From: Bindner, Scott

Sent: Fri, 15 Feb 2013 21:31:30 +0000

To: daniel.nix@wichitafallstx.gov

Cc: Haas, Robert

Subject: TrojanUV UV-Oxidation Information

Attachments: Orange County Water District Case Study.pdf, Big Spring Case Study.pdf, NDMA

Fact Sheet.pdf

Hello Mr. Nix

In follow-up to our conversation earlier this week, | am sending you two case studies highlighting UV-
oxidation installations currently being used for potable reuse purposes.

1. The Orange County Water District Groundwater Replenishment Facility, the effluent from which
is re-injected into the local aquifer and then re-treated and re-used as drinking water.
2. The Big Spring Raw Water Production Facility currently under construction in Big Spring, Texas.

| have also attached a fact sheet which provided details on the chemical contaminant N-
nitrosodimethylamine (NDMA), a suspected carcinogen that can be found in relatively high
concentrations in treated wastewater. NDMA is not easily removed through conventional wastewater
treatment and can even pass through RO membranes. Currently, it has a notification limit in California
of 10 ng/L. Itis also on the EPA’s Contaminant Candidate List 3 (CCL3) and it is suspected that federal
regulations on NDMA levels in drinking water might come in the near future. UV-oxidation is highly
effective at NDMA destruction which is one of the main reasons it has been included in potable reuse
plants such as those mentioned above.

Have you looked at NDMA levels leaving the River Road Wastewater Treatment Plant?

| have cc’d Mr. Rob Haas (who | mentioned during our previous conversation) to this message in order to
bring him up to speed. He is our Sales Manager for Texas and he and | will be happy to answer any
guestions you might have about this material.

Have a good weekend.
Regards,

Scott Bindner

Market Development Analyst — Drinking Water/Environmental Contaminant Treatment
TROJANUV

T 800.265.7246 x 253 F 519.763.5069

sbindner@trojanuv.com

www.trojanuv.com

Water Confidence
Stay connected: K3 & L) &



Please be advised that this email may contain confidential information. If you are not the
intended recipient, please notify us by email by replying to the sender and delete this message.
The sender disclaims that the content of this email constitutes an offer to enter into, or the
acceptance of, any agreement; provided that the foregoing does not invalidate the binding effect
of any digital or other electronic reproduction of a manual signature that is included in any
attachment.
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TrojanUV Solutions
for Water Scarcity:
Treating Trace Contaminants and

Disinfecting with UV in Water Reuse

The Groundwater Replenishment System, ORANGE COUNTY, California

The Groundwater Replenishment (GWR)
System, located in Orange County, California,
USA, provides purified recycled water for
aquifer recharge and for injection into area
aquifers to prevent seawater intrusion. The
GWR System is a joint project between the
Orange County Water District (OCWD) and the
Orange County Sanitation District (OCSD). It

is the largest indirect potable reuse project

of its kind in the world and utilizes the most
advanced water treatment technology available.
The GWR System treats and reuses wastewater
that, in the past, had been discharged to

the ocean. The water is reused to provide
protection against drought and as a means

of achieving a sustainable water supply.

The full-scale advanced treatment system takes
filtered secondary effluent from the neighboring
OCSD treatment plant and converts it to water
that exceeds all drinking water quality
standards. The 70 million gallon per day (MGD)
system consists of microfiltration (MF),

reverse osmosis (RO), and the TrojanUVPhox™
UV-oxidation/disinfection system.

THE TROJAN UV SOLUTION

While MF and RO provide treatment for a
variety of organic compounds, there are

a number of contaminants that, due to their
small molecular size (among other reasons),
can pass through even the most advanced

RO membranes. Common in wastewater, a
compound known as N-nitrosodimethylamine
(NDMA) is present at the GWR System as a
by-product formed during upstream wastewater
treatment processes. NDMA is formed
primarily from the combination of certain
precursor chemicals, coagulants, and chlorine
in wastewater treatment plants. The NDMA
molecule is considered to be carcinogenic at
very low concentrations and, although it passes
through MF and RO membranes, it is destroyed
with ultraviolet (UV) light by a photochemical
process known as UV-photolysis. In addition,

using a low concentration (3 parts per million
[ppmy]) of hydrogen peroxide, the system
initiates an oxidation reaction that destroys
other contaminants such as pharmaceuticals or
industrial contaminants that have been shown
to be present in secondary effluent. Together
with the other treatment processes in the
GWR System, the TrojanUVPhox™ creates
extremely high quality water from wastewater
that would otherwise be lost to the ocean.
The treatment objectives accomplished by the
TrojanUVPhox™ are:

