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A Tall, Cool Drink of ... Sewage?

By ELIZABETH ROYTE

All water on earth is recycled: the same drops that misted Devonian ferns and dripped from

the fur of woolly mammoths are watering us today. From evaporation to condensation and
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Sex Hormonal Action and Chemical
Constitution

B, W. SCHUELER
University -of Chicago

The following communication presenis a new hy-
pothesis regarding the essential chemical and strue-
tural features sufficient for male and female sex hor-
monal activity as evidenced by comb growth in the
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BIODEGRADATION OF STEROID I-HRMONES

Elisabeth Stumm-Zollinger and Gordon M. FaiiL

TMormones 1in YWY astewaters

Sterogid hormones oenerally find
their +was into -~vastewaters amd ~with
them into natural sarface amd wunder-

in notable degree,
gur responsibility
amounts steroid hor § MAY GeCUr in
our drinlkiog wate der the most
unfaverable conditiofs, | some of which
already have been cifed. To this pur-

evertheless, it is
earn in what
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GC/MS ANALYSIS OF ORGANIC COMPOUNDS
IN DOMESTIC WASTEWATERS

A. W. Garrison, J. D. Pope and F. R, Allen

U.S5. Environmental Protection Agency
Southeast Environrmental Research Laboratory
Athens, Georgia

INTRODUCTION

In 1971 this laboratory began a program to identify extractable, vola-
tile organic compounds in domestic wastewaters. Objectives were to
develop analytical techniques for such analyses, to identify compounds
being discharged into surface waters after secondary or advanced treat-
ment, and to provide specific compound data that will help to determine
waste treatment effectiveness. Knowledge of the specific compounds
discharged is needed to study health effects of pollutants, to help de=
termine the sources of compounds found in drinking water surveys, and
to estahlish effluent euidelines. Finally, some parts of the world are



Tabie 3.1, Continued

Concentration in 'l"l“urlv:w:lEﬂ_ Hafi

) (+ = Present, not gquantified)
'1 Activated Physical- Lir;ie-
Faw ‘ Sludge Chemical Clarified
Wastewater Effluent Effluent Raw Sewage
Before After
Chion- Chlor-
l:.?_mpnund by Class B2 12/73 8172 12773 /72 12/73} mnation nation
1.1,2.2-Tetrachloroethane  + | *
1.1,1,2-Tetrachlorosthane +
Steroids
Cholestero) + +
Coprostanol + +
Drugs and Drug Metabolites
Calfeine + + + +
2{4-Chlorophenoxy)-2-
methyipropionic acid®
[Clofibrate metabolite] 0.8 1.0 2.0 0.1 + =
Micotine + + +
Salicylic acid® + +

Garrison, Pope, and Allen - 1975
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ESTROGENIC EFFECTS OF EFFLUENTS FROM
SEWAGE TREATMENT WORKS

C.E. PURDOM,' P.A. HARDIMAN,' V.I. BYE,' N.C. ENO',
C.R. TYLER? and J.P. SUMPTER

'"Ministry of Agriculture, Fisheries and Food, Fisheries Laboratory,
Lowestoft NR33 OHT, *Department of Biology and Biochemistry,
Brunel University, Uxbridge UB8 3PH
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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.



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






“We know the value
of water when the
well runs dry.”

Benjamin Franklin

Poor Richard’s
Almanac - 1732
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Difficult to Oxidize
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Antoine-Laurent de Lavoisier (26 August 1743 — 8 May 1794)

«Called the father of modern chemistry

«Conservation of mass:
“although matter can change its state in a chemical reaction, the quantity of matter
IS the same at the end as at the beginning of every chemical change”

http://en.wikipedia.org/wiki/Antoine_Lavoisier



Recent History

Meds lurk in drinking water
A7 prabe found traces of fheds in water SupplEs of 41 millan AMmeEricans
By Jal® Donn, Marthin Hendoce grid Juskin Priic=ard
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Mutated fish sywimming in tainted water
Fharmaceuticals in dgnking water supplies hurting surrounding wildhfe
By Jal! Donn, Marthes Merficce snd Juskin Prilk®ard

The fssocialed Press
pphied 10002 mm. PT, Bor., Hagck 10 2008

LaxE |Few rules for drugs in tap water

Mo natonal sl:artiurl:ls- far how much of any pharmaceutical is tes much
By Jal? Donn, ™MarEhip Mendoce mnd Juskin Pric=ard

