Occurrence, Treatment, and Toxicological Relevance of
Endocrine Disruptors and Pharmaceuticals in Drinking
Water

Shane SNYDER

Water Quality Research & Development Division
Southern Nevada Water Authority

Las Vegas, Nevada USA

1. Introduction

Over the past decade a great amount of interest has arisen regarding the
occurrence and fate of trace organic contaminants in the aquatic environment. Of
particular concern are human hormones and pharmaceuticals, many of which are
ubiquitous contaminants in conventional municipal wastewater treatment plant effluents
when measured with ng/L detection limits. As analytical procedures and bioassay
techniques become more readily available and increasingly sensitive, additional new
contaminants will be discovered. The presence or absence of any chemical in
commerce in a wastewater effluent is essentially a function of the analytical detection
capability. This poses a unique challenge for water treatment processes intent on the
removal of organic contaminants, as complete removal is merely a reflection of an
analytical reporting limit. The projects described here sought to was designed to
investigate the attenuation of a group of structurally diverse emerging contaminants in a
variety of commonly utilized conventional and advanced water treatment processes and
to determine the concentration of these compounds in drinking water that would be
expected to invoke toxicological responses in humans.

This study shows that the majority of emerging contaminants can be readily
removed using ozone or UV-advanced oxidation. However, some compounds are
recalcitrant and difficult to oxidize using commonly employed oxidant doses. Magnetic
ion-exchange (MIEX ®) provided minimal contaminant removal; however, contaminants
that were negatively charged at ambient pH were well removed. Activated carbon,
both in powdered and granular forms, was effective for contaminant absorption.
Carbon type, contact time, and dose or regeneration are influential parameters in
removal efficacy by activated carbon. No single treatment process was capable of
removing all contaminants consistently to less than the analytical method reporting
limits employed. Moreover, each treatment process provided advantages and
disadvantages that will be discussed in this chapter. A multi-barrier approach would
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provide the most comprehensive removal strategy for organic contaminant treatment.

The human health relevance of pharmaceuticals detected in full scale drinking
water facilities in the US was investigated. A series of toxicological endpoints were
evaluated, and the most sensitive endpoint chosen as a point of departure. In some
cases, the most sensitive endpoint was not the therapeutic effect of the pharmaceutical.
For all pharmaceuticals investigated, the drinking water equivalent level (DWEL) of
concern was in ug/L, or larger, concentrations. Therefore, there appears to be no
human health relevance at the levels detected in drinking water. A further component
of this study sought to investigate endocrine disrupting impacts of select EDCs. The
EDC component also included an investigation into the estrogenicity of common food
items as compared to drinking and reuse water. The concentrations of selected
chemicals to induce EDC effects occurred at concentrations far above those found in
US drinking waters. Moreover, the concentrations of these chemicals in food/beverage
items were often orders of magnitude greater than those find in water. Using an in vitro
bioassay, it was determined that the estrogenicity of soy sauce, green tea, and milk
were orders of magnitude greater than estrogenicity of water (even wastewater). It is
unlikely the endocrine disruptive effects from trace organic chemicals are relevance in
US drinking waters.

2. Overview
2.1 History
In 1965 Stumm-Zollinger and Fair of Harvard University published the first

known report indicating that steroid hormones are not completely eliminated by
wastewater treatment (Stumm-Zollinger and Fair 1965). In an article published in 1970,
Tabak and Bunch investigated the fate of human hormones during wastewater
treatment and stated “since they (hormones) are physiologically active in very small
amounts, it is important to determine to what extent the steroids are biodegraded”
(Tabak and Bunch 1970). As early as the 1940s, scientists were aware that certain
chemicals had the ability to mimic endogenous estrogens and androgens (Schueler
1946; Sluczewski and Roth 1948). In 1977, researchers from the University of Kansas
published the first known report specifically addressing the discharge of
pharmaceuticals from a wastewater treatment plant (Hignite and Azarnoff 1977).
Despite these early findings, the issue of steroids and pharmaceuticals in wastewater
outfalls did not gain significant attention until the 1990s, when the occurrence of natural
and synthetic steroid hormones in wastewater was linked to reproductive impacts in fish
living downstream of outfalls (Purdom, Hardiman et al. 1994; Desbrow, Routledge et al.
1998; Routledge, Sheahan et al. 1998).

