive aquatic species
W% s e Bl AF PRBC ik
/mg-L /ng-L

SDZ S. capricornutum a2k 2.2 1000 2200 [46]

SD Lemna minor a 0. 46 1000 460 [47]
SMX S. leopoliesis 2tk 0.27 1000 270 [48]
SMM Lemna minor 2t 1.277 1 000 1277 [49]
SMZ Lemna gibba 2k 300 1 000 300 000 [50]
SMM Alage Atk 8.56 1000 8 560 [51]
TMP R. salina bk 16 1000 16 000 [52]
OFL P. subcapitata &M 0.00113 100 11.3 [53]
NOR V. fischeri 1% 1 0.013 08 100 103. 8 [53]
ENR V. fischeri ik 0. 002 88 100 28.8 [53]

CIpP M. aeruginosa f=Xis 0. 005 1 000 5 [54]

TC P. subcapitata 2k 3.31 1000 3310 [55]
0TC P. subcapitata Atk 1.04 1000 1040 [55]

CTC Chlorella vulgaris Ak 0.05 1 000 50 [56]
DOX Green algae a2t 0.32 1000 320 [SZ_; -
ERY Anabaena sp. 2k 0.022 1000 ~ 22 P ‘fS .; I,._-
SPI Algae 21k 0. 69 1000 ' 690 4
TYL Algae afE T 0.95 1000 et | 950 559 '
LIN Daphnia Atk 035 1000 R /160 —"M )
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Fig. 3 RQ values of antibiotics in Chishui River basin
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