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Chemicals in the Environment
• Increasing number of compounds can be

detected in the environment

• Contaminants of emerging concern (CECs)
• Pharmaceuticals and personal care products

(PPCPs)
• Agricultural chemicals (pesticides, growth

promoters)
• Industrial chemicals (plasticizers, flame

retardants, PFAS)
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Surface Water Contaminants in the US
• 406/719 organic compounds detected

• 4 – 161 compounds detected at a single site

• Cumulative concentrations ranged 8 – 103000 ng/L
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Generalized Effects-based Approach
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21st Century Approach: High-Throughput Toxicology (HTT)

• EPA and other federal agencies began the Toxicity Forecaster
(ToxCast)and Tox21 in 2007 as part of an effort to advance
chemical toxicity assessments

• Focus on in vitro testing vs traditional whole animal testing

• Greatly reduces cost of screening chemicals; ~10,000
currently screened through 100+ assays

• Provides a new source of methods and data that can be
applied to assessment of environmental data
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Using HTT To Predict and Prioritize Chemicals
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• Compare observed chemical concentrations to effects
concentration in ToxCast database

• Exposure-activity ratio (EAR)
• Bioactivity-exposure ratio (BER)

• Simple, rapid approach to screen chemicals for potential
biological effects

• Can prioritize sites or chemicals for further assessment

• R package “toxEval” allows for automated comparison
of chemical monitoring data with ToxCast
(https://github.com/USGS-R/toxEval)

https://github.com/USGS-R/toxEval


HTT-based Screening of Environmental Mixtures

• HTS assays can be used as effects-based monitoring tools
to directly screen environmental extracts

• Assay responses incorporate unknowns and potential
interactions of mixture components

• Only one  of 11 biological endpoint (estrogenic activity)
explained by measured chemicals
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NTA for Identification of 
Bioactive Chemicals

• NTA methods can help uncover the “unknowns”
of chemical exposure

• Bioactivity can prioritize samples/features for NTA
analysis

• Fractionation and subsequent bioassay/NTA
analysis can further define chemical space of
interest (effects-directed analysis, EDA)
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Receptor Pulldown Assay and HR-MS
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Peng et al. 2016, Environ. Sci. Technol. 50:7816-7824

• Similar to bioassays, mass spectrometry
techniques can utilize proteins to help
elucidate bioactive compounds

• Effects-based monitoring data can guide
selection of biological targets and
environmental sites of interest

• Employing these methods in a case
study of wastewater associated
contaminants in the Colorado River



• 2013 National Park Service measured CECs along Colorado
River between Arches NP and Canyonlands NP

• Detected CECs far downstream of Moab WWTP
• Designed 1950s for 5000 – millions of visitors per year
• Treatment plant upgraded in 2018

Colorado River Case Study
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Colorado River Bioactivity
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Target Hazard Considerations
ER • Well established hazard to aquatic vertebrates

GR • Hazards to aquatic life not well defined

PPARg • Hazards to aquatic life not well defined



Field Collection Methods
• Caged fathead minnows deployed at each site

• Autosampler deployed to collect composited water samples
• Water samples align with duration of fish exposure
• Provide representative samples for chemical or bioassay analysis

• Bimonthly grab water samples collected
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UnsupervisedSupervisedGeneral Approach

In vitro bioassays
• ER activity
• GR activity
• PPAR activity

Endpoints associated with established AOPs
• e.g., Biochemical and molecular markers

of endocrine disruption: estradiol (E2),
vitellogenin (VTG)

• Transcriptomics
• Metabolomics

Caged fathead minnow

Surface Waters;
Extracts

Attagene Assays
• In vitro assays
• 70 endpoints

http://images.google.com/imgres?imgurl=http://wheat.pw.usda.gov/genome/methods/microplate.jpg&imgrefurl=http://wheat.pw.usda.gov/genome/methods/international.html&usg=__5ZHOTr8Y3pOKjVpOtyMvUS_9_dM=&h=401&w=711&sz=68&hl=EN&start=5&tbnid=-sVCtI_pDKo6MM:&tbnh=79&tbnw=140&prev=/images?q=96+well+plate&gbv=2&hl=EN&sa=G


Bioassay Workflow
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Attagene Trans-Factorial Bioassay Results

