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266237; 3. 100049; 4.
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— (SAs) ,
> s Py 8
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R 70%,
) ) 28% 1500 ,
, s 2013~2021 262.1~347.8 ,
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) , 2018 ,
7 , 1.45 ,
90% , 10% 2020 1
4800 4290
, 40%~90%
(Motoyama et al, 2011), , (
( ; ) ( )
2019; Wu et al, 2021), , ,
N*-
(Garcia 1.1
Galan et al, 2012),
2 ,
; ng/L 4 870 ng/L (Chen et al, 2018)
ng/L ( , 2012; , 2019; Zeng et al,
2022)
> (Zhou et al, 2011)
K K s 1 000 ng/L,
’ (Bai et al, 2014)
’ , 623 ng/L (Cui et al, 2020)
Zhang et al, 2020), 2016~2017
(antibiotic resistant genes, ARGs) s ( & )
1 km
’ (Yin, 2021),
' (Peng et al,
(He et al, 2016; Xiong et al, 2019a) 2019) ’
56 ng/L,

>

(Ricken et al, 2013; Jiang et
al, 2014) s

(Xiong et al, 2018)
(D

(Xu et al, 2009),

s (Wang et al, 2017c;
, 2019) ,
73.1 ng/L, s
13.9 ng/L )
, 2013 1260 t,

4 (Zhang et al, 2015),
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Tab.1 The physico-chemical properties of eight common sulfonamides

CAS /(g/mol) logKow" ®/(mg/L)
H
UNN,
723-46-6 /©/ %Y L<0 253.28 0.89 610 (37 °C)
H,N
QNN
68-35-9 \S\\/ D 250.28 -0.09 77 (25 °C)
O N~
H,N
QR N
57-68-1 ST 278.33 0.19 1500 (29 °C
-68- 0 N~ : . ( )
H,N
H
O\\S,N N
144-83-2 /@/ W @ 249.29 0.35 268 (25 °C)
o ¥
HN
QN
S
122-11-2 /©/‘0 NN 310.33 1.63 343
HN T
OMe
H
O\\S,N Ney
80-32-0 /©/ o M 284.72 0.31 7000 (37 °C)
HN Cl
o H
\\S,NYN\
127-79-7 /@/ O 264.31 0.14 202 (20 °C)
N
H,N
o H
e
72-14-0 /©/‘b sj 255.30 0.05 373 (25 °C)
H.N
Chemical Aquatic Fate and Effects (CAFE) (2022), * Ko , Kow - b
b 2 2
2
452 642 ng/L ,
( ) 2549 322.5 ng/L( )(Wang et al, , ug/L
2017a; Yang et al, 2021b) , , s
( , 2022), ,

