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Inactivation and Regrowth of Antibiotic-resistant Bacteria by PAA Disinfection 
in the Secondary Effluent of a Municipal Wastewater Treatment Plant* 
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Inactivation and microbial regrowth of 
penicillin-, ampicillin-, cefalexin-, tetracycline-, 
chloramphenicol-, and rifampicin-resistant bacteria 
were studied to explore risks associated with 
selection and regrowth of antibiotic-resistant 
bacteria after PAA disinfection. The results showed 
that after exposure to 20 mg/L PAA for 10 min, 
inactivation of ampicillin-resistant bacteria reached 
2.3-log, which was significantly higher than that of 
total heterotrophic bacteria with a decrease of 
2.0-log. In contrast, inactivation of tetracycline- 
resistant bacteria was significantly less efficient, 
reaching only 1.1-log. Chloramphenicol-and 
tetracycline-resistant bacteria, as well as total 
heterotrophic bacteria regrew more than 10 fold 
compared to those in the untreated wastewater 
sample with 22 h stilling culture after exposure to 2 
or 5 mg/L PAA as for 10 min. Selection and 
potential regrowth of tetracycline-and 
chloramphenicol-resistant bacteria are potential 
risks when utilizing PAA disinfection, which may 
induce the spread of specific antibiotic-resistant 
bacteria in reclaimed water. 

Peracetic acid (PAA) is a strong oxidant which 
can react with a series of organic compounds such as 
amines, aromatics, and humic substances. Due to its 
strong oxidizing ability, PAA efficiently inactivates 
bacteria, viruses, and fungi[1-2], while producing little 
mutagenic or toxic by-products[3], thus making 
disinfection by PAA as an alternative method for 
wastewater treatment[4-5]. 

The inactivation efficiency of PAA disinfected to 
individual species varies widely in wastewater 
effluents. As the most common indicator of fecal 
pollution, total coliforms, fecal coliforms, and E.coli 
are empirically used to indicate the inactivation 
efficiency of bacteria in wastewater effluents[6]. 
Former studies showed that PAA disinfection can 
effectively eliminate total coliforms, fecal coliforms, 
and E.coli[6]. However, coliforms can not represent of 

all total heterotrophic bacteria. Previous study 
showed that the inactivation of total heterotrophic 
bacteria by PAA is not as efficient as that to total 
coliforms, fecal coliforms or E.coli[4].  

Potential regrowth of bacteria after PAA 
disinfection is another major disadvantage of PAA 
disinfection. As an organic chemical disinfectant, 
PAA oxidizes non-bioavailable carbon into a 
bioavailable carbon source; furthermore PAA exists 
in equilibrium with acetic acid and may yield 
additional acetic acid upon decomposition, which is 
also a commonly used carbon source. It has been 
demonstrated that these by-products can be utilized 
by bacteria for regrowth after neutralizing the PAA 
disinfection[4,7]. Hence, the efficiency of PAA 
disinfection should be re-appraised to account for 
more than one indicator microorganism. 

Antibiotic-resistant bacteria are considered as a 
potential microbial risk of novel contamination, and 
widely spread in wastewater effluents[8-10]. Most 
antibiotic-resistant bacteria in wastewater effluents 
are pathogenic or opportunistic bacteria shed from 
humans and animals[8]. Investigations of antibiotic- 
resistant bacteria showed that more  than 50% of 
bacteria in wastewater effluent     are antibiotic- 
resistant[9]. However, there is little data on the 
inactivation efficiency of antibiotic-resistant bacteria, 
their regrowth after the PAA disinfection in 
reclaimed water or the selection of antibiotic- 
resistant bacteria may depend on the PAA effect.  

The aim of this study was to determine 
inactivation of antibiotic-resistant bacteria in 
secondary effluents by PAA disinfection and the 
potential for microbial regrowth of antibiotic- 
resistant bacteria after disinfection in a simulated 
tank and/or pipeline containing standing reclaimed 
water. Penicillin-, ampicillin-, cefalexin-, tetracycline-, 
chloramphenicol-, and rifampicin-resistant bacteria 
were studied as typical antibiotic-resistant bacteria 
in the secondary effluent and represent antibiotics 
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typically used to fight infections[9]. Total 
heterotrophic bacteria were used to compare 
potential microbial regrowth of antibiotic-resistant 
bacteria.  

 The results showed that the inactivation of 
bacteria resistant to 6 kinds of antibiotics by PAA 
disinfection was distinguishing (Figure 1). Following 
PAA treatment, penicillin-, ampicillin-, and cefalexin- 
resistant bacteria were inactivated at higher levels 
than heterotrophic plate count bacteria (HPC). The 
inactivation of chloramphenicol- and rifampicin- 
resistant bacteria was comparable to the inactivation 
of HPC. Remarkably, inactivation of ampicillin- 
resistant bacteria reached 2.3-log, which was 
significantly higher than HPC with a decrease of 
2.0-log (One-way ANOVA, P<0.05) after exposed to 
20 mg/L of PAA for 10 min. The inactivation of 
tetracycline-resistant bacteria, however, was 
significantly less efficient (One-way ANOVA, P<0.05). 
After exposure to PAA at 20 mg/L for 10 min, the 
level of tetracycline-resistant bacteria decreased by 
1.1-log, while HPC decreased by 2.0-log. Hence, 
tetracycline-resistant bacteria showed a significant 
tolerance to PAA compared to HPC and other species 
of antibiotic-resistant bacteria. 
 

