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T 13 P e AR R AR AR L X R K UE K HP B 0 AR RRAE. S5 13 R RS Hi AR AR K IR h A SRR A, Bk
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Distribution Characteristics and Health Risk Assessment of Thirteen

Sulfonamides Antibiotics in a Drinking Water Source in East China

JIN Lei', JIANG Lei*, HAN Qi', XUE Jia-yi’, YE Hui’, CAO Guo-min', LIN Kuang-fei', CUI Chang-zheng'*
(1. State Environmental Protection Key Laboratory of Environmental Risk Assessment and Control on Chemical Process, School of
Resources and Environmental Engineering, East China University of Science and Technology, Shanghai 200237, China; 2. National
Engineering Research Center of Urban Water Resources, Shanghai 200082, China; 3. Research Center of Pharmaceutical Process
Chemistry, Ministry of Education, School of Pharmacy, East China University of Science and Technology, Shanghai 200237, China)
Abstract: Trace levels of residual antibiotics in drinking water sources may threaten public health and becomes a serious issue in
modern society. Occurrence and distribution of 13 sulfonamides antibiotics in a drinking water source in East China were investigated
using solid phase extraction-high performance liquid chromatography-tandem mass spectrometry. The results revealed that all 13
sulfonamides were detected with the total concentrations ranging from 10.5 ng-L™" to 238.5 ng-L~". Sulfamethoxazole ( SMX) and
sulfonamide (SAM) presented the 100% detected frequency, and the maximum concentrations reached 107.0 ng-L~' and 43.1
ng-L~", respectively. Sulfonamides contamination levels in the inlet were relatively higher than those in the outlet. The concentration
of SMX was substantially unchanged in different positions of drinking water source. Seasonal variation of sulfonamide concentration
showed that the concentrations were higher in winter and spring compared with those in summer and autumn. The range of total
sulfonamides concentration detected in winter and spring was from 110. 8 ng-L™" to 117.9 ng-L™", which was 3. 6-3. 8 times higher
than those in summer and autumn. Human health risk characterization of residual sulfonamides in drinking water source was based on
the assessment of risk quotients (RQs) for which different life stages were taken into account. The results showed that no sulfonamides
had a RQs higher than 1. Trimethoprim (TMP) was the most risky antibiotic to the 0-3 months old infants with RQs reaching 0. 001.
Although the sulfonamides detected in the drinking water source do not pose any risk to the peoples” health, the implication of long-time
exposure and comprehensive risk still deserve attention.

Key words : sulfonamides antibiotics; drinking water source; distribution characteristics; risk quotients; health risk assessment
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fif 225 ( sulfonamides , SAs) 4 K LA R E W)
TRAF 25 | ARBR A M A% AT IS TR ROR, Tz H
TIRIF NI iRt R R R b A R
TR 8 4 1 4 A 1 HG 7 30 55 b B AR 4F i 1 7% e
JyH R JRE A EE T | st | R
JRUE 1 SR PR AN B | A P e A
T mERE SRR A R S8 E N AT 2 Y H kK
RGN ) s P s S DB e SR R 0L
BIEFIR LR TR T 5 ~ 142 pg- L7 ARSI
FprAEFEN . ok T Al I O K AR A
NSRS Faa sy 1

IRV R K 2 A PIAH G, A IESE i i
O30T 13 MR BT AR R 7R L DX K R g
JE IR ISR I I kK K th ik B B AR R Y
TETE RIS , A B 4875 K K P i ek
RIS RAEFN = AR AR, DT 0T TE A B K 5K
R R BT 2R XU B 15 T

1 #RE5FE

1.1 {5100

Agilent 1260 R0 AH 35X ( Agilent, USA) ;
Agilent 6430 = H PO # #F & B 5T 3% {L ( Agilent,
USA) ; [ AHAEICE B (Supelco, USA) ; HLB [EAHZE
Bk (6 mL,500 mg, Waters, USA) ; DC-12 &AW
TAX( B BB AL A FRA R ) 5 BT HEE IR
(GF/F, 0.7 wm, Whatman, UK); 0.22 wm A9%F3k
A PE A (R L g A IR AT ) .