(Jia et al, 2011),

B

(Liu et al, 2018) ,
, 214.71  54.09 ng/L ,
(Cao et al, 2020; Zhou et al, 2022) ,
12.4 ng/L |, (Anh et al, 2021)
10 ng/L, R
(Ding et al, 2017; Hu et al, 2017)
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®2 FEHRBKINRKEFERESLGYERE (B AL ng/L)
Tab.2 The concentrations of sulfonamides in typical waters in China (unit: ng/L)
C )
2016 Wang et al,
(n=64) 2.1~73.1 ND~13.9 ND-~3.1 2017b
2012.05 ND~1 483.9 ND~0.96 ND-~59 ND-13.52 . ND~7.5 Baieral,
(n=50) (104.9) (ND) (0.94) (0.98) (0.8) 2014
4 870° 505° 940° 380° Chen et al,
(n=328) (157) (54.6) (33.4) (156) 2018
2006.06 3~56 Xu et al,
(n=16) (25) ND ND 2009
2016.11 ND~41.8 ND~7.69 ND-~25.1 ND~1.85 ,
(n=17) (8.44) (ND) (3.14) (ND) 2019
2018.09 0.43~7.95 ND~0.46 0.24~0.79 Zhang et al,
(n=12) (3.84) (0.23) (0.48) 2020
2018.07 8.85~37  3.42~17.3 3.35~623 ND~25.2 0.22~35 Cui et al,
(n=8) (21.09) (9.25)  (207.29)  (13.99)  (10.23) 2020
2018.12  8.26~62.7 2.84~263  3~350 6.37~73.8 0.76~5.19 Cui et al,
(n=8) (34.33) (9.89)  (100.82) (33.55) (2.17) 2020
2014.12 Ding et al,
(n=10) ND~6.3 ND ND ND 2017
2015.06 Ding et al,
(n=18) ND~5.1 ND ND ND 2017
2015.12  0.47~47.41 0.77~61.28 ND~14.88 Liu et al,
(n=18) (11.80) (24.35) (3.46) 2018
2016.08 ND~5.63 ND~8.73 ND~2.46 Liu et al,
(n=18) (1.36) (1.07) (0.67) 2018
2015.06 ND~12.4 ND~6.0 ND~6.5 ND~0.4 0.8~42  1.4~27 Hu et al,
(n=7) (8.2) (2.0) (1.8) (0.2) @.1) (2.2) 2017
2020.07~08 ND~39.42 ND~54.71 ND~214.71 Zhou et al,
(n=63) (2.35) (4.58) (62.62) 2022
2015.11 ND~254.9 ND~322.5 ND~141.5 Wang et al,
(n=11) (66.6) (163.6) (48.9) 2017¢
2016.05 ND~91.5 2.6~187.0 ND~99.2 Wang et al,
(n=11) (40.1) (90.3) (45.9) 2017¢
2017.04 0~1.30 0.33~54.09 ND~2.38 1.55~48.53 ND Cao et al,
(n=10) (0.76) (19.33) (0.90) (11.54) 2020
2017.07 0.24~0.47 0.49~26.55 ND~0.81 0.06~0.53 ND Cao et al,
(n=10) (0.35) (7.45) (0.23)  (0.25) 2020
2019.05 1.08~452  ND~642 0.21~47.7 ND~0.51 ND~0.57 ND~0.74 Yang et al,
(n=46) (66.4) (29.4) (2.94) (ND) (ND) (0.29) 2021b
2015.06 ND~30 ND~7.1 ND~0.6 Du et al,
(n=22) 17.7) (7.1) (0.6) 2019
2016.08  1.87~17.53 1.6~10.87 2.8~5.47 1.73~3.13 2~4.4 Zhang et al,
(n=10) (6.67) (4.39) (3.84) (2.23) (2.8) 2018
2018.08 ND~0.88 ND ND~0.68 Han et al,
(n=10) (0.21) (0.16) 2020
2018.11 1.41~5.17 ND~0.51 ND~0.64 Han et al,
(n=6) .77 0.21) (0.19) 2020
2015.08 ND~48.1 ND~9.3 ND~4.8 Du et al,
(n=30) (7.7) (1.8) 0.2) 2017
2018;04~05 0.81~16.65 0.15~21.85 ND~2.03 ND~4.45 ND~9.52 ND~20.35 ND~0.41 Lieral,
(n=13) 2020
2013.09 6.21° 2.7% 2.68" ND Chen et al,
(n=39) (1.32) (0.70) (0.24) 2015
2018.11 4.45~6.21 0.53~0.65 0.60~0.64 0~1.71 Wu et al,
(n=3) (5200 (0.60) (062 (1.07) P ND ND gy
? ,ND

(Hu et
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al, 2017), ,
1.2 )

(Song, 2010), s 12 300 ng/g, 25.4 ng/g,
(Chen et al, 2018),
) (Na et al, 2013)
3 ,
, 10 ng/g (Yang et al, 2021a)
*3 FEABKRNETRYPERLESHAYEIRE RN ng/g)
Tab.3 The concentrations of sulfonamides in sediment of typical waters in China (unit: ng/g)
( )
2012.05 ND~2.63 ND~0.68 ND~0.97 Bai et al,
(n=50) (ND) (ND) (0.06) ND ND ND 2014
25.4° 12 300° 59 6310° Chen et al,
(n=320) 2.4) (518) 4) (473) 2018
2008.05 Zhou et al,
(n=15) ND ND~7.23 ND ND 2011
2008.11 Zhou et al,
(n=15) ND ND~22.0 ND ND 2011
2018.09 0.14~2.04 ND~0.57 ND~0.27 Zhang et al,
(n=12) (1.39) (0.1) (0.16) 2020
2017.04 0.05~0.36 ND~7.43 Cao et al,
(n=10) (0.18) (1.19) ND ND ND 2020
2017.07 0.13~6.80 0.02~8.97 Cao et al,
(n=10) (1.04) (1.04) ND ND ND 2020
22%(1%(1%’ ND~7.86 ND~2.07 ND~6.92 ND~1.40 ND~0.2 ND~2.47 ND~5.94 Liet al,
(n=45) (0.28) (0.41) (1.47) (0.16) (0.04) (0.05) (0.64) 2012b
2018.08 ND~0.09 ND~0.44 ND~0.08 Han et al,
(n=8) (0.02) (0.08) (ND) 2020
2018.11 ND~2.55 ND~0.29 ND~0.08 Han et al,
(n=5) (0.38) (0.06) (0.02) 2020
2013.09 1.7% Chen et al,
(n=24) ND (0.07) ND ND ND 2015
S , ,ND ,
2 N°-
2.1 N'-  N*- (Baran et
al, 2011) , N*-
N*-
, N*- (Vree et al, 1995)