1. Destruction of nitrosamines and other
contaminants treated by UV-photolysis
(UV alone)

2. Destruction of pharmaceuticals,
personal care products, and industrial
chemicals treated by UV-oxidation
(UV + hydrogen peroxide)

3. Microbial disinfection

4. Additional protection: a cost-effective,
easy to understand additional barrier that
helps build public confidence in treated water
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The TrojanUVPhox™ System consists of the UV
Reactor System, a hydrogen peroxide storage
and metering system and a Trojan Optiview™
UV transmittance monitor. The low-energy
TrojanUVPhox™ minimizes electrical
consumption by using Trojan’s high-efficiency
amalgam lamps. The TrojanUVPhox™ effectively
meets the peak flow demand within the design
space constraints. It has a footprint comparable
to, or even smaller than, the medium-

pressure lamp-based UV system that was also
considered for the project.

The water providers of Orange County are
taking a proactive role in meeting the water
supply needs of the region. In doing so, they
have garnered widespread public support for
the project (for more information, visit
www.gwrsystem.com). A key component of
their efforts has been the design of a treatment
process that provides multiple barriers to
chemical and microbial contaminants and
meets California Department of Public Health
Notification Levels for chemicals such as
NDMA (Notification Level of 10 parts per trillion
[ppt]) and 1,4-dioxane (Notification Level of

3 parts per billion).

DEMONSTRATION TESTING

In order to obtain an operating permit for the
TrojanUVPhox™ System, a 5 MGD
demonstration system underwent extensive
performance testing to demonstrate both NDMA
destruction and microbial disinfection.

The disinfection capability of the
TrojanUVPhox™ was determined by measuring
the log inactivation of MS2 bacteriophage
seeded into the influent stream upstream of
the UV system. In a similar fashion, its ability to
destroy NDMA was determined by measuring
the influent and effluent NDMA concentrations.

TROJANUV

WATER CONFIDENCE"

The GWR System design specifications and the
2003 NWRI/AWWARF UV Guidelines require
validation of >100 mJ/cm? delivered dose, >4
log inactivation of MS2, and >1.2 log reduction
of NDMA.

PROVEN PERFORMANCE

The performance of the TrojanUVPhox™
treatment system exceeded DHS performance
requirements and OCWD design criteria. As
illustrated in Figure 1, the system effectively
reduced NDMA to below the 10 ppt treatment
level given an influent concentration of 150 ppt.
Second, given an influent concentration of

MS2 that allowed demonstration of a 5-log
reduction, the TrojanUVPhox™ completely
eliminated the MS2 bacteria in the effluent,
leaving zero plaque forming units per milliliter
(PFU/mL). This 5-log reduction in MS2 is shown
in Figure 2. The dose required to perform this
reduction is in excess of 100 mJ/cm? and

was achieved with only a fraction of the total
system in operation.

FULL SCALE SYSTEM
DESIGN PARAMETERS

* Average flow capacity: 70 MGD

* Peak flow capacity: 100 MGD

* Future flow capacity: 130 MGD

* Design influent NDMA concentration: 150 ppt
* Target effluent NDMA concentration: <10 ppt
« Oxidizer: hydrogen peroxide at 3 ppm

« Ultraviolet transmittance (UVT): >95% at 254 nm
* Disinfection method: UV
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Figure 1. Log of the influent and effluent concentrations
of NDMA (representative test with a fraction of the total
system operational, 5 MGD flowrate)
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Figure 2. Log of the influent and effluent concentrations
of MS2 (representative test with less than 20% of the total
system in operation).

