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Mechanisms of Peracetic Acid Inactivation of Microbes 

Peracetic	acid	(PAA)	is	a	highly	effective	biocide	that	has	gained	in	popularity	over	the	past	several	years	as	a	chlorine	
alternative	for	wastewater	disinfection1-3.	Increased	interest	in	PAA	is	driven	by	several	desirable	characteristics,	
including:		

- Efficacy	at	low	concentrations
- Performance	at	low	temperature
- Relative	insensitivity	to	organic	loading,	total

suspended	solids	and	the	presence	of	ammonia,
nitrite	and	phosphates

- Ease	of	application

- No	generation	of	chlorinated	disinfection
byproducts	(DPBs),	such	as	trihalomethanes
(THMs)	and	haloacetic	acids	(HAAs),	rapid
degradation	in	the	environment	and	low
residual	aquatic	toxicity

- Favorable	economics	compared	to	several
alternative	disinfection	technologies

While	the	benefits	of	PAA	as	a		disinfectant	have	become	apparent,	only	limited	work	identifying	the	mechanisms	by	
which	PAA	inactivates	bacteria	and	viruses	has	been	performed	to	date.	

PAA	as	a	Strong	Oxidizing	Agent	
PAA	is	a	strong	oxidizer	and,	as	a	result,	can	attack	a	microbe	in	a	variety	of	ways:	

- Block4	speculated	that	PAA	functions	much	as
other	peroxides	and	oxidizing	agents,	in	that
sensitive	sulfhydryl	and	sulfur	bonds	in	proteins,
enzymes	and	other	metabolites	are	oxidized	due
to	the	release	of	active	oxygen	species	by	PAA.

- PAA	reacts	with	double	bonds,	impeding
molecular	function.

- PAA	acts	as	a	protein	denaturant.
- It	has	been	hypothesized4	that	PAA	disrupts	the

chemiosmotic	function	of	the	lipoprotein
cytoplasmic	membrane	and	transport	processes	through	rupture	or	dislocation	of	the	cell	walls.

- Intracellularly,	PAA	may	oxidize	essential	enzymes,	disrupt	biochemical	processes	and	impair	intracellular	solute
levels5.

- It	has	also	been	demonstrated6	that	PAA	acts	on	the	bases	of	the	DNA	molecule,	impairing	replication.
- PAA	will	inactivate	catalase,	an	enzyme	within	bacterial	cells	that	inhibit	reactive	hydroxyl	radicals4.
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Synergistic	Behavior	with	Hydrogen	Peroxide?	
Peracetic	acid	solutions	also	contain	hydrogen	peroxide.		DaVita Chemicals PureVita	PAA	solution	contains	5.6%	PAA	by	
weight,	but	also	26.5%	hydrogen	peroxide.	It	is	believed	that	the	predominant	disinfection	comes	from	the	peracetic	
acid,	as	PAA	is	a	much	more	potent	antimicrobial	agent	than	hydrogen	peroxide,	especially	at	low	concentrations.	
Several	research	studies	have	shown	that	there	are	virtually	no	synergistic	effects	between	the	PAA	and	hydrogen	
peroxide8.	However,	several	investigations	suggest	that	there	may	be	enhanced	microbial	efficiency	due	to	a	potential	
efficacious	synergy	in	PAA	and	hydrogen	peroxide7,8,9.	These	investigations	compared	solutions	containing	
“pure”	PAA,	hydrogen	peroxide	only	and	commercially	available	combinations	of	both	PAA	and	hydrogen	peroxide.	The	
results	suggest	that	the	kinetic	model	of	combined	PAA	and	hydrogen	microbial	inactivation	occurs	in	a	staged	process,	
including	sensitization,	catalase	attack	and	irreversible	attack	leading	to	lysis.	These	works	indicate	that	PAA	must	first	
initiate	the	attack	on	the	cell,	damaging	the	protective	systems	before	the	hydrogen	peroxide	can	participate	in	actively	
in	the	bacterial	inactivation	reaction,	and	that	once	the	catalase	within	the	microorganism	is	inhibited	by	PAA,	the	
hydroxyl	radical	can	rapidly	damage	the	cell.	

Conclusions	
A	complete	understanding	of	the	PAA	microbial	inactivation	processes	is	not	yet	at	hand.	However,	there	are	many	
postulated	pathways	for	PAA	to	damage	and	inactivate	microbes,	and	it	is	clear	that	these	multiple	avenues	of	attack	
make	PAA	a	very	effective	antimicrobial	under	a variety of	conditions.	Today,	there	is	ongoing	work	using	a	variety	of	
DNA	and	RNA	analyses	techniques	that	will	continue	to	elucidate	the	nature	and	mechanism	of	PAA	inactivation	of	
bacteria	and	viruses.
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