(Motoyama et al, 2011)

N'- N*-
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(Vree et al, 1990) N*- (Garcia-Galan
, 5- et al, 2008)
N*- -5- , ,
-N'- (Vree et al, N*-
1994) (Gobel et al,
, N*- 2005) ,
N*- ,
s 1 ;
2~50 , (Haller et al, ,
2002) , ,
o K. o, S
LY T O T,
H H,N ‘”
N*-Z B AR BARAEHBPNSEET NS e i
oOH COOHOH
(Lo
O\\S\\’N‘R
A
H,N
N'- BB ETER
1 (Garcia-Galan et al, 2008)
Fig.1 Major metabolites of sulfonamides in organisms (Garcia-Galan et al, 2008)
2.2 )
2.2.1 (Herzog et al, 2013)
(Garcia Galan et al, LLES
2012) , 7 93.87% 50 mg/L
, , 4- 3- -5-
(Song et al,
R 2021)
(Wang et al, 2018) R PR1
(ng/L mg/L )
BR1 245h 3- -5-
s (Nguyen et al, 2017)
, HA-4 10 °C 192 h
(nicotinamide adenine dinucleotide, NADH) 34.30%,
, 3- -5 HA-4
4- - 4- 3- -5- 4-
2- , (Jiang et al, 2014)
(Ricken et al, (SDZm4  sp.C4438)

2013)



2- 2- -4,6-
etal,2013; Topp et al, 2013)
HS51 2 72%

(10 mg/L)(Zhang et al, 2012)

B

(Tappe 34

67%

, ( (Xiong et al, 2019b)
) (De Araujo et 11d 14.9%
al, 2017) 5d ,
, 15d 74% 6.05% 99.3%
40% 15
24 h 73.7% R
(Li et al, 2016) (Xiong et al, 2020)
(Xiong et al,
2018) 3 :
11d 17.3% 29.3%,
H,SO; o
HN__N !
L<0 + S0, @ 4 FE TR
3EE5 EB%?F‘%D&/' NH
EHKBR1 © ﬁ’? ©
4%&2&% Kz %l@ 124 ?gm
H,N Q
N 2 NH,
:\O + %
5 e
RN 3EH-5-BEREY A
X F o =
Y L &HLLES
HZN/©/ N\L< . / \
EARER L SH NH,
. Nos
4- ﬁ%xﬁixﬂﬁ ENiE
HN_ N Q H
ikHA-4 ~o + S, oH
HZN/©/
3-2E-5-BERTM 4-E-N-REXEL R
Q%NHZ N, T
oe ©osop e
"N lmm tcosmo

2

Fig.2 Degradation pathways of sulfamethoxazole in different bacteria (Ricken et a/, 2013; Jiang et al, 2014; Song et al, 2021)

(Ricken et al, 2013; Jiang et al, 2014; Song et al, 2021)
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3 (Xiong et al, 2019b, 2020)
Fig.3 Degradation pathways of sulfamethoxazole in different algae (Xiong et al, 2019b, 2020)
B 3_ _5_ )

5 CO2 B
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100 mg/L (Duan et al, 2022)
(Xiong et al, 2018) ( Vibrio fischeri) (
2.2.2 Synechococcus leopolensis Pseudokirchneriella
, subcapitata  Scenedesmus vacuolatus) (
, ¥ Daphnia magna) ( #  Oryzias latipes
(Fatta-Kassinos et al, Danio rerio)
2011) 24 h ,
(52%) (
) N*- (88%~ ,
98%), S-N SO, 4
(Perisa et al, 2013) (ECso  LCso ) 4 ,
; ( ,
) Synechococcus leopolensis, 96 h
( ) ECs 0.026 8 mg/L, (Ferrari
(Lian et al, 2015) et al, 2004) Scenedesmus
, , vacuolatus 24 h ECs 1.54~32.25 mg/L
(Biatk-Bielinska et al, 2011),
, Vibrio fischeri
3 . :
30 min  ECs 100 mg/L,
3.1 500 mg/L (Biatk-Bielinska et al,
2011) ,
( ¥ Daphnia magna) 48 h
ECs 149.3~375.3 mg/L (Kim et al, 2007; De
, Liguoro et al, 2009), %  Oryzias latipes
) 5 96h LCs 500 mg/L (Kim et al, 2007,
, , (Zeng Park et al, 2008) , Danio
et al, 2022) rerio 96 h ECs, 1 000 mg/L (Isidori et al,
, 2005) , ( )
ce »s ’ (
) )
, Vibrio fischeri
(GESAMP)
, (median effect concentration, ( ng/L pg/L ), ,
ECsp) (median lethal concentration, LCs) ,
0.1 mg/L , 0.1~1 mg/L
, 1~10 mg/L ,
, 10~100 mg/L , (Wang et al, 2017b),
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Tab.4 Acute toxicity of sulfonamides to non-target aquatic organisms

