CITY oF

Citizen’s Water Advisory Committee
P.O. Box 27210

Tucson, AZ 85726-7210
(520)791-4213 (Voice)

(520)791-2639 (TDD)
MEETING NOTICE (520)791-4017 (FAX)

Pursuant to A.R.S. § 38-431.02, notice is hereby given to the members of the Citizen’s Water Advisory Committee; Technical/Planning
and Policy Subcommittee and to the general public that the Commission will hold the following meeting which will be open to the
public on:

CITIZENS’ WATER ADVISORY COMMITTEE
TECHNICAL/PLANNING AND POLICY SUBCOMMITTEE

Wednesday, October 28, 2015 - 12:00 p.m.
Tucson Water —Director’'s Conference Room
310 W. Alameda — 3" Floor, Tucson, AZ 85701

Please enter the building using the public elevator in the basement garage (the garage entrance is on Granada Avenue), and sign in at the
security desk on the 1* floor to get a badge before proceeding to the 3" floor.

AGENDA
1. Call to Order/Roll Call
2. Announcements
3. Call to Audience
4. Review and Approval of September 23, 2015 Meeting Minutes
5. The Impact of Emerging Contaminants on Water Sustainability — Shane Snyder
6. Future Meetings/Agenda Items
7. Adjournment
Action may be taken on any item Next Meeting: November 18, 2015

If you require an accommodation or materials in accessible format, or require a foreign language interpreter or materials in a language other than
English for this event, please call Johanna Hernandez at 837-2083 or email johanna.hernandez@tucsonaz.gov at least 2 business days in advance.


mailto:johanna.hernandez@tucsonaz.gov

The Impact Of Emerging Contaminants
On Water Sustainability
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Signs of Water Found on 5 Alien Planets by
Hubble Telescope

By Mike Wall, Senior Write




Peter Smith (University of Arizona) Principal Investigator:
The Imager for Mars Pathfinder — “Selfie” after touchdown




Robert Brown (University of Arizona) Principle Investigator,
Visual and Infrared Mapping Spectrometer (VIMS) on
NASA's Cassini spacecraft

Cassini's visual and infrared mapping spectrometer in the
near-infrared reflection of sunlight indicates temperature
and atmospheric conditions (dots are storm cells)



University of Arizona Skycenter Telescope "
Whirlpool Galaxy = 23,000,000 light years from Ear‘h




Carina Nebula: 10?,.(-)00 light years from earth.

Enough water formed
"%every 24 minutes toill aII




“Non-detectable” region of space... until 1990’s




Hubble made the non-getectable, detectable... . -
Hundreds of thousands new galﬁxies discovered,.
some more than 10 billion Iigh{ years from Ear'thi_n
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We can detect anything,
anywhere...

S /7X\ THE UNIVERSITY | « 5 s w
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We can detect anything,
anywhere...

But are we looking for the right things?


















Drought in Singapore. February 2014
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February was Singapore's driest month
since 1869 Despite ave. rainfall of 234 cm!




Singapore experiencing record dry spell - and it
could get worse: NEA

PUBLISHED ON FEB 25, 2014 7:14 AM




Drought forces water rationing on millions of
Malaysians

Malaysia said Friday it will expand water rationing in and around its capital, In a mave affecting
millions as drought continues to scorch a tropical country usually synonymous with torrential rain.

Sovana o B s e N oo o s




MALAYSIA

Deputy minister: Cloud seeding this week
as Selangor water levels plunge

BY FAIZAL NOR IZHAM FEERUARY 19, 2014

The Sungai Selangor dam could see its water reserve fall further if the heatwawve persists. — Picture by Zuraneeza Zulkifli
PETALING JAYA, Feb 19 — The water reserve continues to drop, causing concern that FROM THE
PRINT EDITION

rationing could take place soon if the hot spell continues. THEMALAYMAIL



Water, Scarce US Cities

Orlando
Atlanta
Tucson
Las Vegas
Fort Worth
San Francisco
San Antonio
Phoenix |
Houston

1. Los Angeles
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Source: http://247wallst.com/2010/10/29/the-ten-great-american-cities-that-are-dying-of-thirst/3/



The Thirsty West: Can

Tucson Survive Climate|
Change?

The desert city is low on water, with a booming
population.

By Eric Holthaus




Tucson other cities could be hit by CAP shortage much
sooner than expected

JUNE 15,2014 12:00 AM + BY TONY DAVIS

For the first time, the state agency that operates the multibillion-dollar Central Arizona Project
warns that water shortages could hit Tucson and Phoenix as soon as five years from now.




