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The Decomposition Kinetics of Peracetic Acid and Hydrogen Peroxide in 
Municipal Wastewaters 
 
INTRODUCTION 
	   Efficient control of microbial populations in municipal wastewater using peracetic acid (PAA) requires an 
understanding of the PAA decomposition kinetics. This knowledge is critical to ensure the proper dosing of 
PAA needed to achieve an adequate concentration within the contact time of the disinfection chamber. In 
addition, the impact of PAA on the environment, post-discharge into the receiving water body, also is 
dependent upon the longevity of the PAA in the environment, before decomposing to acetic acid, oxygen and 
water. As a result, the decomposition kinetics of PAA may have a significant impact on aquatic and 
environmental toxicity. 
 PAA is not manufactured as a pure compound. The solution exists as an equilibrium mixture of PAA, 
hydrogen peroxide, acetic acid, and water: 

	  
	  
	  
	  
	  
	  

	  
PeroxyChem’s VigorOx® WWT II Wastewater Disinfection Technology contains 15% peracetic acid by weight 
and 23% hydrogen peroxide as delivered. Although hydrogen peroxide is present in the formulation, peracetic 
acid is considered to be the active component for disinfection1 in wastewater. There have been several 
published studies investigating the decomposition kinetics of PAA in different water matrices, including 
municipal wastewater2-7. Yuan7 states that PAA may be consumed in the following three competitive reactions: 
	  

1. Spontaneous decomposition 

2 CH3CO3H  à  2 CH3CO2H + O2          Eq (1) 

2. Hydrolysis 

CH3CO3H + H2O  à  CH3CO2H + H2O2         Eq (2) 

3. Transition metal catalyzed decomposition 

CH3CO3H + M+  à CH3CO2H + O2 + other products       Eq (3) 

	  

At neutral pH’s, both peracetic acid and hydrogen peroxide can be rapidly consumed by these reactions7 
(hydrogen peroxide will decompose to water and oxygen via 2H2O2 à 2H2O + O2). The consumption of 

↔ + + 

Acetic Acid Hydrogen Peroxide Peracetic Acid Water 
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peracetic acid has been shown2-4 to occur in two phases: an initial, basically instantaneous decrease; followed 
by a slow decomposition. This initial decrease in PAA is due to an oxidant demand, resulting from reactions 
with transition metals, suspended and dissolved solids, and organic species within the wastewater. It has been 
shown in references 2 and 3 that the PAA decomposition is best fit by first-order kinetics, modified by a term of 
initial oxidative consumption, D, as based on the Haas and Finch model7: 

C(t) = (C0 – D)·e-kt           Eq (4) 

where: 
 
C(t)  = PAA concentration at time t (mg/L) 
C0 = PAA concentration at time 0 (mg/L) 
D = initial PAA demand (mg/L) 
k = rate constant (1 / min) 
t = time (min) 
  
 A summary of published first order decomposition rates (k) and PAA demand (D) from references 2 – 4, 
measured within conventional wastewaters, are shown in Table 1. 
	  

Reference Water type k (1/min) D (mg/L) 

2 
conventional sewage 

treatment, secondary settled 
effluent 

0.016 0.80 

3 

Plant 1: 
conventional sewage 

treatment, secondary settled 
effluent 

0.007 0.42 

3 

Plant 2: 
conventional sewage 

treatment, secondary settled 
effluent 

0.009 0.79 

4 
conventional sewage 

treatment, secondary settled 
effluent 

0.003 0.44 

4 
conventional sewage 

treatment, primary settled 
effluent 

0.040 19.41 

Table 1: Published first order kinetic rate constants and PAA demand for municipal wastewaters 
	  
 The fate of the hydrogen peroxide from the peracetic acid solution is not as well studied. Luukkonen1 
measured both PAA and hydrogen peroxide decomposition in a tertiary treated wastewater. While 
decomposition rate constants were not listed in the paper, it was shown that hydrogen peroxide did in fact 
decompose within the wastewater, but with an apparent rate slower than that for the PAA decomposition. 
Because peracetic acid solutions contain both peracetic acid and hydrogen peroxide, the measured aquatic 
toxicities for PAA11 contain contributions from both PAA and hydrogen peroxide. As an example, a VigorOx 
WW II dose to target 1 ppm of PAA in solution will also contain 1.53 ppm hydrogen peroxide. The toxicity 
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contribution from the hydrogen peroxide itself could not exceed the PAA solution combined toxicity, unless the 
hydrolysis rate of PAA to hydrogen peroxide (Eq 2) is a primary pathway for PAA decomposition and the rate of 
PAA hydrolysis exceeds the hydrogen peroxide rate of decomposition. In the later case, it may be possible that 
hydrogen peroxide concentrations would increase with time within the wastewater effluent, potentially reaching 
levels more toxic than the PAA residual. This would manifest itself as a peroxide generation rate (or negative 
peroxide decomposition rate) within the measured results, which is not consistent with Luukkonen’s1 results, 
nor the data described below. 
 The research described herein encompasses the measurement of both peracetic acid and hydrogen 
peroxide in varying wastewaters from fifteen municipal wastewater facilities. 
 