/(mg/L)
Vibrio fischeri 30 min ECs, > 100 Biatk-Bielinska et al, 2011
Synechococcus leopolensis 96 h ECs 0.026 8 Ferrari et al, 2004
Pseudokirchneriella subcapitata 72 h ECsg 1.53 Eguchi et al, 2004
Scenedesmus vacuolatus 24 h ECs 1.54 Biatk-Bielinska et al, 2011
Daphnia magna 48 h ECs 189.2 Kim et al, 2007
Oryzias latipes 96 h LCsg 562.5 Kim et al, 2007
Danio rerio 96 h ECs > 1000 Isidori et al, 2005
Vibrio fischeri 30 min ECs, >25 Biatk-Bielinska et al, 2011
Pseudokirchneriella subcapitata 72 h ECsg 2.19 Eguchi et al, 2004
Scenedesmus vacuolatus 24 h ECs 2.22 Biatk-Bielinska et al, 2011
Daphnia magna 48 h ECsg 212 De Liguoro et al, 2009
Vibrio fischeri 30 min ECs, > 100 Biatk-Bielinska et al, 2011
Pseudokirchneriella subcapitata 72 h ECs 8.7 Yang et al, 2008
Scenedesmus vacuolatus 24 h ECs 19.52 Biatk-Bielinska et al, 2011
Daphnia magna 48 h ECsg 202 De Liguoro et al, 2009
Oryzias latipes 96 h LCs > 100 Kim et al, 2007
Vibrio fischeri 30 min ECs, > 50 Biatk-Bielinska et al, 2011
Pseudokirchneriella subcapitata 48 h ECs, 191 Kusk et al, 2018
Scenedesmus vacuolatus 24 h ECs 5.28 Biatk-Bielinska et al, 2011
Vibrio fischeri 15 min ECs > 500 Biatk-Bielinska et al, 2011
Daphnia magna 48 h ECsg 270 De Liguoro et al, 2009
Oryzias latipes 96 h LCsg > 500 Park et al, 2008
Vibrio fischeri 30 min ECs, > 50 Biatk-Bielinska et al, 2011
Scenedesmus vacuolatus 24 h ECs 32.25 Biatk-Bielinska et al, 2011
Daphnia magna 48 h ECs 375.3 Kim et al, 2007
Oryzias latipes 96 h LCs 535.7 Kim et al, 2007
Vibrio fischeri 30 min ECs, > 50 Biatk-Bielinska et al, 2011
Scenedesmus vacuolatus 24 h ECs 11.90 Biatk-Bielinska et al, 2011
Daphnia magna 48 h ECs, 277 De Liguoro et al, 2009
Vibrio fischeri 30 min ECsg > 50 Biatk-Bielinska et al, 2011
Scenedesmus vacuolatus 24 h ECs 13.10 Biatk-Bicelinska et al, 2011
Daphnia magna 48 h ECs 149.3 Kim et al, 2007
Oryzias latipes 96 h LCsg > 500 Kim et al, 2007
(Lin et al, 2014; MDA) (glutathione, GSH)  7-
, 2014), (7-ethoxyresorufin-O-deethylase,
) EROD); (2) )
(D) , (acetylcholinesterase, AChE); (3)
(catalase, CAT) DNA (Duan et al, 2022) 0.3 pg/L

(superoxide dismutase, SOD)
(glutathione S-transferase, GST)
(glutathione peroxidase, GSH-Px)

