
STEP 4: Study Design and Data Quality Objectives (DQOs):
   - Lines of Evidence
   - Measurement Endpoints
   - Use Site-Specific Measurement Data from SRA
   - Identify Additional Samples, If Needed
   - Prepare Work Plan and Sampling & Analysis Plans

STEP 5: Verification of Field Sampling Design for Existing Data 
from SRA and Any Additional Samples in BERA - Evaluate 

Appropriateness and Implementability of Testable Hypotheses, 
Exposure Pathway Models, and Measurement Endpoints

STEP 6: Site Investigation and Data Analysis

Figure 1-1.  Combined USEPA 8-Step/USN Policy for Ecological Risk Assessment for Pearl Harbor Sediments RI/FS.

STEP 1: Screening-Level:
   - Site Visit
   - Pathway Identification/Problem Formulation
   - Toxicity/Ecological Effects Evaluation

STEP 2: Screening-Level:
   - Exposure Estimates
   - Risk Calculations

USEPA SMDP (a): Decision 
as to whether full ecological 
risk assessment is necessary

STEP 7: Risk Characterization

Carry Forward Final Screening-Level 
COPCs and Site-Specific Sample 

Measurement Data from Tier 1 SRA

Tier 1. Screening Risk Assessment (SRA)

Tier 2. Baseline Ecological 
Risk Assessment (BERA)

USN SRA Exit Criteria:
- Site passes SRA - acceptable risk
- Site fails SRA - site continues to Tier 2

USN Step 3a BERA Exit Criteria:
- Site passes Step 3a - acceptable risk
- Site fails Step 3a - site continues to Step 3b

USEPA SMDP (b): Agreement among risk 
assessors, risk manager, and Informal Regulatory 
Working Group (IRWG) on conceptual model, 
including assessment endpoints, exposure 
pathways, and questions or risk hypotheses

USEPA SMDP (c): Agreement among risk 
assessors, risk manager, and IRWG on 
measurement endpoints, study design, and 
data interpretation and analysis

USEPA SMDP (d): Signing approval of 
approach and analysis plan for BERA

USN BERA Exit Criteria:
- Site passes BERA - acceptable 
risk
- Site fails BERA - evaluation of 
remedy development/evaluation is 
appropriate, site continues to Tier 3

Toxicity Evaluation

Assessment 
Endpoints

Conceptual Model
Exposure Pathways

Questions/Hypotheses

   Step 3a: Refine Conservative Exposure Assumptions of SRA

STEP 3: Baseline Ecological Risk Assessment (BERA) -

   Step 3b: BERA Problem Formulation

Tier 3. Evaluation of Remedial Alternative (RAGs C)
a. Develop site specific risk based cleanup values.

b. Qualitatively evaluate risk posed to environment by 
implementation of individual alternative impacts (short term) 
and estimate risk reduction provided by individual alternative 
impacts (long-term); provide quantitative evaluation as 
appropriate.  Also, weigh individual alternatives using 
remaining CERCLA 9 Evaluation Criteria.  Plan for monitoring 
and site closeout.
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USEPA SMDP (e): Signing Record of Decision

Site Exits the Ecological Risk 
Assessment Process and Is 
Closed for Ecological Concerns

Site Exits the Ecological Risk 
Assessment Process and Is 
Closed for Ecological Concerns



STEP 1: Screening-Level Problem Formulation and Ecological Effects Evaluation

(1) Environmental Setting; Identify 
COPCs of Potential Ecological Concern (2) Fate and Transport Mechanisms for Contaminants (3) Ecological Receptors 

of Concern

(4) Complete Exposure Pathways

(5) Assessment Endpoints and Measures of Effects

Review Existing Information for Site Contaminants; Identified Need for Site-Specific Samples to Conduct Screening Risk Assessment

Screening-Level Risk Characterization

(1) Maximum Measured Sediment 
COPC Concentrations >ERL 
Sediment Quality Benchmarks

(2) Statistically Significant 
Correlations Between Sediment 

COPC Concentration and Toxicity

(3) NOAEL-Equivalent Bioaccumulation 
HQs or HIs>1 for COPCs for Maximum 
Tissue and Sediment Concentrations

