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Antibiotic Pollution Characteristics and Ecological Rlsk Assessment in Jlnjlang Rlver
Basin, Jiangxi Province o g |0 ..;.f"x J
LI Jia-le'*, WANG Meng1 > HU Fa-wang'* DONG Yi- hur1 5 , SUN Zhan-xue 2 WANC Yaol FWEI Cheng-fang' | YAN We.'n1 e 4

(L. School of Water Resources &Eny ironmental Englneermg, East Chma invers,l.tv ‘of Technology, Nancliang 330013 Chita; 2. Slate Key Laboratory of Nuclear Resources

&

and Em vironment , Edﬁf Chlna Um\ versity of Technology, Na_nrhang 3 13 .-(fhma) 4 ..‘ ]

Abstract; The (oncet;tfdtlon and distribution characjetisticgief 27 dI’lUblOtle, mdudmgS sulfonamides, 9 qu‘molones 4 tetracyelines,, 4 macrolides, and 2 mtrmmlddzoles ‘m_‘l
the surfice water, gfoundwatér, and wastewater of the Jln]lang Rlver basin inJiangxi province were detennlnedi'ﬂsmg solid-phase extraction combined with ultra- performance
liquid ehromatography-tandem triple quadrupole mass spectroeity. The wésuls showed that there was antibiotic pollution in the waters of the Jinjiang River basin. A tofal of 20
antibiotics were, detected in“the surface waler, with a concenration” rangé of 32. 3:080'ng-L~". There were 15 types of antibiotics detected in the groundwater, and the
corieentration’ range was 28.4-55.8 gL' Twentyhne types of a}r_ljibioh'_(_z,s.wef.e_igietected in the wastewater, with a concentration range of 231-8.71 x 10*ng-L™". A
comparison with'the*Concentrations of eight common antibiotics in rivers and=lakes in China and abroad showed that the pollution level in the Jinjiang River basin was at a
medium level! By comparing the concentrations of sulfamethoxazole in groundwater from domestic and international samples, the groundwater pollution in the Jinjiang River
basin was/elearly in the middle and lower range. A comparison of the concentrations of the three antibiotics in the aquaculture wastewater from domestic and abroad samples
indicated that the pollution level of sulfadiazine in the aquaculture wastewater from the Jinjiang River basin was relatively high. The ecological risk assessment results showed
that there were nine medium- and high-risk antibiotics, which were clarithromycin, erythromycin, ciprofloxacin, sulfathiazole, roxithromycin, tetracycline, ofloxacin,
enrofloxacin, and sulfamethoxazole ; the rest were low-risk or no-risk antibiotics.

