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Pure

1. free from anything of a
different, inferior, or
contaminating kind; free from
extraneous matter: pure gold;
pure water.

Safe Drinking Water

1. secure from liability to
harm, injury, danger, or risk

Risk
1. exposure to the chance of
injury or loss



Multi-Disciplinary Aspects
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Related Policy Efforts



Grand Challenge




When does waste water
become “water”?




We can detect anything,
anywhere



We can detect anything/anywhere!

But are we looking for the right things?





















Kuala Lumpur
and Singapore
receive over 90”
rainfall/year.

Cities are 300
Km apart.




Drought in Singapore. February 2014
NEWS

Despite ave. rainfall of 234 cm!



Singapore Botanical Gardens February 2014



East Coast Park, Singapore, March 2014






MALAYSIA

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

BY FAIZAL NOR IZHAM FEBRUARY 19, 2014

NOTE: Ave rainfall is 254 cm/year



>

Sections of Kuala Lumpur ran
out of water entirely.

Singapore reservoirs did not
drop below 90% capacity.

Only 300 Km apart.



1942 Japanese Threaten

Singapore’s Water Supply

http://www.singaporetojohor.com/



Four National Taps of Singapore

http://www.pub.gov.sg/water/Pages/default.aspx
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Tucson
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San Francisco
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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 March 11, 2014:



Che New Jork Times



Emergency Level












South Florida — Ocean Outfall Act-

» Prohibits construction or expansion of ocean outfalls

» By 2025 — Outfalls only for wet weather events




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




Alternate Sources of Water to Augment Supplies

“Drought-Proof Resource”

Direct water reuse

Indirect water reuse

o B

Scientific Perception Public Perception










Potable Water Reuse

Source: Pacific Institute analysis regarding SDCWA data



Source: http://www.hcn.org/issues/354/17227



NRC Report on Water Reuse

IES

dicine

“...distinction between indirect and direct potable
reuse is not scientifically meaningful...”
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Biologicals are ACUTE Risks

Parasites




Biologicals are ACUTE Risks

Particles

Sediment
Microfiltration glg"‘e

rotozoa

0.1~0.5 um pores Bacteria
Ultrafiltration Small colloids
0.005~0.05 um pores Viruses
Nanofiltration Dissolved organic matter
0.0005~0.001 um pores Divalent ions (Ca**, Mg*)

Reverse osmosis
nonporous Monovalent species (Na*, CI)

Water, dissolved gases




Chemicals are CHRONIC Risks




CHEMCATS 85,768,974 Commercially availlable chemicals
i

Substances http://www.cas.org/
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Snyder, S. A., Emerging Chemical Contaminants: Looking for Better Harmony. J.
Am. Water Works Assoc. 2014, 106 (8), 38-52.

small Maolecules [Millions)



1850’s: Coal-Tar Byproduct




1856 — Perkin Synthesizes Mauve




1860°s — Cancer & Medicines
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1902 Solid Chlorine & 1906 Ozone

Source: http://alternativewellnessstore.com; http://www.asia.ru/en/Productinfo/933983.html






Early 1900’s — Malachite Green




1939 — Discovery of DDT as Pesticide




aul Miuller Nobel Prize







Background:

Milwaukee, Wisconsin 1993

Outbreak of cryptosporidium

- Drinking water
contaminated

- 403,000 people ill and
approximately 104 deaths

- Cryptosporidium not
disinfected by chlorine




Background:

Las Vegas, Nevada 1994

1 March 1996 Volume 124 Number 5

Annals of Internal Medicine

Cryptosporidiosis: An Outbreak Associated with Drinking Water
Despite State-of-the-Art Water Treatment
Susan T, Goldstein, MD; Dennis D. Juranek, DVM, MSc; Otto Ravenholt, MD, MPH;

Allen W. Hightower, MS; Debra G. Martin, RN; June L. Mesnik, BA; Sean D. Griffiths, BA;
Angela J, Bryant, BS; Rick R. Reich, BA; and Barbara L. Herwaldt, MD, MPH




-SOUTHERN NEVADA WATER AUTHORITY PUTS A POSITIVE SPIN ON REPORTS THAT
A ROCKET FUEL. CHEMIZALWAS DETELTED IN LAKE MEAD AND LOPAL WELLS u

WA 7777777 7 R e s
















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?*



October 20, 2006 LAS VEGAS:"“SUN

Chemicals cause changes in fish and raise
concerns for humans

By Launce Rake <Irake@lasvegassun.com>

Las Vegas Sw

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.



