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“Ancient” History



Developments in Industrial Microbiology - 1970
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Study Objective

To provide water utilities, regulators, the scientific 
community, and the public with information 
regarding the occurrence and health relevance 
of EDCs and pharmaceuticals in drinking water.

These data provide guidance for allocating 
resources responsibly.  Meaningful treatment 
goals and analytical reporting limits must be 
based on human health protection.
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Site Selection
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Samples collected per time zone

17 Participating Utilities



195
43 88

Water for >50,000,000 people

17 Participating Utilities



Compound Selection
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•Hundreds of 
purported EDCs

•Selected data 
compilations 
screened 

Criteria:

•In vivo

•Relevant 
species

•Endocrine 
mediated effect

•Adverse effect

•Occurrence in 
drinking water, 
especially U.S.

•Resistance to 
conventional 
drinking water 
treatment

•Availability of 
method for 
analysis

•Severity of 
effects

•Potency

•Pharmaco-
kinetics

•Availability of 
studies suitable 
for risk 
assessment Endocrine 

Mode of 
Action

PAC, 
public, 

scientific 
interest

Suspected EDCsSuspected EDCs



Pharmaceuticals (n=20)

1.0AntiepilepticDilantinPhenytoin

0.25Anti-anxietyMiltownMeprobamate

MRL (ng/L)UseSynonym(s)Pharmaceuticals

0.25AntibioticTrimethoprim

1.0AntimicrobialTriclosan

0.25AntibioticBactrimSulfamethoxazole

0.25Simvastatin metaboliteSimvastatin hydroxy acid

0.25AntilipidemicZocorSimvastatin

1.0AntipsychoticRisperidalRisperidone

0.50NSAIDAleveNaproxen

0.25AntilipidemicLopidGemfibrozil

0.50Fluoxetine metaboliteNorfluoxetine

0.50AntidepressantProzacFluoxetine

0.25ACE InhibitorRenitec, VasotecEnalapril

0.25NSAIDVoltarenDiclofenac

0.25TranquilizerValiumDiazepam

0.50AnticonvulsantTegretolCarbamazepine

0.50Atorvastatin metabolitep-Hydroxy atorvastatin

0.50Atorvastatin metaboliteo-Hydroxy atorvastatin

0.25AntilipidemicLipitorAtorvastatin

0.25Beta-blockerTenorminAtenolol



10Metolachlor25BHT

MRL (ng/L)Potential EDCsMRL (ng/L)Potential EDCs

10Vinclozolin100Bis(2-ethylhexyl)phthalate

25Traseolide10Diazinon

25Tonalide25DEET

50TCPP50Butylbenzylphthalate

50TCEP5.0Bisphenol A

25Octylphenol10δ-BHC

10Octachlorstyrene10γ-BHC (Lindane)

100Nonylphenol10β-BHC

25Musk Ketone10α-BHC

10Methoxychlor25BHA

0.50Linuron25Benzophenone

25Galaxolide0.25Atrazine

Potential EDCs (n=26)

VinclozolinAtrazine Diazinon Musk Ketone



MRL (ng/L)SourceSynonymSteroids

0.50Human androgenTTestosterone

0.50Human estrogenProgesterone

1.0Synthetic birth controlEE2Ethynylestradiol

0.20Human estrogenE1Estrone

0.50Human estrogenE2Estradiol

Steroids and Phytoestrogens (n=16)

1.0LegumesGlycitein

5.0Oilseeds (such as sesame)Matairesinol

1.0Citrus fruits and tomatoesNaringenin

1.0Legumes and red cloverDaidzein

10Daidzein metaboliteEquol

1.0CloverFormononetin

1.0Legumes and red cloverGenistein

MRL (ng/L)Source(s)Phytoestrogens

1.0AlfalfaCoumestrol

1.0Passiflora caerula (passion flower)Chrysin

1.0Legumes and red cloverBiochanin A

1.0Leafy plantsApigenin

Formononetin

Chrysin

Estradiol

Biochanin A

Genistein

Testosterone



Analytical Methods





Isotope Dilution

Calibration
Standard

Extracted Wastewater
Effluent Sample

• Samples spiked with isotopes prior to extraction

• Correct for loss of native compound due to:
– Matrix adsorption
– Preparation/Extraction loss

– Matrix suppression  (LC-MS)

– Change in sensitivity due to             
active sites (GC-MS)

• Atoms are replaced with stable, heavier isotopes
12C ���� 13C,   14N ���� 15N,    1H ���� 2H (deuterium)

• Little interference, not abundant in nature

• Isotopes virtually identical in all chemical characteristics 
to native compound � act as a “perfect” internal 
standard