Key words: Jinjiang River basin; antibiotics; water body; distribution; ecological risk assessment
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Fig. 1 Distribution of sampling sites in the Jinjiang River basin
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> TCs ND~92.0  27.1 88.89  0.36~8.39 3.28 100 123 ~2.80 x 10° 803 /100
SPA ND 0 0 / ND.~0.23 0.08 33.33 ND 0 -0
GAT ND 0 0 D 0 o/ & IND 0 y 0
FLE ND ~0.52 0.09  22.22 /ND~0.35 0.12 33033 ~IND|~ 11 30 0y32% a5
OFL  ND*=7.36 1.65 55.56 ND 481 0. 65 66. 67 ND ~38. 8 1057 75
R ENR D~ I2.1 1.35 1111 | oNp 50T 0. 64 33733 ND 7,96 1.99 " 25
4 A LOM & #f ND 0 LO & f / #ND 0 0/ ND £5.65 1.41 |25
5 CIP “NDX78.6 8.74 A4 AFN1Y 7 /NDy 0 [} _ ND 0 0 =
| | ENOS. ND-~4.73 0.81 55.56,  ND&3.02 1. 60 66.61 ND ~6.97 3. 12 50
NOR  ND™=0.08 0.01 .l ) ND 0 04 ND ~2.53 0. 63 25
y i ‘
Y FQs. ND'~86.0  12.6 88/89 ¢ 1003 ~4.83 3.08 100 1.61 ~56.3 18.0 100
| ¥MpZz g s o 0 4 " o 0 ND 0 0
¢ .-‘ o
NDs ¢ /PMZ™ ' ND~32.0 5.53 77.78 ND=T1.6 4.61 66. 67 ND ~10.9 2.73 25
NUNDs ND~32.0 5.53 77.78 ND~11.6 4.61 66. 67 ND ~10.9 2.73 25
SQX ND 0 0 ND ~0.14 0.05 33.33 ND 0 0
SFM  ND~10.5 4.79 88. 89 ND 0 0 ND~3.78 x10*  9.45x10° 50
STP  0.02~9.51 5.03 100 ND 0 0 ND~3.17x10*  7.94x10° 50
SMZ  0.01~8.63 3.62 100 ND ~0.26 0.09 33.33 ND ~3.79 x 10° 951 50
SAs STZ ND ~46. 1 5.83 77.78 ND ~1.15 0.76 66.67 ND ~71.0 19.1 50
SMX  11.1~71.5 22.7 100 18.1~29.7 24.0 100 12.0 ~31.6 21.8 100
sbz ND ~6.52 2.63 77.78 ND 0 0 ND~1.08 x10*  2.71x103 100
SPD ND ~0. 69 0.12 33.33 ND 0 0 ND ~16.9 4.88 33.33
D SAs  16.8~142 447 100 18.1~31.0 24.9 100 19.0~8.43 x10*  2.11x10* 100
D7 % 32.3~280 108 100 28.4~55.8 130 100 231 ~8.71x10*  2.20x10* 100

1)ND F/R A A H (not detected)

PR h ARG BT A 3R 21 B MR L 231 ~
8.71 x 10* ng-L™"  SEXI{H K 2.20 x 10* ng-L~". £
A 50% WBTAE A 13 B Rl RS 0 4G L vk
JE S, HRJE PO ZR IS, M2 (SAs) FhAe i 8 A
PR E WL 19.0 ~8.43 x 10* ng-L™", ¥
fH4 2. 11 x 10* ng- L' Horpr i e g we | sl Jiie o R
SRCMEINE | it e — P I Tl i Y Ak 1R P A ik

B de . BTl e E A RN T 50% A1, oAt 7
T A 246 SR KT 509% , fiff i 15 1 A1k i FY e
WS HH 35 R 100% . PURRZR IS (TCs ) Bk 2 4k
Y HEREJE I My 123 ~2.80 x 10° ng- L™, +H X &%
BRI N 2.72 x 107 ng- L7, -5 £ R H
KR N 100%, H5HEKMEL L T £EREN
Kt s KIFNERZE (MLs) Kt 3 Ry R, W
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L F K £ T 3 2600 B 0K i), oA A e il ool
VPSR, AR R A B R 2 ]
50% ; TFEVKIEA (NDs ) f 46 H v H 2 1. 2 ol
2.2 P EM AL wl
F P 3 AT T R VG 1k A AR R 2 (B ol
B REIARRI AL M. R7 . R2 F R HitE R R
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Fig. 3 Concentrations of various antibiotics

along the river flow direction
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(86. 1 ng-L™") BMFFEA%, 76 R2 IRYYG. 8 R W
YRR EDEHE IR T & & 5K 57 5256 1 5 iR
7 UL B B 8 R b E R &
R, HAE KA R &R EA IR
WRERT I (5.92 ng-L71) , Bl J5 K Ve B — B AN
Ky EEARK Y DU ZE HAE RO ASA Kt (29. 8
nge L71)  FLAAY B 0 AR H Bk Hh R R K.
Bl 4 (c) AN, W 5 I 25 9 O 3 O B AE R2 I
R, RNV JAE R2 K (78,6 ng-L7") , Higy
BRA A REAE R ARk ER L, HAE RI
(R FEANAR 5 AR Vb 2 AN B V0 L I s A2
HPE R AR R B — WA W,
e BEAb T AR KT

