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8 E R HPLC-MS/MS XHHE A P4 22 B (R B V04 ) 38 2 /KA v Ryl e 550 A R e W kA 4 T 43 A
AR HEAG HH O T e v i e VY e o B A P A B ) PP AR R e b R e v R AR R e S b
I IR e 1 205 PP 4R 8 2GR BE ARt R 50%—100% , K 1 6 B nd—178.44 ng - L™~ 7K B8 I 3] [
T KR AL 7 Fib K6 M 2R 25%—100% , 46 M E nd—114.46 ng- L™ .5 [ Py HoAth ] AR B | JER]PH 42 Bok:
PR A PN L | MR A T v S5 /KT R e 2B A 3 VR BE 43 A 22 B0 . P KB i > > T i  F ok
00, H IS U > L AR s 5 SR U = K G TR HE R e 2 B2k 2 E A, P K ARG R EVR BE v T R Ak .
TR R ARG K Tl AER T IR K 8 3 RIZK 7= 97 A2 T T VG 22 B R e i A 2R vk B /K S e v ) 32
BRI AL AN VB VG 2 B 3R B K R i e 2R He A R L 5 COD \NH,-N<IN, TR 453 Ath [7] 25 7K 75 Y 8 A JC W
TAIE R KGRI (H RQs 2047 75 WA B FP M ( RQs = 1) KR B My R A7 7 i XU, At A 25 1 RURS: B AI%
(RQs<0.1).
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Occurrence and ecological risk of sulfonamide antibiotics
in the surface water of the Weihe Xi’an section

WANG Jiawet WEI Hong"" YANG Xiaoyu SUN Bocheng ZHANG Jiatong
(State Key Laboratory Base of Eco-Hydraulic Engineering in Arid Area, Xi'an University of Technology, Xi'an, 710048, China)

Abstract: Sulfonamide résidues in the surface water of Weihe River ( Xianyang to Xi’an section )
were analyzed by HPLC/MS/MS. Eight sulfonamides, including sulfadiazine (SDZ) , sulfamethazine
(SMZ ), sulfamethoxazole ( SMX ), sulfamethoxazole ( SMM ), sulfadiazine ( SPD ),
sulfaquinoxaline ((SQX), sulfachloropyridazine ( SCP) and a synergist of sulfonamide trimethoxy
(TMP ) were detected in the wet water period, with the detection rates of 50%—100%, and
detected concentrations of nd to 178.44 ng-L™'. In contrast, six sulfonamides and TMP were found
in the flat water period, with the detection rate of 25%—100% , the detected concentration of nd—
114.46 ng+ L™". Compared with other rivers in China, more types of sulfonamide antibiotics were

detected in Weihe River, and the concentrations were in a moderate level. The distribution pattern
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showed that, in flat water period, sulfonamide concentrations in the upstream were higher than thos
in the midstream and downstream, and the lowest in wet water period. The source apportionment
revealed that domestic sewage, industrial and medical waste water, pouliry and aquaculture
contributed to the higher level of sulfonamides. Moreover, the total concentration of the same
detected sulfonamides in flat water period was higher than that in wet water period. There was no
significant correlation between sulfonamides concentration and the simultaneous water pollution
indexes, such as COD, NH,-N, TN, and TP. And the risk quotient ( RQs) indicated that SMX
posed higher risk to the corresponding species, with RQs greater than 1.

Keywords : Weihe River, surface water, sulfonamides, pollution characteristics, ecological risk

assessment.

fiti e piA: & (sulfonamides , SAs ) & B X S SRS WA 25 14 1Y — 28 25 W) 1) i e T N & SL B
W25, AR (A2 450 BRI AR ) 1S (BT R ALCR, , 322 T 350 7 A6 T A R ER e e
Fie A 23RS , a5 K MR AW A LR sh Yk S HE S s AR B K R it
BTN = A — 2 1, B0 25 1 K R 40 B R RE 00 7= 28 |, 10— 28 U T Sk AR SN AR T K 2 42 ) 408
i, 3R E AR AP A k5 25000 ¢ A B S b7 129" . HRTHUAE R e Bk B PRAF7EHL
FE FIBEAAR 2 DA 5 ) 2 — 7

