
,,/, ,1 
; " 

,r .f, 

.. ," 
. , 

'f, " }:' . \ . 

'I 

:., .. ; 
,j " .; 

~ .' -" .. 
.j. 

''''', , ~,.,' \' 

NOO102,PF.00I 062 
NSY PORTSMOUTH 

5090,3b 
. .., ~. 

: " \' 

, ; . 
\ ". 

" 

'r" \ 

I,' ; 

I 



• 

PREPARED BY: 

PRELIMINARY REMEDIATION GOALS 
FOR OPERABLE UNIT 4 

FOR 

PORTSMOUTH NAVAL SHIPYARD 
KITTERY, MAINE 

COMPREHENSIVE LONG-TERM 
ENVIRONMENTAL ACTION NAVY (CLEAN) C,ONTRACT 

Submitted to: 
Engineering Field Activity Northeast 

Environmental Branch Code EV 
Naval Facilities Engineering Command 

10 Industrial Highway, Mail Stop #82 
Lester, Pennsylvania 19113-2090 

Submitted by: 
Tetra Tech NUS, Inc. 

600 Clark Avenue, Suite 3 
King of Prussia, Pennsylvania 19406-1433 

CONTRACT NUMBER N62472-90-D-1298 
CONTRACT TASK ORDER 0201 

NOVEMBER 2001 

APPROVED BY: 

DEBORAH J. COHEN, P.E. 
PROJECT MANAGER 
TETRA TECH NUS, INC. 
PITTSBURGH, PENNSYLVANIA 

110009/P 



TABLE OF CONTENTS 

SECTION 

REVISION 0 
NOVEMBER 2001 

PAGE NO. 

ACRONYMS AND ABBREViATIONS ......................................................................................................... iii 

EXECUTIVE SUMMARY ................................................................... : .................................................... ES-1 

REFERENCES ...................................................................... : ................................................................... R-1 

ATTACHMENTS 
1 DEVELOPMENT OF PRELIMINARY REMEDIATION GOALS (PRGs) FOR 

OPERABLE UNIT 4 
2 EXAMPLE CALCULATIONS 
3 RESPONSE TO COMMENTS AND MEETING MINUTES 

TABLES 

NUMBER 

ES-1 Summary of Sediment - Based PRG Development and Implementation Steps 
ES-2 Summary of Recommended PRGs for OU4 

FIGURES 

ES-1 Overview of Monitoring Station Locations 
ES-2 Overview Reference Station Locations 

110009/P ii eTO 0201 



AOC 

ARAR 

BAF 

BSAF 

CERCLA 

CLEAN 

COC 

CTO 

EERA 

EFANE 

FS 

IRG 

LMW 

NAVFAC 

Navy 

NCP 

NOAA 

NOEC 

NOEQ 

OU 

PAH 

PCB 

PNS 

PRG 

PW-HQ 

RI 

ROD 

RSV 

SQC 

TEV 

TEV-HQ 

TOC 

TtNUS 

UCL 

USEPA 

WQSV 

110009/P 

ACRONYMS AND ABBREVIATIONS 

Area of Concern 

Applicable or Relevant and Appropriate Requirement 

Bioaccumulation Factor 

Biota Sediment Accumulation Factor 

REVISION 0 
NOVEMBER 2001 

Comprehensive Environmental Response, Compensation and Liability Act 

Comprehensive Long-term Environmental Action Navy 

chem ical of concern 

Contract Task Order 

Estuarine Ecological Risk Assessment 

Engineering Field Activity Northeast 

Feasibility Study 

Interim Remediation Goal 

low molecular weight 

Naval Facilities Engineering Command 

U.S. Department of the Navy 

National Contingency Plan 

National Oceanic and Atmospheric Administration 

no observable effects concentration 

no observable effects quotient 

Operable Unit 

polycyclic aromatic hydrocarbon 

polychlorinated biphenyl 

Portsmouth Naval Shipyard 

Preliminary Remediation Goal 

porewater hazard quotient 

Remedial Investigation 

Record of Decision 

reference screening value 

Sediment Quality Criteria 

Threshold Effects Value 

threshold effects value hazard quotient 

total organic carbon 

Tetra Tech NUS, Inc. 

95th percent upper confidence level 

U.S. Environmental Protection Agency 

water quality screening value 

iii eTO 0201 



EXECUTIVE SUMMARY 

INTRODUCTION 

REVISION 0 
NOVEMBER 2001 

This Preliminary Remediation Goals (PRGs) Document for Operable Unit (OU) 4 at Portsmouth Naval 

Shipyard (PNS) in Kittery, Maine was prepared for the U.S. Department of Navy (Navy), Engineering Field 

Activity Northeast (EFANE) by Tetra Tech NUS, Inc. (TtNUS) under the Comprehensive Long-Term 

Environmental Action Navy (CLEAN), Contract Number N62472-90-D-1298, Contract Task Order (CTO) 

201. 

The Executive Summary presents a brief description of the PRG development process, and presents the 

PRGs that were calculated for OL)4. Attachment 1 presents the entire PRG development document that 

was prepared by Science Applications International Corporation using the process outlined in the PRG 

Proposal that was presented in the Interim Offshore Monitoring Plan (TtNUS, 1999; Appendix A). 

Attachment 2 provides the example calculations for each step of the PRG process and exampl~ 

calculations of the PRGs. Response to comments and PRG technical meeting minutes are provided in 

Attachment 3. 

The PRGs were developed as part of Interim Offshore Monitoring Program that was initiated as required 

by the Interim Record of Decision (ROD) for OU4 (Navy, 1999). The monitoring program is designed to 

provide offshore monitoring in the interim period before completion of the offshore Feasibility Study (FS) 

and selection and implementation of a final remedy for OU4. At the time a final remedial action for OU4 is 

implemented, interim monitoring will be discontinued. However, the Interim monitoring program was 

developed to provide a basis for any monitoring program that may be required as part of the final action. 

The Interim Offshore Monitoring Plan (TtNUS, 1999) provides additional information on the monitoring 

program. The PRGs provided herein will be used as the Interim Remediation Goals (IRGs) for OU4, as 

outlined in the Interim Offshore Monitoring Plan. 

PRG DEVELOPMENT PROCESS FOR OU4 

As discussed in the Interim Offshore Monitoring Plan (TtNUS, 1999), only sediment-based ecological 

PRGs will be developed for OU4 using the PRG development process. The PRG development consists of 

a seven step process consisting of PRG Derivation (Steps 1 through 5) and the PRG Implementation 

(Steps 6 and 7). Table ES-1 provides a summary of the development process. The approach for PRG 

derivation and implementation are briefly discussed in this Executive Summary. The PRG development 

document (Attachment 1) presents these seven steps in detail. The PRG development document also 
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presents the calculations for each of the seven steps. Attachment 2 provides example calculations for the 

PRG development. 

PRG Derivation 

The overall objective of the PRG development process for OU4 is to select the limiting COCs and the 

concentrations of these COCs that, when implemented as cleanup goals, focus remedial action in the 

areas in which aquatic risks are greater than acceptable levels. Limiting COCs are those analytes that are 

responsible for much of the baseline risk; by remediating to the limiting COC PRG concentrations, 

collocated COCs will be remediated to levels that will not have adverse effects. In the development 

process, sediment-based PRGs are developed that are protective of sensitive ecological receptor 

exposed to COCs in sediment. An explanation of the PRG derivation steps follows. 

The first step in the PRG process is to 'identify the Water Quality Screening Values (WQSVs) that will be 

compared to the pore water concentrations. The WQSVs are developed either from existing water quality 

criteria/guidelines, or are developed from sediment benchmarks using equilibrium partitioning. The next 

step is to obtain a pore water concentration for each parameter. For metals, the pore water 

concentrations are obtained by extracting the pore water from the sediment sample and analyzing the 

pore water directly. Because a large quantity of pore water is needed to achieve low detection limits for 

organic chemicals, the pore water concentrations for organic chemicals are estimated using an 

equilibrium partitioning equation. The pore water c;:oncentrations for each sample are then divided by the 

WQSV to obtain a pore water hazard quotient (PWHO ) for each sample and each parameter. 

Each sample is then classified as toxic or non-toxic based on the results of the toxicity tests (amphipods 

and sea urchins) that were conducted during Round 2. The 95th quantile PWHO of the non-toxic samples 

is then calculated for the non-toxic amphipod samples and the non-toxic sea urchin samples. The 

maximum PWHO for the toxic samples IS then determined. 

If the 95th quantile PWHO of the non-toxic samples is greater than one, and if the toxic PWHO is greater 

than the non-toxic PWHO, the quotient is named the No Observable Effects Quotie.nt (NOEQ) for that 

receptor (amphipod or sea urchin). If the 95th quantile PWHO of the non-toxic samples is less than 1.0, 

and if the toxic PWHO is greater than 1.0, than the NOEQ defaults to 1.0 for that receptor. The lower of the 

two NOEQs that were retained for PRG development between the two receptors is selected as the 

Aquatic NOEQ. 

The Aquatic NOEQ is then multiplied by the WQSV to convert the PWHO back into a pore water 

concentration which is called the Aquatic No Observable Effects Concentration (NOEC). This pore water 

concentration is then compared to the reference pore water concentration to ensure that the PRGs will not 
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be set below the reference concentrations. The hjgher'9f the Aquatic NOEe or reference concentration 

becomes the Threshold Effects Value (TEV). ' 

The next step is done to limit the number of chemicals for which PRGs are developed to the chemicals 

that are causing the highest risk at each station. The assumption is that if the chemicals that are causing 

the highest risk at a station are remediated, the remaining chemicals will be remediated in the same 

proportion. Therefore, the remaining chemicals will not be 'present at concentrations that are causing a 

risk to the aquatic receptors. This step is done by dividing the pore water concentrations by the TEVs .at 

each station (except the reference stations) to get a TEV-Hazard Quotient (TEVHo). The chemical with 

the highest TEVHo for a station is the limiting COC for .that station. The list of. limiting eocs across all of 

the stations is the list of limiting eocs for the site. Note that the same chemical may be a limiting cae at 

more than one station. Also, a limiting cae is not determined for a station if the sum of all the TEVHos for 

that station is less than 1.0, because the sum of those chemicals at the site are not expected to adversely 

impact the aquatic organisms. 

PRG Implementation 

After identifying the limiting COCs and their porewater-based TEVs, sediment-based candidate PRGs are 

identified from the TEVs. Also, the effectiveness of PRG implementation for risk reduction is evaluated 

using candidate PRGs, and PRGs are selected. 

The pore water-based TEVs are then converted into sediment-based PRGs by dividing the sediment 

concentration at each station by the TEVHo. The station-specific values are then averaged acro.ss all of 

the stations to calculate the aU-wide Baseline PRG. Note that the PRGs that are calculated for each 

station are used to calculate the average PRG for the site. They are not used as a station-specific PRG to 

evaluate the sediment at that station. 

For the evaluation, sediment concentrations from the Estuarine Ecological Risk Assessment (EERA) and 

Rounds 1 and Round 2 of the interim offshore monitoring are compared with the PRGs (NCCOSC, 2000). 

The results of the EERA are then compared with exceedances of the PRGs (i.e., do exceedances of 

example PRGs coincide with areas having risks), and thiS comparison is used to determine if a PRG 

should be recommended for a chemical. Also, this comparison is used to determine if a recommended 

PRG can be set higher than the Baseline PRG and still be protective of aquatic life. 

Exceedances of sediment-based values (e.g., PRGs) can also be evaluated using shellfish tissue data 

(e.g., mussel, juvenile lobster) that are converted to sediment-based concentrations and compared with 

PRGs. The application of sediment-based PRGs to shellfish is based on shellfish living in or being in 

ylose proximity to sediment and sediment acting as a major source of contamination to the shellfish. The 
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Biota Sediment Accumulation Factors (BSAF) model was selected as the best available model for 

predicting bioaccumulation of organics because, the model incorporat.es site-specific (sediment total 

organic carbon {TOC]) and organism-specific (tissue lipid) data. The Bioaccumulation Factor (BAF) model 

is consldered the best available model for metals. The BAF model excludes TOC and lipid normalization. 

These models are discussed in more detail in Attachment 1. The calculated BSAFs and BAFs are used .to 

predict sediment concentrations using tissue data at locations where sediment is not present. The 

predicted sediment concentrations are then compared to PRGs. 

The results of implementation of the PRGs (presented in Attachment 1) indicate that the PRGs are 

consistent with the findings of the risk assessment, that is, the areas identified in the EERA as having 

intermediate risks associated with them (i.e., Sullivan Point, Back Channel, and Dry Docks) are the same 

areas where sediment concentration were found above PRGs. The recommended PRGs are presented 

in Table ES-2. 

DATA USED IN PRG DEVELOPMENT FOR OU4 

The samples used for the development of PRGs were collected during Round 2 of the Interim Offshore 

Monitoring Program, .conducted from May 2 through 7 and May 23, 2000. During this sampling round, 

sediment, blue mussel (Mytilus edulis), and juvenile American lobster (Homarus americanus) samples 

were collect~d from 14 monitoring stations around PNS and 4 reference stations located in the Piscataqua 

River (see Figures ES-1 and ES-2). In addition, sediment samples were collected.from select monitoring 

stations for toxicity tests of the sediment pore water (sea urchin larval development test) and sediment 

(amphipod 10-day survival test using Ampe/isca abdita) , and chemical analysis of the sediment pore water 

(metals and dissolved organic carbon) in accordance with the Interim Offshore Monitoring Plan (TtNUS, 

1999). Sediment samples were collected from all of the reference stations for chemical analysis of the 

sediment pore water (metals and dissolved organic carbon). In addition, EERA sediment data (NCCOSC, 

2000) and Round 1 sediment data (TtNUS, 2000b) were used as part of the PRG Implementation, as 

discussed previously. Reference station locations were identified as part of the development of the 

Interim Offshore Monitoring program as discussed in the Interim Offshore Monitoring Plan (TtNUS, 1999). 

The Round 2 Interim Offshore Monitoring Program Data Package for Operable Unit (OU) 4 (TtNUS, 

2000a) presents the sampling methodology and results. The rationale for the samples that were selected 

for toxiCity tests were presented in Navy correspondence (Navy, 2000b). The following bullets summarize 

the key points of the sampling Investigation as they relate to the data used to develop the PRGs: 

• Two additional sediment samples {OU4-SD-M08-400B and OU4-SD-M09-400B) were collected than 

initially proposed. Sample OU4-SD-M08-400B was collected because sample OU4-SD-M08-300B did 

not produce enough pore water for the required tests. Sample OU4-SD-M09-400B was collected 
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because samples OU4-S0-M09-100B and OU4-S0-M09-200B had high proportions of gravel which 

are not ideal for toxicity tests. Therefore, the additional samples were collected to ensure an 

adequate I).umber of samples of good quality were collected. 

• The concentrations of organic constituents in the pore water samples were predicted using equilibrium 

partitioning equations, whereas, the concentrations of metals in the pore water samples were 

measured. The pore water samples for chemical analysis were filtered through a 0.2 um filter prior to 

analysis of metals (Navy, 2000a). 

• An adequate volume of pore water could not be extracted from sediment sample OU4-S0-M14-100B. 

Therefore, a surface water sample was collected from the back channel, added to the sediment 

sample, and then extracted from the sediment as pore water after 24 hours. 

• An adequate volume of sediment from the reference stations was not collected during the initial 

sampling event for extraction and chemical analysis of the pore water. Therefore, the sediment 

samples from the reference locations were resampled approximately two weeks later for extraction 

and chemical analysis of the pore water. 

• The high molecular weight (HWM) and low molecular weight (LMW) polycyclic aromatic hydrocarbon 

(PAH) concentrations were summed according to the PAHs that were included in each group by Long 

et aI., 1995. Attachment 1 presents the PAHs that were included in each group. 

• The total polychlorinated biphenyl (PCB) concentrations were calculated by summing the positive 

results of the 18 individual congener PCB concentrations that are included on the National Oceanic 

and Atmospheric Administration (NOM) list of PCB compounds and then multiplying that sum by 2.0. 

Ten additional World Health Organization PCBs were measured as part of the monitoring program at 

the request of USEPA are not included in the calculation because they are accounted for in the 

multiplication factor of 2.0, along with other PCBs that were not analyzed 

Round 2 data for the OU4 COCs (PAHs, PCBs, and metals) were included in the PRG development. 

Pesticides have not been linked to an onshore IRP site at the current time and therefore have not been 

identified as COCs for OU4. However, the Navy has agreed to calculate PRGs for pesticides should they 

become a COC in the future. Therefore, Round 2 pesticide data were included in the PRG development. 

BSAFs and BAFs provided herein were calculated using the Round 2 data. However, as provided in the 

Interim Offshore Monitoring Plan (TtNUS, 1999), BSAFs and BAFs will be calculated for each of the 
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baseline monitoring rounds (Rounds through 4) and the information will be provide in the Baseline 

Report. 
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TABLE ES-1 

SUMMARY OF SEDIMENT-BASED PRG DERIVATION AND IMPLEMENTATION STEPS 
PORTSMOUTH NAVAL SHIPYARD, KITTERY, MAINE 

PAGE 1 OF 2 

PROCEDURE ASSOCIATED TABLES 

Select benchmarks (WQSV) and - PW-HQ = PW conc./WQSV Tables 2.2-1 and A-4 (select benchmarks) 
express porewater concentrations Table A-2-2.1 (Kow and Koc values) 
as hazard quotients. Table A-2-2.2a,b (sediment concentrations) 

Table A-2.2.3 (geochemical characteristics) 
Table A-2-2.4a,b (pore water concentrations) 
Table A-2-2.5 (PW-HQ) 

Evaluate COC bioavailability under - 95th quantile PW-HQ(non-tox»1; Table 2.2-2 '(summary of toxic samples) 

" i 

site-specific conditions by NOEQ = 95th quantile Table A-2-2.6 (PW-HQs of non-toxic amphipod samples) I 

estimating 95th quantile of PW- PW-HQ(non-tox) Table A-2-2.7 (PW-HQs of toxic amphipod samples) ! 

HQs associated with non-toxic - 95th quantile PW-HQ(non-tox)<1; Table A-2-2.B (PW-HQs of non-toxic se~ urchin 
samples and identify NOEQ. NOEQ = 1 samples) 

Table A-2-2.9 (PW-HQs of toxic sea urchin samples) 

Retain COCs substantially max PW-HQ (tox»NOEQ; retain Table 2.2-3 (determination of NOEQ) 
.. - '. 

contributing to risk at site; retain COC 
COCs with maximum PW-HQ -

- max PW-HQ (tox)<NOEQ; 
associated with toxic samples eliminate COC 
(max PW-HQ (tox)) greater than 
the NOEQ. 

Evaluate feasibility of COC-specific - NOEC>RSV; TEV = NOEC Table 2.2-4 (derivation of RSV) 
PRG as long-term remedial goal; NOEC<RSV; TEV = RSV Table 2.2-5 (derivation of TEV) 
compare NOEC and RSV for COC 
in porewater and select greater of 
two values as aquatic TEV. 

Identify limiting COCs by - sum of TEV-HQs>1 ; select COC Table A-2-2.10 (identify limiting COC)o 
evaluating TEV-HQs and sum of with max TEV-HQ as limiting COC 
TEV-HQs for each location. for that location 

Determine sediment-based - set PRG-HQ Sta , CDC = TEV -HQ Sta , Table 2.2-6 (summary of baseline PRG) 
candidate PRGs. CDC Table A-3-1.1 (derivation of PRGs) 
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TABLE ES-1 

SUMMARY OF SEDIMENT-BASED PRG DERIVATION AND IMPLEMENTATION STEPS 
PORTSMOUTH NAVAL SHIPYARD, KITTERY, MAINE 

PAGE 2 OF 2 

STEP PROCEDURE ASSOCIATED TABLES 

7 Evaluate practicality of candidate - compare PRG exceedances with Table 3.3-1 (PRG exceedence vs. risks) 
PRG for effective risk reduction. aquatic risk distribution Table 3.3-2 (Summary of recommended PRGs) 

Table A-3-1.3a (PRG HQs - EERA data) 
Table A-3-1.3b (PRG HQs - Round 1 data) 
Table A-3-1.3c (PRG HQs -Round 2 data) 

( Table A-5 (PRG comparison with benchmarks) 
--

These tables were used to calculate BAF/BSAFs and to predict the sediment concentrations at MS-11 stations where no sediment was present 

• Tables A-3-1.2a,b Normalized sediment concentrations 

• Tables A-3-1.2c,d Normalized lobster concentrations 
• Table A-3-1.2e Lobster BAFs (metals) and BSAFs (organics) 

• Tables A-3-1.2f,g Normalized mussel concentrations 

• Table A-3-1.2h Mussel BAFs (metals) and BSAFs (organics) 

• Table A-3-1.2i Summary of lobster and mussel BAFs (metals) and BSAFs (organics) 

• Table A-3-1.2j Predicted sediment concentrations at MS-11 from BAF/BSAF data 

BAF 
BSAF 
COC 
NOEC 
NOEQ 
PW-HQ 

bioaccumulation factor 
biota sediment accumulation factor 
chemical of concern 
no observable effects concentration 
no observable effects quotient (NOECIWQSV) 
pore water hazard quotient (porewater 
concentrationlWQSV) 

RSV 
TEV 
TEV-HQ 

WQSV 

reference screening value 
threshold effects value ,.: 
threshold effects value hazard quotient (porewater 
concentrationlTEV) 
water quality screening value 
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TABLE ES-2 

SUMMARY OF RECOMMENDED PRGs FOR OU41 

Analyte Recommended 
PRG2 

Copper 486 

Nickel 161 

Acenaphthylene 210 

Anthracene 1236 

Fluorene 500 

HMW PAHs 13057 

Endosulfan \I NR 
T rans-Nonachlor NR 
p.p·~DDT NR 

NR Not Recommended \ 
1 Taken from Table 3.3-2 In Attachment 1 

(page 48) 
2 Organics: units = ng/g dry weight sediment 

Metals: units = I-1g/g dry weight sediment 
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1.0 ·BACKGROUND AND OBJECTIVES 

The purpose of this document is to develop and present Preliminary Remediation Goals 
(PRGs) for the offshore area (Operable Unit 4[OU4]) of the Portsmouth Naval Shipyard. PRGs 
are chemicals and their associated concentrations that when implemented during remediation, 
will reduce risk to acceptable levels. The general framework for this activity was based on the 
"Risk Assessment Guidance for Superfund: Volume 1 - Human Health Evaluation Manual" 
(Part B, Development of Risk-based Preliminary Remediation Goals, USEPA 1991). The 
general approach was provided in the Interim Offshore Monitoring Plan (TtNUS 1999). 

The Portsmouth Naval Shipyard is located in the lower Piscataqua River in Kittery, 
Maine. As a Department of Defense (DoD) facility, investigation and cleanup are conducted as 
part of the Navy's Installation Restoration (IR) Program. Requirements are to be consistent with 
the Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA), 
pursuant to the Federal Facility Agreement (FFA) between the Navy and the U.S. Environmental 
Protection Agency (USEPA). 

As part of the IR Program, numerous investigations have been conducted to determine 
the type and extent of Contaminants of Concern (CoCs) in soil, groundwater, and offshore 
sediment, surface water and shellfish, including associated risks to the environment and human 
health. Results of these investigations revealed elevated (low to intermediate) ecological risks 
for offshore (e.g;, sediment and shellfish tissue) media. 

Based on the results of offshore risk assessments, the Navy will prepare a Feasibility 
Study (FS) for OU4 at Portsmouth Naval Shipyard describing options for remedial actions. The 
remedy options will be evaluated with regard to effectiveness for meeting objectives for 
mitigation of existing and potential threats to public health and the environment. These 
Remedial Action Objectives (RAOs) are based on knowledge of the types of CoCs, the 
environmental media (e.g., water, sediment, and shellfish) in which they are found or could be 
found in the future and the projected use of the site. Preliminary RAOs for OU4 are provided in 
Table 1.0 .. :1. Applicable or Relevant and Appropriate Requirements (ARARs) and To-Be­
Considered (TBCs) standards are also considered in determining the effectiveness for meeting 
RAOs. 

Among the chemical-specific ARARsffBCs described in Table 1.0-2 are the Federal 
ARARsffBCs derived from promulgated USEPA Water Quality Criteria (WQC) and proposed 
USEPA Sediment Quality Criteria (SQC), which are intended to be protective of 95 percent of 
all aquatic species. The most current WQC (or sediment quality guidelines when WQC are not 
available) are used to develop the PRGs. The threshold chemical concentrations that comply 
with the ARAR or TBC criteria are called the PRGs for the site. The threshold concentrations 
are generally risk-based concentrations (RBCs) calculated using site-specific data. USEPA SQC 
are not used for PRG development because they are screeni1)g values, not cleanup goals. Also, 
SQC do not exist for all analytes of concern. 

In this report, PRGs were developed and used to evaluate shipyard-related chemical 
contamiI'!ation at OU4. The findings will be used to support remedial alternatives evaluation in 



the FS for OU4 in accordance with the requirements of the National Contingency Plan (NCP) 
and CERCLA guidance. 

Two threshold criteria (overall protection of human health and the'environment, and 
compliance with ARARs) ~nd one of five "balancing" criteria (reduction of toxicity) that are 
used to evaluate the remedial alternatives are directly applicable to PRG selection. The other 
balancing criteria (long-term effectiveness and permanence; short-term effectiveness; 
implementability and cost) that also directly affect the acceptability of various remedial 
alternatives are evaluated in the FS. Hence, the PRGs do not represent absolute levels that must 
be removed from the site, rather the application of the seven criteria with Trustee involvement 
will be necessary to select the Final Remediation Goals for the site. 

Based on this information, the objectives of PRG development are to: 

• Derive candidate PRGs; 
• Implement candidate PRGs and compare results against ecological risk findings; and 
• Recommend PRGs for evaluation in FS. 

Derivation and implementation of PRGs are discussed in Sections 2 and 3, respectively. 
In Section 4 conclusions with regard to the effectiveness of selected PRGs are discussed relative 
to potential risk reduction that could be achieved versus type and concentration of CoCs 
constituting the PRGs. Tables and figures referenced in the text are provided at the end of the 
report. Supplemental tables used to support PRG calculation are provided in Appendix A. 

2.0 PRG DERIV A TION 

The objective of the overall PRG development process is to select Limiting Chemicals of 
Concern (L-CoCs) for the site and identify their respective concentrations that, when 
implemented as cleanup goals, will focus remedial action in those areas where aquatic risk is 
higher than acceptable levels. The general approach for PRG derivation is presented in 
Section 2.1; detailed procedures and results are presented in Section 2.2 and Section 3, 
respectively. 

