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EPA Office of Research and 
Development

ORD Facility in
Research Triangle Park, NC

• The Office of Research and Development (ORD) is 
the scientific research arm of EPA
• 626 peer-reviewed journal articles in 2017 and 

456 so far in 2018

• Research is conducted by ORD’s three national 
laboratories, four national centers, and two 
offices organized to address:

• Hazard, exposure, risk assessment, and risk 
management

• 13 facilities across the United States

• Research conducted by a combination of Federal 
scientists; contract researchers; and postdoctoral, 
graduate student, and post-baccalaureate 
trainees
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The Six Degrees of Kevin Bacon
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Kevin Bacon

Toxicokinetics

1984
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Michael B. Jordan

Toxicokinetics
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Connectedness to Michael B. Jordan

Frances McDormand 
Best Actress Winner 2018

Creed
Stallone & Jordan

Expendables 
Willis & 

Sylvester Stallone

Hail Caesar
McDormand &

Channing Tatum

GI Joe: Retaliation
Tatum & Bruce Willis
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Connectedness to Michael B. Jordan

Marlon Brando
Best Actor 1954 and 1972

Died 2004

Black Panther
Boseman & JordanAvengers: 

Infinity War 
Paltrow & 
Chadwick 
Boseman

Superman
with Gene Hackman

The Royal Tenenbaums
Hackman & Gwyneth Paltrow
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Small World Networks

Watts and Strogatz (1998) Collins and Chow (1998)
Travers and 

Milgram (1969):

296 arbitrary 
individuals in 
Nebraska and 
Boston were 

asked to give a 
letter to an 

acquaintance 
most likely to 
help it reach a 

target person in 
Massachusetts. 
64 reached the 
target person, 

average number 
of intermediaries 

was 5.2
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The Internet (Circa 2005)

https://upload.wikimedia.org/wikipedia/commons/d/d2/Internet_map_1024.jpg
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Complex is Not the Same as 
Random

Watts and Strogatz (1998)
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Chemical Regulation in the United States

• Park et al. (2012): At least 3221 chemical signatures in 
pooled human blood samples, many appear to be 
exogenous

• A tapestry of laws covers the chemicals people are 
exposed to in the United States (Breyer, 2009)

• Different testing requirements exist for food 
additives, pharmaceuticals, and pesticide active 
ingredients (NRC, 2007)

November 29, 2014
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Chemical Regulation in the United States

• Most other chemicals, ranging from industrial waste 
to dyes to packing materials, are covered by the 
Toxic Substances Control Act (TSCA)

• Thousands of chemicals on the market were 
either “grandfathered” in or were allowed 
without experimental assessment of hazard, 
toxicokinetics, or exposure

• Thousands of new chemical use submissions are 
made to the EPA every year

• TSCA was updated in June, 2016 to allow evaluation 
of these and other chemicals

• Methods are being developed to prioritize these 
existing and new chemicals for testing November 29, 2014
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Chemical Regulation in the United States

“Of the thousands of chemicals listed 
for commercial use in the United 

States, EPA has used its authority to 
limit or ban five chemicals since TSCA 

was enacted.”

TSCA was updated in June, 2016 to allow 
more rapid evaluation of chemicals

• Methods are being developed to 
prioritize these existing and new 
chemicals for testing
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• National Research Council (1983) identified chemical risk 
as a function of both inherent hazard and exposure

• To address thousands of chemicals, we need to use 
“high throughput methods” to prioritize chemicals for 
additional study

Chemical Risk = Hazard x Exposure

Exposure

Hazard

Risk 

Toxicokinetics

• High throughput risk prioritization 
needs:

1. high throughput hazard 
characterization (from HTT 
project)

2. high throughput exposure
forecasts

3. high throughput toxicokinetics
(i.e., dosimetry) linking hazard 
and exposure
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High-throughput Screening for 
Chemical Hazard

Kaewkhaw et al. (2016)

Hertzberg and Pope (2000):
• “New technologies in high-throughput screening have significantly increased 

throughput and reduced assay volumes”

• “Key advances over the past few years include new fluorescence methods, 
detection platforms and liquid-handling technologies.”
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Concentration
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In vitro Assay AC50

Concentration (µM)

Assay AC50
with Uncertainty

High-Throughput 
Testing of Chemicals

 We might estimate points of departure in vitro using 
high throughput screening (HTS)

 Tox21:  Examining >8,000 chemicals using ~50 assays 
intended to identify interactions with biological 
pathways (Schmidt, 2009)

 ToxCast: For a subset (>2000) of Tox21 chemicals ran 
>1100 additional assays (Kavlock et al., 2012)

 Most assays conducted in dose-response format 
(identify 50% activity concentration – AC50 – and 
efficacy if data described by a Hill function, Filer et al., 
2016)

 All data are public: http://comptox.epa.gov/dashboard/
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Limited Available Data for 
Exposure Estimation

Most chemicals lack public exposure-related data beyond production volume 
(Egeghy et al., 2012)
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Indoor Air, Dust, Surfaces

Consumer
Products and 

Durable Goods

Food

Human
Ecological

Flora and Fauna

Direct Use
(e.g., surface cleaner)

Residential Use
(e.g. ,flooring)

