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Adverse Outcome Pathway Network
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• Widespread

• Well studied

• Conserved AOP

Project Goals:

1) Develop techniques for cross-species data integration 

to inform risk assessment

2) Conduct a case study to demonstrate the application of 

these techniques 

This work is not a new risk assessment for perchlorate
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Approach
• We used the Aggregate Exposure Pathway (AEP) and Adverse 

Outcome Pathway (AOP) frameworks to organize and integrate 

mechanistic data. Villeneuve et at. (2014), Teeguardenet al. (2016)

Teeguarden, J.G., Tan, Y., Edwards, S.W, Leonard, J.A., Anderson, K.A., Corley, R.A., Kile, M.L, Simonich, S.M., Stone, D., Tanquay, R.L., Waters, K.M., Harper, S.L., Williams, D.E. (2016). Completing the link between exposure 

science and toxicology for improved environmental health decision making: The aggregate exposure pathway framework.  Environmental Science & Technology 50, 4579-4586.

Villeneuve, D.L., Crump, D., Garcia-Reyero, N., Hecker, M., Hutchinson, T.H., LaLone, C.A., Landesmann, B., Lettieri, T., Munn, S., Nepelska, M., Ottinger, M.A., Vergauwen, L., Whelan, M. (2014). Adverse outcome pathway 

(AOP) development I: Strategies and principles.Toxicological Sciences, 142(2), 312-320.
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• Sources of contamination • Molecular Initiating Event

• Key Exposure States • Key Events

• Key Exposure Relationships • Key Event Relationships

• Target Site Exposures • Adverse Outcomes
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Hines et al. (2018)
Environ Sci Technol. 2018 January 16; 52(2): 839–849. 

doi:10.1021/acs.est.7b04940.
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Hypothetical constructed wetland
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Hypothetical constructed wetland
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Nodes = resource pools

(eg. species, biomass, 

standing stock)

Edges = transport or

transformations

Network Flow Models
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Nodes = resource pools

(eg. species, biomass, 

standing stock)

Edges = transport or

transformations

Systems must have a 

boundary

Systems must be open,

has boundary flows

Network Flow Models
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Weighted,

directional

edges

Network Flow Models
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Network Flow Models
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Example Network Flow Analysis

Small, G.E., Sterner, R.W. and Finlay, J.C., 2014. An ecological network analysis of nitrogen cycling in the Laurentian Great Lakes. Ecological 

modelling, 293, pp.150-160.
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Example Network Flow Analysis

Small, G.E., Sterner, R.W. and Finlay, J.C., 2014. An ecological network analysis of nitrogen cycling in the Laurentian Great Lakes. Ecological 

modelling, 293, pp.150-160.

N Sources
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Network representation
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Network representation
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Network Parameterization
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• Conduct analyses across entire set

Network set

10,000 unique parameterizations
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Exposure Scenarios
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Exposure Scenarios
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Exposure behavior assumptions

Fishes:

Internal concertation equivalent to water concentration

TSE = [Pond Water]

Small herbivorous mammals:

1) Daily intake of 0.005g/kg/d

2) Body weight = 0.044kg

3) Consumes grass (95%)

4) Drinks surface water (5%)
Sample and Suter (1994)

EPA perchlorate (2002)

Humans:

1) All exposure through drinking of ground water via well

2) Daily water intake of 2L

3) Body mass of 72.3kg Lumen et al. (2013)
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Environ analysis

• Environ analysis is a type of Ecological Network Analysis that can 

track where material comes from in each network compartment
(Patten 1982; Fath and Patten 1999)

External
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High
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Environ Analysis Results
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Linking AEPs to AOPs
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Linking AEPs to AOPs
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Linking AEPs to AOPs
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Linking AEPs to AOPs
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concentrations based on:

• High mobility of perchlorate

• High efficiency of the gills
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Linking AEPs to AOPs

22

TSE

AEP AOP

MIE

Exposure

network

External

exposure

Internal

Target Site 

Exposure

Molecular

initiating

event

TSE

Merrill et al. 

(2003) rat PBPK*

ADME description

*not yet fully implemented



Linking AEPs to AOPs

23

0.01

0.1

1

10

100

1000

10000

1e+05

1e+06

P
e

rc
h

lo
ra

te
 d

o
s
e

 (
µ

g
/k

g
/d

)

DNTFecundityGrowth

Thyroid

histology 

changes

Thyroid 

TH 

depletion

TSH

increase

NIS

inhibition

Serum

TH 

decrease

Mild 

Contamination



Linking AEPs to AOPs

23

0.01

0.1

1

10

100

1000

10000

1e+05

1e+06

P
e

rc
h

lo
ra

te
 d

o
s
e

 (
µ

g
/k

g
/d

)

DNTFecundityGrowth

Thyroid

histology 

changes

Thyroid 

TH 

depletion

TSH

increase

NIS

inhibition

Serum

TH 

decrease

Moderate

Contamination



Linking AEPs to AOPs

23

0.01

0.1

1

10

100

1000

10000

1e+05

1e+06

P
e

rc
h

lo
ra

te
 d

o
s
e

 (
µ

g
/k

g
/d

)

DNTFecundityGrowth

Thyroid

histology 

changes

Thyroid 

TH 

depletion

TSH

increase

NIS

inhibition

Serum

TH 

decrease

High

Contamination



24

AEP-AOP Construct



Primary exposure pathways
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Conclusions

• AEP and AOP networks can be useful 

tools to organize data across multiple 

species.

• Could inform relative source contribution 

of contaminants in support of risk 

management decisions.
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