Arizona Cities Could Face Cutbacks in Water From Colorado River,

Officials Say ~ @he New Lork Times By MCHAELWINE JE 7, 204




| Lake Mead sinks to a record low




Wastewater
Treatment Plant

Reclaimed Water - _"_
Treatment Plant

¥
B,

Sweetwater
Wetlands

Recharge
Basins



california 2011




California 2014
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alifeornia Water Reuse Future

e L []E-l' “B 2U13 QFFICE OF THE GOVERNOR

Al

i = i ) To the Members of the California State Senate:
L)
[ am signing SB 322 which requires the Department of Public Health in consultation with
the State Water Resources Control Board, to investigate the feasibility of developing
uniform water recycling criteria for direct potable reuse by September 2016,

This information is past due. In an effort to enhance the use of recycled water, [ have
proposed the consolidation of the management of the drinking water program and all
other water quality programs, including recycled water, under the State Water Board.

[ am directing the Water Board to ensure that this work is completed expeditiously. The
3-year time frame mandated in this bill is too slow. California needs more high quality
water and recycling is key to gefting there.

Sincerely,

M4

© Gelly Images




Potential for Water Reuse

e About 5-6% of
US wastewater is reused

5-6%
Reclaimed

— 1/3" of all US
wastewater discharged
to oceans

* California is mandating
increased reuse

e Arizona, Florida and USA Wastewater
Texas also high growth Resources

Source: Wade Miller - WateReuse Association



South Florida — Ocean C
» Prohibits construction or exp
> By 2025 — Outfalls only




A We Have the Technology

Simply a matter of safety, cost, and reliability...




WWTP

Nitrification/Partial denitrification
Filtration.

Spreading basin




injection
wrell




A \Water, Reuse — Direct Potable

Membrane Reverse Advanced
bioreactor Disinfection osmosis oxidation
Wastewater :r:

" — o : ' Untreated
surface or
groundwater

Activated
Disinfection carbon UV disinfection Ultrafiltration Blending
tank
r - ———] - [
To distribution
system
Figure 3-7
Schematic of Cloudcroft, NM DPR treatment process flow diagram
(Adapted from Livingston, 2008).
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Facing the Yuck Factor

FEATURE ARTICLE - September 17, 2007 by Peter Friederic

Facing the vuck factor. PAUL LACHIINE

How has the West embraced water recycling? Very (gulp) cautiously
Source: http://lwww.hcn.org/issues/354/17227



When does waste water
become “water”?




What iIs the “fingerprint”?
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WITH A TWIST OF THE WRIST

This
Amazing

NEW

ry of DDT as Pesticide




uller Nobel Prize




"
Cuyahoga River, Ohio —USA 1969

Thie author of THE SEA AROUND US and
THE EDGE OF THE SEA

Juestions our attempt to control the |

natural world shout us




- SOUHERN NEVADA WATER, AUTHORITY PUTS A POSITIVE SPIN ON REPORTS THAT
A ROCKET FUEL CHEMIZAL WAS DETECTED IN LAKE MEAD AND LOCAL WELL S
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ENVIRONMENTALYNEWS

8 A m JAN. 1, 1998 / ENVIRONMENTAL SCIENCE & TECHNOLOGY / NEWS

Human estrogens linked to endocrine disruption

or the first time in North

America, high levels of natu-

ral and synthetic hormones
in municipal wastewater treat-
ment plant effluent have been
linked with endocrine disruption
in fish. The study by researchers
at Michigan State University’s De-
partment of Zoology indicates
that human hormones, not indus-
trial chemicals, in the effluent
caused male fish to produce vitel-
logenin, a well-accepted indicator
of endocrine disruption.

“This is a significant, if not a
surprising, result,” commented
Gary Ankley, an EPA toxicologist
who studies endocrine disrupters.
The results were similar to find-
ings published last year by U.K.
researchers that identified hor-
mones secreted in women’s urine
as the cause of vitellogenesis in
caged fish exposed to sewage ef-
fluent in U.K. waters.
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g Lake Mead
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High levels of a female protein in male fish found in Lake Mead, Nev., led to a search

for the cause in the effluent-dominated waters of the Las Vegas Wash. (Courtesy Shane

Snyder, Michigan State University)

the compounds that were likely
to act like estrogens in the fish.
They also used an innovative
method that involves solid-phase
extraction and in vitro cellular
bioassays to detect endocrine-
modulating compounds in com-
plex aqueous mixtures. Of the

the highest level of estrogenic ac-
tivity in effluent downstream from
a small plant (55,000 gal/day) with
relatively few treatment processes.
Results from a companion

