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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 ngeL ™" 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

1982 . 162 000 t 6~10 *.
1
1 2016-01-19; 1 2016-02-24
N : ( 14QB1400800) ;

( 14DZ0503400) ;
(15DZ1205701)
: (1990 ~)
)3 E-mail: leiking802@ 163. com
S . 2013 * E-mail: cuichangzheng@ ecust. edu. cn



2516

37

60%
~90% e

78

9
( sulfonamides SAs)
10
T 13 14
15 . u‘%::
IE]Z 9 16
5~142 pg-L™!

13

1

1.1

Agilent 1260 ( Agilent USA);
Agilent 6430 ( Agilent
USA) ; ( Supelco USA); HLB

(6 mL 500 mg Waters USA); DC-12

( );
(GF/F 0.7 pm Whatman UK); 0.22 pm
( ) -
13 ;
( Trimethoprim TMP)

( Sulfaguanidine

( Sulfadiazine SDZ) .
SMR) .

( Sulfanilamide SAM) .
SG) .
( Sulfamerazine

( Sulfamethazine SMZ) .

( Sulfathiazole  STZ) .
( Sulfamethizole SMT ) . [
( Sulfamethoxazole SMX) | 11
( Sulfisoxazole SFX ) |
( Sulfachloropyridazine ~ SCP) .
( Sulfameter ~ SMD ) |
(

Sulfadimethoxine SAT) 1

( SMX-Cy) Sigma ( Sigma USA) ;

N
) ) N

Thermo Fisher ( Fisher Scientific USA) ;

Milli-Q ( Millipore USA) .
1.2
12 -~ 2 .3~5 .6~8 .9~11
NN . 2014 12
2015 11 .
( 7 km)
72 . 0.5 m
1.3
1.3.1
18 1L
0.7 pm 0.2¢
0.1 mol*L™'
pH 3.0 100 ng e G, (1 mL 100
peel.™' SMX-C,) . HLB
10 mL . 10 mL 10 mL pH 3.0
3 ~5 mLemin "
HLB
30 min 5% ( )
10 mL . 35C
50% (
) I mL  0.22 um
-20C
1.3.2 HPLC/MS/MS
: CNW Athena C18-WP (2.1
mm X 150 mm 3 pm) ; © 5 L :
0.4 mLemin""; :30°C; A(0.1%
) B(0.1% ).
© 0 ~13 min 85% B
55% 14 min 15% 4 min 19 min
85% 4 min. 1.
1.3.3
SMX-C,

1.0 ~1000 pgeL™
0.996 8 ~0.999 5.
3



2517

1

Table 1 Mass spectrometric parameters recoveries and limits of quantitation of target antibiotics

/min m/z m/z v /eV 1% /ngeL~!
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 2 102.6 0.010
1L 10. 50 200 ng 13 2 N
20
( 1) 3 . Table 2 Selected age groups and average body weights
and drinking water intakes( DWI) and acceptable
( SAM) (S6) 35.2% daily intakes( ADI) of selected sulfonamides
63.3% 11 BW DWI ADIY
87.1% ~106. 8% 5% 0~3 1.15 TMP 4.2
3-6 1.14 SAM 75
6~12 . 1.18 SG 10
1~2 12 0.85 sDz 20
1.4 2~3 13.8 0.83 SMR 50
3-6 19 1.16 SMZ 20
6~11 36 1.55 STZ 50
o 11~16 56 1.90 SMX 130
1 . 16 ~ 18 57 1.77 SCP 50
(1) .(2). (>18 ) 60 2. 04 SAT 200
RQs =c¢,/DWEL (1) 1) SMT. SFX  SMD  ADI
DWEL =ADI x BW x HQ/ 2
(DWI x AB x FOE) (2)
c, (pgeL™") DWEL 2.1
(pgeL™"). ADI 13
weg (kged) ' BW ( 3). SMX  SAM 100% TMP.
(kg) HOQ 1 _ DWI SDZ. SMZ  SCP 73% ~86%
(Led™') AB 1 FOE 7 1% ~50% .
(350 dea™") 0. 96 . BW SAM
DWI ( EPA) SAM 100%
" ADI .
ADI 0 2. 238.5 ngeL™' SMX
107.0 ng*L.~' 21.0 ng*L."'. SAM  TMP
43.1 ngeL™'"  22.0
( DWEL) ng*L.~'. SDZ. SMR. SMZ  SCP

n.d. ~14.5 ngeL™".