• Change in MW � Can be differentiated in MS detectors

N
H

O

F

F
F

D

D

D

D

D

N
H

O

F

F
F

H

H

H

H

H

Fluoxetine (- d5)

D
D

D

D D

MW 309

MW 314



0%

20%

40%

60%

80%

100%

120%

A
tr

az
in

e

C
ar

ba
m

az
ep

in
e

D
ia

ze
pa

m

D
ic

lo
fe

na
c

D
ila

nt
in

F
lu

ox
et

in
e

G
em

fib
ro

zi
l

M
ep

ro
ba

m
at

e

N
ap

ro
xe

n

S
ul

fa
m

et
ho

xa
zo

le

T
ric

lo
sa

n

T
rim

et
ho

pr
im

Surface Water Spiked @ 25 ng/L Isotope Dilution

External Calibration



Recoveries in Various Waters
Using Isotope Dilution
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E-screen Assay
(Dr. Jocelyn Hemming – WSLH)

• Human breast cancer cells proliferate in response to 
estrogenic compounds

• Calibrated using estrogen (E2) and results reported as 
estradiol equivalents (EEq)

Control Exposed



Results



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 αααα-BHC Testosterone Daidzein
Diazepam ββββ-BHC Equol
Diclofenac γγγγ-BHC Formononetin
Dilantin δδδδ-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



Pharmaceuticals Potential EDCs Steroid Hormones          Phytoestrogens

Detected in Raw Water*

Atenolol Atrazine Estradiol Apigenin
Atorvastatin Benzophenone Estrone Biochanin A
o-Hydroxy atorvastatin BHA Ethinylestradiol Chrysin
p-Hydroxy atorvastatin BHT Progesterone Coumestrol
Carbamazepine αααα-BHC Testosterone Daidzein
Diazepam ββββ-BHC Equol
Diclofenac γγγγ-BHC Formononetin
Dilantin δδδδ-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

Estradiol
Atorvastatin Benzophenone Biochanin A
o-Hydroxy atorvastatin BHA Ethinylestradiol Chrysin
p-Hydroxy atorvastatin BHT Coumestrol

αααα-BHC Testosterone Daidzein
Diazepam ββββ-BHC Equol

γγγγ-BHC
δδδδ-BHC

Enalapril Bisphenol A Glycitein
Fluoxetine Butylbenzyl phthalate Matairesinol
Norfluoxetine Naringenin

Diazinon

Risperidone
Simvastatin Methoxychlor
Simvastatin hydroxy acid

Musk ketone

Octachlorostyrene
Octylphenol

Tonalide
Traseolide
Vinclozolin * In at least 20% of samples



53120530TCEP

5888130Nonylphenol

5890170Diethylhexyl phthalate

580.9332Naproxen

582.224Gemfibrozil

580.7511Trimethoprim

632.236Atenolol

745.029Dilantin

790.330.90Estrone

7932870Atrazine

794.151Carbamazepine

848.273Meprobamate

8912110Sulfamethoxazole

Frequency 
(>50%)

Median 
(ng/L)

Max (ng/L)Compound

Raw Intake for “Impacted” Drinking Water Facilities (n=19)



Atenolol Atrazine Estradiol Apigenin
Atorvastatin Benzophenone Estrone Biochanin A
o-Hydroxy atorvastatin BHA Ethinylestradiol Chrysin
p-Hydroxy atorvastatin BHT Progesterone Coumestrol
Carbamazepine αααα-BHC Testosterone Daidzein
Diazepam ββββ-BHC Equol
Diclofenac γγγγ-BHC Formononetin
Dilantin δδδδ-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

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 αααα-BHC Testosterone Daidzein
Diazepam ββββ-BHC Equol
Diclofenac γγγγ-BHC Formononetin
Dilantin δδδδ-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

Estradiol Apigenin
Atorvastatin Benzophenone Estrone Biochanin A
o-Hydroxy atorvastatin BHA Ethinylestradiol Chrysin
p-Hydroxy atorvastatin BHT Progesterone Coumestrol

αααα-BHC Testosterone Daidzein
Diazepam ββββ-BHC Equol
Diclofenac γγγγ-BHC Formononetin

δδδδ-BHC Genistein
Enalapril Bisphenol A Glycitein
Fluoxetine Butylbenzyl phthalate Matairesinol
Norfluoxetine Naringenin

Diazinon
Dioctyl phthalate

Naproxen Galaxolide
Risperidone Linuron
Simvastatin Methoxychlor
Simvastatin hydroxy acid

