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Nothing to Declare

Healthier Environments for Healthier People
 Targeted Research * Improved Clinical Care * Just Public Policy





PBDEs

Phthalates

Diethylstilbestrol

BPA

Thalidomide

Manufactured Chemicals and Pharmaceuticals 



Manufactured pharmaceuticals have to have safety data 
before use

Manufactured chemicals do NOT
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50k chemicals

Globally - 350,000 Chemicals and mixtures registered for production and/or used 

Wang et al. (2020)

?!?

235k chemicals are registered 

120k chemicals and mixtures without CAS #s or other 
identifiers



EPA Chemical Data Reporting 2015PFAS Flame Retardants Phthalates Phenols/BPA



Petro-chemical connection

Production of ethylene as a feedstock is more lucrative than the 
sale of methane and ethane for fuel, heat, or electricity 

About half of the petrochemical sector’s energy consumption 
consists of fuels used as raw materials to make chemicals for 
products

Petrochemicals are becoming the largest driver of global oil 
consumption. And will account for more than a third of the 
growth in oil demand to 2030, and nearly half to 2050



Client Logo10

“We live in a 

chemical 

soup.”

 - Linda Birnbaum

 Former Director, NIEHS





Toxic chemical exposures start in utero

industrial 

chemicals found 

in virtually every 

U.S. pregnant 

woman



… “ to a disturbing extent, 
babies are born pre-polluted.”

National Cancer Institute





https://www.env-health.org/wp-content/uploads/2020/03/FREIA-infographic_EN_sm.pdf



Intrinsic and extrinsic risk factors of disease

Image source: Varshavsky, J. R., et al (2023). Current practice and recommendations for advancing how human variability and susceptibility are considered 
in chemical risk assessment. Environmental health : a global access science source, 21(Suppl 1), 133. https://doi.org/10.1186/s12940-022-00940-1



Triple Jeopardy of Social Inequality

NAS 2023 Transforming Science





U.S EPA/ NIEHS 2017

Our children could be healthier



Increasing Prevalence of Neurodevelopmental Disorders
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Autism and Developmental Disabilities Monitoring 
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Percentage of Children 5-17 years 
reported to have ADHD, 1997-2017

Boys

All

Girls

Among 4-year-old children
•More Black, Hispanic, and Asian or Pacific Islander children had autism than White children. 
•Children born in 2014 were more likely to be identified with autism by the time they were 4 years old 
compared to children born in 2010. 
•In 2020, rate is 28/1,000 – 1 in 36 children



Source: Bellinger EHP 2012

Comparing the Environment to Other Risk Factors - IQ

34 million

38 million

15 million

40 million



Program on Reproductive 
Health and the Environment22

Rate of term low birth weight for women of all race/ethnicities increased from 2.4% to 2.5% between 2007 
and 2019.  This increasing trend was statistically significant. 

Black infants 4.3% 

White infants 2%

USEPA America’s Children and the Environment 



• 1990 - communicable diseases highest share at 46%
• 2019 - noncommunicable disease now the highest at 64%

• Cancer, respiratory, cardiovascular, neurological, metabolic disease
https://ourworldindata.org/burden-of-disease

Shift from communicable to noncommunicable disease



PBDEs

BPA Phthalates

PFAS

Common Toxic Chemical Classes



~350 chemicals 
biomonitored

in the U.S.

~40,000 chemicals 
actively used in in 

the U.S. under TSCA 
(~8,000 high production 

volume)

Picture source: 
www.othot.com

>9.5 Trillion pounds of 
chemicals per year in 

the U.S.
(~30,000 lbs/person)

We are far behind

Fraction of chemicals measured or evaluated for 
health effects in pregnant people or children



Past the Point of No Return?

Chemical pollution = 
Novel Entities

DOI: (10.1021/acs.est.1c04158) 



The problem has piled up



Now we have a 
wicked 

problem!!



Even I can’t 
clean this up 
by myself!!



Christopher Wild (2005): Complementing the Genome with an Exposome

Exposome encompasses:
 the totality of human environmental exposures
 from conception onwards

Picture source: D.P. Jones, Yale symposium presentation 2017; Jessica Young's FYC6230 Blog;  K. Sainani, BCR 2016

Opportunity to Understand and Address Environmental Contributors to 
Disease

Exposome
Genome



The Lancet Regional Health – Americas 2024 30DOI: (10.1016/j.lana.2023.100666) 
Copyright © 2024  Terms and Conditions

What are cumulative impacts?