Since the initial link between trace contaminants (sub-ug/L) in wastewater
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effluents and ecological impacts in receiving waters, many studies have focused on the
occurrence of these contaminants (Halling-Sorensen, Nielsen et al. 1998; Ternes,
Hirsch et al. 1998; Daughton and Ternes 1999; Snyder, Keith et al. 1999; Metcalfe,
Koenig et al. 2000; Ternes and Hirsch 2000; Snyder, Kelly et al. 2001; Kolpin, Furlong et
al. 2002; Vanderford, Pearson et al. 2003). As a result, pharmaceuticals and steroid
hormones have been detected in many water bodies around the world (Kolpin, Furlong
et al. 2002; Cargouet, Perdiz et al. 2004; Petrovic, Eljarrat et al. 2004). One major
contributor of such widespread contamination is municipal wastewater discharge, which
impacts surface water quality by contaminating receiving water bodies with chemicals
not completely removed by current treatment processes. Indirect potable water reuse,
either planned or unplanned, can occur when wastewater treatment plant discharge
comprises a significant portion of the receiving stream’s total flow. In some cases,
effluent dominated surface waters are used as source waters for drinking water
treatment facilities. Global water sustainability depends in part upon effective reuse of
water. In particular, the reuse of municipal wastewater for irrigation and augmentation
of potable water supplies is critical. Public perception and concern regarding trace
hormones and pharmaceuticals is creating resistance to reuse projects. It is
necessary to obtain accurate information on the attenuation or elimination of these
contaminants from wastewater, the impact of wastewater discharge on surface water or
groundwater supplies, and the removal efficiency of the remaining contaminants by
drinking water treatment processes.

A significant number of articles have investigated the fate of trace hormones and
pharmaceuticals in water treatment processes (Ternes, Kreckel et al. 1999; Ternes,
Stumpf et al. 1999; Snyder, Westerhoff et al. 2003; Huber, Korhonen et al. 2005;
Westerhoff, Yoon et al. 2005; Snyder, Adham et al. 2006; Snyder, Wert et al. 2006; Yoon,
Westerhoff et al. 2006). The ability of a particular treatment process to remove organic
contaminants depends mostly on the structure and concentration of the contaminant.
In addition, the operational parameters of the process (e.g., oxidant dose and contact
time) will also determine the degree of attenuation of a particular contaminant.

3. Results

The results from US drinking water testing for select EDCs and
pharmaceuticals are shown in Table 1. The insect repellant N,N diethyl-m-toluamide
(DEET), the suspected endocrine disrupting herbicide atrazine, and the anti-anxiety
pharmaceutical meprobamate were the top three occurring contaminants, respectively,
in this study. In raw waters, the profile was quite different. The greatest impact in
most water treatment systems occurs during disinfection. Disinfection with ozone

provided, by far, the greatest removal of contaminants, followed by free chlorine,
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chloramine, and UV, respectively (Tables 2-5). In full scale plants, removal by
disinfection was quite comparable to that predicted in bench and pilot scale testing.
Removal by activated carbon and membranes can be highly efficient depending upon
the operation parameters (Snyder, Adham et al. 2006); however, these processes are
far less common in US drinking water treatment facilities. While ozone was found to
be highly-efficient oxidizing selected contaminants in both drinking and reuse waters
(Snyder, Wert et al. 2006), the formation of oxidation products must be considered.

The human health consideration of selected trace contaminants was evaluated.
Table 6 provides the DWEL values for some of the contaminants considered. Using
the MCF-7 in vitro bioassay, it was demonstrated that estrogenicity of recommended
serving sizes of soy sauce, green tea, and cows milk provided far greater estrogenicity
than did any wastewater or drinking water. These data show that using an in vitro
measure of estrogenicity may not be suitable for extrapolation to health risk. Oxidation
by ozone and chlorine readily degraded any observed estrogenicity, and subsequent
byproducts were no longer estrogenic.

4. Conclusions

Trace levels of hormones and pharmaceuticals are ubiquitous contaminants of
municipal wastewater effluents. The detection of these chemicals is a direct function of
analytical detection limits. Therefore, more and more trace contaminants will continue
to be discovered. Water treatment processes have various levels of efficacy in the
attenuation of these contaminants. In drinking water, oxidation provides a
cost-effective means for disinfection and simultaneous contaminant removal. Those
compounds which are resilient to oxidation are often detected in finished US drinking
waters. However, the concentration at which these occur is extremely small, and far
below the concentrations that would be expected to be of human health concern. In an
evaluation of estrogenicity as a class of toxicity, the estrogenicity of common food items
is far beyond that of any wastewater or drinking water evaluated. The relative risk
factors of common exposure to EDCs through foods and beverages appears to be far
greater than the exposure through drinking water. More research is needed to
adequately address human health relevance of EDCs and pharmaceuticals, but it is
likely that most drinking waters do not provide a substantial exposure and the
concentrations expected to have human health detriment.
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Table 1. Occurrence of EDCs and Pharmaceuticals in 20 US Drinking Waters