13 b fid e 28 P AR R br o HOE R IE
(Trimethoprim, TMP) . fif % ( Sulfanilamide, SAM) |
fifi B K ( Sulfaguanidine, SG ). #f I ™ BE
(Sulfadiazine , SDZ) . fi#fi Jit FH FELWEIE ( Sulfamerazine
SMR) . fifi it — H W& ( Sulfamethazine, SMZ) | fitfi f%
WE W ( Sulfathiazole, STZ )., M i ' W — mk
( Sulfamethizole, SMT ). & & H me »k
( Sulfamethoxazole, SMX) . ffi i — B 5 me g wk
SFX ). R M Aomk B
( Sulfachloropyridazine, SCP) . fif ii¢ Xf H 4 & g
SMD ), fi & — WO mE BE
(Sulfadimethoxine, SAT) 14 fii¢ B ngeiss [5] v 2% bR

( Sulfisoxazole,

(' Sulfameter,

I (SMX-"C, ) ¥ [ Sigma 23 7] ( Sigma, USA ) ; h
B, WP /R — 4 R o Bir 2, W B [ 24 4 1A
AR ABRA T Wi, Wl CIEH ekt
g H Thermo Fisher 2 ] ( Fisher Scientific, USA) ; 5E
55 2K B A Milli-Q 2ii7K A% (Millipore, USA).

1.2 BEACREE

SRAEARK DG T3 FE AR AR M VIR il RAE:
Bl 12 H ~4E2 0 . 3~5.6~8H.9~11
AWK A&, B, EMKZE. F2014 412 HE
2015 4F 11 FHIa] 4 A R AR IEHA K | PE AN
HK KRR (FHAPRFE S AIIEZ) 7 km) |, HERAERE S
B2 A BREGERZKELLT 0.5 m Ab/KFE, BT
PRSI, KRR | 18 W] 5050 %= 0F
JUPRHEA T [ AH 2 B B v 4.

1.3 PRSI
1.3.1 HEmfiahs

[ ARACHCAE SCHR 18 1/ 7k Bk ATk, 1 LW
IKBEZ: 0.7 pm FLARMBEIRET AEDE N IE A 0.2 ¢
RV A, FH 0.1 mol -L™" AYERBRIH Y /K BE
pH 24 3.0, LA 100 ng i i H EmE-"C, (1 mL, 100
gL SMX-"Cy ) ARY). HLB AR BUHAR v H
10 mL HIE 10 mL #Z4E7KF1 10 mL pH & 3.0 (4R
R K WE WEA. KFELL 3 ~5 mL-min ™" [ 37 38 38 1
HLB [EFHAHU: KA HUE J5 , 28 OREAE L 2s TF 4il
T30 min, FH 5% (IARFRLL ) B B AR V8 W ik 1% 26 4%
o1, B Je 10 mL 2B, AR A BRI TE 35°C
KGR, HRSRE SR 2= T, F 50% (R
o) B BE KR E AR E 1 mL, 4 0.22 um JEHE T
I8, —20°CORAF, FFIERESTAT.

1.3.2 HPLC/MS/MS 43477 v

WA 4. CNW Athena C18-WP &34 (2. 1
mm x 150 mm, 3 um) ; FHFFEE . 5 pwl; AT .
0.4 mL-min~"; 3 .:30°C ; FshtH A(0. 1% PR
CHE) RS B (0. 1% W BRI K W) . A6 B e
FEF: 0 ~ 13 min, 85% MY I sh 4 B £k PEBE MK =
55% ,14 min B FEARE 15% 31335 4 min,f{ 19 min
i 2 85% IH-A5:4% 4 min. FRIGSEOENZ 1.
1.3.3 7k mlBCR KoK % %

SR FH N AR5 8 B, DL H AR 4 5 7 55 N BR
SMX-"C M WA 22 X BE AR B, A5 B il 2k, 8 i
HIZRTE 1.0 ~1000 wg L™ JERINLME R R, M
SR B 0. 996 8 ~0.999 5. 18 i 15 e 1L R 5
TR i BR LA 3 A5 45 M L Sy be A= R B i vk B 1Y
it B
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Table 1 ~ Mass spectrometric parameters, recoveries and limits of quantitation of target antibiotics