37

2518
3 Y IngeL™!
Table 3 Summary of sulfonamides concentrations in drinking water source /ng*L !
T™MP SAM SG SDZ SMR SMZ, STZ SMT SMX SFX SCP SMD SAT
22.0 43.1 8.32 5.97 4.72 14.5 5.10 11.2 107.0 0.60 6. 68 5.09 4.18 238.5
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
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
2.38 11.7 1.31 2.35 0.39 3.27 0.25 0. 69 21.0 0. 04 1. 66 0. 36 0. 64 46. 1
60 72 36 59 23 62 20 23 72 5 53 22 36
1% 83 100 50 82 32 86 27 32 100 7 72 30 50
)n.d { YHJ/T 91-2002) 0
SMX . SMX 1
2 ~ 14 ~N
a SMX 97% ~ 1 58.6.44.2  44.4 ng-L7".
100% 2 ~765 ng*L". SMX
SMX 39% ~58% SAM
? SAM  TMP 20% ~29% 21% ~
SAM 31%. SMX 12
TMP SAM  SMZ
TMP SMX
87.5%  TMP
» . SDZ. SMZ Kurwadkar
SCP (n.d. ~14.5 ng*L7") SMX SMR. STZ.
(72% ~86%) SCP SMX
¢ 7 IgK -0.33 SMR. SMZ. STZ.
SCP  SAT  1gk,, 0.03. 0.67. 0.13.
SG  STIZ 0.13  0.61 % . 1gK SMX
0.8% 1.9% *. SMX
(10.5 ~238.5 ng*L ")
(n.d. ~305.5 ng°L™") * . .
(27.0 ~ 1555.2
ng‘L_w 13 (9 ~ 852 ng'L_l) 225 31
(n.d. ~431 ngeL™") ™
(6.1 ~47 ngeL™") "
(2.0~19.9 ngeL™") °
(8 ~25 ng*L7') . 2
\ ~ 33 .
SMX. SDZ. SMZ. SCP 2.3
SMD 0.21 ~8.88 pgeL™
02 ( 2). . . .
28. 6% 13 110. 8.
4 58.3.30.9 117.9 ng°L™".
3.6 ~3.8

2.2
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SMX 15.5 ng°L™" . 1.14 ~4.12
. 51.4 ~107.0 ng*L™" . ng*L~". SAM
10.8 ~16.1 ng*L"". TMP.
SDZ . 2.20 ~
1

Fig. 1 Spatial distribution characteristics of sulfonamides in drinking water source

2

Fig. 2 Seasonal changes of sulfonamides in drinking water source

20.9 ~35.2°C. 188 mm ** .
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Fig. 3 Human health risk assessment of sulfonamides

in drinking water source

SMX. SMT

SMX  SAM

100% SMX

3.8

(2)

3.6 ~

Homem V  Santos L. Degradation and removal methods of
antibiotics from aqueous matrices-A review ] Journal of
Environmental Management 2011 92( 10) : 2304-2347.

Jiang L. Hu XL XuT et al. Prevalence of antibiotic resistance
genes and their relationship with antibiotics in the Huangpu River
and the drinking water sources Shanghai China J . Science of
the Total Environment 2013 458-460: 267-272.

Luo Y MaoD Q RyszM et al. Trends in antibiotic resistance
genes occurrence in the Haihe River China J . Environmental
Science & Technology 2010 44( 19) : 7220-7225.

Zhang Q Q Ying G G Pan C G et al. Comprehensive
evaluation of antibiotics emission and fate in the river basins of
china: source analysis multimedia modeling and linkage to
bacterial resistance J . Environmental Science & Technology

2015 49(11): 6772-6782.

Hirsch R Ternes T Haberer K et al. Occurrence of antibiotics
in the aquatic environment J Science of the Total
Environment 1999 255(1-2): 109-118.

Halling-Sgrensen B Nielsen N S Lanzky P F et al

Occurrence fate and effects of pharmaceutical substances in the
environment-A review J . Chemosphere 1998 36(2): 357-
393.

Zhou L] Ying G G LiuS et al. Occurrence and fate of eleven
classes of antibiotics in two typical wastewater treatment plants in
South China J . Science of the Total Environment 2013 452-
453: 365-376.

Watkinson A J Murby EJ Costanzo S D. Removal of antibiotics
in conventional and advanced wastewater treatment: implications
for environmental discharge and wastewater recycling J . Water
Research 2007 41(18): 4164-4176.

Padhye L P Yao H Kungu FT et al. Yeardong evaluation on
the occurrence and fate of pharmaceuticals personal care
products and endocrine disrupting chemicals in an urban
drinking water treatment plant J . Water Research 2014 51:

266-276.

Garoma T  Umamaheshwar S K Mumper A. Removal of
sulfadiazine sulfamethizole sulfamethoxazole and sulfathiazole

from aqueous solution by ozonation J . Chemosphere 2010 79

(8): 814-820.



13

2521

11

12

14

15

18

19

20

21

22

23

24

Dirany A Sirés I Oturan N et al. Electrochemical treatment of
the antibiotic sulfachloropyridazine: kinetics reaction pathways
and toxicity evolution J . Environmental Science & Technology

2012 46(7): 4074-4082.

