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Presenter
Presentation Notes
Our team has collectively worked on this topic for over a decade, as the first North American reports of endocrine disruption in fish came from our source water, Lake Mead.  


Three Key Topics

|. Water reuse — sustainability through necessity
Il. Advances in treatment and detection technologies

Ill. Exploring chemical mixtures
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Primary points of discussion


Top 10 Cities Running Out of Water
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Source: http://247wa|Ist.com/2010/10/29/the-ten-great-america-cities-that-are-dying-of-thirst/3/
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Presentation Notes
A 2010 article in the Wall Street Journal highlighted the 10 ten cities that are running out of water, note that the two largest cities in Arizona are both in the top 10 (Phoenix and Tucson)
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In 2009, the Economist reported “The worst drought in half a century”, but in 2011, the drought got much worse.  Some climatologists estimate the drought could last for more than a decade.


Aug. 7, 2011. Lake E.V. Spence in Robert Lee, Texas. After
years of diminishing water supplies made even worse by the

second most severe drought in state history, some
communities are resorting to a plan that might have seemed
absurd a generation ago: turning sewage into drinking water.
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Presentation Notes
Texas has suffered an incredible drought over the past years.  Economic losses are in billions of dollars.  Some cities literally have less than a year of water supply left under current conditions.


Desperate to drink, West Texas turns to

wastewater - CNN.com
By Ed Lavandera, CNN Correspondent CNN.com

Big Spring, Texas (CNN) -- Desperate times call for a tall, cool glass of creativity in this patch of West Texas
Where water is scarce and quickly disappearing.

But a plan to pump millions of new gallons of drinking water into the system has many people across West
Texas holding their noses.

This week construction started on a $13 million water-reclamation facility. That's a fancy way of describing a

treatment plant that wil tum sewage wastewater nfo drinking water.

"That's not something | even want to think about," said Eunice Thixton, a Big Spring resident. "It really
doesn't sound 0o good."


Presenter
Presentation Notes
Texas is desperate for water, and is constructing potable water reuse plants as fast as possible.  These systems will convert municipal wastewater to safe and sustainable drinking water.
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However, Texas should be no stranger to water reuse.  The cities of Dallas and Houston are connected by the Trinity River.  The Trinity River is generally composed primarily of wastewater effluent from the Dallas/Fort Worth region and is the primary source of water to lake Livingston, the primary source of drinking water for the city of Houston.  The saying goes “flush twice in Dallas because Houston needs the water”.

http://upload.wikimedia.org/wikipedia/commons/0/09/Trinity_Watershed.png�

HNO WINDING RIVER

Houston considers using its own
toilet water as drinking water

rather than relying on Dallas
flushes

BY TYLER RUDICK

o2.29.12 | 11:44 am

hen it comes to water, the City of Houston has a not-so-secret
weapon in its municipal arsenal — the toilets and sinks of
Dallas.

It's not as wretched as it sounds, actually. The water is treated in Dallas
before it enters the Trinity River and flows to Lake Livingston, mixing with
rain and groundwater before getting tested and pumped across the greater
Houston area.

"The water is incredibly clean and nutrient-rich when it leaves the filtration
plant,” Alvin Wright, spokesperson for Houston's Public Works and

Engineernng Depariment says. "Naturally-occurmring bactena and minerals
break down any other pollutants in the water as it flows from north Texas.”

http://houston.culturemap.com/newsdetail/02-23-12-houston-considers-using-its-own-toilet-water-as-drinking-water-rather-than-relying-on-dallas-flushes/
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In February of this year, an article was published that speaks to Houston considering drinking its own wastewater instead of Dallas’.   


Report warns water crisis looming in arid
Southwest

me—

By Patrick O'Driscoll, USA TODAY

DENVER — The fast-growing states of the arid Southwest
must plan for more severe droughts because of a regional
warming trend that shows no signs of dissipating, says a
new assessment of the Colorado River's water supply.

The report released Wednesday by the National Research
Coundil says agriculture, which uses 80% of the West's
wafter, is the likeliest target for shifting water supplies to
growing urban areas. But the council, an agency of the
Mational Academy of Sciences, cautions that "the
availability of agricultural water is finite."