 

Figure 1. Inactivation curves of total 
heterotrophic bacteria and 
antibiotic-resistant bacteria by PAA 
disinfection in the secondary effluent. The 
contact time was 10 min. HPC (■), PEN (●), 
AMP (▲), CEF (◆), TET (○), CHL (△), and RIF 
(◇) represent total heterotrophic bacteria, 
penicillin-, ampicillin-, cefalexin-, 
tetracycline-, chloramphenicol-, and 
rifampicin-resistant bacteria, respectively. 
Error bars indicate the standard deviation of 
values obtained from a single sample 
analyzed in triplicate. 

As reported by previous studies, the inactivation 
ratios of bacteria in secondary wastewater effluents 
by PAA disinfection at a fixed dosage are widely 
distributed. An investigation of PAA disinfection 
efficiency in a large wastewater treatment plant in 
Italy determined that the reduction of HPC in the 
secondary effluent was only 51.8% (0.32-log) after 
PAA disinfection at the dosage of 1.5-2.0 mg/L for 20 
min[6]. Caretti et al.[5] indicated that the inactivation 
of HPC reached 2.11-log after disinfecting with 8 
mg/L at PAA for 10 min in a pilot plant; results from 
Mezzanotte et al.[11] showed that disinfection 
efficiency for HPC was much lower than total 
coliforms and fecal coliforms. The inactivation ratio 
of HPC in this study (bench disinfection) approached 
to the result of real wastewater treatment plant but 
was lower than those of bench disinfection or pilot 
studies. The results also inferred that inactivation 
efficiency of tetracycline-resistant bacteria could be 
lower than total coliforms and fecal coliforms.  

 The acetic acid introduced and produced during 
PAA disinfection contributes to microbial regrowth by 
providing a carbon source for the total heterotrophic 
bacteria. Results from Antonelli et al.[7] showed that 
total heterotrophic bacteria regrew  24 h after 
disinfection with 2 mg/L of PAA for 12, 18, and 36 
min to values 10-fold higher than the number of 
bacteria immediately after disinfection. Our 
experiment exhibited post-disinfection regrowth of 
HPC and antibiotic-resistant bacteria, after residual 
PAA was neutralized (Figures 2 & 3). The number of 
total heterotrophic bacteria after 22 h disinfected by 
PAA at the dosage of 2 or 5 mg/L disinfection for 10 
min was 1 order of magnitude more than the number 
of HPC before PAA disinfection. The results showed 
that there was a significant regrowth of HPC in the 
secondary effluent after 22 h post PAA disinfection at 
8 mg/L for 10 min (Tukey’s test, P<0.05). 

 
Figure 2. Regrowth of total heterotrophic bacteria in 
the secondary effluent post PAA disinfection. The 
dark time was 22 h. The contact time of PAA 
disinfection was 10 min. Error bars indicate the 
standard deviation of values obtained from a single 
sample analyzed in triplicate. 



Biomed Environ Sci, 2013; 26(10): 865-868 867 

 

Figure 3. Regrowth of antibiotic-resistant bacteria in the secondary effluent post PAA disinfection. The 
dark time was 22 h. The contact time of PAA disinfection was 10 min. Error bars indicate the standard 
deviation of values obtained from a single sample analyzed in triplicate. 

 
Chloramphenicol-resistant bacteria regrew after 

22 h incubation when the dosage of PAA was below 
8 mg/L (Tukey’s test, P<0.05); no growth was 
observed when dosage of PAA exceeded 12 mg/L. 
The number of colonies of chloramphenicol-resistant 
bacteria after 22 h incubation the dosage of with 2 
mg/L of PAA exceeded those in the secondary 
effluent unexposed to PAA, by 50 fold. At the dosage 
of 5 mg/L PAA, an increase of approximately 10 fold 
number was observed in the colonies of 
chloramphenicol- resistant bacteria relative to 
untreated samples;  after 22 h, the regrowth 
number of tetracycline-resistant bacteria with 10 
min exposure was nearly 40 fold relative to the 
number of colonies of untreated secondary effluent. 
Unlike chloramphenicol-resistant bacteria, regrowth 
of tetracycline-resistant bacteria was observed when 
the dosage of PAA exceeded 8 mg/L. Previous 
research in our laboratory has shown no apparent 
regrowth of total heterotrophic bacteria, 
tetracycline- and chloramphenicol-resistant bacteria 

in the secondary effluents after 22 h incubation 
when no PAA is applied demonstrating that acetic 
acid from PAA is an essential carbon source for 
regrowth in the secondary effluent[10]. 

