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Abstract: Three major antibiotics (sulfamethoxazole SMZ, oxytetracycline OTC and florfenicol FF) were used to
explore the effects of mixed and persistent antibiotics on aquatic ecology in the Shanghai surface water. The indi-
vidual and combined toxicities of these antibiotics have been examined in four target organisms (Chlorella pyre-
noidosa, Vibrio fischeri, Daphnia magna and zebrafish embryo), which were representative aquatic species at four
different trophic levels respectively. Moreover, further ecological risk assessment based on toxicity tests was con-
ducted to explore the comprehensive effect of antibiotics on aquatic ecosystems. The results showed that the order

of sensitivity of aquatic organisms to three major antibiotics was as follows: Chlorella pyrenoidosa > zebrafish em-
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bryo > Vibrio fischeri >Daphnia magna. The combination index (CI) was used to evaluate interactions between the
antibiotic binary mixtures, and it was found that interactions between two antibiotics were mostly antagonistic (CI>
1). In addition, compared with classical models of concentration addition and independent action, CI method could
accurately predict the non-additive effect of joint toxicity from antibiotics. As the content of three kinds of antibiot-
ics in aquaculture wastewater is much higher than that of other water bodies (Huangpu River, Yangtze River estuar-
y and factory wastewater), it shows high risk for aquatic organisms at different trophic levels, so corresponding risk
reduction measures are needed. In contrast, antibiotics in other water bodies show low risk for Vibrio fischeri,
Daphnia magna and zebrafish embryo, but still pose a certain risk to Chlorella pyrenoidosa. Therefore, vigilance is
needed against antibiotic risk to aquatic primary producers.

Keywords: antibiotics; aquatic organisms; joint toxicity; ecological risk assessment; combination index (CI) model;

compound residues

Pk Z90 2 T AN W B PR 136
I, TRV AR R A A K S0 i 1 et v 78 72 4D
o ™ T ER B AR R A A R, LK
G P hi A R 2 )5, R AR A
ik Rl AR fe &tk A KRS 76 Tk [ 45 vt
TR & BT PR AR IR H kbt
Az ZR AR AR 2S5 i R ) 7 R A X N A
ZRFMAREE G Yz B BAR KR A
R EA G B m AR KK 7 g
Ll ng- L G50, (H iy T4 AR 250000 % b 0 O
HEN TIKIREE AR R K IR PR ae e IR
U RS S (AR TR R 2 X Fh L 5
A Al g2 KM B Bl W e O R AR R R, O
) SRR AR 1L 5 R R R G e R A S R
GVl | KRR AN 7K A 725 2R G R S TR A XU P

SEBR b, TR AR AR B B PR R R R B LR
7 5 MR ) B 388 2o S 56 R P4 BR BT R T AN [
WL RIR A 25 AT e R T Hm B A 1
N R 245 2 8] A 4 P G 2, 3 000 A5 7 1
BT ERDT, HHET, 2R YR EHIN(CA) Fs ST 1
FHAA) f5 e R 47 35 P B0, e i X 2 L 42
BRI T 25 2Z [ W IR) FEBTAE . SR, KA
HAb G ) Z AR 7 S AR A, s kA=
AHELAE I = A U R st s ™, B2k 28 % IR 5T
() 3 A I AT /e 23 PR 3L A7 ™, Rk, % B8 )
Mk Z AW A B & A 5 S X T HERR T
MoK A= 2 XUBG 1Y B ZE DT Chou™ 4 H B A5 48 48
(CORERY I TR 15 Je Al A e

