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Abstract: Antibiotics in the environment have drawn much concern recently by both scientific and regulatory communities, mainly due to

their spread and maintenance of bacterial resistance. To investigate the environmental fate and transport of antibiotics in aquatic system is

thus necessary for their risk assessment and pollution control. Sulfamethoxazole(SMZ ) was one of the most routinely used sulfonamides an—

tibiotics, which was widely found in the environment. In this study, a series of experiment were conducted to determine the effect of variables
including initial SMZ concentration, different redox condition, sediments with different properties, microorganism and light on SMZ degrada—
tion in sediments. The results showed that the SMZ degradation in sediments was mainly attributed to the facultative anaerobes degradation,

while abiotic degradation played a minor role. SMZ degradation in the sediment with high organic matter content was faster than in the sedi—

ment with low organic matter content, probably due to the higher microorganism density thereby microorganism activity caused by high or—

ganic matter. Other environmental factors such as the inorganic photosensitizer in sediment may also accelerate the degradation of SMZ
through photocatalytic reactions. SMZ degradation was inhibited at high initial SMZ concentration, probably due to the inhibition of microor—
ganism activities by high SMZ levels.
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Table 1 Selected physicochemical properties of two sediments

Uiy OM/g kg pH HBER/uScm™ iR /mm
KUY 18.01 6.35 120.3 <0.3
=R ALY 56.61 6.92 549.0 <0.3

I : OM A ULBRMIA LR .

1.2 FERXFFLE

ik Jie FF O (SMZ, CooH1iN5058,99.9% ) I H 7R 3
238504 FR A B (Tokyo, Japan ), FH B ({8,341 ) Fil
ZIE (ka8 J&K chemical (L EL ), FF A A Ah
WA R st

I FRAL 25 FA1 B : Agilent 1200 % 55 38080H €83
{X(HPLC, 3£ [F Agilent A 7] ), + ZfLEFHZEEU &
(3 E Supelco 24 7] ), KL512] %45 18 18 7K 1 & W AX
(AL MBI A B 5T/E/A H] ), Oasis HLB [# A1 ZEHL
£ (6 mL 200 mg!, Waters 2\ &) ), Glove bag ( 35 [H
Glas—Col 7] ),
1.3 EWFHE
1.3.1 SMZ 7EHUER Y Hh B R S T

FREX 5.00 g TARY), MABIEAR 5 mL EBFK
9 50 mL RPIMEESOE Y, Bl I A — B KR

() SMZ FRHEVE TR, TR+ SMZ & & 10 mg-kg™s
Wl 2 A BB IR TR ST

SEI 43 PR AR IO IR 3 4L
HERANEAE KEH A KEH . LI IR BRI TE
25 Co KA FEF A NaNy(1 g-kg?) , RELH 2
B ke i B A FEH B A Glove bag 1 LUK B R AR
o LR R, TG B [ A TP AN FE R B KL IR EE 1
1 fK LR E L A AITERE R EE 0.1.3.5.7.10.15,
25.40.55 d BUHESriT. BACIRAER 3 1K,

B 5% A R0 46 Yk B X SMZ ZE DT AR+ i
s, BCETURY P SMZ W3R EE 7328 2.10,30
mg-kg”o HARTLHSER b,
1.3.2 FEbE 5 8T

R TIRYIE OCEPIA 0.4 g ZZ&INZ
B2 —81(EDTA).5 mL ZEH 5 mL BERREL 2% 1, JiE
BPEY 10 min, #7E 10 min, 8 000 r*min™ B.[> 10 min
U SE BiEW . EERI 3 K, IR, 4 045
pm BB IE)E & BT KB E 250 mL, H 3
mol - L H,S0, &35 pH 3| 3 /£4 , 433 HLB 3 EAHZE
BUE S5k . ML 10% ,20% F B W 5 mL i 4e
5, FE AT HLB A, F 5 mL FFEERRE , IR
B, AREETIHUFBEERZE 1 mL, HPLC 7347k
W, B 2~30 mg-kg™ F) SMZ ARUEWK , SMZ TE R B
T TURRY R AGF 2 1B R 7351 84.6%071 78.3%
1.3.3 #ad75 ik