MEAESR A2 O L P S T A R RS B A BRI T SR Y AR AR AR b DX K R b R A
13 P A 2 K R 10.5—238.5 ng- L'V ELIIAG 5 Bl R nd—171.6 ng- L7 BRI
MIBEAG T 3 Fl, W BE 2.0—336 ng - L™ 4K N 75 T 3 S50 K s 5l vk B AR, 43 0O nd—
4.1 ng-L 7' Al nd—9.9 ng- L™ JKITIAG H 2 Fb W nd—2temg- L' B BRI R, 3R E R 7 X
w s th bt AE R EZ R,

T ) AT VA R R A — 2 S0, I AR 13,48 x 10 km? , Hir 49.89% 78 B 4 45 14 B AT T I K B
JRTHEEIGYL @it COD NH,-N ZE35F5 M L g5 VIR £ I E A W 5E £ 46 b TR S TS Y fnE
PRITTH , XHTA: 2 IEF 2475 Y i 5k B AR O A L 41

ASCLITE PG 2 B R WF e 0 52, 25 Sl e IS o A R B9 B K R A RRAE % HOR US4 T AT, 43
BT RS e 2 25 1 0 Yk B A1 5 TR T ) 25 7K e 38 b COD  NH,-N S5 A AR SG 1, 106 H AR 25 XU it 45 ) 25
TEMY, LU R I K IR 58 1) 2 T B B — e B 22 4K 4.

1 #ES 8 Materials and methods)

1.1 AR5

PR RV % - B DR T 1% A ( Aglient 1200-6460A , S5 [E ) | ZIMAY | B AHAE U & | Oasis HLB [ AH#E
BUHE (500 mg,6 mlL;200 mg,6 mL) ( Waters, MilfordMA , 32[E) {4354 ( Agilent Eclipse Plus-C ( 100 mmXx
2.1 mm, 1.8 wm) B 5825 48 B ( Whatman GF/F, 9¢ [€) 5% B 2 1 52 #e i (SAX) (6 mL, 500 mg)
(Varian, Lake Forest,3E[E) fH#E 2250 B (M4, HQ30d, 32 ) | & = ERIEE MY ( First Clean,
PH500, ).

FIHIK R Milli-Q 7K ; LI EE( HPLC, Merck 23 7)) 5 R | FERR AIES R 4 ( HPLC, JE[H Tedia 24
A)) s O VU O 1R 50 PR P RR AN (3 A g, RS AL TR ) b AR 2R B AR .t e itk i
(SPD) |fiffi i mEWE (SDZ) il — I BEIE (SMZ) i Jiie HH W ( SMIX ) s i ] FY 40 g ( SMIML) s g 52 s
W2 (SCP) i i MRk (SQX) , LA K filf e 3 48057) HY 48R & ( TMP ) ( Dr. Ehrenstorfer GmbH , f8 [ ) . N FR5
7Pyt e F WS RE (SMR) ( Dr. Ehrenstorfer GmbH , f2[E ) . 53 4b 3 Ff A5 Rl 2 458 7= P i e H REE-D,
(SMX-D,) H & EHE-D,(TMP-D,) ( Toronto Research Chemicals, JI5EK) , il iz FF FLmgme-"C, (SMZ-"C, )
(Andover, 3E ) R i 24 0 B A BT 4G5 20K T 95%.

ST EF A A B RZARERR], IF AT 25 . B AR 34 i ERR AR EL 10 mg. COD A5 %
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FHPRE g 43 6CREYE TP SR HING A5 IL 500823636 F 243 A AU (S5 ) ,NH,-N SR SAN++4> [ 5
Tt sh RS AT UK ( Skalar Analytical BV, faf2%) TN 2R FHBM: I8 B0 R B 14 i 28 S04 Y6 B AN

HRAE KT S 2T R XU PE A (0 753 . 24 5 3 B8 A BRI o 10 26 25 XURS: T AR A RQs (KL

WS BT ) B R/ N R E AT
RQ,=PEC/PENC (1)

B RQ;=MEC/PENC (2)
K, PEC {5 WA UMK B2, ng- L™ ; MEC 75 Yy SEBR MWK BE | ng - ™' PENC by 500 JC R0
e g ,ng-Lfl.

