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Program on Reproductive 
Health and the Environment

Mission
• To create a healthier 

environment for 
human reproduction 
and development

• Advance scientific 
inquiry, clinical care, 
and health policies 
that prevent 
exposures to harmful 
chemicals in our 
environment



Project areas

• Risk assessment and quantitative methods in 
environmental health

• Translate & disseminate information on emerging 
science for clinicians, patients and general audiences

• Collaborate with SF General Hospital and other clinics 
on research & biomonitoring studies

• Analyze and conduct epidemiology studies of levels and 
effects of exogenous chemicals

• Provide scientific advice and consultation to policy 
makers, state & federal offices and other non-profit and 
academic organizations.

• with emphasis on reproductive health outcomes and 
fetal & maternal wellbeing.



Today

• Risk assessment
• Overview of regulatory structure
• Discuss recent National Academy of Science 

recommendations
• Detail our work in this area
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Legislative, Executive, Judicial
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Examples of agencies that determine risk 
& make recommendations

6

Federal 
Agency
Federal 
Agency

EPAEPAFDAFDA

Drugs/Med. 
devices

Drugs/Med. 
devices TSCATSCA FIFRAFIFRA

Food Add.
Packaging
Food Add.
Packaging

HHSHHS

NIHNIHCDCCDC

California EPA
Dept. Toxic Substances Control

Office of Env. Health Hazard Assess.

California EPA
Dept. Toxic Substances Control

Office of Env. Health Hazard Assess.

Cabinet LevelCabinet Level
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TSCA reform on the way…..

• Sept. 29, 2009
• Chemicals should be 

reviewed against risk-based 
safety standards based on 
sound science and protective 
of human health and the 
environment

• Manufacturers should provide 
EPA with the necessary 
information to conclude that 
new and existing chemicals 
are safe and do not endanger 
public health or the 
environment 

• Dec. 2nd EP&W 
committee 
hearing on TSCA

• Safer Chemicals, 
Healthy Families 
coalition

• 13 States 

• Industry also 
pushing for 
reform



Chemicals are a part of everyday life
Other factors are part of decision-making process
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Economics
Research
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Risk Assessment Overview
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Examples of EPA using Risk Assessment

• There is a contaminated 
Superfund site
– how much should be cleaned 

up and what method should be 
used?  

• There are contaminants in 
drinking water  
– How should a standard be 

set?
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Biological processes & perturbations
Moving risk management upstream

Figure 2.2 from Toxicity Testing 
in the 21st Century, NRC, 2007. 



Definition: Adverse Effect (IRIS)

A biochemical change, functional 
impairment, or pathologic lesion that 
affects the performance of the whole 
organism, or reduces an organism's 
ability to respond to an additional 
environmental challenge 



Is there evidence
to “move upstream”
Is there evidence
to “move upstream”

Variability & 
susceptibility
Variability & 
susceptibility

Background  
chemical 
exposures

Background  
chemical 
exposures

Can we use known 
data to generalize 
to chemicals with 
less data?

Can we use known 
data to generalize 
to chemicals with 
less data?

Meeting Report: 
Woodruff, et al. 
Vol. 116  No. 11  
November 2008 •
Environmental Health 
Perspectives

Meeting Report: 
Woodruff, et al. 
Vol. 116  No. 11  
November 2008 •
Environmental Health 
Perspectives



What did we conclude at the last 
meeting?
• Sufficient information linking upstream and 

downstream event for some perturbation 
classes (e.g. thyroid hormone disruption)

– Next step -> move toward implementation 

Evaluated 3 case studies 
a) thyroid hormone disruption 
b) antiandrogen-mediated male reproductive effects
c) immune system suppression



What did we conclude at the last 
meeting?
• Background & susceptibility factors can 

increase effects of chemical exposures

Source: Woodruff et al. 2008 EHP 

NAS Science and Decisions, 2008

Background:
Chemical exposures
Disease burden

Background:
Chemical exposures
Disease burden

Susceptibility:
Age
Genetics

Susceptibility:
Age
Genetics



What did we conclude at the last 
meeting?
• Need to unify dose-response approaches

– Assumptions of threshold may not apply
Hazard Assessment

Collect  the Scientific Data/Studies
Analyze/Synthesize/Assess

Sort by Cancer or Noncancer endpoints

Hazard Assessment
Collect  the Scientific Data/Studies

Analyze/Synthesize/Assess
Sort by Cancer or Noncancer endpoints

Non Cancer 
Risk 

Assessment
Assumes that there 

is a “safe” level 
(threshold) 

Non Cancer 
Risk 

Assessment
Assumes that there 

is a “safe” level 
(threshold) 

Cancer Risk 
Assessment

Assumes there is no 
“safe” level

(no threshold)

Cancer Risk 
Assessment

Assumes there is no 
“safe” level

(no threshold)

Develop a
Reference Dose/
Reference Conc.