“…the totality of exposures to 
combinations of chemical and non-
chemical stressors, and their effects 
on health, well-being, and quality of 
life outcomes.” --US EPA

http://www.elsevier.com/termsandconditions


Non-Chemical Stressors

Psychosocial

Structural

Food InsecurityFinancial Strain

Chemical Stressors



Woodruff NEJM 2024



Goal: Research to inform systemic solutions to reduce harmful exposures 
and improve health and health equity 
 

• Prioritize chemical exposures 
• Multiple chemicals
• Susceptible period of development
• Demographic differences

• Identify overlap with social stressors

• Evaluate key health effects
• Evaluate upstream indicators of 

harm for earlier intervention



~80,000 chemical substances in total

~40,000 chemical 
substances actively used 
in the US

The inventory does not include 
Pesticides
Food additives
Drugs
Cosmetics
Tobacco products
Nuclear materials 
Munitions

Critical period of development 
with unique susceptibility to 
biological/chemical perturbations

How  m any che m icals  are  w e  e xpose d to?

Chemical manufacturers in the united states are 
allowed to self-regulate



Chemical analysis

Targeted analysis Suspect screening Non-targeted analysis

C21H30O5

m/z = 362.209324

C6HCl5O

m/z = 263.847003e.g., a list of 10 PCBs e.g., a list of 1000 pesticides
e.g., all detectable masses in an LC/QTOF system



Group I: Measured in NHANES

Group II: Legacy chemicals

Group III: Measured in environmental media

Group IV: EPA predicted exposure

Group V: No EPA predicted exposure, 

               sparse environmental media data

Chemical Classes
Alternate flame retardants

Alternative plasticizers

Aromatic amines

Environmental phenols

Organophosphorus flame retardants

Perfluoroalkyl substances

Pesticides

Quaternary ammonium compounds

Rigorous review of extant data to prioritize 155 chemicals in 8 classes for 
biomonitoring in pregnant women – NIH ECHO

3 multipollutant panels
89 urinary biomarkers for 9 groups
4 Melamine/derivatives
41 Aromatic amines

Pellizzari et alEHP 2019



Policy Failure: Dozens of chemicals detected in pregnancy samples

Benzophenones & Parabens (6)

Bisphenols (2)

Fungicides and Herbicides (4)

Neonicotinoid insecticides (2)

 Organophosphate insecticide (1)

Newer Flame Retardants (2)

Phthalates, Terephthalates, and 

phthalate alternatives (16)

Polycyclic aromatic hydrocarbons (4)

Buckley JP, … Woodruff TJ.. Environ Sci Technol. 2022 May 17
Choi et al. Chemosphere Nov 2022 

Melamine and analogues (2)

Aromatic Amines (9)

This Photo by 
Unknown Author is 
licensed under CC BY-
NC

https://www.flickr.com/photos/42573918@N00/6061495750/
https://creativecommons.org/licenses/by-nc/3.0/
https://creativecommons.org/licenses/by-nc/3.0/
https://creativecommons.org/licenses/by-nc/3.0/
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Race/ethnicitya � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

Non-Hispanic 
Black/Other/multiple ×�ØØ�××� � � � � �Ø� � � � �Ø�Ø� �×××�Ø� � � �×� � � �××�
Hispanic ethnicity ×�ØØ�×××� � �×�×�×�×� � �Ø�××××××××ØØ××�×�××�

a Compared to non-Hispanic White

× = positive association, p < 0.2 Ø = negative association, p < 0.2Ø = negative association, p < 0.05×× = positive association, p < 0.05

Multiple chemical exposures higher in Hispanic and Black women



Chemical analysis

Targeted analysis Suspect screening Non-targeted analysis

C21H30O5

m/z = 362.209324

C6HCl5O

m/z = 263.847003e.g., a list of 10 PCBs e.g., a list of 1000 pesticides
e.g., all detectable masses in an LC/QTOF system



Chemical analysis with high resolution mass spectrometry (HRMS)