Vg b A VTR U, S v BN R B
HATH IR 22— T4k R [E RS kB
FIBTAE A U i X B i K | iR KT A

(EAR FHIK DA B 2 R S e s i 12 BRI, 1 v
DXARAR e AR 2275 e KU AN A5 AN 52 I J 0L 1T B
T 167 Rl 0 S e K A AR MR K AR A MR . IR
ARG TG R DR e R R R R
PR Z 08 YT b DX KA PR e HoTS Yl i
P BT A R AT RS DI 3 A R Y
3 PR o R e H e | R R AR e %R 2
BRI, LA E R 900 [ e FHAR A 90 8 A%/
EK ¥ (Chlorella pyrenoidosa) ., %% [ 3K i ( Vibrio fisch-
eri) , K & (Daphnia magna)F5E & £ I Jifi (zebrafish
embryo) N2 IR 4 FAT 1 SR EEVEREIE SRR A
SLhi TR R PR IR BT CA TA A1 CT AR ALRS
PrAERWEC G R AT TR0 R A 4R 4R CT
AR T 258 Z (B VE IO SR (R B Ie] #5402k
15 T PR s 55 J5 DA AR I i XK AR i A
FEEORIEGRIEIEK T KA 3 K (i
VL ARVL I RS H Edls 48 AR, 78 CT BB BLAily 1)
RAHT I X KA A V5 RO, PR e 2R
SR O E I IX TR RIS Qe R I 22

1 ##l5 7% (Materials and methods)
1.1 BElAR

24 iy < B 1 S R (sulfamethoxazole, SMZ)I F
BAIRE T, oM b o A, 2B RE S 99% , 1% CAS i 5
1 723-46-6; + %5 2 (oxytetracycline, OTC)H [ Fif $
T, bR AE S, SR 97% , i 5] CAS 45 h
6153-64-6; FAJE % (florfenicol, FF)Ig A B T, 43
PRt , 4080 98% ,1l3f] CAS 452l 73231-34-
2, BURRIAL A FH I B 35 AR (DMSO) L il A
FRUE A8 P (e 2 i it 43 40<0.1% )

ZIA AW . & H A /NER B (Chlorella pyrenoid-
osa) \ KA 2% (Daphnia magna)¥s) h I K2 7K A
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A= S0 Z AR AE I 5 2% [QIIIRI( Vibrio fischerr) i H ]
MR 2A MR A A B TR LD i e B 5 0
(zebrafish) T 1 11 22 B X AL & 11 b, 3056 A 91 5=
—JA LA E WU R HOR S R4 HICAET,

TR FH 7K B 77 5 . OMRR A KK . B BR A 48
h LU BRI ERIK . @K EFBEHIK ;. CaSO, 60 mg-
L', ,MgSO, 60 mg-L" ,Na,CO, 96 mg-L"' ,KCl 4 mg-
L',pH 7.6, @B aREE;FE/K ; CaCl,-2H,0 0294
g-L" ,MgSO,-7H,0 0.123 g-L"' ,NaHCO0,0.065 g-L",
KCI 0006 g-L", B2 48 h DA b A R KiEfE, @
BG-11 &Z &R FR5E . T8 i A WA BRA R @2 [GIR
PRIV 7R 5L . NaCl 30 g-L BERFH 5 g+ L7 AR
5 g-L", Hih 3 g-L' ,KH,PO, 1 g-L"' ,Na,HPO, 5
g-L",pH 70,121 CZ&IKH 20 min, © 7% AN [
RIEFREL NaCl 30 g-L7'  BEREE S gL AR IR S
g-L" Hil3 g-L",KH,PO, 1 g-L"' ,Na,HPO, 5 g-
L"',20 g-L"Bil§, pH 7.0,121 °CZ£¥5 K 20 min,
1.2 A%

T HE AE20/21 185 A= W) A4 (32 v
B S0 £E A PR F]) ; Tecan M200 PRO £ T fig
AR A Gt 12 15 A 1) s POX—350H A TA%46( 1
T F R A,
1.3 ZilAY s