Often referred to as  “safe” dose

Develop a
Reference Dose/
Reference Conc.

Often referred to as  “safe” dose

Derive dose-
response

Conduct Risk 
Characterization

Risk = Exposure * 
Dose-response

Derive dose-
response

Conduct Risk 
Characterization

Risk = Exposure * 
Dose-response



What has happened since 2007?



New Key NAS reports

• A transformative paradigm needed to 
achieve the following design criteria:

– To provide broad coverage of chemicals, chemical mixtures, 
outcomes, and life stages.

– To reduce the cost and time of testing
– To use fewer animals and cause minimal suffering in the 

animals used.
– To develop a more robust scientific basis for assessing 

health effects of environmental agents.



New Key NAS reports

Phthalates and 
cumulative risk 
assessment

Chemicals with similar 
endpoints can be 
considered additively.  
Example of phthlates & 
anti-androgen effects

Science and 
Decisions

Design of risk assessment
Uncertainty and variability
Selection and use of 
defaults
Unified approach to dose

-response assessment
Cumulative risk 
assessment
Improving the utility of risk 
assessment
Stakeholder involvement
Capacity-building



Taking the next step

• Sponsors
– CalEPA, OEHHA
– UCSF, Program on Reproductive Health and the 

Environment, Department of Obstetrics, Gynecology and 
Reproductive Sciences

– USEPA, National Center for Environmental Assessment and 
National Center for Environmental Economics

– NIEHS/NTP

November 16th & 17th 2009



Review of general approach
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animal exposure ---perturbation--------- overt outcomeanimal exposure ---perturbation--------- overt outcome

human exposure ---perturbation--------- overt outcomehuman exposure ---perturbation--------- overt outcome

Goal:
To use an 
approach like 
this for a 
chemical with 
less data to 
make a 
decision 
regarding 
hazard or 
risk.

We know how to use thisHow can we use this?



Overall project
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Case study Case study 
modelmodel

NAS NAS 
adviceadvice

Background Background 
and and 

populationspopulations

Improved  Hazard 
Characterization 
and Risk 
Assessment 
Decisions

Present this to a 
group of risk 
assessors, 
endocrinologists,
toxicologists for
feedback

Present this to a 
group of risk 
assessors, 
endocrinologists,
toxicologists for
feedback



Case study analysis steps
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B, H) Estimate a quantitative relationship between 
PCB exposure and thyroid  hormone levels in animals

D) Develop model for PCB body burden and human thyroid hormone decrements in
humans

B,C) Convert animal model to expected human thyroid hormone levels
F) Comparison of animal & human PCB body burdens

G) Comparison of animal & human thyroid hormone levels 
K) Estimate quantitative relationship between 

TH perturbations in humans and neurodevelopmental outcomes
J) Estimate quantitative relationship between  maternal PCB body burden 

and child neurodevelopmental outcomes 



Data selection process
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Thyroid hormone
disruption
Anti-androgen
Immune response
FT4, TT4, T3, TSH

PCBs
PBDEs
Dioxins
perchlorate
PFOS, others

Range of doses
Sufficient # animals
Maternal thyroid 
measurements

1. Chemical TH relationship
2. Chemical overt health outcome
3. Maternal TH overt health 
outcome

Endpoint 
selection

Chemical 
selection 

Biological 
perturbation

Animal 
data

Human 
data

Identify chemical to 
model relationship in 
animals and in humans 
to a measureable 
biological perturbation 
and an overt health 
outcome.

neurodevelopmental
cardiovascular
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Chemistry

PCBs‐209 congeners PBDEsThyroxine

BPA

Triclosan



Biochemistry:  T4 vs. TSH structure

26Smith, et al, 2006.  RSR Ltd is a developer of medical diagnostics including kits for measuring thyroid autoantibodies.