3020 Gore Road, London, Ontario, Canada N5V 4T7 T. 519.457.3400 F. 519.457.3030

www.trojanuv.com

©Copyright 2008. Trojan Technologies, London, Ontario, Canada.
No part of this publication may be reproduced, stored in a retrieval system, or transmitted in any form or by any means
without the written permission of Trojan Technologies. ECT-0108



Trojan UV Solutions:
Indirect Potable Reuse

UV-Oxidation — Raw Water Production Facility (RWPF)

BIG SPRING, Texas

PROJECT BACKGROUND

In an effort to reduce reliance on dwindling
surface and groundwater supplies in Texas,

the Colorado River Municipal Water District
(CRMWD) constructed a new Raw Water
Production Facility (RWPF) in Big Spring. Big
Spring is a 27,000-member community located
in West Texas approximately 300 miles west of
Dallas. This RWPF treats secondary wastewater
to a standard that allows it to be re-introduced
directly into the raw water supply for the water
treatment plants of Big Spring, Odessa, and
other communities in the region.

Treatment at the RWPF utilizes a multiple-
barrier approach consisting of microfiltration
and reverse osmosis (R0), followed by UV-
oxidation for the further removal of organic
contaminants and final disinfection. The
result is advanced-treated, “synthesized”

raw water capable of being combined with

the “natural” surface raw water from the E.V.
Spence Reservoir or other system supplies. The
combined raw water supply from the production
facility and reservoirs is then delivered to the
drinking water treatment plant of Big Spring as
well as those of the neighboring communities
of Stanton, Midland and Odessa for further
treatment and distribution.

CHOOSING TO REMAKE
AND RESUPPLY RAW WATER
FOR REUSE AS PURIFIED
DRINKING WATER

CRMWD, in a 2004 study, recognized that
meeting future water needs and ensuring
reliable supply in times of significant water
shortage required consideration of additional

sources of drinking water. Reusing treated
wastewater for potable drinking water

was considered to be an important new
source because it was a cost-effective and
sustainable way to augment and preserve the
existing water supply.

However, several alternatives were also
considered, including:

Obtaining Additional Drinking Water from
Groundwater Wells and Existing Reservoirs

The aquifer has little recharge potential,

and therefore does not offer the long-term
sustainability that reuse offers. Additional
reservoirs are distant, and the water is subject
to high purchase costs in addition to the
transportation cost. The wide geographic extent
of drought conditions has also resulted in other
lakes in the region suffering decreasing levels.
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Reusing Treated Wastewater for Non-potable
uses such as Irrigation and Recreational Use

Previous studies concluded that non-potable
water reuse would effectively offset the use of
drinking water for these tasks. However, the
small size and widely-distributed nature of the
non-potable demands located in Big Spring
and the surrounding municipalities meant that
proceeding with this option would require the
creation of extensive distribution networks

to deliver treated water. Further, demand for
non-potable reuse water for irrigation and
recreation fluctuated seasonally and did not
provide a dependable “year-round” solution. As
a result, this option was not considered to be
economically feasible and was also eliminated.

New Raw Water Production Facility

Treatment of secondary-treated wastewater to
standards that allow it to be re-introduced into
the raw water supply involves three independent
treatment technologies: microfiltration, RO

and UV-oxidation. The final treatment step,
UV-oxidation, provides a highly cost-effective
additional barrier to contaminants that, due

to low molecular weight, can pass through
microfiltration and RO membranes. An example
is N-nitrosodimethylamine (NDMA), a probable
carcinogen which is effectively destroyed through
direct exposure to UV light. The final treatment
provided by UV-oxidation enhances the reliability
of the potable reuse treatment process.

This three-step treatment train is identical to
that used by other successful potable water
reuse facilities, including the Orange County
Water District (OCWD) in California, to treat
wastewater for re-supply into local groundwater
aquifers. The success of OCWD has resulted in
the replication of this “gold standard” treatment
process at numerous other potable reuse
projects around the world.

TROJAN UV

WATER CONFIDENCE"™

THE TROJANUV SOLUTION

FULL SCALE SYSTEM
Trojan delivered UV-oxidation equipment for DESIGN PARAMETERS
CRMWD’s Raw Water Production Facility at
Big Spring. Two (2) TrojanUVPhox™ systems,
along with hydrogen peroxide (H,0,) dosing * DESIGN FLOW CAPACITY: 1.8 MED
equipment, treat contaminants such as NDMA, DESIGN LOG REDUCTION OF NDMA:
pharmaceuticals and endocrine-disrupting 1.2 Log
disrupting compounds that are not removed DESIGN LOG REDUCTION OF
through upstream membrane treatment. 1,4-DIOXANE: 0.5 Log
A't Fhe sgme t|mg this systgm prpwdeg ' OXIDANT: hydrogen peroxide
disinfection of microorganisms including E.coli, ,
Cryptosporidium and Giardia. DISINFECTION METHOD: UV light

CUSTOMER TESTIMONIAL

“The Trojan system offered a cost-effective
additional layer of protection against a number of
water quality concerns, with removal/inactivation
mechanisms distinct from the membrane
separation processes upstream.”

