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Abstract

This study aimed to evaluate the pollution characteristics and ecological risks of typical antibiotics
in the water environment of the lakeside area of Fuxian Lake. High-performance liquid chromatog-
raphy-mass spectrometry was used to detect typical antibiotics in the water environment of the
lakeside area of Fuxian Lake. The results showed that a total of six antibiotics were detected in the
water environment of the lakeside area of Fuxian Lake, with concentrations ranging from nd to
14.32 ng/L. Among them, sulfamethoxazole was the main antibiotic pollution factor, with a detec-
tion rate and average concentration of 100% and 7.61 ng/L, respectively. The RQs values of antibi-
otics in the water environment of the lakeside area of Fuxian Lake were calculated using the risk
entropy value method. The results showed that erythromycin, sulfamethoxazole and ofloxacin pre-
sented moderate risks, indicating that antibiotics in the lakeside area of the Fuxian Lake basin
posed potential risks to aquatic organisms and the ecological environment.
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1. &
1L.1. FTEZWNIERNG. ERRERMRENX

LA R R AEYA B BA U ARGV IR AR = ) B AT AR, ARG IR B T I R e ) s
e A AR A AR BRERR (1] IX 2R BEREFD I A R 3G 58, ST Il I e s e . 40 40 B B 3k
PR AR B RS L SR T BOR e ml 8 ORI HES) A SR EEST A IR T SR1, LA RMAGEMEH D
FIREZ IR N NIRRT, WAAMUE 5 R AR SR e N M EREER, a7 SR A
PULPE, JFROAA N IR R B, SEUR MY RZBANGE P ezl FEKAEABNIR, 226 M4 K
BRI EIE TR, 20% M54 FH R R #EE(ECS50 < 1 mg/L), 6%X%f 7K & A #E(EC50<0.1 mg/L),
29 173 MR E S EE(ECS0< 1 mg/L), #8 50%X% R AF/E R (EC50 < 10 mg/L) [2], R7KAAEMAALEH
FREEM: WNAESRGEEKE, RIRETERKARBRSH SRR A, Mgt x
o A PRI R0 RE, BETTRT AR S RS T B IE AR . S T H AR R 51 R A S e 5 AR S PR
HEIEN, WRANRAPUAE R IIERAERFE . IER e A U S AR B #2500 AR I R A B 2 4 41t
BESE, MEKAESRATUERIGRAHE ., XIBAESZ et imig S, MfEsh A DA S5
PRI AT )R PR B B ISR S EARME

L2, KA RERER TR E RARBL BN

H 1983 e, EE. MEESEREZ H OEmR KPR B PUER, IREEECS 3.13~450ng/L. KEAE
NPUEREFSMHRE, fER S TMPUERAEASME, S KATAERENESEHES, BRKAR
YDA R : BRI 35~2098 ng/L [3]. KILAMK H(ND)~1090 ng/L [4]. ¥ 1~327 ng/L [5] L[
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ND~214 ng/L [6] #FIF] 26~410 ng/L [7], #EV N LB 3R Z /KB H #5000 £ (NOR), W 14~161 ng/L
[8] (WA 1) REMFK TP ERIGRZ T JLE LA ng/L B4, HAKTLH /KR EE 2574 1090 ng/L,
P AR FoT G 1) 8 DR 2 2 [ 9 A0 R

Table 1. Antibiotic contamination levels in surface water

® 1. MK P RIS RAF

X 35k FEHAEER W (ng/L)

HE, B ARPDE, WRIDE <LOQ~264, <LOQ~300 [9]

W, R Tif friz FR 5 S TG e 137 [10]

R, B AR AE, ERDE 390, 460 [11]

HE, T Tt iz — FR L e 313.44 (5.45) [5]
I, 4E2 R iKaTER 9.5~486 [12]

EH TR PR e, KA E R 40~320, 20~450 [13]
I, Zdui Tl PR S o, 1R 30~70, 3~40 [14]
LHE, G Tith fidz FR 56 S B e 23~69 [15]

HA, 2B FIar &, &R 43~448, 55~254 [16]