hTSH α-chain

β-chain

TSHR 
cleavage 
domain (CD)

T4

TSHR transmembrane
domain (TMD) and leucine-
rich domain (LRD)



Hypothalamus pituitary axis:
Thyroid introduction  
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I-

Pesticides
Dioxins, Furans
Pesticides
Dioxins, Furans

PBDE’s, 
Hydroxylated PCB’s
PBDE’s, 
Hydroxylated PCB’s

PCB’s,PBDE’s
BPA ,Triclosan
PCB’s,PBDE’s
BPA ,Triclosan

Perchlorate
Thiocyanate
Nitrate

Perchlorate
Thiocyanate
Nitrate

Sunscreens
Styrenes
Sunscreens
Styrenes

Pearce, et al.  Best Practice & Research Clinical Endocrinology & 
Metabolism 23 (2009) 801–813
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thyroid dysfunctionthyroid dysfunction

developmental
neurotoxicity

developmental
neurotoxicity

increased
LDL

in adults

increased
LDL

in adults

impaired
cardiac
function

impaired
cardiac
function

impaired
B-cell

function

impaired
B-cell

function

• Subclinical hypothyroidism is 
associated with:
• Placental abruption
• Low birthweight
• Respiratory Distress
• Lower IQ/Neuromotor Function



Peri-natal windows of brain 
development
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Data sources: specific studies & 
relationship results

SECTION HEADING

References Data results
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Data source: NTP studies
SECTION HEADING

NTP tech 
report # PCB (TEF)

# rats per 
dose Time points (3)

# of 
doses Range of doses

hormones 
measured

520 126 10 Days 92, 211, 
365 8 0-1000  ug/kg TSH, FT4, 

T4, T3

529 153 10 Days 92, 211, 
365 6 0-3000 ug/kg TSH, FT4, 

T4, T3

530 153 & 126 10 Days 92, 211, 
366 7 156: 0-3000 ug/kg, 

126: 0-1000 ng/kg
TSH, FT4, 

T4, T3

531 126 & 118 10 Days 92, 216, 
365 6 118: 0-500 ug/kg, 

126: 0-3110 ng/kg
TSH, FT4, 

T4, T3



B: PCB blood concentrations to 
thyroid hormone level (rat)
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FT4 = h f 1−
v f ds

k f + ds

⎛ 

⎝ 
⎜ ⎜ 

⎞ 

⎠ 
⎟ ⎟ 

ds = w
i
di

i=1

3

∑

Average free T4 in 
absence of PCBs

Max reduction in free T4
induced by PCBs

PCB dose yielding half of 
max reduction

Weighted (wi) sum of 
three PCBs (like a TEQ)



D: Serum PCB Levels versus Free 
and/or Total T4 (Human)
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Abdelouahab et al., 2008Abdelouahab et al., 2008

Chevrier et al., 2008Chevrier et al., 2008

Maevroet et al., 2007Maevroet et al., 2007

Turyk et al., 
2007

Turyk et al., 
2007

PCB
118

PCB
138

PCB
153

PCB
180

Sum 
Mono-
Ortho

Sum all PCBs

Free T4
Total T4
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Rat vs. human congener comparison

Human studies 118 126 153 Other included congeners

Abdelouahab 2008 * 138, 180

Chevrier 2008 * 105, 156

Maervoet  2007 * 28, 66, 74, 156, 157, 167, 189

Turyk 2007
* * 18, 28, 44, 49, 52, 66, 74, 99, 101, 138, 

146, 156, 180, 183, 187, 194, 199

Rat studies
NTP data

520 *
529 *
530 * *
531 * *

Ve= 0.49

Ve= 0.00064



C: Comparing Rat and Human models
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Extrapolated from the rat
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at

a

Fractional hormone reduction (ΔFT4 and ΔTT4 )

Human More Sensitive Than Rat

Rat More Sensitive 
Than Human

Rat and Human Equal

Possible 
Conclusions:

Suggests 
humans are 
more sensitive 
than rats to 
PCB 
perturbations
Other 

chemicals in 
human bodies 
affecting TH 
reduction. 
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Data source: human thyroid hormone disruption 
and neurodevelopmental outcomes

Reference Measurement
(all during 
gestation)

Neuromeasure
ment

Age of 
child

Outcome/result

Pop 2003, 
Clinical 

Endocrinology

Maternal FT4 
and TSH

Bayley scales of 
infant development

1 and 2 
years

children from mothers with hypothyroxinaemia had 
delayed mental and motor function

Haddow, 
1999, New 

Eng. J. of Med

Maternal TSH IQ scores on 
Wechsler 
Intelligence Scales

7-9 
years

children of mothers with high serum thryotropin 
performed less well on IQ tests.  