Musk ketone
Triclosan Nonylphenol
Trimethoprim Octachlorostyrene

Octylphenol

Tonalide
Traseolide
Vinclozolin

Detected in Drinking Water*

Pharmaceuticals Potential EDCs Steroid Hormones        Phytoestrogens

* In at least 20% of samples



*Atrazine is regulated under the Safe Drinking Water  Act with an MCL of 3000 ng/L

220.393.0Sulfamethoxazole

28210510TCPP (Fyrol PCF)

331627Metolachlor

336393DEET

39120470TCEP

390.482.1Gemfibrozil

446.018Carbamazepine

441.218Atenolol

566.219Dilantin

785.742Meprobamate

8349870Atrazine*

Frequency (%)Median (ng/L)Max (ng/L) Compound

Finished Water for Drinking Water Treatment Facilit y (n=18)

220.393.0Sulfamethoxazole

28210510TCPP (Fyrol PCF)

331627Metolachlor

336393DEET

39120470TCEP

390.482.1Gemfibrozil

446.018Carbamazepine

441.218Atenolol

566.219Dilantin

785.742Meprobamate

8349870Atrazine*

Frequency (%)Median (ng/L)Max (ng/L) Compound

Finished Water for Drinking Water Treatment Facilit y (n=18)



Food / Beverages



http://jecfa.ilsi.org

= 50 = 50 ngng /Kg = 3500 ng/70 Kg person/Kg = 3500 ng/70 Kg person



Sample Matrices

• Food/beverage items

– Bottled water
– Soy sauce

– Beer
– Tea

– Coffee
– Apple/vegetable juice

– Milk (cow/soy based)
– Baby formula (cow/soy based)
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≈≈≈≈
1 cup coffee 

(17 ng/L, 240 mL)

EEq Comparison
(Max Finished Water)

5.3 Liters Finished   
Drinking Water

(0.77 ng/L)



Soy Baby Formula
(1700 ng/L, 4 oz Bottle)

≈≈≈≈

EEq Comparison

265 Liters of Finished Drinking Water
(0.77 ng/L)



Risk Assessment



Tumor 

response

Slope factor

R
e
sp

o
n
se

Dose

deriving deriving ADIsADIs / / screening valuesscreening values

carcinogens

non cancer



Selected pharmaceuticals 
cancer and non cancer endpoints

R/M

R

R/M

R/M

Evidence of Cancer in R at 
or Mouse

R

R

R



EDCs
endocrine-mediated endpoints



Pharmaceuticals



EDCs



Amount of water to meet ADI / screening value
pharmaceuticals



Amount of water to meet ADI /screening value
EDCs



BUT What about the MIXTURES?
WHO – Drinking Water Quality Guidelines



Conclusions



The public has difficulty with the The public has difficulty with the 

concept of relative concentrationsconcept of relative concentrations

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

- Adverse health effects are presumed if present

Nanograms per liter ?

Picograms per liter ?

Micrograms per liter ?

Zeptograms per liter ?





What will we find at pg/L, What will we find at pg/L, fgfg /L, /L, åågg/L?/L?

We must determineWe must determine
toxicological relevance! toxicological relevance! 

Why do we view Why do we view 
EDC/EDC/PPCPsPPCPs differently?differently?

Consider Consider perchlorateperchlorate ……













• Trace amounts of steroids and pharmaceuticals have been 
reported in water for more than 30 years

• Robust analytical methods are capable of accurately detecting 
and quantifying chemicals in water at levels < 0.000000001 g/L

• Only 11 of 62 target compounds were detected in finished 
drinking water (>20% frequency)
– Atrazine had highest frequency at 83%, but at less than 1/3rd the MCL

– If MRLs were 10 ng/L, then 9 of 62 would have been detected

– If MRLs were 100 ng/L, then 3 of 62 would have been detected

– If MRLs were 1000 ng/L, then no compounds would have been 
detected

• Exposure to estrogenic chemicals in diet are far greater than in
drinking water

• Toxicological relevance is critical in order to establish meaningful 
treatment and analytical goals

Conclusions



• Using EPA risk assessment paradigm, the DWELs for 
indicator pharmaceuticals and EDCs are FAR higher than 
occurrence
– Conservative uncertainty factors used in each

– Even if additional uncertain factors of 10-100x were applied for 
synergism/additivity, the DWELs would still be higher than 
occurrence

• The energy/water nexus is absolutely critical
– We must avoid “moving” our pollution from water to air

– Holistic risk evaluation is needed – “cradle to grave”

– Energy efficient water treatment and health-based goals are key 
to sustainability

• Global partnerships are needed in order to disseminate 
findings, needs, and solutions

Conclusions



Shane Snyder
shane.snyder@snwa.com