. Water Use in Southwest Heads for a Day of
Reckoning
By FELICITY BARRIMGER

y Eljtﬂﬂu uuﬂ;ﬁmgﬁ Published: September 27, 2010

LAKE MEAD NATIONAL RECEEATION AREA,
Nev. — A once-unthinkable day is looming on the
Colorado River.
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But drought conditions are not only in Texas.  The entire Southwest has been gripped in a persistent drought.  The Colorado River continues to suffer from long term decreased flows due to lower than average snow pack in the Rocky Mountains





- Water Supplies Are Vulnerable

Population Growth is 20% to 50% in Most Water-Stressed Areas
Water Resources and Population Growth, 2000-2020

US population will increase
significantly (double over 100

years)
Less Water

Esern Anshois Office Sowree DOEMETL (M. Chan. Sudy 2002}
Ty et
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I like to point out that water scarcity issues are not just in the desert southwest, but also parts of the eastern seaboard and texas.


Water, Power, and Food: Intimately Related



Presenter
Presentation Notes
Population increase also increases electrical energy use, directly and indirectly through associated activities like water treatment and transportation.  This statistic is for the US (not Palo Verde alone).  Source of information is http://ga.water.usgs.gov/edu/wupt.html
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Agricultural uses far exceed urban uses, and thus we can expect more stresses on our water resources through population growth not only in urban water needs, but also in water withdraws for increasing food demands.


The largest US atomic power plant
Is located in the desert of Arizona

s

In USA, >750,000 m3water/day
used for electrical generation
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Population increase also increases electrical energy use, directly and indirectly through associated activities like water treatment and transportation.  This statistic is for the US (not Palo Verde alone).  Source of information is http://ga.water.usgs.gov/edu/wupt.html
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Moreover, there is increasing scrutiny regarding wastewater discharges, for instance, the State of Florida will ban all off shore discharges of wastewater in the coming decade, thus reuse will increase commensurately.  


Potential for Water Reuse

About 5-6% of
municipal
wastewater effluent
in the U.S. is
reclaimed and
beneficially reused

Israel reuses more
than 70%

Singapore reuses
30%, up from 15%
in recent years

Australia, now at 8%,
has a national goal of
30% by 2015

USA Wastewater
Resources

5-6%
Reclaimed

Source: Wade Miller - WateReuse Association
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Water Reuse has tremendous potential to help alleviate some of the water demands


NRC Report on Reuse (2012)
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However, Texas should be no stranger to water reuse.  The cities of Dallas and Houston are connected by the Trinity River.  The Trinity River is generally composed primarily of wastewater effluent from the Dallas/Fort Worth region and is the primary source of water to lake Livingston, the primary source of drinking water for the city of Houston.  The saying goes “flush twice in Dallas because Houston needs the water”.
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Risk Exemplar Contaminants

Pathogens:
 Adenovirus
 Norovirus
 Salmonella

e Cryptosporidium

Disinfection Byproducts

« Bromate

 Bromoform

e Chloroform

 Dibromoacetic acid (DBCA)

» Dibromoacetonitrile (DBAN)

* Dibromochloromethane (DBCM)
* Dichloroacetic acid (DCAA)

* Dichloroacetonitrile (DCAN)

« Haloacetic acid (HAAS)

e Trihalomethanes (THMS)

* N-Nitrosodimethylamine (NDMA)

Hormones and Pharmaceuticals

17B-Estradiol (endogenous estrogen)
Acetaminophen (paracetamol)

Ibuprofen (pain/inflammation)

Caffeine (stimulant)

Carbamazepine (anticonvulsant)
Gemfibrozil (lipid lowering fibrate)
Sulfamethoxazole (antibiotic)
Meprobamate (antianxiety & degradant)
Primidone (anticonvulsant)

Others

Triclosan
Tris(2-chloroethyl)phosphate (TCEP)
Perfluorooctanesulfonic acid (PFOS)
Perfluorooctanoic acid (PFOA)



Risk Exemplar Methods

Contaminant concentrations:

o Estimated initial concentration of contaminants in source waters
based on literature review

« Estimated removal efficiencies and fate assumptions for steps in 3
scenarios (based on literature review)

Microbial Risk Assessment:

* Used dose response equations shown in report. Assumed 1 L/d
water consumption (unboiled).

