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Screening and Sequencing High-risk Antibiotics in Chind’s Water En\';i‘llz‘qiin_{f.:nt
Based on Ecological Risks | F “ r

ZHOU Li, LIU Shan, GUO Jia-hua, LI Qi* p : N 4 J _“‘;"“
(College of Urban and Environmental Sclences Northwest Unlverslty, Xi’an 710127, Chlnd) ;

=

Abstract In view of" the lack of ecotox1cologlcal data for: ;I‘lOSt antibiotics in China’s water env1r6nment national-scale ecologfcal rlsk
a@@essment of antibigtics remains impossible. Thls stu df_;.termlned the exposure 1ndex Vilues § antlblotl( products in the Natlonal'
Medlcal Producta Admlmstratlon based on qua,ntlty nd*~ average daily dose data for’ all antibiotics in| the market alofgside exposurﬁ::"
modeling! The risk “scores were calculated usmg data on the ecotoxicological effectsr‘of the antlblotlcs and the speeies sensitivity
distributions (SSD) method and apical effecs. Prmrl_]les for control were identified based on| the! findings. Approximately®105
anfibiotics: were'screened , and 53 were identified as candidate drugs with high national usage. Twenty antibiotics were identified for
priofity rlsk evaluation using.a joint probablhstlc model with clanthromycm ciprofloxacin, amoxicillin, cefaclor, and oxyfloxacin
hlghhghted as préSenting a'high ecological risks This study prov-}de% scientific basis for the quantitative assessment of antibiotic risk
prevention and control in China’s aquatic environment. *

Key WO]FdS,dl’ltlblOtl(,s ecological effects; China; exposure; priority
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JE&. SR I 26 T5 A R RO T B A 3R R b HER Y
(o PRSI A DA % B W B, AR 55 T ) 1 A B
PEREAT PO h T 22 K B v [ /i IX 1 25 ) il
PR A BR 8 AN 77 A, DRI 28 ) — Fof 50 24
o FH RSBl 1) DI S PP T vk R E

AT T R ER AR L, F 2 [ i i b A Rl
PUAE T AR e LIF- 24 F AR S AR Al TR 9
B B S R IUAE R i vk Ag Mok A A4 5 8
BSOS A LA b e A R T 17 530 XL
Bz 173, X6 AN ) IXURSE A 45 SRR A7 20 5 15 HH B 447t
A RS B AT H SR LA B9 25 W
B 5 BT BT FR IR KA UK AE R th b AR R
TEAE U T BEA TR e HE 1Y, LU R e R RIS LB A
BRI RERR VO AT G0 0 D e 7 ol 1 26 £
PR BSPPAG I, o T%?%*ﬁ?@hi%ﬂﬁ?’fﬁﬁﬂ
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1 MH%H% Y
S Y 4

1.1
RS T A B ] fiE Fﬁiimfdﬂlhél@gmfa?

j\]gﬁtﬂﬂélﬁzﬁ?ﬂ&ﬂ:ﬁ(rlsk score,, RS) }J&ﬁ'ﬁﬁﬁﬁ e

W 35 "—"ﬁijﬂi RS HHHEE S B ek R
(exposure index for surface water, Elsw) #9# F A7
m e % e B ( predicted no-effect concentrations,
PNEC) . AR AL )5 1 256 7K A A2 ) 1Y) it A 1 B
PEVEAT G B VAL, 7% 185 B Fh T A= 23R ¢ B W i
JRRA: A3 R TGS S8
L2 BdAiR

3 Xt ] 5% 2 i W A BRI P AT A
R Gt HATTE b BE 25 T 40 T A e A R b 26
297 105 T A [6) 24 RGP0 32 35 o 2 ZE R AR [A]
FIEF)/T 4 FET AU R ECR R,
XK AR XA/ I A T GE it LR T55 T 4
TR ity AT A A S WD T X 2. T e B A R
T i £ (number of product, NP) FISE3) H 5| &
(average daily dose, ADD) % fFE (£ 1).
1.3 BERHRIE
L3.1 JRIRERER VA

KR BE B R UF AL LD Elsw R R AR
Aubakirova 55" 4Rt 1y A S AL A R [ AR
(1) 1. BUAE R 0P B AN PR U9 1 88 DA DG SR AN
TELAAE AT, AL 45 DA A HE 1 R 2R i B 2k

Z5 81 (fraction of unmetabolized antibiotic excreted ,
F..), ¢ B-7K 48 BL & 2L ( octanol-water partition
K, ), 2 ff 5 % %X (acid dissociation
constant, pK,) Fl + 3 G Ml ik-7K 59 B R L (soil
organic carbon-water partitioning coefficient, K, ), X}
TEAHE B B A RO 2 58 4 AR N HE
. R Bl I5 K A 3 BR A 25 98 23 (fraction of
pharmaceutical released from the waste water treatment
) AR 4 MK B R 5 T SC A (European
commission technical guidance document, TGD) Bk
KT NI it KBS PPAG 25 1 O FR S [ A 50(2) ]
AR X T e = SRR Y K, d L fEH K, A
pK, HES7ABRITI [ A (3) ~ (6) 17,