15

5
/ 2

9
/ 2

0
1

6

9
/ 0

5
/ 2

0
1

6

7
/ 0

4
/ 2

0
1

7

1
0

/ 0
9

/ 2
0

1
7

*
0

4
/ 1

0
/ 2

0
1

8

*
0

3
/ 1

9
/ 2

0
1

9

0

5 0

1 0 0

1 5 0

M o a b  W W T P  O u t f l o w

S a m p l e  D a t e

%
E

m
a

x

E R

G R

P P A R γ

N e w  W W T P  o n l i n e



16
16

0

5 0

1 0 0

%
 M

a
x

 D
E

X
 R

es
p

o
n

se

a t e s o  W e t a d

W W T P  O u tf lo w

B e lo w  W W T P

N e w  W W T P  o n lin e

0

1 0

2 0

3 0

4 0

5 0

E R  a c t iv ity
E

2-
E

Q
 (

n
g/

L
)

M a th e s o n  W e t la n d

W W T P  O u tf lo w

B e lo w  W W T P

N e w  W W T P  o n lin e

* 4 /1
0 /2

0 1 8

6 /1
1 /2

0 1 8

8 /1
3 /2

0 1 8

1 0 /2
2 /2

0 1 8

2 /1
1 /2

0 1 9

* 3 /1
9 /2

0 1 9

5 /2
8 /2

0 1 9

7 /2
9 /2

0 1 9

9 /9
/2

0 1 9

0

5

1 0

1 5

2 0

S a m p le  D a te

%
 M

a
x

 R
O

S
 r

es
p

o
n

se

M a th e s o n  W e t la n d

W W T P  O u tf lo w

B e lo w  W W T P

N e w  W W T P  o n lin e

GR

PPAR

ER
Targeted Bioassays

• ER and GR activity decrease greatly
following WWTP upgrade

• PPARγ assay not sensitive enough to
detect activity above baseline
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PPARγ Receptor Pulldown Assay

• HIS-tagged human PPARγ – Ligand Binding Domain (LBD) only
• Receptor overexpressed in E.Coli; cell lysate used for assay
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Cell 
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DMSO 
Extract

Incubate

Piece Ni-NTA 
magnetic beads

Wash 
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Elute 
beads

Imidazole 
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Desalt 
Cleanup

Reconstitute 
80% MeOH



Pulldown Assay: LC-MS Analysis

• Vanquish Horizon LC System
• ID-X Orbitrap
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Instrument Parameter Value

Injection Volume 2 uL

Flow rate 300 uL/min

Column C18, 1.7um, 2.1 x 150mm

Column Compartment 40°C

Polarity Pos/Neg



GR-Agonist Suspect Screening

• GR receptor not readily available for pulldown assay

• GR agonist much better defined – A number have been reported in 
wastewater and surface waters

• Suspect screening list of 45 previously identified compounds
• Natural corticosteroids – cortisol, cortisone, corticosterone, etc

• Synthetic corticosteroids – dexamethasone, triamcinolone, prednisone

20



Suspect Screening Analysis
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• Vanquish Horizon LC System
• ID-X Orbitrap
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Instrument Parameter Value

Injection Volume 2 uL

Flow rate 300 uL/min

Column C18, 1.7um, 2.1 x 150mm

Column Compartment 40°C

Polarity Pos



Suspect Screening Preliminary Results

• Processing HR-MS data using Compound Discoverer v3.1
• Automated workflow: Environmental Unknown ID w Online and Local

Database Searches
• Searches against ChemSpider, MZCloud, user defined suspect list

• Data analysis very preliminary to date

• Gladly taking suggestions/recommendations for successful data analysis!
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Suspect Screening Preliminary Results
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• Only WWTP site
and process
blanks analyzed

• 31 compounds
with MS2 spectra
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Summary

• Effects-based monitoring a powerful complement to traditional
chemical monitoring

• Effects-based methods can support and guide unknowns identification
• If specific targets are known, receptor pulldown assays can be a

specific, targeted method to identify bioactive components of mixtures
• Suspect screening viable if receptor agonists are well defined
• Access to lab is back – Continuing pulldown assay and suspect screeing

work. Targeting mid-2021 for project completion
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Questions?

Brett Blackwell, PhD

USEPA Office of Research and Development

Center for Computational Toxicology and Exposure

Great Lakes Toxicology and Ecology Division

blackwell.brett@epa.gov
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