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What’s in my water? a

These chemicals
may or may not be in
your drinking

7 Pesticides
% Bisphenol A

ater...
w \pPharmaceutlcaIs /
But there is always " Dloxan?:FOA /
something that is in © 32 ead
your water... A

&



Disinfectants:

C|2, NHch \:ﬂ /

0., CIO,

Disinfection by-
products are always
in your drinking
water (usually at ppb
levels)




DBPs can also form from pollutants...

 Pesticides

* Pharmaceuticals
 Antibacterial agents
» Estrogens

EE2 + Oy »Cycl - Ea & FAZithromygin + NH,CI > NDMA

' lopamidol + Gl = lod " _
° Tethle dyes ff;i:%v.? ++O = CSFC/)\ ' PE + CIO =3 Hydroqumone
. Sulfamethoxazole + UV — Aminomethylisoxazole Carbamazeplne + ClO, — Acridine
 Bisphenol A
° Parabens (SW|mm|ng pOOlS) Postigo and Richardson, J. Hazardous

Materials 2014, 279, 461-475.

* Alkylphenol ethoxylate surfactants
* Algal toxins
* Musks



Drinking Water DBPs—What are the Issues?

Concern over possible human
health risk:

* Epidemiologic studies:
risk of bladder cancer,
miscarriage, and birth defects

New: Cardiac birth defects
(Wright et al. 2016)




Only 11 DBPs Regulated in U.S.

DBP MCL (ug/L)
Total THMs 80
5 Haloacetic acids 60
Bromate 10
Chlorite 1000

But >700 DBPs now known
Little known about occurrence, toxicity of unregulated DBPs
Regulated DBPs do not cause bladder cancer in animals!



Bromo- and lodo-DBPs are important

10000
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Average Cytotoxicity Index (CTI)
And Genotoxicity Index (GTI) Values
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Yang, et al. Environ. Sci. Technol. 2014, 48, 12363-12369.

Halogenated DBP
Relative Toxicity:

| > Br >> Cl

lodoacetic acid is the most
genotoxic DBP and is
tumorigenic in mice



New Issues
 New impacts (hydrofracking, coal fired power plants)

« Climate Change -> drought Los S

« Growing populations, 9
water scarcity

« New water resources:
 \Wastewater reuse

ur
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Part 1: Hydraulic Fracturing

Unconventional Conventional

Lots going on in the U.S.! (and in
other countries!)

.‘.‘.‘—‘
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High pressure water, sand, surfactants,
biocides,

Sraree injected deep into the ground to
enhance extraction of oil and natural gas

¥ ¥
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Gas/source rock
Shale




|North American shale plays
(as of ay 21 1)

bt

[ Current shale plays
Stacked plays

—— Shallowest / youngest
—— Intermediate depth / age
—— Deepest / oldest

* Mixed shale & chalk play
** Mixed shale & limestone play
*** Mixed shale & tight dolostone-

siltstone-sandstone play

[T Prospective shale plays
Basins

] £ -

gy gl
Source: U.S. Energy Information Administralion based on dala from various published studies. Canada and Mexico plays from ARI.
Updated: May 9, 2011



Hydraulic Fracturing

What would happen if HF waters entered our drinking

water supplies?

HOCI
NH,CI

'f}, e 1'-*"! LJ

Hannah Liberatore

DBPs



Results: New lodo-DBPs
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New lodo-DBPs: Chloraminated Water

Abundance
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Homologous series of unknowns; Either
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High Resolution Accurate Mass MS

OH
! |
lodobenzoquinone lodocresol
233.9173 Da VS. |233.9537 Da ch

&)
OH

I I I I
Diiodobenzoquinone Diiodocresol
359.8139 Da VS. | 359.8503 Da CH,

OH

| | |
Triiodobenzoquinone Triiodocresol

! 485.7100 Da VS. | 485.7469 Da CH;,

Observed m/z

233.9536 Da

359.8505 Da

485.7490 Da



High Resolution Accurate Mass MS

Observed | Theoretical
Compound M M
835 855 LECO Pegasus

lodophenol CeH510 219.9381 219.9375 GC-HRT
Diiodophenol CeH,1,0 345.8352  345.8347 i_';'J
Triiodophenol ~ CgzH,1,0 471.7315  471.7310

lodocresol C,H,10 233.9536  233.9537

Diiodocresol C,H¢l,0 3569.8505  359.8503

Triiodocresol C,H:l,0 485.7490  485.7469 50,000 resolution
lodoxylenol CgHglO 247.9693  247.9693

Diiodoxylenol ~ CgHgl,0O 373.8659  373.8660

Trilodoxylenol ~ CgH-1,0 499.7626  499.7626

Another class identified: iodoxylenols

HsC



Abundance

Isomer Identification:

Time Confirmation
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Mammalian Cell Cytotoxicity of lodophenols
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Measured as cell density, in relation to that of the negative control



Part 2: Wastewater Reuse

» Orange County, CA: Indirect Potable Water Reuse

(Jan 2008)
. Largest in the World Our focus: 21 Priority ECs

Groundwater
Recharge

Wastewater Reverse Advanced

Treatment Microfiltration Osmosis Oxidation

El Paso, TX is building the largest
direct WW reuse plant in the world




21

Emerging Contaminants

 PFOA, PFOS
 Pharmaceuticals

« Hormones

* Flame retardants

* Pesticides

- DBP (NDMA)

« Antimicrobial (Triclosan)
* Plastics (BPA, phthalates)



Advanced Oxidation for Removing
21 Priority Emerging Contaminants

& Advanced Oxidation Cytotoxicity
Triclosan \ L W} (\
Diclofenac v D ‘ \ | |
BPA - T
0L
Estrone | LL (XX XXXXIXX)
'y
Unconventional advanced oxidation Cytotoxicity and estrogen
of EC spiked OC treated waters activity analyzed using estrogen
(carbonate radicals, TiO,/UV) receptor and aryl hydrocarbon

receptor assays



Using LC-MS/MS to determine reaction pathways

Kristin
Cochran _ .
:l;riclosan
Cl 13 OH OH
O, R ek e noar St o
cn—()/ OH o 1o —— Ho— |
15CI74 6 12 Z i,
m/z 286.943 Trs3a.c, M/Z 252.9850  T235,.¢,M/2 235.0190 Togo, M/z 280.0005 Tre4, M/Z 264.0095

*OH

o [ﬁﬁ] -

“ T317, Mz 316.9180

T1611 m/z 160.9597 °0 H

Tig7as MZ 1269964  Tiu3, m T249, m/z 248.9960 T283, m/z 282.9589

301



Chlorination: t;f:‘

Simulating further drinking water treatment  .Cl,

. J'
NaOCl B t 2
(w/without Br-) Glass - .

Filter

Sample Rxn

48 Hr
Room Temp

Condition
Load
Wash

Dry (N,)

() \ Vacuum Filter

SR

Cytotoxicity and LWWW

Acidify ESEEE §33552232° " and LC-MS/MS
Activity




The goal:
Clean and Safe Drinking Water




Thank you!

NIWR

THE NATIONAL INSTITUTES
FOR WATER RESOURCES

= USGS

science for a changing world

Thanks to Waters,
Agilent, and LECO

Mlchael Plewa