ARG PENC (B2 2ok A SCHR Al S 470 A 3800 e — Se W ol %) P sl 3 18 v ) 2 AR SR A5 R
TGO IE  RQS I 1153 5% 0 14 H d5e U Fh 1) PNEC, I DAt AE 3R o i vk B 19 de R kA7 31
w2 A oA LR (R, salina) | F 8 B T (S. capricornuum ) M5 3 (S, vacuolatus ) | 58 BR 1
( S.leopoliesis) 773 ( Lemna minor) JK 2% J& JNUF ( Daphnia curvirostris) ; RQS<0.1 ALK ,0.1 <RQS<1
R AR RQS =1 A g KU
1.2 FEACREE

PE AT I IE] 35108 2016 48 5 H A1 8 KI5 A 4 2=V A AN B 2= A2 K 30, SRl ) TR .5 H Y T
JRFH P2 B AR A 43 ) 27.1—88.5 m’ s il 68.5—262 m™s7".8 5 i 1 43 5 0.049—
322 m*s™' Al 55.5—346 m*s™ A XSO b R TR b < R BEAE TR B, TR PRI B, R
Ui« e 8 AR YR VT Y] B ] AT B 8 SR L BLACRAE A BB O LI 1 B3k 1.

34°30'0"N |~ N
/A
0 36 10km
34°25'0"N |~

North latitude

3402010'N (PR

[Z45i] Legend
O RRAL S5 Livestock farms

34°15'0"N (— [iE:qi) a4 24 Pharmaceutical factory
& CORHINT.) ™~ Feed processing plant
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B CREENE
Fig.1 Sampling sites in the Weihe River
R1 CREAHMKKE
Table 1 Sample point settings

KFE S Sampling site 1 2 3 2
(5% position )ﬁi[f‘i%‘iﬂ J%i FH }'F?lbkr Hiiﬁj{lf]:j] ) %ﬁﬂi“ﬁ“‘iﬂ
—SHT HES O CRERAFT) BEACAE B4R
A coondinate E:108°42'0" 12:108°45'4" E£:108°46'34" E:108°51'23"
N:34°19'15" N:34°20'43" N:34°21'22" N:34°23'30"
SRRE Sampling site 5 6 7 8
Tt pstion LR b ey i
V5K HES 1 i TH 22 Ak B R AR
E;108°57'3" E.109°1'17" E.109°4'3" E:109°10'43"

ARFT e 1
ABFR coordinate N:34°24'53" N.34°26'21" N.34°28'11" N:34925720"
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AT RAE K EER A FZ 50 em 7K SRAEERFL 2.5 L, B4 KRR SR 4E 2 D PATREM AKRRRATE T
IR SR AL, 38 (5 4 20 2 S0 SO 2 7K A pH, FE38 3 4 mol - L™ 9 H, S0, K pH {E1H % 3.0 &£
4.2 h WIsBISE %, 4 °C % B ORAF R 40 . I A7 54 e BRI R B A i 9 DR A7 RIS L R B 2 )
(GB/T 12999—1991) #1711
1.3 HiER ST
1.3.1 A miAb s

BT LKFERL 0.7 pum BEESLFAEUE ML UE S , A 0.2 ¢ 19 EDTA, I3 4 mol - L™ H,S0,¥ pH {H
KERA VR 2 3.0+0.2, R FH 4 R BE T E S I AR (100 ng) . 10 mL B EEEFT 10 mL A58 217K
X} SPE () HLB #: 7 HEATH5 4k , B 5 LA 5—10 mL-min ™" (38 5B K EENN A HLB H: A KRS 2 TAJR ,
FEHEFH 10 mL B LK HEATIEE0E , I BAE LA RASTF T4 2 hoB S A 12 mL 460 B0k 08 B9 78 HLB A%
T BRRBUAE RV SR B VR 2 E WO 4 T ORI B E A E 1 ml, i 0.22 wm JERE, -18 °C
TRAERFI.