Tolls J. Sorption of veterinary pharmaceuticals in soils: A review
J . Environmental Science & Technology 2001 35(17):

3397-3406.

Chen K Zhou J L. Occurrence and behavior of antibiotics in

water and sediments from the Huangpu River Shanghai China
J . Chemosphere 2014 95: 604-612.

Zou S C Xu W H Zhang R J e al. Occurrence and

distribution of antibiotics in coastal water of the Bohai Bay

China: impacts of river discharge and aquaculture activities J .

Environmental Pollution 2011 159( 10) : 2913-2920.

] 2014
23(7): 1175-1180.
Gaffney VD J Almeida CM M Rodrigues A et al. Occurrence
of pharmaceuticals in a water supply system and related human
health risk assessment J . Water Research 2015 72: 199-
208.
Wang H X Wang N Wang B et al. Antibiotics detected in
urines and adipogenesis in school children J . Environment
International 2016 89-90: 204-211.
Cheng W H Jiang L Lu N et al. Development of a method for
trace level determination of antibiotics in drinking water sources
chromatography-tandem mass

2015 7(5): 1777-

by high performance liquid

spectrometry J . Analytical Methods
1787.

US EPA ( U. S. Environmental Protection Agency) . Guidance
on selecting age groups for monitoring and assessing childhood
exposures to environmental contaminants EB/OL . hitp: //
www. epa. gov/risk/guidance-selecting-age-groups-monitoring—
and-assessing-childhood-exposures-environmental 2015-11.
Australian Government Department of Health. Acceptable Daily
Intakes for Agricultural and Veterinary Chemicals EB/OL .
http: //www. health. gov. au/internet/main/publishing. nsf/

Content/ocs-adiist. htm 2016-03-31.

2006 27(12) : 2458-2462.

Huang C H Renem ] E  Smeby L K et al. Assessment of
potential antibiotic contaminants in water and preliminary
occurrence analysis J . Journal of Contemporary Water Research
& Education 2001 120( 1) : 30-40.

JiYF Xie WP Fan Y et al. Degradation of trimethoprim by
thermo-activated persulfate oxidation: reaction kinetics and
transformation mechanisms J . Chemical Engineering Journal

2016 286: 16-24.

10 .
(2): 652-657.

2012 33

25

26

27

28

29

30

31

32

33

35

36

37

38

39

40

Yang ] F Ying G G Zhao J] L et al. Spatial and seasonal
distribution of selected antibiotics in surface waters of the Pearl
China ]
Health Part B: Pesticides Food Contaminants and Agricultural
Wastes 2011 46(3) : 272-280.

Rivers Journal of Environmental Science and

I 2008 27(3): 371-374.
11

2015 36(10) : 3918-3925.
Kurwadkar S T Adams C D Meyer M T et al. Comparative
mobility of sulfonamides and bromide tracer in three soils J .
Journal of Environmental Management 2011 92(7): 1874-
1881.
Martinez F Gomez A. Thermodynamic study of the solubility of
some sulfonamides in octanol water and the mutually saturated
solvents J . Journal of Solution Chemistry 2001 30( 10):
909-923.
Yi L Lin X Michal R et al. Occurrence and transport of
tetracycline  sulfonamide quinolone and macrolide antibiotics
in the Haihe River Basin China J . Environmental Science &
Technology 2011 45(5): 1827-1833.
Christian T Schneider R J Firber H A et al. Determination of
antibiotic residues in manure soil and surface waters J . Acta
Hydrochimica et Hydrobiologica 2003 31(1): 36-44.
Zhou J Broodbank  N.

Sediment-water interactions  of

pharmaceutical residues in the river environment J . Water

Research 2014 48: 61-70.

D . : 2012. 23-32.
Yao L L. Wang Y X Lei T et al. Seasonal variation of
antibiotics concentration in the aquatic environment: a case study
Science of the Total

at Jianghan Plain central China J .

Environment 2015 527-528: 56-64.
2003 25(3): 183-184.

2015 EB/OL .
stats. gov. en/tjsj/ndsj/ 2015-10.
Zheng SL Qiu X Y Chen B et al. Antibiotics pollution in

http: //www.

Jiulong River estuary: Source  distribution and bacterial
resistance J . Chemosphere 2011 84(11): 1677-1685.
Boreen A L. Arnold W A Kristopher M N. Photochemical fate
of sulfa drugs in the aquatic environment: sulfa drugs containing
five-membered heterocyclic groups J . Environmental Science &
Technology 2004 38( 14) : 3933-3940.
Leung HW Jin L. Wei S et al. Pharmaceuticals in tap water:
human health risk assessment and proposed monitoring framework
in China J .
(7): 839-846.
Maycock D S Watts C D. Pharmaceuticals in drinking water
A . In: Nriagu J O ( Ed.).
Health. Amsterdam: Elsevier 2011. 472-484.

Environmental Health Perspectives 2013 121

Encyclopedia of Environmental