In contrast, there was no significant regrowth of 
penicillin-, ampicillin-, cefalexin- and rifampicin- 
resistant bacteria 22 h after PAA disinfection 
(Tukey’s test, P<0.05). At the dosage of 12 mg/L PAA, 
no apparent regrowth of total heterotrophic bacteria, 
tetracycline-and chloramphenicol-resistant bacteria 
was observed. This trend is continued with higher 
concentrations showing that microbial regrowth is 
inhibited by PAA with high dosages. 

 As a method for wastewater treatment, PAA 
disinfection has been put into practice in some 
wastewater treatment plants. The disadvantages 
and risks of wastewater disinfection by PAA, 
however, which include low inactivation efficiency 
for some specific bacteria and high potential  
regrowth of microorganism, still limit its widespread 
application. Our experimental results showed that 
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penicillin-, ampicillin-, and cefalexin-resistant 
bacteria were inactivated more efficiently than total 
heterotrophic bacteria. However, tetracycline- 
resistant bacteria could survive when exposed to 12 
mg/L of PAA and the inactivation efficiency was 
much lower than total heterotrophic bacteria. Low 
concentrations of PAA during disinfection could be 
selected for tetracycline-resistant bacteria in 
secondary effluents. Both tetracycline- and 
chloramphenicol-resistant bacteria regrew 22 h post 
PAA disinfection, while the number of colonies of 
penicillin-, ampicillin-, cefalexin- and rifampicin- 
resistant bacteria remained constant. Concerns 
regarding regrowth of bacteria in a tank and/or 
pipeline after PAA disinfection should be directed 
not only towards total heterotrophic bacteria, but 
also to specific antibiotic-resistant bacteria. 
Regrowth of total heterotrophic bacteria, 
tetracycline-, and chloramphenicol-resistant bacteria 
can be controlled when the dose of PAA disinfection 
reached 12 mg/L. Following PAA disinfection, 
tetracycline- and chloramphenicol-resistant bacteria 
could become dominant species in secondary 
effluents. The spread of tetracycline- and 
chloramphenicol-resistant bacteria from effluents 
could increase microbial risks in natural waters.  

ACKNOWLEDGEMENTS 

Authors thank Dane C. REAND and Daniel WASIK 
in Department of Environmental Sciences in 
University of California, Riverside for polishing the 
manuscript.  

*This study was supported by Chinese National 
Science Fund (Key Program) (No. 51078209). 

#Correspondence should be addressed to HU 
Hong Ying. Tel: 86-10-62794005. Fax: 86-10- 
62797265. E-mail: hyhu@tsinghua.edu.cn 

Biographical note of the first author: HUANG 
Jing Jing, female, born in 1985, Ph.D, majoring in 
wastewater reclamation. 

 

Received: February 18, 2013; 
Accepted: June 18, 2013 

REFERENCES 

1. Baldry MGC. The bacteriacidal, fungicidal and sporicidal 

properties of hydrogen peroxide and peracetic acid. J Appl 

Bacteriol, 1983; 54, 417-23. 

2. Harakeh MS. Inactivation of enteroviruses, rotaviruses and 

bacteriophages by peracetic acid in a municipal sewage 

effluent. FEMS Microbiol Lett, 1984; 23, 27-30. 

3. Crebelli R, Conti L, Monarca S, et al. Genotoxicity of the 

disinfection by-products resulting from peracetic acid-or 

hypochlorite-disinfected sewage wastewater. Water Res, 2005; 

39, 1105-13. 

4. Kitis M. Disinfection of wastewater with peracetic acid: a 

review. Environ Int, 2004; 30, 47-55. 

5. Caretti C, Claudio L. Wastewater disinfection with PAA and UV 

combined treatment: a pilot plant study. Water Res, 2003; 37, 

2365-71. 

6. Stampi S, De Luca G, Zanetti F. Evaluation of the efficiency of 

peracetic acid in the disinfection of sewage effluents. J Appl 

Microbiol, 2001; 91, 833-8. 

7. Antonelli M, Rossi S, Mezzanotte V, et al. Secondary effluent 

disinfection: PAA long term efficiency. Environ Sci Technol, 

2006; 40, 4771-5. 

8. Baquero F, Martínez JL, Cantón R. Antibiotics and antibiotic 

resistance in water environments. Curr Opin Biotechnol, 2008; 

19, 260-5. 

9. Huang JJ, Hu HY, Lu SQ, et al. Monitoring and Evaluation of 

Antibiotic-Resistant Bacteria at a Municipal Wastewater 

Treatment Plant in China. Environ Int, 2012; 42, 31-6. 

10.Huang JJ, Hu HY, Tang F, et al. Inactivation and reactivation of 

antibiotic-resistant bacteria by chlorination in secondary 

effluents of a municipal wastewater treatment plant. Water 

Res, 2011; 45(9), 2775-81. 

11.Mezzanotte V, Antonelli M, Azzellino A, et al. Secondary 

effluent disinfection by peracetic acid (PAA): microorganism 

inactivation and regrowth, preliminary results. Water Sci and 

Technol Water Supp, 2003; 3, 269-75. 

 