In the PRG development process, it is assumed that implementing a PRG for a chemical 
causing the highest risk will lead to reduction of lesser ri~ks caused by other CoCs. Secondly, it 
is assumed that those CoCs selected as PRGs adequately represent risks posed by all site-related 
CoCs, e.g., there does not exist novel chemicals at high concentrations that have not yet been 
detected or are present in a form that is more bioavailable than has been previously measured. 
Finally, it is important to note that the limiting PRG approach will be effective only when 
various chemical contaminants and exposure pathways remain co-located at the sampling 
location. "Dislocation" of CoCs from one another might arise from application of treatment 
technologies that preferentially remove one CoC class over another. If such a practice is 
instituted, then the available data must be re-evaluated for each CoC class and exposure pathway 
to ensure all receptors are adequatel y protected. 0 
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2.1 Overview of PRG Development Approach 

It is the objective of the PRG development to establish sediment-based concentrations 
that represent thresholds below which adverse effects on ecological receptors are not expected to 
occur. Since sediments are the primary reservoir of shipyard-related chemical contamination, the 
primary exposure mechanism of concern to be addressed by PRGs are the CoC exposures that 
occur in undisturbed (i.e., bedded) sediment. Once the PRGs are developed, however, they can 
be applied to protect both "soft-bottom" and "hard-bottom" communities, of which the latter 
group receives CoC exposure via Portsmouth Naval Shipyard sources or from sediment 
particulates resuspended from sedimentary environments. 

In the remainder of Section 2 the process for PRG derivation is presented that uses co­
located information about sediment chemistry, toxicity, and geotechnical characteristics as well 
as related information on CoC-specific properties, benchmarks, and reference area 
concentrations. USEPA research has demonstrated that measurements of chemical concentration 
in pore water will adequately represent the sum of chemical exposure from sediments (Di Toro et 
al. 1991). Upon completion of PRG calculations, PRGs are evaluated against site chemistry to 
determine areas that exceed PRGs. 

This evaluation also includes an assessment of hard-bottom environments wherein the 
tissue concentrations of indigenous biota (mussels, lobsters) are used to infer compliance with, 
sediment-based PRGs (Section 3). Benthic speci-es are also at potential risk because of CoCs 
contained in their body tissue. Thus, despite the lack of bedded sediment, species living in hard­
bottom areas may be at risk to exposure to sediment that is resuspended, transported from nearby 
depositional areas and bioaccumulated in shellfish tissues. Hence, PRGs developed for sediment 
will also be used to protect species inhabiting hard-bottom environments. This assumes that the 
majority of site-related chemical exposure to which the [hard-bottom dwelling] organisms are 
exposed is derived from nearby sediments; this would appear to be the case given the low 
concentration of CoCs in the surface water around the shipyard (NCCOSC 2000). Site-specific 
factors controlling CoC bioavailability include the source, type, and concentration of CoC as 
well as the lipid content of species selected as surrogates for hard-bottom communities in the 
ecological risk assessment (indigenous mussels, lobsters). 

The general approach for derivation of ecological risk-based PRGs for identified 
pathways involve refinement of the CoC list and cakulation of protective concentrations 
(derivation), followed by an analysis of site-specificity and practicality for supporting risk 
reduction (implementation). The general procedures outlined in the five steps below and in 
Table 2.1-1 are discussed in-detail in later s~ctions that will be followed by derivation of 
candidate PRGs for the site. Steps 6 and 7 involve PRG implementation and assessment and are 
discussed in Section 3. 

1. Identify primary exposure pathways and select/derive benchmarks to express risks of 
CoC exposure. For the aquatic exposure pathways identified in the Estuarine Ecological 
Risk Assessment (EERA) (NCCOSC 2000) the media of concern for PRG derivation is 
the concentration of CoCs in the pore water of bedded sediments (implementation of 
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shellfish tissue CoC concentrations for protection of hard-bottom communities are 
discussed in Section 3). CoC':specific WQC and/or water-based screening values derived 
from sediment benchmarks are used as the threshold effects values. This exposure 

, paradigm, called Equilibrium Partitioning or EqP, presently serves as the basis for 
establishing Sediment Quality Criteria by USEPA, and it is fundamentally based on the 
applicability of WQC for protection of adverse effects of CoCs in sediment when _ 
partitioning characteristics of the chemical between water and the organic carbon content 
of the sediment is taken into account (Di Toro et al. 1991). 

2. Calculate site-specific no effect threshold concentrations for each CoC-receptor pair. 
For each CoC, site-specific factors may exist that modify the degree of chemical 
exposureibioavailability to target receptors. For the aquatic pathway, site-specific factors 
related to the bound form of the CoC in the environment (e.g., some CoCs present as 
paint chips, scrap metal, sand blast material, etc.) cause the true CoC bioavailability to 
aquatic receptors (i.e., infaunal and epibenthic community) in the Piscataqua River to be 
less than predicted directly by bulk sediment concentrations. Here, aquatic toxicity tests 
are used to discern possible site-specific modification in CoC bioavailability. 

Using the site-specific information the second step in the PRO development process is to 
calculate site-specific no observable effect concentrations (NOECs) for each CoC and 
exposure pathway. The NOEC represents the highest chemical concentration for which 
effects are unlikely to occur. For example, if an effect was observed at 2, 3, and 4 parts 
per million (ppm) but not at 0.5 and 1 ppm, the 1 ppm concentration would be selected as 
the NOEC. The NOEC derivation process is discussed in detail in Section 2. 

3. Retain CoCs substantially contributing to risk. An objective of PRO derivation is to 
identify and retain CoCs for which PRO implementation will lead to effective risk 
reduction at the site while eliminating other CoCs for which PRO implementation would 
not. For this step, it was assumed that if a CoC was a substantial risk contributor, the 
highest concentration associated with toxic samples must be greater than the NOEC. All 
CoCs satisfying this requirement were retained for further consideration as PROs. 

4. Evaluate the feasibility of the CoC and pathway-specific NOEC as a long-term' 
remediation goal. Because of the general exchange of water and sediment in the 
Piscataqua River near Portsmouth Naval Shipyard, it was assumed that it would not be 
technically feasible in the long term to remediate to CoC concentrations that are lower 
than those generally found in the Piscataqua River. For this step, regional CoC 
concentrations were summarized, and the greater of the NOEC and reference-based 
concentration was determined. The resulting value was adopted as the Threshold Effects 
Value (TEV) for the aquatic exposure pathway. For the purposes of PRO development, 
"threshold" is meant to indicate the point of departure for site-related chemistry effects . 
that can be feasibly implemented as a long-term remediation goal. The Threshold Effect 
Value is defined as the highest chemical concentration at the site used to represent the exposure 
pathway of the receptor that can be expected to be found but not cause toxicity. This will 
ensure that the sediment will not be cleaned up to a concentration that will have an 
associated pore water concentration that is lower than the no effect concentration or 
lower than the reference concentration. 
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5. Assess CoC exceedances ofTEVs to identify "limiting," pathway-specific CoCsfor PRG 
selection. The CoCs and associated concentrations to be used as PROs are supposed to 
be risk-based, i.e., reflective of the results of the risk assessment with respect to the 
selection of those CoCs that "limit" remediation (USEP A 1991). Here, L-CoCs are those 
analytes that are responsible for much of the baseline risk (because of high concentrations 
and/or strong correlation with high toxicity), such that by remediating these CoCs to their 
PRO concentrations, other co-located CoCs will be reduced to levels much less than their 
corresponding goals. In this step, TEV Hazard Quotients (TEV-HQs),being the pore 
water concentration of the chemical at that location divided by the TEV for the chemical, 
are inter-compared for each station and CoC to identify the L-CoC, e.g., the CoC­
exposure pathway pair that represents the maximum TEV-HQ observed for the station. 
This procedure greatly reduces the reliance on assumption of CoCco-location across the 
site because the broad spatial distribution of sampling locations minimizes the potential 
that a novel CoC (unique in distribution, concentration or speciation) would be missed 
and thus fail to be included as a L-CoC. 

6. Calculate PRGs from TEVs. Based on the selection of L-CoC in Step 5, the TEV values 
identified in Step 4 are recalculated as necessary into appropriate (sediment-based) 
concentration (PRG) units to be implemented during site remediation. The calculated 
values are also discussed relative to traditional benchmarks so as to compare the relative 
degree of protection afforded to receptors by site-specific and generic approaches. 

7. Evaluate the practicality of the PRGs for effective risk reduction. In this spatial analysis, 
a candidate PRG that, upon implementation as part of a remedial action, would result in 
risk reduction in the most affected areas should be favored over other candidate PROs 
that do not. Note that this step, unlike the previous steps, is a qualitative, risk-based 
interpretation based on best professional judgment. In this analysis, the location of PRG 
exceedances (e.g., PRG-HQ >1) for each of the L-CoCs is reviewed with respect to the 
spatial distribution and likelihood of observed risks at the site as concluded from the 
results of the EERA (NCCOSC 2000). The relationship between the potential risk 
reduction and PRG exceedance is evaluated to select Recommended PROs (RPRGs) for 
input into risk management decisions regarding the selection of a final alternative for the 
site.. As such, the discussion is intended to be primarily supportive of the FS analysis of 
the five balancing criteria (see Sectiqn 1) in which extent of risk reduction is assessed 
against monetary and engineering implications of remedial alternatives. 

2.2 Aquatic PRG Derivation 

As identified in Section 2.1, five steps required for aquatic PRG derivation include 
1) benchmark selection and expression of CoC concentration data as Hazard Quotients (HQs); 
2) calculation of NOECs to account for CoC bioavailability under site-specific conditions; 
3) retention of CoCs substantially contributing to aquatic risk at the site, 4) reference data 
comparison; and 5) L-CoC selection. Each of these steps is addressed in the following sections. 
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1. Pathway Identification/Benchmark selection. The EERA identified sediments as the principal 
exposure pathway of concern for aquatic receptors. SQC for sediments and WQC for surface 
waters are logical choices as ARARs for Portsmouth Naval SQipyard and are used in EqP-based 
approaches for PRG derivation. The direct applicability of SQC has been limited by the number 
of available criteria to date (presently two non-ionic organic compounds; Dieldrin [USEPA 
1993a] and Endrin [USEPA 1993b]. The SQC derivation process has demonstrated the 
applicability of WQC to pore water concentrations for prediction of sediment toxicity when 
partitioning characteristics of the CoC between water and the organic carbon fraction of the 
sediment (Kod are taken into account using the EqP model of Di Toro et al. (1991): 

1) Cp = CJ(foc * Koc). 

In the above equation, organic chemical pore water concentrations (Cp, ~gIL) are 
calculated from the corresponding sediment concentration (Cs, ~gIkg; Tables A-2-2.4a and b) 
based on foc (the fraction of organic carbon in the site sediment; and Koc [the organic 
carbon/water partitioning coeffi~ient [Koc] for the CoC]). Values for Koc (Table A-2-2.1) were 
determined from the relationship developed by the USEPA (Karickhoff et al. 1989): 

2) 10glOKoc = 0.00028 + 0.983*loglOKow; 

where ~w = the octanol/water partition coefficient. 

By adopting the EqP approach for the development of aquatic PRGs for Portsmouth 
Naval Shipyard, the chemical concentration in pore water relative to WQC is used as the prim~y 
measure of potential adverse effects (i.e., risk) to aquatic biota. The application of the EqP 
model also allows incorporation of station-specific conditions (principally total organic carbon 
[TOC] content of sediment measured at the location) that control sediment-pore water 
partitioning and hence chemical bioavailability in bedded sediments. 

Determination of organic and metal CoCs responsible for the majority of the risk is 
assessed through normalizing concentrations to benchmarks so as to adjust for differences in the 
inherent toxicity of the chemical. For this investigation, Water Quality Screening Values 
(WQSVs) adopted primarily from USEPA WQC - Saltwater Chronic (WQC-SC) values (or 
estimated equivalents, discussed next) were used as the benchmarks. 

Water-based CoC criteria are proposed for calculation following the decision tree 
presented in Figure 2.2-1. This approach allows for calculation of "Water Quality Criteria­
Saltwater Chronic (WQC-SC) equivalent" benchmarks, and assigns a data qualifier (DQ) to 
identify the benchmark source for derivation of the HQ. In Table 2.2-1, the DQ "A" is applied to 
benchmarks derived directly from existing WQC-SC values. For CoCs possessing WQC­
saltwater acute values (WQC-SA), an acute:chronic ratio is applied to derive the equivalent 
WQC-SC value (DQ = "B"; Appendix A-4). Where an analyte-specific ratio was not available, a 
conversion factor of 8: 1 representing the mean overall acute:chronic ratio for paired chemical 
data contained in the USEPA AQUIRE database was used (Shepard 1998). Freshwater chronic 
data (WQC-FC) are used directly as screening values, with assigned data qualifier "C". 
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Some sediment-based correlative benchmarks 'are required to complete the assessment of 
site-related CoCs where water quality benchmarks are lacking (Table 2.2-1). In these cases, 
National Oceanic and Atmospheric Administration (NOAA) Effects Range-Low (ER-L) (Long 
et al. 1995, Long and Morgan, 1990) concentrations and if not available, Threshold Effect Level 
(TEL; FDEP, 1994) concentrations were selected and translated into pore water equivalent 
concentrations using the EqP model. In this process;it is assumed that the resultant value 
provides a level of protection equivalent to other water quality based benchmarks. This 
assumption is not unreasonable given that the WQC values are designed to be protective of 
95 percent of all species, whereas ER-L and TEL values represent concentrations below which 
90 percent of all sediment samples had no measurable adverse effect. Thus, sediment benchmark 
values were transformed into water-equivalent benchmarks using the EqP model by assuming 1 
percent sediment TOC concentration (DQ = "E"). 

Research by USEPA into the development of SQC for divalent metals (Copper, 
Cadmium, Lead, Nickel, and Zinc) in sediment has shown that sediment toxicity can be 
predicted when the quantity of Simultaneously Extractable Metal (SEM) present in excess of the 
Acid Volatile Sulfide (A VS) concentration in sediment is measured (Berry et al. 1996). The 
expression of SEM relative to AVS has been hi~torically expressed as the SEMIAVS ratio, 
although the difference of SEM and A VS (SEM-A VS) is now preferred, as the metric is less 
sensitive to conditions in which A VS is near detection limits (i.e., resulting in very high 
SEMIAVS ratios). The use of the SEM-AVS calculation is based on the fact that AVS will bind 
divalent metals in direct proportion to their respective molar concentrations (Hansen et al. 1996). 
In the USEPA National Sediment Quality Survey (USEPA, 1996) the SEM-AVS value of 
5-~mol/g dry wt. is recommended as 'a screening value for identification of sediments of concern 
with regard to potential divalent metal effects on aquatic biota associated with bedded sediments. 
In Table 2.2-1, the DQ = "F" is applied to benchmarks derived from the SEM-AVS approach. 
Finally, compounds for which'no benchmark screening values were available is designated "Not 
Available (NA)" in Table 2.2:..1. Thus, these chemicals are not carried further through the 
process but rather are incorporated in the PRO document, where applicable, by including 
'aggregate' benchmarks (e.g., High Molecular Weight [HMW] PAHs). 

PW-HQs reported in Table A-2-2.5 were calculated as the concentration in pore water 
(Tables A-2-2.4a and b) divided by the corresponding WQSV presented in Table 2.2-1. These 
quotients are used in No ObserVable Effect Quotient (NOEQ) derivation, discussed in the 
following section. 

2. Calculate site-specific no effect threshold concentrations. The second step of PRO derivation 
involves the calculation of NOECs for each Coe-receptor pair. As discussed previously, the 
NOEC is' a site-specific and CoC-specific threshold chemical concentration below which adverse 
effects on the receptor are unlikely to occur. This no effect value is derived using a so-called 
"correlative" approach, wherein a statistical analysis of field data including chemical 
concentrations associated with measured effect data is performed. For example, the NOAA 
ER-L benchmark (Long and Morgan 1990; Long et al. 1995) is a "correlative" benchmark 
representing the sediment concentration below which no adverse effect is expected 90 percent of 
the time. ' The value is statistically derived by matching of chemical concentrations with 
incidence of benthic effects (e.g., toxicity, reduced benthic composition, biomarker response) 

7 



measured in field samples, and statistically estimating the sediment concentration below which 
90 percent of sediment samples in the NOAAlFDEP effects database had no measurable adverse 
effect. 

As introduced in Section 1, it is expected that site-specific factors exist that control the 
bioavailability of CoCs in the marine sediments of the shipyard study area and thus modify the 
degree of chemical impacts on target receptors. The primary indicator of site-specific CoC 
bioavailability in bedded sediment are toxicity results using the amphipod (Ampelisca abdita) 
lO-day bulk sediment test and the sea urchin (Arbacia punctulata) larval development test with 
matching collocated sediment and/or pore water chemistry. Here, co-located data imply that 
bulk sediment chemistry data and biotoxicity data are generated from the same sample. Two 
receptor endpoints are incorporated into the analysis that represents lethal (amphipod survival) 
and sub-lethal (sea urchin development) effects to better assess potential acute and chronic 
effects of site-related CoCs. Complete toxicity results are presented in the Round Two Interim 
Monitoring Data Package (TtNUS 2000a). 

Adapting the correlative approach for derivation of the NOEC, PW-HQ data (pore water 
concentration normalized to the WQSV; from Step 1) were paired with co-located amphipod and 
sea urchin toxicity results and segregated based on selected toxicity-based threshold values. In 
choosing these values, a general assumption is that some proportion exists between the degree of 
mortality in a toxicity test and the extent of risk, however the exact relationship is not known. 

For amphipods survival ~80% of control and statistically significantly different from 
control was classified as nontoxic. The 80 percent survival cutoff is derived from a statistical 
evaluation of published toxicity results to determine the minimum degree of toxicity need to 
result in a finding of a statistically significant reduction relative to controls. In general more 
instances of toxicity are identified using sea urchin than amphipods (Carr 1996). However, there 
may be stations where the sediment is toxic to amphipods but the pore water is non-toxic to sea 
urchins at that station. This may be because the two species have different sensitivities to the 
same chemicals. 

In the previous analysis of EERA data for PRO development, none of the sea urchin 
samples was toxic to sea urchin fertilization (e.g., survival < 70%), despite several analytes 
exceeding WQC (i.e., 95% UL PW-HQ >1), such that no ARB-NOEQ values were retained. 
Hence, for the present study, the more sensitive sea urchin endpoint, larVal development, was 
selected in order to facilitate the development of PROs. This test is run at four pore water 
concentrations for each sample (25, 50, and 100% full strength pore water; with the control 
sample representing 0%) in order to derive an exposure response curve and calculation of the 
pore water concentration resulting in 50 percent reduction in larval development success (ECso). 
In order to accurately determine the EC50 value, the requirement that at least partial (and 
statistically significant) mortality need to be observed in two or more of the treatments must be 
met. From an ecological perspective, this was deemed appropriate given that epibenthic 
organisms such as sea urchins are not likely exposed to full strength pore water (100%). The 
exposure concentrations for the epibenthic organisms are conservatively expected to be reduced 
by at least 50 percent as the pore water leaving the sediment is mixed with the overlying surface 
water. In other words, if a sample showed at least partial mortality in the 100% and 50% 
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dilution, but not in the 25% dilution, the sample would be considered toxic. As a rule of thumb, 
an EC50 of -70% or less must generally be found for the above rule to hold true. 

In reviewing the sea urchin toxicity results, locations with sample dilutions having 
uniformly high larval development (EC50>100%) was observed for MS-1.2, MS-4.1, MS-5.1, 
MS-6.1, MS-9.1, MS-1O.1, MS-11.3 and MS-14.1), and thus were obviously non-toxic 
(Table 2.2-2). In contrast, samples with dilutions have uniformly low larval development 
success (EC5o < 25%) were found at locations MS-5.2, MS-13.1, MS-13.3) and were therefore 
clearly toxic. Among the remaining samples, locations MS-1.3, MS-9.4 and MS-lO.3 had partial 
mortality in two or more dilutions and were therefore determined to be toxic. Lastly samples 
with statistically significant mortality only in 100% pore water were determined to be non-toxic. 
This included samples from 13 locations (MS-2.1, 2.2, 3.1, 3.2; 4.3, 6.3, 7.1, 8.1, 8.4, 9.2, 12.1, 
12.2, and 14.2). As noted above, these incidences of partial mortality are not considered to be 
ecologically relevant (i.e., ecologically important to sustaining the population) for purposes of 
PRO development. 

The paired data sets were subsequently segregated in nontoxic and toxic samples based 
on toxicity thresholds defined for each test (Table 2.2-3). The data sets are pooled across all the 
sampled locations at the site in order to capture the widest possible range of chemical exposure 
concentrations and associated toxicity. The pooling is based on the assumption that the route of 
chemical exposure is the same for all the target receptors. In the resu~ting data sets, the 
chemistry values are expressed as a quotient (HQ) as opposed to a concentration in order to 
facilitate the intercomparison of CoCs and more easily assess the magnitude of departure from 
the WQSV. The HQ databases for non-toxic amphipod (Table A-2-2.6) and sea urchin 
(Table A-2-2.8) samples include statistical summaries of the sample number, mean, statistical 
distribution type (i.e., normal or log-normal), and upper 95th percentile (95% UL) of CoC­
specific pore water HQs (PW-HQ) based on the distribution type. See Appendix B for derivation 
of statistics. 

The resulting data are used to determine the highest concentration for which adverse 
effects are unlikely for each test type, called the test No Observable Effect Quotient (NOEQ). 
The test NOEQ is assumed equal to the 95% UL, or for NOEQ values <1, an NOEQ = 1 was 
adopted. The latter adjustment was made because low 95% UL values could be due simply due 
to a lack of non-toxic observations at higher chemical concentrations, as well as it being unlikely 
that site-specific factors could increase CoC bioavailability to levels above that occurring in 
water-only tests. ~ 

Summary statistics for determination of test-specific NOEQ results for the amphipod 
(AMP-NOEQ) and sea urchin (ARB-NOEQ) exposure endpoints are provided in Table 2.2-3. 
The listed CoCs include metals, (measured in pore water), and organic compounds (predicted in 
pore water). Also included are aggregate values for Low Molecular Weight (LMW) PAHs, High 
Molecular Weight (HMW) PAHs, and Total PAHs and Total PCBs, and the sediment-based 
measure of divalent metal bioavailability (SEM-AVS). These aggregate CoC classes were 
included to address the potential additive effects of P AH and metal mixtures. 
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Also listed in Table 2.2-3 for each CoC are the 95% UL PW-HQ values associated with 
nontoxic samples. The input PW -HQ samples associated with nontoxic amphipod (AMP) and 
sea urchin (ARB) tests are contained in Table A-2-2.6 and Table A-2-2.8, respectively. Each of 
the data sets (amphipod and sea urchin) includes statistical 'summaries (mean and confidence 
limits) as required for the NOEQ derivation. The value N indicates the number of observations 
available for the 95% UL. The formula to calculate the 95% UL was adjusted depending on the 
underlying statistical distribution (i.e., normal vs. log normal). For amphipods, 23 matched 
chemistry/toxicity data were available, whereas 21 matched chemistryltoxicity data were 
available for calculation of the sea urchin development NOEQ (ARB-NOEQ; Table A-2-2.8). 

A 95% UL PW-HQ at unity can be interpreted to indicate that the bioavailability (hence 
potential toxicity) of the CoC in the sediment pore water is the same as would be expected for 
water-only tests from which the WQC were derived. The results presented in Table 2.2-3 show 
that for each test species and majority of CoCs, the 95% UL was less than unity, indicating that 
toxicity was not observed where criteria values predict that toxicity should not occur. In such 
cases where the CoC-specific 95% UL was less than 1, a test-specific NOEQ value of 1 was 
retained. 

For the remainder of CoCs, the 95% UL did exceed unity and hence this value was 
adopted as the test NOEQ. The fact that the 95% UL was sometimes greater than unity is 
attributed to site-specific conditions that have apparently reduced CoC bioavailability relative to 
conditions under which the WQC are derived (i.e., single-species, water-only laboratory 
bioassays). In ten and seven cases respectively for the amphipod and sea urchin test results, the 
test 95% UL values were between unity and three, indicating that the degree of site-specific 
toxicity modification was not substantial. In nine and 12 cases for the amphipod and sea urchin 
test results, respectively, the test NOEQs ranged from 3-10, indicating substantive reduction in 
site-specific bioavailability than would otherwise be predicted form the WQSV value. 

3. Retaining CoCs substantially contributing to risk. Listed in Table 2.2-3 are the maximum 
PW-HQ values for sediment samples found to be toxic to amphipods and sea urchins, 
respectively (supporting data are reported in Appendix Tables A-2-2.7 and A-2-2.9, 
respectively). In evaluating this data, it was assumed that toxic samples should have CoC 
concentrations that are higher than the no effect concentration. Hence, those CoCs that were 
found to exceed the NOEQ benchmark (Max. HQ > NOEQ) for a given test endpoint were 
retained for further PRO derivation. The NOEQs for amphipods (AMP-NOEQ) were retained 
for two metals (copper, nickel), 11 PAHs, including LMW, HMW, Total PAHs, and four 
pesticides (Endosulfan IT, Trans-Nonaclor, o,p' -DDT, and p,p' -DDT) as indicated in 
Table 2.2-3. In comparison to the amphipods, only PAHs weret:etained (except, 
Dibenz(a,h)anthracene) for sea urchins (ARB-NOEQ). 

As part of a conservative approach to protect receptors represented by amphipods and sea 
urchins as well as both lethal and sub-lethal effects, the Aquatic NOEQ (AQ-NOEQ) value to be 
used for further PRO development was taken as the minimum of the two tests. In the present 
data set, there is generally good agreement in the PAHs comprising the ARB-NOEQ and AMP­
NOEQ lists, hence lending confidence for their inclusion as overall aquatic NOEQs. This 
finding would suggest similar chemical sensitivities between the two species/endpoints. For the • 
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CoCs that were not identified by the Arbacia test (Copper, Nickel, Dibenz(a,h)anthracene 
Endosulfan n, Trans-nonaclor,.o,p' -DDT, p,p' -DDT), this may represent species/endpoint 
differences in sensitivity, or else a reflection of some imprecision in the process. 