FABE R =/ JUK R R —, WR/KE & A RIS & =1 9.16% [17], K 2 4 B #%
R LR RAROK TR SRS AR TR SR . AR, kil 5 R0 R R, Al A O
Big g, HAESRY o =i A A S S CE K18, (HEUE R 2 RET HER . ARSI 5[19],
R PiAE RIS AR BN Z . Ak, AHF TR TEALIP A R T RO B R T R R 7T, LA
ZIPAE 205 G B Aa e S A B S

2. XBRMHEFE

2019 4F 7 H 30 H, THRASHNEXAAS 10 ASRAF R, B KEEm . BV, #5005 10 %
F BTN BT 10~20 m Ak s IUIZHLES RALR)E 0~50 em Ab/KARIR A, BUE S /KR IL 2 7K
pH. ORP. HLSREILAFGIRCRAE S 1), FE 1L IR A KFERE AL GBI, W0 10 mL g0 ]
WAEARK, T 0~4CHAREZ IS, 24h NIERMTUAEH . TALFRAEN: £ 0.45 pm JERESIESS, N
A Na,EDTA, i#id HLB [EAHAEBH(Z 5 mL FEE. 5 mL /KiGML), #5617 #E 8 mL/min, FH 12 mL /K
TEVE/ME, BJELL 6 mL 20K - HEE(S:95, viv)BElil, SR TREEER TR, &% 1mL, FEA
TFokik i ERR R0 T Bkl B bR A 5 .

SEEBG SR B 8030 1y AV (s — ER DG RE A (AL HL T 55 2 TUR) . RUSIRGAIN . [ AR AR O B A5
A BRI AR MR . £ G AR 4N, BaEg oG, TR FEE, DARAERI>95% KP4
FARUE S (PRIERE A5 1000 pg/mL @I FRE 0.0100 g brdE i FH H EER AR 2 A2 10 mL BLl). Rkl
FEIR 40°C, JiANAH A BT 0.01%F IR = 4liK . Wizshtl B ALK, #FEAF 10 uL, & 0.40 mL-min™'.
KW &, R R ER: SP04 FARHEATRTE 5~500 ng/mL 4¢3 70 Bl P 28 14 6 R R IF(R? >
0.99), J5iK6 HFR(LODs) 0.01~0.48 ng/mL. & & FR(LOQs) 0.02~1.44 ng/mL, 0.05 ng/mL K & Fr RSD
0.74%~5.04%, 4% FANNFREIEE 90.2%~110.3%, FF-EAa 40 41 J5 2 B R (45 SR W% 2).
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Figure 1. Sampling point distribution map of water environment in Fuxian Lake Lakeside Area

B 1. SRR IR F R R 27 E

Table 2. Measurement results of typical antibiotics

2. ABNTE FENELR

PR 12 2R (%) LODs LOQs RSD (%)

LRSS 3 RXM 0.9978 102.2 0.01 0.02 0.74

AR N EM-H>0 0.9981 95.8 0.12 0.37 2.89

+ER OTC 0.9991 92.5 0.04 0.13 2.85

UEZS TCN 0.9969 88.6 0.02 0.06 2.95

EHR CTC 0.9997 90.2 0.07 0.22 4.04

Ti g v i SD 0.9956 90.4 0.01 0.02 0.79

T e — s SMT 0.9974 85.2 0.01 0.02 1.48

itk frc FR M s SMX 0.9935 99.1 0.03 0.1 4.12

ARV E OFL 0.9962 97 0.02 0.06 4.58

R A NOR 0.9946 93.6 0.08 0.25 5.04

W E CIP 0.9959 102.5 0.48 1.44 4.98

B ENR 0.9973 110.3 0.01 0.02 4.18
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3. ZR5i
3.1. FAMRRRX TE RIKEKFE

PEALTEIEELX 10 ARFE 3Lk tH 6 FhbtAE R, 2 BN FIERE(SMX) . SRV (OFL). ¥ 414
ZERXM). 5 ZK(EM-H,0). g — FFmsng (SMT) B iE (SD), WL N nd~14.32 ng/L, FEAR{K
T E NPT R FHMEB03 ng/L), AT H K T 54K F20]. HA SMX Fl OFL =5 LA 7,
R IBIIE 100%, PRI 2514 7.61 ng/L. 3.65 ng/L; RXM & H % 90%, “FIJKSE 0.07 ng/L; EM-
H20. SMT. SD kit HIHMET 50%, “FIUEES>514 0.64 ng/L. 0.01 ng/L. 0.04 ng/L, T54:TTHREUK.