Potential health risks at levels at/
near occurrence

Provide information on
' treatment efficacy and/or
represent broader classes

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

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



Indicator Example — Secondary WWTP

Faster transformation during

secondary treatment

Biotransformation (K,, L/g-d)
Recalcitrant Moderate Slow Rapid
<0.1 0.1-10 >10
1 Carbamazepine Acetaminophen
DEET :
o) Meprobamate Caffeine
— S . Sulfamethoxazole
= C o« Primidone : : Naproxen
S © 1V Gemfibrozil
S £ QP TCEP lopromide |Ibuprofen
c © BE: Sucralose P Atenolol
S ¢ MHE
s (T2 e e Benzophenone
o |8|R TCPP Tﬁr'nrft’f]'g'”fm Diphenhydramine
Bl 5|8~ P Bisphenol A
£ O N
o O O
T 3 2 . .
+ | [Triclocarban Triclosan
g A Fluoxetine
L

WERF CEC4R08 — Tanja Rauch-Williams et al. 2013




100L samples — Circa 1997



Analysis of Emerging

Contaminants in Water

Conventional SPE Method Online SPE Method Direct Injection Method

1 L sample 1.5 mL sample 0.1 mL sample
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Separation Biological Oxidation




The Multi-Barrier Approach

2?77




Ozonation Example










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




3 ppm

Control

4.5 ppm

1.5 ppm

6 ppm




Fluorescence Surrogate

Correlation to LC-MS/MS

Group 1: Triclocarban Group 2: PFOA
120 120
2 T 100 *
© 100 >
£ o ®* O — ¢ 2 y = 0.9807x - 8.9907
¥ 80 [T R2=0.8773
E E 60
g 80T : ‘Q/
g 40 y = 0.3528x + 69.218 E 40
£ R = 0.55892 8 . /
3 20 5 20 s _——¢*
°\° 0 0 0 ‘ ‘
T T T T T 1 ‘c'i'?‘- - T T T T 1
0 20 40 60 80 100 120 IP 20 40 60 80 100 120
% Fluorescence Removal -20 % Fluorescence Removal
Group 3: Atenolol Group 4: Primidone
= 140 120
g 120 y=10121x+17.263 = 100 v =1.1496x - 13.51
£ R2=0.925 c>, R2=0.9747
[ J
£ 80 &
£ £ 60
E 60 _g 40 ®
£ 40 f
O o g 20 "’
= S | o 4%
0 T T T T T 1 Q\c T ! ! ' ' ' '
0 0 40 60 80 100 120 0 20 40 60 80 100 129
% Fluorescence Removal % Fluorescence removal




Use of PARAFAC model

< Eight components of fluorescent organic
matters obtained by PARAFAC model >

< SEC chromatogram of CAP
water >




ANN Modeling for Ozone







Unknown 69.9%

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

B 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.




LC-QTOF (Agilent 6540)



Benzotriazole Transformation Products

H
H N
\
m/z 118, 1H-benzotriazole N
H N
/ m/z 124, transformation

/ product H

1H-benzotriazole

0,/ -OH

Intermediates and minor

products

O
H
/
H N
\
H N
O

m/z 124.01522 (meas.)
m/z 124.01525 (calc.)