Of the calculated AQ-NOEQs, to of 17 values are three or less indicating that the site­
specific benchmark for no effects for these CoCs is within a factor of three of the corresponding 
water quality screening values. In the case of the metal AQ-NOEQs, these responses at or near 
WQC thresholds indicate that Ampelisca and Arbacia are adequate surrogates for the most 
sensitive species in the vicinity of Portsmouth Naval Shipyard. 

4. Evaluate the feasibility of the CoC and pathway-specific NOEC as a long-term remediation 
goal. The Aquatic NOEQs derived in the previous step require evaluation against regional CoC 
concentrations because it would not be technically feasible in the long term to remediate to CoC 
concentrations that are lower than those generally found in the Piscataqua River. Before 
performing this comparison, It was deemed necessary to demonstrate that habitats (and therefore 
associated receptors) in the vicinity of the shipyard are comparable to that at reference locations. 
Parameters selected to assess comparability were sediment grain size and TOC content as 
reported in the Round 2 data summary (TtNUS 2000a). 

Data presented in Table A-2-2.3 show that the average sand content for reference 
locations (81 %) is somewhat higher than that observed at the Portsmouth Naval Shipyard 
stations (62%).· Accordingly, the average silt and clay content at the reference stations (11 % and 
7%, respectively) is proportionately less than that observed at the Portsmouth Naval Shipyard 
stations (25% and 12%, respectively). As a result, the TOC content for reference locations 
(1.3%) was somewhat lower than that'observed for stations near the shipyard (1.8%). Still, the 
general geotechnical characteristics are broadly similar; implying comparability of habitats, such 
that the reference locations serve as suitable sites for background data. 

A database of aquatic Reference Screening Value (RSV) for the candidate CoCs 
discussed previously was prepared and summarized in Table 2.2-4. The RSV database is 
assembled from predicted (organics) and measured (metals) pore water concentrations at 
reference locations. The RSV was calculated as the 95% UL of pore water CoC concentrations 
for derivation of aquatic PROs following the same procedures used for the 95% UL values in 
Step 2. 

To complete Step 4, each Aquatic NOEQ value (from Step 3; Table 2.2-3) was converted 
into a NOEC (e.g., in water concentration units) by mUltiplying the value by the respective 
WQSV (i.e., NOEC = NOEQ x WQSV). This was done to permit direct comparison of the 
NOEQ against the pore water RSV (from Step 4; Table 2.2-4). Subsequently, the Aquatic TEV 
(AQ-TEV) was taken from the greater of the NOEC and RSV. 

The results in Table 2.2-5 show that in nearly all cases·(except Copper), the RSV is lower 
than the NOEC, that is, the background concentrations are lower than the site-specific CoC 
threshold values for protection of aquatic biota from adverse CoC impacts. This indicates that 
effects-based thresholds rather than regional background conditions are largely determining the 
selected TEV values., 
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5. Assess CoC exceedances ofTEVs to identify "limiting," pathway-specific CoCsfor PRG 
selection. The final step of PRO derivation for protection of aquatic receptors involves the 
straightforward application of TEV values to derive media-specific HQs. These HQ values are 
intercompared for each station and CoC to identify the L-CoC, e.g., that CoC-exposure pair that 
represents the maximum TEV-HQ observed for the station. Subsequently, the corresponding 
TEV values are converted into PROs, being the TEV -equivalent concentration expressed in units 
suitable for implementation in the FS (discussed in Section 3). 

The assumption that implementing the most conservative PRO as leading to risk 
reduction of all CoCs at a given location is supported by literature, in that the CoCs being 
investigated act in the same manner or that remedial action prevents contact of receptors by 
CoCs with equal effectiveness. This is based on the narcosis theory, wherein CoC 
concentrations in target tissue affect thresholds for specific toxic action (e.g., central nerVous 
system, respiratory, digestive disruptions), may still cause nonspecific toxicity through the 
combined presence of the chemical mixture (McCarty et al. 1992). In this case, the mode of 
toxic action is physiological debilitation caused by CoC-related swelling of cell membranes 
(McCarty et al. 1992). Narcosis theory supports the Limiting CoC concept because if the CoCs 
have similar mode of action, then the total risk of all CoCs in the sample can be summed (i.e., 
sum HQ) and compared directly to toxicity responses in the samples. The applicability of 
narcosis theory to PRO development is enhanced by the fact that organic CoCs (i.e., PAHs, 
PCBs, and pesticides) generally fall into a class of compounds that contribute to the narcotic 
mode of toxic action (McCarty et al. 1992). This approach is also believed to apply to organo­
metals (e.g., butyltins) and metals (McCarty and Mackay 1993). 

Since narcosis theory does appear to be relevant to the various CoC classes considered in 
this analysis, it can be assumed that all CoCs for PNS exert risks in a comparable manner. 
Therefore any proposed remedial action will not result in modifying the level of protection 
afforded to receptors on an analyte-specific basis, since the mode of toxicity as well as the 
method of remediation of the collocated chemicals (e.g., by natural attenuation) is similar. Thus, 
it is not necessary that PROs be developed for all risk-causing chemicals or chemical classes, 
because when the PRO chemical is reduced to acceptable levels, the collocated CoCs will also be 
reduced to levels below their corresponding remediation goals (e.g., HQ < 1, if HQ = 1 is the 
baseline PRO). 

The L-CoC selection is based on identification of the CoC with the maximum TEV -HQ 
by station for the bedded sediment exposure pathway. To ensure that all the important L-CoCs 
are retained, the CoC with the maximum TEV -HQ for the station was selected whenever the 
station sum of individual analyte TEV-HQ values (excluding LMW, HMW and Total PAR 
values) exceeded unity. This step was taken to further address the uncertainty in the co-location 
assumption by identifying any CoC, which might substantially contribute to risk at the site and 
could be effectively incorporated into a remediation strategy. Hence, the potential that a novel 
CoC (unique in distribution, concentration, or speciation) would be missed and thus fail to be 
included as a L-CoC, is minimized. The process was repeated for all sampled locations to 
identify the collection of all possible L-CoCs. 
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Results of the L-CoC selection process are summarized in Appendix Table A-2-2.1O. 
Among all.the possible CoC candidates, only seven' CoCs (Copper, Nickel, Acenapthylene, 
Anthracene, Fluorene, Trans-Nonaclor and p,p'-DDT) had TEV-HQs >1. Two CoCs (HMW 
PAHs, Endosulfan II) were carried forward from Table 2.2-5 only because the sum TEV-HQ 
exceeded one; the corresponding TEV-HQ value was less than one. Still, as part of a 
conservative approach, the anal)rt:es w~re retained in case unsampled locations might have higher 
concentrations than were observed from among the monitoring locations. Finally, the fact that 
only nine L-CoCs are repeatedly identified across the 42 sampling locations encompassing PNS 
supports the assumption that a few CoCs can be selected as PROs for monitoring risk reduction 
at the site. 

In the following section, the CoCs are applied to the interim monitoring sediment 
database to evaluate the extent PRO exceedances coincide with observed risks (determined in the 
EERA) and therefore, the potential risk reduction that could be achieved by using the PROs as 
remediation goals. 

3.0 PRG IMPLEMENTATION 

The second phase of PRO development (Steps 6 and 7) involves a qualitative assessment 
of the practicality for spatial implementation, i.e., whether the spatial implementation of the PRO 
effectively targets areas of increased risk as identified in the EERA. This requires that the TEV 
values, which represent the no effect threshold concentration for L-CoCs, be translated into 
sediment based units so available data at the site can be considered with respect to PRO 
compliance and risk reduction (Section 3.1). In this regard, the calculated PRO values are also 
intended to represent baseline risk thresholds. Subsequently, baseline PROs are "tested" through 
comparison against measured chemical concentrations at the site, such that the relationship 
between the areas of PRO exceedance and the degree of risk as concluded in the risk assessment 
can be ascertained (Section 3.2). This analysis leads to the development of so-called RPROs, 
which are PROs considered to be appropriate from a risk-based perspective (Section 3.3). The 
baseline and RPRGs are used as input into the FS and resulting risk management decisions 
regarding the setting of Remediation Goals. 

3.1 Translation of Aquatic TEV Values into PRGs 

In translating the pore water TEV into sediment-based concentrations, the primary 
intention is to derive a PRO number that equally protects the receptor. Thus, when the PRO is 
applied to measured sediment chemistry, a comparable degree of risk should be indicated (i.e., 
the TEV HQ equal the PRO HQ). For example, when sediment pore water concentration at a 
given location is two-fold above the TEV (e.g., TEV-HQ = 2), the PRO, when compared to the 
corresponding sediment concentration, should also indicate a risk exceedance by a factor of two 
(i.e., PRO-HQ = 2). Inherent in this application of PRGs is the assumption that risk at a given 
location when expressed as a unitless quotient is the same regardless of whether the benchmark 
is TEV -based or PRO-based, thus: 

PRO-HQ Sta., CoC, Pathway = TEV -HQ Sta., CoC, Pathway (3) 
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Where the risk equivalency assumption in Equation 3, the previous statement holds true only for 
a given location, CoC, and exposure pathway. 

The concept of cross-matrix risk equivalency is not new. This approach, for example, 
was used in the EERA to assess risks as a result of CoCs in tissues (from Shepard, 1998) based 
on WQC. This assumes that the tissue concentration in the biota achieved at the water-based 
effects threshold (e.g., WQC-chronic) is the relevant tissue-based effects threshold because CoCs 
must reach the site of toxic action (e.g., tissues) to exert their effect. Similarly, the measured risk 
associated with the pore water concentration (i.e., TEV-HQ) should be the same as that attributed 
to the bulk sediment (i.e., PRO-HQ). 

The relationship described in Equation 3 can be used to solve for the 10cation-CoC­
pathway as follows. Substituting for PRO-HQ: 

Oiven the TEV-HQ and associated sediment concentration (Csed), the PRO concentration can be 
solved: ---1 

5) PRG = [L(C sed / HQTEV)]/ N, 
n 

The important feature of this TEV -to-PRO translation method is that the measured risk 
data are used to derive the PRO value. In some cases, further modification might be needed if, 
for example, characteristics of a particular media sampled at a given location (e.g., TOC content 
of sediment, inert CoC materials such as metal fragments) result in an estimated PRO that is 
outside the expected range about the value at PRO-HQ = 1. In the present study, the high copper 
values from monitoring stations MS-3.2 and MS-4.1 were not used to calculate the OU4-wide 
PRO concentration as.the elevated levels were statistical outliers and likely caused by the metal 
slag observed at both locations (Attachment 3.5')· With this exception, th_e procedure described 
above was used to calculate station-specific PRO estimates from which the mean PRO value was 
taken as the site-wide PRO concentration. Results of this process are discussed in Section 3.2. 

PRG Calculation Results. Table 2.2-6 presents a summary of baseline PROs that were 
calculated for the aquatic exposure pathway using the procedure described in the above section; 
supporting calculations are presented in Tabl~ A-3-1.1. Note that the analyte list includes only 
"Limiting CoCs," i.e., those CoCs identified in Table 2.2-5 as having the maximum TEV-HQ by 
station for the pathway. The means of station-specific PRO estimates were used to derive the 
site-wide baseline PRO concentration (Appendix Table A-3-1.1). The RPRO concentrations that 
will be determined based on comparisons of PRO exceedances to site risks will be discussed in 
Section 3.3.2. 
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Results of the L-CoC selection process are summarized in Appendix Table A-2-2.1D. 
Among all the possible CoC candidates, only seven CoCs (Copper, Nickel, Acenapthylene, 
Anthracene, Fluorene, Trans-Nonaclor and p,p' -DDT) had TEV -HQs > 1. Two CoCs (HMW 
PAHs, Endosulfan II) were carried forward from Table 2.2-5 only because the sum TEV-HQ 
exceeded one; the corresponding TEV -HQ value was less than one. Still, as part of a 
conservative approach, the analytes were retained in case unsampled locations might have higher 
concentrations than were observed from among the monitoring locations. Finally, the fact that 
only nine L-CoCs are repeatedly identified across the 42 sampling locations encompassing PNS 
supports the assumption that a few CoCs can be selected as PROs for monitoring risk reduction 
at the site. 

In the following section, the CoCs are applied.to the interim monitoring sediment 
database to evaluate the extent PRO exceedances coincide with observed risks (determined in the 
EERA) and therefore, the potential risk reduction that could be achieved by using the PROs as 
remediation goals. 

3.0 PRG IMPLEMENTATION 

The second phase of PRO development (Steps 6 and 7) involves a qualitative assessment 
of the practicality for spatial implementation, i.e., whether the spatial implementation of the PRO 
effectively targets areas of increased risk as identified in the EERA. This requires that the TEV 
values, which represent the no effect threshold concentration for L-CoCs, be translated into 
sediment based units so available data at the site can be considered with respect to PRO 
compliance and risk reduction (Section 3.1). In this regard, the calculated PRO values are also 
intended to represent baseline risk thresholds. Subsequently, baseline PROs are "tested" through 
comparison against measured chemical concentrations at the site, such that the relationship 
between the areas of PRO exceedance and the degree of risk as concluded in the risk assessment 
can be ascertained (Section 3.2). This analysis leads to the development of so-called RPROs, 
which are PROs considered to be appropriate from a risk-based perspective (Section 3.3). The 
baseline and RPROs are used as input into the FS and resulting risk management decisions 
regarding the setting of Remediation Ooals. . . 

3.1 Translation of Aquatic TEV Values into PRGs 

In translating the pore water TEV into sediment-based concentrations, the primary 
intention is to derive a PRO number that equally protects the receptor. Thus, when the PRO is 
applied to measured sediment chemistry, a comparable degree of risk should be indicated (i.e., 
the TEV HQ equal the PRO HQ). For example, when sediment pore water concentration at a 
given location is two-fold above the TEV (e.g., TEV-HQ = 2), the PRO, when compared to the 
corresponding sediment concentration, should also indicate a risk exceedance by a factor of two 
(i.e., PRG-HQ == 2). Inherent in this application of PROs is the assumption that risk at a given 
location when expressed as a unitless quotient is the same regardless of whether the benchmark 
is TEV -based or PRO-based, thus: 

PRO-HQ Sta., CoC, Pathway = TEV -HQ Sta., CoC, Pathway (3) 
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Where the risk equivalency assumption in Equation 3, the previous statement holds ~rue only for 
a given location, CoC, and exposure pathway. 

The concept of cross-matrix risk equivalency is not new. This approach, for example, 
was used in the EERA to assess risks as a result of CoCs in tissues (from Shepard, 1998) based 
on WQC. This assumes that the tissue concentration in the biota achieved at the water-based 
effects threshold (e.g., WQC-chronic) is the relevant tissue-based effects threshold because CoCs 
must reach the site of toxic action (e.g., tissues) to exert their effect.. Similarly, the measured risk 
as~ociated with the pore water concentration (i.e., TEV-HQ) should be the same as that attributed 
to the bulk sediment (i.e., PRG-HQ). 

The relationship described in Equation 3 can be used to solve for the 10cation-CoC­
pathway as follows. Substituting for PRG-HQ: 

4) HQTEv = CSed / PRG, 

Given the TEV-HQ and associated sediment concentration (CSed), the PRG concentration can be 
solved: 

1 

5) PRG = [L,(Csed / HQTEv )]/ N , 
n 

The important feature of this TEV -to-PRG translation method is that the measured risk 
data are used to derive the PRG value, whereas traditionally the EqP models would be used to 
back-calculate PRGs. In some cases, the models may still be needed. For example, if 
characteristics of a particular media sampled at a given location (e.g., TOC content of sediment, 
inert CoC materials such as metal fragments) result in an estimated PRG that is outside the 
expected range about the value at PRG-HQ = 1, verification with the model may be required. In 
these instances, the predicted values can be validated against model estimates in relation to the 
model parameter inputs for the given location and the cause for atypical (high or low) PRG 
values can be isolated. In the present study, the procedure described above was used to calculate 
station-specific PRG estimates from which the mean PRG value was taken as the site-wide PRG 
concentration. Results of this process are discussed in Section 3.2. 

PRG Calculation Results. Table 2.2-6 presents a summary of baseline PRGs that were 
calculated for the aquatic exposure pathway using the procedure described in the above section; 
supporting calculations are presented in Table A-3-1.1. Note that the analyte list includes only 
"Limiting CoCs," i.e., those CoCs identified in Table 2.2-5 as having the maximum TEV-HQ by 
station for the pathway. The means of station-specific PRG estimates were used to derive the 
site-wide baseline PRG concentration (Appendix Table A-3-1.1). The RPRG concentrations that 
will be determined based on comparisons of PRG exceedances to site risks will be discussed in 
Section 3.3.2. . 
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3.2 Spatial Implementation of PRGs 

As discussed briefly in Section 2, habitats in the vicinity of Portsmouth Naval Shipyard 
fall into two main categories:with respect to the exposure pathways 'and reservoirs of site-related 
CoCs. These habitats include "soft-bottom" bottom communities composed primarily of soft 
sediment (sand, mud) and "hard-bottom" communities composed of rock ledge and/or 
unconsolidated gravel. Soft-bottom habitats support'infaunal (e.g., amphipods), epifaunal (e.g., 
mussels), epifloral (e.g., eelgrass and associated epiphytic growth), scavenger (e.g., lobster), and 
sediment-associated fish (e.g:, flounder, mummichog) communities, whereas hard-bottom 
communities include scavenger and fish communities as well as epifloral communities, but lack 
the infaunal components or communities. 

The approach for development of PROs has primarily focused on protecting these 
receptors of soft-bottom sediments because these species are'in intimate contact with the 
sediment and the sediment is the main reservoir of CoC contamination. However, the EERA has 
also determined that some hard:..bottom communities in the vicinity of the shipyard also have 
environmental conditions posing CoC risk that is above baseline (e.g., the DRMO Area of 
Concern [AOC]), and therefore protection of these receptors via PRO implementatjon is 
required. 

Results of the EERA have been used to classify the study area polygons based on the 
probability of adverse ecological risk caused by site-related CoCs to aquatic receptors 
(Figure 3.2-1). The map shows,an intermediate probability of adverse ecological risk for the 
western, northwestern, and southeastern portions of the shipyard whereas a low probability of 
risk was observed for northeastern and southern central shipyard areas. No areas of the shipyard 
were classified into the high-risk category. As the implementation of PROs are intended to 
reduce risk, it is important to ensure that the PROs, when compared to location-specific chemical 
concentrations, agree with the risk assessment findings; that is, PRO ,exceedances are observed 
where low and intermediate risks were identified in the EERA based on the full weight of 
evidence, discussed in Section 3.3, below. 

The translation of tissue-based concentrations into sediment-based units is needed to 
assess PRO compliance for hard-bottom areas where tissue residue concentrations are the 
primary indicator of CoC exposure. The method of translation involves the application of 
Bioaccumulation Factors (BAFs) for metals and Biota-Sediment Accumulation Factors (BSAFs) 
for organics (Tracey and Hansen 1996; USEPA 1998). The BSAF model (tissue/lipid to 
sedimentITOC ratio) is selected as the best available model for predicting bioaccumulation of 
organics because it incorporates site-specific (sediment TOC) and organism-specific (tissue 
lipid) data. Seasonal bioaccumulation of organics in shellfish is related to lipid content of the 
organism (affected by spawning cycle). Measurement of lipid content and appropriate 
normalization of organic concentration based on lipid content is an established method that 
accounts for seasonally related to the spawning cycle. The BAF model (tissue/sediment ratio) is 
considered the best available model for metals. The BAF model excludes the TOC and lipid 
normalization because they are not important in predicting metals bioaccumulation. To provide 
the most conservative data set for PRO development, sampling for PRO needs was conducted 



when metals are generally the most bioavailable in sediment during the year (late winter/early 
spring), because of low AVS relative to SEM. 

As noted in the sampling plan (TtNUS 1999), mussels are used as the primary form of 
biota for interim monitoring: Because there were some sampling locations in the EERA where 
sediment was not generally present (i.e., in the vicinity of the DRMO AOC), mussel is being 

. proposed as an alternative measure to sediment for the interim monitoring. Application of 
sediment-based PROs/cleanup levels to mussel is based on mussel being in close proximity to 
sediments and that sediments act as a source of contamination to the mussels. Published studies 
show that BSAFs are comparable between indigenous mussels and other sediment-associated 
species (USEPA 1996), such that the process by which the sum accumulation of CoCs (pore 
water, sediment, resuspended sediment, surface water) is occurring can be adequately modeled 
by the BASF. The BAF model is also the most commonly used model for metals 
bioaccumulation; organism-specific models for metals are largely unavailable and are rarely 
used. 

Using the Round 2 interim monitoring results, BSAFIBAF factors were calculated and 
used to predict sediment concentrations that would be required to explain measured 
concentrations in biota tissue of hard-bottom communities. The resulting predicted sediment 
concentrations were compared against PROs to evaluate potential for impacts on benthic and 
epibenthic organisms (Section 3.3). The basic assumption in this approach is that the sensitivity 
of receptors of concern (e.g., mussels, lobsters) to CoCs is the same regardless of the habitat they 
occupy (i.e., soft-bottom vs. hard-bottom). Based on this assumption, PROs developed to set 
thresholds for unacceptable exposure will be equally protective of these receptors regardless of 
habitat type. This assumption is further supported by the fact that the ultimate point of exposure 
are the CoCs in the tissues and the likelihood of effects is controlled by the tissue residue 
concentrations, regardless of the mode of transport of CoCs to the receptor (i.e., sediment pore 
water versus resuspended particulates). Hence, PROs will be protective of receptors if 
permissible exposure concentrations result in bioaccumulation below effect levels. 

For metals, the sediment-based concentration (/lglg dry wt) is calculated from the tissue­
based concentration (/lglg dry tissue) according to the formula: 

tissue concentration 
BAF= . . (5) 
. sedIment concentratIon 

therefore: 
tissue concentration 

sediment concentration = (6) 
BAF 

BAF values for metals were derived from site-specific data collected during interim monitoring. 
Median BAFs were calculated for each species collected. 
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For organic CoCs, the corresponding sedim~nt concentration (ng/g dry wt) were 
estimated from the fonnula: 

therefore: 

. tissue concentration/lipid concentration 
BSAF=--------------~-----------­

sediment concentrationffOC coricentration 

'. TOC conc [ (tissue concentration )/li pid conc] 
sedIment conc = BSAF (7) 

Sample-specific BSAF factors for individual organic analytes and BAF factors for metals 
were aggregated to develop mean BSAFIBAFs following procedures recommended by USEP A 
(1996). In this analysis, data that were either non-detect ("U" flagged) or of reduced certainty 
("J" flagged) were excluded to increase the accuracy of the ratio. 

Summary resulfs of the accumulation factor'calculations are shown in Table A-3-1.2i; 
supporting calculations are provided in Table A-3-1.2a-h. For the present study, the overall 
mean BSAF values for PAHs, PCBs, and pesticides"in mussels were 0.050,0.79 and 1.12, 
respectively. In general, there was considerable overlap in central tendency about the mean 
BSAF value among the analytes, and generally good agreement was observed between lobsters 
and mussels; the overall mean BSAF'values for PAHs, PCBs, and pesticides in lobster were 
0.067, 1.03 and 7.34, respectively. Pesticides in lobsters were perhaps the exception, where the 
mean BSAF (7.3) was higher than mussels although the median value (2.3, not shown) indicates 
that four of the pesticides with BSAFs greater than 25 are primarily responsible. These values 
may be revised after BSAFs and BAFs are recalculated using data from the first four rounds of 
sampling. 

Results of the present study are similar to BSAF ~alues cakulated in the same manner 
from literature values for infaunal deposit feeders, scavengers, filter feeders, and 
benthic ally-coupled fish, where mean BSAFs for PAHs (0.34) were unifonnly lower than PCB 
(1.03) or pesticide (1.36) classes (Tracey and Hansen 1996; USEPA 1998). In another study of 
Narragansett Bay (RI) species (SAIC 1995), these values were 0.27, 1.57, and 1.62, respectively. 
The similarity in BSAFs for PCBs and pesticides across species and studies demonstrates that 
varying habitats of the target receptor, including epibenthic/filter feeders (indigenous and .. . 
deployed mussels), infaunal (clams), epibenthic scavengers (lobsters), and epibenthic predators 
(fish) do not alter the bioavailability of organic cherriicals in the sediments. PAHs, in contrast, 
appear to have lower bioavailability than is typically observed, which is perhaps due to the fonn 
of PAHs in sediment (perhaps highly weathered or combusted). Still, the agreement among 
BSAFs for the two species suggest that functional contaminant exposure pathways among the 
target receptors are similar, allowing the use of a single factor to predict tissue accumulation of 
organic contaminants for pUlyoses of monitoring. 

3.3 Assessment of PRGs for Risk Reduction 

The assessment of example PRO suitability as cleanup goals for the site involves the 
separate evaluation of L-CoCs listed in Table 2.2-6 at baseline risk (PRO-HQ=l) concentrations. 
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In this section, the measured sediment concentrations are normalized to baseline PRO values 
(expressed as a Hazard Quotient, PRO-HQ) and results summarized with respect to where each 
analyte was observed to have the highest PRO exceedance (Section 3.3.1). As part of -the 
assessment, the PROs are also compared to literature-based benchmarks as an independent check 
on the reasonableness of the values obtained. 

Finally, in the overall assessment of the data, the relationship between the degree of PRO 
exceedance and observed risk at the site is examined (Section 3.3.2). Based on this analysis, 
recommended PRO concentrations (RPRO) are proposed that reflect risk-proportional options 
(e.g., the degree of risk reduction achieved in relation to the selected PRO concentration). These 
risk-proportional values are meant to assist risk managers for evaluation with respect to technical 
and fiscal constraints of PRO implementation for various remedial altemati ves. 

3.3.1 Baseline PRG evaluation 

In this section, sediment concentrations measured at the site are compared to respective 
Baseline PRO concentrations. Station locations are shown in Figure 3.3-1; results of this 
analysis are depicted in Figure 3.3-2. Raw calculations showing all PRO-HQ values for each 
sampling location are presented in Appendix Table A-3-1.3. The PROs are also compared to 
sediment-based benchmarks (e.g., NOAA ER-UER-M) as a check for the degree of protection 
afforded by the site-specific values (Table A-5). 

Copper. Copper did not exceed the PRO (4861lg/g dry wt) at any of the EERA sampling 
locations (Table A-3-1.3a). Sediment concentrations did exceed the baseline PRO for copper 
during Round 2 sampling at five sampling locations (Table A-3-1.3c), of which four were the 
highest PRO-HQ for that location (MS-3.2, PRO-HQ = 2.24; MS-4.1, PRO-HQ = 3.66; MS-8.3, 
PRO-HQ=1.55; MS-11.3, PRO-HQ=l.l1). Copper also exceeded the PRO at MS-3.2 (PRO­
HQ=7.65) and MS-4.1 (PRO-HQ=1.16) in Round 1 sampling (Table A-3-1.3b) and was the 
highest PRO-HQs for those locations. 

