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3,000+

Most 
used

300 39 16

Drug groups

Final 
candidates

Prescription 
drugs

PharmaceuticalsPharmaceuticals

Detection; 
Public interest

321

Potential 
for 

toxicity

4

5



Occurrence 
& exposure

13 
EDCs

Final 
candidates

Status as an 
EDC 32

1

Potential 
for toxicity

4

5

•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



Analytical Methods





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



Site Selection



195
43 88

Samples collected per time zone

17 Participating Utilities



Results



51 Compounds since phytoestrogens not included



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 α-BHC Testosterone Daidzein
Diazepam β-BHC Equol
Diclofenac γ-BHC Formononetin
Dilantin δ-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



Atenolol Atrazine Estradiol Apigenin
Atorvastatin Benzophenone Estrone Biochanin A
o-Hydroxy atorvastatin BHA Ethinylestradiol Chrysin
p-Hydroxy atorvastatin BHT Progesterone Coumestrol
Carbamazepine α-BHC Testosterone Daidzein
Diazepam β-BHC Equol
Diclofenac γ-BHC Formononetin
Dilantin δ-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

α-BHC Testosterone Daidzein
Diazepam β-BHC Equol
Diclofenac γ-BHC Formononetin

δ-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



220.393.0Sulfamethoxazole
28210510TCPP (Fyrol PCF)
331627Metolachlor
336393DEET
39120470TCEP
390.482.1Gemfibrozil
446.018Carbamazepine
441.218Atenolol (99th- 2007)
566.219Dilantin (151st – 2007)
785.742Meprobamate
8349870Atrazine

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

Finished Water for 18 Drinking Water Treatment Facilities

US Drinking Water



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 18 Drinking Water Treatment Facilities

MRL > 10 ng/L

MRL > 10 ng/L

MRL > 20 ng/L
MRL > 20 ng/L
MRL > 20 ng/L

MRL > 50 ng/L

MRL > 50 ng/L

MRL > 100 ng/L
MRL > 500 ng/L

MRL > 1000 ng/L

MRL > 1000 ng/L

US Drinking Water



Risk Assessment



Tumor 
response

Slope factor

Re
sp

on
se

Dose

deriving ADIs / deriving ADIs / screening valuesscreening values

carcinogens

non cancer



Selected pharmaceuticals 
cancer and non cancer endpoints

R/M

R

R/M

R/M

Evidence of Cancer in Rat 
or Mouse

R

R

R



51,000,0006,000,0000.00318,000Anti-infectiveSulfamethoxazole

18,000,0002,200,0000.00122,600AntibacterialTriclosan

51,0006,0000.043260Antianxiety agentMeprobamate

23,0002,7000.02670Beta-blockerAtenolol

180,00021,0000.002145AntilipidemicGemfibrozil

900,000110,0000.0003335
Benzodiazepine 

tranquilizerDiazepam

370,00044,0000.0007734MetaboliteNorfluoxetine

350,00041,0000.0008234
SSRI 

antidepressantFluoxetine

5,6006700.01812AnticonvulsantCarbamazepine

1,8002100.0326.8AnticonvulsantPhenytoin

1,4001700.00290.49AntipsychoticRisperidone

No. of 8-oz 
glasses to 

exceed DWEL 
Margin of 

safety

Max. 
conc. 
(µg/L)

DWEL 
(µg/L)ClassDrug

Pharmaceutical DWELs with max. drinking water concentrations



EDCs
endocrine-mediated endpoints



>590>70<0.0100.70InsecticideMethoxychlor

>1,8000,000>210,000<0.0255,300Industrial chemicalOctylphenol

>360,000>42,000<0.010420FungicideVinclozolin

>17,000>2,000<0.01020InsecticideLindane

>30>3.5<0.00100.0035Synthetic HormoneEthynylestradiol

>19,000>2,300<0.000200.46HormoneEstrone

>30,000>3,600<0.000501.8Hormone17b-Estradiol

>36,000>4,200<0.10420Industrial chemical
Bis(2-ethylhexyl) 

phthalate

>590,000>70,000<0.0503,500Industrial chemical
Butylbenzyl

phthalate

140,00016,0000.111,800Industrial chemicalp-Nonylphenol

71,0008,4000.008370HerbicideLinuron

610,00072,0000.0251,800Industrial chemicalBisphenol A

26603.0180HerbicideAtrazine

No. of 8-oz 
glasses to exceed 

DWEL 
Margin of 

safety

Max. 
conc. 
(µg/L)