MS/MS in
ESI+/- for selected 

features

Confirmation with 
analytical standards

Blood samples extraction 
and clean-up

Analysis with LC – 
QTOF/MS in
ESI+/- modes

Feature extraction and 
alignment - Profinder

Formula assignment – 
MPP

300 maternal blood 
samples

300 cord blood 
samples

+



Using Nontargeted High Resolution Mass Spectrometry to Scan for the 
Chemisome

109 chemicals in pregnant women, 
55 chemicals never before reported 
in people
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All compounds
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Not previously reported



1-(1-Acetyl-2,2,6,6-tetramethylpiperidin-
4-yl)-3-dodecylpyrrolidine-2,5-dione

Sumilizer GA 80

Consumer products, personal care, fragrances

Plasticizer, used in the production of plastic polymers



methyl perfluoroundecanoate

2-perfluorooctyl ethanoic acid

Impurity of PFNA (used in fluoropolymer 
manufacture) and a break down product of 
long-chain fluorotelomer-based products

Most probably derived from long-chain 
fluorotelomer products used as surface protectors 
in textiles, food contact materials, carpets, etc. 
(i.e. fluorotelomer-based side-chain fluorinated 
polymers that were typically acrylates)



Endogenous
Exogenous

Maternal blood
Cord blood

Differentially enriched in M and C
Significant after BH correction FDR 5% n = 450 (total n = 685) p <= 1.00e -04

90th percentile

75th percentile
median
25th percentile

10th percentile



Figure 2. Molecular interaction networks for endogenous (red) and exogenous (gray) chemical features in maternal blood samples 
(n=295). Network shows features with annotation scores >0.3 or identified with MS/MS or with analytical standards. Lines represent 
correlations with |r|>0.4 (red lines positive and blue lines negative) and thickness indicates strength of correlation (|r|=0.4–1). 

Can use nontargeted analysis to link 
exogenous/endogenous chemicals – biomarkers of disease

Abrahamsson et al. ES&T 2021



PFAS and lipid metabolism dysregulation

NAS 2022 Report on PFAS concluded sufficient evidence that PFASD causes  dyslipidemia (in adults and children)



Increasing exposure associated with increased risk of gestational 
diabetes mellitus (GDM) 

OR (95%CI) of an IQR increase in exposure



Goal: Research to inform systemic solutions to reduce harmful exposures and 
improve health and health equity 
 

• Prioritize chemical exposures 
• Multiple chemicals
• Susceptible period of development
• Demographic differences

• Identify overlap with social stressors

• Evaluate key health effects
• Evaluate upstream indicators of 

harm for earlier intervention



Joint effect of PFAS and stress on fetal growth is 
greater than effect of individual mixture groups

Ⱦ (95% CI)

PFAS & Psychosocial Stress -0.09 (-0.21, 0.03)
PFAS Alone -0.03 (-0.13, 0.07)
Psychosocial Stress Alone -0.06 (-0.13, 0.01)

Ⱦ is interpreted as the effect on birthweight z-scores of 
increasing every exposure in the mixture by one quantile. 

Models are adjusted for maternal education, age, 
race/ethnicity, pre-pregnancy BMI, parity, and cohort.

Eick et al, 2022, In Revision

(Perceived Stress, Depression)



Corticotropin releasing hormone or CRH as a mediating pathway?

•Stress activates HPA axis, 
increasing cortisol 
production and CRH

•Excess CRH Æ preterm 
birth

•CRH also elevated in 
response to other classes of 
environmental chemicals

Eick et al, 2021, JESEE

Models are adjusted for gestational 
age at sample collection, maternal 
age, race/ethnicity, and parity . 



Effect of PFNA on CRH 
stronger among those 
who experienced stress

Eick et al, 2021, JESEE

Models are adjusted for gestational age at 
sample collection, maternal age, 
race/ethnicity, and parity . 



Improving efficiency of identifying toxic chemicals



Multi-Level Strategy to Identify Harmful Chemicals
Example - Human Developmental Neurotoxicants

Accelerating chemical hazard assessment for a safer 
tomorrow
- More rapidly generate data so decision-makers can act 
more quickly to prevent harmful chemical exposure and 
disease.

Dr. Joshua Robinson, UCS



A hESC Model to Assess for Developmental Neurotoxicity

I II III IV V Stages

Chen et al., 2019; Toxicological 
S i

• Across five stages, pluripotent 
hESCs are differentiated 
towards a neuronal phenotype. 