WHE RENE BET THE  RAWE K o

Yk & /min m/z m/z /V /eV /% /ng'L’l
TMP 2.86 291.2 230. 1 135 23 87.1 0.016
SAM 1.88 173.2 92.3 100 30 63.3 0.250
SG 1.50 215.2 156.2 98 15 55.2 0.217
SDZ 3.74 251.2 156.0 100 15 101.5 0.054
SMR 5.07 265. 1 92.2 120 28 103.2 0. 160
SMZ 6. 88 279. 1 186.0 105 15 106. 8 0.018
STZ 4.29 256.2 92.2 115 25 92.7 0.015
SMT 6. 88 271.3 156.2 110 15 93.6 0.034
SMX 10. 07 254.1 92.2 110 23 99.9 0. 004
SFX 10. 86 268.3 156. 1 105 10 102. 8 0.028
SCP 8.96 285.1 156. 1 95 15 96.0 0. 004
SMD 7.13 281.3 92.3 110 26 103. 6 0.018
SAT 12.59 311.2 156.3 125 22 102.6 0.010

16 1 L BY/KIEA T INA 10, 50 #1200 ng F) 13
Fivhes e 2 A= R IRAR , [A] I 25 1 4 40 vl it e 2 bt
AR IR RCR (R 1), 84 3 A FATHE.
Bl e ( SAM) A e ok ( SG ) 1Y BT R 4331 A 55. 2%
1 63.3% , HoAth 11 B i fie 25 H1 2k R MR 78
87. 1% ~106. 8% , J7 AR bRl 22 /T 5% , K&
IS B K R R e b AR B B s 5 SRS B AT
[DSCR A IE
1.4 AR RS PPN ik

KGR AT A FGE A A B IXUBS: T 2 T
ARS8 B4 2%, I [ B 25 B AN () 4t B A ) XL

B, 27 KU K T 1, AR S KU Bk A3
BIERAR(L) , (2).
RQs =c/DWEL (1)
DWEL =ADI x BW x HQ/
(DWI x AB x FOE) (2)

K e, BYUAERKB B HEE (pg-L7") ,DWEL 2
PoA R K G B H (g L") . ADI & H 2 m]
WA [ pg- (kg-d) '], BW 2 A ¥R H
(kg) ,HQ S H5 s KU, ¥ 1 35, DWI &4 H Ik
KE(L-d™"),AB & B B R, #% 1 15, FOE
EFFEN R (350 d-a”'), % 0.96 i 5. BW Al
DWI 1) #H ¢ 8098 >R H 26 [ 30 {4 B (EPA) #fE 7%
61 e HiAE Z 1 ADL (S % F AR T
A B 25 ADT W B0 BAR S RO WK 2. 3
M AR K 5 K T A 2R AR B fe B XU, b
JE R R XU, 34 DA g b il B 2 b A R G I KA
B TSR K S &K T ( DWEL) FXUES:
M (RQs) .

R2 ESERBABNTEHEE, BRAKEN
REBREAARNEETEZENE
Table 2 Selected age groups and average body weights
and drinking water intakes( DWI) and acceptable

daily intakes( ADI) of selected sulfonamides

AR B BW DWI  fiifeddnd: % ADIV
0~31H 5.6 1.15 TMP 4.2
3~61TH 7.2 1. 14 SAM 75
6~121H 9.4 1.18 SG 10
1~2% 12 0.85 SDZ 20
2~3% 13.8 0.83 SMR 50
3~6% 19 1. 16 SMZ 20
6~11% 36 1.55 STZ 50
11~16 % 56 1.90 SMX 130
16 ~18 ¥ 57 1.77 Scp 50
WA >18 %) 60 2.04 SAT 200