Chemical risk assessment:

* Risk based action levels (RBALs) determined for chemicals based
on 2 L/d consumption (Table A-12)

« Margin of Safety = RBAL / drinking water conc.
« MOS > 1 not considered to be a significant health risk



Risk Exemplar Results: Pathogens
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Planned vs. Unplanned Reuse

Max Ave. Health Safety

Compound (ng/L) Site (ng/L) Ref Factor
Atenolol 7.4 DW3 70000 AwwaRF 3085 1.1E-04
Atrazine 300 DW3 3000 EPA SDWA 1.0E-01
Caffeine 22 DW4 350 AUS Guideline 6.3E-02
Carbamazepine 110 IPR1 1000 Schriks 2009 1.1E-01
DEET 53 DW3 2500 AUS Guideline 2.1E-02
Diazepam 0.63 DW3 1400 EPA CCL3 4.5E-04
Dilantin 59 DW3 6800 AwwaRF 3085 8.7E-03
Fluoxetine 1.3 IPR1 42000 Schwab 2005 3.1E-05
Gemfibrozil 10 DW4 45000 AwwaRF 3085 2.2E-04
Ibuprofen 10 DW4 400000 AUS Guideline 2.5E-05
Meprobamate 120 DW3 260000 AwwaRF 3085 4.6E-04
Naproxen 4.1 DW4 220000 AUS Guideline 1.9E-05
PFOA 31 DW3 1100 EPA CCL3 2.8E-02
PFOS 59 IPR1 200 EPA CCL3 3.0E-01
Sulfamethoxazole 98 IPR1 35000 AUS Guideline 2.8E-03
TCEP 510 DW3 2500 EPA CCL3 2.0E-01
Trimethoprim 0.73 DW4 61000 EPA CCL3 1.2E-05

Snyder et al., 2011 — WRF 06-006
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Serving Flags tdff and northern Arizona

Is Flag's drinking water at risk?

CYNDY COLE Sun 5taff Reporter | Posted: Tuesday, October 18, 2011 530 am

“About two years ago, very small traces of an antibiotic, an anti-seizure
medication and a possible cancer-causing agent appeared in four groundwater
wells in northwest Tucson.

All of the wells are located downstream of the local sewage treatment plant, which
releases its treated sewage water into a riverbed.

When tested, some of Flagstaff's drinking water wells downstream of the Rio de
Flag wastewater treatment plant have also shown tiny traces of other
pharmaceuticals and hormones, which have an ability to influence growth in

ISTT SAFE?
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Presentation Notes
Of course the ultimate question is “Is it Safe”, which has been voiced recently in discussions in Flagstaff Arizona regarding the detection of trace pharmaceuticals.


Three Key Points

II. Advances in treatment and detection technologies
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Primary points of discussion


. Can treatment make this drinkable???




MBR Aeration Basin

Ireatment can

b |
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Here is an example from a pilot plant which uses wastewater as a source to produce high-purity drinking water.  


Reuse can SAVE energy (despite RO:UV-AOP)
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However, even with energy intensive water treatment processes, potable water reuse at Orange County saves energy as compared to importing water and especially as compared to sea water desalination.
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More than 60% of DBPs are still not known....

Unknown 69.9%

I HNMs 0.5%
I HACEs 0.5%
I HKs 0.9%

I HALDs 1.8%
I HANs 0.8%

HAAs 11.8%

THMs 13.5%

1 Halofuranones 0.1%
[ lodoTHMs 0.2%

Nationwide Occurrence Study, Krasner et al., Environ. Sci. Technol. 2006,
40, 7175-7185.