The baseline PRO value was found to be about two-fold above the ER-M (270 Ilg/g dry 
weight) values, suggesting that site-specific bioavailability of copper is less than that found on 
average at the NOAA locations from which the ER-M value was derived. This finding is 
consistent with the observation that the SEM-A VS values in general were less than the threshold 
associated with onset of potential toxicity. That is, site-specific conditions at PNS result in 
relatively lower pore water to sediment concentration ratios of Copper than might be expected 
from the literature-based values. A possible cause might be the presence of inert Copper or 
organic binding phases (TOC, Dissolved Organic Carbon [DOC]) that retard the partitioning of 
copper into pore water. Because the value is based on measured toxicity at the site, the PRO 
value is expected to protect aquatic biota from adverse exposures to copper in sediment. 

Nickel. The baseline PRO for Nickel (124 Ilg/g dry wt) during Round 2 sampling was 
exceeded at four PNS sampling locations, with the maximum exceedance observed at MS-9.1 
(PRO-HQ=1.29; Table A-3-1.3c). During Round 1 sampling, the PRO was exceeded only at 
MS-8.3 (PRO HQ = 1.4; Table A-3-1.3b). Nickel did not exceed the PRO at any of the EERA 
sampling locations (Table A-3-1.3a). 
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The Nickel baseline PRG was found to be about two-fold higher than the ER-M (51.6 
~glg dry weight) value. As with Copper, this finding is consistent with the observation that the 

, SEM-AVS values in general were less than the threshold associated with onset of potential 
toxicity, suggesting that site-specific conditions at PNS result in relatively lower pore water to 
sediment concentration ratios of Nickel than might be expected from the literature-based values. 
Also because the value is based on measured toxicity at the site, the PRG value is ex·pected to 
protect aquatic biota from adverse exposures to Nickel in sediment. 

Acenaphthylene. Sediment concentrations exceeding the baseline PRG for 
Acenapthylene (210 nglg dry wt) during Round 2 sampling occurred at five sampling locations, 
one of which (MS-1.1, PRG-HQ = 1.40); was the highest PRG-HQ for that location 
(Table A-3-1.3c). During Round 1 sampling, two locations exceeded the PRG, but in only one 
case (M-1O.3; PRG-HQ= 1.03) was this CoC the highest observed PRG-HQ (Table A-3-1.3b). 
Acenaphthylene did not exceed the PRG at any of the EERA sampling locations 
(Table A-3-1.3a). 

The baseline PRG for Acenapthylene was found to be at the low end of the range 
between the ER-L (44 nglg dry wt) and ER-M (640 nglg dry weight) values, and thus is 
comparable to values expected·to protect aquatic biota from adverse exposures to acenapthylene 
in sediment. 

Anthracene. The exceedance of the baseline PRG for Anthracene (1236 nglg dry wt) 
during Round 2 sampling occurred at three sampling locations, one of which was the highest 
PRG-HQ for the sampling location (MS-1O.2, PRG-HQ = 1.33; Table A-3-L3c). During 
Round 1 sampling, anthracene exceeded the baseline PRG at only one location (MS-12.1, PRG-

, HQ = 2.33; Table A-3-1.3b). No exceedance of the baseline PRG for anthracene was observed 
during EERA sampling. 

As the PRG for Anthracene was derived based on predictions of chemical partitioning 
into pore water and compared to a WQSV benchmark based on the ER-L, there is some 
uncertainty in calculating the PRG. However, the value is based on measured toxicity at the site 
such that the PRG value is expected to protect aquatic biota from adverse exposures to 
Anthracene in sediment. 

Fluorene. The baseline PRG for Fluorene (500 nglg dry wt) during Round 2 sampling 
was exceeded at four locations (MS-1.3, PRG-HQ=1.83; MS-12.1, PRG-HQ = 1.36; MS-12.2, 
PRG-HQ = 1.30; and MS-13.1,PRG-HQ = 7.51) all of which were the highest values at that 
location (Table A-3-1.3c). During Round 1 sampling, Fluorene exceeded the baseline PRG at 
only one location (MS-12.1, PRG-HQ = 2.79; Table A-3-1.3b). One exceedance of the baseline 
PRG was also observed during EERA sampling (BC-18, PRG-HQ = 1.35; 
Table A-3-1.3a). 

The baseline PRG for Fluorene was found to be at the high end of the range between the, 
ER-L (19 nglg dry wt) and ER-M (540 nglg dry weight) values, and thus comparable to values 
expected to protect aquatic biota from adverse exposures to Fluorene in sediment. 
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HMW PAHs. The exceedance of the baseline PRG for HMW PAHs (13057 nglg dry wt) 
during Round 2 sampling was observed at three locations (MS-1.3, PRG-HQ = 1.09; MS-12.1, 
PRG-HQ = 1.02; MS-13.1, PRG-HQ = 1.27), but none were the highest PRG-HQ value for that 
location (Table A-3-1.3c). During Round 1 sampling, HMW PAHs exceeded the baseline PRG 
at only one location (MS-12.1, PRG-HQ = 3.03, Table A-3-1.3b), while two exceedances of the 
baseline PRG was also observed during EERA sampling (BC-1S, PRG-HQ=1.20; DD-12.5, 
PRG-HQ = 1.37; Table A-3-1.3a). 

The baseline PRG for HMW PAHs was above the NOAA ER-M (9600 ng/g dry wt) 
value, but because the value is based on measured toxicity at the site such that the PRG value is 
expected to protect aquatic biota from adverse exposures to HMW PAHs in sediment. 

Endosulfan II. The exceedance of the baseline PRG for Endosulfan II (3.95 nglg dry wt) 
during Round 2 sampling was observed at one location (MS-1.1, PRG-HQ = 1.11), but was not 
the highest PRG-HQ value for that location (Table A-3-1.3c). Endosulfan II exceeded the 
baseline PRG at two locations during Round 1 sampling (MS-1.3, PRG-HQ = 1.77; MS-S.3, 
PRG-HQ = 1.06; Table A-3-1.3b). This compound was not measured during EERA sampling. 

The baseline PRG for Endosulfan II was below the Sediment Quality Advi'sory Level 
(14 nglg dry wt) and thus the value is expected to be protective of aquatic biota from adverse 
exposures to Endosulfan II in sediment. 

Trans-nonaclor. An exceedance of the baseline PRG for Trans-nonaclor (3.99 nglg dry • 
wt) during Round 2 sampling was observed at two locations (MS-1.2, PRG-HQ = 1.3S; and MS-
10.1, PRG-HQ = 1.S5), the latter being the highest PRG-HQ value for that location 
(Table A-3-1.3c). During Round "1 sampling, Trans-nonaclor exceeded the baseline PRG at three 
locations (MS-1.3, PRG-HQ = 1.45; MS-S.3, PRG-HQ = LOS; MS-1O.1, PRG-HQ = 5.26, 
Table A-3-1.3b) with the exceedance at MS-1O.1 being the highest PRPG-HQ observed for that 
location. Trans-nonac1or was not measured during the EERA investigation, thus PRG 
exceedances for this chemical cannot be assessed. 

The baseline PRG for Trans-nonaclor was within two-fold of the TEL (2.26 nglg dry wt) 
value, and thus is expected to protect aquatic biota from adverse exposures to Trans-Nonaclor in 
sediment. 

p,p' -DDT. The exceedance of the baseline PRG for p,p' -DDT (66.4 nglg dry wt) during 
Round 2 sampling was observed at four locations of which only three (MS-1.2, PRG-HQ = 2.S6, 
MS-4.3, PRG-HQ = 2.62; MS-S.1, PRG-HQ = 4.29) was the highest value for that location 
(Table A-3-1.3c). Only four locations (MS-1.2, PRG-HQ= 1.64, MS-1.3, PRG-HQ = 16.S, MS-
4.3, PRG-HQ = 1.34, MS-S.3, PRG-HQ = 1.99) exceeded the baseline PRG during Round 1 
sampling, and all four were the highest PRG-HQ for each location (Table A-3-1.3b). Finally, no 
locations exceeded the baseline PRG for p,p' -DDT during EERA sampling. 

The PRG is above the NOAA' ER-M (27 nglg dry weight) value. It is noted that this 
CoC has not been linked to an onshore Installation Restoration Program (IRP) site at the current 
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time, and therefore is not a CoC for OU4. The Navy has agreed to calculate PROs for pesticides 
should they becomes CoCs in the future. 

3.3.2 Recommended PRGs evaluation 

In consideration of the above patterns of maximum PRO-HQ results across the three 
rounds of sampling (EERA, Round 1, Round 2) Copper, Fluorene, HMW PAHs, Trans-nonaclor 
and p,p' -DDT appear to have the higher (PRO-HQ >2) values. ,Maximum PRO-HQ values for 
Nickel, Acenapthylene, and Anthracene were lower but also above unity, while Endosulfan II did 
not exhibit the highest PRG-HQ at any station. Thus, there was generally good agreement 
between those analytes identified as L-CoCs and those retained as baseline PROs. 

Both Round 1 and Round 2 interim monitoring. locations tended to have higher PRO-HQs 
than was found for the EERA locations. Unlike the interim monitoring locations, the EERA 
stations tended to be further offshore and in deeper water. This would sugge~t that increased 
distance to potential shipyard sources has resulted in decreased sediment concentrations, and as a 
result, lower PRO-HQs at the EERA locations . 

. In the EERA, the three principal areas found to have elevated (i.e., "intermediate") risks 
include Back Channel, Sullivan Point, and Dry Docks, while the remaining areas (Jamaica Cove, 
Clark Cove and DRMO) were identified with low risks. In comparing the locations of maximum 
PRO exceed~nces with observed risk at the site (Figure 3.3-1a, Table 3.3-1a), Fluorene and 
HMW PAH concentrations were above baseline PROs at only one intermediate risk station 
located in the back channel (BC-lS) and near the Dry Dock area (DDI2-5), respectively. 
Following a conservative approach, the selection of the Recommended PRO-HQ defaults to 
unity when only one location for each baseline PRO is available to assess risk to PRO-HQ 
relationships. 

The interim monitoring locations were classified as to risk based on proximity to the 
, EERA locations, and sediment concentrations compared to PROs. For Round 1 sampling, four 

of five baseline PROs (Copper, Acenapthylene, HMW PAHs, Trans-nonaclor) had exceedances 
always associated with intermediate risk stations (Figure 3.3-1b, Table 3.3-1b). As discussed 
above, a Recommended PRO-HQ equal to unity (1.0) was selected given that only one level of 
risk was observed for each analyte to assess risk to PRO-HQ relationships. The fifth chemical, 
p,p' -DDT, did not display reliable risk to PRO-HQ relationships since a low risk station (MS-
8.3) had a higher PRO-HQ than two intermediate risk areas (MS-1.2, MS-4.3). Hence a 
recommended PRO-HQ could not be established for this chemical during Round 1 sampling. 

For Round 2 sampling, five of the seven baseline PRO chemicals (Nickel, 
Acenapthylene, Anthracene, Fluorene, Trans-nonaclor) either had maximum PRO-HQ 
exceedances at only one location or were always associated with one level of risk (Figure 3.3-1c, 
Table 3.3-1c). Accordingly, the Recommended PRO-HQ for these analytes again defaults to 
unity. The sixth chemical, p,p' -DDT, did not display reliable risk to PRO-HQ relationships since 
a low risk station (MS-S.3) had a higher PRO-HQ than two intermediate risk areas (MS-1.2, MS-
4.3). Hence a recommended PRO-HQ could not be established for this chemical and sampling 
round. Finally, in the case of copper, a departure from low to intermediate risk was observed 
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with higher PRG-HQ values, suggesting that elevated exposure concentrations may be related to 
increased risk. Hence a RPRG-HQ based on results for this sampling round was conservatively 
set to be equal to the point of departure between low and intermediate risks (i.e., PRG-HQ = 
1.55). 

Recommended PRG-HQs by sampling round and for the overall PRG development 
process are summarized in Table 3.3-2. Six of the nine chemicals (Copper, Nickel, 
Acenapthylene, Anthracene, Fluorene, HMW PARs) identified as L-CoCs had low or 
intermediate risks when baseline PRGs were exceeded, hence the selected PRGs appear to 
address the potential impacts of site-related chemicals. The remaining L-CoCs (Endosulfan II, 
Trans-nonaclor and p,p' -DDT) are pesticides for which RPRGs are not recommended. It is 
noted that these CoCs have not been linked to an onshore Installation Restoration Program (IRP) 
site at the current time, and therefore are not CoCs for OU4. The Navy has agreed to calculate 
PRGs for pesticides should they becomes CoCs in the future. Still, risks from other collocated 
CoCs might be present at locations where the pesticides were found that are site-related, and thus 
further evaluation is needed to ensure that all site-related chemical risks are addressed by these 
PRGs, discussed below. 

Endosulfan II was identified as a L-CoC with the highest TEV -HQ at five locations, and 
the analyte was carried forward into further PRG development based on a finding a sum TEV­
HQ greater than one at each of these locations (Table A2-2.1O). However, the associated 
maximum TEV-HQ was always less than one, and the corresponding PRG-HQ was never the 
highest value at the few'locations where the baseline PRG was'exceeded (i.e., for Round 1, 
locations MS-1.3, MS-S.3; Round 2, location MS1-1; see Table A-3-1.3). Hence it is concluded 
that exclusion of Endosulfan II as a Recommended PRG for interim monitoring will not result in 
inadequate consideration of aquatic risks posed by this chemical. 

Trans-nonaclor was identified as a L-CoC due to a high TEV-HQ at a single location 
(MS-1O.1, TEV-HQ= 1.S9; Table A-2-2.1O). This chemical also exceeded its corresponding 
PRG only at this location during Round 1 (PRG-HQ=5.26) and Round 2 (FRG-HQ= 1.S5) 
sampling. Because no other PRG exceedances were observed at this location, it is concluded 
that exclusion of Trans-nonaclor as a Recommended PRG for interim monitoring will not result 
in inadequate consideration of aquatic risks posed by this chemical. 

For p,p' -DDT, the analyte was identified as a L-CoC given highest TEV-HQ values at 
three locations (MS-1.1, MS-S.1, MS-S.3; Table A-2-2.10). The corresponding PRG was 
exceeded at four locations (MS-1.2, MS-1.3, MS-4.3, and MS-S.3) for Round 1 and three 
locations (MS-1.2, MS-4.3, and MS-S.1) for Round 2. Also, two of three stations (MS-1.2, MS­
S.l) were not toxic during Round 2 testing suggesting that risks found for the area may not occur 
at this location or have attenuated since the EERA was conducted. In absence of p,p' -DDT and 
other baseline PRG pesticides, only exceedances for nickel (MS-4.3, Round 2; MS-S.3, Round 1) 
were observed. As nickel was retained as a PRG, risks at these locations due to CoCs other than 
p,p' -DDT should be addressed. 
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Finally, PRGs did not address a number of intennediate risk locations around PNS 
(Table 3.3-1). The reasons for this are not entirely apparent, yet it would appear that since 
sediment concentrations did not exceed the PRGs, the source of risks may not be caused by the 
CoCs being evaluated as PRGs, or that risks at these locations have abated since the EERA was 
conducted. Further discussion of uncertainty regarding the implementation of PRGs is discussed 
in Section 4. Long tenn monitoring will be performed and PRG concentrations will be compared 
against sediment concentrations measured at these locations for a number of years. Based on 
these data, a decision as to the need for continued monitoring at these locations will be made. 

4.0 UNCERTAINTY ANALYSIS 

The PRGs calculated for the Portsmouth Naval Shipyard Offshore area (Operable Unit 4) 
were developed in a manner consistent with site ARARs. The baseline PRG values can be 
viewed simply as calculated values that are yet to be validated against the independent 
benchmarks and the risk assessment findings. Although not every sampling location around PNS 
had a PRG exceedance, multiple sampling locations within each of the intennediate risk areas 
(i.e., Dry Docks, Back Channel, Sullivan Point) did exhibit PRG exceedances. Thus, areas of 
PRG exceedance appear to correspond well with areas of observed risk such that the 
implementation of baseline PRG values (i.e., as recommended PRGs) would appear to be 
reasonable from a risk-based perspective). The magnitude of the PRGs is generally comparable 
to correlative benchmarks and hence provides confinnation that minimal residual risk associated 
with the CoCs will remain when the PRGs are achieved. Several years of interim monitoring 
will occur. It is expected that RPRGs would remain approximately the same. It is possible that 
additional CoCs might be identified from trend analysis and additional PRGs may need to be 
calculated if such trends are of potential risk concern (e.g., potential to cause toxicity). 

The process of calculating the baseline PRGs is largely quantitative, although 
considerable professional judgment and input from regulators and Trustees were incorporated 
into designing the process and the sampling program to collect the necessary data needed for 
development of PRGs. There are uncertainties in the process that may result in values that do 
not efficiently address risk at the site. For example, a particular baseline PRG may be calculated 
that would appear to suggest that much larger areas of the site pose unacceptable risks and hence 
conflict with the findings of the risk assessment. One factor that can cause this may happen 
when sources of non-CoC toxicity such as ammonia occur and therefore artificially reduce 
PRGs. In the present toxicity data set, three locations (MS-S.2, MS-13.1, and MS-13.2) had un­
ionized ammonia concentrations above 0.2 mg/L whereas NOEC and LOEC unionized ammonia 
values are 0.037 and 0.090 mg/L, respectively (Carr et ai. 1996). This would suggest that 
ammonia may be a contributing factor to the observed toxic response. 

In contrast to the baseline PRGs, the recommended PRGs are derived by perfonning a 
check that selected CoCs and corresponding RPRG concentrations adequately represent the risk 
characterization provided in the EERA. Here, the RPRGs are based on interpretation of the data 
in light of observed distribution and severity of estimated risks at the site; other considerations 
and findings as presented in FS reports regarding potential onshore sources may also modify the 
Final Remediation Goals to be adopted by risk managers. 
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For purposes of PRO development, it is assumed that a fundamental change in CoC 
bioavailability has not occurred between the time the EERA data were collected (1990-1992) and 
when data for PRO development were collected (May 2000). Hence, those areas where 
increased risks were identified in the EERA should also be expected to have PRO exceedances. 
However, if substantial attenuation has occurred, or if CoCs have undergone significant 
weathering, they may become less toxic or bioaccumulative. Accordingly, risks also could have 
attenuated and hence the PROs are likely to be overprotective. The finding that many of the 
PROs identified in this report agree well with those PROs identified from use of the EERA data 
(SAIC 1999) reduces this uncertainty and indicates that the necessary PROs have been 
determined. 

Finally, it must be stressed that the data collected for PRO development, as part of the 
interim offshore monitoring, should not be used to assess risks because the data were not 
collected to characterize risk. Even if they were, the results would not necessarily show the same 
risk as the EERA because of potential chemical attenuation. Rather, the interim monitoring 
program will determine whether attenuation is occurring and whether RPROs that are protective 
of identified risks are likely to be met. 
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Figure 2 2-1. Water quality screening value selection process and associated data qualifiers. 
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WOC-SC = Water Ouallty Criteria Saltwater Chronic 
WOC-SA = Water Quality Criteria Saltwater Acute 

WOC-FC = Water Quality Criteria Freshwater Chronic 
WOC-FA = Water Quality Criteria Freshwater Acute 

EqP = Equilibrium Partitioning 
TOC = Total Organic Carbon 
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Figur 3.2-1. EcologiCal risk probability for th Portsmouth Naval Shipyard offshor study ar a . 
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Figure 3.. Sampling locations for PRG d velopment in th .smouth Naval Shipyard offshore study area. 
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Figure 3.3-2. Summary of CoCs with highest baseline PRG xceedances by location for sediments from the 
Portsmouth Naval Shipyard offshore study area: A. EERA data. 
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Figure 3:3-2. (Continued). B. Round 1 Monitoring Data. 
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Figure 3.3_ <continUed). B. Round 1 Monitoring Data. 
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FigUre_ -2. (Continued). C. Round 2 Monitoring Data. e e 
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Table 1.0-1. Potential Remedial Action Objectives for the Portsmouth Naval Shipyard 
offshore study area. 

MediaJRecep~or I· Remedial Action Objectives (RAOs) 
1 

• Protect pelagic, epibenthic, eelgrass, and salt marsh 
communities by identification of exposure to chemicals 

Water of concern (COCs) at unacceptable levels in the estuarine 
waters (surface waters) in the Portsmouth 
Naval Shipyard offshore Areas of Concern (AOCs). 

• Protect epibenthic, benthic, eelgrass, and salt marsh 
communities by identification of exposure to COCs at 

Sediment unacceptable levels in sediments in the Portsmouth Naval 
Shipyard offshore AOCs. 
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Table 1.0-2. Chemical-specific Federal and State Applicable or Relevant and Appropriate Requirements and To-Se-Considered 
requirements for Portsmouth Naval Shipyard offshore study area, Kittery, Maine~ 

Medium or Requirement Status 
Activity 

CHEMICAL SPECIFIC· FEDERAL 

Water Clean Water Act (CWA); Federal Relevant 
Ambient Water Quality Criteria and 
(AWQC); (33 USC §§1251 et seq, 40 Appropriate 
CFR § 122.44; 40 CFR Part 131) 

Water U.S. Food and Drug Administration TBC 
(FDA) Action Levels 
(21 U.S.C. §§301 et seq) 

Sediment USEPA Proposed Sediment Quality TBC 
Criteria (Fed. Reg. 2652, January 18, 
1994 Sn. FR\ 

Sediment National Oceanographic Atmospheric TBC 
Administration (NOAA) Incidence of 
Adverse Biological Effects within 
Ranges of Chemical Concentration in 
Marine and Estuarine Sediments (Long 
et al. 1995\. 

Oth r Natural NOAA National Status and Trends TBC 
Resources Program (NSTP) Approach Informal 

Guidelines Mussel Watch Data (1991). 

CHEMICAL SPECIFIC· STATE 

Wat r Maine Surface Water Toxies Control Relevant 
Program (06-096 CMR 530) and 

Appropriate 

Requirement Synopsis 

CWA AWQC are health-based criteria developed for 
carcinogenic and noncarcinogenic compounds and 
water quality parameters. AWQC are set at levels that 
are guidelines for pollutants in surface water. AWQC 
are available for the protection of human health from 
exposure to contaminants in drinking water as well as 
from ingestion of aquatic biota and for the protection of 
freshwater and saltwater aauatic life. 
Under Section 408 of the Federal Food, Drug, and 
Cosmetic Act, FDA action levels are established above 
which the FDA can take legal action to remove a food 
oroduct from the market. 
These sediment quality criteria for the protection of 
benthic organisms are proposed for acenaphthene, 
dieldrin endrin fluoranthene and Dhenanthrene. 
This document provides chemical concentration effects 
distributions that describe the observed or predicted 
chemical concentrations associated with biological 
effects. Effects range low (ER-L) and effects range 
median (ER-M) represent the tenth and fiftieth percentile 
of reoorted effects. 
Chemical concentrations in blue mussel tissues located 
in coastal waters of the U.S. are monitored under this 
program. Data from the program have been compiled to 
characterize the national distribution of chemical 
concentration levels (O'Connor 1992\. 

The regulations implementing this program set 
State-wide AWQC for toxic pollutants and procedures 
necessary to control levels of toxic pollutants in surface 
water are identified. State-wide criteria are set at 
Federal AWQC levels. 

Evaluation/Action to B 
Taken 

AWQCs for the protection of 
freshwater and saltwater 
aquatic life will be used to 
develop PRGs, as appropriate. 

FDA action levels for fish and 
shellfish will be·used to 
develop PRGs, as appropriate. 

These criteria will be used to 
develop PRGs, as appropriate. 

ER-L and ER-M 
concentrations will used to 
develop PRGs, as appropriate. 

Data will be considered in 
PRG development as 
appropriate. 

The ecological criteria will be 
used to develop PRGs, as 
appropriate. 

Applicable or Relevant and Appropriate Requirements (ARARs) consist of any standard, requirement, criterion, or limitation under Federal environmental law and any 
promulgated standard, requirement, criteria, or limitation under a State environmental or faCility-siting law that is more stringent than the associated Federal standard, 
requirement, criterion, or limitation. To-Se-Considered (TSC) criteria are nonpromulgated, nonenforceable gUidelines or criteria that may be useful for developing a remedial 
action or are necessary for determining what is protective to human health and/or the environment. 
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Table 2.1-1. Procedure for Preliminary Remediation Goal (PRG) development for protecting aquatic soft­
bottom and hard-bottom exposure pathways for the Portsmouth Naval Shipyard offshore study area. 

EXPOSURE PATHWAY 
PROCEDURE Aauatic-Soft Bottom Aauatic - Hard Bottom 

1 - Select benchmarks; Express Benchmark = Water Quality NA 
Chemical of Concern (CoC)- and Screening Values (WQSVs); 
pathway-specific risk as Hazard PW-HQ = Porewater (PW) -
Quotients (HQs). concentrationlWQSV. 

2 - Evaluate CoC bioavailability under Estimate 95th percentile Upper NA 
site-specific conditions. Limit (95% UL) of PW-HQs 

associated with nontoxic samples; 
set No Observable Effect Quotient 
(NOEQ) = 1 where 95% UL<1. 

3 - Retain CoCs substantially Retain CoCs for which the NA 
contributing to risk at the site. Maximum PW-HQ associated with 

toxic samples> NOEQ. 
4 - Evaluate feasibility of pathway/CoC Estimate 95% UL of reference NA 

specific PRG as a long-term pore water values (RSV). 
remedial goal. Compare Aquatic No Observable 

Effect Concentration (NOEC') and 
RSV; select greater of two values 
as aquatic Threshold Effects Value 
(TEV). 

5 - Rank pathway-specific TEV-HQs Calculate Aquatic TEV-HQs as NA 
and select CoCs with maximum station-specific PW conc.ITEV; 
HQs by station and pathway as identify maximum TEV-HQ by 
"limiting" CoCs. station; compile resulting list as 

"limiting" Aquatic CoCs for PRG 
development. 

6 - Determine PRGs for "limiting" PRG calculated from TEV values Apply PRGs (units = nglg dry wt 
CoCs, i.e., convert TEV-values in at HQ = 1. sediment) to sediment equivalent 
concentration-based units to be concentrations predicted from 
used during remediation. shellfish residues using 

Bioaccumulation Factor (BAF) 
(metals) and' Biota-Sediment 
Accumulation Factor (BSAF) 
iQr:ganics) models. 