11,2,3-triazole-4,5-dicarbaldehyde

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




Searching for unknown in water

Chromatograms Very

Raw Water Similar

Ozone (1.5 ppm) Extraction of

Molecular Features
Reveals thousands of
compounds in each
chromatogram

Ozone (3 ppm)

Ozone (4.5 ppm)

Further Data

Ozone (5.6 ppm)  Processing Requires
Specific Software

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




PCA Plot for Different Ozone Doses

Although
Untreated water chromatograms were
all similar for the
analyst
Ozonated water
(4.5 mg/L)
Ozonated water Ozonated water
(3 mg/L) (5.6 mg/L)

Software identifies
features able to
discriminate the

different water quality

Ozonated water
(1.5 mg/L)

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



Although
chromatograms were
all similar for the
analyst, clear
differences appear on
the heatmap

A & C are group of
compounds in the raw
water but at lower
concentration or absent
in ozonated water
(removed by ozone)

B & D are compounds
absent in raw water but
present in treated water

(ozone by-products)

B

D

Ozonated
water
(5.6 mg/L)

Ozonated
water
(4.5 mg/L)

Ozonated
water
(3 mg/L)

Ozonated
water
(1.5 mg/L)

Untreated
water

Blank color reflects compounds not found

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




Cluster and Trend Analysis

Cluster around Fluoxetine

Compounds removed only with the
highest ozone dose

Overall strong attenuation

Cluster include 11 compounds
Including one identified as the
prodrug pivampicillin

Ha

M H 5
Q
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s /0
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Forgot to analyze for a compound of interest???

Example of Sucralose

QQQ QTOF

» Need to run again the sample » No need to reanalyze sample
Just extract the exact mass from the total ion
> Need to procure standard chromatogram (Na adduct m/z 419.0038)
. TIC
» Need to develop the method if the
compound is not on the list of target M
analytes o
. Extracted . Confirm identity
chromatogram of | with isotopes on

sucralose ‘H\ the MS spectrum
) L




Oxidation Products of Algal Blooms




Using Ozone to remove CYN?

Uracil moiety

Proposed sites of ozone attack
A

4 A\
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Proposed sites of ozone attack

Cylindrospermopsin (CYN)

Molecular Weight: 415.42
m/z: 416.12




Instrumentation: 1290-6540 LC-QTOF (Agilent)

MS Scan on CYN

Ozone: Oppm

QTOF MS Scan: byproducts generated —— Ozone: 1.5ppm

N

x10

1.05

0.95
0.9
0.85

0.8
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0.55
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0.05

-0.05

+ESI TIC Scan Frag=160.0V ozone does 1p5 in cyn2-r001.d
1

CYN

-0.1-

55 6 65 7 75 8 95 10 105 11 115 12 125 13 135
Counts (%) vs. Acquisition Time (min)




Using the fragments information to

judge CYN by-products

CYN M/Z=416.12

byproduct M/Z=375.10

Cpd 48: 5.1465: +ESI Product lon (5.0997, 5@65 min, 2 Scans) Frag=160.0V CID@10.0 (416.12[z=1] -> **) dose...

Cpd 71: 8.0866: +ESI Product lon (7.9634, 8.001@8,0397, 8.0779 ... min, 7 Scans) Frag=160.0V CID@10.0 (375.0...

x10 x10 4
416.12 1 375.097
¢ 1.4 *
1.2+
1
) 0.8-
0.6
1 OH 295.140
] 274.08 346.83 0.4
194.13 304.36
. 243.46 389.55 0.2-| 119.082 150.099 195.134  225.144 252.073 332.996
L N R e 1 o) L |
x10 Cpd 48: 5.1465: +ESI Product lon (5.1032, 5.1899 min, 2 Scans) Frag=160.0V CID@20.0 (416.12[z=1] -> **) dose... x10 4 Cpd 71: 8.0866: +ESI Product lon (7.9668, 8.0050, 8.0432, 8.0814 ... min, 7 Scans) Frag=160.0V CID@20.0 (375.0...
194.13 295.140
4 1 4
3.5
416.12 0.8
E *
2.5 33617 06 375.096
*
1 274.08 277.130
1.3 0.4
108.04 .
38151 35777 0.2
0.8 ’ 136.061 194.129 224137 259.120 328.881
| | b 0] . L, |
x10 Cpd 48: 5.1465: +ESI Product Igh (5.1066, 5.1934 min, 2 Scdhs) Frag=160.0V CID@40.0 (416.12[z=1] -> **) dose... x10 3 |Cpd 71: 8.0866: +ESI Pr@duct lon (7.9703, 8.0085, 8.8467, 8.0848 ... min, 7 Scans) Frag=160.0V CID@40.0 (375.0...
194.13 1 295.140
5 4
4 194.128
277.130
3 4
224.14
176.12 2 76.118 0
124.99 224.46 ]
272.99 352.88 399.09 1 136.086 262.080
| ’ | |
ul 1 . i | | 0 L 1 L P Il I | 1 *
60 80 100 120 140 {IEQ_180 200 220 o4( 260 280 300 320 340 360 380 400 420 120 140 16 260 280 300 320 340 360 380 400