1.3.2  LC-MS/MS 4375 %

T e 24 2 2 % ] RRLC-MS/MS ( 1200 Z 51 . 6460A | H W55 55 85 14k JB ( ESI) (22 8 J o7 4 =X
(MRM) ) HE 4523 87, AR Ak 4 90 39 76 TF 48 T HE 47 20 1. WA 4% 1« Agilent Belipse Plus-C,, {03 1
(100 mmx2.1 mm, 1.8 pwm) , #EFEE .5 pL; FAIAHTH 0.3 mL-min~"; #E7E . 40 C ; JishAH A b 0.2% H
FR A 2 mmol ZBR%E: s B i MG B EEVE R :0 min 10% B4S minid5% B,7 min 20% B, 11 min
40% B,15 min 60% B, 16 min 95% B,25 min 95% B.1E & T F B 515 T IR B R N
325 CH16 mL-min™"; bR K1 45 psi; B BE AL A350 C AL Lemin™ 5 B0 HL RIS HL
JE435 0 3500 V AL O V. ED AL S H0E L 2.

®2 WA TR TS LS H
Table 2 RRLC-MS/MS paraméters, for analyzing sulfa antibiotics

WA R PR A ] BB T, TET R T4 fE
Sulfonamides Retention time/min Parent ion(m/z) Daughter ion(m/z) Fragmentor/ V Collision energy/eV

ESI+

SPD 3.361 250.3 156.0 114 21
SDZ 2.582 251.3 156.0 100 9
SMZ 5.272 279.3 124.1 124 21
SMX 8.903 254.3 156.0 90 13
SMM 7.457 281.3 92.1 120 36
T™MP 4.219 291.3 123.1 144 25
SCP 7.826 285.7 109.0 115 24
SQX 11.420 301.3 92.1 115 36

1.3.3 il B s ik mhfieR

K FH PIBR IO RE S AT 28 AT FE A A5 A T A0 5, 0 T A 28 A vV VAR 174 o ot Yk o 5—
200 pg- L' YEEN R R AL R MR RPIAET 0.995(P<0.05) 3@t 3 F5 A1 10 175 {50 e
(S/N) KB I L E BRI R, E PR M 0.63—2.33 ng- L', K HIFR 4 0.19—0.70 ng- L™, HAK I
2 3. LATH IR 22 Br M 3R KON LIS A HFRIR & PiAE AR dE S, (HHAK B4 10 ng- L7 H1 100 ng- L7 A9FE
fi, BRIV B 3 ASPATHRE 45 B R 1) S 58 5 200 2 45 R e 28 B 2B 210 [l (n = 3) FbR
T2, 455 W% 38 VY 2 B 3RZ /K s SR R 60%—120%.

2 R 51718 (Results and discussion)

2.1 B VY 4 B eSS AR R AR AP S Ak
8 N RAE S rh AN Y 8 A eSS A G 25 (KA T Fh) L ZE RN 4 Frs. i3 4 nl g, oK)
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HAGINE] 7 R M R KR 25%—100% , Hop SMX  SPD 1 TMP F94: H %N 100% .- 2446 H
e FE M= B AR IR . SMX (70.81 ng-L™") > TMP (12.25 ng-L™") > SQX (10.36 ng-L™") > SMM
(9.70 ng-L™")>SPD(7.19 ng-L™") > SDZ(5.41 ng-L™')> SMZ(3.87 ng-L™") . /K MK 3] 8 Fh,7 Fl[A]
b, B SCP K Hord 6 R G AU H KA 1009% . -4 e B I = BIMIRAK UK - SMX (64.04 ng-L7")
> SCP(22.62 ng+ L") > TMP (13.61 ng-L") > SMM (6.86 ng-L™")> SPD(6.42 ng-L™") > SDZ
(5.52 ng-L™")> SMZ(1.75 ng-L™")> SQX(1.06 ng-L™").