ADI-
DWEL 
(µg/L)ClassDrug

EDC DWELs with max. drinking water concentrations



2001,200,00018,0000.003Sulfamethoxazole

2033,0001,8000.114-Nonylphenol

20144,0001,8000.025Bisphenol A

3.012,0002600.043Meprobamate

0.75,400700.026Atenolol

0.545,000450.002Gemfibrozil

0.470,000350.001Diazepam

0.368,000340.001Fluoxetine

0.11,300120.018Carbamazepine

0.14306.80.032Phenytoin

Recommended 
MRL (µg/L)

Liters per 
day to meet 

DWEL

DWEL 
(µg/L)

Max Drinking 
Water Conc.

(µg/L)

Method Reporting Limits based on 100x <DWEL



“Identifying Hormonally Active 
Compounds, Pharmaceutical 

Ingredients, & Personal Care Product 
Ingredients of Most Health Concern

From Their Potential Presence in Water 
Intended for Indirect Potable Reuse”

WRF 05-005 – Expert Workshop 
November 5-6th, 2008

 



Approach
• Gather Data from Published Toxicological 

Studies
• Use Data to Obtain Uncertainty Factor (UF) and 

Effect Dose
• Use 7 Methods to Obtain Screening Levels

– NOAEL/LOAEL, Minimum Therapeutic Dose, 2 TTC-
Based Approaches, Cancer Slope Factor (CSF), 
Maximum Tolerated Dose, and Existing Toxicity 
Critereon

• Compare Results, Choose Most Conservative 
(Protective of Public Health)



Describe Methods for 
Deriving Human Health Risk-Based Screening Levels

Considered Four Approaches: 

a) For noncarcinogenic effects:  No observed adverse effect 
level (NOAEL) or lowest observed adverse effect level 
(LOAEL) from toxicology studies in humans, with 
uncertainty factors applied

b) For carcinogenic effects:  Tumor incidence data and linear 
extrapolation models to derive cancer slope factors 
(SFs) and target levels based on incidence of cancer

c) For drugs:  Minimum therapeutic dose

d) Threshold of Toxicologic Concern (TTC) 



Lowest observed 
adverse effect 

level in database 
(of 9 studies)

Female rats 
exposed from 
before mating 

through gestation

Reproductive 
effect (protracted 

birth)

UFs:  10 for animal to human, 
3 for sensitive members of 

population, 10 for LOAEL to 
NOAEL, 3 for study duration, 
3 for lack of a 2-generation 

study in database

0.0005 µg/kg-d/ 
3,000

Toxicological Data Used to Develop Screening Levels for 
Noncancer Endpoints for Target PPCPs



PPCPs with Evidence of Carcinogenicity and Tumor Data, and 
Slope Factors (SFs) and Screening Levels

Evidence of liver 
cancer in male rats

Tumor incidence 
data: 2 year study 
at 4 dose levels 

Cancer slope factor derived 
using tumor incidence data 
and EPA Benchmark Dose 
Model (estimate dose that 
produces 10% excess risk, 

then extrapolate to produce 
upper-bound estimate risk 

per 1 mg/kg-d of dose

Calculated assuming an 
acceptable lifetime excess 

cancer risk of 1 in one 
million, and that a person 
is exposed to this dose 

365 d/yr for 30 yrs over a 
70 yr lifetime

= (106 x 25,550)/ (SF x 
10.950)



Compound Treatment 
Endpoint 

Ther Dose 
(mg/ kg-d) 

Traditional  
UF a 

Pregnancy Category &  Adverse Human 
Effects at Ther Dose 

Adverse Effects in Animals 
(Relative to Ther Dose) 

Proposed Additional 
UFs 

Screening Level 
(µg/ kg-d) 

Alendronate Osteoporosis 0.071 300 (1,3,10,3,3) C Cancer; Repro, rat:  1.1x; Devel, rat:  2.3x 3-cancer 0.080 

Atenolol Hypertension 0.36 300 (1,3,10,3,3) D (low birth weight) Cancer; Repro, rat: 4.2x 3-devel; 3-cancer 0.12 

 

Minimum Therapeutic Doses for Target PPCPs and EDCs, 
and Corresponding Screening Levels

