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Foundation Instruments, Inc.

« Formed as a high-tech spinout from the
University of Memphis in 2009

» Flagships products include analyzers for on-
line, on-site and real-time monitoring of DBPs

» Leverage deep knowledge of drinking water
chemistry and instrumentation to help
utilities optimize and implement process
Improvements

« Focus on "making hard measurements easy”

» Diverse technical team including Analytical
Chemists, Mechanical, Electrical, Software,
and Computer Engineers

« Unique, sustainable business model
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Core Capabilities

o Instrumentation / Automation

« Deep analytical chemistry knowledge
« Novel detection strategies
« Expansion into other industries

* 3D Printing

« Continue to invest in 3D printing capabilities
« Customization and optimization
« Concept through to commercialization

* Analytical Testing & Process Optimization

* Focus on DBP testing and analysis

« Water treatment process mapping and
optimization

 [nnovation

- New technology development
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Analyzers for Water Utilities

Remember...Our Goal is to Make Hard Measurements Easy

* Product line built around
DBP analysis

 Current SBIR Phase II project
focused on developing low-
cost analyzers to reach small
to mid-sized water treatment
plants (THM-Meter)

» UofM Partnership

THM-Rapid Response

I NS TR UMENT

4 FOUNDATION
S



FOUNDATI ON

An Intro to Disinfection By-Products (DBPs)
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Changing Strategies toward Drinking Water Disinfection

1. Microorganisms

~1890’s to 1974
“the more disinfectant the better!”

Decrease in the concentration of
microorganism that result from
increasing the disinfectant
concentration

Concentration of
Pathogenic
Microorganisms

(concentration of organism
increasing from bottom to top)

Concentration of Disinfectant (mg/L)

(chemicals such as chlorine gas, sodium hypochlorite, calcium ‘
hypochlorite, chlorine dioxide, and ozone that are used to
4 F OUNDATION disinfect drinking water; increasing going from left to right)



Changing Strategies toward Drinking Water Disinfection

Concentration of
Pathogenic
Microorganisms

(concentration of organism
increasing from bottom to top)
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1. Microorganisms
~1890’s to 1974

“the more disinfectant the better!”

Decrease in the concentration of
microorganism that result from
increasing the disinfectant
concentration

2.

Disinfection By-Products

1974 - Safe Drinking Water Act:
Concern over disinfection by
products.

“too much disinfectant
leads to by-products”

Concentration of Disinfectant (mg/L)

(chemicals such as chlorine gas, sodium hypochlorite, calcium
hypochlorite, chlorine dioxide, and ozone that are used to

disinfect drinking water; increasing going from left to right)

Concentration of
Disinfection By-Products

(ng/L)

(Chemicals such as chlorinated
hydrocarbons including
Trihalomethanes and Haloacetic
acids and bromate ion;
concentration increasing from
bottom to top of axis)

—



Changing Strategies toward Drinking Water Disinfection

Concentration of
Pathogenic
Microorganisms

(concentration of organism
increasing from bottom to top)
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1. Microorganisms
~1890’s to 1974

increasing the disinfectant
concentration

“the more disinfectant the better!”

Decrease in the concentration of
microorganism that result from

2.

Disinfection By-Products

1974 - Safe Drinking Water Act:
Concern over disinfection by
products.

“too much disinfectant
leads to by-products”

3. Present Day: Optimization
Minimize microorganisms
Minimize disinfection by-products

| __—

Concentration of Disinfectant (mg/L)

(chemicals such as chlorine gas, sodium hypochlorite, calcium
hypochlorite, chlorine dioxide, and ozone that are used to

disinfect drinking water; increasing going from left to right)

Concentration of
Disinfection By-Products

(ng/L)

(Chemicals such as chlorinated
hydrocarbons including
Trihalomethanes and Haloacetic
acids and bromate ion;
concentration increasing from
bottom to top of axis)

—



Background on DBPs

Government regulations with regard to DBPs
have become stricter

Rules require public water systems to comply
with maximum contaminant levels (MCLs) and
operational evaluation levels (OELs) for DBPs

Sampling based on source water type,
population, and number of treatment plants, or
wells

Many utilities struggle each year to meet these
regulations - especially Trihalomethanes
(THMs) and Haloacetic Acids (HAAS)
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nited States
Enwironmantal Protaction
Agency