K3 MR (n=3) FUSER R ERER

Table 3 Recoveries (n=3), method detection limits (MDLs) , and method quantitation limits ( MQLs)

I A 8 s o 22

PER MRy Rate of recovery/% = Standard deviation/% for i BR AR
Antibiotics Internal standard MDLs/ (ng-L™") MQLs/ (ng-L7")
10 ng- L™ 100 ng-1.7!
SDZ SMR 96+8 107+0.7 0.39 1.29
SMZ SMZ-1B¢, 87+3 991 0.31 1.03
SMX SMX-D4 65+4 86+2 0.29 0.96
SMM SMX-D4 112+4 120+4 0.21 0.70
SPD SMR 79+8 81+5 0.29 0.98
SQX SMX-D, 63+3 60+2 0.19 0.63
T™MP TMP-D, 1051 96+3 0.25 0.82
ScP SMX-D4 743 812 0.70 2.33

HUATI G ST /K RN E oK A6 SR KT 75% i biAE 28 5 B N AMH ST i E AT L3, 25 5 an e 5 o
RS AT UL, SMX 7 [ P AT A R JE P B (K 7.6—114.46 ng - L7 FE KN
15.39—178.44 ng-L™") &b T 45 L /K. SMZ FEERTT.( ] M BE) (BT HEG YR AT 32 [ 2 40 ] 1 (]
R LA I U2 B (SE K . nd—7.32 ng+L™" | FK W] . nd—4.40 ng- L") kb T & T K F.
SDZ 78R IL AT g YA 2N ) ik [ SEGR ISR AGLH 5 7 TMP 78 2230/ b /K AT I e pg Y9 vk [
FELP AT A [ S (LT SA G A H  TERTAARH i BE  F_EARTAT.

R4 PGBk JZ AR RN A R ARG R AR
Table 4 Statistical characteristics of sulfa antibiotics in surface water from Xi’an Section of the Weihe River
e E T SFHE SREVAT] LTS
. Concentrationrange/(ng+ L") Average value/(ng-L™") Median value/(ng+L™") Detected ratio/%
Aj::iiis SFok I F K3 ok ok ok ok oKk FkM
Flat water Wet water Flat water Wet water Flat water Wet water Flat water Wet water
PRl D, Wi period period period period period period
SDZ nd—7.95 0.64—13.97 5.41£1.78 5.52+4.78 5.22 3.53 87.5 100
SMZ nd—7.32 nd—4.40 3.87+1.60 1.75+1.31 3.29 1.24 75 87.5
SMX 7.6—114.46 15.39—178.44 70.81+36.74 64.04+47.70 78.16 55.97 100 100
SMM nd—14.74 1.30—19.73 9.70+3.41 6.86+5.30 9.66 5.41 87.5 100
SPD 2.07—16.77  1.47—31.25 7.19 +4.89 6.42+9.49 5.53 3.04 100 100
SQX nd—17.91 0.56—4.31 10.36+7.55 1.06+1.23 10.36 0.59 25 100
TMP 3.46—36.04  1.75—45.35 12.25+9.79 13.61+13.64 8.24 7.80 100 100
SCP nd nd—383.69 nd 22.62+35.27 nd 2.74 nd 50

7. nd, KK H. nd,not detected.

