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VIGOROX® WWT Il is an equilibrium peracetic acid solution that contains 15% peracetic acid (PAA) by
weight at full concentration. The solution exists as an equilibrium of PAA, hydrogen peroxide, acetic
acid and water as per:
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Peracetic acid has been used as a low temperature biocide for the past thirty years in many industries,
including medical device disinfection and sterilization, food and food processing sanitization and aseptic
bottle packaging. It has proven effective on bacteria, viruses, yeasts and spores1, depending upon its
usage rate and available contact time. While the underlying mechanism of action is not well known,
PAA acts as an oxidant; denaturing proteins, disrupting cell wall permeability, and oxidizing sulthydryl
and sulfur bonds in proteins, enzymes and other metabolites.

REDUCTION OF VIRUSES IN WASTEWATER

Currently, there are no federal or state requirements for virus reduction in municipal wastewater
effluents. Recently, the U.S. EPA stated that they are considering development of guidelines for the
reduction of viruses in wastewaters but have not published draft guidance at this time. It is
anticipated that the U.S. EPA will be publishing draft guidance on the analytical measurement of
viruses in 2016, with potential, non--risk based, draft guidelines on the control of viruses, using
MS2 bacteriophage as a surrogate model, sometime in 2017, based on comments by U.S. EPA at
several recent technical conferences. A period of public commentary will then follow the release of
the draft guidance, and as a result, finalization of any federal regulation regarding the control of
viruses in wastewater may not take effect until at least potentially 2020, in PeroxyChem's
estimation.

Regulation on virus reduction in wastewater will have a great impact on the municipal wastewater
industry, as all wastewater disinfection technologies will need to demonstrate the ability to meet the
potential new viral limits. This includes all currently established disinfection technologies that are
being used for the control of bacterial pathogens. Disinfection technologies that are currently
emplaced for the control of bacteria will need to be tested to meet new viral standards: chlorination
will need to be demonstrated effective at given treatment plants where ammonia, if present, may
convert the chlorine to chloramines; UV systems may need to be resized to meet new target
organisms. This will be true for peracetic acid disinfection systems as well.
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VIGOROX® WWT Il PERACETIC ACID AND ITS USE TO MEET POTENTIAL NEW VIRUS
STANDARDS

VIGOROX® WWT Il PAA has been shown to be economically cost--effective for the treatment of
bacteria, such as coliforms, E. coli and Enterococcus, in municipal wastewater streams. Typically, when
evaluating VIGOROX® WWT Il for use at a treatment plant, jar testing or pilot reactor trialing is used to
determine the optimal PAA dosage to achieve effective kill under economically viable conditions.

With respect to virus kill, there are peer reviewed literature articles demonstrating that peracetic acid
can reduce viral loading in wastewaters. This is shown in Table 1.

Table 1
Viral Inactivation with PAA

Dose Contact

Matrix Organism Inactivation Reference

[mg/1]

Time[min.]

Enhanced primary

effluent (1) Indigenous MS2 1 log 1.5--3.0 60 Gehretal. 2003
Secondary effluent MS2 3.5 log 5 120 Lerernaeial,
1998
Indigenous F+ Zanetti et al.,
Secondary effluent (2) el s 0.6 log 1.5 20 2007
Rajala-Mustonen
Seeded wastewater RNA Phage 2 log 25 5 etal, 1997
WateReuse
Tertiary effluent MS2 0.35 log 5 30 Foundation,
2012
Koivunen and
Peptone water MS2 1.3 log 15 10 Heinonen-Tanski,
2005
Demineralized water MS2 >4 log 15 5 _IIBaglg_:y il
Lab water MS2 Mattle et al.,
(pH 5.0) (dispersed virus) 4 log 40 30 2011
Lab water MS2 Mattle et al.,
(pH 3.6) (aggregated virus) 4 log 40 60 2011
. Freeseetal.,
Secondary effluent coliphages 1--2 log 5 30 2002
Secondary effluent oOx174 7.5 log 10 120 '1'392932;""3 il
Rajala-Mustonen
Seeded wastewater DNA Phage 5log 25 5 etal, 1997
Demineralized water Ox174 >4 log 30 5 1Ba9|;l1ry 36l
Indigenous Somatic Zanetti et al.,
Secondary effluent (2) e — 0.6 log 1.5 20 2007

(1) Enhanced physicochemical processes (ferric and/or alum coagulation) for suspended solids and phosphorus removal.
COD 123-240 mg/|, TSS 16-45 mg/|, and turbidity 16-31 NTU.

(2) Secondary effluent characteristics: pH 6.7-6.8, COD 26-28 mg/|, and TSS 6.1-17 mg/|.
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In general for peracetic acid, the “concentration times contact time” factor (C*t) needed to achieve viral
reduction will be greater than that for bacteria. However, as with bacteria, the required C*t will be
dependent upon the wastewater matrix and the target reduction goals for each treatment plant,
requiring jar testing or pilot trialing to ascertain the optimal dosing based on a viral kill efficacy and
economics. Similar differences in treatment intensity between viruses and bacteria are typically
observed with most disinfection technologies. Note currently, VIGOROX® WWT Il is not labeled for
treatment of viruses.

As there are no current viral reduction requirements in North America, the cost effective rate of
application for hypochlorite (or chlorine chemistry) in actual wastewater is not well known either.
Recent laboratory work performed for the Ministry of the Environment, Ontario Province, Canada
demonstrated that VIGOROX® WWT Il PAA was able to achieve statistically equivalent reductions
on Coxsackievirus B6 as compared to hypochlorite in actual wastewater from a local treatment plant
(PeroxyChem, 2014). The conditions of the test compared VIGOROX® WWT Il concentrations as
low as 1.5 ppm to hypochlorite at 1.6 ppm as Cl2 with contact time of 30 minutes.

CONSIDERATION OF VIGOROX® WWT Il DISINFECTION

When considering the use of VIGOROX® WWT Il disinfection technology at a wastewater treatment
plant in view of the potential U.S. EPA draft guidance on virus reduction, several factors should be
considered:

= |t will be several years before any potential virus reduction requirements on the federal level are set.

= All current wastewater disinfection technologies will require viral efficacy testing and possible
redesign of current disinfection systems.

= Implementation of VIGOROX® WWT Il disinfection technology is simple (it only requires installation
of storage tanks, chemical feed pumps and associated controls) and, contrary to other disinfection
systems such as UV, does not require significant capital investment since equipment is typically leased
to the plant’s owner. If other disinfection technologies were to prove more cost--effective to meet
pathogen limits in the future, plant owners would not face large sunk or conversion costs to switch to
alternative technologies.

As a result, potential future regulatory guidelines should not impact the selection of VIGOROX® WWT
Il to meet today’s permit requirements.
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Disclaimer

This information and all further technical advice are based on our present knowledge PeroxyChem LLC

and experience. However, it implies no liability or other legal responsibility on our 2005 Market Street,
part, including with regard to existing third-party intellectual property rights, Suite 3200,

especially patent rights. In particular, no warranty, whether express or implied, or Philadelphia, PA 19103

guarantee of prod-uct properties in the legal sense is intended or implied. We
reserve the right to make any changes according to tech-nological progress or further
developments. The customer is not released from the obligation to conduct careful
in-spection and testing of incoming goods. Performance of the product described +1 267 422 2400
herein should be verified by testing, which should be carried out only by
qualified experts in the sole responsibility of a customer. Reference to trade
names used by other companies is neither a recommendation, nor does it
imply that similar products could not be used.

United States

www.active-oxygens.com
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