7 - Evaluate practicality of pathway- Compare PRG exceedence to Compare PRG exceedence to 
specific PRGs for effective risk aquatic risk distribution. aquatic risk distribution. 
reduction. 

NA - Not Applicable 
1 - NOEC = NOEQ x WQSV, 

~ 

," '. J'? 

-, 
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Table 2.2-1. Water Quality Criteria for target analytes selected for aquatic PRG development 
and derived Water Quality Screening Values for the Portsmouth Naval Shipyard offshore study area. 

Chemical USEPA Water Quality Criteria1 Sediment Benchmark WQSV1
•
2 

Class Analyte3 
WQC-FA WQC-FC WQC-SA WQC-SC Value Source Conc. Source 

MET Arsenic 340 150 69 36 8.2 ERL 36 A 
MET Cadmium 4.3 2.2 42 9.3 1.2 ERL 9.3 A 
MET Chromium 16 11 1100 50 81 ERL 50 A' 
MET Copper 13 9 4.8 3.1 34 ERL 3.1 A 
MET Lead 65 2.5 210 8.1 46.7 ERL 8.1 A 
MET Mercury 1.4 0.77 1.8 0.94 0.15 ERL 0.94 A 
MET Nickel 470 52 74 8.2 20.9 ERL 8.2 A 
MET Silver 3.4 0.12 1.9 0.79 1 ERL 0.79 H 
MET Zinc 120 120 90 81 150 ERL 81 A 
MET SEM-AVS 5 EPA 5 F 
PAH 1.,6,7-Trimethylnaphthalene (L) NA 
PAH 1-Methylnaphthalene (L) NA 
PAH 1-Methylphenanthrene (L) NA 
PAH 2,6-Dimethylnaphthalene (L) NA 
PAH 2-Methylnaphthalene (L) 70 ERL 0.88 E 
PAH Acenaphthene (L) 1700 520 970 710 16 ERL 710 A 
PAH Acenaphthylene (L) 44 ERL 0.46 E 
PAH Anthracene (L) 85.3 ERL 0.29 E 
PAH Benzo(a)anthracene (H) 261 ERL 0.065 E 
PAH Benzo(a)pyrene (H) 430 ERL 0.042 E 
PAH Benzo(b)fluoranthene (H) NA 
PAH Benzo(b+k)fluoranthene (H) NA 
PAH Benzo(e)pyrene (H) NA 
PAH Benzo(g,h,i)perylene (H) NA 
PAH Benzo(k)fluoranthene (H) NA 
PAH Biphenyl (L) 1100 SQAL 14.1 E 
PAH Chrysene (H) 384 ERL 0.10 E 
PAH Dibenz(a,h)anthracene (H) 63.4 ERL 0.002 E 
PAH Fluoranthene (H) 3980 40 16 600 ERL 16 A 
PAH Fluorene (L) 19 ERL 0.14 E 
PAH Indeno(1,2,3-cd)pyrene (H) NA 
PAH Naphthalene (L) 2300 620 2350 160 ERL 633 B 
PAH Perylene (H) . NA 
PAH Phenanthrene (L) 30 6.3 7.7 4.6 240 ERL 4.60 A 
PAH Pyrene (H) 665 ERL 0.63 E 
PAH LMW PAHs 552 ERL 5.76 E 
PAH HMWPAHs 1700 ERL 0.42 E 
PAH Total PAHs 4022 ERL 6.49 E 
PCB Total PCBs 2 0.014 10 0.03 22.7 ERL 0.030 A 
PST Aldrin 3 1.3 0.163 B 
PST Alpha-BHC 0.95 0.16 0.32 TEL 0.160 B 
PST Alpha-chlordane 2.4 0.0043 0.09 0.004 0.004 A 
PST Beta-BHC 0.95 0.16 0.32 TEL 0.160 B 
PST Chlorpyrifos 0.083 0.041 0.011 0.0056 0.006 A 
PST CIS-Nonachlor 2.26 TEL 0.000 E 
PST Delta-BHC 0.95 0.16 0.32 TEL 0.160 B 
PST Dieldrin 0.24 0.056 0.71 0.0019 0.715 TEL 0.002 A 
PST Endosulfan II 0.22 0.056 0.034 0.0087 0.009 A 
PST Endrin 0.086 0.036 0.037 0.0023 0.002 A 
PST Gamma-BHC (Lindane) 0.95 :\ 0.16 0.32 TEL 0.160 B 
PST Gamma-Chlordane 2.4 0.0043 0.09 0.004 2.26 TEL 0.004 A 
PST Heptachlor .0.52 0.0038 0.053 0.0036 0.004 A 
PST Heptachlor epoxide 0.52 0.0038 0.053 0.0036 0.004 A 
PST Hexachlorobenzene 6 3.68 160 129 129 G 
PST Mirex 0.001 0.001 . 0.001 A 
PST Oxychlordane 2.4 0.0043 0.09 0.004 2.26 TEL 0.004 A 
PST Pentachloroanisole NA 
PST Pentachlorobenzene 250 50 160 129 129.000 A 
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Table 2.2-1. Water Quality Criteria for target analytes selected for aquatic PRG development 
and derived Water Quality Screening Values for the Portsmouth Naval Shipyard offshore study area. 

Chemical USEPA Water Quality Criteria' Sediment Benchmark 
Class Analyte3 

WQC-FA WQC-FC 
PST Trans-Nonachlor 
PST 1,2,3,4-Tetrachlorobenzene 
PST 1 ,2,4,5-Tetrachlorobenzene 250 50 
PST o,p'-DDD 0.6 
PST p,p'-DDD 0.6 
PST o,p'-DDE 1050 
PST o,p'-DDT 1.1 0.001 
PST p,p'-DDE 1050 
PST p,p'-DDT 1.1 0.001 

WQC-FA = Water Quality Criteria = Freshwater Acute Value 
WQC-FC = Water Quality Criteria = Freshwater Chronic Value 
WQC-FA = Water Quality Criteria = Freshwater Acute Value 
WQC-FC = Water Quality Criteria = Freshwater Chronic Value 
WQC-SA = Water Quality Criteria = Saltwater Acute Value 
WQC-SC = Water Quality Criteria = Saltwater Chronic Value 
WQSV = Water Quality Screening Value 
WQSV DATA QUALIFIERS: 
NA= Benchmark not available to derive Screening Value 
A - WQC-SC VALUE, 

WQC-SA WQC-SC 

. 
160 129 
3.6 
3.6 
14 
1.3 0.001 
14 
1.3 0.001 

B - ACUTE/CHRONIC RATIO APPLIED TO WQ-SA VALUE (see Appendix Table A-4). 

Value 
2.26 

1.58 
1.58 
2.2 
1.58 
2.2 
1.58 

E - EqP PARTITIONING OF ERUTEL SEDIMENT BENCHMARK INTO POREWATER AT 1 % TOC 
F - SEM-AVS benchmark of 5 IJmoVg dry wt (USEPA, 1997), 
G - Buchmann, 1999; Values assumed the same as 1,2,4,5 tetrachlorobenzene 
H - Detection limit for silver (5 uglL) greater than chronic criteria; all data were non-detect. 
1 - Units: WQC, WQSV = IJglL; sediment benchmarks: metals- uglg, organics nglg 
2 - See text and Figure 2.2-1 for WQSV derivation process. 
3 - Analyte Sums: 

Source 
TEL 

ERL 
ERL 
ERL 
ERL 
ERL 
ERL 

LMW PAH = sum of 7 2-ring & 3-ring PAHs included in NOAA ER-UER-M benchmarks (Long et al. 1995); 
(methylnaphthalene, acenaphthene, acenaphthylene, anthracene, fluorene, naphthalene, phenanthrene) 
HMW PAH = sum of 6 4-ring and 5-ring PAHs included in NOAA ER-UER-M benchmarks (Long et al. 1995); 
(benzo(a)anthracene, benzo(a)pyrene, chrysene, dibenz(a,h)anthracene, fluoranthene, pyrene) 
Total PAHs - sum of LMW & HMW PAHs; 
Total PCBs - Sum of individual PCB congeners x 2 
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WQSV'·2 

Conc. Source 
0.000 E 
129 G 
129 H" 

·0.837 G 
0.837 B. 
3.26 B 
0.001 A 
3.26 B 
0.001 A 
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Table 2.2-2. Summary of toxicity testing results and toxicity classification for purposes of PRG development. 

Amphipod Survival (%) Sea Urchin Normal Larval Development (%) 

%of Test Porewater Conc. (%) 

Sample Control' Statlstlc2 Class3 100 50 25 EC50 

M01-l00B 
MOl-200B 96 93.6 95 94.2 >100 
MOl-300B 91 0 6.6 93.4 36.47 
M02-100B 104 0 94.B 93.2 70.71 
M02-200B 102 0 95 94.4 70.71 
M02-300B 
M03-100B 100 0 95.6 97.2 70.71 
M03-200B 92 32.2 96.4 94.B 84.53 
M03-300B 
M04-100B 5 XX TOX 93.6 94 96.6 >100 
M04-200B 
M04-300B 70 XX TOX 25 90.4 94.B 7B.5B 
M05-100B 97 94 96 97.2 >100 
M05-200B 97 0 0 3.4 <25 
M05-300B 
M06-100B 102 97.4 95 95.6 >100 
M06-200B 
M06-300B 99 15.25 96.2 96.2 75.54 
M07-100B 101 0 92.B 94.6 69.74 
M07-200B 
M07-300B 
MOB-l00B 102 4.2 94.6 95.B 71.74 
MOB-200B 
MOB-300B 74 XX TOX 
MOB-400B 102 0 92.4 97.4 69.26 
M09-100B 71 XX TOX . 93.B 96 92.6 >100 
M09-200B 102 0.6 93.6 95.B 70.71 
M09-300B 
M09-400B 103 0 13.4 95 3B.96 
Ml0-l00B 9B 94 95 94 >100 
Ml0-200B 
Ml0-300B 90 0 0 B9.2 34.5B 

place holder 
place holder 
Mll-300B B9 95.4 97.4 94.B >100 
M12-100B 97 0 94.B 93 70.71 
M12-200B 102 0 91.6 96.4 69.26 
M12-300B 
M13-100B 66 XX TOX 0 0 0 <25 
M13-200B 
M13-300B 93 0 0 0 <25 
M14-100B 90 90.75 95 95.2 >100 
M14-200B 90 0.2 97 95.B 70.71 
M14-300B 

REF 97 95 94.5 94.6 
1 - Amphlpod sUMval (%) normalized to periormance control toxicity 

2 - X = Stabsbcally different from Control. XX = Stat .diff. and <80"k of control 

3 - For purposes of PRG development. Toxic = sample being both statistically different from control and <80% of control 

4 • X = 100"/0, XX = 50%, XXX = 25% statistically significantly different from control (alpha <0.05) 

Test 
Statistic· Class5 

XX TOX 
X 
X 

X 
X 

X 

XXX TOX 

X 
X 

X 

X 

X 

XX TOX 

XX TOX 

X 
X 

XXX TOX 

XXX TOX 

X 

5 - For purposes of PRG development, Toxic = sample exhibrtlng exposure response. e.g, statistically significant tOXICity observed In two or more dilutions (see text Section 2.2) 
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Table 2 2-3 Distribution of tOXIC and nontoxIC aquatic Hazard Quotients an_d derivation of No 
Observable Effect Quotients (NOEQs) for the aquatic receptors exposed to COC In 

sediment for the Portsmouth Naval Shipyard offshore study area 

BEDDED SEDIMENT ArnphlPod SurvIVal 

Class I AnaMe 

NontOXIc Samples Toxic Samples 

N 95% Ul 

I 
Test N Max 

I 
Max PW-HO AMP-

PW-HO'" NOEO' PW-HO'" > NOEO? NOEO'" 

MET IArsenlc 
23 042 100 4 043 NO 

MET Cadmium 23 005 100 4 005 NO 
MET Chromium 23 005 100 4 005 NO 
MET Copper 23 114 114 4 153 YES 114 
MET lead 23 019 100 4 019 NO 
MET Mercury 23 005 100 4 005 NO 
MET Nickel 23 130 130 4 329 YES 130 
MET Silver 0 0 NO 
MET Zinc 23 016 100 4 015 NO 
MET ISEM-AVS 23 I 11033 11033 5 099 NO 
PAH 2-Methylnaphthalene (l) 23 107 107 5 169 YES 107 
PAH Acenaphthene (l) 23 00040 100 5 003 NO 

PAH Acenaphthytene (l) 23 271 271 5 694 YES 271 

PAH Anthracene (l) 23. 892 8.92 5 1364 YES 892 
PAH Benzo(a)anthracene (H) 23 435 435 5 471 YES 435 
PAH Benzo(a)pyrene (H) 23 306 306 5 231 NO 
PAH Biphenyl (l) 23 002 100 5 009 NO 
PAH Chrysene (H) 23 297 297 5 280 NO 

PAH Dlbenz(a,h)anthracene (H) 23 378 378 5 380 YES 378 
PAH Fluoranthene (H) 23 011 100 5 0.17 NO 
PAH Fluorene (l) 23 1598 1598 5 101 YES 1598 
PAH Naphthalene (l) 23 001 100 5 001 " NO 
PAH Phenanthrene (L) 23 091 100 5 218 YES 100 
PAH Pyrene (H) 23 254 254 5 338 YES 254 
PAH LMWPAHs 23 353 353 5 897 YES 353 
PAH HMWPAHs 23 970 970 5 1306 YES 970 
PAH Total PAHs 23 376 316 5 882 YES . 376 

PCB ITotal PCBs 23 I 003 I 100 5 I 038 I NO 

PST Aldrin 23 
I 

021 100 5 
I 

114E-03 NO 

PST Alpha-BHC 23 005 100 5 002 NO 

PST IAipha-chlordane 23 003 100 5 004. NO 

PST Beta-BHC 23 021 100 5 011 NO 
PST Chlorpynlos 23 005 100 5 005 NO 

PST CIS-Nonachlor 23 040 100 5 064 NO 
PST Delta-BHC 23 001 100 5 823E-03 NO 
PST Dleldnn 23 106 106 5 014 NO 

PST Endosuifan II 23 240 240 5 289 YES 240 

PST I Endnn 23 009 100 5 008 NO 
PST Gamma-BHC (lindane) 23 005 100 5 005 NO 
PST IGamma-Chlordane 23 004 100 5 006 NO 
PST Heptachlor 23 001 100 5 001 NO 
PST Heptachlor epoxJde 23 001 100 5 018 NO 
PST Hexachlorobenzene 23 0000001 100 5 539E-06 NO 
PST Mlrex 23 001 100 5 387E-03 NO 
PST Oxychlordane 23 001 1.00 5 001 NO 
PST Pentachlorobenzene 23 000 100 5 224E-05 NO 
PST Trans-Nonachlor 23 081 1.00 5 118 YES 100 
PST 1,2,3,4-Tetrachlorobenzene 23 000 100 5 342E-05 NO 
PST 1,2,4,5-Tetrachlorobenzene 23 000 100 5 707E-05 NO 
PST o,p'-DDD 23 000 100 5 320E-03 NO 
PST p,p'-DDD 23 000 100 5 593E-04 NO 
PST o,p'-DDE 23 000005 100 5 342E-D4 NO 
PST o,p'-DDT 23 148 148 5 266 YES 148 
PST p,p'-DDE 23 000006 100 5 139E-03 NO 
PST "p'-DDT 23 143 143 5 960 YES 1 43 

See page 2 of 2 for footnotes, 
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Table 2.2-3. (continued) 

BEDDED SEDIMENT 

Class I Analvte 
MET I Nsene 
MET Cadmium 
MET Chromium 
MET Copper 
MET Lead 
MET Mercuty 
MET Nickel 
MET S,iver 
MET Zinc 
MET ISEM-AVS 
PAH 2-Methylnaphthalene (L) 
PAH Acenaphthene (L) 
PAH Acenaphthylene (L) 
PAH Anthracene (L) 
PAH Benzo(a)anthracene (H) 
PAH Benzo(a)pyrene (H) 
PAH Biphenyl IL) 
PAH ChtySene (H) 
PAH Dibenz(a,h)anthracene (H) 
PAH Fluoranthene (H) 
PAH Fluorene (L) 
PAH Naphthalene (L) 
PAH Phenanthrene (L) 
PAH Pyrene (H) 
PAH LMWPAHs 
PAH HMWPAHs 
PAH Total PAHs 
PCB ITotal PCBs 
PST IAldnn 
PST IAipha-SHC 
PST I Alpha-chlordane 
PST Iseta-BHC 
PST Chlorpynfos 
PST I CIS-Nonachlor 
PST I Della-SHC 
PST Dleldnn 
PST Endosulfan II 
PST Endnn 
PST Gamma-BHC ILmdane) 
PST Gamma-Chlordane 
PST Heptachlor 
PST Heptachlor epoxlde 
PST Hexachlorobenzene 
PST Mlrex 
PST Oxychlordane 
PST Pentachlorobenzene 
PST Trans-Nonachlor 
PST 1,2.3,4-Tetrachlorobenzene 
PST 1,2,4,5-Tetrachlorobenzene 
PST o,p'-DDD 
PST p,p'-DDD 
PST o,p'-DDE 
PST o,p'-DDT 
PST p,p'-DDE 
PST p,p'-DDT 

Sea Urchin Larval Developement 

Nontoxic Samoles ToxIc Samples 
N 

I 
95%UL Test • N Max Max PW-HO ARB-

pW_H038 NOEO' PW-H038 > NOEO? NOEO'" 
21 0.32 100 6 043 NO 
21 005 100 6 005 NO 
21 005 100 6 005 NO 
21 877 877 6 061 NO 
21 019 100 6 019 NO 
21 006 100 6 005 NO 
21 215 215 6 030 NO 
0 0 NO 

21 016 100 6 017 NO 
21 I 104 10359 6 I -541E+00 r NO 
21 122 122 6 169 YES 122 
21 375E-03 100 6 003 NO 
21 323 323 6 374 YES 3.23 
21 821 821 6 1364 YES 821 
21 521 521 6 471 YES 521 
21 366 366 6 259 NO 
21 002 100 6 009 NO 
21 349 349 6 280 NO 
21 482 482 6 240 NO 
21 013 100 6 017 NO 
21 1490 1490 6 101 YES 1490 
21 001 100 6 002 NO 
21 094 100 6 2.18 YES 100 
21 296 296 6 338 YES 296 
21 364 364 6 897 YES 364 
21 1136 1136 6 13.06 YES 1136 
21 395 395 6 882 YES 395 
21 054 100 6 036 NO 
21 I 426E-04 I 100 6 I 114E-03 NO 
21 003 100 6 I 002 NO 
21 ! 004 100 6 67BE-03 NO 
21 019 100 6 015 NO 
21 006 100 6 002 NO 
21 057 100 6 010 NO 
21 001 100 6 001 NO 
21 085 100 6 011 NO 
21 276 276 6 097 NO 
21 010 100 6 004 NO 
21 003 100 6 003 NO 
21 006 100 6 156E-G3 NO 
21 002 100 6 212E-03 NO 
21 002 100 6 608E-03 NO 
21 139E-06 100 6 576E-GB NO 
21 001 100 6 643E-03 NO 
21 001 100 6 001 NO 
21 416E-G6 100 6 591E-07 NO 
21 121 121 6 014 NO 
21 248E-05 100 6 512E-06 NO 
21 476E-G5 100 6 104E-G5 NO 
21 370E-03 100 6 966E-04 NO 
21 265E-04 100 6 347E-G5 NO 
21 130E-04 100 6 253E-G5 NO 
21 254 254 6 073 NO 
21 226E-04 100 6 180e-G5 NO 
21 290 290 6 060 NO 

PW-HO=Pore water Hazard Ouobenl (unrtlasa) 

1 - NOEQ = No Observable Effect Quotient .. greater of 95th percentde Upper limit (95% UL) PW-HQ or 1 (unrtlasa) 

2 - SEM-AVS expressed 8sIJmollg dry wt Ba(hmant (benchmark from USEPA. 1996) 

3A- Hazard Quotients for 8fTllhipOd SurvIVal (pot'8wBter), see Tables A-2-2 B (no toxclty) and A-2-2.7 (toxICity), unrtlesa 

38- Hazard Quotients. for 888 urchin SUrvIVal (porewatar), lee Tabfe A-2-2 8 (no toxICity) and Tabkl A-2-2 9 (toXtcrty), unrtleas 

Aquatic 

NOEO' 

114 

130 

107 

271 
821 
435 

378 

1490 

100 
254 
353 
970 
376 

240 

100 

148 

143 

4A - AMP - An1Jhapod (AmpellScs abdtta) SUrvIVal endpoint If Max PW.tiO>lesl NOEO, then AMP-NOEO II:! teet NOEO (unrt1ess) 

48 - ARB - Sea Urchin (Atbacta punctulata) SUrvIVal endpoint If Max PW.tiO > tast NOEO, ARe.NOEa ... teet NOEO (unrt1ess) 

5 - Aquatic NOEO D minimum of tast-speclftC NOEOs (unrtieaa) 

Page 2 of 2 
41 



Table 2.2-4. Derivation of Aqualic Reference Screening Values (RSVs) based on measured/calculated concentrations of selected contaminants in pore water from 

Portsmouth Naval Shipyard reference locations from the Portsmouth Naval Shipyard study area. 1 

m m m m ,.. g 0 0 0 .. 0 0 0 
~ 'l' '7 -r 
~ 0 0 0 0 

Class Analyle' 0. a: a: a: a: 
MET Copper PW 710 570 700 370 

MET Nickel PW 250 250 600 250 

PAH 2·Methylnaphthalene (l) PW 0079 0075 0089 0098 

PAH Acenaphthylene (l) PW 0246 0195 0277 0813 

PAH Anthracene (l) PW 0126 0098 . 0373 0461 

PAH Benzo(a)anthracene (H) PW 0018 0013 0063 0046 

PAH Oibenz(a.h)anthracene (H PW 0000 0000 0001 0001 

PAH Fluorene (l) PW 0087 0055 0212 0477 

PAH Phenanthrene (l) PW 0154 0113 0377 2416 

PAH Pyrene (H) PW 0111 0084 0242 0754 

PAH lMWPAHs PW 1389 0984 2038 5321 

PAH HMWPAHs PW 0270 0194 0635 1959 

PAH Total PAHs PW 1659 1178 2673 7280 

PST Endosullan 11 PW 20E·03 8.3E·04 l1E·03 16E·03 

PST Trans-Nonachlor PW 16E·06 78E·07 76E·07 21E·06 

PST o.p'·OOT PW 9E·06 76E·06 87E.()6 12E·05 

PST P.p'·OOT PW 69E·06 68E,06 33E,0tl 73E.()6 

1-Pore water concentration (~glL) See Table A-2-2 4 for reference porewater values 

2· Ust includes analyles for whIch NOEOs were developed. see Table 2 2·3 

m 
0 
0 

~ 
a: 

320 

250 

0106 

0411 

0317 

0055 

0001 

0150 

0567 

0334 
2287 

0870 

3158 
20E'()3 

19E·06 

lE·05 

13E·05 

m m m m m m 
0 0 0 0 0 0 
0 0 0 0 0 0 
'l' '7 -r ;;; ~ 

M 

'" '" '" M 
0 0 0 0 0 0 a: a: a: a: a: a: 

150 410 150 150 810 255 

500 250 250 250 250 700 

0230 0244 0205 0033 0142 0243 

0801 0911 0724 0029 0451 0443 

1352 0651 0698 0047 1541 1520 

0148 0121 0073 0009 0164 0134 

0003 0002 0002 0000 0003 0002 

0551 0379 0308 0034 0555 0896 

1244 0954 0629 0053 1502 2166 

0892 0627 0485 0050 0794 0879 

6346 4999 4123 0408 5915 7870 

2186 1643 1218 0126 2089 2057 

8532 6642 5341 0535 8004 9927 

85E·03 25E'()3 61E·04 24E·04 52E·04 12E·03 

6E·06 59E·07 3E·06 33E·07 26E·06 3E·06 

000024 29E'()5 000015 54E'()6 28E·05 3E·05 

12E·05 3E·05 000043 18E·06 13E·05 3E·05 

3 • AquatIC Aeference Screening Value (ASV. ugll) calculated as the 95th percentile Upper Umit (95% Ul) based on sample and distributIon type (AppendIX B) 
NOAM = Nonnal Olstnbutlon. lOG = lOG·Nonnal dlstnbution 

~ 
I\) 

Page 1 of 1 

m m m m m 
0 0 0 0 0 
0 0 0 0 0 
-r .t '" '7 -r 
M .t " " 0 0 0 0 0 OIS1" Mean a: a: a: a: a: n 

313 310 150 150 150 16 lOG 354 

250 1300 250 250 250 16 lOG 381 

0156 0032 0038 0048 0052 16 lOG 012 

0420 0092 0094 0100 0169 16 NOAM 039 

0392 0058 0057 0061 0099 16 lOG 049 

0078 0008 0005 0005 0008 16 LOG 006 

0002 0000 0000 0000 0000 16 lOG 000 

0264 0034 0036 0034 0058 16 lOG 026 

0922 0078 0094 0066 0123 16 lOG 072 

0518 0050 0048 0045 0083 16 lOG 037 

3634 0561 0650 0768 0933 16 lOG 301 
1306 0127 0112 0110 0191 16 lOG 094 

4940 0688 0763 0877 1124 16 lOG 396 

49E·03 18E·03 16E'()3 18E·03 96E·04 16 lOG 20E·03 

13E·06 2E·06 24E·06 16E·05 91E·07 16 lOG 28E·06 

25E·05 12E·05 25E·06 25E·05 35E'()5 16 lOG 39E·05 

23E·05 87E·06 38E·06 18E·05 66E·06 16 lOG 38E·05_ 

AqUab~ I 

ASV' i 

826 

754 

030 

086 
201 

027 

000 

101 

319 

154 

1027 

396 

1402 

57E·03 

81E·06 

13E·04 

90E·05_ 



Table 2.2-5. Derivation of Example Threshold Effects Values (TEVs) for the aquatic exposure pathway for the Portsmouth 
Naval Shipyard offshore study area. 

