
Exposure to 
Neurotoxic Chemicals &  

Neurodevelopmental 
Disease

June, 2020

Tracey Woodruff, PhD, MPH



Outline

• Overview neurodevelopmental outcomes and 
chemical exposures

• Why chemical exposures matter for 
neurodevelopmental outcomes & opportunities 
for prevention

• Where are there other opportunities for new 
studies & prevention?
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Increasing Prevalence of 
Neurodevelopmental Disorders
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Exposures start in utero to Toxic Chemicals



Critical periods of fetal brain 
development occur during in utero



Source: Bellinger EHP 2012
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38 million

15 million

40 million

Comparing the Environment to Other Risk Factors - IQ



Polybrominated Diphenyl Ethers (PBDEs)
Flame chemicals

Thyroid hormone 

-----------------------------------
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Exposure shows - flame retardants in pregnant 
women worldwide – up to 100% 

California 
Pregnant 
Women have 
highest levels

Source: Zota et al ES&T 2011



• In humans, thyroid hormone 
disruption identified as possible 
mechanistic link

• In vitro, disruption of developing 
fetal human brain cells

• In animals, affects learning, 
memory, and attention

Source: Schreiber et al., 2010, Driscoll et al., 2008, Viberg et al. 2006

PBDEs



PBDE’s induce developmental toxicity in Human 
Embryonic Stem Cell Model of Neurogenesis

• PBDEs affect cytotoxicity and function of hESC-derived neural progenitor cells (NPCs)
• BDE-47 causes concentration-dependent global changes in gene expression in NPCs
• Genes/pathways altered included: thyroid hormone signaling, CNS development, oxidative 

stress, cell cycle targets at doses as low as 10 uM

Source: Chen et al., 2019



PBDES ‘presumed’ hazard to human intelligence

Reduced IQ

Source: Lam et al. 2017, NAS 2017
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CA Ban on PBDEs Lowered Levels in Pregnant women

Zota A.R., et al. 2013 ES&T.
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Furniture, baby products
PBDEs

TOXIC

Furniture, baby products
Organophosphate Flame Retardants

Out of the Frying Pan Into the Fire



NIH - Environmental influences on Child Health Outcomes (ECHO) Program
Opportunity to understand and address Neurodevelopmental outcomes

PRO Core

Data Analysis Center
CHEAR

Coordinating Center

Pediatric Cohorts
IDeA States Pediatric Network

Linked longitudinal child cohorts of ~ 50,000 children across the US 
Improve child health by understanding risk factors and interventions

– Pregnancy outcomes, Obesity, Neurodevelopment and Respiratory



Prioritized candidate chemicals for 
biomonitoring in child health cohort based on: 

• Present in consumer products
• Biomonitoring (≥10% in 

biospecimen) or environmental 
media (≥20% detection 
frequency in air, house dust, 
food, drinking water) 

• Potential toxicity includes 
Neurotoxicity
– Use USEPA ToxCast assays
– Opportunity to identify other 

potential neurotoxicants
• 9,000 compounds; 
• ~1500 different endpoints

Selected Chemical Panels
Alternate flame retardants & 

Organophosphorus flame retardants
flame retardants, and  applied to consumer products as 

plasticizers, stabilizers, lubricants,
Alternative plasticizers

developed as substitutes for phthalates
Aromatic amines

used in dyes and pigments (e.g hair dyes, mascara, 
tattoo ink, toners, paints), polyurethane production, 

polymeric resins, corrosion inhibitors, rubber 
vulcanization accelerators, and pharmaceuticals 

Environmental phenols
consumer and household products and serve as plasti-

cizers, detergents, and preservatives
Pesticides

Pellizzari et al. EHP 2019
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Alternative Flame Retardants
Melamine MEL
Cyanuric Acid  CYA
Ammelide AMD
Ammeline AMN
Pesticides
Azoxystrobin Azoxystrobin
Cyprodinil Cyprodinil
Metalaxy l Metalaxy l
Propiconazole Propiconazole
Pyrimethanil Pyrimethanil
Tebuconazole Tebuconazole
Nitenpyram NIT
Thiamethoxam THX
Imidacloprid IMI
Acetamiprid ACE
Thiacloprid THI
Clothianidin CLO
Dinotefuran DIN
Flonicamid FLO
Sulfoxaflor SUF
Imidaclothiz IMZ
6-Chloronicotinic acid 6-CN
N-desmethy l thiamethoxam N-DMT
Thiacloprid-amide TA
N-desmethy l-acetamiprid N-DMA
Metribuzin Metribuzin
Tetraconazole Tetraconazole
Atrazine Atrazine
Aromatic amines
2-Methy laniline MTA