• Relevant cellular, molecular, 
and functional aspects of early 
neurodevelopment can be 
assessed in the context of 
chemical exposure.

Expression of pluripotent and neural markers



BMC10<10uM

Screening Chemicals for Toxic Effects on NPC Viability and Death
Benchmark Concentrations of evaluated Chemicals by potency

Higher 
potency

Lower 
potency

Credit – Josh Robinson



Compounds of concern: High Potencies, Human Exposure, Limited Information
� Common Quaternary Ammonium Compound (QAC) used as biocide

� Found in US women breast milk  at 0.4 ng/mL (Zheng at al 2022)
� Impairs axonal projections (Sreevidya at al 2018)
� Alters oligodendrocyte development (Cohn et al 2023)
� Disrupts mitochondrial function (Osimitz & W. Droege 2022) and IL10 

levels (Hrubec at al 2021)

� Triazole fungicide commonly applied in agriculture

� Detected in water, agricultural areas (Zhu at al., 2023)
� Alter cholesterol metabolism and retinoic acid signaling pathways (Mu et 

al., 2016); induce apoptosis and oxidative stress (Wang at al 2021)

� Organophosphate insecticide used in agriculture and mosquito control

� Detected in humans (umbilical cord blood;Silver at al., 2017)
� Acetylcholine esterase inhibitor; affect cholinergic synapse activity and 

disrupt Ca+ homeostasis (van Melis at al. 2023)

Benzyldimethyldodecyl
ammonium

Difenoconazole

Naled (Dibrom)



CATCHA and Screening for repro/developmental toxicants

Yeast screening assay for meiosis C. Elegans Assay for 
repro/developmental tox

Dr. Jennifer Fung, UCSF Dr. Patrick Allard, UCLA

A B

DC

C. elegans

Yeast

Using in vitro assays to screen chemicals for reproductive health effects 



Abrahamsson et al. https://zenodo.org/record/5760170



Yeast C elegans

Ranking potency (BMD10) from Yeast and c elegans Assay

BPA

Kumar et al and Ulaganathan et al 2024 Repro Tox



|62|

Potency is similar between reproductive effects in rodents and 
yeast/C. elegans assay. 
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Research
Clinical

Policy
Population Health



|64|

• Adult per capita cigarette 
consumption peaked at 4,345 
cigarettes 

• Tobacco products were the third 
largest source of federal revenue

• The fifth leading US cash crop. 
• Tobacco sales in 1962 totaled $8 

billion (more than $80 billion in 
today’s dollars)

How science and action addressed smoking

Clearing the Air, 1964 Surgeon General report https://escholarship.org/uc/item/1f84x7hv



|65|



Policy Matters.



Research
TranslationEpidemiologyExposure

Science
Basic 
Science

Healthy 
Infants &
Children

Transform 
Clinical Care 
and Public 
Policy

From Science to Action  - Our Model

• Systematic review for rigorous bottom line evidence 
summary

• Improve hazard and risk assessment
• Engage clinical and public health partners



|68|

Systematic review and meta-analysis prenatal 
PFOA exposure and BW – Sufficient 

Evidence/Known

LBW

Systematic Review  - UCSF Navigation Guide Epidemiology 
– Prenatal PFAS & BWA systematic and transparent method to evaluate the quality of evidence and to support evidence-

based decision making, bridging the gap between clinical and environmental health



69

We can document prenatal PFAS exposures over time and influence of policies 





|71|

Intervening improves health – chemicals a win-win opportunity with excellent Return on 
Investment



|72|

Reducing disparities in exposure to multiple phthalates would reduce preterm 
births among systematically marginalized racial and ethnic groups.
Result of hypothetical interventions that removes the disparity in phthalate 
exposure

72





Recommendation 1: Advocate for 
policies to prevent exposure to 
toxic environmental chemicals

Recommendation 2: 
Work to ensure a healthy food 

system for all

Recommendation 3: 
Make environmental health 

part of health care

Recommendation 4: Champion 
environmental justice



prhe.ucsf.edu







Conclusions
• Environmental chemical exposures are ubiquitous and are adversely impacting 

health and health equity
• Research can provide data to identify chemical and non-chemical stressors

– Tools exist now to make a meaningful contribution
• Equitably and completely reducing the burden of toxic chemical exposures 

requires systemic changes
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https://prhe.ucsf.edu/toxic-matters
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