Compound Hits % Freq Min (ng/L) Max (ng/L) Median (ng/L) Ave (ng/L)
DEET 18 920 2.1 30 5.1 8.2
Atrazine 15 75 14 430 29 74
Meprobamate 15 75 1.6 13 3.8 6.1
Dilantin 14 70 1.1 6.7 2.3 2.7
Ibuprofen 13 65 1 32 3.8 7.9
Iopromide 13 65 1.1 31 6.5 8.5
Caffeine 12 60 2.6 83 23 25
Carbamazepine 11 55 1.1 5.7 2.8 2.8
TCEP 7 35 3 19 5.5 10.1
Gemfibrozil 5 25 1.3 6.5 4.2 39
Metalochlor 4 20 14 160 86 86
Estrone 2 10 1.1 2.3 1.7 1.7
Progesterone 2 10 1.1 1.1 1.1 11
Erythromycin 1 5 1.3 1.3 1.3 1.3
Musk Ketone 1 5 17 17 17 17
Naproxen 1 5 8 8 8 8.0
Sulfamethoxazole 1 5 20 20 20 20
Triclosan 1 5 43 43 43 43
Trimethoprim 1 5 1.3 1.3 1.3 1.3

Table 2. Summary of Removal by Ozone Disinfection

24 Minutes Contact Time

> 80% Removal 50-80% Removal 20-50% Removal < 20% Removal

Acetaminophen DEET Atrazine TCEP
Androstenedione Diazepam Iopromide
Caffeine Dilantin Meprobamate
Carbamazepine Ibuprofen
Diclofenac
Erythromycin
Estradiol
Estriol
Estrone
Ethynylestradiol
Fluoxetine
Gemfibrozil
Hydrocodone
Naproxen
Oxybenzone
Pentoxifylline
Progesterone
Sulfamethoxazole
Triclosan
Trimethoprim
Testosterone
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Table 3. Summary of Removal by Free Chlorine

Chlorine Dose = 3 mg/L, Contact Time = 24 hours, pH=7.9-8.5

> 80% Removal

50-80% Removal

20-50% Removal <20% Removal

Acetaminophen Gemfibrozil Diazepam Androstenedione
Benzo(a)pyrene Galaxolide Atrazine
Diclofenac Pentoxifylline Caffeine
Erythromycin Carbamazepine
Estradiol DDT
Estriol DEET
Estrone Dilantin
Ethynylestradiol Fluorene
Hydrocodone Fluoxetine
Musk Ketone g-BHC
Naproxen Ibuprofen
Oxybenzone Iopromide
Sulfamethoxazole Meprobamate
Triclosan Metolachlor
Trimethoprim Progesterone
TCEP
Testosterone

Table 4. Summary of Removal by Chloramine

Chloramine Dose = 3 mg/L, Contact Time = 24 hours

> 80% Removal

50-80% Removal

20-50% Removal <20% Removal

Acetaminophen
Estradiol
Estriol
Estrone
Ethynylestradiol
Triclosan

Benzo(a)pyrene
Diclofenac
Oxybenzone

Androstenedione
Atrazine
Caffeine

Carbamazepine
DDT
DEET
Diazepam
Dilantin
Erythromycin
Fluorene
Fluoxetine
g-BHC
Gemfibrozil
Ibuprofen
Iopromide
Meprobamate
Metolachlor
Musk Ketone
Naproxen
Pentoxifylline
Progesterone
Sulfamethoxazole
TCEP
Testosterone
Trimethoprim

Hydrocodone
Galaxolide
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Table 5. Summary of Removal by UV disinfection (40 mJ/cm?)