1)SMT., SFX F1 SMD i ADI {7 % ik
2 #R5IFE

2.1 BERSSHUAE RAEKIEAK i S H K F

13 P e S 0 AR 22 7R 1K IR K o E O[] 72
Kt (WL 3). SMX Ml SAM 100% #5 i, TMP
SDZ . SMZ F1 SCP £ 3R 4 =1, N 73% ~86% ,
Hoox 7 PSR TA: R K B ARAE 7% ~50%. {H
PRERM R, DR HAE SAM FE/K A (1475 4L K
ARG R BE SAM FE /KK H 1009% Huks: Al 5
EAR G, FK UK AR RS0 A 2R A R B e
ik 238.5 ng-L7', Hirf SMX A vk B B R
107.0 ng-L~" SF3{E 4 21.0 ng-L~". SAM FI TMP
o il B B W R 43 il 4301 ng-LT' A 22,0
ng-L~". SDZ, SMR, SMZ #il SCP 4 H i) ¢ i 3 [l
Hn.d. ~14.5 ng-L7".
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Table 3 Summary of sulfonamides concentrations in drinking water source/ng-L "
WH TMP  SAM SG SDZ SMR SMZ STZ SMT  SMX SFX SCp SMD SAT psyill
FRMH 22.0 431 832 597 472 145 510 11.2 107.0 0.60 6.68 5.09 4.18 238.5
Fe/MA n.d 1.81 n.d n.d n.d n.d n.d n.d 8.71 n.d n.d n.d n.d 10.5
rRAL{E 1.31 8.67 0.74 1.98 n.d 2. 64 n.d n.d 13.7 n.d 1.15 n.d 0.23 30.4
FH(H 2.38 11.7 .31 2.35 0.39 3.27 0.25 0.69 21.0 0.04 1.66 0.36 0.64 46. 1
PR 60 72 36 59 23 62 20 23 72 5 53 2 36
K %R/ % 83 100 50 82 32 86 27 32 100 7 72 30 50

Dn.d RARKGH, 288 FRARRTS K MG I E R AT (HI/T 91-2002) GeitwtEL 0 i

SMX AR | e ARG, 5 SMX 73k [ H
BRI AR 5 SR — 2, BBk | it
TRV S ek b SMX UK ROl 97% ~
100% W JE K 2 ~765 ng-L~". X5 SMX HA B4
IR EEIERS e A2 B R e v | A5 & AL R A
BT OG22 SAM A TMP A X458 1o A G HH A3 S5 A e
B ATRERR SAM 2B iS40 A 28 A v a2 B AR it
BRI ZE R S F A BUBR S 25 v = 2Lk
TMP J&Rf IS PTAE ZR AAGH],  5 SMX S5 S
AR RIRA M LIRS 253L , IR B 24 87. 5% 1) TMP
W S LARE 25 U HE . SDZ, SMZ Al
SCP i E AR H ik AL (n. d. ~14.5 ng-L7") ,{H
i H AT R AR (2% ~86% ) , PRIHL 2 FH Y 54 I 28
PR, AT E R . KA 7 Rl
YA R H T B RDAG: HE AR AT L AR, 3 T g
DR o HLAd PR, DL SG 1 STZ R f51) o 1 7E sk i
FPiEE P H0E 0.8% F11.9% .

51 P9 AT M XA L %K R K PR S e
FERIMRIE K (10. 5 ~238.5 ng- L") 550X
(n.d. ~305.5 ng-L™") " s K h s e 5 ik &
WeRE A 2, K T 3R E A S YL (27.0 ~ 1555.2
ng-L™") " BRIT(9 ~852 ng-L™") 21 i
(n.d. ~431 ng-L™") " ok (0 T [F ik H
K IR IR DN B 5 7K %6 (6. 1 ~ 47 ng-L~") 12L&
EERREHE(2.0 ~19.9 ng-L™") ' F %5 oF b4
HiKIEK (8 ~25 ng-L~") " nfig 5% X &b T
RS N 7 B N 1 o R YO 1 AN e = U
BRAE L. KT = A I M X 0 S8 K rpr | A g 557
BH IR K BT S e bk 2 SMX |, SDZ ., SMZ, SCP #l
SMD ¥ 0.21 ~8.88 pe-L~", E/AKIEHT A= 295 4y
G B PR SKP0 AR IR i IX R e b A Al R

XA 4 £5 . XA RE R ZOK IR P e s hiE R &
e T AR AR R AR RN ER e 7K R SR 22—
2.2 REIMERHUAR R AKIEUK AP 23 [0 R

Tl i A Az R AE KR b 119 23 18] 20 A7 FRAE Qi 1 1
Jis. AJKIT, P HR ORI 7K 0 e 2 0 A R R
YIWeE Sy A : 58.6, 44.2 Fl144. 4 ng-L™". FLAK
JE 1 USR] R A A, G i e 24 v e 5 R X e v
2 SMX, i B 39% ~58% , FLUR S SAM, (5
20% ~29% , H A YRR R R P A R H 5 219% ~
31% . SMX TEAN[R] X sk B AR AR K, i H B i 12
T R AE 25, 40 TMP, SAM 1 SMZ 25471 4F vk
JEEAE AU AN [R)7 ' e 30t A 7K RS e R X 48
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