METHOD AND MATERIALS 

 Non-disinfected, secondary effluent samples were collected from fifteen municipal wastewater 
treatment plants throughout the United States.  The distribution of samples collected is shown in Table 2, 
representing a range of water qualities. 

State Number of Utilities 
Alabama 1 
Arkansas 1 
Florida 1 
Georgia 1 
Louisiana 1 
New York 2 
Oregon 2 
Tennessee 4 
Washington 2 

Table 2:  Location of wastewater samples for this study	  

The samples were tested within twenty-four hours of receipt. The study was performed in a jar test 
apparatus at room temperature. Each wastewater sample was measured into one-liter aliquots and placed 
into cleaned and disinfected beakers on the jar tester apparatus. The stirrers were set to 100 revolutions per 
minute for the duration of the test. VigorOx WWT II was dosed into the stirred beakers at various initial PAA 
concentrations, depending upon the test. Typical initial concentrations were: 0.5, 1, 1.5, 2 and 3 ppm as 
PAA. Note that for NY1 and TN1, only one PAA concentration (3 ppm) was investigated. The corresponding, 
calculated initial hydrogen peroxide concentrations, based on these PAA concentrations and using a PAA to 
hydrogen peroxide weight ratio of 15 : 23 (the formulation of VigorOx WWT II), were: 0.8, 1.5, 2.3, 3.1 and 
4.6 ppm, respectively. Concentration measurements of both PAA and hydrogen peroxide were taken at 
various time points, typically between 1 and 45 minutes, depending upon the study. Due to the initial 
decomposition, time zero values for the hydrogen peroxide were not measured, and as a result the time zero 
value for hydrogen peroxide was assumed to be the calculated values as described above. 
 PAA concentration was determined using the CHEMetrics V-2000 meter9. The method determines 
the quantitative analysis of PAA in wastewaters via the “DPD” method, which is analogous to the US EPA 
Method 330.5 (1983, “Chemical Analysis for Water and Wastes”) for the determination of chlorine 
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concentration. In this method, the sample containing PAA is treated with an excess of potassium iodide (KI). 
The peracetic acid oxidizes the iodide to iodine. The iodine subsequently oxidizes the DPD (N,N-diethyl-p-
phenylelnediamine) to a pink colored species. The pink color will be in direct proportion to the amount of 
peracetic acid in the sample and is quantified via photometer. This method is not impacted by the presence 
of hydrogen peroxide. 
 Hydrogen peroxide concentration was measured in the presence of PAA, using the CHEMetrics V-2000 
multi-parameter meter via a method developed by CHEMetrics to remove the interference of PAA upon 
peroxide analysis10. The method uses the “A-7900” activator solution that reacts and decomposes the PAA 
prior to hydrogen peroxide assessment. The method was shown to reduce the percent error in hydrogen 
peroxide measurement by an order of magnitude10. 
 Each trial was run in singlet. The goodness of the fit to all of the data points within the trial was 
determined using the mean squares error value (MSE), defined as: 

𝑀𝑆𝐸 =    (!!"#$!%!  !!"#$%&'#$)!

!"#$%&  !"  !"#"  !"#$%&
        Eq (5) 

	   	  
RESULTS 

 Experimental data was fit to the function as described in Equation 4, first order decomposition.  The 
instantaneous PAA demand, D, was fit under two assumptions as to the nature of D: 

1) D is constant for all initial PAA concentrations 

 D = constant           Eq (6) 

2) D is a fraction of the initial PAA concentration 

D = x C0            Eq (7) 

where x is a percent fraction 

Under the second scenario, Equation 4 can be re-written as: 

C(t) = C0 (1 – x)·e-kt           Eq (8) 

D is defined as the absolute PAA demand loss for the wastewater; whereas x is the percent loss of the initial 
PAA concentration applied. 

 Figure 1 displays the measured PAA concentration as a function of time for wastewater treatment plant 
WA1 (Washington 1). 
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Figure 1:  PAA Concentration as a Function of Time for WA1 

The corresponding measured hydrogen peroxide concentrations for WA1 are shown in Figure 2: 

	  

Figure 2:  H2O2 Concentration as a Function of Time for WA1 

The concentration data was fit to the first order decomposition rate equation, under both scenarios for the 
oxidant demand, D (equations 4 and 8).  Figures 3 and 4 show the fit to the PAA data for WA1 for D = xC0 and 
D = constant. 
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Figure 3:  First Order Fit to the PAA Concentrations for WA1 when D = xC0.   
act = actual measured data, theo = theoretical predicted results 

	  

	  

Figure 4:  First Order Fit to the PAA Concentrations for WA1 when D = constant.   
act = actual measured data, theo = theoretical predicted results 

The measured and calculated PAA concentrations for the additional fourteen wastewater treatment plants can 
be found in Appendix 1. 