~50% of TOX >1000 Da: Khiari, et al., Proc. 1996 AWWA Water Quality
Technology Conference



Enwiron. Sci. Technol 2008, 40, T176-T7185

Occurrence of a New Generation of
Disinfection Byproducts'

STUART W. ERASNER,*#

HOWARD 5. WEINBERG,S

SUSAN D. RICHARDSOMN,'! SALVADOR J.
PASTOR,! RUSSELL CHINM, ?
MICHAEL ]. SCLIMENTI,}
GRETCHEM D. ONSTAD,® AND
ALFRED D. THRUSTOM, JTR."
Metropolitan Wiker District of Sowthem Calffornia,
FON Moreno Avene, La Verne, Calffornda 91750-3595,
Department of Environmental Scimees and
Engineering, University of North Caroling,

Chapeal Hill, North Carolinag 27598-7431, and
National Exposure Research Laboratory,

L5 Enpironmental Protection AFency,

560 College Station Road, Athens, Geongia 30605

the formation of trihalonitromethanes. In addition to the
chlorinated furanones that have been measurad previously,
brominated furanones—which have seldom been analyzed—
weare detactad, espacially in high-bromide waters. The
prasence of bromide resulted in a shift to the formation
of other bromine-containing DEPs not normally measured
{e.g., brominated ketones, acetaldehydes, nitromethanes,
acetamidesl. Collectivaly, ~20 and 29% of the TOX and total
organic bromine, respectively, wena accountad for fon a
madian basis) bytha sum ofthe measurad halogenated DEPs.
In addition, 28 new, previously unidentified DBPs were
detectad. Theseincluded brominated and iodinated haloacids,
3 brominated ketone, and chlorinated and iodinated
aldehydes.

Introduction

3 JETI S a DT L

A survey of disinfection byproduct (DBP) occul
the United States was conducted at 12 drnkin
treatmant plants. In addiion to currently regul
mare than 50 DEPs that rated a high priority for
tomi ¢ ity wiere studied. These priority DBPs includ
trihalomethanes i THK s}, ather halomethanes, an

Moreover, only a limited number of DBPs have been studied
for adverse health effects because such studies are extremely
expensive.

haloacid, haloacetonitriles, haloketones, halonitromethanes,
haloaldehydes, haloganated furanones, haloamides,

and nonhalogenated carbonyls, The purpose of this study
was to obtain quantitative oceurrence information for
new OBPs (beyond those currently regulated and/or studied)
for prioritizing future health effects studies. An effort

was made to select plants treating water that was high in
total organic carbon and/or bromide to enable the
detection of priority DEPs that contained bromine and/or
indine, THMs and haloacetic acids (HAAs) representad the
two major classes of halogengted DEPs formed an a
weight basis. Haloacetaldehydes reprasanted the third
major class formed in many of the watars. In addition to
obtaining quantitative occurrance data, important new
information was discoverad orconfirmead at full-scale plants
on the formation and control of DEPs with alternative
disinfectants to chlorine. Although the use of alternative
disinfactants { ozong, chloring dioxide, and chloramines)
minimizad the formation of the four ragulated THMs,
trhalogenated HAAS, and total organic halogen (TOX),
several priority OBPs were formed at higher levels with
the alternative disinfectants as compared with chlorine. For
gxample, the highest levels of iodinated THMs—which

ara not part of the four regulated THMs—were found at a
plant that used chloramination with no prechlorination.
The highest concentration of dichloroacetaldehyde was at
a plant that used chloramines and czone; however, this
disinfaction scheme reduced the formation of trichloro-
acetaldehyde. Preozonation was found to increase

t This article is part of the Emerging Contaminants Special Issue,

* Comresponding author phone: [909)292-5E3; fag (209020 2-5245
e-mail: skrasner@nomwd H20, com.

t Metropalitan Water District of Scuthern California.

§ University of North Carclina.

V115, Environmental Protection Agency.
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utlities, utizing both target compound and broad -screen
analyses {Z. The halogenated compounds, cumulatively,
accounted for between 30 and 60% of the total organic
halogen (TOX) found In these samples. In 1988—1989, a study
af 35 L5 utlitles was conducted, which analyzmed for 19
halogenated DEPs and two aldehydes [ 3. On awelght basis,
THMs were the largest class of DEPs detected; the second
largest fract lon was halcacetl caclds (HAAs). Inadditon, Glaze
and Welnberg studied the formation of czonation DEPs at
10 Morth Amertean utilitles in 1990—1991 (). This study
demonstrated that aldehydes could be removed with blo-
filtrration (5], and bromate formatlon could be minimized at
a lower ozonatlon pH (6.