> 80% Removal

50-80% Removal

20-50% Removal

<20% Removal

Diclofenac
Sulfamethoxazole
Triclosan

Acetaminophen

Androstenedione
Atrazine
Caffeine

Carbamazepine
DEET
Diazepam
Dilantin
Erythromycin-H,O

Estradiol
Estriol
Estrone
Ethynylestradiol
Fluoxetine
Gemfibrozil
Hydrocodone
Ibuprofen
Iopromide
Meprobamate
Naproxen
Oxybenzone
Pentoxifylline
Progesterone
TCEP
Testosterone
Trimethoprim
Table 6. Human Health Evaluation of Select Contaminants
Composite DWEL Max Finished Margin of
Drug Safety (ng/L) Water Conc. safety
Factor (ng/L)
Atenolol 300 81,000 20 4,100
Atorvastatin <0.25 380,000
o-hydroxy atorvastatin 1,000 96,000 <0.50 190,000
o-hydroxy atorvastatin <0.50 190,000
Carbamazepine 3,000 330,000 18 18,000
Diazepam 1,000 4,800 <0.25 19,000
Diclofenac 300 66,000 <0.25 260,000
Enalapril 300 33,000 <0.25 130,000
Fluoxetine 1,000 36,000 <0.50 66,000
Gemfibrozil 1,000 450,000 2.1 210,000
Meprobamate 1,000 480,000 43 11,000
Naproxen 300 330,000 <0.50 960,000
Phenytoin 1,000 2,400,000 15 160,000
Risperidone 1,000 780 0.34 2,300
Simvastatin 3,000 57,000 <0.25 230,000
Simvastatin hydroxy acid <0.25 230,000
Sulfamethoxazole 300 3,900,000 3 1,300,000
Triclosan 1,000 29,000 1.2 24,000
Trimethoprim 300 1,100,000 <0.25 4,400,000
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Occurrence, Treatment, and EDCs: A Tale of Sin City
Toxicological Relevance of or

EDCs and Pharmaceuticals in
EDC-CSI Las Vegas
Drinking Water : 9

Shane Snyder, Ph.D.
Southern Nevada Water Authority
University of Nevada, Las Vegas

- Las Vegas, Nevada — pop. =2,000,000
-35,000,000 visitors per year

- VERY DRY - <7 cm rain & >2 M evap.
- Water reuse critical for sustainability
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SOUTHERN NEVADA WATER AUTHORITY PUTS A POSITIVE SPIN ON REPORTS THAT
A ROEKET” FUEL. CHEMEALWAS DETEETED 1N LA MR AN LOCAL WELL S

Dy llugh C. Devans'. Steven L. Goodbred?, John . Miesner*, Sharon A. Watkins. Timothy S. Gross®, Nancy D. Denslow |
and Irenton Schoob®
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November 19, 1996

Chemicals polluting
Lake Mead
Biological studies find deformities in carp

By Mary Manning

Federal and state agencies announced increased pollution monitoring in Lake Mead, the primary
drinking water supply for Las Vegas, after two studies released today showed deformed carp in the
lake's waters.

reated and untreated . ere in
7sh and Las Vegas Bay where 125 million

the water, bottom sediment and the HSH I TS TAS VEET
gallons a day of treated sewage flow from the Las Vegas Valley.

U.S. Geological Survey officials, who conducted the studies, cautioned that while the findings are
important, they can't begin to answer questions about human health

"These findings suggest the potential for a significant problem." USGS chief biologist Dennis Fenn said.

But Alan O'Neill. superintendent of the Lake Mead National Recreation Area, said. "We want to stress
that Lake Mead has outstanding water quality."

"What these results show is that we will need to do additional studies with the participation of other

entities in the Las Vegas Valley to determine when and where deterioration occurred or is presently

occurring and what actions are needed to improve water quality in Las Vegas Wash before it enters Lake
ead."
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Park Service to step up water monitoring at Lake Mead
Keith Rogers
Park service to monitor Lake Mead water more

Despite a study's findings about Lake Mead pollution, the drinking water is safe, the water
authority says.

By Keith Rogers Review-Journal
The National Park Service said Tuesday it will increase monitoring of Lake Mead's water quality in
the wake of a new federal study that claims a potential link between pollution and problems with

carp reproductive systems.

'We're concerned. We all feel we need to find out more,' said Bill Dickinson, assistant
superintendent at Lake Mead National Recreation Area.




February 01, 1997

Scientists fear mystery plume could affect LV
water quality

By Mary Manning <manning@lasvegassun.com>

LAS VEGAS SUN

Like a mythical monster, a river of salty and polluted water drains from the Las Vegas Valley into Lake
Mead, passing the pipe from which Southern Nevada draws its drinking water.

For more than five years, federal scientist James LaBounty has tracked this polluted plume.

Month after month, LaBounty worries as the contaminated plume streams past Saddle Island, site of the
pipeline that delivers drinking water to a million Las Vegas residents and more than 31 million visitors a
year.

Part of the problem is Southern Nevada's rapid growth, creating 10 times the sewage flow into Lake
Mead of 20 years ago. Once, diluting the polluted waters took care of the problem. Today, dilution isn't

enough.

"The major source of drinking water for the Las Vegas Valley is at risk," LaBounty stated in a
preliminary report on the plume.
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Human estrogens linke

or the first time in North

America, high levels of naru-

ral and synthetic hormones
in municipal wastewater treat
‘ment plant effluent have been
linked with endocrine disruption
in fish. The study by researchers
at Michigz University's De-
partment of Zoology indicates
that human hormones, not indus-
the effluent

m to produce vitel-

logenin, a accepted indicator
of endocrine disruption.

s a significant, if not a
result,” commented
an EPA toxicologist
endocrine disrupters.
The results were similar to find-
ings published last year by UK.
researchers that identified hor-

’S d in women'’s urine
as the cause of vitellogenesis in
caged fish exposed to sewage ef-
fluent in U.K. waters.