The calculated PAA decomposition rate constant (D = xC0) is 0.0124 min-1, with x = 0.14, indicating that 
14% of the dosed PAA is taken up by oxidant demand. MSE = 0.0053. The rate constant for the case of D = 
constant is 0.0108 min-1, with D = 0.27 mg/L and an MSE = 0.0083. The PAA decomposition rate constants for 
the additional wastewater treatment plants can be found in Tables 3 and 4. 

 
PAA 

WWTP k x MSE 

 
(1/min)     

NY1 0.0024 0.00 0.0064 
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AL1 0.0369 0.25 0.0095 
TN2 0.0194 0.05 0.0691 
WA1 0.0124 0.14 0.0053 
AR1 0.0261 0.12 0.0228 
OR1 0.0127 0.09 0.0040 
GA1 0.0090 0.13 0.0053 
FL1 0.0068 0.00 0.0182 
TN3 0.2370 0.00 0.0708 
WA2 0.0186 0.30 0.0083 
AL2 0.0121 0.04 0.0043 
OR2 0.0112 0.11 0.0065 
NY2 0.0196 0.19 0.0135 
TN4 0.0086 0.13 0.0048 

Table 3:  PAA decomposition rate constants and fractional oxidant demand (D=xC0) 

 
PAA 

WWTP k D MSE 

 
(1/min) mg/L   

NY1 * 
  TN1 * 
  AL1 0.0446 0.36 0.0200 

TN2 0.0190 0.07 0.0684 
WA1 0.0108 0.27 0.0083 
AR1 0.0215 0.19 0.0223 
OR1 0.0131 0.11 0.0036 
GA1 0.0132 0.24 0.0164 
FL1 * 

  TN3 * 
  WA2 0.0182 0.38 0.0069 

AL2 0.0103 0.06 0.0057 
OR2 0.0115 0.19 0.0085 
NY2 0.0205 0.36 0.0060 
TN4 0.0104 0.17 0.0124 

Table 4:  PAA decomposition rate constants and oxidant demand (D = constant). 
Note - * values indicate that the demand = 0 mg/L and these values are equivalent to the values in table 3. 

 
The fit to first order for the hydrogen peroxide concentrations for WA1 are shown in Figures 5 (D = x C0) and 6 
(D = constant). 
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Figure 5:  First Order Fit to the H2O2 Concentrations for WA1 when D = xC0.   
act = actual measured data, theo = theoretical predicted results 

	  

	  

Figure 6:  First Order Fit to the H2O2 Concentrations for WA1 when D = constant.   
act = actual measured data, theo = theoretical predicted results 

	  

The measured and calculated hydrogen peroxide concentrations for the additional fourteen wastewater 
treatment plants can be found in Appendix 1. 
 The calculated H2O2 decomposition rate constant (D = xC0) is 0.00160 min-1, with x = 0.15, indicating 
that 15% of the dosed hydrogen peroxide is taken up by oxidant demand. MSE = 0.0023.   The rate constant 
for the case of D = constant is 0.0023 min-1, with D = 0.32 mg/L and an MSE = 0.0135. The peroxide 
decomposition rate constants for the additional wastewater treatment plants can be found in Tables 5 and 6. 
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NY1 0.00160 0.16 0.00014 
TN1 0.01090 0.48 0.02896 
AL1 0.01140 0.39 0.04656 
TN2 0.00326 0.12 0.01600 
WA1 0.00160 0.15 0.00233 
AR1 0.00528 0.16 0.02216 
OR1 0.00325 0.11 0.00872 
GA1 0.00117 0.21 0.01434 
FL1 0.00110 0.19 0.01223 
TN3 0.00270 0.15 0.00381 
WA2 0.00360 0.35 0.03729 
AL2 0.00450 0.14 0.00886 
OR2 0.00320 0.17 0.00729 
NY2 0.00430 0.20 0.00115 
TN4 0.00135 0.17 0.00910 

Table 5:  Hydrogen peroxide decomposition rate constants and fractional oxidant demand (D=xC0) 