2.2 BPY L BN T A SR U R A

P 2 ST T PG e B AR 2 K30 A i e 28 hu A R TT R A0 A i I 2 v LR K I SR A
M 4.5.6 8 Kt 6 P iAEZ 51 SDZ SMZ SMX .SMM . SPD H1 TMP.RkE & 1.2 [ ik 6 Fh
AR SQX.SRAE S 3 K i SMX SMM . SPD 1 TMP.2RAE 5 7 WA i SDZ SMX . SPD i1 TMP. /K3
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RHERL4.6.7 8 Kl 8 BB RPTAE TR SRAEL 1.2 3 BR SCP AMIA KL RAES 5 Bk SMZ I SCP 5h%
A

&5 EWNINTRIZ KA SESUE R RS  HH (ng- L)

Table 5 Comparison of the type and concentration of sulfa antibiotics in rivers at home and abroad/(ng-L™")

zjfuﬁ [Zdri'i SMX SMZ SDZ TMP Reiﬁm
LR AT e K 1.40—46.37(16.36) nd nd—45.43(40.43) nd [17]
NRE) 9.43—845(134) nd nd—20.3(9.70) 1.88—3900( 600) [18]
TR 36.5—335 nd nd—280 nd—215 [19]
BRYL(THIEBD) 111—193 4—179(59) 135-336 — [9]
KILA] nd—91(57) — — nd—8(3) [11]
RN 5.6—78.8 0.7—5.5 nd—1.3 nd [20]
Bt B (VEPEE) 1.88—35.6 nd 1.3—6.4 nd [21]
YR (R ) 20—33 <50 nd 5—20 [22]
FEQI (L E) 40—140 <10 nd nd+—36 [23]
F L () 0—110 10—20 10—20 10—20 [24]

. nd,*ﬁj;“]‘}.nd,not detected ; 55 I R {E. The value in parentheses is average; “ VIR KA M. “— indicates no analysis.

i R A N R FR 50 7 b R TV A SR 3 VT P 42 B mT 43 3 B el BT X (CREEAS 1.2)
VG 2T X (CRAFE S, 3.4.5.6) R Ui i I T DX (CRAE 05, 7.8) oK - 1 | v Ui AR R X 1)
Bl e 2 24 1 - 2 v 1 43 1 Ry 123.92 . 115.81,80.27 ng - L™ 2 /K B XTI - 24536 J3 43 51 4 77.35 .139.57
84.90 ng- L™ 4 BV B R/ INHFATHEIE P A B3> TalES TR Uie s SF A - i s TR ilE> FE.

NNSscP Zz TP NSQX KXIspD  [MMsMM  FZZ4sSMxX  HEH sMz [ SDZ

W00 a sk 190, ok
Flat water period Wet water period
350 350
300 - 300
5 o
£250 - %250
£200 £ 200[
s €
3 7 3
£ 150F »,o,/o/f o £ 1501
© e Il w" W/// “
wa o] 7 W,
100 -\ V ' ? % i 100f
) B 7
/ / % / 501
Adml GG WA, L
1 2 3 4 5 6 7 8 1 2 3 4 5
Sampling points Sampling points

B2 JH P B i e Rk U R A

Fig.2 The concentration distribution of Sulfa antibiotics in the Weihe River(Xi’an section)

TEAT P 2 BoAss HH 1) 8 PP e 28 e A AR A RAE S A ank 6 i . th & 6 nT LA W, k. &
THERE e 2540 A 2 ARG Y MR B J 2 (nd—98.24 ng - L7") 3% B (A b 3o 5 Jak B Tl X, 9 R 0 A 5 24
10 NSRBI B 2 AR BRI 25 B3R IX A 4 4 H A5 K =5 J7mipgi5 KB R AR K |
5 B 7 PR K 24 T 5 Tl R /K 28 Kb B S TR T 8 e 2 T A R R I R 24 R, R
K HATETE AL T 2R REAT 8 K BRI 254 ORFE S 1 2 (2T 4 N5 KARBE ) BRI i R
FERL S BRI 25 ARG Bk BE i (187.27 mg- L), IX T BB SRAE A1 5 I A 037 2 5R A8 2
IIATE L 3 AN B A FR A A SR e, T B 249 5 A FRDREAE 7= i T35 b f— 26 v /N F6 551 245 £
A e SR K i 24 15 K TT RS S 0% T B 2 A 2R R e v O SRR
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FARKI - S HUAE FRAE i A A, Ve B2 e ey i U 8 G 42 T S S AR X, P i SR A A
BA 3.4.5 6. RFEA 3 AL TR NS AZIEAL , 3 N 88 BN SO ART REIZA BT AE R TS ey &
BORUERAE A 4 WKL B BE =538 376.08 ng - L A2 RAE S A T 52 9] AR 1] 2804k, VG 22 3 45 DU 5 K ik
PR HETS 1R ) ST B R A v /N BRI 24T R R S Ok SR Dl A R M 2 S e i A R
4 ERIE AT RE N SCIIC A 25 Bk R BHEZK Y CRAE S 6 db it B 24 h /N 25)
FE O3 A G K FRGE AN A FAE S, HRAE AL 6 7 T8 T FIVE ] 52 VAL, P22 1120 oI5 /K AL 3 HES 1
LT 25 K FRFE K A T6 15K S EOZ APt AE R EER S 3R 6 VT & ), SMX 7E-F- 7K 131 Fi
FEAK I A 4 3R B 4 5 5 , Sudarshant S5 58 MBS BT AE R IABEE A RE S, LB SMX Ay PREE 1T
BBE 5 T H e RSP E R HIH K MR 25 Pt | 3 T BE A2 SMX MR 45 i A S 2 — 1),