P L 4 () T2 Tk Y ogenels Rt e WA el 14 0%
RS A 4 PR R AT W AN [R] i e Y s ok
B — A 6 A Az T, VR R I 1) E P )
ZR—HAE10.0 ~30. 0 ng- L~ A AL N E3h, 16
R GAFIR KU (71,5 ng- L") . A3 2k B wot
Rl AT, ﬁﬁﬁﬁﬁﬂﬁ%ﬁﬁﬂﬁ%@k 5 1 KR P HEAE,

i g Y Al 2% it B 7 553, L V9 S8 7 M Y el
AR FE L A ol 5 g W e — L Ah TR B 30
A RS, 2 Tk HEVS RO RZ 0, 76 R H B e vk
Kt (46. 1 ng-L~") 5 BB FHAE0MAIE | il frie Y 4Rk
W it e W i e — Y R e AR Ak R AN —
B, — EACTEAR AR FE 0 I e 5l 5 il i mb g A 1 Ik
JEARAIE.
2.3 PR E R S A RO
2.3.1 HBFRIKPUAE R BEXS L 3 by

5 PN A At 3 Xl Kk AT A 2R R X HE I
P2, Hop R ICT 8 ARG HE VR B A R B R A
PR IEAT T X . RSN BE R P A R w T
PR, EEHT ARERIGT. B his R
R > AR E SR Fiz A R R 2 3k
ﬁ%ﬁﬁﬁ@%%ﬂ%&T%%ﬁiﬁgwﬁ%@ﬁ
PIE RV Yt ; R E T — KA b
i%f&ﬁ?tﬁ%ﬁ@%ﬁﬁﬁ&fﬁ'%
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R, & T—i5 g~ \ a4

%22 nBﬁ:T:ﬁiﬂ:E*fi?:ﬁF*?')/ng L~ l,.- 4

Table 2 Antlblouc cnncentrat}ﬂfn levels in selected rivers, and lakes/ng; L.~ : &

WH, 2 i) i P~ 1 orc / OFL Spz SMX ¢Sz
rhlil%%‘il(ﬂ&mﬁi)," £ 2019-06 ND ~14.8 # I'ND ~ 3. 6/ ND~29.8 ND 86 ‘,A}IDJ. % SND ~6.52 111 ~71.5+%0.01 ~8. 63
s g e = 2019-04 — V NDEOO  10.8~126 ND-5.874°ND~10.3 ND ND~19.4  ND-~0:48
sl AW 5 2013-08 — J —/ ND~1850 ND~47207 14%474 — ND ~7 —
m@miﬁﬁa“o} ‘ 201608 — ND-~121 P — 0.38~32.6 0.86%505 ND~940  ND~16.1
s ) | 2008 ~2010 = L =N ND 17~557  113~439  ND~186 —
EPIE}WH(TEE (18] - RARS) — ND~103  ND~184  ND~237  5.6~1200 — — —
R 2] 2007 ~2008 790 ~1 830 — ND — — — ND ~1310 —
L gEgy 2 2006-01 ~2006-06 — — — — 30 ND 40 —
Rl VA Ty 122 2005-07 ND 9~41 9~41 — — — 20 ~174 15~328
H AL g )| [22] 2005-11 168 78 — — — — 19 ND
A1 A IE A — 1100 ND — ND — — ND —
1)ND /R AKH (not detected) ; “—" Frn B e

P FHR R R, TR S R R

251, Wl I PRI T, B J2 2o A R it
SISO s Y, T & Bl A IR 50 L. DU 3R 2 A 5
VL, R PEI ORI R A DA Y vk A
Fe , U2 X 7 Ol AR 88 P TR (HURAE i
TG L R AN v AR Y DA [ X 2 Ol
FRIER AR DA R s % A NS iz, 4
NS EEEE S DR S =T A LR R L R
I R 1 0 R 1= el 1] R

WETT BT A ZOR HA MR | AT HA R
OS2 /D BB R . SR D A N AME Tz
SRR VD B 0 R v e O R
VEPOREY AT W I B R A
ST ~ 3 AN B, UL A 43 i DX AR

R e AR B O, ELEAT K )
FORTG L RE S LB, B0 T ARk g 1 e 55 1 AR R
PO (e FEE RO >4, A 11 e BE AN i 0 R
H R R EREE B M) A K. T TRT A e G 0 A AT
E A VR FE PSR YL T A B, T FE
AT IR Y R P A e Y R R Y