Michigan State study, in which
caged fish were exposed to Mich-
igan wastewater effluent, suggest



* Bad Medicine
* Grease Relief

* Giving Barn Waste the Treat
* Riotrickling Filter

* 1999 ASAECSAE-SCGR Anmix
International Meeting

ENGINEERING & TECHNOLOGY FOR A SUSTAINABLE W

Bad Medicine

n b hurmeans |_-|I-:' e o ey e ey

Shane Snvder and Erin Snyder

JCRY ny =14
i T @
ibew] W
5| PEseil
ETLILE
T
il fes e O
i vl 1 o
[ i ghi |
I 1 I Wil
S5,

Pinpointing the problem

Michigon Stote University researchers used this
._' % of waste water efflrents,
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Drinking Water News !
For America's Small Commu S

25
B

Water tainted by traces of discarded
drugs could upset the delicate dynamics

of the marine environment, scientists say.
Bent Christensen, The Associated Press

Fish on drugs more
rmm 8 likely to drop out of

They make fish change sex

schools, study says

By Brady Dennis The Washington Post

What happens to a fish on drugs?




PNAS | May 22, 2007 | vol. 104 | no.21 | 8897-8901

Collapse of a fish population after exposure
to a synthetic estrogen

Karen A. Kidd**, Paul J. Blanchfield*, Kenneth H. Mills*, Vince P. Palace*, Robert E. Evans*,
James M. Lazorchak*, and Robert W. Flick?




Octaber 20, 2006 LAS VEGAS: ““SUN

Chemicals cause changes in fish and raise
concerns for humans

By Launce Rake <Irake@lasvegassun.com>

Las Vezas Sun

There's something wrong with the fish.

It's been confounding scientists for years: Male fish are developing female sexual characteristics in Lake
Mead and other freshwater sources around the country.

On Thursday. the U.S. Geological Survey released a four-page summary of more than a decade of
studies linking wastewater chemicals to those changes.


http://www.lasvegassun.com/
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http://en.wikipedia.org/wiki/File:Sulfamethoxazole.png
http://en.wikipedia.org/wiki/File:Atrazin.png
http://en.wikipedia.org/wiki/File:1-4-Dioxane.svg
http://en.wikipedia.org/wiki/File:Estradiol.svg
http://en.wikipedia.org/wiki/File:Triclosan.svg
http://en.wikipedia.org/wiki/File:Sucralose2.svg
http://en.wikipedia.org/wiki/File:NDMA.svg
http://en.wikipedia.org/wiki/File:Phosphat-Ion.svg
http://en.wikipedia.org/wiki/File:Electron_shell_005_Boron_-_no_label.svg

Blologicals are ACUTE Risks

Parasites




A Icals are CHRONIC Risks

Organic and Inoraanic

e
Metals and Salts




ﬂ . u u H 2 9 4 ORGANIC AND INORGANIC

SUBSTANCES

| TO DATE

CHEMCATS 85,768,974 Commercially availlable chemicals

1l

Substances http://www.cas.org/

—_—
L

Sall Malecules [Millions)
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Snyder, S. A., Emerging Chemical Contaminants: Looking for Better Harmony. J.
Am. Water Works Assoc. 2014, 106 (8), 38-52.



Surregates and Indicators

SR E e e Potential health risks at levels

\ CECs at/near occurrence

Provide information on
Performance treatment efficacy and/or

dosn represent broader classes

) Bulk parameters that are indicative
I of occurrence and/or attenuation of
substances/organisms

Surrogates

ftp://ftp.sccwrp.org/pub/download/ DOCUMENTS/CECpanel/CECMonitoringInCARecycledWater_FinalReport.pdf



Comprehensive Screening

Targeted quantification

Analysis of a small set of predefined target compounds

Standards — |solation —» Identification — Calculation of

and by RT&MS  surrogate recoveries -
separation Quantification

of analytes | c l t of specific
Sarml fommatrix ompansonto — ¢ompounds
amples — .| tergetpeakareas iy 4 sample

LC-MS Triple Quad GC-MS Triple Quad

Polar and Volatile and |
moderately semi-volatile  Liww

olar == compounds s
I
compounds E =|

ICP-MS IC-MS

Metals and Anions,

targeted cations, ‘
organic oxyhalides @,ﬁ?‘ ;
complexes | =

Characterization of broader/unknown compounds

QTOF analysisand _ Data alignment__ Validation with MS/MS

Sample— sample comparisons and analysis from standards
:{ | Compound profile
‘ | f ina sample
LC-MS QTOF GC-MS QTOF
Polar and Volatile and
moderately . semi-volatile
polar e i __ compounds
compounds ﬁ ’ .
Cell Bioassay LC/GC-ICP-MS
FAYA