O Ehl The Associated Pifss
Id..;:h.ud:.-u-.n PT, Tups, Ke=ch 11, 3304

eledtri] FHILADELPHLA - Jyst a century ago, this historic city nofched be the Delaware and Schurgkdll trested

chalera ard typholf. Todas, municdpal drinking water Is deansed of germs — but not drugs.

these rivers as mtII-L sewers, but few cared untl the waters ran black weh stinking Hith that spread
i

Traces of 56 human and veberinary pharmaceuticals or thadr bypraducts — llke the active Ingredierss
in medicines for pain, Infection, high chalesteml, asthma, epllepsy, mental lliness and heart problems
— paee been debscted In Fhilladelphia’s drinkdng sater. Startied thelr wirding fourmey Im mesdicine
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Record high drug levels entering India stream
Wastewater at nation’s plants 150 times the highest found in U.5S.

The Associated Press
updated 4:56 p.m PT, Sun., Jan. 25, 2002

Polar drug residues in sewage and natural waters in the
state of Rio de Janeiro, Brazil

Detection of pharmaceutical contaminations of river, pond, and tap
water from Cologne (Germany) and surroundings

OCCURRENCE OF PHENAZONE ANALGESICS AND
CAFFEINE IN CROATIAN MUNICIPAL WASTEWATERS

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

and waste waters




v » Prevent sample contamination:
<
‘ — Onthe day of sampling activities, avoid contact with

science for a changing world or consumption of the products listed below. Where
contact with or consumption of these products is

unavoidable, the collection of field blanks is strongly
recommended.

* Prescription drugs, medications, and hormonal
substances

* Soaps and detergents, including antibacterial
cleansers

*« DEET (active ingredient in most insect repellents)
* Fragrances (cologne, aftershave, perfume)
* Sunscreen

= A pimal or human urine or excrement

* Caffeine (coffee, tea. colas)

— Avoid breathing directly over open samples/equip-
ment.

— Avoid direct contact between yourself (including

clothing ) and the sample, sampling device, and pro-
cessing equipment. Clothing is a source of detergents,

fragrances, and fire retardants.
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Pharmaceuticals

Prescription
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Environ. Sci. Technol. 2006, 40, 7312—7320

Analysis of Pharmaceuticals in
Water by Isotope Dilution Liquid
Chromatography/Tandem Mass
Spectrometry!

BRETT J. VANDERFORD®* AND
SHANE A. SNYDER

Southern Nevada Water Authority, 1350 Richard Bunker
Avenue, Henderson, Nevada 89015

pensate for matrix effects by using different calibration
techniques, including standard addition (13, 17, 22), surrogate
monitoring (15, 20), and various forms of internal calibration
(14—16, 19, 23). Still more have been developed to minimize
matrix effects using different extraction, cleanup and elution
techniques, including size-exclusion chromatography (I8,
24), solid-phase extraction (22), LC chromatographic pro-
cedures (14, 22), ultra performance liquid chromatography
(25), hollow fiber liquid-phase microextraction (26), flow-
splitting and reduced eluent flow rates (24, 27). However,
most become problematic when applied to the simultaneous
analysis of a broad range of compounds that encompass
many different classes and structures in matrices having
varying degrees of suppression and enhancement.



Samples collected per time zone

17 Participating Utilities




Environ. Sci. Technol, 2009, 43, 597-603

Pharmaceuticals and Endocrine
Disrupting Compounds in U.S.
Drinking Water

MARK J. BENOTTI,

REBECCA A. TRENHOLM,
BRETT J. VANDERFORD,
JANIE C. HOLADY,

BENJAMIN D. STANFORD, AND
SHANE A. SNYDER"

Applied Research and Development Center, Southern Nevada
Water Authority, P.O. Box 99954, Las Vegas, Nevada
89193-9954

Received July 3, 2008. Revised manuscript received October
3, 2008. Accepted October 13, 2008.

