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Occurrence, Distribution, and Ecological Risk of Antibiotics in Surface Water

in the Liaohe River Basin, China | { =)
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Abstract; The pol]utlon and ecological risk Lharactenstlcs of ﬁ"ve typl(,d.l dntlblotlcs found inithe surfdce water of the Liaohe Rlver Basin.
(LRB ) |were ,a‘nalyzéd and evaluated usmg sohd-"ﬁhas’e extraction and high- performance htlmd chromatography,~tandem mass
spectrometry. These results showed that ma(‘rohde% hdve tHe hlghest average concentration of all antlblotl(’% in the Qunra(’e water: of the
LRB of 201. 8§ ng- L: followed by qumolones trlmethoprlm and sulfonamides .wéth average concentrations of 113 40.ng- 1" o
93,93 ng+L.”' || and 124.27 ng-1.7", respectljvely Tetraoycline demonstrated thel lowest concentration at 24. 37 ng-L™". In addltlon
antibi ’ptl(s pollution of the Daliao River is (clearly identified as being higher than that of the Liaohe River, and the hlghe%t proportion of
antibiotic pollutloq, (49.1%) is found to come from hyman use acc;drdmg to a source apportionmeOnt analysm Relatively high levels of
ecological risk are identified from Tnmethoprlm and Erythrom}fcm H, O concentrations, especially for cities such as Xinmin, Shenyang,
and Anshan. The risk assessment indicates that surface water of the LRB faces high ecological risk and argues for greater attention to be
paid to risk management and pollution controls.

Key words : Liaohe River Basin; surface water; antibiotics; pollution characteristics; ecological risk assessment
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B, ,f4H Bi/ S BRI AP 3 TR A
Y5 Y o A Ee . TR A IR

. = O BFS,
Zw = (Z —mean[ Z_1)/o

A, B, fRFE T BATIEIH R4 FS, 48 PCA 1151
155 72, REAFY BT 7, (R e IR S
2 ; o J& Z,,, WbRifE2E.
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Table 2 Concentration and detection rates of antibiotics in the surface water of the Liaohe River Basin( N =50)
hiEE B/ Mb/ng-L~! KM/ ng-1.7! S/ ng- 17! PR/ ng- L1 Kt 2%/ %
SCT NDV 12.25 1.24 ND 18
STZ ND 7.50 0. 80 ND 14
SPD ND 0.96 0. 07 ND 10
SMA ND ND ND ND 0
SMD ND 15.91 3.55 2.38 98
SMP ND 8.04 0.56 ND 18
scp ND 13.52 0.98 ND 16
SMX ND 670.27 84.90 59.75 96
SCX ND 14.59 0.91 ND 10
SDX ND 5.90 0.94 0.62 587
OFL ND 632.52 37.93 | ND 36"/
ENR ND 7036 25.72 25.113 9|2" -
CIP ND 185,14 11. 60 ND -Visv,- =
NOR ND 256.03 49.03 ND 30"
oTC ND 741185 22.41 D g
TC ND 2,63 0.57 L NDY 2
£ §Cc ND f 25 05 138 ' 4 ) ND & 2 (¥
ERM-H, 0" y [ ND J ere 36" 165.41  f 5‘”0. 07 “og—" F
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£ Wshs/ . FE79 " 616326]_~ "“f,» 93.93 70.17 100
D s ND " loes. s 124.27 81.67 96
Z'Tcs ND 770. 50 24.37 ND 40
> MCs ND 3162.21 201. 88 61.95 98
1)ND FERRTA I R, R 1H
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Table 3 Comparison of concentrations of antibiotics in global surface water
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Kl et i
SMD SMX OFL ENR cIp NOR 01C TC C1C ERM-H,0 ROM ™P
AHIFF 0~15.91  0~670.27 ND~632.52 ND~70.36 ND ~185. 14 ND ~256. 03 ND ~741.85 ND ~28.65 ND~25.05 ND~2834.36 ND~740.99 2.9~976.10 —
T R ND~383  ND~40 ND~202 ND~117 ND~383 ND~466 ND~1080 ND~22  ND~37 — — — [9]
KIL,HK <5~6 <5-23 <574 — <5 <5 <5 <5 — 8 ~24 <5~29 6~8  [11]
b/RIN S 40~1390 20~350 BLOQ~439  —  BLOQ~45%9  — — — — — — — [12]
WL Al ND~8.6 ND~47.5 8.1~634 — — ND~27  ND~4 ND~313 — 4.7~1900 ND~47  ND-216 [13]
FHETE, L ND~16.1 ND~940 0.38~32.6 ND~4.4 ND~60.3 ND~156 — — — — ND ~ 155 — [24]
il 1T ND~37.4  ND~212 ND  0.78~5.1 ND~26.1 ND~109 ND~I3 ND-~53 ND~2.7 — — — [25]
WL, L BLOQ ~623 BLOQ~55.2  ND ND ND ND ND ~84.5 BLOQ ~114 BLOQ ~16.8 - ND~9.9  BLOQ~62.4 [26]
Seine River, H [ — B~544  0~55 <10 <10 0~163 — - — — — 0~45  [27]
Cache la Poudre, [~ — 40~320 — — — — 10~1210  10~30  10~210  20~450 — —  [8]
Queensland, AR~ — ND ~2 000 — —  ND~1300 ND~1150  — — — — — ND~150 [29]
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Fig. 2 Sources of antibiotics in surface water