Comprehensive Disinfectants and
Disinfection Byproducts Rules (Stage 1
and Stage 2) Quick Reference Guide

gquirements

Based on source water bype, populabon, and number

\of trmatment Arapsnl | ay Based on source water type and popukatian.

ind Disinfy Rule (Stage 1 DBPR) 63 FR 69390, Based on Infial Distribution Sysiem Evaluation
Decembesr 16, 1988, Vol, 63, No, 241 . * Samrple Localicus (A loxsulicnof wmisrumi sl tine. {IDSE) requirements=
ol e Fa B Rule (Stage 2 DBPR) 71 FR 388, January 4, Gompliance Galouiaion | b must not exceed e MGL for TTHM or HAAS. | LRUAA must not exoeed the MGL for TTHM or HAAS.
Purpose Improve public health by o 5 nesed TTHI Ruih < 8,040 mgil and HAMS

Al 5
= 0,030 - Subhpant H sysiemes also need sounce
watsr TOC R, at location phor o reatment = 4.0
Lt

The Stage 2 DEPR left sligiblity unchanged but
TTHRYHAAS q:\eclifﬂ'm Subpart H !?*'::S must take source
water TOC samples every 30 days. Subpart M
systems on reduced mondonng must ke source:
water TOC samples every 80 days o qualify for
reduced manitaning.

NGmemm(mPs)mmmnumemﬂwme&mn
lab anemals and suggested bladder cancer and reproductive effects in humans.

&eﬂa‘l The DBPRs require public water systems (PWSs) ta: e
scripbion » Comply with Jevels (MCLs) and operational evaluation

levels (OELs) for DEPs, and maximum residusl disinfection levels (MRDLs) for disndectant
residuals

»  Concuct an intial evaluation of ther disinbution system.

In addition, M&uwmlﬁmnmwnmwﬁcwd
organic matenal that may react to form D8P through the

Usites The DBPRs apply %0 all sizes of community water systems (CWSs) and nontransient noncommunity
Covered water systems (NTNCWSs) that add a disinfectant other than ultraviclet (UV) Sghit or deliver
water, and water sysiems (TNCWSs) that add chionne dioxde.

*This document provides 2 summary of federal drinking water requirements; 1o ensure full compliance, please
consult the federal regulations at 40 CFR 141 and any approved stafe requirements.

Source water bromide Ry < 0,08 mgil
Eromate® ‘With the: Stage 2 DEPR specified entry point io
distribution sysiem bromate RAA = 0.0028 mgil.

'Subpart H systems serving = 10,000 must have at least 25 percent of samples at the location of masmum residence time; e remaining samples
rmust be representaive of average nesdenoe fime
Al sysiems are requined 1o sabisfy their IDSE requirement by July 10, 2010,

*Subpart H syshems ane waler sysiems that use surface water or ground water under the direct influence: of suriace water (GWUDI).

‘Eound waler systems serving = 10,000 must mest these RAA for 2 years; can also qualify for reduced manitoning if fie TTHM R is = 0.020 mgiL
and & HAAS RidA = 0.015 mpl for 1 year.

A new analyical method for bromarie was established with the Stage 2 DEPR

All CWSs and NTNCWSs that add

i t ather than UV light and
TNCWSs that Sreat with chiorine dioxde.
Consecutive systems iat defiver water
treated with a disinfectant other than UV
light.

MCL compliance is calculated using the
| running annuat mmw(RAA)dal
TTHM & ples from al 9
HAAS MCL WBMW
C MCL is using the
locational RAA (LRAA) for each monitoring
location in the sysiem
Contaminants
Mancchiomacetic aod
Yotal Trihalomesanes (TTHM) v v —
Trichiomacetic acid
& Haloacetic Acids (HAAS) K v z p—
Dibromoacetc acid
Regulated Bromage / sq;eixmpm Bromane [plants that uss ozone)’
C See Table 2 Chiorite: {plants that use chiorine 10 o8 Unch ) nea
& Disinfectants R under dicaide] i anged ged”
Chiorite v s'g:fd DBPR
Chiorine 4 0asCl 4
Chiorineichioramines / Rsﬂmﬂogf&! C-‘inum::s aﬂ;;m._, ndg 3nm“3m’ Unchanged®
Chiorne diodde x nchanged? Uinchanged®
Chiorine dioxid: egﬂ'edmm 'Anew analyical method for beomaie was established with e Stage 2 DBPR
Stage “Stage 2 DEFR did nof revise the MCL or MRDL for fhis contaminantdisinfectant.
If an operational evaluation teveI(OEL) P
Operational is exceeded. systems must / —— Stage 1 DEFR included MIRDLs and MRDLGs for disinfectants, which are similar 1o MCLs and MCLGs.
Evaluation prachr.rs and idensfy Wmnmun