Untargeted
organic-
halogens/
metals

Quantifiable cellular
responses from ke
mixtures isolated from (824
biological samples




Iered Recycled Water Testing
Strategy

Tier 1
Bulk water
characteristics
(Surrogates)

On-line & off-line analysis

* General parameters (pH, temperature,
conductivity, turbidity, TSS)

» Organic parameters (TOC/DOC,
UV254, fluorescence)

* Inorganic parameters (Chlorine, NO;,
NO,, anion and cation)

* Microbial parameters (Total cell

counts)
i!!hl.klll]lh
Con'lrol ‘ISppm

Tier 2
Chemical & microbial
Contaminants
(Indicators)

Instrument-based chemical analysis
» TOrCs: Trace organic compounds
* Inorganic compounds

Bacteria MS2 virus

Tier 3
Bioassay

Water toxicity test
« AMES II: Mutagenicity
* Glucocorticoid receptor (GR) assay:
endocrine disruption effect
+ Umu assay: Genotoxicity
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Indicator Example — Secondary WWTP

’ ‘l

secondary treatment

Faster transformation during

Biotransformation (Ky, L/g-d)

Recalcitrant
<0.1

e — Carbamazepine
= > 10 Mep.ropamate
= qc) oo Primidone
=R |- TCEP
c T BREA Sucralose
S o o)
= (2|0
o + =S
o 2= B
o O oo N
L < ol
£ O N
o O o
T 3 > .

= o Triclocarban

(&)

qq__) N

T

Moderate Slow Rapid
0.1-10 >10
DEET Acetamlqophen

Caffeine
Sulfamethoxazole
. : Naproxen
Gemfibrozil
lopromide Ibuprofen
Atenolol
Cimetidine Senzophenor!e
Trimethoprim Diphenhydramine
Bisphenol A
Triclosan
Fluoxetine

WERF CEC4R08 — Tanja Rauch-Williams et al. 2013
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Indicator List

Decreasing Concentration

Indicators of
wastewater
influence

'
Indicators
- of process catfeine Estrone
failure Atrazine
1
1

Sucralose
TCPP
Sulfamethoxazole Diltiazem

Atenolol

Primidone

Diphenhydramine Meprobamate

Decreasing Detection Frequency




minants in CAP water

®
Compound cone. Compound cone. Compound cone.
(ng/L) (ng/L) (ng/L)
Atenolol <18 PFOA <1.7 TCEP <110
Caffeine <12 Norgestrel <33 TCPP <110
Trimethoprim <6.1 Benzophenone <16 DEET <6.7
Primidone <27 Ibuprofen <3.2 Bisphenol A <83
Meprobamate <29 PFOS <2.7 Testosterone <44
Sulfamethoxazole <11 Gemfibrozil <2.8 Naproxen <4.4
Prednisone <44 Triclocarban 9.0 lohexol <55
Diphenhydramine <13 Triclosan <7.1 lopromide <22
Simazine <3.6 Acesulfame 104 Dexamethasone <14
Ditiazem <8.5 Sucralose 516 Atrazine <3.6
Carbamezapine <14 Clofibric Acid <9.9

Collected on Jan. 22th, 2014




Ozonation Example




Disinfection

S-4800 10.0kV 9.6mm x18.0k SE(U)

E. Coli - Healthy Post-AOP

Sherchan, S. P.; Snyder, S. A.; Gerba, C. P.; Pepper, |. L. J. Environ. Sci. Health
Part A-Toxic/Hazard. Subst. Environ. Eng. 2014, 49 (4), 397-403.




Membrane Fouling Reduction

IR ; L it
. - - * < . s

0 r.-".‘:“
Al e ; 2
4 pym

mag HV | spot HFW | mode| det 1 pm _ maé RV spot HFW | mode | det _. |
16 600 x | 20.00 kV| 2.0 |8.99 um| SE |ETD NIST FEG ESEM 18 678 x| 20.00kV| 2.0 |7.99uym| SE |ETD NIST FEG ESEM

MBR-RO control MBR-Ozone-RO (3 mg/L)

Stanford, B. D.; Pisarenko, A. N.; Holbrook, R. D.; Snyder, S. A., Preozonation
Effects on the Reduction of Reverse Osmosis Membrane Fouling in Water Reuse.
Ozone-Sci. Eng. 2011, 33 (5), 379-388.