xR 6 HIPGL BT A R AT A (ng- L")
Table 6 Distribution of the concentrations of sulfa antibiotics from Xi’an Section of the WeiheRiver(ng-L™")

AR

Sampling sites SDZ SMZ SMX SMM SPD SQX T™MP SCP
-7k 181 4.8 3.16 74.12 6.38 4.57 17.91 497 nd
: FIKM 3.47 0.86 50.83 6.20 1.67 0.57 1.75 nd
oK 5.22 3.35 98.24 8.09 6.61 2.81 7.6 nd
g FIKM 3.59 1.27 70.98 4.61 4.41 0.57 3.92 nd
oK nd nd 7.6 9.66 2.85 nd 3.46 nd
: FKIM 2.13 0.66 44.59 3.95 1,55 0.59 9.27 nd
K 4.21 2.34 65.73 4.72 4.96 nd 8.31 nd
! FIKM 13.97 3.00 178.44 19.73 31.25 0.66 45.35 83.69
K 7.57 7.32 105.77 13.8 16.77 nd 36.04 nd
: E/ 8] 0.64 nd 15.39 1.30 1.53 0.60 11.76 nd
K 7.95 3.23 114.46 14.74 13.6 nd 8.16 nd
o FoKk i 4.64 1.24 61.10 7.53 4.65 0.56 6.32 2.20
K 2.38 nd 18.33 nd 2.07 nd 13.26 nd
7 FoKk i 13.16 440 72.41 8.21 4.87 431 24.37 3.27
K 5.72 3.8 82.19 10.53 6.09 nd 16.16 nd
s kit 2.57 0.83 18.56 3.33 1.47 0.62 6.13 1.30

nd, A5 H.nd , not detected.
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Fig.3 The concentration levels of sulfonamides in the different seasons in the Weihe River
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M O SR T TR AR 2 TR S LR 1) i 0, Pk R R 5 RIS K R D SR
AR DA B A= AR E FH 55 3= 7K 0T W et K 48 R A R A P D ., I o G AR W Al 4
YA R AR S 3 1 kAT BRJE AN [ K S e et AE FAG Hh kB TR A7 AR 25 S 1) = A
2.3 THIRZ KRGS AR AR SR TN

H e 7 AT 0L SMX ) RQs> 1, 2 31 A w8 XURS: , VB Tl 7K 44 kR Rz A 7K A A 9 e B 2k 7 v XL
K5 ;SDZ \SMZ SPD [ TMP \SQX 9 RQs ¥4/ 0.1, AR XU . = JRURS: 1) SMX 322 FH T B 25 8 35 A R R 7
FHZ5 , FOZBe A A WA 7K A0 G 0 VA 5 B v, 50 BH 2% 245 400 7 T VT WG <2 B3 s sl £l ) A R0 0 40 1.
% BRAE K T A B e 28 B 26 28T BB /K A A 7= A — 2 1) 2t sl 18 MR 3 MR AN, TRl B e A 3R K gk
BA A 1] BT R SR T 7 A R 2, B JRAT AR S R G AR R Y SR T, KR A e e b Ak
RERE I BARAE A 250 I B R 251 A A AT X At B A A