Exposure Aquatic WQSV NOEC3 Aquatic RSV' Aquatic TEVS 
Pathway Class Analyte1 NOEQ2 (lJg!l) (1Jg/l) (lJg!l) (1Jg/l) 

PW MET Copper 1.14 3.10 3.55 8.26 8.26 
PW MET Nickel 1.30 8.20 10.7 7.54 10.7 
PW PAH 2-Methylnaphthalene (l) 1.07 0.88 0.94 0.30 0.94 
PW PAH Acenaphthylene (l) 2.71 0.46 1.24 0.86 1.24 
PW PAH Anthracene (l) 8.21 0.29 2.36 2.01 2.36 
PW PAH Benzo(a)anthracene (H) 4.35 0.065 0.283 0.268 0.28 
PW PAH Dibenz(a,h)anthracene (H) 3.78 1.7E-03 6.4E-03 4.7E-03 6.4E-03 
PW PAH Fluorene (L) 14.9 0.14 2.06 1.01 2.06 
PW PAH Phenanthrene (l) 1.00 4.60 4.60 3.19 4.60 
PW PAH Pyrene (H) 2.54 0.63 1.60 1.54 1.60 
PW PAH lMW PAHs 3.53 5.76 20.3 10.3 20.3 
PW PAH HMW PAHs 9.70 0.42 4.11 3.96 4.11 
PW PAH Total PAHs 3.76 6.49 24.4 14.0 24.4 
PW PST Endosulfan II 2.40 8.7E-03 2.1E-02 5.7E-03 2.1E-02 
PW PST Trans-Nonachlor 1.00 4.0E-05 4.0E-05 8.1E-06 4.0E-05 
PW PST o,p'-DDT 1.48 1.0E-03 1.5E-03 1.3E-04 1.5E-03 
PW PST p,p'-DDT 1.43 1.0E-03 1.4E-03 9.0E-05 t.4E-03 

NOEQ=No Observable Effect Quotient (umtless); WQSV=Water Quality Screening Value; NOEC=No Observable Effect 
Concentration; RSV=Reference Screening Value; TEV= Toxicity Effect Value. 
1 - List includes analytes for which Aquatic NOEQs were developed; see Table 2.2-3. 
2 - Aquatic NOEQ = minimum of exposure pathway-specific NOEQs; see Table 2.2-3. 
3 - NOEC = Aquatic NOEQ x WQSV (Table 2.2-1). 
4 - RSV = reference data, see Table 2.2-4. 
5 - Aquatic. TEV is the greater of the NOEC and RSV. 
6 - See Table A-2-2.10 for denvation of Limiting CoCo 
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Table 2.2-6. Summary of baseline Preliminary Remediation Goals (pRGs) for the aquatic exposure pathway in the 

Portsmouth Naval Shipyard study area expressed as sediment concentration-based values. 

I Preliminary Remediation Goal1 

Aquatic-Bedded3 

Class Analyte2 

MET 
) 

Copper 

MET Nickel 

PAH Acenaphthylene (L) 

PAH Anthracene (L) 

PAH Fluorene (L) 

PAH HMWPAHs 

PST Endosulfan II 

PST Trans-Nonachlor 

PST p,p'-DDT 

RPRG - Recommended Preliminary Remediation Goals 

NR - Not Recommended 

( 

, 

1 - Pathway-specific PRGs expressed in concentration units for use during remediation. 

PAHs, PSTs: units = ng/g dry weight sediment 

metals: units = Ilg/g dry weight sediment 

2 - List includes only limiting CoCs, Le., CoCs with maximum TEV-HQs by station and pathway. 

3 - Aquatic Bedded PRG at HQ=1 (see Table A-3-1.1 for PRG calculations) 
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HQ=1 

486 

124 
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1236 

500 

13057 

3.95 

3.99 
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Table 3.3-1. Relationship between degree of PRG exceedance and risk for chemicals exhibiting highest PRG exceedances 
by sampling location in the Portsmouth Naval Shipyard study area. 

A EERA data 

STATION I Area I MAX CoC" I MAX PRG-HQ~ I Risk Rank~ I I 

BC-18 I BC I Fluorene (L) 1.35 i Medium I 
00-12-5 I 00 I HMWPAHs 1.37 I Medium 
BC-53 BC NA <1 Medium 
BC-54 BC NA <1 Medium 
CC-3 CC NA <1 Low 
CC-4 CC NA <1 Low 
CC-5 CC NA <1 Low 
CC-51 CC NA <1 Low 
CC-6 CC NA <1 Low 
CC-7 CC NA <1 Low 
CC-8 CC NA <1 Low 
00-10 00 NA <1 Medium 
00-12 00 NA <1 Medium 
00-13 00 NA <1 Medium 
00-17 I 00 NA <1 Medium 
JC-19 JC NA <1 Low 
JC-S2 JC NA <1 Low 
SP-SO SP NA <1 Medium 
SP-9 SP NA <1 Medium 
PR-14 PR NA <1 Low 
1- EERA Risk Characterization Areas: 
BC= Back Channel, JC=Jamaica Cove; CC = Clark Cove; SP = Sullivan Point; SY = ORMO; 00= Ory Docks. 
2- CoC with highest PRG Hazard Quotient by sampling location; NA no CoC identified (See Table A-3-1.3a) 
3- Assigned sediment ri~k from Estuarine ERA investigation (NCCOSC, 2000). 
SY- Risk at ORMO based on surface water 
4- Recommended PRG-HQ; INT = indeterminate. 
Units: PRG-HQ = unitless 
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RPRG-HQ4 

1.0 
1.0 
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Table 3.3-1. 'Relationship between degree of PRG exceedance and risk tor chemicals exhibiting highest PRG exceedances ' 
by sampling location in the Portsmouth Naval Shipyard study area. . , 
B Round 1 data .. ; ~ \' .. ,,' ~; Jo';,;;..":/>;:;f·ti,;,,,. __ ... ·..;"..:1 • "- ,r. 'h ...... , ... _'-c -', ........ ~. 

STATION 1 Area 1 MAXCoC'" ','1 MAX PRG-HO" 1 Risk Rank~ I 
M10-3 I SP I Acenaphthylene(L) I 1.03 I Medium I 
M03-2 

1 

BC 

1 

Copper . .1,;1, 5.95 

I· 
Medium 

1 M04-1 BC Copper 1.16 Medium 
M12-1 i DD I HMW PAHs 3.03 I Medium I 
M01-3 BC p,p'-DDT 16.77 Medium 
M08-3 CC p,p'-DDT 1.99 Low 
M01-2 BC p,p'-DDT 1.64 Medium 
M04-3 BC p,p'-DDT 1.34 Medium 
M10-1 I SP I Trans-Nonachlor 5.26 Medium i 
M01-1 BC NA <1 Medium 
M02-2 BC NA <1 , Medium 
M02-3 BC NA <1 Medium 
M03-1 BC NA <1 Medium 
M03-3 BC NA <1 Medium 
M04-1 BC NA <1 Medium 
M08-1 CC NA <1 Low 
M08-2 CC NA <1 Low 
M09-1 CC NA <1 Low 
M11-1 SY NA <1 Low 
M11-2 SY NA <1 Low 
M12-3 DD NA <1 Medium 
M13-1 DD NA <1 Medium 
M13-2 DD NA <1 Medium 
M02-1 BC NA Medium 
M05-1 JC NA Low 
M05-2 JC NA Low 

M05-3 JC NA Low 
M06-1 JC NA Low 
M06-2 JC NA ( Low 
M06-3 JC NA Low 
M07-1 CC NA Low 
M07-2 CC NA Low 
M07-3 CC NA Low 
M08-4 CC NA Low 
M09-2 CC NA Low 
M09-3 CC NA Low 
M09-4 CC NA Low 
M10-2 SP NA Medium 
M11-3 SY NA Low 
M12-2 DD NA Medium 
M13-3 DD NA Medium 
M14-1 DD NA Medium 
M14-2 DD NA Medium 
M14-3 DD NA Medium 

1- EERA Risk Characterization Areas: 
BC= Back Channel, JC=Jamaica Cove; CC = Clark Cove; SP = Sullivan Point; SY = DRMO; DD= Dry Docks. 
2- CoC with highest PRG Hazard Quotient by sampling location; NA no CoC identified (See Table A-3-1.3b) 
3- Assigned sediment risk from Estuarine ERA investigation (NCCOSC, 2000). 
SY- Risk at DRMO based on surface water 
4- Recommended PRG-HQ; INT = Indeterminate 
Units: PRG-HQ = unitless 
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RPRG-HQ 

1.0 

1.0 
1.0 

INT 
1.0 
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Table 3-3-1. Relationship between degree of PRG exceedance and risk for chemicals exhibiting highest PRG exceedances 
by sampling location in the Portsmouth Naval Shipyard study area-
C Round 2 data 

STATION I Area ·1 MAX CoG" I MAX PRG-HQ~ I Risk Rank~ I 
M01-100B i BC I Acenaphthylene(L} 1.40 I Medium I 
M10-200B I SP I Anthracene (L) I 1.33 I Medium i 

I I 

M04-100B J BC 

I 

Copper 3.66 Medium 

I 
M03-200B BC Copper 2.24 Medium 
M08-300B-AVG CC Copper 1.55 Low 
M13-100B I DD Fluorene (L) 7.51 Medium 

M01-300B-AVi BC Fluorene (L) 1.83 Medium 
M12-100B DD Fluorene (L) 1.36 Medium 
M12-200B-AVG. DD Fluorene (L) 1.30 Medium 
M09-100B I CC I Nickel 1.29 I Low 
M08-100B 

I 

CC 

I 

p,p'-DDT 4.29 

I 

Low 

I 
M01-200B BC p,p'-DDT 2.86 Medium 
M04-300B BC p,p'-DDT 2.62 Medium 
M10-100B-AVG SP 

I 
Trans-Nonachlor 1.85 I Medium I 

M02-100B 

I 
BC NA <1 Medium 

M02-200B BC NA <1 Medium 
M02-300B BC NA <1 Medium 
M03-100B BC NA <1 Medium 
M03-300B BC NA <1 Medium 
M04-200B BC NA <1 Medium 
M05-100B-AVG JC NA <1 Low -

-'._-:c 

M05-200B JC NA <1 Low 
. ~" 

M05-300B JC NA <1 Low 
_~"t'-

-
M06-100B JC NA <1 Low 
M06-200B JC NA <1 Low 
M06-300B JC NA <1 Low 
M07-100B CC NA <1 Low 
M07-200B CC NA <1 Low 
M07-300B CC NA <1 Low 
M08-200B CC NA <1 Low 
M08-400B CC NA <1 Low 
M09-200B CC NA <1 Low 
M09-300B CC NA <1 Low 
M09-400B CC NA <1 Low 
M10-300B SP NA <1 Medium 
M11-100B2 SY NA <1 Low 
M-11-200B2 SY NA <1 Low 
M11-300B SY NA <1 Low 
M12-300B-AVG DD NA <1 Medium 
M13-200B DD NA <1 Medium 
M13-300B DD NA <1 Medium 
M14-100B DD NA <1 Medium 
M14-200B DD NA <1 Medium 
M14-300B DD NA <1 Medium 
1- EERA Risk Characterrzatlon Areas: 
BC= Back Channel, JC=Jamaica Cove; CC = Clark Cove; SP = Sullivan Point; SY = DRMO; DD= Dry Docks-
2- CoC with highest PRG Hazard Quotient by sampling location; NA no CoC identified (See Table A-3-1.3c). 
3- Assigned sediment risk from Estuarine ERA investigation (NCCOSC, 2000)-
SY- Risk at DRMO based on surface water 
4- Recommended PRG-HQ; INT = indeterminate 
Units: PRG-HQ = unitless 
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1.00 
1.00 

1.55 

1.00 
1.29 

INT 
1.00 

47 



Table 3.3-2. Summary of Preliminary Remediation Goals (pRGs) for the aquatic exposure pathway in the 
Portsmouth Naval Shipyard study area expressed as sediment concentration-based values 

~,'; £;~~i~]/:~<~j~ k .~:,.",:,~ }j;;;,d~reliminaDl Remediation Goal' 

. Baseline 

Class Analyte2 

MET Copper 
MET Nickel 
PAH Acenaphthylene (L) 
PAH Anthracene (L) 
PAH Fluorene (L) 
PAH HMW PAHs 
PST Endosulfan II 
PST Trans-Nonachlor 
PST p,p'-DDT 

RPRG - Recommended Preliminary Remediation Goals. 
INT - Indeterminate; NR - Not Recommended. 

PRG3 

~~2-(,\1'" 

(HQ=1 ) 
486 
124 
210 
1236 
500 

13057 
3.95 
3.99 
66.4 

RPRG-HQ4 

EERA Round 1 
1.00 . 

1.00 
1.00 1.00 

1.00 
INT 

1 - Pathway-specific PRGs expressed in concentration units for use during remediation. 
PAHs, PSTs: units = ng/g dry weight sediment 
metals: units = ~g/g dry weight sediment 

Round 2 
1.55 
1.29 
1.00 
1.00 
1.00 

1.00 
INT 

2 - List includes only limiting CoCs, i.e., CoCs with maximum TEV-HQs by station and pathway. 
3 - Aquatic Bedded PRG at HQ=1 (see Table 2.2-5). 
4- RPRG = baseline PRG x minimum of study RPRG-HQs (See Table 3.3-1). 
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Recommended 

PRG4 

(Site-Specific) 
486 
161 
210 
1236 
500 

13057 
NR 
NR 
NR 
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Table A-2-2010 Summary of Kow and Koc values used In calculations of organic 
contaminant concentrations In pore water by equilibrium partitioning 

Class Full Analyte Name CAS No LogKow Source' LogKoc2 Koc 

PAH 1,6, 7 -Tnmethylnaphthalene 2245387 461 b 453 340E+4 

PAH l-Methylnaphthalene 90120 397 b 390 799E+3 

PAH l-Methylphenanthrane ° 832699 508 b 499 986E+4 

PAH 2.6-Dlmethylnaptrthalene 581420 461 b 453 340E+4 

PAH 2-Methylnaphthalene 91576 397 b 390 799E+3 

PAH Acenaphthene 63329 392 a 365 714E+3 

PAH Acenaphthylene 206968 405 b 398 958E+3 

PAH Anthracene 120127 455 a 447 297E+4 

PAH Benzo(a)anthracene 56553 570 a 560 401E+5 

PAH Benzo(a)pyrene 50328 611 · 601 , Q1E+6 

PAH Benzo(b )fJuoranthene 205992 620 a 609 1 24E+6 

PAH Benzo(b+k)fluoranthene NA 620 do 609 124E+8 

PAH Benzo(e)pyrene 192972 611 b 601 101E+6 

PAH Banzo(g,h,l)perylene 191242 670 a 659 3 BBE+6 

PAH Benzo(k)tluoranthene 207089 620 d ~09 124E+6 

PAH 8<phenyl 92524 396 · 389 782E+3 

PAH Chrysene 218019 570 · 560 401E+5 

PAH Dlbenz(a, h)anthtacene 53703 669 a 656 3nE+6 

PAH Fluoranthene 206440 512 a 503 10BE+S 

PAH Fluorene 86137 421 • 414 138E+4 

PAH Indeno(1.2,3-<:d)pyrene 193395 665 a 654 345E+6 

PAH Naphthalene 91203 338 • 330 20tE+3 

PAH Perylene 196550 605 b 595 886E+5 

PAH Phenanthrene 65018 455 • 447 297E+4 

PAH Pyrena 129000 511 · 502 106E+S 

PAH Low Molecular Weight PAH~ NA 405 c 398 958E+3 

PAH High Molecular Weight P W NA 570 c 560 401E+5 

PAH Total PAHsl NA 488 c 479 620E+4 

PCB 101 (22°355°) 37680732 838 b 627 1 87E+6 

PCB 105 (2 3 3°4 4°) 32598144 665 b 654 345E+6 

PCB 118 (2 3°4 4°5) 31508006 674 b 663 422E+6 

PCB 126 (22°33°44°) 39380073 674 b 663 422E+6 

PCB 138 (2 2°3 4 4°5) 35065282 683 b 671 518E+6 

PCB 153 (2 2°' 4°5 5°) 35065271 S92 b 680 635E+6 

PCB 170 (2 2°3 3°4 4°5) 35085306 727 b 715 140E+7 

PCB 18(22°5) 37680652 524 b 515 142E+5 

PCB 180 (2 2°3 4 4°5 5°) 35065293 736 b 724 172E+7 

PCB 187 (22°34°5 50S) 52863690 717 b 705 , 12E+7 

PCB 195 (22°33°44°56) 52683782 756 b 743 270E+7 

PCB 206 (2 2°3 3°4 4°5 5°6) 40186729 809 b 795 897E+7 

PCB 209 (2 2°3 3'4 4°5 5°6 SO) 2051243 818 b 804 , 10E+8 

PCB 28 (2 44°) 7012375 5 S7 b 557 375E+5 

PCB 44 (2 2°3 5°) 41464395 575 b 565 449E+5 

PCB 52 (2 2°5 5) 35693993 584 b 57' 551E+5 

PCB 68 (2 3°4 '0) 32598100 620 b 609 , 24E+6 

PCB 8 (2 4) 34883437 507 b 496 964E+4 

PCB Total PCBs" NA 654 b 643 269E+6 
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Table A-2-2.1. Summary of Kow and Koc values used in calculations of organic 
contaminant concentrations in pore water by equilibrium partitioning. 

Class Full Analyte Name 

PST Aldnn 

PST A1pha·SHC 
PST Alpha-chlordane 

PST Beta·SHC 
PST! Chlorpynfos 

PST CIS·Nonachlor 

PST Deha·SHC 

PST Dl6ldnn 

PST Endosuhan II 

PST Endnn 

PST Gamma.flHC (lindane) 

PST Gamma-Ghlordane 

PST Heptachlor 

PST Heptachlor epoxide 

PST Hexachlorobenzene 

PST Mlrex 
PST Oxychlordan6 

PST Pentachlorobenzene 

PST Trans·Nonachlor 

PST 1,2,3,4· T elrachlorobenzene 

PST 1,2,4,5' T elrachlorobenzene 

PST o,p'·DDD 

PST p,p'·DDD 

PST o,p'·DDE 

PST c,p'·DDT 
PST p,p'·DDE 

PST p,p'·ODT 

1 literature source of logKow (Ukg) values 

8 - KarlCkhoff and long 1995 

b • Kanckhoff at aJ 1989 

CAS No LogKow 

309002 650 

319846 360 

5103719 650 

319857 361 

2921882 526 

3734494 667 

361 

60571 537 

115297 410 

72206 506 

58899 373 

5n49 632 

76448 626 

1024573 500 

118741 589 

2385855 669 

5n49 632 

606935 526 

3734494 687 

634662 461 

634902 464 

72548 610 

72546 610 

2385855 676 

769026 653 

72559 676 

50293 653 

c . Calculated value based on median Kowof analytes as defined In footnote c 

d· Value assumed same as benzo(b)fluoranthene 

2 - Io91O(Koc} z: 0 00028 + 0 98YloQo(Kow). Kanckhoff at al. 1989 Unrts UKg OC 

Source' LogKoc2 

a 639 

a 374 

• 639 

• 375 

a 517 

a 675 

a 374 

a 526 

· 403 

• 497 

· 367 

· 621 

a 615 

a 492 

• 579 

a 6n 

a 621 

a 517 

a 675 

• 453 

• 456 

a 600 

a 600 

a 665 
a 642 

a 665 

a 642 

3· LMW PAH = sum of7 2-nng & 3-nng PAHs Included 1M NOAA ER-UER-M benchmarks (Long at 81 1995), 

(2-methylnaphthalene. acenapthene, acenaphthylene, anthracene, fluorene, naphthalene, phenanthrene) 

HMW PAH = sum of 6 4-nng and S-nng PAHs Included In NOAA ER-UER-M benchmarks (Long at al 1995), 

(benzo(a)anthracene, benzo(a)pyrene, chrysene, dlbenz{a,h)anthracene, fluoranlhene, pyrene) 

Total P AHs - sum of LMW & HMW PAHs 

LMW PAH, HMW PAH Kow = median of analyte specifIC Kow, Total PAH Kow = mean of LMW, HMW PAH Kow 
4 - Sum of Congeners X 2 

NA= nol applicable 
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Koc 

245E+6 

544E+3 

245E+6 

557E+3 

, 48E+5 

567E+6 

55OE+3 

1 9OE+5 

107E+4 

942E+4 

464E+3 

1 63E+6 

143E+6 

823E+4 

617E+5 

593E+6 

163E+6 

148E+5 

567E+6 

340E+4 

364E+4 

992E+5 

992E+5 

442E+6 

263E+6 

442E+6 

263E+6 
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Class 
MET 
MET 

• MET 
MET 
MET 
MET 
MET 
MET 
MET 
MET 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 

PAH 

PAH 
PCB 
PST 
PST 
PST 
PST 
PST 
PST 
PST 
PST 
PST 
PST 
PST 
PST 
PST 
PST 
PST 
PST 
PST 
PST 
PST 
PST 
PST 
PST 
PST 
PST 
PST 
PST 
PST 
PST 
TOC 

Table A-2-2.2a. Concentrations of chemical contaminants in surface sediment (0-10 cm) collected from 

Analyte3 
ArsenIC 
Cadmium 
Chrorruum 
Copper 
Lead 
Mercury 
NICkel 
Silver 
ZInc 
SEM·AVS 
1.6.7·Tnmethylnaphthalene (L) 
I·Methytnaphlhalene (L) 
I·Melhytphenanlhrene (L) 
2.6-0Imelhytnaphlhalene (L) 
2·Methytnaphlhalene (L) 
Acenaphlhene (L) 
Acenaphlhylene (L) 
Anthracene (L) 
Benzo(a)anlhracene (H) 
Benzo(a)pyrene (H) 
Benzo(b)lluoranthene (H) 
Benzo(b+k)lIuoranthene (H) 
Benzo(e)pyrene (H) 
Benzo(g.h.l)peryiene (H) 
Benzo(k)fluoranthene (H) 
Biphenyl (L) 
Chrysene (H) 
OIbenz(a.h)anlhracene (H) 
Fluoranlhene (H) 
Fluorene (L) 
Indeno(I.2.3-cd)pyrene (H) 
Naphlhalene (L) 
Perylene (H) 
Phenanthrene (L) 
Pyrene (H) 
LMWPAHs 

HMWPAHs 
Total PAHs 
Tolal PCBs 
A1dnn 
Alpha·BHC 
Alpha-chlordane 
Beta·BHC 
Chlorpyrifos 
CI S-Nonachlor 
Delta·BHC 
Dleldnn 
Endosultan II 
Endnn 
Gamma·BHC (LIndane) 
Gamma-Chlordane 
Heptachlor 
Heptachlor epoXlde 
Hexachlorobenzene 
Mlfex 
Oxyehlordane 
Pentachloro8n1so1e 
Pentachlorobenzene 
Trans-Nonachlor 
1,2,3,4· T etrachlorobanzene 
1,2.4.5-Tetrachlorobenzene 
o,p'·DDD 
p.p··DDO 
o.p'·ODE 
o,p··DDT 
p.p··DDE 
',D'·DDT 

%TOC 

round 2 of the Portsmouth Naval Shipyard offshore study area. 

~ 

§ '" i § '" ~ 8 I '" ~ ~ ~ 
~ S ~ ~ ~ j' j 

122 103 1315 107 124 '137 172 186 107 
03 013 033 049 029 06 06 079 046 
931 543 9355 734 858 127 135 137 874 
437 443 175 646 506 461 185 1090 106 
n2 174 1955 l!J2 170 947 133 229 iKJ6 
025 013 0275 027 1 035 062 075 048 
296 248 2995 258 353 271 453 79 265 
041 018 0425 092 033 17 " 17 098 
191 108 1855 378 127 101 234 650 138 

·2394 119 -3436 ·2604 ·145 ·103 -5029 ·1589 ·1804 
289 258 5415 147 945 82 162 155 122 
472 495 15495 145 114 15 256 175 16 
397 123 294 458 383 474 116 709 626 
324 363 8705 153 105 116 173 17 159 
406 791 21925 234 208 232 362 296 264 
277 108 4894 179 159 234 113 472 453 
295 160 371 795 756 702 143 78 884 
276 614 15745 191 190 161 621 281 247 
451 1250 2110 318 326 227 944 520 460 
739 1540 25a!5 384 338 321 1005 591 567 
706 1260 19965 371 287 360 1002 682 563 
834 1723 26IKI 494 391 464 1423 840 n5 
581 872 12255 210 159 190 529 332 311 
575 965 11415 203 172 175 496 381 321 
128 463 683.5 123 104 104 421 158 212 
159 20 6715 639 426 73 102 686 815 
821 1090 1807 321 299 299 972 532 470 
148 313 343 631 531 465 165 120 104 
1120 1530 3909 441 590 607 1810 952 697 
187 182 9145 408 346 395 176 786 743 
452 938 11545 209 181 449 558 413 347 
412 116 4465 343 l:l9 423 654 396 49 
554 128 32555 989 633 637 188 134 106 
151K1 1070 33l:l 171 209 320 885 423 311 
1900 1390 35795 470 513 499 1520 841 691 

24475 23291 734515 5579 5768 6796 20396 9n 8414 

5179 7113 14257 19971 21191 19995 6416 3556 2989 

76265 94421 2160215 2555 26959 26791 84556 4533 38l:l4 
104 968 102.702 n6385 8146 3514 9004 75774 28644 13081 
0029 00275 196625 0034 00265 096 005 00395 00375 
016 013 0135 013 009 006 02 058 024 
41 16 15 06 053 031 056 065 053 
044 009 115 046 064 1 31 091 1 
014 013 01625 016 0125 071 025 019 018 
12 18 0325 019 016 2.5 17 038 025 

003 00206 005 006 003 015 00395 015 013 
073 21 087 003 069 087 13 15 021 
44 32 2.045 12 12 16 21 085 16 
012 089 015 0075 006 0135 012 009 0085 
057 053 026 014 021 032 048 037 022 
14 15 012525 01 018 043 044 026 024 

038 075 023 008 012 026 058 051 027 
00145 00135 0018 0017 00135 00295 0026 002 00185 
001 007 004 007 004 0044 004 009 OOS 
056 12 086 023 004 063 006 029 004 
065 12 0745 004 006 008 013 032 008 
006 068 013 012 OOS 016 021 018 015 
013 017 0255 017 007 062 027 015 029 
11 55 073 027 029 062 04 02 006 

001 025 009 0.21 018 033 09 051 15 
054 034 0435 046 037 2 18 064 16 
12 58 181 18 :13 13 78 32 3 

039 2.2 0475 019 024 14 007 0055 OOS 
16 25 82 014 2.3 084 2.7 049 021 
18 153 435 2.2 63 36 < • 20 51 45 
3 59 585 12 52 10 53 3 18 

2.6 190 355 085 10 175 6 13 12 
173 189 2.255 2.15 454 2.91 312 2.09 181 

Unrts MetaJs,. l'QIg, PAHs. PCBs and PasllCldes=nl)lg 
LMW PAH = sum of 7 2-nng & J.nng PAHs InlCluded In NOAA ER·LJER-M benchmarles (Long el aI 1995), 
(2·methytnaphthalene, ""enaphthene, acenaphthylene, anthracene, fluorene, naphthalene, phenanthrene) 
HMW PAH = IWm of 6 4-nng and 5-,,"g PAHslnciuded ,n NOAA ER·LlER-M benIChmarks (Long el aI 1995), 
(benzo(a)anlhracene. benzo(a)pyrene, chrysene, dlbenz(a.h)anthracene, nuoranlhene, pyrene) 
Total PAHs· sum of LMW & HMW PAHs, Total PCBs· Sum of ,ndMduai PCB congeners x 2 
A value of 112 MOL IWbsbtuled for non-delact data 
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i 
197 

1 
132 

17iKJ 
316 
36 
193 
32 

1510 
-054 
279 
751 
112 
464 
127 
595 
345 
715 
1190 
1120 
1260 
1534 
624 
m 
274 
179 
1151 
272 
1820 
157 
863 
164 
149 
697 
1500 

22645 

7053 
93175 
39066 
00275 
018 
14 

0095 
013 
054 

00206 
0031 

17 
000 
013 
054 
061 
0014 
ooa 
016 
065 
017 
011 
046 
032 
12 
16 

063 
19 
38 
11 

20S 
113 

~ ~ ~ 
92 137 

025 006 
749 678 
595 393 
465 145 
OZI 039 
233 158 
031 009 
799 138 

.1088 119 
733 15 
943 19 
424 48 
131 21 
171 33 
14 39 

614 94 
160 249 
252 368 
321 487 
276 491 
382 668 
165 266 
155 28 
106 177 
6 11 

214 446 
484 74 
404 896 
372 42 
164 275 
32 34 

863 ,91 
123 246 
456 75 

444 7 737 
16954 :rol 
2140 1 3738 
3445 95876 
00445 0025 
027 008 
012 013 
31 041 
021 012 
016 1 
032 005 
000 011 
069 016 
01 OOS5 
007 01 
015 006 
013 002, 

00225 00125 
00335 01 
004 00125 
027 00085 
014 006 
02 008 
004 027 
011 042 
12 016 
17 13 

071 34 
00165 34 

11 28 
051 138 
059 174 
192 069 
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Table A-2-2.2a. 

