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General Disclaimer

The views expressed in this presentation are those of the author and do not necessarily 
reflect the official policy or position of the Department of Navy, Department of Defense, or 
the U.S. Government.
I am an employee of the U.S. Government. This work was prepared as part of my official 
duties. Title 17, U.S.C., §105 provides that copyright protection under this title is not 
available for any work of the U.S. Government. Title 17, U.S.C., §101 defines a U.S. 
Government work as a work prepared by a military Service member or employee of the U.S. 
Government as part of that person’s official duties.
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Jason Speicher, MBA
Physical Scientist
NAVFAC Atlantic

Speaker Introduction

BRAC: Base Realignment and Closure
DoD: Department of Defense
ERA: ecological risk assessment
ERN: Environmental Restoration

• ERA SME for NAVFAC Atlantic
• Provide SME support to both active (ERN) and closed (BRAC) 

Navy facilities
• Provide policy and guidance support to Navy management
• Member of the SERDP/Environmental Security Technology 

Certification Program’s Technical Advisory Committee for research 
associated with PFAS and contaminated sediments

• Member of Navy's Emerging Chemicals Workgroup
• Former steering committee member for the USEPA Ecological Soil 

Screening Level (Eco-SSL) effort
• Currently working with various Navy and DoD 

researchers on efforts to fill knowledge gaps for toxicity and 
bioaccumulation associated with PFAS

MBA: Master of Business Administration
NAVFAC: Naval Facilities Engineering 
Systems Command
PFAS: per- and polyfluoroalkyl substances

SERDP: Strategic Environmental Research 
and Development Program
USEPA: United States Environmental 
Protection Agency 
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Presentation Overview

• ERA 101 – The Refresher – Not PFAS Specific
• ERA for PFAS: Pondering the Questions?? 
• Summary/Closing Thoughts
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Navy Guidance for Ecological Risk Assessments (ERAs)

• DoD DERP and Navy NERP Guidance provide 
basis for completing risk assessments under 
the CERCLA and RCRA processes

• Existing DoD and Navy policy and standard 
practice/guidance mirrors USEPA ERA 
Guidance (1997)

• Navy ERA Policy (1999) provides tiered process

• NAVFAC (2022) guidance should be followed 
for ERAs at CERCLA and RCRA sites

CERCLA: Comprehensive Environmental Response, 
Compensation, and Liability Act
DERP: Defense Environmental Restoration Program
RCRA: Resource Conservation and Recovery Act
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What is ERA?

• ERAs are often part of a larger process that seeks 
to answer the following questions
• Are chemicals at a particular site causing adverse 

effects to ecological resources?
• Should action be taken to address effects?
• What should be done (where, how, when)?

• “To dig, or not to dig, that is the question”

ERA 101

“…a process that evaluates the likelihood that adverse ecological 
effects are occurring or may occur as a result of exposure to one 
or more stressors”

-USEPA (1997) 

(Pixabay n.d.)
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Guiding Principles of ERA

• “The dose makes the poison”
• Paracelsus, 1500s

• “First, do no harm”
• Auguste François Chomel, early 1800s (not Hippocrates)

• “A thing is right when it tends to preserve the integrity, stability and 
beauty of the biotic community. It is wrong when it tends otherwise” 
• Aldo Leopold, A Sand County Almanac, 1947

• “Don’t do anything stupid” 
• Glenn Suter (USEPA), Ecological Risk Assessment for Contaminated 

Sites, 2000

ERA 101
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ERA Overview: CERCLA  

CSM: conceptual site model
ERAG: Ecological Risk 
Assessment Guidance
SMDP: Scientific 
Management Decision Point

1997 USEPA Superfund 
Guidance for ERA (aka 

ERAGs)

ERA 101
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ERA Overview: NAVFAC  

ERA 101

Step 3b:  Problem Formulation—Toxicity Evaluation; Assessment 
Endpoints; Conceptual Model; Risk Hypothesis (SMDP)
Step 4:    Study Design/DQO—Lines of Evidence; Measurement 
Endpoints; UFP-SAP (SMDP)
Step 5:    Verification of Field Sampling Design (SMDP)
Step 6:    Site Investigation and Data Analysis (SMDP)
Step 7:    Risk Characterization
Proceed to Exit Criteria for BERA

SMDP: Exit Criteria for the BERA
1) If the site poses acceptable risk, then no further evaluation and 

no remediation from an ecological perspective is warranted.
2) If the site poses unacceptable ecological risk and additional 

evaluation in the form of remedy development and evaluation is 
appropriate, proceed to third tier.

a. Develop site-specific risk based cleanup values
b. Qualitatively evaluate risk posed to the environment by 

implementation of each alternative (short-term) impacts and 
estimate risk reduction provided by each (long-term) impacts; 
provide quantitative evaluation where appropriate. Weigh 
alternative using the remaining CERCLA Nine Evaluation 
Criteria. Plan for monitoring and site closeout.