ORI EPETE O R L e ik e g
QTR A R A S BRI e B A A

P AR T X i 2 Y e £ A I BOR. il JL
AT Y Y s 14 T 5 RGN 7 [ A 2 LU T T Y
TEKMA . LIERTLRRY) b iz A7 A, BT 1 A T
Fi e P oA ) el P O, EL AT REAA AR U TR 0. 1L
Fy i f VY et e 255 2 [l SE ) 2 Y A TR Y
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WU R e A Y 2 e, KT
A LA R T — B PR T
FIPETE D — AN RO G, V5 e e BE AR SR B T3 v K
S5 it il PR R I E A AR VT A O RN
TE PO ARG H e R AR 22N K, AR VR AT R R
VR BB Bl VP LM g R A T Fe A
ST AT i e P R e B R R I /N
F PR TG YL h 45,
2.3.2  HUROKRPUAE R MBS Lo b

T 52 BV, R K oG 2 B 4
25 S e V73 - RN o5 g W1 S A R
R A ZEOKT 1L 7K T G50 B3 it frg Y e &1 |
Pl A ZE A H R L 38 A AR K O Sl A X A
bt 7K FP R i Y s e e R T o R T )
(8.4 ng-L™") < PEHIIT(29.7 ng-L7") < EEH">
(220 ng-L7") < PESHE (241.5 ng- L") <
VERESF A e (312.2 ng-L7") < FEE ELAF
JHEOT (410 ng- L"), B HAR VI B T 7K b e 1
AR 11 755 Yo R T S T ‘

2.3.3  FIGHIE KB BN AT

7K R R 45 A 3 V5 K SRR AR T B 4 K
FbE s, Horh AR5 KRB, W R Rk BE A
15 YRR 3T M R AKCR A A R1 A R2. SR BE I K
FRES W2 F1 W4 thoR R I TR R 5 4
SR DU PR 24 B 2 T2 P P R e
S F AR i e Y R O L e R R 13
H3C 5 AT A 22 7 50 V190 00 5 9 4 5 . Mk
5 Fhehit IR TR 2 10 L R 2 | Rk — R s
R 5 1 A A A B AT X (6 3) .
LEREAMEAPUER 2 — BT LRk
RTVLHR ., BoH L AEFANL R ) ws kT %
Nebraska Hfi[X 3 T2 R SR TL IR R K
F S YRR TSR T ;5 TR, B
KIT =0, 2218 69 Towa I Ohio 1K /291 1,
52 ST TR K P e P S W 1 R
Foobr e 55 5 Bt B AL 1l ARRK T =
A2 AT O B K R o T 5

H3 | W R R K TR AT 1

‘Table 3 Concenlrationuul%vel"bf qntl"aigﬂ-(-:s in aquaculture wastew_gi’fep“in Seme areas/ p,g_"L -

oy [ o8 F V. sMz’ : Ve

L (AR ¢ 1 0.100~2/73 & 0.0130'~ 3,79 | ND ~10:9

T O - 0l07 472.9 —& — =
LGREEA/ SR AN SR ND ~2792 ND ~0. 115
Y | L0121 ) L 0.07 ~0. 67 0.009 ~0. 028
s | 68 -2 - ND

i Ml . 3.5-387.1 — ND

H T = Ay 3 26 27.5 ND ~5 ND ~5

% [E Nebraskal**) 1.3 — —

FH lowa Fil Ohio'*") — 2.5 ~400 —

1)ND F/R A H (not detected) 5 “—" F/REHE B

2.4 B IEN

ST B A S XS PFA H PENC 2 AR 2 A b
FE BT ZNT — e b (1) S RN M R A R
Ky, JET ARG B % &, PENC AR 35 i U= At
SR T R ST A R B R KM, T A SR
4.

