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Mechanism of Sporicidal Activity for the Synergistic Combination of Peracetic Acid and Hydrogen Peroxide
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comes to wastewater disinfection. But the EPA is
restigating a “greener” alternative that could
dethrone the chemical disinfectant. Peracetic acid
(PAA) is gaining attention for its ability to reduce
or eliminate disinfection byproducts (DBPs),
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The Age Of Peracetic Acid — A Solution To Increasingly
Challenging Regulations VigorOx® WWT Il Wastewater Disinfection Technology and Viruses

VigorOx® WWT Il is an equilibrium peracetic acid selution that contalns 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

By Kati Bell and Varsha Wylie

While chlorination has long dominated
water disinfection, new approaches and
technologies have emerged in the wake of
disinfection byproduct (DBP) regulations.
Could peracetic acid (PAA) be the option
that dethrones the king?
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Chlorination became the standard for disinfecting
treated wastewater in the 2oth century and has

been kev to successfully protecting public health.
However, awareness of environmental impacts assoeiated with wastewater chlorination raised concerns
regarding how to effectively balance destruction of pathogenic microorganisms against effects of m
disinfection byproducts (DBPs) that have both environmental and public health consequences. This iss

.

Peracetic acid has been used as a low temperature biocide for

device disinfection and sterilization, food and food processing

Peracetic Acid
A New Disinfection Approach

Control Strategies for PAA Wastewater Disinfection at WWTPs
with Variable Effluent Quality
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ABSTRACT

@ cramin
The dase of peracetic acid that is required to control mierobial coneentration in wastewaters -

will depend on a number of factors, including: target microorganism, the disinfection contact
time, and the acteristic gquality of the wastewater effluent. Wastewater characteristics that
impact peracetic acid oxidant demand. and henee disinfection performance. mavinclude natural




PAA COMPOSITION

Commercia

® Peracetic
®* Hydrogen

® Inert ingredi

CH,COH + Hza

T Acetic Acid Hydrogen Peroxide Water

®* PAA, Peroxyacetic Acid, Ethaneperoxoic acid, Peroxide of Acetic Acid




Replaces chlorin

Broad spectrum
Fast disinfection ki
Lower aquatic toxici

Decomposes to hydrog reaks down to oxygen

and water
Lack of disinfection by-produc
Oxidant demand typically lower than
Does not persist in environment so quenching is not required
Minimal pH dependence

Long shelf-life

Safe to store on-site
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Stakeholders
What got the ba
Standard Methods

Draft Method Process

Method Validation Planning\Process

Group Testing

Data Analysis




* Standard Met
* Standard Metho

® EPA Review

—6)

® Initiate Method Promulgation Process\Sync with next Method Update Rule




PAA METHOD STAKEHOLDERS

* EPA Office o
Technology \En

l * State permitting au
® Engineering consulting firm

® PAA vendors

® Test kit vendors



WHICH COMES FIRST — o/
THE CHICKEN OR THE EGG?2

REGULATE ANALYSIS?




STATES’ PERMITTING CHALLENGES

limit for PAA
Consulting 0 Water Quality

PAA easure residual PAA
Yendors 0 approved method listed
in 40 CFR 1367







METHOD PUBLICATION\STAND
METHODS IMPETUS

or Environment Research Grant: LIFT14T

Evaluating Peracet eatment Processes

that addresses
t state of

* Publication of cc
specific research que
knowledge and identifies knowledgc

po e —"

* LIFT14T16 awarded to Stantec in 2016




RENVIRONMENT RESEARCHIE
LIFT14T16

Whatis F

* How does was
l « How does PAA effec d solids?
* \What effect does PAA-treated

q) « How else can PAA be used in wastewater treatment?

« What is needed to reduce regulatory ambiguity for PAA?
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NDARD METHODS ORGANIZATE

® Joint Editc

O
® Part Coord
* Standard Me
l ® Joint Task Groups
? Joint Task Groups (JTGs) function as the primary working

committees for review and revision of existing methods and

development of new methods.
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NEW OR REVISED METHODg

The proposed method uses the same determination technique
as the current method

The proposed method has the same scope, an equivalent

calibration range, and summary as the current method No
The proposed method obtains equivalent or better results as Yes

the current method in samples that have no interferences No




PAA Methods of Measurement

DPD (N}

Same co

PAA is trec

iodine.

lodine subseque direct proportion to

the [PAA].
Visual and instrumental PAA te are available.
Pre-calibrated photometers are available.