(LN 35 35 FE IO A0 T, B X B0 Yy
FERPEANF] 100 mL BG-11 332 5L, 45 9% 250
mL HEEI, ZEIREE (22+1) °C JEHRGREE 2 500 Lux, )t
ML 12 h 2 12 h BYSRPF F e G g% . B K0 [ i
)73 3 LA (15 min/ik), &EF& 96 h BFP—ik,

Q)RBIFE B FE . R R WY KRR B A
H oK, 55 IR IR EE N (20+1) °C ;G IEER EE N 2 500
Lux; YemE R 12 h = 12 h, FEBE 2 R¥e— oK I
B RNk BEEE K 2.0x10°~3.0x10° cells
L7, SCHOTHT 24 h SEHUCH O ) f R S AE AR B FH K
HEATEE SR SRR T 6 h A RER Pk PRk AR B[]
TE 6~24 h Z & 1 F508 ., B EE A
INERSEE  RHZE N 2.0%10° ~3.0x10° cells- L™, H:
fBEFR SN AH A

(3)BE L £ 1 15 57 K IR 14 BRI . K BAE 1 £ 91| 57
THES A RAKH  pH 7.5, 10 (28.5+1) °C , Ll LR
14 h : 10 h, PR FARER, & H R 2 O S
Yy, deAE 3 A A LLE R R T B0, 7 A
FiI— K, PRt FEfa ) 1 : 2 @ e AR AL AR
Ay S FLAE R T 32 A B K/ B I AT I

], 55 2 RIFLT 30 min NBELS f = OS2 i, FHIRG
T FRK RIS TR R LEE T PRIBCZ A IR I iR
FHT 7R 68 555

(4) B CQHIEA %) 855 5% SR I FH PR ol 4% < TC T 4%
T BaE R =R A 5 mL AR IR,
1E 28 °C JE# 250 r-min” S5 FH55% 12 ~16 h, HL
TEALATRE 100 pL A6 K- PR E T 22 CHE A
SR 22 h )5, 3% NaCl 3 0 V5 vk It
R B2 107 cfu-mL Y J51ERN TR A,
1.4 Ik
1.4.1  BRPEFEPRAGINE

(1)/DsRasE A= KA il g

B RMGIRE I ES AR SE S A RA
41 (Organization for Economic Co-operation and De-
velopment, OECD)201 Fyifi 77 ¥ | UG B i) 4l b
BEWERPF] 100 mL BG-11 $5 355 35005 400
R 2] 2x10° cells-mL™", Fria$iE R E 8
AMRPBELL, 1B 2 F R R SR s 3
170 ZMGE ODgyg 5 BV (107 cells - mL™ ) 2k
KT M. Y=81.807 ODy,,,. , R>=0.9924, 3%
1624 48 .72 .96 h, B 1 mL 38 8000 2 W6 AT
i R B, HeBRASR(1) )T 5

N;-N, N, +N,-2N,

A=, 2

N,,+N,-2N,

x T, + X(T,-T,) + -+

X(T,-T,,) (1)

AP A AR HTZE LA T B AL N4 T, i 2 4 22
THER PR BEAIEEG N, T 205 2Z T B0 P B
A5 A0 A MRS N, R T, I 220 g 2 T35 b B D7
BN REL; T, ik BT 4 e 26— U R i 1] T,
RIS TR 5 n YRR ]

¢4

1, =

s 1, g A — Vi BE T 2 A0 A R R T R
(% )3 A, R REZH A il 2 i 4 TR ) T A 5 A, by Ak B
2 A K 2 P 0 R A T AR

(2) 3% FRIR BT KO i 15

2 ILINE AL 75 52 B Brps e (2
4 (International Organization for Standardization, ISO)
11348-1(2009) 5 5 152 FFHARHE SCHR 24 1E1 718 4
BN AT A 2 3% NaCl S RE R 9 M1k
BELH R SR UEE 3 AT, 100 pL TARTE K
AR5 96 FLA T, 2 D REBEAR I A O i,