Membrane Fouling with CAP

Brine from NF membrane filtration using CAP water as feed water with
85% recovery was ozonated to recover more water from the NF

membrane by reducing organic fouling.

Flux (LMH)

20 —# Brine without O,

—@— Brine with 1.8 ppm O,

—A— Brine with 7.5 ppm O,

0 g I I | | I

0 10 20 30 40
Time (hr)

< Fouling test for CAP brine from NF
membrane system. >

< Ozone generator >




Indicator Oxidation

100.0 I
90.0 I
80.0 I
ilE |
50.0 m 0.6 mg/L O3
40.0 I . r I m1.5mg/LO3
I l I I m3.0mg/L O3
30.0
I . I I I W 6.0 mg/L 03
20.0 5 I I I I m10mg/L O3
10.0
111 |
S & & & & 0 & D & & & A
<O @‘b & \’bé QQ, é\é‘* ‘é\ .&0 ?’19 OQS ‘.o-'\g’ OQQ\ "\é\ \0"0
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‘é&Q - L X '\{\6\
&

Pisarenko, AN et al.. Water Res. 2012, 46 (2), 316-326.



ElUerescen

e Surrogate Response

®
450
£ £ 400
L ey -
2 2
@ @ 350
(1 [
> >
S S
z = 300
= 0
g g
5 X5 250
200

300 400 500 300 500
Emission wavelength (nm) Emission wavelength (nm)
Control 1.5 ppm
450 450
£ 400 £ 400 £ 400
- - -
2 2 2
@ 350 @ 350 @ 350
(] [ (]
> > >
: : :
- c 300 c 300
g g g
g g s
i X 250 X 250
200 200
300 500 300 500 300 500
Emission wavelength (nm) Emission wavelength (nm) Emission wavelength (nm)
3 ppm 4.5 ppm 6 ppm




ANN Modeling for Ozone

Training: R®=0.9308
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Park M. Anumol T. Snvder SA. Water Research & Technology 2015. 1. 699-708




NBDIVA-EP with Ozone

600

N
=
i

NDMA (ng/L)

N
(=]
i

X®

Ozone dose (mg/L)

Sgroi, M.; Roccaro, P.; Oelker, G. L.; Snyder, S. A., ES&T 2014, 48 (17), 10308-10315.




GC-ICP-MS

®

Advantages:
* No water present — little/no oxide interferences

* No evaporative cooling of plasma — lower RF forward power
» Lower RF power — fewer Ar-based ions (CAr*, 38Ar40Ar+, 38Ar40ArH*, etc.)

Interference-free analysis without collision gas

Model 7900 ICP-MS Model 7890B GC

GC-ICP-MS




A Effects of Chloramination

81Br 127)

L
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20

10
| 25 15
Time (mip, ) 30 20 5

After Chloramine i)
Before Chloramine

30




Miest DBPs Not Identified

Unknown 69.9%

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

I HALDs 1.8%
I HANSs 0.8%

HAAs 11.8%

THMs 13.5%

[ Halofuranones 0.1%
[ lodoTHMs 0.2%

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

[EEIE)
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25 product
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m/z 118, 1H-benzotriazole

m/z 124, transformation
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Counts ve. Acquisition Time [min)
o MS Formula Resut Formula Calculator | Mass Calculator

0,/ ‘OH

products

Intermediates and minor

v
' o)
a
H N\ m/z 124.01522 (meas.)
. /N m/z124.01525 (calc.)
, J,r"‘ll.‘ll “ Wmﬂmm“ H C4H3N302
o)

i . 4 L eleewkiaows - 11,2,3-triazole-4,5-dicarbaldehyde

Mawhinney, DB. BJ Vanderford, SA Snvder. (2012) ES&T 46(13):7102-7111.



O©ZONE TREATMENT &

QIIOE ANALYSIS OF UNKNOWNS

Searching for unknown in water

x10% +ES| BPC Scan Frag=100.0V Sample 5_01.d

: . Chromatograms Very

] N R |
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] Y

Molecular Features
Reveals thousands of
compounds in each
4108 +E5 B SanFge 000V Samle 201 chromatogram

| Ozone (4.5 ppm)
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x10% +ESI BPC Scan Frag=100.0V Sample 8_01.d
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Ozone (3 ppm)
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x10% +ESI BPC Scan Frag=100.0V Sample 4_01.d F u rth e r Data

Ozone (5.6 ppm)  Processing Requires
Specific Software
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05 1 15 2 25 3 35 4 45 5 55 & 65 7 75 & &5 & 95 10 105 11 115 12z 125
Counts vs. Acquisition Time (min)