some researchers have postulated that the long-term risk to
humans from any single pharmaceutical at sub-ug/L levels
isnegligible (8), itisnot clear what toxicological implications
chronic exposure to suites of trace contaminants may pose
(9, 10). The degree to which this issue has drawn interest
across disciplines is illustrated by the voices of concern
stemming from medical professionals, environmental sci-
entists, drinking water municipalities, government agencies,
and the general media (9, 11-13). However, if risk assessors
and epidemiologists are to link any potential health outcomes
with pharmaceutical and EDC exposure, a better under-
standing of their occurrence in drinking water is critical.
There is relatively sparse information regarding phar-
maceutical and EDC occurrence in drinking water. Re-
searchers in Germany measured ng/L concentrations of
clofibric acid in Berlin tap water (14), a case which remains
a strong illustration of the sometimes close wastewater to
drinking water coupling of unintended water reuse. The
elimination of pharmaceuticals at German DWTPs was
attributed to ozone oxidation or adsorption to granular
activated carbon (15): finished drinking water concentrations



Target Compounds

Pharmaceuticals (20) Potential EDCs (26)  Steroid Hormones (5) Phytoestrogens (11)

Atenolol Atrazine Estradiol Apigenin
Atorvastatin Benzophenone Estrone Biochanin A
o-Hydroxy atorvastatin BHA Ethinylestradiol Chrysin
p-Hydroxy atorvastatin BHT Progesterone Coumestrol
Carbamazepine o-BHC Testosterone Daidzein
Diazepam B-BHC Equol
Diclofenac y-BHC Formononetin
Dilantin 5-BHC Genistein
Enalapril Bisphenol A Glycitein
Fluoxetine Butylbenzyl phthalate Matairesinol
Norfluoxetine DEET Naringenin
Gemfibrozil Diazinon
Meprobamate Dioctyl phthalate
Naproxen Galaxolide
Risperidone Linuron
Simvastatin Methoxychlor
Simvastatin hydroxy acid Metolachlor
Sulfamethoxazole Musk ketone
Triclosan Nonylphenol
Trimethoprim Octachlorostyrene

Octylphenol

TCEP

TCPP

Tonalide

Traseolide

Vinclozolin



Detected in Raw Water™ (24/62)

Pharmaceuticals

Atenolol

Carbamazepine

Diclofenac
Dilantin

Gemfibrozil
Meprobamate
Naproxen

Sulfamethoxazole
Triclosan
Trimethoprim

Potential EDCs

Atrazine

DEET

Dioctyl phthalate
Galaxolide
Linuron
Metolachlor
Nonylphenol

TCEP
TCPP

Steroid Hormones

Estrone

Progesterone

*In at least 20% of samples

Phytoestrogens

Apigenin

Formononetin
Genistein



Detected in Drinking Water™ 1/62)

Pharmaceuticals Potential EDCs Steroid Hormones Phytoestrogens

Atenolol Atrazine

Carbamazepine

Dilantin

DEET
Gemfibrozil
Meprobamate

Metolachlor
Sulfamethoxazole

TCEP

TCPP

*In at least 20% of samples



Carisoprodol — The Source of Meprobamate in the
Environment?

Carisoprodol

PSS W
oK

Metabolism via
CYP2C19 enzyme

N0
g

Meprobamate

Olsen, H. et al. Therapeutic Drug Monitoring
1994, 16, 337-340.

Mosby’s Drug Consult lists carisoprodol
as the 75! most prescribed drug in
2003.

Meprobamate was not listed in the
top 200.




TABLE 4. Six Frequently Detected Indicator Compounds, Their
Removal during Chlorine or Ozone Oxidation, And the Relative
Humber of Pharmaceuticals and EDCs Removed by Chlorine or

Dzone®
removal by
chlorine ozone
group 1
estrone good good
trimethoprim good good
group 2
DEET poor good
atenolol® poor good
group 3
atrazine poor poor
meprobamate poor poor
number of pharmaceuticals
and EDCs >50% removed
by each process®
16 of 36 25 of 29



“The critical question we must address is not ‘Do they
exist?,” but rather, ‘At what concentration are these
compounds harmful to human health?’”