in the Liaohe River Basin
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Table 4  Analysis of principal component analysis of the surface water in the Liaohe River Basin

N 2%

RER 1 2 3 4 5 6

SCT 0.322 0. 440 -0.205 -0. 064 0.158 -0.341
STZ -0. 144 0. 651 0. 107 -0.015 0. 065 -0.243
SMD -0.142 -0.032 -0. 156 0.139 0. 859 0.042
SMP 0. 056 0. 814 -0.255 0. 001 -0.151 0.279
Scp -0.090 -0.059 0.195 0.026 0.423 0.752
SMX 0. 050 -0.120 -0. 006 0. 887 0. 044 -0.063
SDX -0.059 0. 134 -0. 826 -0. 101 0. 097 0. 084
OFL 0. 946 -0.031 -0.030 0.107 -0.070 -0.065
ENR 0. 141 0.014 -0.011 -0.395 0.595 -0.067
CIP 0. 893 0. 084 0.214 -0.052 —0.030 0.027
NOR 0.371 0.287 0. 658 -0.011 —0.061 0.031
0TC 0. 964 -0.053 0.051 -0.017 0.027 -0.042
CTC 0.011 0. 003 -0.288 -0.115 -0.235 0.748
ERM-H,0 0. 464 0.759 0. 280 0.151 -0.026 0.016
ROM 0. 924 0.277 0.152 0. 084 -0.003 -0.035
T™MP 0.112 0.475 0.212 0.719 -0.134 -0.023
TR BT 2/ % 25.137 14. 306 9. 845 9.701 8. 860 8.779
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Table 5 Toxicity data of antibiotics to the most sensitive aquatic species
SRR R A% BHLGE o/ngel! /f;EL(fl Sl
SCT Green Algae — L(E)Cjs, 83 594 83 594 Ecosar
Chlorella fusca var. vacuolata UL /INER T /NER IS ECs, 13 100 13100 [30]
STZ Daphnia magna K% biq e NOEC 11 000 [32]
N AN 200
Chironomus riparius TE M I P NOEC 10 [32]
SPD Chlorella fusca var. vacuolata FL/NERHE JNER R ECs, 5280 5280 [30]
Hydra vulgaris 7K 8 TR NOEC 1 000 10 000 [33]
Lemna gibba BERKTE T IR ECso 1277 1277 [34]
SMD Pseudokirchneriella subcapitata H A H A8 NOEC 1 000 [35]
Daphnia magna RKF % BG4 NOEC 1563 30 000 [36]
Lemna gibba WIKIEH TR NOEC 300 [34]
SCP Lemna minor {F7# TR ECs, 2330 2 330 [30]
Ceriodaphnia dubia T8 M S0E EErerat ECso 210 210 [37]
SMX Daphnia magna KA b3 NOEC 120 [38]
Lemna gibba K TEHE IR NOEC 25.6 1600 [34]
Carassius auratus #a il g LOEC 16 __.E~39'J
o Lemna gibba BIRTENT EE LG p247.04 124708 gl
) Lemna gibba HKTEVE IR NOEC 193. 3 1933 1347
SCX Green Algae — L(E) CSQ. 4 14 873 14 873 . Ecosar
SMP Chlorella fusca var. vacuolata L/ NERTE u‘__." JNER R L@s 3 8‘20 3820 _E.SO']"