In 1997—1998, 296 1.5, utlitles operating a total of 500
plants conducted a DEP survey under the Information
Collection Rule (1CR) (7). This survey Included measurements
for the 4 regulated THMs, 6—9 HAAs & are regulated), 4
haloacetonitrles, 2 haloketones, trichloronttromethane (chlo-
roplern), tichloroacetaldehyd e {chloral hydrate ), cyanogen
chlorde, chlorite, c hlorate, bromate, glyoxal, methyl ghyozal,
and 11 other aldehydes. The ICR, which Inchuded the same
DEPs from the earller studles (3, 4), greatly expanded our
knowledge on the occumence of these DEPs.

Other DEPs of health concern have had less extensive
monitorng. The chlodnated furanone 3-chloro-d-idichlo-
romethyl)-5-hydroxy-2- (55 -furanone (MX) has been mea-
sured in a imited number of studies in the United States (8
9 and elsewhere (1{]. Forexample, Kronberg and colleagues
found from 15 to 67 ng/ Lof MX inchlordnated drinking water
from three towms In Finland (1) MX, 1ts geometric lsomer
{ i-2-chlom-2-idic hloromethyd) -4 -ocobutenolc actd {EMY),
and thetr oxdized and reduced forms were found in 1.5,
waters (11}, while MX and brominated analogues of X
{BEMXsl have been identifled In Japanese drinking waters
(1.

Trhalonttromethanes with bromine have been iden tifted
In bench-scale chlodnation studles (13), and bromopicrin
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An occumence study was conducted to measura five iodo-
acids findoacetic acid, bromoiodoacetic acid, i£1-3-bromo-2-
inda-propanaic acid, (£1-3-bromo-2-iada-propenaic acid, and (£
Ziodo-*mettrdbutanadicic acid) and two iodo-ihalomathanas
{indo-THMsI, (dicHoroiodomethane and bromochloro-
indomathana) in chloraminated and chlorinated drinking
watars from 23 cities in the United States and Canada. Since
indoacetic acidwas pravioushy foundteo be genotoxic in mammalian
calls, the iodo-acids and iodo-THMs were analyzad for
toxicity. & gas chromatography IGCY negative chemical ionization-
mass spectrometry (MS) mathod was developed to measura
tha iodo-aeids; iodo-THMs were measurad using GChigh
resolution elactran ionization-MS with isotope dilition. The iodo-
acids and indo-THMs were found in waters from most

plants, at maximurn levels of 1.7 /L fodoacetc acid), 14
wd'L bromoindoacetic acid), 050 @a'L (12)-3-bromo-2-
indopropenoic acid), 028 /L {(E-3-broma-2-indopropanoic
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acid), 058 wg/L (IE)-2-iod o-3-mathylbutenedicic aeidl, 102 qgll
(bromac Horaiodomethanel, and 73 gL (dichloroicdomethanal
lodo-acids and iodo-THMs wara highest at plantswith short free
chlarine contact times (< 1 minl, and weane lowest at a chlorine-
only plant or at plants with long free chlorine eontact imas

(=45 min). |edide levalsin source waters ranged from 0.4ta 104.2
dfLiwhendetected), butthere was not a consistent carmelation
between bromide and iodide. The rank order for mammalian
call chronic cytotoxicity of the compounds measured in this
study, plus other indinated compaounds, was iodcacatic

acid = (E}-3-bromo-2-indepropencic acid = iodoform > (£)-3-
brome-3-indo-propanic acid = {Z)-2-bromo-3-iodo-propenaic
giid = diindnarotic 9eid = bromoindoseotic aeid = (B2 jnds,

53 ¢

This order of toxicity correlates with the leaving tendency of
the halogens in SN2 reactions: I = Br = Cl.

S5

chloradiiodomethane > bromoiodoacetc acid = E-2Hodo-3-
metylbutenadioic acid = {E}-3-bromo-3-iodo-propenaic acid =
{Ey-2-bramo-2-indopropenoic acid. In ganaral, compounds
that eontain an iodo-group have enhanced mammalian call
cytotoxicity and genotoxicity as compared to thair brominated
and chlorinatad analogues.

