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Antibiotic Resistance of Bacteria to 6 Antibiotics in Secondary Effluents of

Municipal Wastewater Treatment Plants
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(1. College of Environmental Science and Engineering Hohai University Nanjing 210098 China; 2. School of Environment Tsinghua
University Beijing 100084 China; 3. Graduate School at Shenzhen Tsinghua University Shenzhen 518055 China)

Abstract: Prevalence of antibioticresistant bacteria in wastewater effluents is concerned as an emerging contaminant. To estimate
antibiotic resistance in secondary effluents of municipal wastewater treatment plants antibiotic tolerance of heterotrophic bacteria

proportion of antibioticresistant bacteria and hemi-inhibitory concentrations of six antibiotics ( penicillin ampicillin cefalexin

chloramphenicol tetracycline and rifampicin) were determined at two wastewater treatment plants( WWTPs) in Beijing. The results
showed that proportions of ampicillinesistant bacteria in WWTP-G and chloramphenicol—~esistant bacteria in WWTP-Q were highest to
59% and 44% respectively. The concentrations of ampicillinwesistant bacteria in the effluents of WWTP-G and WWTP-Q were as
high as 4.0 x10* CFU*mL ™" and 3.5 x 10* CFU*mL ™" respectively; the concentrations of chloramphenicol—resistant bacteria were
4.9 x10° CFU-mL ™" and 4.6 x 10* CFU*mL™" respectively. The data also indicated that the hemi-nhibitory concentrations of
heterotrophic bacteria to 6 antibiotics were much higher than common concentrations of antibiotics in sewages which suggested that
antibiotictesistant bacteria could exist over a long period in the effluents with low concentrations of antibiotics. Antibioticresistant
bacteria could be a potential microbial risk during sewage effluent reuse or emission into environmental waters.
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Table 1  Plate counts of heterotrophic bacteria to antibiotics at certain concentrations
PEN AMP CEL CHL TET RIF
CLSI /mgeL~! 16 32 32 32 16 4
WWTP-G /CFU+mL "' 2.9x10° 2.8 x10° 4.0 x 10’ 4.9 x10° 3.0 x10° 2.8 x10*
WWTP-Q /CFU*mL ! 5.4 x10* 3.0 x10* 3.5 x10* 4.6 x10* 2.3 x10° 1.8 x10*
1) PEN: . AMP: . CEL: ; CHL: . TET: . RIF:
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Table 2 Hemi — inhibitory concentrations of heterotrophic bacteria to antibiotics in the secondary effluents from two WWTPs in Beijing

ICyy /mgeL. "

WWTPs
PEN AMP CEL CHL TET RIF
WWTP-G 7.4( £0.8) 0.6( £0.9) >32 29.6( +16.5) 0.6( +£0.4) 0.6( £0.1)
WWTP-Q 7.3( £2.8) 0.03( +0.5) 9.4( £1.4) 23.1( £7.2) 1.2( £0.2) 1.6( £0.3)
2 G
-1 -1 3
>32 mg°L 0.6 mg°L
Q (1) 2
23.1 mg*L™' 0.03 mg*L".
ng*L ™' ~ pgeL™! 6 G
( 3) 4.0 x 10’
CFUmL"'; Q
5.4 x10"CFU-mL™". 2
16
2.8 x 10°
CFU*mL ",
(2)
28 29
32 mgeL™' G
30 31
N 59%
Q 449% .
32
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Table 3 Concentrations of antibiotics in sewage treatment ( 3)
plants in China 6
/nge1.”! /ngeL~! 2
670 ~2 900 240 ~ 1 800 24 -
29.6 mgeL ™ 23.1
5450 ~7910 <100 25 o
mg*L G
10 ~118 9~78 26
-1
5100 ~5 150 <150 25 >32 mgeL—.
<72 <36 26
120 ~ 320 120 ~ 230 24
96 ~ 1300 180 ~ 620 24
80 27 27 1 Andersson D 1. The biological cost of mutational antibiotic
110 ~460 85 ~320 24 resistance: any practical conclusions? ] . Current Opinion in
54 ~263 27 ~85 26 Microbiology 2006 9(5) :461-465.
339 85 27 2 Johnston N. Reversing the evolution of antibiotic resistance J .
3520 ~5 560 <740 25 Drug Discovery Today 2005 10(19) :1267.
80 ~368 41 ~ 165 26 3
1208 503 27 ] 2009 43(7):45-50 53.
470 ~810 520 ~850 24 4 Guardabassi .. Wong D M A Lo Fo Dalsgaard A. The effects of
253 ~1978 216 ~2 054 26

tertiary wastewater treatment on the prevalence of antimicrobial



3424

32

resistant bacteria J . Water Research 2002 36( 8): 1955-

1964.
Kemper N. Veterinary antibiotics in the aquatic and terrestrial

. Ecological Indictors 2008 8(1):1-13.

environment J

Ferreira da Silva M Tiago I Verissimo A et al. Antibiotic

related bacteria in an urban

J . FEMS Microbiology Ecology

resistance of enterococciand
wastewater treatment plant
2006 55(2):322-329.
Miguel F D S Ivone V M. Antimicrobial resistance patterns in
Enterobacteriaceae isolated from an urban wastewater treatment
plant J . FEMS Microbiology Ecology 2007 60( 1) :166-176.
Watkinson A J Micalizzi G B Graham G M e: al. Antibiotic

resistant Escherichia coli in wastewaters surface waters and

oysters from an urban riverine system ] Applied and
Enivironmental Microbiology 2007 73(17) : 5667-5670.
ISO 6222 1999  Water quality-integration of culturable

microorganisms colony count by inoculation in a nutrient agar

culture medium S .