Screening-Level Risk Calculations for Bioaccumulation as HQ/HI Values

Screening-Level Problem Formulation

Identify COPCs to Be Carried Forward to 
BERA Based on SRA Lines of Evidence

STEP 3a: Baseline Ecological Risk Assessment

Figure 1-2.  Components in USEPA Steps 1 and 2 and USN Tier 1 Screening Risk Assessment (SRA) for Pearl Harbor 
Sediments RI/FS.  Sections of the SRA report associated with tasks in the flowchart are indicated along the left margin.
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Field Sampling Design: Work Plan, Field Sampling Plan, Quality Assurance Project Plan

Site Investigation: Collect 219 Sediment and 45 Wild-Caught Whole-Body Aquatic Tissue Samples

Chemistry Measurements for COPCs in 
Sediment and Tissue Samples

Toxicity Measurements 
in Sediment Samples

Screening-Level Study Design/Site Investigation
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Selected Effects Values for 
Bioaccumulation = lowest NOAEL 
TRV for receptor-COPC combination

STEP 2: Screening-Level Exposure 
Estimates and Risk Calculations

Screening-Level Exposure Estimates

Screening-Level Ecological Effects Evaluation

Develop Bioaccumulation Exposure Estimates for Ecological Receptors:
   - Aquatic Receptors (Composite Macroinfauna, Epibenthic Crabs, Tilapia, Bandtail Goatfish)
   - Bird Receptors (Stilt, Coot, Duck, Moorhen, Night Heron, Wandering Tattler, Sooty Tern)
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Effects Evaluation:
- Sediment Quality Benchmarks = ER-L (Effects-Range-Low)
- Sediment Toxicity = Toxicity-Sediment COPC Correlations

COPC = Chemical of Potential Ecological Concern;
HI = Hazard Index (sum of related HQs);
HQ = Hazard Quotient for individual chemical;
NOAEL = No-Observed-Adverse-Effects-Level;
SMDP = Scientific Management Decision Point;
TRV = Toxicity Reference Value
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Figure 2.1.2-1.  Comparison of total PCB estimates as tPCB - NOAA18 and 
tPCB - Aroclor for all sediment and whole-body wild-caught tissue samples 
from Pearl Harbor.



hull cleaning, painting

dry dock discharges

in-water vessel inputs (e.g., 
antifouling coatings)

liquid releases (e.g., fuels, 
solvents, waste paints)

solid waste releases

surface-water runoff

aerial particulate fallout

industrial discharges

agricultural inputs: runoff at 
stream mouths

commercial and urban streets,
work areas

liquid releases (e.g., fuels, 
solvents, waste paints)

point sources:

nonpoint sources:

PRESENT SOURCES FOR 
COPCs

PRIMARY TRANSPORT
PATHWAY TO PEARL HARBOR

storm-drain runoff

offsite combustion

leakage

accidental spills

surface-water runoff

aerial particulate fallout

ground-water flow

adsorption/desorption processes

bioturbation

PAST SOURCES FOR 
COPCs

Figure 2.2-1.

surface sheet runoff

Resuspension - ship
propeller wash, currents, 

bioturbation, maintenance 
dredging

Fate and transport pathways for COPCs to surficial sediments for the Pearl Harbor Sediment RI/FS.

hull cleaning, painting

dry dock discharges

in-water vessel inputs (e.g., 
antifouling coatings)

liquid releases (e.g., fuels, 
solvents, waste paints)
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point sources:
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municipal sewage discharges
COPCs in 

SURFICIAL 
SEDIMENT

COPCs in 
dissolved form

COPCs in 
particulate form

COPCs in subsurface 
(deep) sediments

ground-water flow

agricultural inputs: not associated 
with  stream mouths

contaminated soil



omnivorous waterbird 
consuming mobile prey 
+ incidental sediment - 

stilt, heronmobile epifauna -
epibenthic crabs

pore 
water

COPCs IN 
SEDIMENT

dissolved/particulate 
COPCs from sediment in 

water column

piscivorous seabird 
consuming mobile 
epibenthic fish - 

tern

ominvorous waterbird or 
shorebird consuming 

stationary prey + incidental 
sediment - stilt, coot, duck, 

moorhen, heron, tattler

composite benthic macroinfauna - primarily 
ghost shrimp, snapping shrimp, and 

polychaete worms

mobile epibenthic fish - 
bandtail goatfish, tilapia

Figure 2.4-1.  Complete exposure pathways for COPCs from sediments to target ecological receptors for Steps 1 and 2 of the 
SRA.

direct sediment contact pathway

indirect food web bioaccumulation pathway



Selection Step 1:
Toxicity

is amphipod 
survival OR 
echinoderm 

fertilization <80%?

is stratum near 
IR/Navy activity site 
OR other non-Navy 

source?