1. Amnwmmmmwmumzm
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Apglies to: Al systems subject o Stage 2 DBPR monitoring requirements. thart conduct complance
and collect =1 8
TTHM R = monstoeing ol samples quarieriy
B . A p— upcmuzl OELs: Ta reduce peaks in DEP levels and exposure to ligh DBP levels.
Chiorite Daiyifollow-up manitoring Unchanged® OEL caloulations: *  Calculaled for both TTHMs and HAASs af =ach monitaring location using Stage 2
Chorine dioxide Ciaiyifollow-up manitonng Unchanged DEPR currpilingzs moriloriig spl.
Ty »  OEL is determined by the sum of e two previous quarter’s TTHM or FGS nesut
Ghignneichicramines Unchanged’ phus raice the curment guarter’s TTHA or HiS result at shat iocation, devided by four.
DO prooungors. Manthiy for TOC and aikalinity Every 30 days for TOC and alkaiinity P OEL=i01+02+203)/4
{TOC sample set] OELs are expeeded: Durng arfer iniwhich the OEL is greater than the TTHM or HAAS MCL.
"Anew analyscal mehod for bromaie was esablished with Sie Stage 2 DEPR : 2y o il
IStage 2 DEPR did not changs the compliance reguiremsts for this contaminamidisndsctant Wan OEL s Lotan i paumgon
e = - exceeded, a sysiem r Subrmit a written report of the evakiation to the state no lates than 80 days afier being
*TOC sample s# s comprised of source water alicalinity, source water TOC, and treated TOC. st natified of $he analytical results that caused the exceedancels).
Keepa mwdmmm evaluation report and make it publically avaitabie
upon
The cperational - Anualrrumm‘lneuemnﬂ'l and distribution syst=ms’ operational practices thort
evaluason must may contrioute to TTHR and HAAS formason.
inchude: F_ Sieps o minimize fuiure exceedances.
Eﬂ-mﬁum When the sysiem begins compliance monitoring for the Stage 2 DEPR.
= 500 Per year' 1 per treatment plant Per year® 2
s 2o 1 per treatment plant z
3,301.9,9% perie pa
& H 10, 000 - 48,000 4
I.IhFﬂt
80,000 - 245,999 Per quarter Per quarter [
AL least 100,000 pecpls or part of a
280,000 - 969,958 4 per treatment plant 12 combined distibution system (COS) s=rving Agril 1, 2012
TTHMHAAE 1,000,000 - 4. 9599 599 i o least 100,000 peapks.
0,000 1o 99 599 peq:leornarl-ufaCDG
z:-;mmﬂ Eol 50,000 1o 4 895 2 Ociober 1, 2012
s 1nM0h45\5§ﬁpemI=ofuarldnCD\':‘-
B0 - D500 Per year Per year® F 10,0060 1 49 898 3 Otober 1, 2013
Grownd Lmn-mnmmap-m:mmnfams 1
der 10,000 - 88 S8 1 per treatment plant 4 besa than 16,600 people. 4 Ociober 1, 201
100,000 - 455 856 Fer quarter Fer quarter & Your schedule is determined by the largest system in your COS.
2 500,000 a “Zystems not conducting C.Wﬁ::ﬂmm monpaning under Long Term 2 Enhanced Surface Water Treatment
Systems that use ozone 2z a Jat r Rule [LTZESWTR) must bagin TTHMHLAE rmmlmn?hyhu daie. conducting Cryphospondium
Bromone’ ditinkertart Monthiy dwmﬂp?;ﬂem Unchanged® manftoring under LTAESWTR muest begin LRUA TTHM manfanng by 1, 2014,
Dty fat
enfance o
mnnm.nnn 1 at eniry paint 1o
o m:miu: chiarine dicoide: distribution sysem: 3in
riecta rlnmliiﬁn distribution sysiem
distribution
system)
Systemns that use chiorine diowde 1 at eniry paint 1o
Ghborine it | ;5 disinkectant Daty distribution system Urianged
Chorina/ Same location and frequency as Tatal
Chioramines A e Caliform Rule (TCR) sampling Unchanged®
DBP precursors
{TOC sampie m;m:uu comeentional Wity m?umr "
et 20040
"Ad systems mast maniton durg1mnmmafl¥rﬂﬂﬂp'mﬂnemm Sysmru.m uarterty monioring, except Subpant H sg,mems =408 00 A8 0% 98, [, 2800
1500 - 3,300, must take dual sample sets every 90 days at each monitonng locat Smm: on annual moniloing anrlSubpmH
500 « 3,300 are required 10 take indiidual 2l TTHM and HAAS samples {insiead of a dual sample set) at the locations with the h M and HAAS >aa 50.0% A0.0% 20.0%
concenirasons, respactvely. If moniioring annually, only one location with a dual sampie set per monitonng pencd is nesded if e rlg-ulTl'HManu
HAAE concentrations: occur at the same iocation and in the same month.
Ground waler sysiems serving < 10,000 and Subpart H sysiems sening < 530 must increase monionng to quasterly if an MCL is exceeded.
A new analyical method for bromaie was established with e Stage 2 DBPRL
“‘Stage 2 DBFR did not revise the monitoring frequency or location requiremens for Shis contaminant/disinfectan.
*TOC sample 52t is compnised of source water alkalnity, source water TOC, and freated TOC,
Office oif Wiater (4505M) EPAS16-F-10-080 L waler iRl g ik August Z010
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What are DBPs and how do they form?