'" > < 
Ii> .., .., .., 

~ 
.., 

~ 
.., .., 

~ 8 

~ ~ 
8 

~ ~ l:! 
Class AnalVle3 i i ; ~ ~ ~ ~ i 

MET ArsenIC 144 123 69 69 104 176 105 13.3 105 116 
MET Cadmium 054 057 064 024 066 007 027 061 041 036 
MET Chromium 1195 101 727 616 666 575 736 122 871 161 
MET Copper 6285 365 227 148 279 161 475 3.54 23.2 • 455 
MET Lead 1325 466 467 367 457 19 432 514 444 245 
MET Mercury 0595 03.5 026 027 022 002 013 049 036 021 
MET NICkel 334 266 275 213 272 369 257 319 246 926 
MET Sliver 0765 041 045 013 034 003 02 052 03 069 
MET Zinc 1505 109 79 566 100 412 635 119 697 701 
MET SEM·AVS ·56n -5114 ·116 ·2n -3626 017 ·925 -3627 -3719 ·1706 
PAH 1.6.7·Tnmethylnaphthalene (L) 20 171 63 31 106 1.3 39 119 64 14 
PAH I·Methylnaphthalene (L) 173 256 68 44 141 16 54 13.1 61 161 
PAH I.Methylphenanthrene (L) 592 562 196 255 362 52 144 572 208 261 
PAH 2.5-Dlmethylnaphthalene (L) 207 217 86 46 154 2 54 16 56 148 
PAH 2·Methylnaphthalene (L) 257 362 143 76 246 24 91 204 109 268 
PAH Acenaphthene (L) 4155 327 229 165 16 47 119 221 111 409 
PAH Acenaphthylene (L) 9955 806 567 264 973 46 ~7 74 56 67 
PAH Anthracene (L) 344 271 142 679 166 189 917 166 656 225 
PAH Benzo(a)anthrecene (H) 501 411 245 269 470 343 180 267 946 342 
PAH Benzo(a)pyrene (H) 5595 4n 345 434 649 427 241 361 1~ 375 
PAH Benzo(b)fluoranthene (H) 557 419 305 474 524 443 229 373 115 452 
PAH Benzo(b+k)fluoranthene (H) 742 585 412 636 655 59 ~3 4708 1496 615 
PAH Benzo(e)pyrene (H) 2975 236 162 253 331 239 126 166 605 231 
PAH Benzo(g.h.l)perylene (H) 267 219 169 242 ~ 221 126 180 554 243 
PAH Benzo(k)fluorenlhene (H) 185 166 107 162 131 147 793 976 346 163 
PAH Biphenyl (L) 68 762 41 27 664 12 27 61 31 73 
PAH Chrysene (H) 5675 446 254 367 461 336 194 2n 676 410 
PAH Dlbenz(a.h)anthrecene (H) 817 667 469 696 694 56 345 505 151 746 
PAH Fluoranthene (H) 10965 703 401 661 455 803 344 537 163 617 
PAH Fluorene (L) 852 66 372 346 465 71 227 ' 42 222 557 
PAH Indeno(I.2.3-cd)pyrene (H) 2965 239 162 266 269 247 134 194 644 255 
PAH Naphthalene (L) 4545 439 236 128 441 39 163 361 215 336 
PAH Perylene(H) 14165 109 46 51 103 86 734 746 219 644 
PAH Phenanthrene (L) 358 330 161 260 164 365 134 205 735 255 
PAH Pyrene(H) 9475 643 375 522 513 662 310 494 174 615 
PAH LMWPAHS 99945 6646 4n7 4458 5825 801 3164 5676 2608 704 
PAH HMWPAHs 37537 2746 7 16669 23426 26374 264 7 1~5 20065 6643 24338 
PAH Total PAHs 475315 36333 21466 27664 32199 3448 16199 2574 I 9451 31378 
PCB TOlal PCBs 9526 5925 22662 13206 4228 916 4305 4778 866 25634 
PST Aldnn 008 0049 00305 0029 00475 0028 00295 005 006 0028 
PST Alpha·BHC 02 027 01 00325 022 003 009 007 004 015 
PST Alpha·chloldane 071 026 024 027 026 012 024 03 007 28 
PST Beta·BHC 255 31 12 0095 13 0095 051 2 15 067 
PST Chlorpynlos 06725 0235 0145 0135 0225 013.5 014 0245 022 0135 
PST CIS·Nonachlor 032 019 04 013 025 017 016 014 014 074 
PST Della·BHC 005 00365 006 003 00355 002 0022 0039 004 001 
PST Dleldnn 0225 0001 024 017 002 005 039 007 01 094 
PST Endosunan II 16 12 087 074 1 015 062 082 018 13 
PST End"n 01075 011 007 0065 0105 0065 0065 0115 0105 015 
PST Gamma·BHC (undane) 0255 061 029 014 03.5 011 009 012 0185 012 
PST Gamma-Chtordane 039 024 005 008 011 003 024 015 003 44 
PST Heptachlor 003 014 014 005 0135 009 0085 016 0135 012 
PST Heptachlor epoxlde 0024 00245 00155 00145 00235 0014 00145 002 00235 0014 
PST Hexachlorobenzene 166625 00365 0023 002 005 0021 0022 008 0035 014 
PST Mlrex 018 026 011 021 025 0014 013 026 00235 02 
PST Oxychlordane 0225 004 008 011 004 017 008 0013 00115 027 
PST Pentachloroarvsole 0195 05 007 006 015 004 012 017 005 025 
PST Pentachlorobenzene 0255 019 033 009 02 009 021 0.16 0.05 021 
PST Trans-Nonachlor 035 026 007 003 024 00175 015 019 0029 21 
PST 1.2.3.4-Tetrachlorobenzene 018 053 026 0.18 006 016 0.27 025 003 0.49 
PST 1.2.4.5-Telrachlorobenzene 16 017 066 03 14 016 17 12 071 1 
PST o.p··DDD 2.65 3 08 06 24 012 2.1 055 0075 36 
PST p.p··DDD 0405 066 0.09 009 0.52 032 017 043 016 13 
PST o.p··DDE 037475 006 0175 004 004 004 016 0065 OOOS 65 
PST o.p··DDT 27 2.5 115 05 15 021 23 095 0195 120 
PST p.p··DDE 2.85 11 065 0355 073 19 35 0.55 0075 22 
PST >.p··DDT 11 28 075 0355 13 039 105 065 026 265 
TOC %TOC 200s 236 07 047 209 052 098 197 146 104 
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Table A-2-2.2a. (continued) 

'" S! > < "'!' 
III ci> III III 

i 
III III III III III 

~ 
III 

~ ; ~ 
8 .j;! ~ 8 ( ~ j;! ~ 

Class Analyte3 i ~ ~ ~ ~ ~ i i 
MET ArsenIC 108 1145 104 12.6 74 143 159 745 88 138 
MET Cadmium 05 022 043 031 027 068 068 0165 022 052 -
MET Chromium lOS 1235 121 133 692 136 138 568 567 98 
MET Copper 775 7555 157 511 207 733 152 2765 337 - 312 . 
MET Lead 662 207 104 168 142 100 162 5715 559 552 
MET Mercury 038 o lOS 024 017 008 035 03 OOS 016 023 
MET Nickel 312 13:>5 529 160 615 386 502 2885 205 287 
MET Silver 054 0355 059 07 042 066 075 0145 017 038 
MET Zinc 146 9135 293 484 225 166 246 1006 757 122 
MET SEM·AVS -3649 497 -3233 154 ~51 -4736 ·2706 ~OS ·2860 ·9867 
PAH 1.6.7·Tnmethylnaphthalene (L) 186 522 107 064 117 t13 67 615 566 107 
PAH I.MeThyinaphlhaiene (L) 202 842 20 111 241 152 126 89 233 121 
PAH I.MeThyiphenanThrene (L) 642 3595 423 '163 294 502 477 26 15 143 324 
PAH 2.6·Dlmelhylnaphlhalene (L) 183 6585 163 119 451 162 99 925 51 107 
PAH 2·MeThyinaphthalene (L) 317 1515 299 185 441 231 205 1695 301 22 
PAH Acenaphthene (L) 438 1525 . 597 08 366 516 492 1535 112 202 
PAH Acenaphlhylene (L) 686 6045 911 538 91 614 415 2595 237 935 
PAH Anthracene (L) 276 23095 3:>2 118 789 208 243 115 1650 113:> 
PAH BenzO(a)anThracene (H) 418 3105 478 101 117 352 361 157 1640 386 
PAH BenzO(a)pyrene (H) 580 274 567 988 lOS 432 412 1805 1750 407 
PAH Benzo(b)tluoranThene (H) 550 376 598 177 985 424 419 1605 1440 386 
PAH BenzO(b+k)tluoranthene (H) 739 46825 809 2404 1318 578 571 212.25 2004 540 
PAH Benzo(e)pyrene (H) 310 1736 326 944 534 233 230 888' 773 213 
PAH Benzo(g.h.l)perytene (H) 276 14795 313 687 444 226 211 6415 779 162 
PAH Benzo(k)fluoranthene (H) 189 9225 213 634 333 154 152 5175 564 152 
PAH Biphenyl (L) 8 273 81 108 138 77 59 43 209 59 
PAH Chrysene (H) 459 3705 53J 122 914 340 403 1355 1350 414 

PAH Dloonz(a.h)anThracene (H) 882 4785 958 204 16 655 616 2415 254 48 
PAH FluoranThene (H) 521 8735 956 148 203 725 717 311 263J 642 
PAH Fluorene (L) 767 239 793 165 154 688 682 27 386 82 
PAH Indeno(I,2,3-cd)pyrene (H) 293 1683 346 74 492 236 219 90, .971 182 

PAH Naphthalene (L) 572 1435 45 314 595 378 396 481 68 386 
PAH Perytene (H) 951 476 166 272 187 962 108 3445 285 632 
PAH Phenanthrene (L) 363 2059 396 741 74 334 361 127 1620 223 
PAH Pyrene(H) 720 7765 853 134 177 649 665 278 2070 568 

PAH LMWPAHs 937 58595 1003 3203 19142 784 7 821 37535 41231 16093 

PAH HMWPAHs 23173 2652 85 34798 6242 7094 25635 26196 108815 9694 2465 

PAH Total PAHs 32543 32188 44828 9445 90082 33482 34406 14615 138171 40743 

PCB Tolal PCBs 12838 3J3 9565 2131 313 48352 12934 13806 3081 5324 5233 
PST AJdnn 002 007125 61 0023 0024 41 36 003425 00345 007 
PST A1pha·BHC 0.1 0.055 02 003 OOS 038 01 008 02 016 
PST A1pha·chlordane 046 225 068 007 023 099 025 148 036 038 
PST Beta·BHC 19 01475 12 026 008 058 053 0695 13 21 
PST Chlorpynlos 0195 o lOS 0185 011 0115 0295 0165 133 0165 0295 
PST CIS·Nonachlor 034 0585 053 007 021 025 03 154 019 023 
PST Della·BHC 02 001675 026 00175 003 026 004 002325 0026 017 
PST Dleldnn 03 028 034 0001 001 018 00405 043 026 007 
PST Endosulfan II 19 147 097 011 077 064 07 0245 12 056 
PST Endnn 009 OOS 009 OOS 0055 014 008 00775 008 014 
PST Gamma·BHC (l.Jndane) 025 0185 023 0095 001 014 023 016 021 014 
PST Gamma·Chlordane 024 22 00455 002 028 007 00405 2125 013 016 
PST Heptachlor 017 012 011 003 014 011 01 036 012 019 
PST Heptachlor epoxide 00205 0011 002 015 0012 00305 002 0017 00175 00315 
PST Hexachlorobenzene 0031 0115 013 12 008 03 00255 0085 002 0047 
PST Mlrex 019 0125 002 00115 012 003J5 002 008 081 003 
PST Oxychlordane 01 014275 008 0006 0006 0035 0035 0.35425 024 004 
PST Pentachlaroarusole 014 012 042 006 006 029 021 0205 008 012 
PST Pentachlorobenzene 012 014 046 12 015 054 017 009 004 01 
PST Trans-Nonachlor 03 145 077 002 016 052 023 74 022 052 
PST 1.2,3,4-T elrachlorobenzene 012 014 023 042 021 078 0.32 033 006 OOS 
PST 1,2,4,5-Telrachlorobenzene 12 036 082 0.93 033 068 05 0455 045 066 
PST o,p'·DDD '48 145 10 011 1 27 27 275 11 11 
PST p,p'·DDD 011 08 046 OOS 016 05 03 0355 011 046 
PST o,p'·DDE 089 26 22 028 094 0.22 11 31 019 014 
PST o,p'·DDT 55 38 24 028 15 27 33 81 2 165 
PST p,p'·DDE 31 21 76 02 1 31 2 665 04 0345 
PST ip,p'·DDT 17 925 11 06 24 13 36 62 09 16 
TOC %TOC 163 0545 1.88 026 054 214 256 173 115 175 
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Table A·2·2.2a. 

~ ~ ... ... 
'" '" '" cil '" '" '" § ~ '" 
~ § j;l ~ 8 j;l ~ ~ 

Analvte3 ~ ~ ~ 
;;; '" li ~ ~ i ClaSs i i .~ 

MET ArsenIC 109 77 695 125 166 137 145 106 86 11 
MET Cadmium 096 06 0225 0365 14 05 073 046 036 047 
MET Chromium 132 861 67 11255 116 lOS 116 797 729 96 
MET Copper 541 879 3735 953 536 516 119 597 266 '31 
MET Leaa 554 116 5545 1155 507 492 85 185 526 441 
MET Mercury 1 036 016 065 026 024 034 055 024 029 
MET NICkel 755 396 228 3725 328 311 345 297 203 273 
MET Sltver 26 065 0205 042 072 044 066 024 022 037 
MET ZInc 469 343 129 1635 157 153 232 116 925 110 
MET SEM·AVS ·249 ·735 ·125 ·56 70 ·11000 ·94 51 ·17315 ·146 ·1587 ·2704 
PAH 1.6,7·Tnmelhylnaphthalene (L) 172 254 24 17 201 325 336 99 211 247 
PAH I·MelhyinaphlhaJene (L) 234 112 10275 171 147 252 231 178 203 197 
PAH I·Melhylphenanlhrene (L) 55 240 2225 894 663 912 124 446 125 111 
PAH 2,6'Dlmelhylnaphlhalene (L) 268 407 373 1835 363 306 279 136 208 228 
PAH 2·Melhylnaphlhalene (L) 496 149 14045 2725 231 362 396 304 344 334 
PAH Acenaphlhene (L) 169 6B2 566 5085 2682 626 933 16 286 321 
PAH Acenaphlhylene (L) 477 116 9335 80 212 168 119 115 103 173 
PAH Anthracene (L) 214 1220 1078 420 2269 625 749 197 409 396 
PAH Benzo(a)anlhracene (H) 283 2170 19535 795 2396 856 1010 320 624 910 
PAH Benzo(a)pyrene (H) 334 22!Il 20865 701.5 1752 894 915 444 1130 1200 
PAH Benzo(b)f1uoranlhene (H) 309 2500 20245 6885 1809 967 968 408 896 966 
PAH Benzo(b+k)lluoranlhene (H) 412 3011 2750 IIOS 2370 1230 1346 567 1223 1225 
PAH Benzo(e)pyrene (H) 167 1240 10575 3635 860 466 494 252 552 608 
PAH Benzo(g.h.l)pelYlene (H) 174 1270 10895 346 554 393 428 254 625 595 
PAH Benzo(k)Huoran1hene (H) 103 511 7355 2165 561 263 358 159 327 239 
PAH Biphenyl (L) 138 235 2515 78 186 127 149 75 122 107 
PAH Ch'YS9ne (H) 285 2030 1742 730 2095 865 1030 339 737 n2 
PAH Dlbenz(a,h)anlhracene (H) 539 459 3645 115 OS 243 124 141 755 196 179 
PAH Auoranlhene (H) 541 3460 3366 1648 5763 1706 1830 533 1100 761 
PAH Fluorene (L) 527 6BO 650 955 3752 156 287 44 107 968 
PAH Indeno(l,2,3-ca)pyrene (H) 185 1560 1307 399 710 437 466 247 645 567 
PAH Naphlhalene (L) 648 293 308 443 745 591 685 541 69 62 
PAH Pelylene (H) 655 219 302 1132 197 167 171 969 924 149 
PAH Phenanlhrene (L) 251 2550 24385 4385 5600 522 644 182 506 354 
PAH Pyrene (H) 483 2920 27195 1263 43B3 1449 1630 514 1220 647 
PAH LMWPAHs 6967 5690 52743 11564 15020 5 16509 22006 6385 1257 11493 
PAH HMWPAHs 19799 13329 12252 525255 16634 5694 6556 22255 5209 4669 
PAH Total PAHs 26766 190t9 17526 3 6408 95 31654 5 75449 87566 2864 6466 58t83 
PCB TOlal PCBs 32042 2428 27283 94085 8302 4975 13314 8676 438 7107 
PST Aldnn 19 0037 1052 322275 89 OOSS ' OOS 48 00355 005 
PST Alpha-BHC 009 046 011 01 041 009 011 016 05 002 
PST Alpha·chlordane 15 094 034 016 033 039 076 055 011 01 
PST Beta·BHC 052 086 155 08725 17 0195 0175 016 017 017 
PST ChlolPYnfos 0135 0175 018 02125 006 003 025 006 . 016 0245 
PST CIS·Nonachlor 061 036 055 018 042 018 035 1 02 019 
PST Delta·BHC 002 00275 o oms 0033 00455 00455 00405 00355 00255 00405 
PST Dleldnn 28 022 012 017 012 043 052 OOS5 006 013 
PST EnaosuHan II 081 3 26 0825 045 011 11 041 13 022 
PST Endnn 0065 0085 0085 01 0135 013 am 011 0075 007 
PST Gamma·BHC (Lmdane) 019 015 01525 025 025 0235 0205 002 0135 0205 
PST Gamma·Chlordane 00305 00415 024 0205 007 019 006 OOSS 00405 007 
PST Heptachlor 32 o lOS 0255 01275 0175 0165 0145 014 0,095 0145 
PST Hep1achlor epoXiOe 0015 00185 002 002275 00305 00305 00255 00255 0015 00255 
PST Hexachlorobenzene 0.29 00275 246275 008275 001 01 011 007 002 004 
PST Mlrex 0015 036 0205 002275 024 00305 00255 00255 0015 00255 
PST Oxychlordane OOS 036 0545 012 15 01 036 OOS 054 0015 
PST Pen1achloroarusole 02 01 015 008 014 o t4 017 o t3 OOS 006 
PST Pentachlorobenzene 063 01 009 018 011 0365 0225 02 0145 0255 
PST Trans·Nonachlor 036 052 0205 027 008 01 023 028 002 003 
PST 1,2,3,4· Tetrachlorobenzene 064 002 0065 025 022 009 003 0,55 012 011 
PST 1,2,4,5-Tetrachlorobenzene 16 ,0,34 0435 068 095 054 081 42 027 068 
PST o,p'·DDD 16 44 38 132 32 046 25 25 17 034 
PST p,p'·DDD 07 028 0285 023 021 013 023 022 00455 041 
PST o,p'·DDE 076 056 093 00575 018 002 0,02 006 0015 019 
PST o,p'·DDT 27 23 175 106 16 093 2.2 19 12 047 
PST p,p'·DDE 094 15 086 087 023 067 1 9 051 028 
PST I.D'·DDT tl 24 245 0505 12 on 069 096 05 067 
TOC %TOC 134 14 114 174 195 223 24 331 216 24 

I 8tte~nToc% I 1.71 
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Table A-2-2.2a. (continued) 

" 
-

'" '" '" '" § '" '" '" '" '" '" ~ ~ ~ ~ ~ ~ ~ 8 ~ ~ 
AnatYte3 ii! ii! ii! ii! '" ~ ~ ill ~ ~ 

M 
Class ~ ~ 

MET ArsenIC lOS 3 I 39 57 109 36 41 72 136 84 82 
MET Cadmium 047 012 02 016 017 013 017 028 044 038 037 
MET Chromium 963 223 ll9 417 529 382 395 722 672 687 718 
MET Copper 261 36 62 78 168 93 88 218 261 '174 171 
MET Lead 724 172 198 ,22 595 296 25 878 637 394 412 
MET Mercury 04 004 006 008 013 011 007 019 013 022 014 
MET NICkel 267 92 111 13 1. 237' 203 IS 21 I 382 203 202 
MET Silver 028 008 009 013 01 015 009 026 033 022 025 
MET ZInc 110 236 332 402 703 427 609 897 826 719 952 
MET SEM-AVS -237 -137 -146 -471 -039 .a 35 -426 .a 25 -003 -1227 -1254 
PAH 1,6,7-T nmethylnaphthalene (L) 91 15 79 54 10 103 84 lOS 97 415 58 
PAH I ·MelhylnaphlhWene (L) 153 18 14 49 145 75 78 III 45 168 356 
PAH I -Melhylphenanlhrene (L) 45 I 34 232 461 573 384 261 478 346 240 368 
PAH 2,6-Dlmelhylnaphlhwene (L) 129 2 29 77 10 I 82 83 106 6 I 214 351 
PAH 2·Melhylnaphthwene (L) 247 27 25 66 186 103 117 175 84 245 392 
PAH Acenaphlhene (L) 227 16 2 I 186 227 209 115 143 42 68 154 
PAH Acenaphlhylene IL) 92 84 93 654 863 43 524 742 87 934 658 
PAH Anlhracene (L) 146 13 I 388 115 206 225 116 222 442 989 912 
PAH Benzo(a)anlhracene (H) 281 237 882 155 479 333 291 315 110 1421 1084 
PAH Benzo(a)pyrene IH) 464 349 786 206 660 39B 379 403 116 1588 1204 
PAH Benzo(b)lIuoranthene (H) 421 333 743 251 728 343 365 403 112 1352 950 
PAH Benzo(b+k)Huoranthene (H) 565 424 972 339 924 480 497 547 1577 1601 1321 
PAH Benzo(e)pyrene (H) 251 186 371 III 375 180 195 211 574 704 527 
PAH Benzo(g.h,l)perytene (H) 249 182 274 101 3n 171 173 198 441 702 532 
PAH Benzo(k)lIuoranlhene (H) 164 9 I 229 88 196 137 132 144 457 449 371 
PAH Biphenyl (L) 92 I I 3 43 37 34 49 29 83 87 
PAH Chrysene (H) ll7 239 697 288 529 287 300 357 974 1120 910 
PAH Dlbenz(a,h)anlhracene (H) 708 49 118 284 119 54 563 639 175 229 180 
PAH Fluoranlhene (H) 461 371 973 951 921 572 457 521 192 2160 1900 
PAH Fluorene (L) 469 34 102 551 453 425 313 454 148 165 249 

PAH looeno(1 .2.3-<:<l)pyrene (H) 259 182 298 112 445 194 196 225 50 648 609 

PAH Naphlhalene (L) 484 36 44 126 26 185 192 295 124 557 623 

PAH Perylene (H) 59 10 127 316 106 683 49 I 685 237 214 191 

PAH Phenanlhrene (L) 179 151 392 603 369 207 170 200 495 964 1m 
PAH Pyrene (H) 458 398 894 688 m 527 397 548 168 1810 1873 

PAH LMW PAHs 5597 479 1065 8763 n39 5672 4121 6029 1422 23596 28023 

PAH HMWPAHs 20418 1643 435 22964 3500 2169 16603 21179 7009 6328 7151 

PAH Tolal PAHs 28015 2122 5415 31727 42739 27362 22924 29108 6431 106876 99533 

PCB Total PCBs 3344 8082 5912 to 531 3118 222411 14411 3278 1525 5759 5808 

PST Aidnn 0075 00305 00255 003 00355 00305 00355 00355 11 53 52 
PST A1pha-BHC 004 004 002 003 006 026 002 007 019 028 023 
PST Alpha-chlordane 034 004 004 006 044 026 021 007 004 04 014 