RECEPTOR

MEDIA

Chemical Manufacturing and Processing

Environmental 
ReleaseUSE and 

RELEASE

Other Industry

Occupational 
Use

Waste

Drinking 
Water

Outdoor Air, Soil, Surface and 
Ground Water

Exposure is a Complex Problem

Figure from Kristin Isaacs
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Indoor Air, Dust, Surfaces

Consumer
Products and 

Durable Goods

Food

Near-Field
Direct

Near-Field 
Indirect

Human
Ecological

Flora and Fauna

Dietary Far-Field

Direct Use
(e.g., surface cleaner)

Residential Use
(e.g. ,flooring)

RECEPTOR

MEDIA

EXPOSURE 
(MEDIA + RECEPTOR)

Ecological

Chemical Manufacturing and Processing

Environmental 
ReleaseUSE and 

RELEASE

Other Industry

Occupational

Occupational 
Use

Waste

Drinking 
Water

Outdoor Air, Soil, Surface and 
Ground Water

Exposure is a Complex Problem

Figure from Kristin Isaacs
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Near-Field
Direct

Near-Field 
Indirect Dietary Far-Field

EXPOSURE 
PATHWAY

(MEDIA + RECEPTOR)
Ecological

Figure modified from original by Kristin Isaacs

The Exposure Event is Often 
Unobservable

• The exposure pathway is the actual interaction of the receptor and media, e.g. consuming 
potato chips

• For humans in particular, these events are often unobserved and for many reasons 
(including ethics and privacy) may remain unobservable

• Did you eat the serving size or the whole bag of potato chips?

• Either predict exposure using data and models up-stream of the exposure event

• Or infer exposure pathways from down-stream data, especially biomarkers of exposure 
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What Do We Know 
About Exposure?

Centers for Disease Control and Prevention (CDC) National Health and Nutrition 
Examination Survey (NHANES) provides an important tool for monitoring public health

Large, ongoing CDC survey of US population: demographic, body measures, medical 
exam, biomonitoring (health and exposure), …

Designed to be representative of US population according to census data

Data sets publicly available (http://www.cdc.gov/nchs/nhanes.htm)

Includes measurements of:

• Body weight
• Height
• Chemical analysis of blood and urine

http://www.cdc.gov/nchs/nhanes/nhanes_questionnaires.htm
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Co-Occurrence of 
Chemicals in Individuals

The number of chemicals (out of 37) “present” in individuals depends upon where you set the limit 

Ideally we would use 
some sort of chemical 
toxicity-informed point of 
departure but don’t have 
that for all chemicals

Kapraun et al. (2017)
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Assay AC50
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High-Throughput 
Testing of Chemicals

37 chemicals means 237

combinations that’s 
134,217,728 combinations –

Tox21 has tested ~8000 
chemicals over the last ten 

years
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The Structure of Chemical Exposure
• For n chemicals 2n combinations are possible

• However, not all are observed

• Diamond (1975): Not all finch species present 
on all islands of Caribbean

• Tornero-Velez et al. (2012): Not all chemical 
combinations present at all sites

Tornero-Velez et al. (2012)

finch species

chemical species
Distribution of mixtures
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Frequent Itemset
Mining (FIM)

• Frequent itemset mining (FIM, Borgelt, 2012) 
identifies the prevalence (probability from 0-100%) 
that a set of items that co-occur in a “transaction”
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Frequent Itemset
Mining (FIM)

• Frequent itemset mining (FIM, Borgelt, 2012) 
identifies the prevalence (probability from 0-100%) 
that a set of items that co-occur in a “transaction”

• Between 5pm and 7pm, customers tended to co-
purchase beer and diapers
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Identifying Prevalent 
Mixtures

• Kapraun et al. (2017) 
used FIM to identify 
combinations of items 
(chemicals) that co-occur 
together within CDC 
NHANES samples from 
same individual

• Used total population 
median concentration as 
threshold for “presence”

• Identified a few dozen 
mixtures present in >30% 
of U.S. population

Kapraun et al. (2017)
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Demographic-Specific Prevalence of 
Combinations

29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10  9   8   7   6   5   4   3   2   1

Phthalates PAHs PhenolsPesticides

Kapraun et al. (2017)
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A Testable Number 
of Combinations

While high throughput screening (HTS) allows thousands of tests, there are millions 
of hypothetical combinations

“Exposure based priority setting” (NAS, 2017) allows 
identification of most important mixtures to test

Kapraun et al. (2017)
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• Exposure data is also key to risk-based prioritization
– Consensus modeling provides one path forward, 

but only as good as available data (at best)

• EPA’s CompTox dashboard (Williams et al, 2017) can 
help you:

• Identify chemicals
• Find toxicity data
• Find lists of chemicals
• Find metabolites
• Identify products
• Find toxicokinetic information
• Get physicochemical properties
• Batch download data

Conclusions

Exposure

Hazard

Risk 

Toxicokinetics

• We would like to know more about the risk posed by thousands of chemicals in the environment 
– which ones should we start with?

• Using in vitro methods originally developed for pharmaceuticals, we can make useful predictions 
of hazard and TK for large numbers of chemicals

http://comptox.epa.gov/dashboard
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