VW SMZ F Agilent 1200 % 55 38080H €83
GBI, PCAE AR FEF A 2% | Agilent Zorbax
Eclipse XDB-C18(2.1 mmx100 mm, 3.5 pm)&j4E LA
I Agilent Zorbax Eclipse Plus C18(2.1 mmx12.5 mm, 5
pm PRI  TEAE R B A R P, AR IR AR SR 30°C,
BHAHR 35% 9 B BEAT 65% 7K (5 0.1% ) IR ) , it
#H 0.2 mL-min”, RAEERB TR, HHEER 10
Lo SMZ f){R B I E] 24 3.61 min, J57EER SMZ i fikAs:
HFRA 10.75 pg kg
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Table 2 Kinetic parameters of sulfamethoxazole degradation in TRERI TR/
Taihu sediment 10 BUFEEDE)
o [t 1# R n/d R’ VefR 8
REGEE  KE c=8.996 8¢ 788 096  32.0% oo |
RE#N AKE  c=10775¢%" 98 095  96.8% ¥ o6l
WERE KB c=7993¢™ 1444 087  26.1% g A
HERE AKE  c=10018™% 106 092  94.9% S|
TR KB c=7969¢™" 99 092 33.8% o0
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Table 3 Kinetic parameters of sulfamethoxazole degradation in 10 CIFEILR)
different sediments 84
VB WRAM  WRSIEHE wd R WRE ¥of
KW FEEE KB c=7.993¢°™ 1444 0.87 26.1% g
K# FEEE AKE  c=10018e° 106 092 94.9% % 4'
HM FEEOE KE c=8.230e%% 472 097 59.2% S|
HW  FEGEE RKBE ¢=3.056e"™ 124 053 95.8% o,
% 4 FERE ORI T B AR RS 2 58 %0 10 20 30 40 50 e
Table 4 Kinetic parameters of sulfamethoxazole degradation at HreR R/
X KE - RKE

different initial concentrations in Taihu sediment

W Fefmsh 12 e ti/d R? (5 o
2 mg-kg™ c=1.355¢% 15.0 0.92 90.7%
10 mg-kg?  ¢=10.490e% 10.8 0.93 95.7%
30 mg-kg!  ¢=24.803¢%" 100.5 0.92 35.5%
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FfE 2 SMZ [EFEM FERTE . Gobel FHFSY T 70 4%
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Figure 1 Degradation kinetics of sulfamethoxazole in Taihu

sediment under different conditions
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Figure 2 Degradation kinetics of sulfamethoxazole in Taihu and

Dianchi sediments
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Figure 3 Degradation kinetics of sulfamethoxazole at different

initial concentrations in Taihu sediment

AZG Yy R T R SR AR G R A,
HATREARSE T R LUi A1y, DR I 52 B i A Rl
R, e SIS A SE SRR ik — g
Xt AT A4 4 b AR B 0 AR KIS —E RIS RIME A
DA BEZ 7k BE AR AR 1 BE T A a 25,
I HRIH PR AR 2 57,24 h A6 R & T 48
ho ARG RAUER T Rk B AR AR R 25 WXL
Ry e iE R AR A

3 #ig

(1) 18 B A5 X SMZ FEVTRR Y h B FR A
R, 0K G 2 i SMZ ) [ Al 2 R A1
50%LA L, LB SMZ B Ffff 1 2R i U P A ik

(2)TURYIRA LB & B2 B2 SMZ 7ETTR
Y (R - SMZ T i A LR 2 B TURR M) A e i 3
PR, UM B9EEGH N NO; \NO; \Fe™* Fe™ 4541 A
RESEHE SMZ HIRESR o

(3) R 1) SMZ 21 il TR 9 mp Sl A 90 A9 785
M, BB RICE Y, TR SMZ 7R

S E 30K :

[1] Gao J, Pedersen J A. Adsorption of sulfonamide antimicrobial agents to
clay minerals[]J]. Environmental Science & Technology, 2005, 39(24) .
9509-9516.