Minimum 
therapeutic dose 

for adults (5 
mg/d)

Treatment for 
osteoporosis 
(bisphosphate

inhibitor of bone 
resorption)

Fosamex®
UFs:  1 for animals to 
humans, 3 for intra-

individual variability, 10 for 
LOAEL to NOAEL, 3 for 

study duration, 3 for 
database uncertainties

Evidence of toxicity in 
animals:  cancer of 

Harderian gland in mice 
(not likely relevant to 

humans) and thyroid in 
rats; reproductive effects in 

rats (protracted 
parturition) at 1.1x 
therapeutic dose; 

developmental effects 
(reduced body weight gain 

in rat pups) at 2.3x 
therapeutic dose)

FDA pregnancy category

Additional UFs



Threshold of Toxic Concern (TTC)-based Screening 
Levels for PPCPs

Fosamex® Compounds 
that suggest 
“significant 
toxicity”; 
contains 

phosphonate
groups

Negative in 
Ames test and 

in vitro 
micronucleus 

assay

Minimum oral 
lethal dose to 
50% of a test 
population

Compounds 
with negative 
genotoxicity
tests and no 
structural 

alerts

Cramer 
structural 
class III 

compounds



Derived Screening Values From Seven 
Approaches (μg/kg-d)

NA0.000430.0043NAExisting Toxicity 
Criterion

NA0.000590.0272
Based on Max. 

Tolerated, Dose 
(Carcinogens)

NA0.0120.0043NABased on CSF

1.3261.31.3Kroes et al. (2004) 
TTC Approach

0.0210.43-0.640.0210.21
Cheeseman et al. 

(1999) TTC 
Approach

2.30.00001NA0.012Based on Minimum 
Therapeutic Dose

750.00000330.050.027Based on 
NOAEL/LOAEL

Meprobamate
Ethinyl

EstradiolAtrazineAtenolol



“New” Derivation of Screening 
Levels

• Based on Blanket Uncertainty Factors:
– 1,000 if NOAEL Data Are Available
– 3,000 if only LOAEL Data Are Available
– Multiply by additional factors of 10 when

1. Compound is a Non-genotoxic Carcinogen
2. Compound is a known EDC

• Provides Ease of Use in Process
– Still Maintains Robust Approach through 

Multiple Derivations of Screening Levels



DRAFT Decision Tree for Screening Levels (WRF 05-005)

Pharmaceutical?
Yes

Divide therapeutic
dose by 3,000

Divide by 10 if
nongenotoxic

carcinogen or 10
if EDC

A
Divide NOAEL by
1,000 or LOAEL

by 3,000

Divide by 10
for EDC

Select lowest
value

Genotoxic
carcinogen?

If tumor data are available,
derive SF and screening level

using 10-6 risk; if no tumor data,
use lower of value from

maximum tolerated dose or TTC

No Yes

EDC?

No

Available NOAELs
or LOAELs, or genotoxic

carcinogen?

Apply TTC approach

No

Yes

Follow A & select
lowest value

Existing toxicity
criterion?

Based on endocrine
endpoint?

Use existing
toxicity criterion

Follow A & select
lowest value

No No

Follow A, below, & select
from lowest of these and

existing criterion



750.00000330.050.027New Screening
level (μg/kg-d)

10003000 x 101000 x 103000 x 10"New" UF
NoYes, LiverYes, MammaryYes, ThyroidCarcinogenic?
NoNoNoNoGenotoxic?

10,000100050003000"Old" UF

NOAELLOAELNOAELLOAELNOAEL or 
LOAEL

750.00010.50.8Effect Dose 
(mg/kg-d)

Systemic 
(Mouse)

Endocrine 
(Human)

Developmental 
(Rat)

Developmental 
(Human)Effect 

PPCPPPCP & EDCHerbicide & 
EDCPPCPDescription

MeprobamateEthinyl EstradiolAtrazineAtenolol

Example Process for NOAEL/LOAEL 
Approach



Conclusions



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











• 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
– Pharmaceuticals have the “richest” toxicological data of any 

environmental contaminants (human data)

– Conservative uncertainty factors used 

– 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”

• Rapid screening values can be developed to allow a “ball park”
assessment of human health relevance from minimal datasets

Conclusions



Shane Snyder
shane.snyder@snwa.com