Tier 3. Evaluation of Remedial Alternatives (RAGS C)

Tier 1. Screening Ecological Risk Assessment (SERA): Identify 
pathways and compare exposure point concentrations to 
benchmarks

Step 1:  Site Visit; Pathway Identification/Problem Formulation; Toxicity 
Evaluation
Step 2:  Exposure Estimate; Risk Calculation (SMDP)
Proceed to Exit Criteria for SERA

SMDP: Exit Criteria for the SERA
1) Site passes SERA: A determination is made that the site poses 

acceptable risk and shall be closed out for ecological concerns.
2) Site fails SERA: Pathways complete and potential unacceptable 

risk.
Proceed to Tier 2 or Interim Cleanup

Step 3a: Refinement of Conservative SERA Exposure Assumptions
Proceed to Exit Criteria for Step 3a

SMDP: Exit Criteria Step 3a
1) If re-evaluation of the conservative exposure assumptions 

(SERA) support an acceptable risk determination, then exit the 
ecological risk assessment process.

2) If re-evaluation of the conservative exposure assumptions 
(SERA) do not support an acceptable risk determination, then 
continue the BERA process.

Proceed to Step 3b

Tier 2. Baseline Ecological Risk Assessment (BERA)
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Just a different framing of the 
same key technical steps!
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Four Basic Scientific Parts to Any Risk Assessment

Hazard 
Identification
What chemicals at 
the site might cause 
health/ecological 
problems? Dose-Response 

Assessment
At what level will the 
chemicals be toxic to 
ecological receptors?

Exposure Assessment
How much chemical is 
a receptor exposed to, 
and via which medium 
and route(s) of 
exposure?

Risk 
Characterization
What level of risk do 
the chemicals cause 
to ecological 
receptors?

ERA 101
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Tier 1 Screening Ecological Risk Assessment (SERA)

• SERA
• Do we need an ERA?
• What receptors are exposed (and how)?

• Which chemicals?
• Does a conservative evaluation indicate 

potential risk?

(NAVFAC 2022)

Tier 1. Screening Ecological Risk Assessment (SERA): Identify 
pathways and compare exposure point concentrations to benchmarks

Step 1:  Site Visit; Pathway Identification/Problem Formulation; 
              Toxicity Evaluation
Step 2:  Exposure Estimate; Risk Calculation (SMDP)
Proceed to Exit Criteria for SERA

SMDP: Exit Criteria for the SERA
1) Site passes SERA: A determination is made that the site poses 

acceptable risk and shall be closed out for ecological concerns.
2) Site fails SERA: Pathways complete and potential unacceptable risk.
Proceed to Tier 2 or Interim Cleanup
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Tier 1 SERA, Step 1: Planning

• Define objectives clearly and early
• Determine technical requirements 

• Sampling methods, lab methods, data 
evaluation plan

• Identify risk assessment expertise 
• Initiate early discussions between risk 

assessors, RPMs, and other technical staff 
(engineers, geologists)

• Coordinate early with regulators and other 
stakeholders

• Conduct a site visit
• RPMs should scope for the Ecological Risk 

Assessor to visit the site 
COPC: chemical of potential concern
RPM: remedial project manager

Objectives and requirements get 
more complex with each tier

(NAVFAC 2022)

Step 1: Exposure Pathway Evaluation
• Conduct site visit
• Compile and evaluate existing 

data
• Identify complete exposure 

pathways on a COPC-by-COPC 
and media-by-media basis

For each COPC, 
is a Complete Exposure 

Pathway Indicated?

No

Yes
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Tier 1 SERA, Step 1: Exposure Pathways

• What are your potential exposure 
pathways?

• To have a risk, you must have a potential 
exposure

• In ERAs, we evaluate current exposure

• What are your potential ecological 
receptors?

• Terrestrial receptors
• Aquatic receptors
• Any Threatened or Endangered Species

• What are we trying to protect? 
• Assessment versus Measurement endpoints

Generic CSM 
(Conder et al. 2020)
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Tier 1 SERA, Step 1: Conceptual Site Models (CSMs)

• Do we need an ERA?
• What are the exposure pathways?
• A CSM helps you organize 

ERA 101

  Chemicals
  Valued ecological receptors
  Exposure pathways

KEY POINT
CSMs provide a road map to which pathways require quantified assessment.