David W. Sloan, PE., BCEE
Associate & Senior Water / Wastewater Engineer
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Environmental Contaminant Treatment

Nitrosamines Fact Sheet

Update on Emerging Contaminants: NDMA and Other Nitrosamines

The nitrosamine group,

a group that includes
N-nitrosodimethylamine
(NDMA), has attracted
increased attention from
the water treatment
community as potent and
potentially wide-ranging
water contaminants. While
their presence in municipal
wastewater and indirect
potable reuse is relatively
well understood,
understanding of their
presence in drinking water
is limited. To improve this
understanding, the
nitrosamine group has
been included in the
Unregulated Contaminant
Monitoring Rule (UCMR) 2.
This summary provides
an introduction to this
emerging group of
contaminants with a
focus on NDMA.

Introduction to Nitrosamines

The nitrosamines group consists
of a large number of compounds
formed by various combinations of
amines and nitrogen compounds.
Each has the foundational
structure N-N=0. There are
hundreds of individual nitro-
samine compounds, and nearly
all are carcinogenic to animals

in animal studies. A handful

are of concern to the water
treatment community (Table 1),
with perhaps the best known
being NDMA.

Sources and Formation of
NDMA

In its pure form, NDMA is a
semi-volatile, yellow, oily liquid
with very little odor. However,
it is more often found as a
by-product or impurity of a
chemical mixture. For example,
during the 1950's, NDMA

was a key intermediate in

the electrolytic production

of 1,1-dimethylhydrazine, a
component of liquid rocket fuel.
The finished fuel contained
approximately 0.1% NDMA

as an impurity. Further, as
1,1-dimethylhydrazine breaks

chlorine or chloramines.

~ SR

NDMA can be formed when wastewater or drinking water is treated with

down, NDMA is one of the more
stable breakdown products.

For this reason and as a result
of its resistance to natural
degradation, NDMA has been
detected in groundwater near
rocket testing facilities.

NDMA was produced
commercially until the mid

Table 1: Nitrosamines included in the UCMR 2

1970's. Today, NDMA is only
produced in limited quantities
for research purposes. However,
NDMA can be formed in the
environment given the correct
conditions and the appropriate
precursor compounds. While
there are a number of possible
formation pathways, NDMA can

Nitrosamine Acronym Risk Level* Chemical Molecular Weight
(ppt) Formula (amu)
N-nitrosodimethylamine NDMA 0.7 (CH),N-N=0 741
N-nitrosodiethylamine NDEA 0.2 (C,H)),N-N=0 102.1
N-nitrosodibutylamine NDBA 6 (C,H)),N-N=0 158.3
N-nitrosodipropylamine NDPA 5 (C.H),N-N=0O 130.2
N-nitrosomethylethylamine NMEA 1.5 C,H,N-N=0 88.13
N-nitrosopyrrolidine NPYR 20 C,H,N-N=0 100.1

*10° risk level in drinking water [IRIS and CDHS websites]
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be formed by the combination
of dimethylamine (DMA) and
nitrite, particularly in slightly
acidic waters. Another important
formation pathway occurs
during disinfection of drinking
water and wastewater with
chlorine and chloramines.

Either disinfectant, when
combined with the correct
precursor compounds, has been
shown to form NDMA (Mitch
and Sedlak, 2002; Choi and
Valentine, 2001). In fact, some
water treatment processes
themselves (certain water
treatment polymers and ion
exchange resins) may contain
NDMA precursors that promote
NDMA formation when exposed
to chlorine or chloramines.
Therefore, NDMA is often
classified as a disinfection by-
product (DBP).