rerge ey

e 7



CYN byproducts generated pathway under O,

.,
-
~o -
s -
————————




azdailysun.com

Serving Flagstaff and northern Arizona

CYNDY COLE Sun Staff Reporter | Posted: Tuesday, October 18, 2011 5:30 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
amphibians.”



Vitamin B2

Safe or Not Safe?

Batrachotoxin




Safe or Not Safe?




Safe or Not Safe?

(S)-thalidomide (R)-thalidomide




History of Bioassays




Animal Sentinels

Minamata Disease: Mercury poisoning (Japan 1956)




Animal Bioassays

Some assays are available as on-line monitors




Embryonic Assays

Control 0.25X

5X
1X




Embryonic Assays




Cellular Bioassays




Cells & Metabolomics

Credit: Dr. Fred Leusch — Griffith University, Australia



UV Transformation Products




AMESII test

1.|Overnight culture 2. Transfer to 24-well plates
—
—_ —
4. After 48h,
check the
results
3. Add indicator media,

Sample (in DMSO)
S9

Bacteria

Exposure media

transfer to 384-well plates
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Products of UV-treated retinoic acid (RA)

and their RAR activity

The mixture effect of Remains unknown, under further
RA+ox0-RA+OH-RA investigation in QTOF and MPP

\\/ /
\

Instrumentation:
1290-6540 LC-QTOF (Agilent)













» WWTP effluent had elevated
glucocorticoid (GR) activity

» UV processes are most effective
at removing GR activity

— Agonist appears to be UV
sensitive (T quantum vyield)

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

» Antagonistic ER and AR activity




Glucocorticoids

* Natural & Synthetic

« Used for human diseases such as severe allergies, skin
problems, asthma, and arthritis

« Used as veterinary medicine to restore muscle strength
and as growth promoters to increase muscle size




Santa Cruz River Sampling Sites
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x10 5 |Cpd 32: Fluocinonide: -ESI MRM Frag=380.0V CF=0.000 DF=0.000 CID@20.0 (553.2000 -> 375.2000) 20140927_010_Cal_50ppb+IS.d
1 1
2.9

e Dexamethasone
2.7
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¥ Bioassay-EQ

B Chemi-EQ
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High-Throughput Assays




A Shift in Paradigm is Imminent







Public Concerns Remain




The Multi-barrier Approach

to Protecting Public Health

» Source Water

* Barriers: Selecting
and protecting the
best source of

supply.

* Treatment

* Barriers: Installing
treatment methods,
implemented by a
certified operator,
that will improve the
quality of the source
water.

- Storage and
Distribution

* Barriers:
Constructing,
operating, and
maintaining well
engineered storage
facilities and
distribution systems.

* Monitoring and
Public Information

 Barriers: Providing
consumers with
information on
water quality and
health effects.

Source: http://www.epa.gov/ogwdw/smallsystems/pdfs/guide_smallsystems_mba_09-06-06.pdf




WEST is Inspired by the Challenges



Real-Time Sensor Laboratory



e Absolute Certainties

1.More and more chemicals will be detected at
lower and lower levels
a) ~15,000 new chemicals registered/day
b) Transformation products
c) Increasingly more sensitive instruments

2. Current chemical testing paradigm will fail
a) Does not account for mixtures
b) Animal testing slow, high doses, unpopular
c) Unknown transformation products

3. Bioassays will be the way of the future (soon)
a) WET testing already in place
b) Prevents the “next perchlorate & NDMA”







Contact: snyders2@email.arizona.edu
Visit Us: snyderlab.arizona.edu