(Conder n.d.)

Complete exposure pathway that will be quantitatively evaluated.

Potentially complete, but insignificant pathway.

Incomplete exposure pathway; no evaluation or management 
action is necessary.

Notes:
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Tier 1 SERA, Step 1: Data Planning

• What abiotic data will you need 
to determine exposure to 
chemical concentrations in the 
Tier 1 SERA?

• Soil, surface water, sediment 
(sediment porewater)?

• What data do I have, and can it 
be used?

• Will my data quality be adequate 
for conducting a Tier 1 SERA?

• How much data do I need? 

• Key data goal: EPC
• A single number representing a 

concentration of a chemical (in soil, 
water, etc.) at your site

• Tier 1 SERA, Step 1: maximum 
concentrations in abiotic media

• Tier 2 BERA, Step 3a: 95 UCLs: USEPA’s 
ProUCL tool is a good resource for 
calculating 95 UCLs

• In Step 1, EPCs can be compared to screening 
values and used in exposure models

ERA 101

BERA: baseline ecological risk assessment
EPC: exposure point concentration

SERA: screening ecological risk assessment 
UCL: upper confidence limit
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Tier 1 SERA, Step 1: Screening

• In Step 1, in addition to considering complete 
exposure pathways, EPCs are often compared 
to conservative screening values

• Chemicals that exceed conservative screening 
values proceed to Tier 1 SERA, Step 2

AWQC: ambient water quality criteria
Eco-SSL: ecological soil screening level
ERA 101

Many Chemicals Start Step 1

Fewer Chemicals 
Into Step 2

Complete Exposure Pathways?
Exceedance of screening levels?

(Conder n.d.)

Basis of Screening Levels
• Established screening values (USEPA AWQC, 

Eco-SSLs, Biological Technical Assistance Group 
Region 3, Oak Ridge National Laboratory values)

• Literature-based values 

The Tier 1 SERA is a conservative screen intended to 
eliminate chemicals with no complete exposure pathways and

eliminate chemicals present at “safe” concentrations.

KEY POINT
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Tier 1 SERA, Step 2: Overview

ERA 101

(NAVFAC 2022)

Step 2: Conduct Exposure/Dose Estimation and 
Risk Calculation for Remaining COPCs
• Estimate exposure and dose using 

conservative assumptions
• Compile COPC-specific screening values
• Estimate risk potential using hazard 

quotient approach
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Tier 1 SERA, Step 2: Exposure Assessment

ERA 101

Exposure Point 
Concentrations Food Ingestion Rates

Area Use Factors Body Weights

Exposure (Food Web) Models Concentrations in Diets

EPCs (maximum 
concentrations) used 
in SERA modeling

(Conder n.d.)

Exposure Assessment quantifies the amount of a chemical 
that receptors are exposed to (internal dose,

 or external media concentration).

KEY POINT

Exposure Assessment
How much chemical is a receptor 
exposed to, and via which medium and 
route(s) of exposure?
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Where Do Ecorisk Exposure Models Come From?

• In their most basic form, ecorisk models are a series of several Excel 
spreadsheets that use site EPCs to estimate site-specific exposures to 
selected representative ecological receptors

• Eco-Risk Assessors usually operate these models

kg: kilogram
mg: milligram

ERA 101

(Conder n.d.)
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Tier 1 SERA, Step 2: Effects Assessment

• Predicted exposures from the 
models divided by the Toxicity 
Reference Value (TRV) to 
calculate a Hazard Quotient 
(HQ)
• HQ ≤ 1 = acceptable risk
• HQ > 1 = potentially 

unacceptable risk (i.e., more 
work to do)

ERA 101

Hazard Quotient =
Exposure Value

Toxicity Reference Value 

Hazard 
Identification
What chemicals 
at the site might 
cause health/ 
ecological 
problems?

Risk 
Characterization
What level of risk 
do the chemicals 
cause to 
ecological 
receptors?Dose-Response 

Assessment
At what level will 
the chemicals be 
toxic to ecological 
receptors?

Exposure 
Assessment
How much 
chemical is a 
receptor exposed 
to, and via which 
medium and 
route(s) of 
exposure?
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Where do TRVs Come From?

• TRVs 
• Are also known as Screening Ecotoxicity Value (NAVFAC 2022 term), toxicity 

benchmark, no observed effect concentrations, lowest observed effect 
concentration, water quality criteria, etc.