A blank measurement using a sample will help to reduce impact from

wastewater background color, turbidity or other constituents.




METHOD — LONG HAND VS. TES

DM SCRATCH TEST KIT (ALL INCLUS
WITH PRE-CALIBRATE

* DPD

® Phosphate bu

* EDTA

® Potassium iodide




WRITING METHOD 2017-2018

IT WOULD
HAVE BEEM
IF THEY
HADN'T
USED THE
MUTE
BUTTONS.

l

THREE OUT OF 15
PEOPLE WERE AVAIL-
ABLE AND OMLY ONE
OF THEM FORGOT
TO CALL IN,

THE CONFEREMNCE
CALL WAS A HUGE
SUCCESS.

CHarTEr G

305 £20085coft Adams, Inc./DNsL by UFS, Inc.

www.dilbert.com  scottadams@acl.com




“SINGLE OPERATOR”

COMBINED TEST KIT DATA

PERFORMANCE CHARACTERISTICS

* MDL: ~ 0.07 ¢
* ML: ~0.15 ppm

l ® Initial Demonstration © yased on 20 replicates):

87 -111%




FINISHED PRODUCT

1. Peracetic Aci
While U.S. municipc wastewater,
concerns about chlorina ities to consider
other disinfection technologie \), which does not form
chlorinated DBPs.!
PAA’s effectiveness as a disinfectant depends on its dose, contact time, and the target

organisms’ susceptibilities. Its oxidant demand in wastewater depends on the wastewater’s

characteristics (e.g., natural organic matter, reduced metals, biological oxygen demand,

chemical oxygen demand, and total suspended solids).




D VALIDATION [COLLABORATIVE
DESIGN REFERENCES

* Standard Me

ion and Bias of

Applicable Test
®* ASTM E691-18 Sto

Determine the Precision ¢

aboratory Study to

ew Methods for Regulated
Organic and Inorganic Analytes in Wastewater Under EPA’'s Alternate Test

® EPA’s “Protocol for Review and Validatio

Procedure Program




PAA DEMAND CHALLENGES
IMPACTS ON STUDY DESIGN

* Spiking and
® Replicate anal

l ® Analysis start time




JETERMINING METHOD PRECISIO
AND BIAS STATEMENTS

@iphical Method

Embraced by conse

ole operator (overall)

Youden pairs enable t
l precision and % recovery g

Lends itself to situations where analyte

Two spike aliquots from the same matrix are prepared.

The spike concentration for each aliquot differ only by 5 — 20% in concentration.

Each laboratory runs each sample only once.




JETERMINING METHOD PRECISIO
AND BIAS STATEMENTS

gdibhical Method, cont’d

® The scatter plots © or each matrix

will reveal:
® If labs are equivalent

? ® Which particular labs are outliers

*® Distinguish random from systematic errors



VALIDATION PROTOCOL

* 7 labs, (analy
®* Two PAA test kits
l ® 9 final effluent wastey

® 7 x 2 = 14 data points\mat




ONE LOCATION




O\@—\

=/ NALCE




y=x+0.4495 |

Matrix 6

DATION DATA — FOCUS ON ONE MA

e

X
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——Pairb mean

—— Linear (Manhattan Median)
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ATION SUMMARY DATA — ALL MA
SINGLE OPERATOR STATS

| Siisic | Marix] | Motix2 | Mabix3 | Mavixd | Maix3 | Marixo | Marix7 | Manix8 | Mavixs
#?fuseable 13 13 13 14 14 13 12 13 14
pairs