[2] Mcevoy G K. AHFS Drug Information; American Society of Health—Sys—
tem Pharmacists ; Bethesda, MD, 2004.

[3] Ingerslev F, Sorensen H B. Biodegradability properties of sulfonamides
in activated sludge[J]. Environmenial Toxicology Chemistry, 2000, 19
(10):2467-2473.

[4] Miao X S, Bishay F, Chen M, et al. Occurrence of antimicrobials in the
final effluents of wastewater treatment plants in Canada[J]. Environmen—
tal Science & Technology, 2004, 38(13):3533-3541.

[51% 4, WIESR, EAME, 4. S i5 KA B i e A R YA
EF]. B, 2008, 53(2):159-164.

CHANG Hong, HU Jian-ying, WANG Le—zheng, et al. Investigation of
sulfonamide antibiotics in urban sewage treatment plants[J]. Chinese
Science Bulletin, 2008, 53(2):159-164.

[6] Koplin D W, Furlong E T, Meyer M T, et al. Pharmaceuticals, hormones,
and others organic wastewater contaminants in US streams, 1999—
2000:A national reconnaissance[J]. Environmental Science & Tech—
nology, 2002, 36(6):1202-1211.

[7] Managaki S, Murata A, Takada H, et al. Distribution of macrolides sul—
fonamides, and trimethoprim in tropical waters: Ubiquitous occurrence
of veterinary antibiotics in the Mekong Delta[J]. Environmental Science
& Technology, 2007, 41(23) :8004-8010.



824 PR B TR R UUARY) P B R T BT ST

201244 H

[8] Holm J V, Rugge K, Bjerg P L, et al. Occurrence and distribution of
pharmaceutical organic compounds in the groundwater downgradient of
a landfill( Grindsted Denmark )[J]. Environmental Science & Technolo—
gy, 1995, 29(5) : 1415-1420.

[9] Hirsch R, Ternes T, Haberer K, et al. Occurrence of antibiotics in the
aquatic environment[]J]. Science Total Environment, 1999, 225.109-
118.

[10] Sacher F, Gabriel S, Metzinger M, et al. Arzneimittelwirkstoffe im
Grundwasser—Ergebnisseines Monitoring—Programms in Baden—Wiirt—
temberg( Active pharmaceutical ingredients in groundwater— the results
of a monitoring program in Baden-Wiirttemberg (Germany))[J]. Vom
Wasser, 2002, 99.183-196.

[11] Gobel A, Thomsen A, Mcardell C S, et al. Occurrence and sorption be—
havior of sulfonamides, macrolides, and trimethoprin in activated
sludge treatment[]J]. Environmental Science & Technology, 2005, 39
(11):3981-3989.

(121 BTk, &, £ &, 4. HPLC-MSPMS ¥: [R] Bl 5 17 j5 SR

ARy 15 MRS A R R B R ()], FEREESE, 2009, 22
(4):434-437.
NA Guang—shui, ZHOU Chuan—guang, WANG Zhen, et al. Simultane—
ous determination of fifteen sulfonamide residues in macrobe nthos by
high performance liquid chromatography tandem mass spectrometry[J].
Research of Environmental Science, 2009, 22(4) :434-437.

[13] Davidson J. Genetic exchange between bacteria in the environment|[J].
Plasmid, 1999, 42(2):73-91.

[14] Thiele S. Adsorption of the antibiotic pharmaceutical compound sul—
fapyridine by a long —term differently fertilized loess Chernozem [J].
Journal of Plant Nutrition and Soil Science, 2000, 163(6) :589-594.

(151 E B, X088, BRED, 4. B2UTE — B e /e b i A 64T
). 3R, 2007, 44(2) :307-311.

WANG Ran, LIU Tie—zheng, GENG Zhi—ming, et al. Ecotoxicology and
ecological behavior of sulfamethazine in soil[J]. Acta Pedologica Sinica,
2007, 44(2):307-311.

[16] &FE, K, REH, 5. FRBE A nof + 398 v gt e 1] AP S M e
WA KRR $RI5EY5 S 5 BTA, 2009, 31(9):10-14.

