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Characterizing novel industrial chemical 
exposures during critical periods of development 
Opportunities within the Environmental influences on 
Child Health Outcomes (ECHO) Program
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Critical periods of development

Santrock, 2009; pg. 74
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Transgenerational propagation of health disparities

Source: NAP 2018. Gulf War and Health: Volume 11, Figure 3-3
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Transgenerational propagation of health disparities

Source: NAP 2018. Gulf War and Health: Volume 11, Figure 3-3
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Chemicals are found in virtually all U.S. pregnant women

Woodruff et al. EHP 2011



Key Gap
¾ Only a fraction of 

chemicals have been 
measured in pregnant 
women or children

~350 
chemicals 
biomonitored
in the U.S.

>40,000 
chemicals 
approved 
for use in 
the U.S. 
(~8,000 high 
production
volume) >9.5 Trillion pounds 

of chemicals per year 
in the U.S.
(~30,000 lbs/person)

Picture source: www.othot.com
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Environmental influences on Child Health Outcomes (ECHO) Program

>55,000 children from 71 
longitudinal cohorts across the US 

Children’s race/ethnicity
• 45% Non-Hispanic White
• 25% Hispanic 
• 13% Non-Hispanic Black
• 11% Non-Hispanic Other Race
• 6% Unknown/not reported/other



OBJECTIVE
Identify novel chemicals of 
importance to children’s health

OBESITYUPPER AND LOWER 
AIRWAY

NEURO-
DEVELOPMENT

PRE-, PERI-
AND POSTNATAL
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Identifying and prioritizing candidate chemicals

Pellizzari et al. EHP 2019



|10|

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

Conducted a rigorous 
review of extant data to 
prioritize 155 chemicals 
in 8 classes



|11|

11

Criteria for recommending chemical biomonitoring in ECHO

Present in human 
biospecimens or 

environmental media?

Candidate chemical 
for biomonitoring

Yes

Deferred pending further data

Low priority for ECHO

Insufficient information

Monitored but not detected

Toxicity concern?

Yes
Deferred pending further data

Low priority for ECHO

Insufficient information

Low/non-toxic

Available biomarker?

Yes

Deferred pending biomarker development 
(or if not possible, use proxy-measure)

No
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Example: organophosphorus-based flame retardants

Present in human 
biospecimens or 

environmental media?
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Example: organophosphorus-based flame retardants

Toxicity concern?
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Example: organophosphorus-based flame retardants

Available biomarker?
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Recommended biomonitoring of novel chemicals in ECHO

Panel name # Chemicals # Recommended
for biomonitoring # Deferred # Low priority for

biomonitoring

Alternate flame retardants 23 4 16 3

Alternative plasticizers 10 2 5 3

Aromatic amines 28 3 25 0

Environmental phenols 16 6 9 1

Organophosphorus flame retardants 11 5 5 1

Perfluoroalkyl substances 8 4 4 0

Pesticides 43 12 28 3

Quaternary ammonium compounds 16 0 16 0

Total: 155 36 108 11
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Assessing novel chemical exposures in ECHO

Develop and demonstrate feasibility of a method for 
multiple chemical extraction and measurement



Alternative Flame Retardant

Melamine
Environmental Phenols

Bisphenol A diglycidyl ether
Bisphenol AF
Bisphenol B
3,3’,5,5’-Tetrabromobisphenol A
2,2’,6,6’-Tetrachlorobispheol A
3,3’,5-Trichlorobisphenol A
4-n-Nonylphenol
Bisphenol A (2,3-dihydroxypropyl) glycidyl ether
Bisphenol A bis(2,3-dihydroxypropyl) glycidyl ether
Bisphenol A (3-chloro-2-hydroxypropyl) glycidyl ether
Bisphenol A bis(3-chloro-2-hydroxypropyl) glycidyl ether
4-n-Octylphenol
4,4′-(1,4-Phenylenediisopropylidene)bisphenol
4,4′-(1-Phenylethylidene)bisphenol
4,4′-Cyclo-hexylidenebisphenol
4,4′-di-Hydroxydiphenylmethane
4,4′-Sulfonyldiphenol (Bisphenol S)
bis(4-Hydroxyphenyl)propane
2,4,5-Trichlorophenol
2,3,4,5-Tetrachlorophenol
2,3,4,6-Tetrachlorophenol
2,3,5,6-Tetrachlorophenol
Pentachlorophenol
4-Hydroxybenozoate
4-hydroxybenzophenone
Benzophenone-1
Benzophenone-2
Benzophenone-3
Benzophenone-6
Benzophenone-8
Benzyl paraben
Ethyl paraben
Heptaparaben
Hydroxy-ethyl paraben
Hydroxy-methyl paraben
Methyl paraben
n-Butyl paraben
n-Propyl paraben
Triclocarban
Triclosan