Introduction

In a recent Mationwide Disinfection Byproduct (DEP) Oc-
currence Study (1), iodo-acids were identified for the first
time as DEPs in drinking water disinfected with chloramines
(1. 2). The indo-acids included iodoacetic acid, bromoiodoace-
tic acid, (£)-3-bromo-3-iodo-propenoic acid, (£)-3-bromo-
S-iodo-propenoic acid, and (E)-2-iodo-2-methyl butenedioic
acid (Figure 1). Gaschromatograp by {GC) with low- and high-
resolution electron ionization (EIj-mass spectrometry (MS)
was used toidentify them, and they were confirmed through
a match of mass spectra and GC retention times using
authentic chemical standards (2). There is concem about
these new iodo-acid DEPs because indoacetic acid is highly
cytotoxic and more genotoxic in mammalian cells than
bromoacetic acid, the most genotoxic of the regulated
haloacetic acids (HAAs) (2). Additionally, iodoacetic acid
causes developmental abnormmalities in mouse embryos (3, 4.

lodo-trihalomethanes (iodo-THMz) have been predicted
to be more toxic than chlorinated and brominated THM=
i51, which are currently regulated in the United States (8).
lodo-THMswereinchided in the Matiomeide DEP Occumence
Study and were highest in drinking waters treated with
chloramines (1). In one plant, the summed concentrations
ofthe siviodo-THMswas 81% of the sum of the four regulated
THMs (1). Even though iodo-THMs have been lnoem as DEPs
since the mid-1970s {7, &8, there have been wvery few
measurements in drinking water (1, 3, 10, and virtually no
toxicity data.

Bacause chloramines produce significantly lower levels
of the regulated THM=s and HAAs (11, 129, many drinking
water treatment plants in the United States have switched
from chlorine to chloramines. However, evidence indicates
that the formation of iodinated DEPs may be higher with
chloramination than with chlorination (1, 10, 13). Our goals
were to develop an analytical method to quantify five iodo-
acids in drinking water, measure their occurrence in several
waters treated with chloramination, and investigate the effect

0102 1esk 150k COC: 4078 @ 200 Americen Chemical Sodety
Publishad on Wb 03247008



Ozonation and Formation of Nitrosamines
N-Nitrosodimethylamine (NDMA)

P
N
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untreated 1.5 mg/L 3 mg/L 6 mg/L 9 mg/L
ozone dose (mg/L)



GC-ICPMS

B Brominated DBPs in effluent

Full Time Range EIC[79] : 0175MPL.d
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?Br GC-ICPMS chromatograms for extracts of wastewater
effluent; M Non-treated B Ozonated M Chlorinated & Ozonated



GC-ICPMS

® |odinated DBPs in effluent
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1271 GC-ICPMS chromatograms for extracts of wastewater
effluent: B Non-Ozonated and Il Ozonated







Ozone Reaction Products
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Benzotriazole + Ozone
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Mawhinney, DB, BJ Vanderford, and SA Snyder. (2012) Environmental Science &
Technology 46 (13):7102-7111.
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This is a direct reaction mechanism, but we are currently working out the involvement of hydroxyl radicals.


Three Key Points

lll. Exploring chemical mixtures
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Primary points of discussion


Drinking Water Strategy

Share your. ideas about EPA's drinking water approach™ ™

- Announced by Lisa Jackson March 22"d, 2010
1. Address contaminants as groups
2. Development of technologies
3. Multiple statutes for drinking water

4. Partner with states to share monitoring data

http://www.webdialogues.net/cs/epa-dwcontaminantgroups-
library/download/dlib/1860/EPA_Discussion_Paper.pdf.pdf?x-r=pcfile_d
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Presentation Notes
Another emerging issue relates to assessing chemicals as mixtures, including byproducts from water treatment processes.   This is another area where our team is conducting extensive research.


Defining Group(s)

Potential Factors to Consider

e Has similar health effect endpoint

e Removed by common treatment or control
processes

e Measured by common analytical method(s),
directly or indirectly, under full scan

e [Known or likely co-occurrence]

The more “promising” groups are likely to have many
of these factors in common.