FRE XS R ( RQs ) FITTF I 7 ik, 1B A5
BT b FK AN P AE R RQg AN 5. T4, i XL
(8 7R S < I s T I PR A& AR & 7 NTSRU)
SRR R g 15 B VLA 2 AR OR IR RS | 1 A
V2N 1 s e 2A X 3t Hp A 1 AU K 2B A W A7
TEM PR PR R EVE RS XU BT E R A 5, 4
SIRPARR AR AR E BE T B R
Fme ; (RSP 2 3 Fh, R £ &R | )
BHREAPGEI R, TR YUERA 4 Fh, 550 &0
TRUD AL R U SRR E | e v i R ML

LR PULE ML KT 5 A 45 KU DA 25 2R vl
R BRSO K A R o KU AR 3RAT 9 i, 205y
PURR AHR, BER, WK, QAR A,
ROVRTD R | IRRVD L | i 0 A A A i % P s R A
PR ILAGIN 4 Fifr B3 T 1 FhoAKS th Ah, HoAth 3 Fhy
R XU, , AR B AT AR R AU e, (HLA
FBUROR A= LE W RO S R AR, DR LA 58955 B RQ, L.
POPR R A TUER AL T vp XU, HoAth 2 Fh#R 2 A
RS, R FR AR A o T U R H B E R T
WIEHIREMA ZL/ N T PUBRER , DN DU BR 2 T XU
WV 2SI KA L HAt ST A R R S (R TUARY)
HE AR, B B e K, A 5 MOKA 18] [ AH T
BV R, BRIR R VD B AL e v 2 B 2E 3R R
e 3l U AT 2 A AR, (AT 4R
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Table 4  Ecological risk assessment of antibiotics in surface water

bR Wb FHHAE/ mg- L FEPESA PG T (AF) PENC/ng-L"!
RTM P. subcapitata 0.01(NOEC) [*# &Pk 100 100
CT™M P. subcapitata 0. 002 ( ECs,) [ 29k 1 000 2
ERY P. subcapitata 0.02(ECs) 2 a0 1000 20
oTC P. subcapitata 1. 04 (ECy,) (%] Ztk 1000 1040
DOC Algae 0.316 (ECs,) 41 F=ds 1000 316
TC M. aeruginosa 0. 09( ECy,) (42! Zpt 1000 90
OFL P. subcapitata 0.001 13(NOEC) 4] 84 100 11.3
ENR M. aeruginosa 0. 049 (ECy,) (4 itk 1000 49
CIP M. aeruginosa 0. 005 (ECs,) 1] 2tk 1 000 5
ENO V. fischeri 0. 049 33 (EC, ) [ atk 1000 49.33
NOR V. fischeri 0.010 38 (NOEC) [ {i2ds 100 103. 8
SMZ L. minor 1.277(ECy, ) 7] atk 1000 1277
STZ S. leopoliensis 0. 027 (ECy, ) 148! &bk 1 000 27,
SMX . leopoliensis 0. 46 (ECy, ) 13 ik -1 000 460,
SDZ S. capricomutum 2.2(ECs) (4] 2tk ' 1000 2 290"\
SPD L. minor 0. 46 (EC) ™ bk 1000 460

[ -:.-.a- - .-'! .‘_,-" —

x5 %%IIUILH#QE%HB&%{E

Table 5 Antibiogie-risk quotient in Jinjiang Rlver ba@iln

N S e kA TR T 1

h?g MEC)(na ! RO/ 4 /P %?&
RIM 210 I 1.006.x 1025 -fﬂlﬂﬂ[&
CT™ " 1alg 7415 | ¢ 0 R
ERY 8376 4180 70 R
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poc 592 st 1.870x1072" JEIA
(e 29,8 3.326 x 105! LI
OFL" |/ 7. 36 6.513 x10 ! A
ENR/, 12.1 2.471x107! rh XU
cIp 78.6 15.73 e LR
ENO 4.73 9.590 x 10 2 AR IR
NOR 0.08 7.000 x 10 ~* TCIABS:
SMZ 8.63 6.700 x 10 3 TR
STZ 46. 1 1.709 e AL
SMX 71.5 1.555 x10 ! Hh XU
SDZ 6.52 2.900 x10 73 TR
SPD 0. 69 1.500 x 10 ~3 TR

3 g
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