Alternate Plasticizers

mono-Ethyl phthalate
mono-Butyl phthalate
mono-Benzyl phthalate
mono-(2-Ethylhexyl) phthalate
mono-(2-Ethyl-5-hydroxyhexyl) phthalate
mono-(2-Ethyl-5-oxohexyl) phthalate
mono-Carboxy-iso-octyl phthalate
mono-Carboxy-iso-nonyl phthalate
mono-Ethyl terephthalate
mono-Tert-butyl terephthalate
mono-Benzyl- terephthalate
mono-2(Ethyl hexyl) terephthalate

Aromatic Amines

2-Methylaniline
2-Methoxyaniline
3,4-Diclhoroaniline
2,4-Diaminotoluene
4,4’-Diaminodiphenylmethane

Organophosphorus-based

flame retardants

2,2-Bis(chloromethyl) propane-1,3-diyltetrakis(2-
chloroethyl) bisphosphate
2-Ethylhexyl diphenyl phosphate
Bis(2-ethylhexyl) phosphate
Tris(2-ethylhexyl) phosphate
Bis(2-butoxyethyl) phosphate
Tris(2-butoxyethyl) phosphate
Triethyl phosphate
Bis(2-methylphenyl) phosphate
Cresyl diphenyl phosphate
Dibutyl phosphate
Diphenyl phosphate
Di-isobutyl phosphate
Tri-iso-butyl phosphate
Tri-isopropyl phosphate
Trimethyl phosphate
Trimethylphenyl phosphate
Tri-n-butyl phosphate
Triphenyl phosphate
Tris(2-chloroethyl) phosphate

Pesticides

Azoxystrobin
Cyprodinil
Metalaxyl
Metribuzin
Propiconazole
Pyrimethanil
Tebuconazole
Tetraconazole
6-Cloronicotinic acid
Acetamiprid
Atrazine
Cynauric Acid
Ammelide
Ammeline
Clothianidin
Dinotefuran
Flonicamid
Imidacloprid
Imidaclotiz
N-desmethyl thiamethoxam
N-desmethyl-acetamiprid
Nitenpyram
Sulfoxaflor
Thiacloprid-amide
Thiamethoxam

102 urinary 
biomarkers in 
multi-class 
assay
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Assessing novel chemical exposures in ECHO

Develop and demonstrate feasibility of a method for 
multiple chemical extraction and measurement

Conduct a pilot study to measure novel chemicals in 
urine collected from pregnant women



Pilot study measuring 
novel chemicals among 
175 pregnant women from 
9 ECHO cohorts

Cohort Location Enrollment
New Hampshire Birth Cohort Study NH 2009-present
Fair Start NY 2013-present
Rochester NY 2016-present
Atlanta ECHO Cohort of Emory GA 2014-present
Illinois Kids Development Study IL 2013-present
MARBLES CA 2006-present
Chemicals in our Bodies CA 2014-present
MADRES CA 2016-present
ECHO in Puerto Rico PR 2011-present

Includes women from 
across the U.S. to capture 
geographic, temporal, and 
sociodemographic diversity
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Assess associations of prenatal novel chemical 
exposures with birth outcomes among >7500 children

Assessing novel chemical exposures in ECHO

Develop and demonstrate feasibility of a method for 
multiple chemical extraction and measurement

Conduct a pilot study to measure novel chemicals in 
urine collected from pregnant women
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Assess associations of prenatal novel chemical 
exposures with birth outcomes among >7500 children

Assess associations of prenatal novel chemical 
exposures with birth outcomes among >7500 children

Assessing novel chemical exposures in ECHO

Develop and demonstrate feasibility of a method for 
multiple chemical extraction and measurement

Conduct a pilot study to measure novel chemicals in 
urine collected from pregnant women

Perform future studies evaluating associations of novel 
chemicals with additional child health outcomes
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Action and policy implications

¾ First study to assess exposures 
or health effects for majority of 
selected chemicals

¾ Chemical exposures can be 
reduced through a variety of 
programs, policies, and practices 
to protect children’s health

Individual behaviors

Household maintenance 
and purchasing

Consumer advocacy and 
corporate responsibility

Regulatory action via 
state/federal policies

Zota et al. J Epidemiol Community Health 2017

EXPOSURE REDUCTION STRATEGIES
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