Merel, S.: Anumol, T.: Park, M.: Snvder. S. A.. J. Hazard. Mater. 2014 In Press



O©ZONE TREATMENT &

QIIOE ANALYSIS OF UNKNOWNS

PCA Plot for Different Ozone Doses

@

Untreated water

@9

q

Ozonated water

(3 mg/L)

Component 2

Although
chromatograms were
all similar for the

A analyst
Dzonated water
(4.5 mg/L) %

Ozonated water

o

_—
//

,C—mmnﬂ

@

Ozonated water
(1.5 mg/L)

L (5.6 mg/L) Software identifies
T~ features able to
\_c‘,m,,o,,em discriminate the
different water quality

Merel, S.: Anumol, T.: Park, M.: Snvder. S. A.. J. Hazard. Mater. 2014 In Press
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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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Canary IS more sensitive tﬁ’ian a human




Safe or Not Safe?

e,
L
i Pt
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Vitamin B2

Vitgmin

Batrachotoxin
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A Safe or Not Safe?




Safe or Not Safe?

(S)-thalidomide

(R)-thalidomide
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eh MONITORING SYSTEM

Some assays are available as on-line monitors
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AMESII test

®

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

Sample (in DMSO)
S9

Bacteria

Exposure media

4. After 48h,
check the
results

transfer to 384-well plates



Discovery of New DBPs
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Color by normalized abundance

Color range

-15.8 i 16.8

Discovery of Novel UV

Transformation Products
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MP UV+CI2 MPUV  Influent MP UV+BAC MP UV+BAC+CI2
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UV Attenuated
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New By-products
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Software: Agilent Mass Profiler Professional (MPP)



Products of UV-treated retinoic acid (RA)

and their RAR activity

The mixture effect of Remains unknown, under further
RA+o0x0-RA+OH-RA investigation in QTOF and MPP
160.0 \ /
140.0 .
—a— RAR ACtivity
321200
w —a— RA
= 100.0
o
Q. g0.0
@l
- 50.0
o
= 400
1o
al
2 200
0.0 A S N . . -
0 20 40 5O Rl 100 120 140

-20.0
UV irradiation time (mMin}  |nstrumentation:
1290-6540 LC-QTOF (Agilent)




HT1080 HCT Product Gene

o 1000
Untreated
activity

S121603
S121679
5122014
S121928
S121897

5117518

EGLNT
HEKZ

HK1
PaHAZ
ANKRD3T

FLI2S715
CNOT2

®

HTO2 HTDFO HCO2 HCDFO

-3 3
Induction
ratio (log2)

SHINIVIOIE

S104INOD

>17,000

Promoter

Transferrin

Cellular Bioassays

>12,000

Genome

Receptor Gene

Clone into
reporter
vector

SwitchGear
Promoter

Promoter

Reporter Vector

Vector Delivery to
Living Cells

O

Light signal=
promoter activity

Clone into
reporter
vector

. SwitchGear
WCFP FUTR

Reporter Vector

(&)

Light signal=
UTR activity
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®
promoter luciferase §
compound S 2 o=
or 2 = g8 2
Promoter - a = B2 £ & = S o m o Reporter
Reporter Vector concdétian S, % T & £ 2 2 E E E constructs
\ /
Control
Tox/AhR
Androgen
[ CREB
Estrogen

Pathway Profiling Panel

48 promoters and controls

|

Glucocorticoid

N O I

I O -

Heat shock

Pathway activity readout for:

HIF1a Hypoxia Hypoxia

MFkB Inflammation

CREB cyclic-AMP

HSF1 Heat shock NFkB

p53 DMA damage, apoptosis

STAT Interferon STAT

SREBP Cholesterol biosynthesis

ER Estrogen

AR Androgen P53

GR Glucocorticoid

AR Toxicity -4 _4 log2 ratio treated/untreated




A Reuse Pilot Plant — O3, UV, ClI

» 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

-6 log, ratio sample/controls




Glucocorticoids

* Natural & Synthetic

» Used for allergies, skin paise © T o0 iy
problems, asthma, and Q2 \ THE s1 AL tans ) @

arthritis

e Used as veterinary growth
promoters
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Triamcinolone Acetonide . |
Dental Paste USSP, 0.1%
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Santa Cruz River Sampling Sites
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GRIVIass Spectrometric Analysis
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Concentration (ng/L)

Distribution of GRs

e |

GV Raw eff GV O3

GV CI2

GV UV GVO3/uv

UV/ H202

® Prednisolone

m Hydrocortisone

m Prednisone

m Cortisone

m Methylprednisolone
m Betamethasone

m Dexamethasone

.
| Triamcinolone acetonlde
'm Fluocinolone acetonide !