JIN Cai-xia, CHEN Qiu—ying, WU Chun—yan, et al. Effect of environ—
mental condition on the degradation of sulfamonomethoxine in soil[J].
Environmental Pollution and Control, 2009, 31(9):10-14.

[17] Castiglioni S, Bagnati R, Fanelli R, et al. Removal of pharmaceuticls in
sewage treatment plants in Italy[J]. Environmental Science & Technol—
gy, 2006, 40(1) :357-363.

[18] Carballa M, Omil F, Lema J M, et al. Behavior of pharmaceuticals, cos—
metics and hormones in a sewage treatment plant[J]. Water Research,
2004, 38(12):2918-2926.

[19] Lindberg R H, Wennberg P, Johansson M I, et al.Screening of human
antibiotic substances and determination of weekly mass flows in five
sewage treatment plants in Sweden[]]. Environmental Science & Tech—
nology, 2005, 39(10) : 3421-3429.

[20] Xu B J, Mao D Q, Luo Y, et al. Sulfamethoxazole biodegradation and
biotransformation in the water —sediment system of a natural river[J].

Bioresource Technology, 2011, 102.7069-7076.

[21] Liu F, Ying G G, Yang J F, et al. Dissipation of sulfamethoxazole,
trimethoprim and tylosin in a soil under aerobic and anoxic conditions
[J]. Environmental Chemistry, 2010, 7:370-376.

[22] Mohring S A I, Strzysch I, Fernandes M R, et al. Degradation and elim—
ination of various sulfonamides during anaerobic fermentation:
Apromising step on the way to sustainable pharmacy[J]. Environmen—
tal Science & Technology, 2009, 43 :2569-2574.

[23] Boreen A L, Amold W A, McNeill K. Photochemical fate of sulfa drugs
in the aquatic environment : Sulfa drugs containing five—-membered het—
erocyclic groups[J]. Environmental Science & Technology, 2004, 38
(14):3933-3940.

[24] Hailing—Scrensen B, Lykkeberg A, Ingerslev F, et al. Characterisation
of the abiotic degradation 66 pathways of Oxytetracyclines in soil in—
terstitial water using LC—-MS-MS[J]. Chemosphere, 2003, 50(10) .
1331-1342.

251 MR, £ & ERE. BEZEYE R YRR ). K
Ar R, 2007, 26(5) : 1658-1662.

ZHANG Cong-liang, WANG Yan, WANG Fu-an. Microbial degrada—
tion of sulfonamides in soils[J]. Journal of Agro—Environment Science,
2007,26(5):1658-1662.

[26] Baran W, Adamek E, Sobczak A, et al. The comparison of photocatalyt—
ic activity of Fe—salts, TiO, and TiOyFeCl; during the sulfanilamide
degradation process|J]. Catalysis Communications, 2009, 10:81-84.

[27] Mack J, Bolton J R. Photochemistry of nitrite and nitrate in aqueous
solution: A review[J]. Journal of Photochemistry and Photobiology A, 1999,
128:1-13.

[281#1 R, XUK7E, XISHE. E TR BIBRAK R BEE S KA

BIBTSEL)). FRIERL 24, 2005, 25(10): 1391-1396.
HU Jun, LIU Yong—ding, LIU Jian—tong. Studying on the form and the
relativity of nitrogen and phosphorus in the pore water of sediment in
Dianchi Lake[J]. Journal of Acta Sceience Circumstantiae, 2005, 25
(10):1391-1396.

[29] Li R B, Yang H, Zhou Z G, et al. Fractionation of heavy metals in sedi—
ments from Dianchi Lake, Chinal[J]. Pedosphere, 2007, 17:265-272.

[30] Andreozzi R, Raffaele M, Nicklas P. Pharmaceuticals in STP effluents
and their solar photodegradation in aquatic environment[J]. Chemo—
sphere, 2003, 50:1319-1330.

[31] Baran W, Adamek E, Ziemianska J, et al. Effects of the presence of sul—
fonamides in the environment and their on influence human health[J].
Journdl of Hazardous Materials, 2011, 196:1-15.