MGG R A, SMX £ F T NJERIATT, OFL R{E/KIRE i Aa e ot MK, R R
S0 N D S X AT KA VIR SG: T SMT. SD EE N H T HHBFR5H, PuflislfEid e
BEPEHG FERM RN, S SO SRR 25 T 5 VO F /K A (SMT A 36 40%. 734 0.535
ng/L) [21]0 %F G Py AR AKAE, PRALTET SMX 359 FE i T8 BH 1 A F 7K BRI B2 (2 5 £5), AR
[ 1/6; OFL “V-313 FE i TR EE (40 £i%), (BT AIHI(1/8) [22], H SMX. OFL i H #3711 KT (25%)
[23], R IIFEALAHTAE FT5 G LAJRA N F2 BRFAE, 5 R0 FR IR = T KR A7 23 22 S (VRS L4 3).

Table 3. Statistical characteristics of antibiotics in the water bodies of the Fuxian Lake riparian zone

3. AR XK s s A G HHE

i (ng/L)
AR :

Min Max Mean Fre

PUER RXM nd 0.19 0.07 90%
AR EM-H20 nd 4.56 0.64 30%

+EHER OTC nd nd nd 0%

IWEZN ¥ TCN nd nd nd 0%

E®HR CTC nd nd nd 0%
Tk e ms e SD nd 0.35 0.04 10%
Ttk iz — R s e SMT nd 0.05 0.01 20%
Tit e FR VA SMX 1.36 14.32 7.61 100%
2RV OFL 1.17 6.63 3.65 100%
WHRI AR NOR nd nd nd 0%
WY R CIP nd nd nd 0%
B2 ENR nd nd nd 0%

3.2. FAHERXHE RIS R ZE 9B FHE

BB AE R B ARRHE S, Pt s A 22 5, w SRS HETUNS Rl s RIKBIR 3R, N
R B R AR . SRR, PRSI X PUAR RS YA E B AR A AR RAE R(S1~S5) A
FRIREEVEHEA nd~14.32 ng/L, FUHBEAE 2(S6~S10) 128 nd~4.59 ng/L, ZRFHEAR TS Yt i W2 v TP 3.
IS G R, ST ORI ERT R S A )5 B s R,k tH 4 6 i 28, SOKREEE 26.10ng/L, A
2 DX s S3 (SO, RE A R H AP g/, ARl SMIX A OFL2 s P S6~S10 KA sk
HPTAERFIN 2~4 B, HEPUERIREL IR T 5Sng/L, 53K PADRA RS W2 4).
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Table 4. Antibiotic concentrations in the water of the Fuxian Lake riparian zone

4. HAEEEX KR it E RIRE

S Tasm A% tH WU &% T Eﬁaﬂ%:Eﬁ i fie H ’fk‘ﬁ*h WY WY B
= EN EN ES E WA IE TEM: YRR b5 2 P}
S1 0.19 4.56 nd nd nd 0.35 0.05 14.32 6.63 nd nd nd
S2 0.10 nd nd nd nd nd nd 12.14 5.86 nd nd nd
S3 nd nd nd nd nd nd nd 11.51 5.46 nd nd nd
S4 0.02 1.04 nd nd nd nd nd 12.13 5.16 nd nd nd
S5 0.06 nd nd nd nd nd nd 13.75 6.48 nd nd nd
S6 0.08 nd nd nd nd nd nd 224 1.73 nd nd nd
S7 0.03 nd nd nd nd nd nd 4.59 1.55 nd nd nd
S8 0.02 nd nd nd nd nd nd 2.49 1.17 nd nd nd
S9 0.13 0.79 nd nd nd nd nd 1.36 1.19 nd nd nd
S10 0.06 nd nd nd nd nd 0.05 1.52 1.22 nd nd nd