NDMA in Wastewater

NDMA can be found in relatively
high concentrations (hundreds,
even thousands of parts per
trillion [ppt]) in wastewater due
to the relative abundance of
NDMA precursors and the wide
use of chlorine. Dimethylamine is
a common component of animal
and human waste and can
remain in water even after
secondary wastewater treatment.
Nitrates are also present in
wastewater. In addition, the
presence of the following
industries or activities in the
collection network can increase
the potential for NDMA formation:

* Printed circuit board
manufacturing

= Use of dithiocarbamates
for root control or metals
processing

= Cosmetics manufacturing

= The manufacture of
pharmaceutical and
personal care products
(PPCPs) such as shampoos,
other hair and skin products,
and cleansers

* Rubber and tire
manufacturing

Areas containing high densities

What Others Are Doing:

Several water supply projects
currently take secondary-
treated wastewater and

treat it to standards beyond
those required for drinking
water. These facilities use
microfiltration (MF) and reverse
osmosis (RO). However,
because NDMA passes through
MF and RO, Trojan UV-oxidation
is used as a final polishing step.
Selected indirect potable reuse
projects include:

= The Orange County (CA)
Water District's Groundwater
Replenishment System
(GWRS)

= Water Replenishment District's
Alamitos Barrier Recycled
Water Project, and

= West Basin Municipal Water
District's Water Recycling
Project

This TrojanUVPhox™ at the Orange County Water District removes NDMA and any other wastewater-derived contaminants
that may be present in MF and RO-treated secondary effluent.

of these industries are at
increased risk of forming higher
concentrations of NDMA in
wastewater.

Nitrosamines in Indirect
Potable Reuse

Due to the potential presence

of NDMA in wastewater,

water providers performing
Indirect Potable Reuse (IPR) of
wastewater are required by many
regulators to monitor for NDMA.
Due to its low molecular weight
of 74.1 amu (Table 1), NDMA

passes through conventional and
membrane treatment processes,
even reverse osmosis. Without
treatment with UV, NDMA

can be present in finished,
treated water intended for IPR
(see back page for Treatment
Technologies).

Nitrosamines in Municipal
Drinking Water

NDMA is a disinfection by-
product and can be present at
low concentrations in treated
drinking water (Barrett 2003).

NDMA in Groundwater

In addition, NDMA may be
present in source water under
the influence of wastewater
discharge. During dry seasons,
wastewater effluent may
comprise a significant fraction
of the volume of water

present in a river or stream.

A waterway experiencing this
condition has become known as
“effluent impacted” or “effluent
dominated.” The scenario in
which a downstream municipality
draws drinking water from this
type of source is becoming

NDMA is a breakdown product and impurity of storable
liquid rocket fuel. For this reason, extensive rocket
testing in certain areas of the United States during the
World War Il era left groundwater contaminated with
NDMA. In many cases, residue from expended rocket
fuel was washed into shallow groundwater aquifers
where it has remained for decades. This groundwater
has slowly migrated to create large NDMA plumes that
now affect drinking water supply wells. This groundwater
must be treated in order to be used by local communities.
In California, regulators often require treatment to remove
NDMA to concentrations less than 2 ppt.
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more common as cities expand
their reach to provide additional
drinking water supplies.
Inclusion of nitrosamines in the
UCMR 2 will provide additional
data regarding the presence

of NDMA resulting from
wastewater effluent or other
sources in the United States
drinking water supply (see
Regulatory Response below).

Nitrosamines in Foods and
Beverages

Nitrosamines have been
detected in certain foods and
beverages including cured meats,
cheeses, beer and whisky.
Nitrosamines form in cured meats
because meats contain amines
and sodium nitrite is added as a
preservative. Due to toxicity
concerns, however, adjustments
to brewing, fermenting, and
curing processes have been
made and have led to a
significant reduction in NDMA
in these foods and beverages
(Scanlan 2006).

Health Risks

NDMA has a high chronic and
acute toxicity. The USEPA, the
Agency for Toxic Substances
and Disease Registry, and the
Department of Human Health
Services, among others, have
determined that based on animal
testing NDMA may reasonably
be considered a human
carcinogen that is hazardous at
low concentrations. The USEPA's

Integrated Risk Information
System (IRIS), a database
containing toxicity information
on hazardous substances,

lists NDMA as a probable
human carcinogen with a one
in one million lifetime cancer
risk (10°%) in drinking water

at a concentration of 0.7 ppt
consumed by a 70 kg person
drinking 2 liters of water per day
(de minimis levels are listed for
other nitrosamines in Table 1).
There is general agreement
within the toxicological
community that NDMA, even
at very low concentrations,
presents a health risk.