Rainfall carries organic Filters remove most of the organic ~ When chlorine is addedto ~ DBPs flow into the
material from the forest material but some excess can filtered water, it reacts with  distribution system,
° T h e D B P S p ro d uce d d e p en d into the reservoir. remain. ‘ ;he remaining organics, where sampling takes
orming DBPs. place.
largely on which chemical

disinfectant is used

« Chlorinated water -- (two
common classes)

« Trihalomethanes (THM4)
« Haloacetic acids (HAA5)

o “"Maximum Contaminant

Levels” set by USEPA for
finished water

FAC Organics Time  Temperature
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THMs and HAAS

, THMA4 MCL for Total-THM4 = 0.080 mg/L (80 ug/L)
I
Cl \CI Chloroform Bromodichloro- Dibromochloro- Bromoform
methane methane
HAAS MCL for Total-HAA5 = 0.060 mg/L (60 ng/L)
0
CI\)L CH,CICO.,H CHCI,CO,H CCI,CO,H CH,BrCO,H CHBr,CO,H
OH MCAA DCAA TCAA MBAA DBAA
HAAQ HAAGS plus four unregulated, but important HAAs
CHBrCICO,H CBrCIl,CO,H CBr,CICO,H CBr;CO,H
BCAA BDCAA DBCAA TBAA

4 FOUNDATION
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Methods for Real-Time
Measurement of THMs and
HAAs in Distribution Systems

Subject Area
High-Quality Water

Emmert, G.L., Cao, G., Geme, G, Joshi, N. and
Rahman, M. (2004) Methods for real-time
measurement of THMs and HAAs in distribution
systems. AWWARF and AWWA, Denver, CO.

FOUNDATION

Water Research Foundation Project 2873

Methods for Real-Time
Measurement of THMs and
HAAs in Distribution
Systems—Part 2

Subject Area

High-Quality Water

Emmert, G.L., Brown, M.A., Simone, P.S.,
Geme, G and Cao, G. (2007) Methods for
real-time measurement of THMs and HAAs in
distribution systems Phase II. AWWARF and
AWWA, Denver, CO.
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Does how I collect my THM sample really matter?

The best analytical tools are essentially worthless if performed
on a sample that was improperly collected or handled

» This is especially true for THMs
Critical factors impacting THM sampling:

* They really don't want to be in
water (THMs vs HAAs) - =y
» Think about how you remove M (&)
THMS? Headspace Aeration Temperature
» [ have collected organics and @
residual chlorine in a M

bottle...what will happen?

Time Preservation
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Sampling Procedure Outline

Sample collection should be done in an area free of excessive dust, rain, snow or other sources of contamination.

b

Select a cold water faucet for sampling which is free of screens, aeration devices, hoses, purification devices or swiveled
faucets. Faucets with screens and aeration devices can volatilize THMs causing a false reading.

Run the faucet to thoroughly flush lines. Generally, 2 to 3 minutes will suffice. The water temperature will stabilize which
indicates flushing is completed. Once the lines are flushed, reduce the flow to about 500 mL/min (a gentle thin stream).