%100 2)
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CA 1, AR5 A SE R B el e 2k R W, IR
250 s FEAMREA] RIGTE 15 C RS R R 30
min B #9 & G50 1,

@) RAIF 2 e

KA 2T IR 7S M OECD 202 FrifE
D7k il A 2 R AR B KRR RE R 7
AU B SR 3 A FAT, LA N 50
mL B, DR 50 mL — i R R %
W, B — bR 18 Sk [A]—HEAK 6~24 h NGB A1
WA RIS, XK KR (2021) C JERE HR
14 h : 10 h, SCE AR SEATIR B, 24 ho86 e 0
FERIUFAA KI5 Z ] A ) 5 2 AR 35 X B0
W, 7E 15 s NTERN, ic s 2 3kl A4,

(I R fiG 2t BRI

B i e St w8 77 15 2 I 13015088
(O07)FREIT RS YEH 4 402 128 4l B T 4
R 1E Y B 52 K5 B9 T UL B S50, 76 24 FLAR H AEFL N
A 6 BUZAGINA 2 mL 523800, B4 4 A fL, &
6 MUREEA A DXFIEA , YL 48 h 5 HIREESS |
AN R 8 DA B A A O BRI AR BET

B IRFRFRAGINE | BRI 3 At F e A,
T ERVESS R TC R A
1.4.2  BA BRI Tk

R —FEPE R IEAE [ e RERE A 1 1 B
LR —eiR AR R, IR AR R XT 4 Fok A4
P BABEE I Ty ik D R S R — R I
AR ; —ICIR A VR B Ry 2 Aok 2 A,
SR FHIEF s s B ) O AR TSR B AE 2R R
B BRI AT .

f, (D\"

(o)
Ao, DG, D, & A R EERCR 50 i 3O A
MTA RGN & B E R (ECy, ), £ 08 UV R GEH 1)
DRI IAE RGBSy, £ =1-£ , m S5 52000 ith 28 1Y

MR E X, I RRG) T LRI A A K (4)

f 1/m
D=Dm£1_af J “4)

Xt F AR T B 18 %L CT AR R 31 A K
PEFTTHEE.

[D],
R (D) R (Dx)l-nzn[D]
(CI), = = ‘ :
=20, A (@, |
oo ]

[1<(£,),]

)

A, (CD, S AT 77 x% ROV BB 5 1R 5L
(D), IR YT x% RN I 25 4153 e JE 2
[D)/ X {[DUHR G WA x% BN, 25 4143 Wk B2 1
Feti], (D), A M-(6 )1 ™ BB 77 2 x% S0
s — e B . Horp Cl<1 FoRBbAEIFE A, CI=1
FORAHIPER, CI> 1 RSB/ . (BRI 4
BO TS M CaleuSyn 36 F 452,090 < CI<1.
10 A7 AT R AR A

K CA A 1 CTAERIRT B £ B VLA FH R 47 191
M, CAREALRIE TR AR Z P i i A 1) ST 2
AR A D 2 7 A RO 3 — R 1Y, 3 T
LR AR #i BRA (62K 35T

. P!

ECx,mif[lZlECJ (©)
b EC, HIRE YT 1 4153 5™ A x% AU 17
WS SEC, o WP E RN x% IR B YW E s PR i
LA VR RE TR TR BE O T 43 L s n IR A 2

TA ARSI FH TS 6 A VR, BN IR A 4
B UG 7 A RN S T A Y PR DB U A
[P AT

E(Cy)=1-11(1-E(C)) ()
L, E(Cu) A n M IR G WA LN
Coin(Coiy = Cy +,-,+ CR I P2 A YRS, E(C)) H iR
EYIR Sy PR R C I B AR RN

CI BALR FH I T A=

-1
,, b
EComis=| 25c <l 8
X,mix [121 ECX,,‘XCIXC""‘FJ ( )