• Are based on dose response

• TRVs are usually derived from controlled experiments in which a laboratory 
organism is exposed to several doses of a chemical
• Values obtained from peer-reviewed literature (usually)
• USEPA and state environmental agencies may have preferred lists

• Examples: USEPA Ecological Soil Screening Levels, AWQC

ERA 101

The Dose-Response Assessment describes the relationship 
between the level of exposure and the likelihood and/or 

severity of an adverse effect.

KEY POINT
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Tier 1 SERA, Step 2: Risk Characterization

• HQs are > 1, but
• Communicate the uncertainties 
• Provide more detail on the assessment
• Remind yourself and your readers that ERAs are conservative and hypothetical exercises
• What’s the predicted ecological outcome?

ERA 101

Hazard 
Identification
What chemicals at 
the site might cause 
health/ecological 
problems? Dose-Response 

Assessment
At what level will the 
chemicals be toxic to 
ecological receptors?

Risk 
Characterization
What level of risk do 
the chemicals cause 
to ecological 
receptors?

Exposure Assessment
How much chemical is a 
receptor exposed to, and 
via which medium and 
route(s) of exposure?
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HQs > 1?: Common Misperceptions

(Pixabay n.d.)(Pixabay n.d.)

ERA 101
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HQs > 1?: Reality

ERA 101

(Conder n.d.)
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Tier 1 SERA, Step 2: Proceeding to Tier 2 Baseline Ecological 
Risk Assessment (BERA)

Fewer Chemicals Start Tier 1 SERA, 
Step 2

Even Fewer Chemicals 
Start Tier 2 BERA 

We think HQ > 1…?

ERA 101

(Conder n.d.)
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Tier 2 BERA
• BERA

• Does a conservative 
more realistic 
evaluation indicate 
potential risk?

• If potential risk is 
indicated, should we 
collect more data?

DQO: data quality objective 
UFP-SAP: Uniform Federal Policy 
Sampling and Analysis Plan

ERA 101

SMDP: Exit Criteria Step 3a
1) If re-evaluation of the conservative exposure assumptions (SERA) support an 

acceptable risk determination, then exit the ecological risk assessment process.
2) If re-evaluation of the conservative exposure assumptions (SERA) do not support 

an acceptable risk determination, then continue the BERA process.
Proceed to Step 3b

Tier 2. BERA

Step 3b: Problem Formulation—Toxicity Evaluation; Assessment Endpoints; 
Conceptual Model; Risk Hypothesis (SMDP)
Step 4:   Study Design/DQO—Lines of Evidence; Measurement Endpoints; UFP-SAP 
(SMDP)
Step 5:    Verification of Field Sampling Design (SMDP)
Step 6:    Site Investigation and Data Analysis [SMDP]
Step 7:    Risk Characterization
Proceed to Exit Criteria for BERA

SMDP: Exit Criteria for the BERA
1) If the site poses acceptable risk, then no further evaluation and no remediation 

from an ecological perspective is warranted.
2) If the site poses unacceptable ecological risk and additional evaluation in the form 

of remedy development and evaluation is appropriate, proceed to third tier.

Step 3a: Refinement of Conservative SERA Exposure Assumptions
Proceed to Exit Criteria for Step 3a

(NAVFAC 2022)
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Tier 2 BERA, Step 3a: Overview

Hazard 
Identification
What chemicals at 
the site might cause 
health/ecological 
problems? Dose-Response 

Assessment
At what level will the 
chemicals be toxic to 
ecological receptors?

Exposure Assessment
How much chemical is 
a receptor exposed to, 
and via which medium 
and route(s) of 
exposure?

Risk 
Characterization
What level of risk do 
the chemicals cause 
to ecological 
receptors?

Tier 2 BERA, Step 3a:
Exposure and Effects calculations again, but using less conservative* model assumptions to 
reduce uncertainty with site-specific considerations

And more risk characterization again

*Examples
• 95 UCLs as the EPC (instead of max concs.)
• Assume the animals don’t stay at the site 100% of the time
• Digestive availability that is not 100%

ERA 101
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Tier 2 BERA, Step 3a: Proceeding to Tier 2 BERA

To Tier 2 BERA, Step 3b

HQ > 1 … Really?

ERA 101

(Conder n.d.)
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Tier 2 BERA: Step 3b and Beyond

• Making your risk assessment model more site-specific 
• Collect more data and re-run HQs
• Examples of additional data collection

• Measure concentrations of chemicals in wildlife diet items
• Conduct toxicity testing 
• Evaluate site-specific bioavailability to refine exposure assessment

• Total organic carbon, porewater passive sampling; simultaneous extracted metals/acid-
volatile sulfide (AVS-SEM) for metals, etc. 

