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Abstract; Sulfonamide antibiotics (SAs) are widely used in medical treatment, livestock and poultry breeding,
aquaculture and other fields. However, excessive use of SAs enters the water and sediment of watershed through
domestic sewage, surface runoff, and so on, resulting in potential risks for the ecosystem. Predicted no effect
concentration (PNEC) can be regarded as the threshold for assessing the potential ecological risk of pollutants,
therefore calculating the PNEC of SAs in water and sediment is the key to assess the ecological risk. In this study,
through collecting samples of water and sediment in Fenhe River Basin, a tributary of the Yellow River, the results
showed that the concentrations of sulfamethoxazole (SMX) in water were the highest, with an average of 73.6 ng-
L', and the detection rate of sulfacetamide (SAAM) was the highest, with 100% detection rate. However, only two
types of SAs, SAAM and sulfaquinoxaline (SQX), were detected in the sediments, with detection frequency as high
as 100% . Based on species sensitivity analysis (SSD), the ecological risk threshold for SAs in water was obtained,
ranging from 340 to 440 wg-L™'. Then, combined the density, volume ratio and other parameters of water and
sediment, the ecological risk threshold of SAs in the sediment was also obtained using the method phase equilibrium
theory (EqP), and the results were 0.065 ~75.5 mg-kg™'. Based on the ecological risk threshold of SAs in water
and sediment in the Fenhe River Basin, the ecological risk was further assessed. The results showed that the
average risk quotient (RQ) of trimethoprim (TMP) in water was 0.014, which could result in low risk with the
probability of exceeding the threshold being only 8% . The RQ values of the other were all less than 0.01,
indicating insignificant risk.

Keywords: sulfonamide antibiotics (SAs); predicted no effect concentration (PNEC); species sensitivity analysis

(SSD); phase equilibrium theory (EqP); ecological risk threshold
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1 ##l57 % (Materials and methods)
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Fig. 1 Distribution of sample sites in Fenhe River Basin
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Fig.2 Concentration of sulfonamides (SAs) in water and sediments of Fenhe River Basin

Note: SAAM is the sulphacetamide, SDZ is the sulfadiazine, STZ is the sulfathiazole, SPD is the sulfapyridine, SQX is the sulfaquinoxaline,

TMP is the trimethoprim, and SMX is the sulfamethoxazole.
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Fig. 3  Spatial variation of SAs in water and sediments in Fenhe River Basin

®1 HBATYFERE(SSD) MLkt ENT L SR
Table 1 Endpoint concentration for species sensitivity distribution (SSD)

AR YRR BV S TR B ) (mg - L")
Antibiotics The species Mean of toxicity endpoint/(mg-L™")
FREFHI 4 Isochrysis galbana 144
WRE/NERSE Chlorella fusca var. vacuolata 222
W SR AR 58 R ¥ Pseudokirchneriella subcapitata 2.19
WLk AL Microcystis acruginosa 0.135
i i e IR )
Sulfadiazins =458 Phacodactylum tricornutum 0.11
K% Daphnia magna 112
AN Arbacia lixula 127
YW Paracentrotus lividus 59.76
J/NER#E Chlorella vulgaris 134
PRI B Chironomus riparius 0.1
IR/ NERE Chlorella fisca var. vacuolata 13.1
it e I WA /NER#E Chlorella vulgaris 1781
Sulfathiazole KHU&E Daphnia magna 1934
Z R MIE % Moina macrocopa 3911

Hif Oryzias latipes 500
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gkl
SIREoE S LI BN BEPEL S B (mg - L")
Antibiotics The species Mean of toxicity endpoint/(mg-L™")
A8 ¥ . Brachionus calyciflorus 9.63
W EERE 48 U Brachionus koreanus 0.1
F5 N BRAFTL . Caenorhabditis elegans 277
#l Carassius auratus 0.08
it fHig S e s W23 Ceriodaphnia dubia 1551
Sulfisoxazole R/ NEKE Chlorella fisca var. vacuolata 1.54
/NERTE Chlorella vulgaris 1.57
Bt f Danio rerio 109.16
KAV Daphnia magna 181
JKUE Hydra vulgaris 5
BERWE AN Synechococcus sp. 760
RERWE Synechococcus leopoliensis 1100
H % Pseudokirchneriella subcapitata 23
WK IR 4 I Perkinsus marinus 10
Z M % Moina macrocopa 296.6
H G Microcystis wesenbergii 470
fif e — A 4% 0% Sulfadimethoxine Hil S B Microcystis aeruginosa 500
B o5 XA Ictalurus punctatus 50
KAV Daphnia magna 204.5
/NERE Chlorella vulgaris 112
IRE/INERSEE Chlorella fusca var. vacuolata 9.85
L7 JfEPE Anabaena variabilis 1 500
KAg iR Anabaena flosaquace 1 000
TR R R Anabaena cylindrica 480
BEE UL Dreissena polymorpha 0.00029
VEJREE IR Diamesa zernyi 400
KAEV% Daphnia magna 100
421 Trimethoprim
B B 4C U Brachionus koreanus 0.01
275 i3 Anabaena variabilis 11
IKAEA JfE#EE Anabaena flosaquace 253
REL/INERSEE Chlorella fusca var. vacuolata 1.54
M2 Ceriodaphnia dubia 15.51
KA Daphnia magna 181
PEE £t Danio rerio 109.16
fitfi e /P 3% mE Sulfamethoxazole #l Carassius auratus 0.08
G IF M Lemna gibba 0.13
et BB 48 . Brachionus koreanus 0.1
KU Hydra vulgaris 5
F5 M BT . Caenorhabditis elegans 277