WA 2 5 AR %O IRBI R RO N SE B 5 5 AL A 2 I B X R A 2R AR A i i
DA FEE AR BUGIEEh, NESIIE, AT K HCR O, BIET5KABE A 8, A &
DPUERRBEMIE LR, KRS SBOUE R PR RO AvE R, A mTs JaRk g, m
PGB 22 R 2 bl S5 A% 0 KGR X, — D TR A P KB R A r s W B L B P 3 A KA
FRIPTAERR, 53— T TR ™ M IR DR 42 1 Bt 2D 1 NSRS Sh s R AT BN, XCEAEH R i
PRI RS YR L 35 AR Horh ST ARDRTS Yt HLRILAK IS Fe(n BRI TS K . ARLARIAD)
B GEN, HEo bR T REIUE R R, X BRI T ASEE SR S P RIS ST
FAEMRE) R, R e SR Al A 3R 75 S B 1% 5 U S AR AR NI UL, B S Ay s etk

Gl
3.3. FAHERX L E KA KB TTEN

A IR S A= 25 AR P BT i, P2 3R BB AE A B 9 A 25 XURG PT BUAR B RQs (1IN R VE A
RALEB KA FFEE : RQs<0.1 AR, 0.1, 0.1<1 A%, RQs M, JymKb. T
HIMEOLE &, RQs KITHE HIREUR M H) PNEC, I HRHIPUA WS B i RAEHEAT THEL, 45 3R WAk
5o

Table 5. Toxicological data of antibiotics against the most susceptible species

5. AR N HEURIMESERE

E PSR/ (mg/L)

PR S U iR PNEC/(ng/L)
EC50 NOEC
RXM P. subcapitata Ak 0.001 100
EM-H20 P. subcapitata S 0.02 20
SD S. capricornutum Sk 22 2200
SMT S. vacuolatus 2 19.52 19520
SMX S. leopoliensis 2 0.027 27
OFL P. subcapitata 181 0.00113 11.3
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2 ST, RER, Kt 6 Fyid = M EH L R R FHEM(SMX, RQs = 0.53). %
S0 F(OFL, RQs = 0.587) £L% %R (EM-H,0, RQs = 0.228) 3 4b T F1 245 XK /K F-(0.1 <RQs < 1); P H &K
(RXM). fififi e (SD) i — FERE(SMT) RQs {H1<0.1, AARXE: . MK KGR E, Al
FiAd: 2 B S (RQSUM = 1.347) A T ERIT = M I1(1.222) 5 B0 = M 0(1.943) 2 1], % 4d 5 3 rbr 48 XU 4
TECHE WK 6).

Table 6. Risk quotients (RQs) of antibiotics in the water bodies of the Fuxian Lake riparian zone

= 6. HALFHRERKEITE R RQs

PiAER Max MEC Min MEC
RXM 0.19 1.90E-03
EM-H:0 4.56 2.28E—01
SD 0.35 1.59E—04
SMT 0.05 2.56E—06
SMX 14.32 5.30E-01
OFL 6.63 5.87E-01

TEATSAVE R K B, KRR E, U R KRR T Rext KRR =g e drE, B2 ES
B PULIVE[22], TR B “RaPE U SRR o o L Py Y DX, AL XU (B e 1K T = A1 9 (8.769)
LI (20.204), 3X— 22 53 BEVE T H0AL0 1T 2K ™ M (75 Y i, 15 85 T I KRB BUK R IR R 1
FI, EE T /KR ARG E S BRI = A IR b XU s 8, 3R B LR 5 A% 1 X 3, AU TR
F(SMX, OFL) I HF 85 NATY AT e HE = AR 25 XU

4. &g

FEADEIGE XK IR B R AL 4G Y 6 FhbisEZR, WREVERDA nd~14.32 ng/L, APk FEEME 2 = A
RIS YN 1, RS AR EE 2 BA 100%. 7.61ng/Lo FI A XU B V25 S Al 3 3 72 [X /K 3R 85 eh
PUERM RQs 1, S5 RE/RAER. R PREMAER I 2 2 b2 XU .
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