Acceptable Dailly Intake (ADI)

ADI = Highest NOAEL or lowest LOAEL
Uncertainty factors

T UF of 10 for animal to
. human study

Dose| | NOAEL

ADI




Dose

DWEL = MCLG

Drinking Water Equivalent Level (DWEL) = AD! ;7LO kg

UF of 10 for animal to
. human study

NOAEL

ADI




Selected pharmaceuticals
cancer and non cancer end

Effect dose
Drug (mg/kg-d) Effect UF
IEI Atenaolol 0,80 [LOAEL) Developmental, human 00
Atorvastatin 20 [LOAEL) Developmental, rat | 3,000
o-fydrowxy atorvastatin
o-fydrowxy atorvastatin
IEI Carbamazepine 3.0 [LOAEL) Developmental, human | 300
Diazepam 1.0 [LOAEL] Developmental, rat 1,000
Diclafenac 20 [NOAEL) Dewelopmental, mouse 300
Enalapril 0.070 [LOAEL) [ Dewelopmental, human | 300
Fluoxetine 0,30 [LOAEL) | Dewelopmental, human | 300
Maorfluoxetine
[R]Gemfibrozil 92 (LOAEL] | Developmentalrat | 3,000
Meprobamate 75 [MOAEL) Systemic, mouse 10,000
Maproxen 170 [NOAEL) DEU:EE::;E:?;;USE 300
EI Phenytoin 17.5 [MOAEL) | Dewelopmental, mouse 300
RM| Risperidone 0,16 [LOAEL] Reproductive, rat 3,000
E Simwastatin 0.2 [LOAEL) Developmental, human | 300
Simvastatin hydroxy acid
Sulfamethoxazole 512 [MOAEL) Developmental, rat 1,000
Triclasan 75 [MOAEL) Systemic, hamster 1,000
Trimethaprim 192 [MOAEL) Developmental, rat 1,000

noints

Evidence of Cancer in Rat
or Mouse



Pharmaceutical Evaluation
ADI- Max. Sites with
DWEL conc. Detection Liters per Day to
Drug Class (ng/L) (ng/L) (n=18) Exceed DWEL
Risperidone Antipsychotic 0.49 0.003 1 340
Phenytoin Anticonvulsant 6.8 0.019 10 700
Carbamazepine Anticonvulsant 12 0.018 8 1,300
Atenolol Beta-blocker 70 0.018 8 7,800
Meprobamate Antianxiety agent 260 0.042 14 13,000
Gemfibrozil Antilipidemic 45 0.002 7 43,000
SSRI
Fluoxetine antidepressant 34 0.001 2 82,000
Norfluoxetine Metabolite 34 0.001 1 88,000
Benzodiazepine
Diazepam tranquilizer 35 0.001 1 210,000
Sulfamethoxazole Anti-infective 18,000 0.003 4 12,000,000




Endocrine Toxicology

Effect dose

EDC {mg/ke-d) Effect UF
Atrazine 5.0 [LOAEL] Meuralogic £ behavioral, mouse 1,000
Bisphenol A 0,002 [LOAEL) | Developmental (endocrine), mouse | 1,000
Developmental £ reproductive
Butylbenzyl phthalate 100 [LOAEL) tendocring], rat 1,000
CERF 1.215 [MOAEL] Dewvelopmental (endocrine), rat 100
Endocrine-mediated effectsz,
17R-Estradiol 0.005 [MOAEL) 300
human
Endocrine-mediated effects,
Ectrone 0,004 (NOAEL] ndocrine-mediated effects 200
human
, , Endocrine-mediated effectsz,
Ethinylestradial 0.0001 [LOAEL) 1,000
hiuman
Lindane 0.0586 [LOAEL) Reproductive, rat 1,000
Linuron Mo new relevant studies
Developmental f behawvioral
Methoxoschlor 0,020 [LOAEL) i _ 1,000
[endocrine), mouse
Renal toxicity, rat (3-2en
4-Nomylphenol 1.5 [MOAEL) reproductive study] 30
4-tert-Octylphenal 12.5 [LOAEL)™ Dewelopmental, rat 1,000

Vinclozolin

Mo new relevant studies

*LOAEL obzerved at lower doze (0,020 mz fkea-d], but not replicated in other ztudies




Potential EDC Evaluation

ADI- Max. Sites with | Liters per Day
DWEL conc. Detection to Exceed
Drug Class (ng/L) (ug/L) (n=18) DWEL
Atrazine Herbicide 3 0.870 15 8
Linuron Herbicide 70 0.006 2 23,000
p-Nonylphenol Industrial chemical 1,800 0.100 2 35,000
Bisphenol A Industrial chemical 1,800 0.025 1 140,000
Triclosan Antibacterial 2,600 0.001 1 4,400,000
17b-Estradiol Hormone 1.8 <0.0005 0 >7,000
Bis(2-
ethylhexyl)
phthalate Industrial chemical 420 <0.100 0 >8,400
Butylbenzyl
phthalate Industrial chemical 3,500 <0.050 0 >140,000




World Health Organization
Drinking Water Quality Guidelines

8.2.9 Mixtures

Chemical contaminants of drinking-water supplies are present with numerous other
inorganic and/or organic constituents. The guideline values are calculated separately
tor individual substances, without specific consideration of the potential for interac-
tion of each substance with other compounds present. The large margin of uncer-

tainty incorporated in the majority of the guideline values is considered to be

sufficient to account for potential interactions. In addition, the majority of contami-

nants will not be continuously present at concentrations at or near their guideline
value.