T, CL oy A&7 x% SO0 YRS 65K,
H ARG,
1.4.3 BB KE P

R T VS BUA RAEAKAR X ARSI AN R Y
M), AR 4 KR 1 4 AR 8 3 S0 (TGD)™ 2R I 1 B i
(B (HQs) X W FE PR B XU 1 714N, HQs 238 23 Tt il
B RGI () BR 45 1k B (PEC 8 MEC) -5 HUIM 1) TG 38 e
JE(PNECEHMA TR, 8 FH A RO TS

MEC

HQ=m )

Horb PNEC 22 TAEW #0015, Rk
vy (Tl

Cso

PNEC=
AF

(10)
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K EC fHR AR 3 Mot R AL H —JtiRA

Ykt 4 P AR W) B AUE s AFGFT R )28 1 000

CF T8 R Ak f kIR,
YFIRAWEREIE, ZRHAXADITE .,

HQ,,, = S HQ, (1)
rh HQ Zm H—hiA: R R A
1.5 BdEgeitmat

K F SPSS 23 Hl Origin 8.5 Xif 521 % 45 43 1) 7t
FTGETT T AN IR, 52 0 45 5 R F - M A o 22
(SD)F R, KM CaleuSyn 143K i 24 4 o Rk
FI A XS5 KGR EU(CD),

2 R 5148 ( Results and discussion)
2.1 BB AU A

H CalcuSyn # 4 TH5 H B— P A= AT B A=
YIH EC5, (M 95% B AR RD g5 sk 1 pron, it
A B EE TR 4 OR FH TR B R85 OR3P A7l R 4 b 1
OBk 27 57 16 3 VP4l S ) F(HI/T 154—2004) - 1%
i RR(EC,, , <1 mg-L"), & (EC,,,1~10 mg-L"),h
#(ECy,,10~100 mg-L™"), fiXEH(ECy,,>100 mg-L"),

e 1 TS [RIR AR o) [ b A 28 Sl
AR (/INER B> B A1 IR Jif > 2 CQOIRT > K 28 ) ; A (]
Pk R R R RS =0 A M 1 B IR A 22 5, OTC
XF 4 FRIECA Y R EE AR, X /NER A /= B 5 X
F SMZ, 3% FC A AR Y 1) BC., (.53 31 4 85.72

mg-L" 1 188.00 mg L™, iX 5 Kim P75 (1) 45
+4343(78.1 mg-L"' F1189.2 mg-L™"); &F FF %}
JER A AR ST AR D R E PR NER
FIRELR S EAT Stk B KT & 30 FF X 2 FpAE 9
BEPE R IR = B AR EE , X S A SR 45 1
— 30 X0 T BE L IR AR R 2 P A 384 ]
LRI PR AT ; 2 T 2% R, SMZ #l OTC 3
U g FF N SR B0 AIRSE , i A R IR X 2% [
R IARSR (271, Isidori 255 i B o 2% Q9N B 4
IFR](5~30 min) % &% 7E 25 W IS L T, 25 A=
Y& BGEARRmAT BR, EHE 24 h B R i) E) B4R
ORI &

2.2 BRETMERITES K

221 PUERBKEREEMEEAEH

TEAS B HTA 3 B — RS 25 M B0 Yy Ll L
I A B Rt A [R5 sk B AT R iR
RZIEER IR, % 2 Fom ook ZMEAE
PR RN RS D, B ECy, .m 1 fH B A RIRL
B KT (EC,,, ECy, , ECyo ) BR A 35 51 CL 31, BX
AR CL SR £RYER A 1 IR,