Gary Ankl

High levels of a fer

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

male 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

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 o Mich-
igan wastewater effluent, suggest
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m On Tap Wintgr 2003 Phoenix New Times, August 9, 2001
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Lake Elevation 1140 Feet

Lake Depth
300-500 Feet

SNWA Water Intake #1
| Elevation 1050 Feet Lake Depth
300-500 Feet
1 SNWA Water Intake #2

Change Sex... causing sex problems in fish.
Endocrine Disruptors-What are they But will Arizona get screwed by
doing to you?” the solution?”

Elevation 1000 Feet
“They're in the Water... They Make Fish “Nevada's wastewater is

EDCs and Pharmaceuticals
Pose Major Threats to
Water Sustainability!

The US Fish & Wildlife Service
is requesting a flow-through fish
exposure study to compare our
current wastewater to
wastewater after advanced
treatment processes (i.e.,
membranes, ozone, UV-AOP)

Treatment Processes Treatment Processes
(>60 EDCS/PPCPS) Coagulation and Softening

AwwaRF #2758 Activated Carbon (GAC and PAC)
Membranes (UF, NF, RO, MBR, e-dialysis)
Magnetic lon-Exchange (MIEX)
Biological Processes

— Biologically active filtration (carbon and anthracite)
— River Bank Filtration
— MBR
— ASRI/SAT
Awwa

Chlorination (ambient and pH 5.5)
B o Ozonation (and AOP with peroxide)
: UV (and AOP with peroxide)

Anal. Chem. 2003, 75, 6265-6274

Analysis of Endocrine Disruptors,
Pharmaceuticals, and Personal Care Products in
Water Using Liquid Chromatography/Tandem Mass
Spectrometry

Brett J. Vanderford,* Rebecca A. Pearson, David J. Rexing, and Shane A. Snyder
Southern Nevada Water Authority, 243 Lakeshore Road, Boulder City, Nevada 89005

Environ. Sci. Technol. 2006, 40, 73127320
Hi

H 1 H pensate for matrix effects by using different calibration
Analysis of Pharmaceuticals in . h Hbrato:

. . . techniques, daddition (13,17, 22),

Water l]y |s|]m|]e Dilution |_|q“|[| itoring (15,20), and veriousforms of intemnal calibration
. nore have been developed 0 minimize
Chromatography/Tandem Mass atrix ng cifferentextraction, cleanup ard elution
t techniques, including size-exclusion. chrematcgraphy (18,
Spectrometry 24), solid-phase extracion (22), LC chromatographic pro-
cedures (4, 22), ultza performance liquid chromatography
BRETT J. VANDERFORD* AND 25), hollow fiber liquid-phese microextraction (26), flow-

SHANE A. SNYDER splitting and reduced eluen: flow rates (24, 27). However,

Southern Nevada Water Anr/mu'\ 1350 Richard Bunker most e appl

Avenue, Henderson, Nevada &

analysis of 4 broad range of compounds that encompass A :
many different classes and structures in matrices having Androstenedione Estriol

varying degrees of suppression and enhancement.
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HWuviaoms

[[Jchlorine 3.5 mg/L [l Ozone 2.5 mg/L.

Testosterone

Androstenedione

Progesterone

Estradiol

Estriol

Estrone ﬁ

40

60 80

% Removal

100§

Psychoactive

h
C-NH
i

Carbamazepine

F “ ‘
.
FA@\ 7
Z o \NH/CH:‘

Fluoxetine

CH,

Caffeine

™ Meprobamate

<30% Removal
Testosterone

30-70% Removal
Sulfamethoxazole

Progesterone

Triclosan

>70% Removal

Androstenedione

Dicl

Ethynylestradiol
Erythromycin-H,O

Estriol

[ Estrone |

| Estradiol |

Trimethoprim

Ibuprofen

| Fluoxetine |

| Dilantin_|

DEET

| Atrazine |

Galaxolide

TCEP
Pentoxifylline

Metolachlor
[____Musk Ketone ]

<30% Removal
Musk Ketone

UV 40mJ/cm?