Fill the sample vials by running the gentle stream of water along the inner wall of the vial (to minimize the formation of air

SﬂMPlE‘l . Jdrops bubbles). Fill the sample vial approximately three fourths full and add 4 drops of 1:1 HCI. Continue to fill the sample vial to
" HOl | the brim forming a positive (convex) meniscus.

- Do not overflow the vial because you will lose the preservatives and possibly compromise your sample!

1\. Replace the cap by gently setting it on the water meniscus. The thin Teflon side of the liner should be in contact with the

water in the vial. Tighten the cap firmly, but do not overtighten. It is relatively easy to break the neck of the vial by twisting
too hard.

Be sure that there are NO AIR BUBBLES in the sample vials after they are filled and capped. Turn the vial over to check for
bubbles. If there is a bubble larger than the size of a small pea, open the vial and add more water.

Sample collection should be done one vial at a time. Legibly label each vial. Open - Fill > Close > Label > Repeat

Place the sample into a cooler with ice for delivery or transport to the laboratory

NS TRWUMENT
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What are the Options for Daily
Process Control Strategies for WTPs?

>
- # :
3

. Lk
 In-House Laboratories §. e ;ﬁ‘

“ ll” u.“uy_x
: I

« Contract Labs : ‘

+ On-Site process control options [ =

N e



“The only time I have problems with
THMs and HAAs is in the summer.”

Paraphrased from almost everyone I speak with in the industry.
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“The only time I have problems with

THMs and HAAs is in the summer.”

Paraphrased from almost everyone I speak with in the industry.

Winter Summer

Total THMs

Temp (°F)

Temp (°C)

20 ppb

58

14.4

Assume 1st
order kinetics

10°C increase
Doubles Rate

40 ppb

76

24.4

A

FOUNDATION




“The only time I have problems with
THMs and HAAs is in the summer.”

Paraphrased from almost everyone I speak with in the industry.

My thoughts on this —

* The best time to reduce DBPs (THMs and HAAs) is in the Winter, Spring
and Fall quarters

* During these quarters, everything is working in your favor

e During the Summer, the “chemistry” is stacked against you — you are
rowing against the stream

/] FOUNDATION
s




Should I really measure THMs all year?!?

Winter Spring Summer Fall LRAA Goal
THMs 200 50.0 47.0 80.0 ppb
HAA5 15.0 37.5 35.3 60.0 ppb
\

4 FOUNDATION




Should I really measure THMs all year?!?

Winter Spring Summer Fall LRAA Goal
THMs 200 50.0 200.0 47.0 79.3 80.0 ppb
HAA5 150 375 150.0 35.3 59.4 60.0 ppb
\

A
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Should I really measure THMs all year?!?

establishing OELs:

Winter Spring Summer Fall LRAA Goal
THMs 20.0 50.0 200.0 47.0 79.3 80.0 ppb
HAA5 15.0 37.5 150.0 35.3 59.4 60.0 ppb
/ \ Exceeds
THMs 117.5 >MCL Operational
HAAS 881 >MCL Evaluation
/ \ Limit!
Purpose of -

To reduce peaks in DBP levels and exposure to high DBEP levels.

OEL calculations:

» Calculated for both TTHMs and HAASs at each monitoring location using Stage 2
DBPR compliance monitoring results.

> OEL is determined by the sum of the two previous quarter's TTHM or HAAS resuit
plus twice the current quarter’s TTHM or HAAS result at that location, divided by four.

» OEL=(Q1+Q2+2Q3)/4

] A
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Should I really measure THMs all year?!?

Winter Spring Summer Fall LRAA Goal
THMs 20.0 50.0 200.0 47.0 79.3 80.0 ppb
HAAS5 15.0 37.5 150.0 35.3 594 60.0 ppb
/ \ Exceeds
HAAS 88.1 >MCL Evaluation
/ \ Limit!
Ifan OEL is P Conduct an operational evaluation.
exceeded, a system |p  Sybmit a written report of the evaluation to the state no later than 90 days after being
must: notified of the analytical results that caused the exceedance(s).
P Keep a copy of the operational evaluation report and make it publically available
upon request.

The operational P> An examination of the treatment and distribution systems’ operational practices that
evaluation must may contribute to TTHM and HAAS formation.
include: » Steps to minimize future exceedances. JUNDATIO

I \ sa—N s T R UME N T S




Let's do some basic monitoring and optimization...