Summary of Evaluations Performed by the
Joint FAOMYHO Expert Committee on Food Additives
(JECFA 1956-2004)

(First through sixty-third meetings)

summary of Evaluations Performed by the
Joint FAQOMNWHO Expert Committee on Food Additives

ESTRADIOL -1 F7BETA I
Chemical names: ESTREA-1,3,5(10)-TRIENE-3,17beta-DIOL

Syponyms: ESTRADIOL

Functional class: YETERINARY DRUG (PRODUCTION AIDY

Latest evafuation: 19aq

ADI: 0-0.00005 mgfkg bw = 50 ng/Kg = 3500 ng/70 Kg person
Comments /MRLs: MRL=: Muscle, liver, kidney and fat {(cattle): WNOT SPECIFIED

Report: TRS 293-JECFA BE2/E57

Residues: FMP 41/12-1ECFA BE2/37

Fox monograph: FAS 43-1ECFA 52/43

Previous status: 1987, TRS 7a3-1ECFA 32717, FHNP 41-1ECFA 32/7, MOT PREPARED.

apl UMNMECESSARY, ACCEPTABLE RESIDUE LEVEL: LINMECESSARY,
HOEMOME PRODUCED ENDOGENOUSLY AT YARIABLE LEYELS IN
HUMAN BEINGS, RESIDUES FROM USE IN ACCORDAMNCE WITH GOOD
ANIMAL HUSBAMDEY PEACTICE UMLIKELY TO POSE A HAZARD TO
HUMAMN HEALTH, AC, MREL

1981, TRS 669-JECFA 25/15. UMLIKELY TO BE AMNY CAUSE OF
CcOoOMCERM WHEN PROPERLY LUISED

12 Mow O1



Estrogenicity Comparison

N/
N/

1 Liter Secondary

Wastewater
(4.6 ng/L)

Teaspoon of Soy Sauce
(300 ng/L, 15 mL)



March 25t 2009

o 28.4 grams per serving e 142 grams per serving
- 88 ng Carbamazepine - 440 ng Carbamazepine
- 142 ng Norfluoxetine - 710 ng Norfluoxetine
- 540 ng Sertraline - 2,700 ng Sertraline

- ~ 60,000 ng Galaxolide - ~300,000 ng Galaxolide



WATER

Exposure
Conc. 2 Liday)
(ng/L) (HO)
BHT 49 0.10
TCPP (Fyrol
PCF) 530 1
Galaxolide 280 0.6
Butylbenzyl
phthalate o9 0.1

Nonylphenol 130 0.3




“It is imperative that the nation do a better job of protecting
Its waters, and especially sources of drinking water, from
contamination.”







“In an age where we are concerned about greenhouse
gas emissions and minimizing our nation’s energy
demands, is it wise to dictate energy-intensive water
treatment systems when there is no evidence of public

health benefits?”
Global -
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THE COMPLETE BRIEFING

John Houghton






Summary

® All water has been, or will be, reused
— Global sustainability depends on recycling water
— Analytical instruments can detect nearly any substance in water
— Population & urban density exacerbate water challenges
® Treatment can remove or transform contaminants
— No system can provide complete removal (zero does not exist)
— Most efficacious processes are energy intensive
— Are we trading water quality for air quality?
® Meaningful water quality goals must be health-based
— Monitoring alone will not establish safety
— Detection does not = safe, just as non-detection does not = risk

— Protection of public health must be based on sound science
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Utilities/Agencies Equipment Engineering
Clark County Air Products Black & Veatch
Henderson APT CH2M Hill

Las Vegas ABI ECOLOGIC
Reno Bruker Hazen & Sawyer
Singapore METAWATER HDR

Zurich General Electric Kennedy Jenks
Japan Hydranautics

S. Korea Ozonia

Saudi Arabia Trojan Tech.
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