KAK L3 Fl ZJ0iR & W46 XK AR Y
PEAEI AR BU RN o £ . #il i, OTC-FF 20 & 1A
(R B2 T X6 4 A X A= ) 24 3R BRAS BURON s K
AP LI AR RL A S B0 25 5L, OTC-FF —JtiR A&

x1 B—HRAEZN4MEXENNEELRE
Table 1 Acute median effective concentrations of the test pharmaceuticals
b e 95% i fri IX 7]
g - LA % TR R
HEAEDY) MR L o /mg-L™") Amg-L")
] ] ] Abbreviation . . m R?
Model organism Bioassay endpoint o Concentration 95% confidence interval
of antibiotics
/(mg-L™") /(mg-L")
SMZ 18.80 8.24~4291 1.04 0.877
AN
96 h-ECj, oTC 0.16 0.06~0.40 0.25 0.828
Chlorella pyrenoidosa
FF 229 1.47~3.58 0.77 0.957
SMzZ 85.72 64.17~114.50 1.17 0.964
RNV .
30 min-ECs, OTC 45.86 33.70~62.40 0.88 0.977
Vibrio fischeri
FF 130.96 97.15~176.53 0.45 0.975
. SMZ 50.94 31.07~83.54 0.93 0.920
B iR
48 h-EC, OTC 48.05 21.17~109.04 0.97 0.821
Zebrafish embryo
FF 63.76 43.65~93.15 0.93 0.948
SMZ 188.00 161.47~218.89 1.76 0.974
KA
24 h-EC4, OTC 175.72 160.27~192.66 1.80 0.990
Daphnia magna
FF 247.01 215.21~283.51 2.67 0.978

¥ :SMZ OTC FF JAyfif i 3G ms  + R Z FIFRE %,
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Note: SMZ, OTC, FF stand for sulfamethoxazole, oxytetracycline and florfenicol.
10007 " A BB Chlorela prenoidosa) / 1or b PRI (Vibrio icher) 7~ o
1] A A . /l/
. / \ i
S 100F N A N ey
= N A/ =} e /
i " e / ~ R e e
ﬁ = \'\. A/A/A W % E ./"”./ ) \‘\‘; 4274 aaaatT
Z: 10F N A oa EE e :iofuf.‘./' —
3&; A/‘/A/ .\'\ o« 7 ég E "
~ g o 3 .5
E A/A/A /././‘.\.”./I é
1 = — e (&)
/./
o«
o =
0.1 o L L L ) 0.1 L L L )
0.0 0.2 0.4 0.6 0.8 1.0 0.0 02 04 0.6 0.8 1.0
TR RO
Fraction affected, { Fraction affected, £
30r k\:\A C: BETh IR i3 (Zebrafish embryo) 1000 - D: K% (Daphnia magna)
~a A
250 e,
c | i S SR
A —~e_, —A_
5 £ 20f \_ e, T
= N %
Faigs " e
{u‘g 1.5¢ '\. .
® é I\.\. .
S 1.0 . o -
\.\.\l\
05} 3
0.0 1 1 1 1 ) 0.1 1 J
0.0 02 0.4 0.6 0.8 1.0 0.0 02 0.4 0.6 038 10
VERRCRS, VERIRURSE,
Fraction affected, f, Fraction affected, [,
1 “aRERAANBSERE
1 :SMZ-OTC(-M-), SMZ-FF(-@-), OTC-FF(- A -),,
Fig. 1 Combination index plot (£;-CI plot) for binary combinations of SMZ, OTC and FF
Note: SMZ-OTC(-M-), SMZ-FF(-@®-), OTC-FF(- A -).
®2 MEZR-TREYNEBEARNKE . BERINE RDERBMXBEENFERNSH UK C1E
Table 2 Dose-effect relationship parameters and mean combination index (CI) values of
sulfamethoxazole, oxytetracycline and florfenicol in their binary for
Chlorella pyrenoidosa, Vibrio fischeri, zebrafish embryos and Daphnia magna
3k S S CI{A
. pilheie Z
B AW “ILREY
Dose-response parameter CI values
Model organism Binary mixtures
ECg/(mg-L")  m r EC, ECs, ECy
SMZ-OTC 9.01 0.50 0.966 857.39 Ant 10.26 Ant 3.88 Ant
HEB R
) SMZ-FF 9.68 0.40 0.978 0.06 Syn 1.01 Add 19.64 Ant
Chlorella pyrenoidosa
OTC-FF 3.11 0.20 0.881 1.55 Ant 11.83 Ant 1727.17 Ant
. SMZ-OTC 157.12 0.73 0.990 1.06 Add 235 Ant 5.74 Ant
T RO
SMZ-FF 134.99 0.48 0.978 0.90 Add 1.26 Ant 9.90 Ant
Vibrio fischeri
OTC-FF 123.88 0.66 0.964 3.68 Ant 1.40 Ant 1.74 Ant
) ) SMZ-OTC 54.54 1.24 0.998 191 Ant 1.10 Add 0.64 Syn
BT £ i i
SMZ-FF 129.37 1.04 0.982 293 Ant 2.26 Ant 1.74 Ant
Zebrafish embryo
OTC-FF 137.81 1.03 0.981 299 Ant 248 Ant 2.07 Ant
SMZ-OTC 140.36 133 0.902 0.51 Syn 0.77 Syn 1.17 Ant
KAEIE
. SMZ-FF 265.54 1.68 0.974 0.96 Add 1.23 Ant 1.64 Ant
Daphnia magna
OTC-FF 221.69 145 0.950 10.93 Ant 49.77 Ant 226.54 Ant

