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Bacteria have been around for 4 billion years. And this comes as no surprise, as bacteria are not 

only smart, but extremely adaptable. Like all living organisms, they respond to external threats, and 

although growth of bacterial resistance to antibiotics has been a hot-topic for years, there has been a 

growing concern for bacterial resistance to commonly used disinfectants and biocides.  

 

Biofilms formed by bacteria do not only protect the bacterial colony by cementing the bacteria 

to the surface while allowing diffusion of metabolic substances and serving as a transporter of bacterial 

communication, it is also a mechanism of protection built by the bacteria to protect it from toxic 

substances such as biocides. Different biocides target different areas on the bacterial cell and are 

effective at bacterial killing but need to first diffuse through the biofilm to reach the target bacterial 

cell.  

 

Studies have shown 

that chlorine and its 

derivatives can only 

penetrate biofilms at a 

concentration of 20% or 

less1, meaning that by the 

time the chlorine or its 

derivate reaches the 

bacterial cell, it is greatly 

reduced in efficacy and in 

time the bacteria can also 

build up more resistance 

mechanisms. Stewart et 

al, 2001 reported that 

chlorite (ClO3
-) diffuses 

through the biofilm 

slower than chlorine 

itself2, thus although 

being more oxidative in 

nature compared to pure 

chlorine products, 

chlorite compounds may 

be a weaker disinfectant 

when it is up against 

biofilms. This doesn’t 

come as a surprise then 

that a study conducted by Chylkova T, et al (2017), found that Salmonella in biofilms were not killed or 

inactivated by acidified hypochlorite in poultry meat processing conditions.  

 

                                                           
1 De Beer, D, Srivinasan R., Stewart P.S, 1994, Direct Measurement of Chlorine Penetration into Biofilms during 
Disinfection, Applied and Environmental Microbiology, Montana, USA 
2 Stewart P.S., Rayner J., Roe. F, Rees. W.M., 2001, Biofilm penetration and disinfection efficacy of alkaline 
hypochlorite and chlorosulfamates 
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Not to mention, an increase in resistance to biocides can also mean an increase in resistance to 

antibiotics. This is termed cross-resistance.  

 

A study on wastewater disinfection with 

chlorine shows that disinfection with chlorine can 

select for anti-biocide and anti-biotic resistant 

genes, contributing to the rise of resistant 

bacteria. A study recently conducted by Liu at al 

(2018)3 on disinfection of water at a waste water 

plant found that chlorination selected for both 

extracellular and intracellular antibiotic resistance 

genes. This means that disinfection of waste water 

with a biocide, increased abundances of bacteria 

with resistance to several antibiotic types up to 4 

times than normal.  

 

In summary, chlorine and its derivatives not 

only aren’t able to clean the biofilm from the inner 

surfaces of the pipelines, but continuous dosing of 

chlorine along lines that are already contaminated with biofilms contribute to the risk of bacterial 

resistance build up. This is because the bacterial biofilm produced becomes less permeable to chlorine, 

therefore exposing the bacteria to sub-lethal dosages of chlorine or its derivate to which it eventually 

will adapt to. This is also proven in the fact that farmers need to increase their chlorine dosage over 

time for maintenance of their bacteriological quality, but keeping in mind that higher doses of chlorine 

are not only toxic but also have a negative impact on performance.  

Only with efficient removal of the biofilm layer, individual microbes resistant to disinfection are 

washed away and are thus unable to colonize the local environment and develop further resistance.  

 

 

 

 

 

 

 

 

 

 

 

                                                           
3 Liu SS, Qu HM, Yang D, Hu H, Liu WL, Giu ZG, Hou AM, Guo J, Li JW, Shen ZQ, Jin M, 2018, Chlorine disinfection 
increases both intracellular and extracellular antibiotic resistance genes in full-scale wastewater treatment 
plant, Water Research, Elsevier  

 Only 20% of concentration of dosed 
chlorine can diffuse through the biofilm, 
80% is lost 

 Chlorite diffuses slower than chlorine 
through the biofilm 

 Bacteria that don’t receive full 
concentration of biocide won’t be killed 
and can develop more resistance to 
chlorine or its derivatives 

 Bacteria resistant to biocides can also 
develop resistance to antibiotics; termed 
as cross-resistance  

 Biofilm and bacterial resistance to 
chlorine is proven by need for farmers to 
increase dosage of chlorine over time  