SELECTION OF SAMPLES FOR 
TOXICITY GROUP IS COMPLETE FOR 

INITIAL COPC MEASUREMENTS

samples not selected are 
stored for future COPC 

measurements

evaluate each 
sediment 

sample in a 
toxicity group 
(e.g., 0-20%)

YES

no

select 
sample 

for toxicity 
group

screening criteria for strata not represented by previously 
selected samples:
- is duplicate sample available for chemistry, OR
- is % sediment fines high, OR
- do field observations support sample selection, OR
- does sample have low variability for toxicity measurements?

is number of 
samples

> target number for 
EITHER amphipod 
OR echinoderm?

for excess number of samples, proceed 
to Step 2 to re-evaluate each sample

select 
sample 

for 
stratum

is number of samples
> target number for 
EITHER amphipod 
OR echinoderm?

YES

for excess number of samples, proceed 
to Step 3 to re-evaluate each sample

geographic 
considerations

does sample satisfy 
one or more 

geographic criteria 
for selection?

is number of samples
> target number for 
EITHER amphipod 
OR echinoderm?

YES

no

YES

Figure 3.2-1.  Approach for selecting initial subset of 100 sediment samples for 
chemical measurements for all COPCs based on harborwide toxicity results for 219 
sediment samples, potential pollutant sources, and geographic locations of samples.

Selection Step 2:
Pollutant Source

Selection Step 3:
Geography

accept 
sample 

for 
COPC 

analyses

YES

no

accept 
sample 

for 
COPC 

analyses

no

accept 
sample 

for 
COPC 

analyses

no

accept number 
of samples > 
target number 
if appropriate

YES

no



determine Spearman rank correlation coefficients (rho) and probabilities (P) for COPC-toxicity 
relationships for negative-control-corrected toxicity values for amphipod survival or echinoderm 

fertilization and COPC measurements as both (1) detect only and (2) total (detect + 1/2 nondetect)

concentrations for COPC in sediment 
samples as both (1) detect only values and 

(2) total values (detect + 1/2 nondetect)

negative-control-corrected toxicity values 
in sediment samples for amphipod 
survival or echinoderm fertilization

YES

COPC shows no correlation with either 
toxicity measure and is removed from 

further consideration for sediment toxicity

no

YES

identify COPC to be carried 
forward from SRA to BERA for 

toxicity considerations

no

YES

Figure 3.2-2.  Decision process for identification of toxicity COPCs to be carried forward 
from the SRA to a BERA.

Is correlation significant (P<0.05) for 
increasing concentration for total COPC 
(detect + 1/2 nondetect) and decreases 

in EITHER amphipod survival OR 
echinoderm fertilization?

Is correlation significant (P<0.05) for 
increasing concentration for detect only 

COPC and decreases in EITHER 
amphipod survival OR echinoderm 

fertilization?

no

Is COPC detected in 3 or 
more sediment samples?



Is tissue-based TEV available for 
exposure routes of (1) water,

(2) sediment, or (3) diet?

Level 1: tissue-based TEV compilations 
from water, sediment, or diet exposures

Is effects endpoint for Level 1 TEV for
(1) growth/development, (2) reproduction, 

or (3) survival?

Level 2: tissue-based TEV compilations for effects 
endpoints of growth/development, reproduction, or survival

Is Level 2 TEV for whole body 
tissue residue?

Level 3: whole body tissue residue TEV 
compilations for (1) crustacea and (2) fish

Is any Level 3 TEV a 
NOAEL below all LOAELs 

and LC50s?

Is lowest Level 3 
TEV a LOAEL?

Is lowest Level 3 
TEV a LC50?