Winter Spring Summer Fall LRAA Goal
THMs 20.0 35.0 35.0 80.0 ppb
HAA5 150 26.3 26.3 60.0 ppb
\
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Let's do some basic monitoring and optimization...

Winter Spring Summer Fall LRAA Goal
THMs 20.0 350 131.0 35.0 553 80.0 ppb
HAA5 15.0 26.3 98.3 26.3 41.4 60.0 ppb
\
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Let's do some basic monitoring and optimization...

Winter Spring Summer Fall LRAA Goal
THMs 20.0 350 131.0 35.0 553 80.0 ppb
HAA5 15.0 26.3 98.3 26.3 41.4 60.0 ppb
/ \ Below

THMs 79.3 <MCL

Operational

HAA5 59.4 <MCL Evaluation
Limit!

No additional Reporting Requirements or Plans

4 FOUNDATION




Hmnmmmmmm...

But...you are gaming the system...

Nope. I'm following the law as it is written.

The USEPA does not want to set you up to fail. The
regulations on THMs and HAAs can be met but it all

starts with DAILY PROCESS CONTROL

THMs and HAAs should be monitored just like other
parameters - pH, Alk, Hardness, Cl Dose etc.

/ \ ANGQUNDATION




Hmnmmmmmm...

Operators need to understand the DAILY “diastole and
systole” of their water treatment plant.

Overall Compliance in the LRAA does not depend on the
Summer Quarter (when you have little control over
events).

The foundation of Overall Compliance in the LRAA is laid in
the other three quarters - when you are more in control

During the Winter, Spring and Fall, your mitigation
strategies are at peak efficiency - more bang for the buck!

/ \ ANEQUNDATI ON




l Need for an on-site THMs analyzer

« Allows for a real-time response
* Proactive intervention

« Control strategies optimized on the fly




THM-METER™

Economical Total THM Analyzer

The THM-METER™ analyzer provides an economical means to measure Total
THM concentration at your plant or out in the distribution system

* Technology fills a void for low cost, easy-to-
use THM monitoring

* Enables small to medium sized utilities to
bring in modern technology to aid in
delivering safe drinking water to their
customers

* Technology designed to reach the water
treatment plants that need it the most!

4 FOUNDATION



THM-METER™

Economical Total THM Analyzer

Total THM Concentration: 10 to 200 ppb
RSD: *5 ppb
Run Time: <1 hour

Reagents: Reagent A + Reagent B + UHP Water
Size: 20inx12inx11in(/x w xh)

Weight: 29.9 lbs

Approximate Cost per Sample: ~S5 - 7.50/sample
Sample Prep: Fill vial with water sample

Skill Level: No specialized skills required

The THM-Meter works by reacting the THMs in the sample with
proprietary reagents that generate a fluorescing compound
that is proportional to the Total THMs in the sample.

4 FOUNDATION



THM-METER™ Method Comparison

The analyzer performance was compared with the GC-MS purge & trap
method and the THM-RR instrument to assess field readiness

* Samples were collected from multiple THM-METER - Method Comparisons
locations and different water sources 140.0
(ground, well, spring) 120.0
£ 100.0
* Goal was to compare performance across g
validated THM analysis methods to assess g o
system performance of the THM-METER T 40'0
* The average bias between the THM-METER 20,0 | | |I
and established methods: 0.0 [ - oma

AR-1 AR-2 TN-1 TN-2 TN-3 TN-4 TN-5 TN-6 TN-7 TN-8

* Purge & Trap: 6.9 ppb
° THM-RR: 4.1 ppb

W PurgeandTrap M THM Meter ®mTHM-RR
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THM-METER™ Method Comparison

The analyzer was compared in online mode side-by-side to the THM-RR
instrument to further assess system reliability and performance

Total THM Data Comparison
THM-RR and THM-Meter

* Online sampling 3X daily
over 6 weeks

100

* Sampled from same finished el [ T A B Y U ] D R R
sampling adapter at same 2 7 S
time points 2 °0 —o— THM-Meter
' T 50 - == MCL i
* The average bias between _ Pe—————
the THM-METER and the = 0
THM-RR: 10
° -RR" 0
TH M RR. 1.2 ppb ,»6’3? %69 S ’f’ &a, %& %Q’L %,g, ™ ,Lm ,Lv ,‘b ,\} ’L&u q/@y w&b‘ q&u A @y nbf? q’@m %&rx
’\,\\ﬁb\ "Q\ \%\ \f\’b‘\ \%(O\ \,»‘b\ q’Q\ \\\ \\’b\ \@\ \S\\ \Q\ \\’\\ \,\'\’%\ '\,\{\’C)\ \\\’\'\,\\9\ ’L\’\ \,\>\ 0’\\,\’{’\\