[32] Guo M J, Cao J, Wang C Y, et al. Microbial biomass and nutrients in
soil at different stages of secondary forest succession in Ziwulin, North—
west China[J]. Forest Ecology and Management, 2005, 217.117-125.

[33] FHT AN, AROBFT. T3t ) IS BIXT + SR i AR DL R
1. 7K - A58, 2009, 29(6):10-15.

DONG Li-li, ZHENG Fen-li. Effects of land—use types on soil micro—
bial biomass and organic matter[J]. Bulletin Soil and Water Conserva—
tion, 2009, 29(6):10-15.

[34] Boetius A, Damm E. Benthic oxygen uptake, hydrolytic potentials and
microbial biomass at the Arctic continental Slope[J]. Deep—Sea Re—
search I, 1998, 45.:239-275.



5 31 5 4 )

IR SR 825

35148 W, E W7 ¥, E RBUURY PR SR A B

FHRHE]. Hh EFREERLE, 2006, 26(6) :342-345.
FENG Feng, WANG Hui, FANG Tao, et al. The correlation between
microbial biomass and carbon, nitrogen, phosphorus in the sediments of
Lake Donghu[J]. China Environmental Science, 2006, 26(6):342—
345.

[36] B, XIAABR, /N, 45, ST AT oA DL B R AR

SRR BHE3ER, 2005, 14(7) : 1486-1489.
WEI Zhong-qing, LIU Cong—giang, LIANG Xiao-bing, et al. Effects of
microorganism on the organic matter degradation in sediment from
Hongfeng Lake, Guizhou[J]. Chinese Science Bulletin, 2005, 14(7) .
1486-1489.

[37] Huang C H, Renew J E, Smeby L K, et al. Assessment of potential an—
tibiotic contaminants in water and preliminary occurrence analysis[J].
W ater Resource Update, 2001, 120 30-40.

[38] Volmer D A, Hui J P M. Study of erythromycin a decomposition prod—
ucts in aqueous solution by solid —phase microextraction/liquid chro—
matography/tandem mass spectrometry[J]. Rapid Communications in
Mass Spectrometry, 1998, 12(3):123-129.

[39] Haller M Y, Muller S R, McArdell C S, et al. Quantification of veteri—
nary antibiotics (sulfonamides and trimethoprim) in animal manure by

liquid chromatography—mass spectrometry[J]. Journal of Chromatogra—

phy A, 2002, 952, (1/2):111-120.

[401x1] &, BEHE, FR R, 5. e R Ynt L EBUEYIF R
W) BREERLE, 2009, 30(5) : 1280-1285.
LIU Feng, YING Guang—guo, ZHOU Qi—xing, et al. Effects of antimi—
crobial drugs on soil microbial respiration [J]. Environmenial Science,
2009, 30(5):1280-1285.

[41] A, PhIE(RE, PMREY, 55, 3 Fp-E25%F L3 pl A P B RN ]
R EROE K224, 2006, 11(2):39-43.
DIAO Xiao—ping, SUN Ying —jian, SUN Zhen —jun, et al. Effects of
three kinds of veterinary drugs on microbe respiration in different soils
[J). Journdl of China Agricultural University, 2006, 11(2):39-43.

[421 % B, 3IEST, # W, 55 megimssd - P e A S /L SR
TEYERIRZNAL]. 4 24, 2006, 45(10) :692-694.
XU Zhen, GUO Zheng-yuan, HUANG Fan, et al. Effects of fenpyroxi—
mate on catalase in soil and soil respiration[]]. A grochemicals, 2006, 45
(10):692-694.

[43] A, PhIE(E, PMREY, 5. B — FP AR M X - S A WIS Y
B R FFEERL 224, 2005, 24(4) :694-697.
DIAO Xiao—ping, SUN Ying—jian, SUN Zhen—jun, et al. Effects of sul—
famethazine on microbial activity in different types of soils[J]. Journal
of A gro—Environment Science, 2005, 24(4) :694-697.