Level 4: use lowest NOAEL TEV for TRV; if NOAEL TEV not available, 
use lowest NOAEL-equivalent TRV derived from LOAEL or LC50 TEV

no appropriate 
TEV - data gap 

for COPC

divide LOAEL 
TEV by 10

divide LC50 
TEV by 100

disregard TEV if 
not NOAEL, 

LOAEL, or LC50

separate tissue-based 
TEV compilations for

(1) crustacea and (2) fish
no

no

YES

YES

no

YES

YES no

YES

YES

no

Figure 3.3.1-1.  Identification for lowest appropriate NOAEL TRV for whole-body tissue 
residues for aquatic receptors of crustacea and fish for Steps 1 and 2 of the SRA.

convert values to dry 
weight, as necessary

compare maximum tissue concentration in all whole-body tissue samples for particular wild-caught 
aquatic organism type to lowest NOAEL TRV for receptor types of: (1) lowest crustacea NOAEL 
TRV for macroinfauna and crabs; (2) lowest fish NOAEL TRV for tilapia and goatfish

no



Is TEV for dietary 
exposure route?

Level 1: oral exposure TEV compilation - dietary route 
preferred, only consider gavage if no dietary values available

Is effects endpoint for Level 1 TEV for
(1) growth/development, (2) reproduction, 

or (3) survival?

Level 2: oral exposure TEV c ompilation for effects 
endpoints of growth/development, reproduction, or survival

Level 3: TEV compilation of ingestion doses for birds

Is any Level 3 TEV a 
NOAEL below all LOAELs 

and LD50s?
Is lowest Level 3 
TEV a LOAEL?

Is lowest Level 3 
TEV a LD50?

Level 4: use lowest NOAEL TEV for TRV; if NOAEL TEV not available, 
use lowest NOAEL-equivalent TRV derived from LOAEL or LD50 TEV

compare maximum exposure point values for target bird receptor (stilt, coot, duck, 
moorhen, heron, tattler, and tern) to lowest NOAEL TRV for exposure scenarios of:
(1) 100% food ingestion - maximum whole body concentration in wild-caught tissue 
samples of (a) infauna, (b) crabs, (c) tilapia, or (d) goatfish; or
(2) 100% incidental sediment ingestion - maximum concentration in sediment samples 
from shallow depths of 0-2 meters(all birds except piscivorous tern)

no oral 
exposure TEV - 

data gap for 
COPC

divide LOAEL 
TEV by 10

divide LC50 
TEV by 100

disregard TEV if 
not NOAEL, 

LOAEL, or LD50

oral exposure TEV 
compilations for birds for 
(1) ingestion doses and
(2) food concentrations

no

no

YES

YES

YES

no

no

YES

YES

no

Figure 3.3.2-1.  Identification for lowest appropriate NOAEL ingestion dose TRV for birds 
for Steps 1 and 2 of the SRA.

If no dietary TEV, is 
TEV for gavage 
exposure route?

YES

no

If TEV is ingestion 
dose, use as is

If TEV is food concentration, convert to ingestion dose 
with allometric equation and estimate of bird weight



initial COPCs

(1) Is any sediment 
COPC concentration 

>ER-L OR is a 
benchmark 
unavailable?

(2) Is there a significant Spearman Rank 
correlation between decreasing amphipod 

survival or echinoderm fertilization and 
increasing COPC concentration for all 

harborwide sediments OR are the number of 
detected COPC concentrations to few for 

conduct of correlation analysis?

(3) Is a maximum 
bioaccumulation HQ 
or HI >1 for a COPC 

for any receptor- 
exposure scenario OR 

is data missing to 
calculate HQ?

final designation for COPC to be carried forward to BERA if 
EITHER "YES" for ANY of the three lines of evidence OR data 

is unavailable (i.e., data gap) for ANY of the three lines of 
evidence such that a line of evidence cannot be evaluated

COPC designated as having 
acceptably low risk and removed 

from further consideration if "no" for  
ALL 3 lines of evidence

no no no

YES
YES YES

Figure 7.4-1.  Process for selecting COPCs to be carried forward from Steps 1 and 2 of the SRA to a subsequent BERA.

BERA = baseline ecological risk assessment
COPC = chemical of potential concern
ERL = effects-range-low value for sediment quality benchmark
HI = hazard index
HQ = hazard quotient
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