	  
H2O2	  

WWTP	   k	   D	   MSE	  

	  
(1/min)	   mg/L	   	  	  

NY1	   0.00160	   0.72	   0.00022	  

TN1	   0.01200	   2.24	   0.02799	  

AL1	   0.02310	   0.97	   0.06344	  

TN2	   0.00770	   0.24	   0.04873	  

WA1	   0.00257	   0.32	   0.01352	  

AR1	   0.00990	   0.26	   0.04481	  

OR1	   0.00220	   0.19	   0.04030	  

GA1	   0.00160	   0.57	   0.19406	  

FL1	   0.00150	   0.72	   0.12200	  

TN3	   0.00710	   0.25	   0.03929	  

WA2	   0.00610	   0.47	   0.09169	  

AL2	   0.01030	   0.06	   0.03321	  

OR2	   0.00340	   0.54	   0.06844	  

NY2	   0.00820	   0.39	   0.03223	  

TN4	   0.00430	   0.28	   0.06388	  
Table 6:  PAA decomposition rate constants and oxidant demand (D = constant). 

	  

DISCUSSION 

Peracetic Acid 

 In general, but not in all cases, a better fit between the predicted and measured concentrations was 
achieved when the oxidant demand factor, D, was equal to a fraction of the initial concentration (D = x C0). The 
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range of PAA first-order decomposition rate constants determined was .0024 – 0.2370 min-1, a hundred fold 
difference in decay rates between wastewaters. The outlier of the group was TN3, with the rate constant of 
0.2370 min-1. Figure 7 displays the distribution of rate constants (minus TN3) along with the constants 
determined in the literature, as seen in Table 1. 

	  

Figure 7:  Distribution of PAA Rate Constants 

The median rate constant value, without TN3, is 0.012 min-1. The instantaneous PAA demand ranged from 0 – 
25% of the initial PAA dose (D = x C0), (median = 11.3%) or 0 – 0.38 mg / L (D = constant). In comparison, 
from Table 1, literature values for D ranged from 0.42 to 0.80 mg/L for secondary settled effluent. For this 
discussion, an analysis of the wastewater properties (such as TSS, BOD, COD, etc) and their impacts on 
decay rate and instantaneous demand was not performed. 

Hydrogen Peroxide 

 In all cases, hydrogen peroxide was observed to decompose, and accumulation of hydrogen peroxide 
within the wastewater was not observed. As a result, the hydrolysis of PAA to hydrogen peroxide (Equation 2) 
is either slower than the spontaneous or metal-catalyzed decomposition of PAA (Equations 1 and 3), or the 
hydrogen peroxide decomposition is faster than its formation from the PAA. This would indicate that in real 
wastewaters, accumulation of hydrogen peroxide within the receiving streams would not be predicted. 
 As with the PAA in general, a better fit between measured and predicted concentrations was obtained 
when D = x C0. The range of peroxide first-order decomposition rate constants determined was .0114 – 0.0011 
min-1. The median value is 0.00325 min-1. For many of the wastewaters, the peroxide decomposition rate was 
approximately an order of magnitude lower than that for the PAA.  The instantaneous H2O2 demand ranged 
from 11 – 48% of the initial peroxide dose (D = x C0) (median value = 16.7%) or 0.6 – 2.2 mg/L (TN1 being the 
significant outlier with a 2.2 mg/L demand). 
 While hydrogen peroxide may not be playing a significant role in the actual microbial reduction, it is 
providing two additional benefits to the PAA disinfection process.  First, as noted above, it is acting as a sink 
for part of the oxidant demand within the wastewater.  Although not independently measured, it can be 
hypothesized that without the hydrogen peroxide present, a greater instantaneous demand from the 
wastewater on the PAA would occur. This would reduce the efficacy of the PAA for a given dose.  Secondly, 
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upon decomposition, hydrogen peroxide is a source of dissolved oxygen. This can in part help to offset the 
biological oxygen demand associated with the acetic acid within the PAA solution. 
	  
CONCLUSIONS 
 
 Peracetic acid and hydrogen peroxide decomposition has been modeled in fifteen wastewaters from 
across the United States. The median value for the PAA first-order decomposition rate constant was 0.012 min-

1, with a median instantaneous PAA demand of 11.3% of the initial PAA dose concentration. The 
corresponding median peroxide first-order decomposition rate constant was 0.00325 min-1, with a median 
oxidant demand of 16.7%. These results indicate: 
 

• PAA and hydrogen peroxide decomposition is dependent upon the specific wastewater and should be 
measured to ensure the proper dosing of PAA to achieve the target microbial reductions. 

• The hydrogen peroxide decomposition rate is 4 to 10 times slower than that for peracetic acid. 
• Hydrogen peroxide was observed to decompose in all wastewaters tested.   
• Hydrogen peroxide is not predicted to accumulate within the wastewater or the environment. 
• In general, the oxidant demand on both the PAA and the hydrogen peroxide can be modeled as 

instantaneous and is best fit as a function of the initial dose concentration. 
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