Alternative Plasticizers
mono-ethy l phthalate mEP
mono-buty l phthalate mBP
mono-benzyl phthalate mBzP
mono-(2-ethy lhexy l) phthalate mEHP
mono-(2-ethy l-5-hydroxyhexyl) phthalate 
mEHHP
mono-(2-ethy l-5-oxohexyl) phthalate mEOHP
mono-carboxy-iso-octy l phthalate mCIOP
mono-carboxy-iso-nonyl phthalate mCINP
Mono-ethy l terephthalate （4-Ethoxycarbonyl) 
benzoic acid） mETP
mono-tert-buty l terephthalate mTBTP
Mono-benzyl- terephthalate  mBzTP
Mono-2(ethy lhexy l) terephthalate mEHTP
Organophosphorus-based flame retardants
2,2-Bis(chloromethy l) propane-1,3-diy ltetrakis(2-
chloroethy l) bisphosphate V6
2-Ethy lhexy l diphenyl phosphate EHDPP
Bis(2-ethy lhexy l) phosphate BEHP
Tris(2-butoxyethy l) phosphate TBOEP
Tris(2-ethy lhexy l) phosphate TEHP
tri-n-buty l phosphate TNBP
Tri-iso-buty l phosphate TIBP
trimethy lphenyl phosphate TMPP
Triethy l phosphate TEP
Triphenyl phosphate TPHP
tripropy l phosphate TPP
Tris(2-chloroethy l) phosphate TCEP

Organophosphorus-based flame retardants
cresy l diphenyl phosphate CDPP
Trimethy l phosphate  TMP
Dibuty l phosphate DNBP
Diisobuty l phosphate DIBP
Bis(butoxyethy l) phosphate BBOEP
Diphenyl phosphate DPHP
Bis(2-methy lphenyl) phosphate  BMPP
Environmental phenols
Bisphenol A diglycidy l ether BADGE
Bisphenol AF BPAF
Bisphenol B BPB
3,3',5,5'-Tetrabromobisphenol A TBBP-A
2,2',6,6'-Tetrachlorobisphenol A TraTBA
4-n-Nonylphenol 4-NP
Bisphenol A (2,3-dihydroxypropyl) glycidy l ether  
BADGE·H2O
Bisphenol A bis(2,3-dihydroxypropyl) glycidy l 
ether  BADGE·2H2O
Bisphenol A (3-chloro-2-hydroxypropyl) glycidy l 
ether  BADGE·HCl
Bisphenol A bis(3-chloro-2-hydroxypropyl) 
glycidy l ether  BADGE·2HCl
3,3',5-Trichlorobisphenol A TrCBA
4,4′-di-hydroxydiphenylmethane BPF
bis(4-hydroxyphenyl)propane BPA
4,4′-sulfony ldiphenol  BPS
4,4′-cyclo-hexy lidenebisphenol BPZ
4,4′-(1-phenylethy lidene)bisphenol  BPAP

Environmental phenols
4,4′-(1,4-phenylenediisopropylidene)bisphenol 
BPP
Benzophenone-1 BP-1
Benzophenone-2 BP-2
Benzophenone-3  BP-3
Benzophenone-6 BP-6
Benzophenone-8  BP-8
4-hydroxybenzophenone 4-OH-BP
methy l paraben MeP
ethy l paraben EtP
n-propyl paraben PrP
n-buty l paraben BuP
benzyl parabe BzP
heptaparaben HeP
hydroxy-methy l paraben OH-MeP
hydroxy-ethy l paraben OH-EtP
4-Hydroxybenozoate 4HB
Triclocarban TCC
Triclosan TCS
2,4,5-trichlorophenols 2,4,5-TCP
2,3,4,5-tetrachlorophenols 2,3,4,5-TeCPs
2,3,4,6-tetrachlorophenols 2,3,4,6-TeCPs
2,3,5,6-tetrachlorophenols 2,3,5,6-TeCPs
pentachlorophenol PCP
4-n-octy lphenol 4-OP
Others
8-hydroxy-2′-deoxyguanosine 8-OHDG
Cotinine Cotinine

Opportunity: ~100 Novel Chemicals to be 
measured in ECHO prenatally



Example summary: organophosphorus-based flame 
retardants

Pellizzari et al. EHP 2019



Conclusions
• Environmental chemical exposures are 

ubiquitous
• Environmental chemicals can contribute to 

neurodevelopmental disorders
• New tools and cohorts provide opportunity to 

understand & prevent environmental 
contributors to neurodevelopmental disorders
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Follow us


	Slide Number 1
	Outline
	Increasing Prevalence of Neurodevelopmental Disorders
	Slide Number 4
	Slide Number 5
	Critical periods of fetal brain development occur during in utero
	Comparing the Environment to Other Risk Factors - IQ
	Slide Number 8
	Slide Number 9
	PBDEs
	PBDE’s induce developmental toxicity in Human Embryonic Stem Cell Model of Neurogenesis
	PBDES ‘presumed’ hazard to human intelligence
	Slide Number 13
	Out of the Frying Pan Into the Fire
	NIH - Environmental influences on Child Health Outcomes (ECHO) Program�Opportunity to understand and address Neurodevelopmental outcomes
	Prioritized candidate chemicals for biomonitoring in child health cohort based on: 
	Slide Number 17
	Example summary: organophosphorus-based flame retardants�
	Conclusions
	Slide Number 20
	Thank you!��For more information�prhe.ucsf.edu