Average 0.36 0.85 1.27 1.94 2.44 2.75 3.69 4.03 3.28

Concentration

Single Operator
Standard 0.037 0.053 0.050 0.069 0.061 0.130 0.095 0.140 0.194

Deviation, S,

Single Operator
Relative
Standard
Deviation, %




LIDATION SUMMARY DATA — MATRICES |
MULTIPLE OPERATOR STATS

Target Dose | Actual Dose Grand Averagel % recovery % recovery | Multiple lab
Value, ppm Value, ppm Conceniruiiogn relative to relative to Standard  |Overall % RSD
PAA PAA target dose actual dose | Deviation (St)

Number of
useable values

1
1
2
2
3
3
4
4
5
5




DATION SUMMARY DATA — MATRICES 6 -
MULTIPLE OPERATOR STATS

Target Dose | Actual Dose % recovery % recovery | Multiple lab

Value, ppm Value, ppm (Zr:::e:'\:::;s:‘e relative to relative to Standard  |Overall % RSD
.V PAA target dose actual dose | Deviation (St)

Number of
useable values
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ANDARD METHODS VOTING PROCES

1. Prepare a

2. Balloted at JTC

l 3. Negative ballots anc JEB, the PC and the
JTG Chair for resolution ation for inclusion in the
ﬁ) section (comments).

4. Balloted at Main Committee level




NDARD METHODS BALLOTING PROCI
METHOD CLASSES

®* PROPOSED -

requirements

® Undergone development, ting requirements

l * STANDARD — methoc

* “WIDELY USED”

® Print edition published about every 5 years

® On-line edition — users will have access to the most current methods available




®* Follow Guideli idation of New

Methods for Reg
EPA’s Alternate Test
l in EPA format.

stewater Under

d prepare report

https: / /www.epa.gov/sites /produc 18-03 /documents /chemical-

? - new-method-protocol feb-2018.pdf




®* Method Upda
® EPA compiles the
l ® Public comment perio

® Public comment aftermath

? ® Final rule
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FOCUS ON ONE MATRIX
SINGLE OPERATOR STANDARD DEVIATION

Matrix 6 Single Operator Standard Deviation, S,

sum(Di -
sum(Di - Db?;;g(,z;m'
Lab ID Pair a Pair b i) | (i-pban2| SU™P' - | ppary2(m-|  singe
Code Dbar)2 1) Operator
Standard
Deviation, SO
1 2.93 3.20 0.27 0.041 0.41 0.017 0.130
2 245 3.12 0.67 0.041 m=13
3 2.58 3.30 0.71 0.060
4 2.66 3.15 0.48 0.000
5 2.51 3.15 0.64 0.029
6 2.65 2.85 0.20 0.073
7 2.65 3.00 0.35 0.015
8 2.41 2.86 0.45 0.000
9 2.47 2.84 0.37 0.010
10 2.21 2.62 0.41 0.004
T N I R B
12 2.33 2.80 0.47 0.000
13 2.37 3.16 0.79 0.103
14 2.49 2.78 0.29 0.032
Mean 2.75 0.47
% RSD 47 |




FOCUS ON ONE MATRIX
MULTIPLE LAB STANDARD DEVIATION

Matrix 6 Multiple Operator Standard Deviation, S,

[sum(xi - [sum(xi -
Lab ID sum(xi sum(xi Xb: )r])12112(n sum(xi sum(xi Xb1a )r])12/I2(n
Code Paira | (xi-xban2 | ~ 12 |xbar)2/(n-1)| MuttipleLab | Pairb | (xi-xban2 | “, -, | ar2/(n-1) | Muttiple Lab
Standard Standard
Deviation, St Deviation, St
1 2.93 0.171 0.400 0.033 0.183 3.20 0.053 0.580 0.045 0.211
2 2.45 0.005 n=13 3.12 0.024 n=14
3 2.58 0.004 3.30 0.108
4 2.66 0.022 3.15 0.032
5 2.51 0.000 3.15 0.035
6 2.65 0.017 2.85 0.014
7 2.65 0.017 3.00 0.001
8 2.41 0.011 2.86 0.011
9 247 0.002 2.84 0.016
10 2.21 0.094 2.62 0.120
R I R 271|006
12 2.33 0.035 2.80 0.028
13 2.37 0.021 3.16 0.038
14 2.49 0.001 2.78 0.035
Mean 2.52 Mean 297
% RSD 7.3 % RSD 71