Elsw = NP x ADD x F_ X F_, (1)
t*NP%rﬁmﬂi.mD%ﬁ¥ﬁH&$
mg-d™'; F, %’%B‘U\MW\]??FEH*QXNIETWRE?E
Eﬁj\fﬁl; F.l %%/Tﬂ%ﬁ#ﬂkéhiﬂi—i% E’Jﬂi%
i B g ' , /
F,,=1# Sludgelnhab x K, x Focsludge
[ Wasternhab +( Sludgemhab xK,, x Focsludge) )

' 4 — (F
ﬁ¢ﬁmmﬁm%rmﬂﬁat%mm%ﬁ%
(mass of waste sludge per inhabitant per day,
Sludgeinhab) , 0.074 kg-d=''*'; Focsludge % /R 5
VeA MUK 1Y) EE 451 ( fraction of sludge organic carbon,
Focsludge ) HUE 4 0. 3267 ; WasteWinhab Ze/R%: A
KB % K 7 (amount of wastewater per inhabitant

coefficient

plant ) Fwwlp

per day, WasteWinhab) 2y 200 L-d """, K /xRt
A HURK-7K 3 E 25K
1
T )
gpion = 1 - ¢n (4>
HH,a=1, pH=58(R); a= -1, pH=4.5

(i) 5 pK, FR/NIS WAL

@f‘i: ngoc :lg((pn x100A54lg[’n+1All +

(pionloﬁll lan+l,54) (5)
Eaz: ngw zlg(d)“ ><100.371,‘5P“+1.70 +

@ionlo(l 65pK, Xf 0. 14> (6)

A, 1P, RARTHTHES T 1K, 5 =K,/ (K, +
1).
1.3.2  WyRP Uk o AR5 T

W) FhEEURNE 5375 (species sensitivity distribution,
SSD ) J&— i L7 Bl 7 Kt g BE Al B T[]y o g
T YW BEUR R Y 22 53 | 38 SR B AT A 2R A 2
T 5 FOKAE AWy P i) 35 B KOs A ETX 2.0,
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Table 1  Antibiotic related parameters

(AR PR B NP/ i ADD/mg-d ! [ pK,

i 9% P4 A Azlocillin 4 11250.0 0.20011 3. 49017

] B P K Amoxicillin 68 2.2 0. 8720 3.23120)

W] 2 25 2% Azithromycin 159 581.0 4,022 8.50%]
RV Ampicillin 22 5943.0 1.3502] 3. 241200

L By 43 pg Biapenem 4 600. 0 -2.0001] 3,510
HWAFTHER Dirithromycin 11 500. 0 1.600" 12. 49011
) Faropenem 7 600. 0 0.2411] 4,161

BE VR Fleroxacin 27 377.8 0.24[11 5. 44017
FAVEAK Flucloxacillin 8 875.0 2.5811 3. 75011

AR S Erythromycin 11 150.0 3. 062! 9. 682!
BN Ciprofloxacin 8 300. 0 0.282! 6. 09120
v & Gatifloxacin 103 400.0 2,601 5.6901]
R Clarithromycin 86 500. 0 3. 1602 8. 991201
TR Clindamycin 95 1390.5 2. 16121 12. 1620
FIHEF Rifampicin 26 504.3 2,700 1. 70020
FAR Rifaximin 8 800. 0 4940197 3. 66195
BER Fosfomycin 4 300. 0 = ]' 60019 1 2‘3}[1 | H',Z'
LA Roxithromycin 42 300.0 1. 70020 1,2-..'215 E.?""i L
KRR Lomefloxacin 30 p 400. 0 = _0.30%" 13, }é'“‘){ -
R Meropenem 4 3000.0 [ . u -0. 6(1[ 2] 9‘80[?‘{ |
S FUT N Mezlocillin 17 4000.0 | 0. 210, 38 S g
PS7EIN AMinocycline I 200.0 / , -0.030! 2 30,““?
HRORA " Netilmicin | | = 385.0f gy _p-Tao 12. 55099y |
R * +; Pamfloxacin 600.0 ¥ ¢ & | o1 gF 5.59091 1 &
WhpiAk e | Plperacillin P 13500.0 | 0,671 34977
wppie S [Pruliftoxacin 400. 0 & Ledy ") 6037
fagu:i| f ~Sulbactam I [ 3125.0 & 1 0.500% 2,621 =
B P = Sultamicillin B LY | | 1125.0 | F 1,550 11,7101
AR | | | Spaflesacin o (B Aed 2000 —0. 071191 575019
%%ﬂﬁttﬂé‘ ﬂ-‘,;"‘ Cefepime Sl e _._-_,~:~3’f 2000.0 —1.80% 3.250%]
%%@Wfiﬁ 4 Cefprozil 4 750.0 0. 60017 2.7911]
%?@?ﬂ.ﬂ% Cefpodoxime 20 200. 0 0.051] 3,221
Skfnk Cefuroxime 105 2200.0 -0.16!%] 3. 15020
KA i Cefmenoxime 4 1500.0 -1.300"] 3. 04017