Pop 1999, 
Clinical 

Endocrinology

Maternal TSH, 
FT4, TPO 
antibodies

Dutch version of 
Bayley scales of 
Infant development 
MDI and PDI

infants linear relationship between psychomotor score and 
fT4 levels.

Klein 2001, J. 
Med screen

Maternal TSH IQ scores 8 years linear relationship between IQ and ln (maternal TSH) 

Kooistra 2006, 
Pediatrics

Maternal TSH, 
FT4, TPO 
antibodies

Neonatal 
Behavioral 
Assessment

3 weeks infants from mothers with low fT4 at 12 weeks had 
lower scores, but maternal TSH or fT4 levels later in 
gestation were not indiciative of orientation scores



K - Free T4 versus Psychomotor 
Developmental Index (Human)
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Pop, Endocrinology, 1999 & 2003
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Referenc
e

chem
ical

Body 
burden 
measure

Neuro 
measurement

Age at 
neuro 
measure

Outcome/results

Jacobson 
1990

PCBs Cord 
serum, 
breast milk

McCarthy scales, 
other tests

4 years In utero exposure is associated 
with poorer short-term memory 
function.  

Jacobson 
1996

PCBs Cord 
serum, 
breast milk

Verbal & reading 
scores

11 years PCBs exposure correlated to 
lower IQ and reading scores.

Patandin 
1999

PCBs Maternal 
plasma

Cognitive & 
processing tests

3-3.5 
years (42 
months)

Dose-dependent association

Sc
or

e 
on

 te
st

Jacobson, et al, 1990

J: chemical body burden to IQ



• Range of bj is 1.06 to 1.66 (score/(ng/ml PCB))
• Range of bk is 6.3 to 8.4 (score/(pmol/l FT4))
• If the relationship is consistent, bd=bj/bk

• This suggests a range for bd

– 0.13 to 0.26 (pmol/l FT4)/(ng/ml PCB), or 0.8-2.5% decrease.

bd bk
Human body 

burden of 
PCBs

Human thyroid 
hormone 

levels (TT4, 
FT4)

Human 
health 

outcomes 
(test results)

KD

J

bj= bd x bk

Are these consistent?



40

D: Serum PCB Levels versus Free and/or Total T4 (Human)
Evaluated at the standard PCB concentration

Abdelouahab et al., 2008Abdelouahab et al., 2008

Chevrier et al., 2008Chevrier et al., 2008

Maevroet et al., 2007Maevroet et al., 2007

Turyk et al., 
2007

Turyk et al., 
2007

PCB
118

PCB
138

PCB
153

PCB
180

Sum 
Mono-
Ortho

Sum all PCBs

The fractional reduction 
(0.8% to 2.5%) in FT4
predicted by assuming 
consistency with J and K

Free T4
Total T4

Conclusion:
Our model 
predicts TH 
reduction 
smaller than 
literature 
models, but 
within most 
confidence 
limits.



Conclusions

41

• Any perturbation in thyroid hormone status is an 
adverse outcome

• Because of noisy data and model uncertainty, the 
models do not give very precise estimates of effect

• Within the limits of uncertainty of the data, the three  
human dose-response are consistent

• Dose-response in rats under-predicts human 
response to PCBs

• This is a reasonable approach to begin using 
upstream biological markers as indicators of chemical 
toxicity

• Estimates of relative PCB potencies are similar to 
TEFs adopted by WHO 



Next Steps
• Adjust mathematical 

model
– Using better raw data
– Account for PCB caveats

• Convert into 
publications

• Confirm model with 
other chemicals

• Investigate other 
adverse endpoints 

– From TH disruptions
– Other early perturbations

General Conclusions
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• Could be useful when 
designing new 
chemicals, or 
assessing 
alternatives, 

– New methods such as 
HTP assays or 
cell/protein binding 
assays, etc.