m Fludrocortisone acetate
- Budesonide

" Eluficasone propionate
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Ozone GR byproducts

Triamcinolone acetonide
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Sampling location
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Tests Conducted

Total organic matter (TOC)

UV absorbance at 254 nm
Excitation-emission matrices (EEMS)
Hormones (ER, AR, GR, PR)
Contaminants of emerging concern (CECs)




Sample Preparation

®
1L sample
20 mL 20 mL 500 mL 400 mL
spiked with
| isotope surrogates f* |
Online SPE Offline SPE ‘! HLB SPE
Direct Injection !
\/ Jv
r ; Potential
y QTOF/bioassay
TOC Analysis uv, EEM s [ Analysis
Analysis

LC-QQQ

Chemical Analysis

(CECs, hormones)




TOC (ppm)

1.8

1.6
14

12

08
0.6
04 I
08/06 08/04 08/10 09/14 08/06 08/04 08/10 08/06 09/03 08/06 09/17 09/17 08/14 08/14
SC-03R SC- SC- SC- SC- SC- SC- S8C-

0.2

Results: TOC

LB

SC-01R SC-
02R

OSR 06 O07R 08

09

11

12

LB: lab prepared Milli-Q water,
go through all analytical
procedures as samples.

SCO01, SC02: Agua Nueva WRF
affected wells.

SCO03-SC12: Tres Rios WRF
affected wells.

Upstream wells have the highest
TOC (1.19-1.54 ppm).

In down stream wells (SCO08-
SC12), the TOC concentration
decrease to 0.49-0.59 ppm,
which are slightly higher than
blank sample (0.36 ppm).

TOC varied largely between
three sampling events for SC-
01R (0.8, 1.2, 1.5 ppm); while it
was close in SC-03R (1.4-1.5
ppm).




Absorbance (UV254)

0.06

005

0.04

0.03

0.02

001

Results: UV,.,., absorbance

08/06 08/04 08/10 09/14 08/06 08/04 08/10 08/06 09/03 08/06 09/17 09/17 08/14 08/14

LB

SC-01R SC-
02R

SC-03R SC- SC- SC- SC- SC- SC- SC-
OSR 06 O7R 08 09 11 12

Upstream wells from Tres Rios
WRF have the highest UV
absorbance (0.038-0.050).

Agua Nueva WRF affected wells
have lower UV absorbance
(0.024-0.027).

In down stream wells (SC08-
SC12), the UV absorbance
decrease to 0.008-0.015, which
are slightly higher than blank
(0.006).

UV absorbance was consistent
between different sampling
events for both of SC-01R and
SC-03R.




T0C vs. UV,.,. ., absorbance

Positive correlation was observed between sample TOC and UV254
absorbance values.
0.06
y =0.0279x- 0.0023
0.05 R*=0.7248 .
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> 003 2
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Results: EEMs

EEMSs of all the samples were scaled based on the maximum
fluorescence intensity from SC-03R.

EEMSs results showed the same trend as UV,, absorbance: Tres Rios
WRF affected wells showed higher fluorescent organic matter than
Agua Nueva WREF related wells, which is different with the TOC results.
Decreasing trend were all observed in the downstream wells.




Results: Hormones

Estrogens

* Five target compounds:
— Estrone (E1), 17a-Estradiol(aE2),

17B-Estradiol (BE2), Estriol (E3), 17a- |  Bisphenol A
Ethynylestradiol (E2), Bisphenol A |
&
4‘

120

(BPA).
 E1 was detected in 5 of 14 samples;

BPA was detected in all samples. 60
Other analytes were below method ‘ ‘
[ |

80 -

detection limits (MDL). T

 BPA was detected mainly in Tres RioS 2 |
WRF affected wells; the highest
concentration was observed in e 0 0 o 0P e G ®
N Q¥ o Q

downstream wells (111 ng/L). §O S5 &0 & & <, $7 & § o &7 ?c
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The occurrence of glucocorticoids
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Prednisolone was the main detected glucocorticoid, followed by
methylprednisolone, and hydrocortisone.

SC-01R and SC-05R showed the highest glucocorticoid contamination.

The concentrations of prednisolone and hydrocortisone decrease in
downstream wells, while it is not obvious for methylprednisolone.