0% Removal
Meprobamate

>70% Removal
Testosterone

TCEP

Atrazine

Progesterone

Ozone 2.5 mg/L

Androstenedione

Ethynylestradiol
Estrone

Sulfamethoxazole
Triclosan
Trimethoprim

Diclofenac
Ibuprofen
Hydrocodone
Acetaminophen
Carbamazepine

Diazepam
Caffeine
Fluoxetine

Metolachlor
Galaxolide
Pentoxifylline
Gemfibrozil

o 8
m
m
=
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gstosterone

=]
&cm,
Ry

(BRI

dgesterone

Apdrostenedione

«  Steroids

Estradiol

Wuvaoms

[[Jchlorine 3.5 mg/L [l Ozone 2.5 mg/L.

Caffeine

Fluoxetine

Meprobamate

Diazepam

Dilantin

Carbamazepine

60 80 100
% Removal

Chlorine 3.5 mg/L 24 hr

<30% Removal
Testosterone

30-70% Removal
Ibuprofen

>70% Removal
Estriol

Progesterone

Ethynylestradit

Androstenedione

Gemfibrozil

Estrone

Caffeine
| Fluoxetine |
| Dilantn |

| Estradiol |
_Diclofenac
| Musk Ketone |

Environ. Sci. Technol. 2005, 39, 66496663

Fate of Endocrine-Disruptor,
Phammaceutical, and Personal Care
Product Chemicals during Simulated
Drinking Water Treatment
Processes

PAUL WESTERHOFF,*! YEOMIN YOON,*
SHANE SNYDER,® AND ERIC WERTS

Ozone: Science and Engineering, 28: 445-460
Copyright © 2006 Interuationsl Ozone Assodiation
ISSN: 0191-9512 print / 15476

DOL: 10.1080/01919510601039726.

three general groups: (1) compounds easily oxidized
(~80% reacted) by chiorine are always oxidized at least
as efficiently by ozone; (2) 6 of the ~60 compounds (TCEP,
BHC, chlordane, dieldrin, heptachlor epoxide, musk
ketone) were poorly oxidized (<20% reacted) by chlorine
or ozane; (3) compounds (24 of 60) reacting preferentially
{higher removals) with ozone rather than chlorine.
Conventional treatment {coagulation plus chlorination)
would have low removal of many EDC/PPCPs, while addition
of PAC and/or ozone could substantially improve their
removals. Existing strategies that predict relative removals

@ Taylor & Francis

Ozone Oxidation of Endocrine Disruptors and
Pharmaceuticals in Surface Water and Wastewater

Shane A. Snyder," Eric C. Wert,! David J. Rexing,! Ronald E. Zegers,' and Douglas D. Drury?

'Southern Nevada Water Authority, Henderson, Nevada, USA

2Clark County Water Reclamation District, Las Vegas, Nevada, USA




Glide

Chlorine Model QSAR

Estradiol dock with 1GWR

Predicted ch

40 60 80 100

Average chlorine removal (%)

WE Project 03-CTS-21UR “Household Chemical Fate”

Las Vegas WWTP Ave Conc.

Jun-05 Jan-06 Jan-06 Jun-05 Jan-06 Jan-06

Target Compound ngL” ngL”' ngL’ Target Compound ngL” ngL' ngL’'

Androstenedione <1 1.6 24 Ibuprofen 19 5.6 15
Caffeine 51 21 31 Topromide 22 139 45
Carbamazepine 210 139 139 Meprobamate 332 796 737
DEET 188 133 123 Musk Ketone 133 NM NM
Diclofenac 54 73 Naproxen 1K) 25 71
Dilantin 143 Oxybenzone 6 <1
Erythromycin Sulfamethoxazole 669
Estriol TCEP

Estrone Testosterone 1.8
Fluoxetine Triclosan

Galaxolide Trimethoprim 191
Gemfibrozil

Hydrocodone EEq* X 1.00

Las Vegas WWTP:
shade = <MRL @ 3 mg/L O,

Before Ozonation
Jun-05 Jan-06 Jan-06

Jun-05 Jan-06 Jan-06 After Ozonation

Target Compound ngL”' ngL' ngL’ Target Compound ngL”' ngL' ngL’

Androstenedione <1 1.6 24
Caffeine 51 21 31
Carbamazepine 210 139

Ibuprofen 5.6 15
Topromide 139
Meprobamate

DEET
Diclofenac
Dilantin
Erythromycin
Estriol
Estrone
Fluoxetine
Galaxolide
Gemfibrozil
Hydrocodone

)
&

Musk Ketone
Naproxen
Oxybenzone
ulfamethoy
TCEP
Testosterone
Triclosan
Trimethoprim

EEq*

—&— No Chemical

—#—0.5CI2&0.1NH3
—4—0.5CI2 & 0.3 NH3
—8—0.5CI2 & 0.5 NH3

@
S

N
o

US patent No. US 6,602,426 B2

>

N
S

o

Bromate (ug/L)