DR AR A SE 43 5 H Syn, Add F Ant U S FRR
Note: Syn, Add, Ant stand for synergism, additive effect and antagonism.
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X R SE  GHT TR 1 2 VR S B S LAY, OTC
5 FF HAE R E2 a2 i, =35 ol Re s BRIk e
IR A X KA A W i TS AR fE . OTC 5 FF
EmmﬁmmAm¥LAﬁMU%¢mﬁﬁmﬂ
P ZEAEAS ] B B i 40 7 28 5 0 A S A
AT OTC 5 FF Z M I OE R i B A IR i
ARG SR 11T , 24 25 R ik 1) /K A 5% rp i AR TR
RS AP AR LR AT BE SRR A ™ B G
FEEAAN AL T PR s RS By, % F B e sk

FEBUAE FHALER ) A 2 5 BN [R) ) 7 vk 25 f D 1
T {5, Fu 555 FE B0 R (QSAR) A
X7 OTC Ml FF X4k i fE AL, (A2, HATid
KA KT OTC 5 FF BRAAEH TAE AR A= Wy HL 3
B, HAh, SMZ-OTC SMZ-FF 44 7E % 2% [N &
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Fig. 2 Experimental toxicity values (Exp) and predicted dose-response curves of the binary mixtures of the three chemicals based on

concentration addition (CA), independent action (IA), and combination index (CI) models for the four aquatic organisms acute toxicity test
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Table 3 The contamination level of three main antibiotics in the waters of Shanghai area (ng-L™)

aw BELATR [k RV KL ] FRFH K Bas-el T KRN
Tested chemical ~ English name  Abbreviation =~ Huangpu River!”  Yangtze estuary®*  Aquaculture wastewater#***)  Plant effluent'#"!
fisf Hig FH R Sulfamethoxazole SMZ 2.2~7649 1.48~56.8 1~142 900 7.37~106.6
+HE Oxytetracycline OTC 31.3~470 048~22.5 21 200~237 800 16.7~337.81
A H Florfenicol FF 19.88~241.1 1.88~89.5 228~893 8.7~194
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Fig. 3 Figure based on the calculated risk quotients for the three antibiotics in the waters of Shanghai area

Note: S1, Huangpu River; S2, Yangtze estuary; S3, Aquaculture wastewater; S4, Plant effluent.
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Fig. 4 Figure based on the calculated HQ for the mixture
of three antibiotics in the waters of Shanghai area

Note: S1, Huangpu River; S2, Yangtze estuary; S3, Aquaculture

wastewater; S4, Plant effluent.
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