Groups Initially Identified

Volatile Organic Compounds (VOCs) * Conazoles
Synthetic Organic Compounds (SOCs) * Disinfection Byproducts

* Inorganic Compounds (IOCs) * Nitrosamines

e Carcinogenic VOCs * Perfluorinated compounds
 Non-carcinogenic VOCs (PFOS/ P!:OA/ PFCs)

* Pesticides * Estrogenic Compounds

e Carbamates * Androgenic Compounds |
* Organophosphates * Pharmaceuticals 3
e Chloroacetanilides * Antibiotics N

e Triazines e Cholinesterase Inhibitors

Thyroid Inhibitors




Analytical Chemistry VS Bioassay

Targeted Analytical

Known compounds
Quantitative
Individual compounds

Mechanistic Bioassay

Knowns/unknowns
Semi-quantitative
Synergism/Antagonism

gegaee e




Sample Preparation

Extraction

!

HPLC Fractionation

!

Fraction

Collector

AMES II/CALUX test/RTCA

TA98, TAmiIx

Nrf2 cell lines

!

16HBE140-cell

Analyte ldentification

LC/GC ICPMS

GC-QTOF

NN

LC-QTOF




Green Valley, Arizona
Xylem — UV & Ozone Pilot

—
H,O, dosing —[Elg . O, analyzer
UV system E., P
control -1

O, catalyst

.| || -
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flow meter

Venturi injector: g

booster pump




AMESII test

®

1./Overnight culture 2. Transfer to 24-well plates

Sample (in DMSO)
S9

Bacteria

Exposure media

=

4. After 48h,
check the
results

3. Add indiator media
transfer to 384-well plates
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According to the United Nations, more than one billion people lack access to safe drinking water and nearly three billion lack basic sanitation.  Clean, safe, and sustainable water is pinnacle to economic viability and the well-being of people.  
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Blank
controls

Roger Rd
Site

Green Valley
no treatment

+ Ozone
+ UV

+ Ozone/UV

+ H202/UV

+ Chlorine

Green Valley
Pilot

-

()]
<))

Results from Ozone & UV
Water Reuse Pilot Testing
(n=4 seasons)

» WWTP effluent had elevated
glucocorticoid (GR) activity

» UV processes are most effective
at removing GR activity

— Agonist appears to be UV
sensitive (1 quantum yield)

— Guides structural elucidation
(i.e., NDMA)
» Chlorine and ozone poor for
attenuating GR activity

» Antagonistic ER and AR activity
to be investigated

log, ratio sample/controls



alytical Approach for Unknowns

UHPLC(Dionex)-QTOF (AB Sciex) UHPLC-QTOF (Agilent)
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QTOF Discoveries
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Possible:
Cortisone/
Prednisolone

(C21H2805)




QTOF Discoveries
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Membrane Reverse Advanced
bioreactor Disinfection OsSmosis oxidation
Wastewater E —

' : —— |:| Untreated
surface or
groundwater

Activated
Disinfection carbon UV disinfection Ultrafiltration Blending
tank
* —p—— - -_—— B EE—
To distribution
system
Figure 3-7

Schematic of Cloudcroft, NM DPR treatment process flow diagram
(Adapted from Livingston, 2008).
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According to the United Nations, more than one billion people lack access to safe drinking water and nearly three billion lack basic sanitation.  Clean, safe, and sustainable water is pinnacle to economic viability and the well-being of people.  
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Moreover, there is increasing scrutiny regarding wastewater discharges, for instance, the State of Florida will ban all off shore discharges of wastewater in the coming decade, thus reuse will increase commensurately.  
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Three Key Points

® All water has been, or will be, reused
— Global sustainability depends on recycling water
— This activity will contribute new chemicals to water
® Treatment and detection technologies are advancing

— Membrane and oxidation technologies are reliable
— Any contaminant can be removed

— However, detection is a function of the analytical method

® Water Reuse will Continue to Advance

— Potable water reuse is growing, including direct potable reuse
— Real-time on-line monitoring systems are critical

— WVe can produce safe potable water from wastewater!
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Conclusions, can pretty much just read these.
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I wanted to end with some exciting news about a new Center that has been developed at the University of Arizona.  The Water & Energy Sustainable Technology (WEST) Center is a transformative concept that couples industrial, government, and academic researchers to develop, evaluate, and implement new technologies for sustainable water and energy.  Some examples include algae for biofuels from wastewater cultivation, comparison of natural systems to engineered systems, and many other exciting devlopments.  We look forward to collaborating with experts like you as we move forward!
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