PN MO
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THM-RR: Trihalomethane Rapid Response System

m”///’//’/ el s
cod
W
= ’/I/II”’II’I/’IIII/"’ ~
- % IIIIIIII/I
. ”IIIII/II/I ‘ //’I/I =

////////1///
%M//////////// 27 55

A SSRRRRRRN
RN
SRR
\\\\\\\\\\\\

: ) ith
Commercialized version of the THM-RR wi
the RR-AutoCal Autosampler
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THM-RR: Fully automated sampling, data
collection & reporting

« Automated sampling 350 CHBLC
« THMs separated and detected
« Chromatogram produced CHBeC
Drinking { my CHCly
Water ﬁ ﬁ A CHBr3
Sample 15
14 Min
« Automatic integration
. Signal converted to concentration
Data compiled in a SCADA compatible flatfile by calibration in software

, Flatfile automatically
imported to Excel

e e TS B e e T3 B i Y A « Total THMs calculated S = el s = -8 S=_jmmmamm_ 3D T A
= = - = = . £ . Most recent results automatically = : s ; -
1 Date Time Component Retention Peak Area  Conc Component Rete displayed in dashboard Date 8/7/2013 3y [TTHMA4] vs. Time
2 07/31/13 18:00 Chloroform  18.036 314.9552 2 Dichloro 1 . Time 5:58:48PM o
3 07'V3Ix’|3 I‘):(_)O Chloroform  18.036 348.7548 2.4 D!chloro 19 Plot of Total THMs over time S CHCl; 38 £ :
« 07/31/13 19:59 Chloroform 18.04 302.1464 1.9 Dichloro 19 . :  CHBICls 10.0 5 0L ".‘-x‘\ e M b A
s 07/31/13 20:59 Chloroform  18.043  349.834 2.5 Dichloro 19 automatically updated e £ M W T R A
6 07/31/13 21:59 Chloroform  18.036  302.641 1.9 Dichloro 19 - e ’ é 200
7 07/31/13 22:59 Chloroform ~ 18.04 3133284 2 Dichloro 19 CHBry M0
& 07/31/13 23:59 Chloroform  18.046 288.4526 1.7 Dichloro 19 «TTHM4 392 z
9 08/01/13  0:59 Chloroform  18.046 267.28 1.4 Dichloro 19 =)
10 08/01/13 1359 Chloroform  18.05 2648268 1.4 Dichloro 19 l —
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Quantification Range

chloroform (CHCI,) 0.06 — 60 pg-L! (ppb)
bromodichloromethane (CHBrCl,) 0.03 - 60 pg-L* (ppb)
dibromochloromethane (CHBr,Cl) 0.03 — 60 pg-L! (ppb)
bromoform (CHBr;) 0.1-60 pg-L! (ppb)

Total THMs (TTHMs) 0.12 — 240 pg-L* (ppb)

Accuracy and Precision

@ 20 pg-L™" (ppb)

Mean % Recovery %RSD
chloroform (CHCL,) 97 2
bromodichloromethane (CHBrCl,) 101 2
dibromochloromethane (CHBr,Cl) 97 1
bromoform (CHBr;) 103 2
Total THMs (TTHMs) 99 1

@ 0.3 pg-L* (ppb)

Mean % Recovery %RSD
chloroform (CHCI,) 85 2
bromodichloromethane (CHBrCl,) 81 2
dibromochloromethane (CHBr,Cl) 77 1
bromoform (CHBr,) 87 5
Total THMs (TTHMs) 83 2
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Extended On-line Monitoring Data (Lebanon, TN WTP)

* On-line monitoring data from Sept. 2015 to Feb. 2020
» 35,634 data points (hours), ~4 years
« Dataset cost if from lab ~ $2.6M

100

80

Total THM Concentration (pg-L?)