• Evaluate the predictions of the risk assessment model: Put the Eco in the 
Ecorisk!
• Focused species surveys (wildlife studies) 
• Benthic invertebrate and aquatic census studies
• Compare results to reference areas (if possible)

ERA 101
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Tier 2 BERA: Proceeding to Tier 3 Risk Evaluation of 
Remedial Alternatives (RERA)

To Tier 3 RERA

HQ > 1 Yes, Really Really!!!!  OK we get the point... there’s probably unacceptable risk.

ERA 101

(Conder n.d.)
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Tier 3 RERA
• RERA

• Where do we remediate, 
how, and what’s the 
cleanup goal?
• Use existing models and data 

from the BERA
• What’s the risk to 

ecological receptors and 
habitat from a 
remediation?
• Don’t let the cure be worse 

than the disease

RAGS C: Risk Assessment Guidance for Superfund Part C

ERA 101

a. Develop site-specific risk based cleanup values.
b. Qualitatively evaluate risk posed to the environment by 

implementation of each alternative (short-term) impacts and 
estimate risk reduction provided by each (long-term) impacts; 
provide quantitative evaluation where appropriate. Weigh 
alternative as appropriate. Plan for monitoring and site closeout.

Tier 3. Evaluation of Remedial Alternatives (RAGS C)

(Pixabay n.d.)
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ERA for PFAS – Pondering the Questions
• Can an ERA be done for PFAS?

• Absolutely, but it will carry uncertainties that ERAs for other chemicals 
carry.

• What data gaps still exist?
• Huge advances in knowledge within the last 10 years.
• Marine aquatic life, avian toxicity, field studies to verify if what basic risk 

models predict are a reality, understanding toxicity of mixtures.
• Are there ambient anthropogenic background levels of PFAS that 

need to be considered (outside of a CERCLA release)?
• Can the expanding literature be ignored here?

• What exposures and particular PFAS will drive risk?
• Stay tuned to this channel (meeting) for Dr. Conder’s presentation.
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Filling Some of the PFAS Data Gaps

• DoD SERDP/ESTCP conducting research to fill 
important data gaps.

• Marine Aquatic Toxicity and Bioaccumulation
• 2022 SON – Improved Understanding of Ecotoxicity of PFAS 

in the Marine Environment

• Avian Toxicity and Bioaccumulation
• 2022 SON –Improved Understanding of the Ecological 

Toxicity and Risk of PFAS in Avian

• Ecotoxity of PFAS Mixtures
• 2022 SON – Improved Understanding of the Ecotoxicity of 

Mixtures of PFAS 
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Importance of Field Studies

Both Graphics Provided via Dr. Christine Custer (USGS)
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Summary and Closing Thoughts
• Ecological risk assessment for PFAS can be completed 

following the CERCLA ERA guidance.
• Uncertainty will always exist

• Several areas of data gaps being filled through ongoing 
research

• Some level of exposure to PFAS and ecological receptors is 
going to be complete even in areas with no known CERCLA 
release.
• What does that mean for risk management?

• There is a great deal to learn about presence of potential 
ecological risks from field studies.
• As field studies are completed validation with suspected 

exposure, modeling predictions, and occurrence of ecologically 
relevant effects will help apply to future ERAs.

• Could a model like that used in the EPA’s Eco-SSL effort be 
useful for assessing ecological risks from PFAS?

• My quote, “Let good science dictate and serve to develop 
policy, and not the other way around.” 

Summary/Closing Thoughts

Photos from Dr. C. Custer 
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Presenter
Jason Speicher
NAVFAC Atlantic
(610) 223-6130 (cell) – best way to reach
(215) 897-4914 (office)
 jason.a.speicher2.civ@us.navy.mil 

My Point of Contact Information

mailto:jason.a.speicher2.civ@us.navy.mil
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Special Thanks

• Karla Harre (NAVFAC EXWC) – for extended invitation to speak
• Dr. Jason Conder (Geosyntec) – One of my key peers on 

considerations for conducting ERAs, as well as ERAs involving 
PFAS

• Dr. Christine Custer (USGS) – for her support and keeping me 
busy with some field work during Covid

• Providing the opportunity in allowing me to help with her Tree Swallow 
studies in the Mid-Atlantic, and borrowing some slides for this talk
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Questions???
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