DR NS Cefaclor 27 750. 0 0. 4021 7. 491201
kAt v i Cefixime 51 196.0 -0.40"] 3. 4501

S ES Cefmetazole 20 1500. 0 -0.600"] 3.38019)

K 1 R Cefoperazone 24 1500.0 -0. 7411 3.3801]
SkfIRETR Cefadroxil 14 1.5 —0. 401" 3.45019]

Sk Ao i Ceftriaxone 12 1500.0 —1.70120] 3.19(%]

Sk AL fi Cefotaxime 6 3.000. 0 -0.5001] 3.1801)

kA fl g Ceftazidime 8 5000. 0 -1.60[%] 3. 530200
L Cefotiam 8 1500.0 -2.100"1 2,791

S fame i Ceftizoxime 5 3750.0 0.0401 3,131
TR Tobramycin 5 283.5 —5.800%I 12. 54020
PHEK A Sisomicin 9 175.0 -2.0001] 12. 5501
R AR ZE Y Terbinafine 5 250.0 5810221 8. 94120
ARV E Ofloxacin 10 600. 0 -0. 3921 5. 45020
feiw b A Enoxacin 30 400. 0 -0.200"] 5.5001]
ZBEE MR Midecamycin 4 900. 0 2,221 6.900"]
FEf 183 kitasamycin 7 1 000. 0 2.72111 12. 681
Pk R Levofloxacin 10 160.0 0.631! 14.00"]
LSS Cefazolin 4 1 500. 0 -0. 58021 3. 03020

o SSD AT B S M 95% YIFh R Z R AR (5. 3 FhRERE (BEs . AN 1T B2y
(hazardous concentration for 5% of species, HC, ) B AE KT US EPA B9 ECOTOX B ME%HE 78 | H i
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2 BRI R R SCIRAE . X T B2 i, e %
FEPEZOE R BHE M E ( median lethal concentration,
LC,,) 3 2 2 W ¥ J& ( median effect concentration,
ECs,) . [EWIFPA 2235 o s v] I, JBCH LA
SERME YR B (R, SSD AR AU Sk vk SR
SRR ) 1 B M A R DA L 1 A BT AR
(7) 1.
PNEC, = HC;/AF (7)
A PNEC, 27 T Jo &% vk B ; HC, F2on v H
SSD A5 AU HIME VA A £ B B A 00 (LG, F EC, ) BIURK
PR A 2k, 15 BB 5% & F W B (H; AF
(assessment factor) /N FEM R+ (BUETEE N 1 ~
5) ARSFIPAGEE S 517
1.3.3  TUmsi N pFAl
Wit TGD 25 H 3L [ A3 (8) ] Al 54 Bl
PrAaE F W B JC 8 W BE ( predicted  no-effect
concentrations, PNEC) . $T1/1= 2 T 0 A= 855 B 27
FRUEM R, AR KA FE T B A
AT AR T fa AR AP e R
(assessment factor, AF) #44 TGD EPH’J@D(JET* -
2 PNEC = EcoTox/AF, ,es )
T':F’ PNEC, %’Tﬁ?{lﬂ' TCRLHE i 5 ECO-TOX Tﬁﬂé
7J(’_jf:§5%jl:§ Eﬁﬂiﬁi@ A ﬁ:ﬁ ATE ( fost
sensmve ecotox1co.bog1cal data for the) aquatlc or
omf;artrnent EcoTox) mg-L~' AF %/T TR §§Z
(& mwﬁﬁ =100; 2 rﬁﬁiw Kl = 1000 ;A8
7&%&% =10; 124 BUMEE =100) .
1.3.4 SRS RN A
B KA BRI AR R RS OF, SR RS
P EAREATHEY , BV A 2 5 5 A5 LU
RN e B ( EIsw/PNEC, F1 Elsw/PNEC, ) KA 5.
AW ALHG 3 Fh % % 1 =EIsw/PNEC, ; F%E 2
= Elsw/24YE PNEC, ; 7% 3 = Elsw/12 1% PNEC,. HE
4 S T A ) T PR A B v ) P SE 4.

2 HBRESH

2.1 HFRKFETIEEH

TEAMFGEH 3RS T 53 Rt R o1&, Fik—
ARG P e P X BT AE R Elsw ZB1L T 7 4
B TSR M 1.27 x 107 ~ 134, 36, Ho b Rz 7 Ak
(134.33520) . & [0 40 (94.55128) . 3k 4 wk ¥
(54.55931) , 3k 7@ nik 5 (22. 889 48) Al 3k 1 Wk fid
(17.93799) 19 Elsw e (3% 2). AFR 2 AT A1, ik
R RES AR TS AR, Hop Skl R e %ﬂiﬂz
LIEFE F. 5y Wik 90. 00% i1 89. 00% ; & 5B
MM B RN F, 53518 0. 03% F13.30% .

®2 RERREKRGHHSBIMRARERY"

Table 2 Active antibiotics with unchanged excretion and

exposure index data for surface waters
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Table 3 Toxicity data of 10 antibiotics
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Table 5 Toxicity data and risk scores of antibiotics for algae, daphnia, and fish -
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Table 6  Top 20 priority antibiotics based on SSD and apical effects
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