A Results

37 targeted CECs:

Acesulfame Ditiazem PFBA Simazine
Atenolol Fluoxetine PFBS Sucralose
Atrazine Gemfibrozil PFHpA Sulfamethoxazole
Benzotriazole Hydrochlorothiazide PFHXA TCEP

Caffeine Ibuprofen PFOA TCPP
Carbamezapine lohexol PFOS Triclocarban
Clofibric Acid lopamidol Primidone Triclosan

DEET lopromide Propranolol Trimethoprim
Diclofenac Meprobamate Propylparaben

Diphenhydramine  Naproxene

34 CECs were detected in more than one sample, except
diphenhydramine, ditiazem, and fluoxetine, with the highest
concentration at 37.4 ppb (sucralose).




asults: CECs

®
Compound detection summary
13 well samples, unit ng/L

Frequenc
y

Compound

min max  median Compound

Frequen
Cy

min

max

median

Atrazine 13 1.14 21.5 5.20 Meprobamate 11 1.11 326 89.7
Benzotriazole 13 14.7 31000 1010 Ibuprofen 10 0.49 10.0 1.84
Caffeine 13 0.60 7.74 1.63 PFBA 10 12.7 69.6 23.0
Carbamezapine 13 0.61 315 210 PFHpA 8 1.09 21.6 3.66
DEET 13 0.48 16.7 0.96 lohexol 7 13.8 313 167
PFBS 13 2.96 13.6 7.84 lopromide 7 4.55 66.4 16.1
PFHXA 13 1.16 41.3 15.5 Trimethoprim 6 0.32 0.73 0.45
PFOA 13 4.50 79.1 33.7 Naproxene 5 0.44 6.88 0.72
PFOS 13 3.01 119 23.7 Atenolol 4 0.59 1.31 0.91
Primidone 13 3.24 292 65.5 Clofibric Acid 3 2.56 37.9 3.40
Simazine 13 3.66 60.8 16.9 Propylparaben 3 1.98 84.9 4.87
Sucralose 13 27.6 37400 10200 Diclofenac 2 2.40 15.1 8.75
Sulfamethoxazole 13 7.04 875.0 39.6 Hydrochlorothiazide 2 34.2 37.8 36.0
TCEP 13 1.10 33.7 3.22 Gemfibrozil 1 26.1 26.1 26.1
TCPP 13 6.69 531 17.5 Propranolol 1 12.5 12.5 12.5
Triclocarban 13 0.14 2.70 0.66 Diphenhydramine 0 - - -
Triclosan 13 0.33 7.17 0.59 Ditiazem 0 - - -
Acesulfame 12 111 24100 623 Fluoxetine 0 - - -
lopamidol 12 249 19200 4505

22 CECs were detected in more than 10 well samples
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Results: “ Attenuated” CECs
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Headquartered at the

National Toxicology Program

National Institute of Environmental
Health Sciences « NIH-HHS

£ UPDATE (&

High-throughput toxicity screening produces human-relevant results

By Thomas Burns Jr,, reprinted from Environmental Factor, June 2014

Using in vitro and in silico testing in primary human cell systems, scientists reported in the May
issue of the journal Nature Biotechnology bioactivity profiles for 776 unique and diverse chemicals
with potential for human exposure. The use of a human-relevant system may provide a rapid and
accurate screening method to prioritize chemicals for further toxicity testing or to identify new
pharmaceutical activities.

“This is the first data manuscript in the field of high throughput toxicity screening [HTS] on such a T
large number of chemicals to be published in one of the Nature journals,” said Nicole Kleinstreuer, OX
Ph.D,, the paper’s lead author, who is now a contractor supporting the NTP Interagency Center for
the Evaluation of Alternative Toxicological Methods (NICEATM). “It demonstrates the utility of HTS
assays that use human primary cells to elucidate mechanisms of action and predict toxicities for a

diverse set of chemicals.”




, Tomorrow, and Beyond

®

Toxicology 2012 Toxicology 2013-2015 2016 and Beyond
Where are we now? A PPP for Integrated Systems Tox What will PPP enable?
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Citizens’ Water Advisory Committee
Technical Planning, Policy Subcommittee
Projected Agenda WA TER

Meeting Date/Agenda Items Materials Deadline

November 18, 2015 November 13, 2015
e FICO Infrastructure and Plans — Tim Campbell
¢ Risk Communication — Dr. Marti Lindsey

December 16, 2015 December 11, 2015
o Cogeneration
e 2016 Meeting Schedule

January 27, 2016 January 22, 2016
e Subsidence in Tucson and Avra Basins
o WMG - Tools for Evaluation of RWH Benefits (TBD)

February 24, 2016 February 19, 2016
e Reclaimed Water System

March 23, 2016 March 18, 2016
e Reclaimed Plant

Future Agenda ltems without a Date:
None
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