(glutathione reductase, GR) (malonaldehyde,

30d , CAT SOD

(Zhao et al, 2020)
AChE
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) AChE ,
SOD (Yang et al, 2019)
(260 ng/L) 84 d 33
DNA (risk
(Limbu et al, 2018) quotients, RQs) ,
3.2 MEC
RQs =——, 1
, Q PNEC 0
PNEC= ECs,#(LCs, ’ )
AF
: MEC (measured environmental
( Gmur;k of concentration), : ng/L; PNEC
al, 2015) (predicted no-effect concentration), : ng/L; ECs
’ , LCso , : ng/L;
AF (assessment factor),
(del Mar Gomez-Ramos et 1000 ( »2019)
al, 2011) (ECso  LCso )
4’ b
’ @) PNEC  MEC
(Xiong et al, 2020) 2 ’
(D RQs RQs
, : RQs<0.1 ; 0.1=RQs<1 ;
RQs=1 (Hernando et al, 2006)
) , PNEC
(Yang et al, 2020), )
2 b RQS
5 4.1 ,
(Kovalakova et al, 2020) RQs 181.72,
(Yang et al, 2008; Hamid et a/, 2020)
(Qiu et al, 2020) 4
AChE GST
, EROD SOD

(Li et al, 2012a)



54

946
x5 WERREEMAYEKINE X E(RQs)
Tab.5 The RQs of sulfonamides in aquatic environment
MEC /(ng/L) RQs
Synechococcus leopolensis 4870 181.72 Chen et al, 2018
Pseudokirchneriella subcapitata 642 0.29 Yang et al, 2021b
Pseudokirchneriella subcapitata 940 0.11 Chen et al, 2018
Scenedesmus vacuolatus 73.8 0.01 Cui et al, 2020
Daphnia magna 35 0.000 1 Cui et al, 2020
Scenedesmus vacuolatus 380 0.01 Chen et al, 2018
Scenedesmus vacuolatus 141.5 0.01 Wang et al, 2017¢
Scenedesmus vacuolatus 16.7 0.001 Ding et al, 2017
s pg/L o, ,
; nglg )
NG ,
/
’ s > , , 2019.
[J]. , 40(7): 3249-3256.
5 , , , 2019.
7. , 28(2):
s s 359-368.
s s , , ., 2022.
1. , 29(5):
’ 78-90.
= (D , ., 2012,
[J71. ,21(10): 1717-1723.
s R , , 2019.
[J]. , 35(1): 89-94.
s s , 2014.
[J1. , 14(3): 324-327.
; (2) N s , 2018. 6
[1]. ,40(10): 71-83.
ANH H Q, LE T P Q, DA LE N, et al, 2021. Antibiotics in
> surface water of East and Southeast Asian countries: a
, focused review on contamination status, pollution sources,
potential risks, and future perspectives [J]. Science of the
’ Total Environment, 764: 142865.
S E)) BAI'Y W, MENG W, XU J, et al, 2014. Occurrence, distribution

and bioaccumulation of antibiotics in the Liao River Basin
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ENVIRONMENTAL BIOGEOCHEMICAL CHARACTERISTICS OF SULFONAMIDES
IN TYPICAL AQUATIC ENVIRONMENTS OF CHINA
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Abstract Sulfonamides (SAs), as broad-spectrum antibacterial synthetic drugs, are one of the earliest synthetic
antibacterial agents, and are widely used in human medical treatment, livestock, and aquaculture. The sulfonamides are
being discharged into the aquatic environment with metabolism, which has an important impact on the aquatic ecosystem
and human health and possess potential risks. Up to now, their influences and risks have not been identified. Hence, the
distribution characteristics of eight typical sulfonamides in typical aquatic environment in China were described, their
ecotoxicity and ecological risks to different aquatic organisms were evaluated, and their metabolism in organisms and
degradation pathways in ecosystems were explained. Results show that the concentrations of sulfonamides in different
aquatic environments are significantly different, and the concentrations and pollution levels of sulfamethoxazole and
sulfadiazine are the highest in water and sediment, respectively. Algae are the most sensitive aquatic species to
sulfonamides, followed by crustaceans and fish. Sulfamethoxazole poses a high risk to aquatic ecosystem. Sulfonamides
are metabolized into different metabolites after entering the body, and undergo a degradation process in the aquatic
environment together with the parent synthetic drugs. Biodegradation is the main way to remove sulfonamides in aquatic
ecosystem. Sulfonamides can be degraded by different bacteria, fungi, and algae. In the future research, it is important to
intensify the research onto the chronic toxicity of sulfonamides in aquatic organisms and the mixed toxicity of synthetic
drugs, to clarify the comprehensive process of distribution, metabolism, transport and effect of sulfonamides in the aquatic
environment, to explore the metabolic process and pathway of sulfonamides in aquatic organisms, and to ascertain the
ecological risks of sulfonamides in the aquatic environment, and finally to provide a basis for building a harmonious global
health environment and realizing the sustainable development of social economy.
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