0 I 1 1 1 L L 1 1
10/1/2015 4/18/2016 11/4/2016 5/23/2017 12/9/2017 6/27/2018 1/13/2019 8/1/2019 2/17/2020
Time
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HAA-RR™

Rapid Response Benchtop HAA Analyzer

The rapid response benchtop HAA-RR™ analyzer provides fast, reliable and
accurate analysis of individual and total HAA concentrations.

e Automated Operation
Easy to use, results in 80 minutes

Optional auto sampler provides rapid unattended
analysis for up to 12 samples

« Comprehensive data
HAA speciation data provided for HAA5 and HAA9

e Operational Optimization

Replaces reliance on external laboratories for
performance control

Enables near-real time tracking and response for
HAA control

[CONFIDENTIAL]



HAA-RR™

Rapid Response Benchtop HAA Analyzer

The HAA-RR™ system provides a means to collect on-site, near-real time
HAA data to help utilities manage DBP levels

Potential Appllcatfons. HAA-RR™ Chromatogram
« Operators seeking to ensure (20 ppb Standards)
cost-effective compliance 0
with DBP regulations 2800

- Utilities and engineers
looking to undertake rapid
evaluation of HAA treatment
pilot systems, minimizing cost
and time 2200

- Utilities looking to undertake
timely acceptance testing of a - 30 40 50 60 70 80
newly installed HAA Time {Minutes)
treatment system

BCAA, 40.02
BDCAA, 57.19
DBCAA, 61.95

2600

TCAA, 54.11

DBAA, 43.62
TBAA, 69.17

2400

Intensity (mV)
Internal Standard, 34.63

DCAA, 37.71

MCAA, 30.59
MBAA, 31.61

[CONFIDENTIAL]



EZ-Titator™

Affordable Automated Titrator & Liquid Handling Devices

EZ-AutoPipet
i

« Minimize human error

« Automated separation of standards
« High accuracy & precision

« Use preloaded or custom methods

« Touchscreen interface

EZ-AutoTitrator

Easy Alkalinity, Hardness, and pH measurements

Minimizes human error in titrant
delivery/endpoint detection

Easy-to-read and use touchscreen interface

Adaptable to other Potentiometric and indicator
based titration methods



EZ-Titator™

Affordable Automated Titrator & Liquid Handling Devices

Potentiometric
Volume (mL)
14 - R R R R S R S T ST
12 - —
10 - IH,r”"
T /
. /
. 7
o S EEEEE R R
0.0 0.5 1.0 1.5 2.0 2.5
704 TR S DTSR S R
60;
% w0 i
T o H )
g 204 71N
EER| A I
-0l e e :
0.0 0.5 1.0 1.5 2.0 2.5

« pH-based Titration
« To the equivalence point
« Full scale Titration to identify endpoint

AND Colorimetric Titrations

—

Automated
Endpoint
Detection

« Hardness of Water - A classical “Hard to See”
endpoint

» Reduces error in titrant delivery/endpoint
detection between operators

« Fully automated endpoint detection



Analytical Testing & Consulting

Need THM/HAA data to better understand your disinfection byproduct levels?

« THM4, HAA5, HAA9

(EPA & non-EPA methods)

« VOCs (Purge & Trap)

« Chromatography (Liquid & Gas)

» Spectrophotometry

« Ion Chromatography

« Wet Chemistry Techniques
« Jar Testing (drinking water)
« Custom Analysis

4 FOUNDATION



Other Projects and Opportunities

* Developing turn-key new product development support (concept through
to commercialization) and additive manufacturing capabilities

* Lead analyzer to aid in the identification of lead service lines - goal is to
develop a field deployable analyzer where you could test onsite

* Investigating analysis strategies for the determination of PFAS / PFOA as
well as other emerging contaminants

* Seeking funding for automation of noninvasive cancer detection assay
using selective biomarkers (partnership with UofM)

* Continue to research improved testing capabilities for disinfection
byproducts in drinking water

* Working with the state to aid small utilities to improve DBP monitoring and
compliance

* Looking for opportunities to work with other firms where we collaborate
and/or develop new technologies to fill technology gaps

4 FOUNDATION
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Contact Information

Paul C. Brister, Ph.D.

Chief Executive Officer
pbrister@fin2o.com
(c) 850.766.4255

Any Questions?
y Q Gary L. Emmert, Ph.D.

Founder, Chief Scientific Officer
gemmert@fih2o.com

Paul S. Simone, Ph.D.

Founder, Chief Technology Officer
psimone@fih2o.com
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