/«
//

el

A
el

2.00

250

3.00 3.50

Transferred Ozone Dose (mg/L)
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Environ. Sci. Technol. 2005, 39, 4586-4593

are the perchlorate and bromate anions, which have become
focal issues for regulatory agencies. The U.S. EPA originally

Trace Analysis of Bromate, Chlorate,
lodate, and Perchlorate in Natural published a reference dose for perchlorate, which would
H suggest a drinking water equivalent level of approximately

and Bottled Waters 1ug/L (1. More recently, the National Academy of Sciences
and the US. EPA have suggested reference doses with a
drinking water equivalent level of 24.5 4g/L (2, 3). However,
the state of Massachusetts requires public notification of
drinking water containing perchlorate at 1 g/ or greater
(4}, while California has established a public health goal of
6.0ug/L (5). Bromate, a disinfection byproduct, is currenty
regulated in US. drinking waters with a maximum con-
taminant limit (MCL) of 10 #g/Lin drinking water (6). Chlorate
and iodate are not currently regulated in drinking water;

SHANE A. SNYDER,*

BRETT ]. VANDERFORD, AND

DAVID ]. REXING

Water Quality Research and Development Department,
Southern Nevatla Water Authority, 1350 Richard Bunker
Avenuie, Henderson, Nevada 89015

Available online at www.sciencadirect.com

ELSEVIER Toxicalogy 221 (2006) 220234

. elsevier.com losate toxicel

Analysis of bromate and bromide in blood

Oscar Quifiones ®, Shanc A. Snyder®*, Joseph A. Cotruvo®, Jeffrey W. Fisher®

= Warer Quality Rescarch and Developmen: Deparmnent, Sourhern Nevada Water Aushoriss, 1350 Richand Bunker Ave.
Henders, 5A

“Available online 14 Februaey



Perchlorate in Commercial Bleach — Sodium Hypochlorite
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DESALINATION

ELSEVIER Desalination 202 (2006) 156-181

‘www.clsevier.com/locate/desal

Role of membranes and activated carbon in the removal
of endocrine disruptors and pharmaceuticals

Shane A. Snyder™*, Samer Adham®, Adam M. Redding®, Fred S. Cannon,
James DeCarolis®, Joan Oppenheimer®, Eric C. Wert®, Yeomin Yoon!

“Southern Nevada Water Authority, 1350 Richard Bunker Ave., Henderson, Nevada 89015, USA
Tel. +702-856-3668; Fax +702-856-3647; email: shane.snyder@snwa.com
*Montgomery Watson Harza, Applied Research Department, 300 N. Lake Ave., Pasadena, California 91101, USA
“Dep of Civil and Envi Engineering, The Pennsylvania State Universiy, University Park,
Pemnsylvania 16802, USA
CH2M HILL, Level 18 Gateway Tower, 12-5 Dongja-Dong, Yongsan-Gu, Seoul 140-709, South Korea

Received 31 July 2005; accepted 23 December 2005

nerging Contaminants in US ing Waters (n=20)

Toxicological Relevance
AwwaRF #3085 & WRF 04-003

Compound % Freq M /L) Ma n (ng/L) Ave (ng/L)
~ DEET 18 % 21 30 51 82
Atrazine 75
Meprobamate
Dilantin
Tbuprofen
Topromide

o2
@in o L

=
S

Gemfibrozil
Metalochlor
Estrone
Progesterone

ot

Sulfamethoxazole
Triclosan
Trimethoprim o 3 .

Sulfamethoxazole — Chlorine/Chloramine

Raw;
59 ng/

oagulation:
Wawy STEps ASs (e GUALITY 59 ng/L

_cosguiant
Chemical Adition
dng

Raw Water Pump Station
Brings Raw Water Into & Rapid Mixi
estmant Piant

Pre-filtration:
Aif i Cleanest water
o Filtrs  Disinfoction 01 Top

0
| Plant #2

Post-iltratios Barrier
0.78 ng/L

ished: r
0.38 ng/L

Concentration (ng/L)

o e B e =
o | Plant #3

Disinfection
Chioramines.

oM Adjustment | Barcier
Two distribution sites:
<0.25, 0.38 ng/L

—
superlor water g%
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Relevance to Human Health Intentional vs. Unintentional