RT BN A FO0H I R AR o ) B BRI XU, R

Table 7 Toxicological data and risk quotient values of antibiotics for the most aquatic sensitive species

BUEE T BIRIREC,  dHEE O pwe i -
Antibiotics  Tested species Toxicity data/ (mg-L™")  Toxicity type fa;rtar (ng-L7") References E‘Zlej(li’q FAKIM
at Wet
SDZ S. capricornutum 2.2 2 1000 2200 [36] 0.0036 0.00635
SMZ S.vacuolatus 19.52 A 1000 19520 [36] 3.75x107 2.25x107™
SMX  S.leopoliesis 0.027 A 1000 27 [35] 4.24 6.61
SPD Lemna minor 0.46 At 1000 460 [36] 0.03 0.068
TMP  R.salina 16 Atk 1000 16000 [37] 0.0022 0.0028
SQX  Daphnia curvirostris 84.46 A 1000 84460 [36] 2.12x1074 5.1x107°

T2 ECso, LI RBUNLH . EC 5, concentration for 50% of maximal effect.

2.4 HUERKIIWRES FEOKTHER I ER

W B RSB AE F A W B 5 [ 2P 32 ZOK BT AR COD TN TP \NH,-N #EA7HH OGP 4 B, 45 5
F 8N, o P AE<0.01 9t 5 35 HH 56 0P <0005 4 B 3580 56 A BIFFE v Birill £ COD TN, TP \NH,-N
B 5 BTG A4 PR T TR M 25 BSR4

R 8 B ISHUA: ZACI U S 5 = B RUR A Gk 204

Table 8 Concentrations of sulfonamides and general correlation

I H Project COD TN TP NH;-N
SDZ 0.185 0.985 0.509 0.275
SMZ 0.126 0.999 0.534 0.325
SMX 0.477 0.419 0.617 0.372
SMM 0.506 0.594 0.537 0.359
SPD 0.738 0.564 0.563 0.409
SQX 0.109 0.519 0.848 0.607
T™MP 0.504 0.849 0.769 0.557
scp 0.869 0.568 0.783 0.655

H13% 8 AT LA M, B g S A B o A 2 BOK B b B30 DR IO SC R PR Rl it 2 Fig
T NIRIKIG , — e 2 SR BT K DGR AR A VI i 5 — RSV Fe A ad B, BRI pH V5 i S8 A
IKIR G 2 XA RAKR R AL B A 0 7 06T COD TN [ TP NH,-N 45K [T b xd B 2k
RIEBHALRY R RIL B = R AT BORE A

3 758 ( Conclusion)

(1) TR P2 BERZARE R KGNt 7 PR SRR R IR EEVE B nd—114.46 ng- L', K
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pS

36 &

HR 25%—100% ; =E/K AR 8 Fl | W FBE YL I A nd—178.44 ng- L™K H R 50%—100%. 5 [F N 7 H
RBK IR L, TERT R 2 KA PR 1 2K T 75% BB B PT A R AL T A KT

(2) BB R IS AR A R IR 3R W, 76N 135 SR A0 R & 3 77 8 4 2R 43 b ) e A v, 10 T ikt o
BB R AAR TG KRB 15 Y U5 S A OGS [ BRI A B e R i A R AG T ok B S ], Sk B Bk i T
A, FE ARG E] SCP , Ui A fe A pi A IR B A — e R B 32 Z 1y AR (L 52 ).

(3) WM ZA vk B 5 T BK 48R COD TN TP \NH,-N %5504 WA A0 GO 2R XU I 32
B, SMX [ RQs= 1, X 7K A e 7K A A ) HLA 25 v i JXUES:
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