• More upstream 
biological markers 
should be identified



Advisors

• PRHE staff
– Tracey Woodruff, PhD, MPH
– Patrice Sutton, MPH
– Jackie Schwartz, MPH
– Ami Zota, PhD,
– Joanne Perron, MD

• Planning committee
– USEPA – Dan Axelrad, Kate Guyton
– CalEPA – Mark Miller, Lauren Zeise,
– UCSF – Amber Wise, Tracey Woodruff
– NIEHS – Kris Thayer, Kembra Howdeshell

• Thyroid case study:
– R.  Thomas Zoeller, U Mass
– Fred Parham and Chris Portier, NIEHS



• Immediately Initiate Action on the Worst Chemicals: Persistent, bioaccumulative toxicants (PBTs) are uniquely 
hazardous. Any such chemical to which people could be exposed should be phased out of commerce. Exposure to other 
toxic chemicals, such as formaldehyde, that have already been extensively studied, should be reduced to the maximum 
extent feasible.

• ** Require Basic Information for All Chemicals: Manufacturers should be required to provide basic information on the 
health hazards associated with their chemicals, how they are used, and the ways that the public or workers could be 
exposed.

• ** Protect the Most Vulnerable: Chemicals should be assessed against a health standard that explicitly requires 
protection of the most vulnerable subpopulations. That population is likely to usually be children, but it could also be 
workers, pregnant women, or another vulnerable population.

• Use the Best Science and Methods: The National Academy of Sciences' recommendations for reforming risk 
assessment at the Environmental Protection Agency (EPA) should be adopted. Regulators should expand development 
and use of information gleaned from “biomonitoring,” the science of detecting human chemical contamination, to inform 
and impel efforts to reduce these exposures.

• ** Hold Industry Responsible for Demonstrating Chemical Safety: Unlike pharmaceuticals, chemicals are currently 
presumed safe until proven harmful. The burden of proving harm falls entirely on EPA. Instead, chemical manufacturers 
should be responsible for demonstrating the safety of their products.

• Ensure Environmental Justice: Effective reform should contribute substantially to reducing the disproportionate burden 
of toxic chemical exposure placed on people of color, low-income people and indigenous communities.

• ** Enhance Government Coordination: The EPA should work effectively with other agencies, such as FDA, that have 
jurisdiction over some chemical exposures. The ability of the states to enact tougher chemical policies should be 
maintained and state/federal cooperation on chemical safety encouraged.

• ** Promote Safer Alternatives: There should be national support for basic and applied research into green chemistry 
and engineering, and policy should favor chemicals and products that are shown to be benign over those with potential 
health hazards.

• Ensure the Right to Know: The public, workers, and the marketplace should have full access to information about the 
health and environmental hazards of chemicals and the way in which government safety decisions are made.

• **States: Address Emerging Contaminants – including nanomaterials before use in products

** Coalition of 13 States also call for these specific tenets 44


	Moving Upstream: �Using Early Biological Signals to Assess Chemical Toxicity
	Program on Reproductive Health and the Environment
	Project areas
	Today
	Legislative, Executive, Judicial
	Examples of agencies that determine risk & make recommendations
	TSCA reform on the way…..
	Chemicals are a part of everyday life�Other factors are part of decision-making process
	Risk Assessment Overview
	Examples of EPA using Risk Assessment�
	Biological processes & perturbations�Moving risk management upstream
	Definition: Adverse Effect (IRIS)
	What did we conclude at the last meeting?
	What did we conclude at the last meeting?
	What did we conclude at the last meeting?
	What has happened since 2007?
	New Key NAS reports
	New Key NAS reports
	Taking the next step
	Review of general approach
	Overall project
	Case study analysis steps
	Data selection process
	Chemistry
	Biochemistry:  T4 vs. TSH structure
	Hypothalamus pituitary axis:�Thyroid introduction  
	Peri-natal windows of brain development
	Data sources: specific studies & relationship results
	Data source: NTP studies
	B: PCB blood concentrations to thyroid hormone level (rat)�
	D: Serum PCB Levels versus Free and/or Total T4 (Human)��
	Rat vs. human congener comparison
	C: Comparing Rat and Human models
	Data source: human thyroid hormone disruption and neurodevelopmental outcomes
	K - Free T4 versus Psychomotor Developmental Index (Human)
	J: chemical body burden to IQ
	Conclusions
	Advisors