T R PP A R B RA ORI IR

Note: The concentrations of antibiotic in the table are all the active ingredient concentrations.
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Fig.4 The SSD curve of SAs in Fenhe River Basin
Note: (a) Sulfadiazine (SDZ); (b) Sulfathiazole (STZ); (c) Sulfisoxazole (SX); (d) Sulfadimethoxine (SDM);
(e) Trimethoprim (TMP); (f) Sulfamethoxazole (SMX).
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Table 2 Type and parameters of SSD curve for SAs in Fenhe River Basin
R4 Vil
*iifjj: Tyiffjfurves b B k
SDZ Burr type Ill -147 -0.55 097
STZ Log-logistic 358 -041
SX Burr type Il 1.60 -0.12 -0.01
SDM Log-logistic -0.75 -7.13
T™MP Log-logistic 3.09 -0.89
SMX Burr type Il 092 -045 035

it SSD A 4 3R HC, {18 KA SAs
FHiAE RN PNEC (3R 3), TEMCERN b T HiAR
TG K, 855 Fg0 F280 #5155
TUUR T SAs i A F ) PNEC, (3 3), 4%
KA SAs Zedii A 25 10 XU 1 1 2 A A g , ¥
KET 994 pg L7, ot TMP A9 JRURS: [ {8 11K
12340 pg-L™", 1 SDM F)JRURS: B8 (i Bt 55, i ik 440
pg- L7 ORI KRS B 216 R 15.7 mg-kg™',
TMP ()RS (BTS2 B 1K, A 0.065 mg kg™, He i
f)Je: STZ, K9 75.5 mg-kg ™', KIEKP AR ERZ
[6] F) 25 SRR e AR 22 638 169.2 wg - L', L
Wi i B A= 21 B bR e 224Xk 30.0 mg - kg™,
TMP 1EN AT 2 A3 RG], mT 3 ok R 25
PR AR AR AR R 28 ARG 5 T 32 oo A T 4 B
(L SURMATE | BT AR A 0 A P 24 43 2 4 s 1 )
MBERCR, B R EOL R &Y, T SDM i
T DA A0 TR T I R 174 X T 0 o 200 R 1 g,
ke, AR

F3 ET SSD A B NRISERER L EXEBE
Table 3 Risk threshold of SAs in Fenhe River
Basin based on SSD method

Pirk 2 44K HC, PNEC,, PNEC,
Antibiotics Amg-L™") g L) [mg-kg™)
SDZ 0.064 12.8 0.301
STZ 042 84.0 755
SX 0.17 340 124
SDM 22 440 169
TMP 0017 340 0.065
SMX 0.11 220 0480

2.3 PHREUK A AN TR BT 2R AR DA
BT SSD IR SAs KHiA R 1A B K
BE, X Il oK AR TURR Y ) SAs 2B B4 R

HEAT U PEAG (] 5), S5 RF W DURRY BT A s fr
A ik 3] b 25 KU K7, K AR TMP 19 RQ 1B fix
=, 0,014, HAB AR T 0.01, 356 B BR K 44 i
TMP S, Uil s K AR TR P ) SAs 25t &
PIRL R AR S, {2 TMP #BARE AL T 8% .
23 [0) b AN 5, S5 T S8 A7 7E—E YA XUES: , S5 1)
RQ 4 0013 .S8 1) RQ 4 0.012, H:rp S5 J&47 %3]
UL, S8 SRVl H AR R B T, W04 SR 4
BH i B, BH il B & 2k i 32800 T REXS K i TMP A7
FERAFEMA ™ AF H I v K P M BT, B T 9T
B AT AR . 11 S8 AN AR 32 T ¥ ¥l A Jir Bt
(A=A 6 SAs bl FAGHEA | iR il i AR
IRUSICAR Tl A AR 36 T5 K, X AT R AR 1K
A TMP A77E AR g BLAR:

3 132 ( Discussion)

FEVH T, SR TR KA SAs 26
AR S BB, X X S — B Ab Ll X, & EE 2
7K IR, NSE3E S/, BoAs 25 A F il i
N MG BB A G, B B N G Bl fifi 45 33K 26 X Jk
PrAE R IR D T R R R R A A
A g < | A - A 1 | R i
SAs FEPUAE AR XL DR H VR B A v B L
T SAs ZEHi A R AE R EAR I T Ui, 16
Bl KR ) TR N, B2 0 SAs ZehiA R P
AT, FEZ AR SRR rh B

TEAMGER SSD it & s T2 E
FREY, HIER WA E e 2 BB S L T
BOLE , DU AT e gl /N OB o B eAh 7
DIAERTTRR Y RS A 58 v, R T 00 RR A v i 5 M 2
PiAr R, 58 N D338 5 K DT AR e B e 46 ol L BUK
B AR5 iR K B B E TS ORI IXURS: | 3 o7 v
KRB K TR B DX IRRAE 24 AR 5E 3L T
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SEHUAE AR TR L S T AN e Vb oK o3 i
SR R A 2 o A OB 35 Y D o
JERO TR FH i SRR ) R v R PP A 5 e W 1 AR 2
WSS REERT S S8 LA AT 2 4k T 0
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Fig. 5 Risk assessment of SAs in Fenhe River Basin
Note: (a) Water; (b) Sediment
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