UCMR 2

In August 2005, the USEPA released

its second proposed Unregulated
Contaminant Monitoring Rule (UCMR 2).
This rule requires that utilities serving
greater than 10,000 customers test

for 26 environmental contaminants

and submit the results to a central EPA

Regulatory Response

The province of Ontario,

Canada has set a drinking

water standard for NDMA of

9 ppt. Ontario is the only state,
provincial, or federal government
that has promulgated a formal
drinking water standard for

a nitrosamine. However, at

the state level in the U.S,, the
California Department of Health
Services has set notification
levels for NDMA, NDEA, and
NDPA at 10 ppt. In addition, in
early 2006, California became
the first U.S. state to set a public
health goal for NDMA (at 3 ppt).

Other Potential Sources of NDMA include:

Printed circuit board
manufacturing

Cosmetics manufacturing

Rubber and tire
manufacturing

= TS

database. Among the 26 contaminants
are six nitrosamines, including NDMA
(Table 1). Data collected under UCMR 2
are to assist in regulatory determination.
From its distribution in drinking water,
regulators determine a contaminant's
potential impact on human health.

The UCMR helps provide data for that
effort. The first UCMR, UCMR 1, was
promulgated in 1999. For a list of the
other contaminants and for details on
UCMR 2, visit the USEPA website
http://www.epa.gov/safewater/ucmr/.

This action is a precursor to
formal regulation. At the federal
level in the U.S,, NDMA is listed
on the 2001 CERCLA Priority
List of Hazardous Substances
and, as has been mentioned, the
nitrosamine group is included

in the second proposed UCMR
(see inset above).

Playing a role in very low
regulatory standards is the
improvement of analytical methods
for detecting NDMA. Laboratories,
currently using high resolution
GC/MS techniques, can detect
and report NDMA at sub part
per trillion levels.

Foods and Beverages
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Treatment Technologies

NDMA and other nitrosamines are not
easily removed from water because they are
generally highly soluble, resist adsorption,
and have low volatility. Thus, traditional
treatment technologies such as flocculation,
sand filtration, carbon adsorption and air
stripping fail to sufficiently remove NDMA.
Even advanced treatment technologies such
as membranes and ozone are inadequate.
NDMA passes through reverse osmosis
membranes due to its low molecular

weight and ozone is ineffective because

the reaction rates of NDMA with ozone

and the hydroxyl radical are relatively slow
(for example, the reaction rate of NDMA
with the hydroxyl radical is ten times

slower than that of 1,4-dioxane, another
recalcitrant environmental contaminant).
However, NDMA does degrade relatively
quickly when exposed to ultraviolet light (a
process known as UV-photolysis). This is
cost-effectively performed in optimized UV
reactors containing lamps with the spectral
characteristics needed to destroy NDMA.
For this reason, Trojan's UV technologies are
very effective in removing NDMA from water.
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In addition, the use of UV as a disinfection
technology in the wastewater or drinking
water plant limits the formation of NDMA as
a by-product of disinfection with chlorine or
chloramines. Therefore, UV is effective in
two ways:

1. UV treats NDMA and other nitrosamines
by direct UV-photolysis

2. UV disinfection prevents the formation
of NDMA by significantly reducing
or eliminating the use of chlorine or
chloramines.

Trojan — Treating Multiple
Contaminants with One UV System

As an added benefit to NDMA treatment,
upon passing through a Trojan UV-oxidation
system the water is treated for chlorine-
resistant pathogenic microorganisms. In
addition, UV in conjunction with hydrogen
peroxide (UV-oxidation) treats other organic
compounds that may be present in the
water. Examples of compounds amenable
to treatment by UV-oxidation include a
variety of potential endocrine disruptors and
pharmaceuticals, 1,4-dioxane, volatile organic

compounds (VOCs), pesticides, and taste-
and odor-causing compounds such as MIB
and geosmin.

For more information regarding the treatment
of multiple contaminants using Trojan’s UV
solutions, including nitrosamines treatment,
please contact Trojan.

This TrojanUVPhox™ at the California Domestic
Water Company is one of five Trojan projects in the
San Gabriel Valley, CA that treats NDMA in drinking
water to less than 2 parts per trillion.
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