Human
Effect Equiv. Dose
(mg/ko-d)
Atenolol 0.8 (LOAEL) Developrmental, hurman 08 0.0027 81
Atorvastatin 20(LOAEL) Developmental, rat 3z 0.0031
Carbamazepine 200 (LOAEL) Developmental, rat 0.011
Diazepat 1 (LOAEL) Developmental, rat 0.00015
Diclofenac 4 (NOAEL) Reprodutiive, rat 0.0022
Enalapri 0.3 (LOAEL) Develaprental, baboon 0.001
Fluoietine 7.5 (LOAEL) Developmental, rat 0.0012
Gernfibrazil 92 {(NOAEL) Reprodutive, rat 0015
Meprobamate No data o data
Napraien 20 (NOAEL) Developmental, rat 0.011
Phenytain 175 (NOAEL) Developrmental, rmouse 008
Risperidone 016 (LOAEL) Reproductive, rat 0.000026
Simvastatin 10 (NOAEL) Developmental, rabbit 0.011
Sulfamethosazole 250 (NOAEL) Reproduive, rat 013
Triclosan 3 (NOAEL) Systemic, rabibit 0.00097
Trimethoprirm 70 (NOAEL) Reproductive, rat 0.037

R DWEL
(mg/kg-d) {ppb)

Effect Dose

Drug (mgrkg-d)

Drinking Water (ng/L) Reuse Water (ng/L)
Sulfamethoxazole <0.25 <0.25  0.38 <0.25 <0.25 <0.25

Atenolol 20 0.42 0.35 1.7 2.6 2.1
Trimethoprim <0.25 <0.25 041 060 0.50
Meprob 1t 12 24 0.58 <0.25 0.34
Dilantin 13 7.4 <1.0 <1.0 <1.0
Cart pi 8.2 10 i <0.50 <0.50 <0.50
Atrazine 76 138 <0.25 <0.25 <0.25
Linuron 8.1 <0.50 . <0.50 <0.50 <0.50

Gemfibrozil 0.48 0.51 b f <0.25

Soy Sauce vs. Wastewater
Estrogenicity (EEq)

Why do we view

SOY SAUCE WASTEWATER EFFLUENT EDC/PPCPs differently?
WWTP-1 4.6
WWTP-2 0.05

WWTP-3 0.61

Why is perchlorate
different?

RAW WASTEWATER DRINKING WATER
WWTP-1 ili <0.03
WWTP-2
WWTP-3

We must determine
toxicological relevance!

The public has difficulty with the concept of
relative concentrations

- Instead, they apply the “present/absent” litmus test

- Adverse health effects are presumed if present

/ KL

A W N\

Conclusions
® EDCs and Pharmaceuticals are ubiquitous

® Removal related to structure (and dose)

— Chlorine good for phenolics, less effective for
ketones

— Ozone more effective than chlorine

How Low can We Go?

= e
.

o o

— UV ineffective at disinfection doses
¢ Effective with high-energy UV & AOP using peroxide

® Ozone eliminates in vitro estrogenicity
® Surface water under influence of
conventional WWTPs will have more trace

Sodium and lodine Atoms on Copper contaminants than IPR system
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Take Home Thoughts...

- Non-detect # Safe

. Safe # Non-detect
Non-detect # Zero

- Consider public perception

- Consider public dollars
- The public will pay for monitoring programs
- The public will pay for additional treatment
- There is NO silver bullet
- Oxidation = Byproducts
- Membranes = Brines
- Activated Carbon = Disposal/Regeneration
- ALL processes use energy = air quality issues

Las Vegas will...

> Leaders in sustainability
> Model City for conservation
> Model City for research

> Explore cutting-edge
conservation practices

> International destination
“water tourism/science”

> Establish collaborations
globally

Available at www.sciencedirect.com

.-=ag

.
ScienceDirect

journal homepage: wwe elsevier com/lozate /Ttres

Occurrence and removal of pharmaceuticals and endocrine
disruptors in South Korean surface, drinking,
and waste waters

Sang D. Kim®, Jaeweon Cho®, In S. Kim®, Brett J. Vanderford®, Shane A. Snyder™*

“Department of Environmental Stience and Engineering, Guangju [nstitute of Science and Technalogy, 1 Oryong-dong, Buk-gu,
Gwangju 500-712, South Korea
“Southern Nevada Water Authrity, 1350 Richard Bunker Avenue, Henderson, NV 89015, USA

Perchlorate Assessment of the Nakdong and Yeongsan

Watersheds, South Korea

Oscar Quiiiones’, Jeong-Eun Oh*, Brett Vanderford’, Joon I1a

Kim?®, .Jaeweon Cho*, and Shane A. Snyder®
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2007 — SNWA opened a new
Laboratory & Applied R&D Center

Face=acercommunication

eseaiFhRYI
survive!

Shane Snyder, Ph.D.

shane.snyder@snwa.com
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