2004.

Iwane T Urase T Yamamoto K. Possible impact of treated
wastewater discharge on incidence of antibiotic resistant bacteria
in river water J . Water Science and Technology 2001 43(2) :
91-99.

Zhang Y L Marrs C F Simon C et al. Wastewater treatment
contributes to selective increase of antibiotic resistance among
Acinetobacter spp J . Science of the Total Environment 2009
407( 12) : 37023706.

Heuer H Krogerrecklenfort E  Wellington E M H et al.

Gentamicin  resistance genes in  environmental bacteria:

prevalence and transfer J . FEMS Microbiology Ecology 2002
42(2) :289-302.
Wiethan J Unger J Brunswik T A

et al. Occurrence and

reduction of antibiotic resistant ( pathogenic) bacteria in
municipal sewage treatment plants A . In Proc: International
Water Association 2nd World Water congress Berlin  C
Berlin: International Water Association 2001. 227.

Kiimmerer K Henninger A. Promoting resistance by the emission
of antibiotics from hospitals and households into effluent ]
European Journal of Clinical Microbiology and Infection 2004 9
(12) :1203-1214.

Kiimmerer K. Pharmaceuticals in the Environment M Berlin
Heidelberg New York: Springer Publisher 2008. 433-440.
Ohlsen K Ziebuhr W Koller K et al. Effects of sub inhibitory
concentrations of antibiotics on alphatoxon ( hla) gene expression
of methicillin-sensitive methicillinvesistant Staphylococcus aureus
1998 42

isolates ] . Antimicrobial Agents and Chemotherapy

(11) :2817-2823.

18

19

20

21

22

23

24

25

26

27

28

29

30

31

2007 7(9):1678-1680.

Reinthsler F F posch J Feierl G et al. Antibiotic resistance of
E. coli in sewage and sludge J . Water Research 2003 37
(8):1685-1690.

Stine O C Johnson J A Keefer-Norris A et al. Widespread
distribution of tetracycline resistance genes in a confined animal
Journal of Antimierobial

feeding facility J International

Agents 2007 29(3) :348-352.

I 2010 35(1):140-143 190.
Thiele-Bruhn S. Pharmaceutical antibiotic compounds in soils-a
review J . Plant Nutrition and Soil Science 2003 166(2) :
145-167.

Bergheim M Helland T Kallenborn R et al. Benzyl-penicillin
( Penicillin G) solution at low

transformation in aqueous

temperature controlled laboratory conditions J Chemosphere
2010 81(11): 1477-1485.

Gulkowska A Leung HW So M K e al. Removal of antibiotics
from wastewater by sewage treatment facilities in Hong Kong and
Shenzhen China J . Water Research 2008 42 (2): 395-
403.

Peng X Wang Z Kuang W et al. A preliminary study on the
occurrence and  behavior of sulfonamides ofloxacin  and
chloramphenicol antimicrobials in wastewaters of two sewage
treatment plants in Guangzhou China J . Science of the Total
Environment 2006 371( 1-3) : 314-322.

Xu W H Zhang G Li X D et al. Occurrence and elimination of
antibiotics at four sewage treatment plants in the Pearl River Delta
( PRD) South China J . Water Research 2007 41 ( 19):
4526-4534.

Xiao Y Chang H Jia A et al. Trace analysis of quinolone and
fluoroquinolone  antibiotics  from  wastewaters by  liquid
chromatography-electrospray tandem mass

Journal of Chromatography A 2008 1214 (2) : 100-108.

spectrometry J
Kiimmerer K. Resistance in the environment ] Journal of
Antimicrobial Chemotherapy 2004 54(2) :311-320.

Schluter A Szczepanowski R Puhler A et al. Genomics of IncP-
1 antibiotic resistance plasmids isolated from wastewater treatment
plants provides evidence for a widely accessible drug resistance
gene pool J . Microbiology Review 2007 31(4):449-477.
Harrison P F

Antimicrobial Resistance M

1998. 317-699.

Lederberg J.
Washington: National Academic Press
Niquille A Bugnon O. Pharmaceuticals and environment: role of
Berlin Heidelberg:

community pharmacies M Springer

2008. 467-473.
Kiimmerer K. Antibiotics in the aquatic environment—a review

J . Chemosphere 2009 75(4):417-434.