Microcystis aeruginosa 4 43 i3 2 [pE- 39 ]::'Cso“'“. 49 49 [40]
ENR Daphnia magna RK¥ % i beq e NOEC ..I.--"'L 5000 * 100 000 o [_3*"] _.-"'
Pimephales/promelas L SRR JNOEC ¥ 10 000 [40]
— MiLrocyst’i'.s aeru',ginom LT € o | ,EC}O o= T 21 ._-:,.-" 21 [‘IO'] i’ §
Q‘FL PLmep’halea promelas R S SV NOLC ‘ 1.9 000" 2 000 [40] .'-.F.:._;.c
- Lemna-‘glbba TR - PR NOEC /100 - [ 4] &
Microcystis j@eruginosa Hil LR HE ¥ W HIE L( Eﬁsc A-SF 54 48.54 P [427
NOR Microcystis ‘@eruginosa Hil LR 34 5 TR NOEC | 1.6 0 [42 ]—""
s Lemna gibba WK IF M T s NOEC# 300 [34]
¥ | erocystt; aerugmosa i SR AR Tl i LCyp 17 == 17 [40]
.CIIP ‘ Pseuddklrchnenella subcapitata H ﬂ:(% ,_p..-fﬂ FlE NOEC 1256.61 [40]
" African clawed frog JEYH U g VI J NOEC >100 000 19332 [43]
A Lemna gibba WKIE TFER NOEC 193.32 [34]
J Microcystis aeruginosa AR G i TR ECs, 90 90 [44]
TC Gambusia holbrooki £ ff1 Bt R NOEC 0.5 [45]
Microcystis aeruginosa AR i TS LOEC 100 50 [46]
Lemna gibba WHKTE M T8 NOEC 193.3 [34]
Ceriodaphnia dubia TSR WS % [EIEeE e ECso 180 180 [37]
- Egeria densa 7K 25 5 i3 NOEC 20 [48]
0TC . e
Chlamydomonas reinhardtii S& 154K 34 KR NOEC 100 2 000 [49]
Oryzias latipes ik Hi s LOEC 1 000 [50]
Microcystis aeruginosa Hfl LR 5 e 395 ECso 50 50 [51]
CTC Lemna gibba TEIKIEH: TR NOEC 30 600 [34]
Scenedesmus acutus var. acutus W& s LOEC 500 [51]
Anabaena sp. fa )& £ i ECyy 22 22 [52]
ERM-HL O Synechococcus leopoliens‘is %é};}%@“é %ﬂ?ﬁﬁ NOEC 2 [52]
2 Moina macrocopa LRI RIS S NOEC 50 000 200 [53]
Lemna gibba [ IKTE TR NOEC 300 [34]
Green Algae — L(E)Cs, 4663 4663 Ecosar
ROM Pseudokirchneriella subcapitata 7 7 AT NOEC 10 200 [35]
Lemna gibba & IKTE TR NOEC 1 000 [34]
Anabaena variabilis 2275 1 I 3 12 P2 5 A ECs, 11 000 11 000 [42]
oyp | Danio rerio B ’%F;Jﬁ NOEC 157 [41]
Lemna gibba K TR IR NOEC 1000 29 [34]
Dreissena polymorpha 3T 55 i 1 Tt D s NOEC 0.29 [47]

1) Ecosar F/REIEARIET Ecosar 1
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Fig. 3 Risk quotients for antibiotics in the surface water of Liaohe River Basin
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