PST Bela-BHC 026 01 009 0095 015 0095 026 0115 0135 034 026 
PST ChIO'l'Y"'os 036 014 001 0135 0165 0135 016 0165 003 018 017 
PST CIS-Nonachlor 058 OOS 002 014 13 042 024 015 072 026 025 
PST Della·BHC 0055 002 002 002 00255 002 00255 00255 005 002 00255 
PST Oleldnn 041 00355 00305 0,07 068 048 00405 04 003 007 00405 
PST Endosulfan II \ 082 004 004 014 048 051 016 007 008 012 025 
PST Endnn 017 0065 006 0065 008 0065 0075 008 009 0085 008 
PST Gamma-BHC (uooane) 0305 012 o lOS 011 014 003 005 008 024 025 0145 
PST Gamma-Chlordane 021 003 002 003 01 004 007 012 00455 00405 00405 
PST Heplachlor OOS 002 OOS 008 006 006 019 01 0115 007 o lOS 
PST HeplaChlor epm"de 00355 0015 0015 0015 0015 0015 0015 0015 002 002 002 
PST Hexachlorobenzene 0055 002 002 007 007 002 002 12 00305 00305 00255 
PST Mlrex 00355 0015 0015 0015 0015 0015 0015 0015 002 063 052 
PST Oxychlordane 002 OOOS OOOS OOOS OOS 0,36 001 001 002 099 051 
PST Penlachloroarosole 014 002 003 003 016 002 006 006, 012 0,09 02 
PST Penlachlorobenzene 025 0125 o lOS o lOS 0205 01 012 019 017 036 027 
PST Trans-Nonachlor 035 002 0015 01 024 0,19 002 018 006 032 034 
PST 1,2.3,4-Tetrachlorobenzene 017 007 008 007 024 01 012 o t4 002 013 01 
PST 1,2,4,5-T etrachlorObenzene 003 044 047 017 041 019 016 024 015 052 032 
PST o,p'-DDD 086 007 00255 019 00355 19 034 086 12 55 42 
PST p.p'·DDD 059 015 02 00405 OOS 00405 008 021 009 005 005 
PST o,p'·DDE 00305 001 002 001 011 098 0015 0015 007 01 007 
PST o.p··DDT 092 0,09 0,08 026 06 35 045 42 045 16 16 
PST p,p'·DDE 14 011 008 028 04 076 025 096 08 069 052 
PST [p,p'-DDT 071 008 003 016 075 018 047 12 015 073 16 
TOC %TOC 391 045 035 064 219 056 06 107 317 216 202 
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Table A-2-2.2a. (continued) 

CD CD CD CD 

j ~ ~ .~ !:l 
Class Analyte3 ~ ~ ~ 

MET Anlenoc 74 49 38 26 17 
MET Cadmium 018 015 OOB OOB 0.08 
MET Chromium 65 612 555 38.2 3)9 
MET Copper 122 94 47 38 32 
MET Lead 296 318 145 133 131 
MET Mercury 023 019 003 003 003 
MET NICkel 233 183 182 138 113 
MET Silver 017 015 OOS OOS OOS' 
MET Zinc 617 383 289 253 209 
MET SEM·AVS ·154 021 -338 -389 -646 
PAH 1 ,6,7· Tnmethylnaphlhalene (L) 5 22 06 04 05 
PAH I·Methylnaphthalene (L) 54 37 07 06 07 
PAH I·Methylphenanthrene (L) 249 109 25 1.2 27 
PAH 2,6-0Imethylnaphthalene (L) 58 26 16 15 1 
PAH 2·Methylnaphlhalene (L) 86 51 09 1 12 
PAH Acenaphthene (L) 164 53 07 07 08 
PAH Acenaphthylene (L) 278 t75 27 2.5 47 
PAH Anthracene (L) 604 343 51 47 85 
PAH Benzo(a)anthracene (H) 217 608 58 48 95 
PAH Benzo(a)pyrene (H) 282 903 92 95 162 
PAH Benzo(b)t1uoranthene (H) 259 90 t04 t2 193 
PAH Benzo(b+k)f1uoranthene (H) 361 1217 134 15.2 246 
PAH Benzo(e)pyrene (H) 142 491 53 61 10 
PAH Benzo(g.h.l)perytene (H) 138 465 55 63 103· 
PAH Benzo(k)t1uoranthene (H) 102 317 3 32 53 
PAH Biphenyl (L) 24 19 07 07 08 
PAH Chrysene (H) 213 683 74 77 131 
PAH Olbenz(a,h)anthracene (H) 429 135 13 14 24 
PAH Fluoranthene (H) 440 120 162 137 258 
PAH Fluorene (L) , 251 94 15 12 23 
PAH Indeno(I,2,3-cd)pyrene (H) 151 496 6 7 115 
PAH Naphthalene (L) 159 91 18 2.2 23 
PAH Perytene(H) 686 185 25 34 45 
PAH Phenanlhrene (L) 189 457 84 51 106 
PAH Pyrene(H) 3n lOS 152 124 254 

PAH LMWPAHs 3632 1264 211 174 304 

PAH HMWPAHs 15719 4579 551 495 924 

PAH Total PAHs 19351 5843 762 669 122 B 
PCB Total PCBs 24251 2431 5121 6631 5051 

PST A1dnn 26 098 015 015 032 
PST A1pha·BHC 009 013 01 004 003 
PST A1pha·chlordane 008 009 00305 004 009 
PST Beta·BHC 039 014 015 0085 009 
PST Chlorpyntos 004 016 012 012 002 
PST CtS·Nonachlor 007 007 002 004 007 
PST DeUa,BHC 01 00255 002 004 002 
PST Oleldnn 017 00405 00305 00:Jl5 0.0305 
PST Endosuttan II 036 038 OOS OOS 003 
PST Endrin 006 0075 0055 0055 0055 
PST Gamma,SHC (LJndane) 004 001 003 004 004 
PST Gamma·Chlordane 00305 011 00305 003 001 
PST Heptachlor OOB 0095 007 007 007 
PST Heptachlor epoXlde 0015 0015 001 0015 001 
PST Hexachlorobenzene 002 00255 002 002 002 
PST Mlrex 0015 0015 001 0015 001 
PST ~ordane 0035 OOS 035 0005 0005 
PST Pentachloroanlsole 009 011 003 006 003 
PST Pentachtorobenzene 007 01 006 011 004 
PST Trans·Nonachlor OOS 0.22 004 0.23 0015 
PST 1,2,3,4-Tetrachlorobenzene 0.21 008 002 004 0085 
PST I.2A,&-Tetrachlorobenzene 057 042 003 002 001 
PST o,p'·OOO 12 049 002 OOS 011 
PST p,p'·OOO 0.28 00455 036 028 019 
PST o,p'·OOE 007 012 001 009 01 
PST o,p'·OOT 046 062 002 017 0.27 
PST p,p'·OOE 034 15 006 0.12 013 
PST ),D'·OOT 042 045 003 012 OOS 
TOC %TOC 069 198 03 026 029 

I RIIf..-.ce .... IMM TOC'% 
1." 
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Table A-2-2.2b. Concentrations of PCB congeners and calculation of Total PCBs in surface sediment (0-10 cm) collected from 
Round 2 of the Portsmouth Naval Shipyard offshore study area. 

Analyte 

PCB10l 
PCB105 
PCB118 
PCB128 
PCB138 
PCB153 
PCB170 
PCB18 
pCB180 
PCB187 
PCB195 
PCB206 
PCB209 
PCB28 
PCB44 
PCB52 
PCB66 
PCB8 

SUM PCB 
TOTPCB 

%TOC 

» 
I 

CO 

(!) 

:oe 
aI aI .r, aI aI aI 
8 8 ~ 8 ~ ~ C)I 

~ 0 0 0 j :;: :;: :;: :;: :;: 
1.1 2.8 165 2.1 068 1.4 

0.39 1.4 0.64 1.4 0.41 2.3 
1 3.1 2.3 2.1 093 4.7 

1.4 1.7 1.245 0.79 0.46 19 
1.5 3.4 235 29 14 14 
1.6 2.4 1.85 2.1 0.93 54 
36 26 19 22 88 2.3 

0.044 0041 0.62425 005 0.04 0.09 
0.81 1.5 1.3 1.1 0.57 4.2 
0.57 0.69 0.615 0.73 0.33 2.2 
1.2 1.2 0.57 ·.036 0.18 0.98 

0.41 04 0395 0.28 0.12 0.7 
2.1 0.93 0.395 0.64 048 0.55 
0.95 066 11 2.1 092 10 
0.5 0.79 0.78 0.35 0.18 1 
0.32 2.5 0.87 0.87 0.42 3.3 
0.49 0.44 1.085 02 0.22 05 
2.1 1.4 205 0.66 0.5 2.1 
52.5 51.4 38.8 40.7 17.6 45.0 

104.968 102.702 77.6385 81.46 35.14 90.04 

1.73 1.89 2.255 2.15 454 2.91 

Units=ng!g. 
SUM PCB = Sum of congener concentrations. 

'TOTPCB = Total PCBs - SUM PCB x 2. 

aI 
8 
;;; 
0 
:;: 
38 
9.5 
4.3 
4.1 
89 
97 
47 

0.08 
45 
25 
3.5 
2.2 
17 
1.4 
0.6 
10 

035 
0.14 
3789 
757.74 

3.12 

(!) 

~ aI aI aI aI aI aI 

8 8 8 8 8 8 8 
'" M 

~ t M :;: 8 M c!; .;, 
0 0 0 

:;: :;: :;: :;: :;: :;: :;: 

58 46 22 14 11 2.75 2.2 
28 19 51 0.57 1.7 1.55 09 
3.1 2.9 71 12 1.4 2.8 19 
14 16 23 039 0.89 0.825 0.28 
20 92 33 1.7 8.2 3.7 2.5 
17 9.2 31 1.7 96 375 22 
37 18 59 31 6 14915 6 

0.06 0.055 0.13 0.065 0038 03775 0.075 
20 7 27 1.2 10 2.15 1.5 
16 4.2 22 074 57 175 0.96 
3.9 1 5.3 .0.16 11 0.64 038 
66 092 11 0.05 1.1 1.1175 0.13 
2.6 0.77 ·13 0.37 0.205 125 1 
2.2 1.4 1 2.1 0.14 3.25 3 
062 032: 1.7 0.39 009 2.2 0.56 
3.6 1.7 5 1.1 0:19 231 3.1 
0.5 051 1.3 0.2 0.055 0.645 0.54 
004 0.13 1.5 0.79 0.43 1.65 2.4 

143.2 65.4 1953 172 47.9 476 29.6 
286.44 130.81 390.66 34.45 95.876 95.26 59.25 

2.09 1.81 1.13 1.92 0.69 2.005 2.36 
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aI aI aI aI 

~ 
8 8 ~ 
~ '" :g :g 

:;: :;: :;: :;: 
0.78 0.65 1.4 0.52 
0.64 037 0.85 0.26 
09 0.61 1.3 04 
0.3 0.14 0.24 023 
1 0.6 2 0.105 

2.2 055 1.5 0.33 
054 0.57 4 05 
0.046 0043 007 0.06 
0.6 0.425 097 0.2 
1 0.44 0.65 0.21 

0.32 0.24 0.22 0.05 
0.165 0.2 007 0.065 
032 0.215 1.1 0.2 
077 052 3.6 046 
1.1 031 0.25 036 

0.19 0.39 1.6 0.08 
0.12 006 0.37 006 
0.34 0.27 0.95 0.49 

11.3 6.6 21.1 4.6 
22.662 13.206 42.28 9.16 

07 0.47 2.09 0.52 

aI aI 
8 8 
;:::. C)I ..... 
0 0 
:;: :;: 
1.7 16 

083 21 
17 1.2 

0.44 0.3 
21 1.35 
21 9.5 

028 0.78 
0.86 0.08 
0.6 05 
1 0.77 

0.72 0.43 
1.9 0475 

0.365 0.455 
31 12 

0.92 1.3 
1.2 0.76 
085 0.79 
0.86 0.3 

21.5 23.9 
43.05 47.78 

0.98 1.97 

aI 

~ 
Ii; 
:;: 

0.26 
034 
025 
0.11 
0.115 
1.35 
027 
0.07 
0.135 
013 
0.11 

0115 
0.065 
0.15 
0.48 
0.27 
0.1 

0.Q1 

4.3 
8.66 

1.48 

.';::; 
;4, 

~~ 

;j 



Table A-2-2.2b. (continued) 

~alyte 
PCB10l 
PCB105 
PCB118 
PCB128 
PCB138 
PCB153 
PCB 170 
PCB18 
PCB180 
PCB187 
PCB195 
PCB206 
PCB209 
PCB28 
PCB44 
PCB52 
PCB66 
PCB8 
SUM PCB 
TOTPCB 
%TOC 

::t> 
I 
~ 

o 

III 
8 
~ :e 
14 
5.2 
8 

2.7 
20 
22 
2.6 
0.92 
14 
8.7 
3.8 
7.6 
23 
3.2 
3.1 
6 

33 
0.75 
128.2 

256.34 
1.04 

(!) 
> 

III ;Ii 
8 ~ 
~ ~ :e 
6.3 6.05 
2.6 335 
6.2 2.15 
1.7 1.7 
89 23.5 
15 29 
1.1 34.5 

0.06 ,029175 
4.8 29.5 
3.2 1295 
1.4 2.7 
2.8 2.6 
13 0.5325 
1.9 032 
2.3 0.655 
32 1.4 
0.9 065 
053 0.13 
64.2 152.0 

128.38 303.959 
1.63 0.545 

III 

i 
6.5 
33 
4.3 
2 
12 
13 
29 

0.65 
12 
7.4 
2.3 
4.3 
15 
18 
1.6 
2.2 
1.1 
1.6 

106.6 
213.1 
1.88 

(!) 
> 
1= 

III III III III III III 
8 ~ ~ ~ 

8 8 
~ 6 C\I 

~ ~ 6 
:e :e :e :e i i 

093 2.6 4.2 3.7 1.38 092 
0.6 1.6 2 1.9 1.05 058 
0.73 2.2 3.3 2.9 2 2.5 
0.27 0.89 0.98 1.2 0465 0.37 
1.2 3.7 5.4 4.1 1.95 07 
1 2.9 4.3 5 1.575 06 

0.7 1.6 13 31 2.735 89 
0.1 0.036 1 0.82 0.0525 0.05 
0.78 1.4 4.1 34 0.525 1.4 
0.91 1.2 3.1 28 081 0.47 
16 0.8 3.4 18 0.19 028 
4.1 1.9 73 3.3 0.165 054 
1.1 0.56 3.3 0.99 0.2475 0.81 

0.32 0.45 2.5 1.8 061 3 
028 0.42 08 16 0.22 053 
063 1.2 2.9 1.4 1.035 087 
0.2 0.34 089 0.75 0.23 1.3 
0.2 0.38 22 0.57 0.165 2.8 
15.7 24.2 64.7 690 15.4 26.6 
31.3 48.352 129.34 13806 30.81 53.24 
0.28 0.54 2.14 2.56 1.73 1.15 

(!) (!) I 

~ > 
;Ii III III III III III rh III III III III III III 

~ 8 8 8 8 8 8 8 8 ~ 8 ~ ~ C)I '" ~ '" ~ 
C\I 

~ 6 N N M M .... .... 
i i i i i i i i i i i i i 
2 24 3.6 6.2 245 0.79 18 3.6 2.2 091 61 

0.57 7.9 1.7 304 1.2 0.55 11 1.6 1.4 0.6 38 
0.93 15 48 3.4 1.95 3 2.2 3.6 3.4 2.1 56 
0.17 3.4 1.1 2.3 0.53 047 0.24 0.87 1.3 0.54 12 
0.5 30 4 17.7 3.4 11 3 5 37 1.8 4.8 
5.2 17 3.9 23.2 3.3 1.1 22 4.7 4.5 1.3 32 
12 7.7 63 38.5 22.375 19 09 22 13 7 0.85 

0095 0.21 2.8 0.68 0.8825 1.6 0.085 1.9 0.97 0.05 0.075 
0.365 13 3.6 186 2.7 1.2 1.7 3.6 2 0.95 1.2 
031 13 2.5 107 1.65 0.36 1.1 2.4 1.4 0.4 059 , 

0.18 32 22 2.51 064 0.59 049 1 0.88 031 0.18 
0.21 69 3.7 1.65 0.67 023 0.84 1.4 1.7 0.38 0.1 
0.265 1.3 1.6 031 0.75 0.44 1.4 2 091 087 0.43 ! 

0.63 1.6 7.2 1.7 2.1 1 3.7 5 1.1 1.4 0.6 
0.87 31 3.3 125 0.485 0.39 047 1.5 0.64 0.11 

:: i 
1.3 9.1 5.3 1.7 1.4 1.3 2 3 11 0.55 
021 2.7 5 0.625 0.315 0.09 0.55 1.6 18 0.43 1.1 
0.36 1.1 2.1 2.35 0.245 8.3 1.1 1.8 1.4 2.2 0.31 
26.2 160.2 121.4 136.4 47.0 41.5 24.9 66.6 43.4 21.9 35.5 ! 

52.33 320.42 242.8 272.83 94.085 83.02 49.75 133.14 88.76 43.8 7107 I 

1.75 1.34 1.4 1.14 1.74 1.95 2.23 2.4 3.31 2.18 2.4 

I Site mean TOC% 
1.7654 

.f3 



Table A-2-2.2b. (continued) 

Analyte . 

PCB10l 
PCB105 
PCB118 
PCB128 
PCB138 
PCB153 
PCB170 
PCB18 
PCB180 
PCB187 
PCB195 
PCB206 
PCB209 
PCB2Q 
PCB44 
PCB52 
iPCB66 
PCB8 
SUM PCB 
h"OTPCB 

%TOC 

» 
I 

-..L 
-..L 

. 

co 
8 

~ 
1.4 

0.77 
1.6 

0.37 
1.2 
1.7 
1.3 

0.11 
087 
0.55 
0.31 
0.33 
0.82 
2.9 
1.3 

0.45 
0.32 
0.42 

16.7 
33.44 

3.91 

co 
8 
<)J 

~ 
019 
0.1 
019 
0.02 
019 
0.25 

1 
0.0455 
0.075 
009 
0.04 

0.0405 
019 
0.75 
0.09 
0.35 
006 
0.37 

4.0 
8.082 

0.45 

co 

~ 
5 a:: 

021 
004 
013 
0.02 
0.17 
017 
0.76 

0.0405 
0.055 
0.04 
0.02 

0.0355 
0.19 
042 
012 
0.14 

0.055 
0.34 

3.0 
5.912 

0.35 

co co co co co 

~ 8 8 ~ ~ ~ 
<)J 

~ ~ ~ ~ a:: a:: a:: 
0.32 0.37 21 0.47 1.4 
0.19 0.41 12 0.19 0.73 
051 0.89 22 0.6 1.5 
0.05 0.17 5 003 027 
0.55 . 077 18 0.56 1.8 
0.43 , . 1.1 12 0.46 2 

0.485 0.6 0.485 0.6 054 
0.0405 0.05 00405 0.05 0.05 

03 0.95 2.4 0.49 ·099 
0.14 0.49 0.7 0.13 0.7 
0.12 0.25 024 0.12 051 
007 0.12 0.05 0.0455 0.68 
0.34 082 l.t 046 1 

1 16 099 0.99 1.6 
013 0.22 3.1 022 0.27 
023 5.6 7.8 1.4 1.8 
0.06 0.24 31 0.15 0.21 
0.3 0.94 1.2 0.24 0.34 

5.3 15.6 111.2 72 16.4 
10.531 31.18 222.411 14.411 32.78 ' 

0.84 2.19 0.56 0.6 1.07 

co co co co co co co co 
8 8 ~ ~ 8 8 ~ ~ ;;; '" ~ '" 
0 8 8 0 c!; c!; 
a:: a:: a:: a:: a:: a:: a:: a:: 

002 081 1.4 0.42 1.2 046 0.42 027 
007 0.42 0.78 0.11 058 004 0.04 005 
0.14 2.6 2.1 0.44 1.1 008 0.13 014 

1 1.1 0.54 006 0.33 002 002 0.04 
028 2.4 1:8 0.45 057 0.15 0.18 0.15 
024 1.1 14 0.34 094 0.13 021 0.19 
22 10 8.7 7.8 3.7 0.59 0.73 0.94 
0.49 0.055 0.62 077 0.45 0.11 0.38 00355 
051 1.1 0.91 0.29 039 0.05 0.01 . 0.08 
014 051 041 0.16 019 0.13 Ot3 0.09 
0.05 0.66 0.29 013 0.14 002 0.01 002 
0.055 03 059 00355 . 008 00355 0.0355 005 ........ :... 

035 .033 053 031 0.27 0.09 005 0.03 
0.18 1.8 2.3 035 0.75 0.36 0.38 012 
0.13 0.1 024 0.21 0.38 0.08 007 007 

'.j 
, ·f 

059 1.4 1.7 006 0.075 0.055 009 0.16 . .;~ 
018 0.41 023 0.12 0.25 001 0.24 001 

1 3.7 45 0.07 076 0.15 0.19 0.08 
7.6 28.8 29.0 12.1 12.2 2.6 3.3 2.5 

1525 57.59 58.08. 24.251 24.31 5.121 6.631 5.051 
317 2.16 2.02 0.69 1.98 0.3 0.26 0.29 I Reference site mean TOC% 

1.30 
-

Page 3 of 3 



Table A-2.2.3. Geotechnical characteristics of station sediments in Round 2 of the portsmouth Naval Shipyard investigation. 

PNS OU-4 MONITORING LOCATIONS 
(!) (!) 

~ > 
CD CD m CD CD CD CD CD CD CD CD CD ~ CD CD CD CD 
8 8 ~ 8 8 0 0 0 0 0 0 0 0 0 0 0 8 0 0 0 0 0 0 0 0 0 0 0 

C)I 

~ ~ 
C') 

~ 
C') 

~ 
C\I C') C)I 

~ d; C\I 

(3 (3 (3 ~ M M g g .;, Ll) 8 Category 1 0 0 0 0 0 0 
::iE ::iE ::iE ::iE ::iE ::iE ::iE ::iE ::iE ::iE ::iE ::iE ::iE ::iE ::iE ::iE ::iE 

"10 CLAY 10.47 0.85 11.83 13.42 4.79 24.38 26.66 15.41 14.8 1.41 16.01 0.37 22.65 22.64 6.96 4.79 19.4 
"10 SAND 78.14 97.11 74.9 66.25 89.15 26.86 30.43 57.46 57.05 89.41 56.9 97.07 25.055 33.92 78.13 85.63 46.66 
"10 SilT 11.39 2.04 13.27 20.33 6.06 48.76 42.91 27.13 28.15 9.18 27.09 2.56 52.295 43.44 14.91 9.58 33.94 
lToc 1.73 1.89 2.255 2.15 4.54 2.91 3.12 2.09 1.81 1.13 1.92 0.69 2.005 2.36 0.7 0.47 2.09 

CD CD CD 
8 0 8 0 
C') 

~ 8 ,..:. 
0 0 

::iE ::iE ::iE 
2.35 7.44 28.85 
84.51 73.79 20.89 
13.14 18.77 50.26 
0.52 0.98 1.97 

- ------------- ----- ------- - --- - -----

CD CD 
8 8 

C\I 
ob ob 

Category 1 0 C> 
::iE ::iE 

"10 CLAY 7.07 14.73 
"10 SAND 78.55 43.71 
"10 SilT 14.38 41.56 
TOC 1.04 1.63 

REFERENCE LOCATIONS 
CD 
8 

Category 1 
(3 
a: 

"10 CLAY 17.76 
"10 SAND 47.9 
"10 SilT 34.34 
h"oc 3.91 
1- See TtNUS (2000a) 

» 
I 

...&. 

J\) 

CD 
8 
C)I 
(3 
a: 

1.79 
95.4 
2.81 
0.45 

(!) 

~ m 
8 
C') 

ob 
C> 
::iE 

0.085 
99.345 
0.57 
0.545 

CD 

~ 
(3 
a: 
4.5 

95.05 
0.45 
0.35 

CD CD CD CD CD 

! 8 8 0 0 
0 ~ ~ C)I C') 

en en en en 
C> 0 C> 0 0 
::iE ::iE ::iE ::iE ::iE 

13.43 0.51 0.41 31.01 10.87 
56.94 98.65 98.77 12.98 69.49 
29.63 0.84 0.82 56.01 19.64 
1.88 0.28 0.54 2.14 2.56 

CD CD CD CD CD 

~ 
C> 8 C> C> 
C> 0 ~ C)I C') 

(3 N C\I N C\I 
C> C> 0 0 

a: a: a: a: a: 
11.19 4.72 4.57 5.08 14.06 
76.69 89.24 91.07 88.92 6201 
12.12 6.04 4.36 6 23.93 
0.84 2.19 0.56 0.6 1.07 

C!l (!) C!l 

~ ~ ~ 
, 

CD CD CD CD m m CD CD CD ill CD 
0 0 8 0 8 8 8 8 8 8 8 8 0 0 0 

6 C\I C') <? ~ 
C') ;;; C\I C') :}: C\I 

0 0 N N M M ~ 
:iii ::iE :iii :iii :iii :iii :iii :iii :iii ::iE :iii :iii 

0.215 7.68 26.37 4.15 9.08 8.395 17.17 0 27.76 22.64 17.57 13.15 
98.605 78.18 31.58 92.7 73.69 75.93 54.135 20.18 32.82 32.08 35.57 64.45 

1.18 14.14 42.05 3.15 17.23 15.675 28.695 79.82 39.42 45.28 46.86 22.4 
1.73 1.15 1.75 1.34 1.4 1.14 1.74 1.95 2.23 2.4 3.31 2.18 

CD CD CD CD CD CD CD CD 
8 C> C> 

~ 8 8 8 
~ 

C1> C> 0 01 

~ 
C') 

~ 
C\I C') !!! M M g g C1> 0 C> 0 C> 

~ a: a: a: a: a: a: a: a: 
8.4 14.2 12 4.18 9.71 1.73 0.42 2.16 7.3 

69.47 65.82 68.01 88.65 70.13 98.1 96.01 96.12 81.2 
22.13 19.98 19.99 7.17 20.16 0.17 3.57 1.72 11.6 
3.17 2.16 2.02 0.69 1.98 0.3 0.26 0.29 1.3 

P.f1 

CD 
8 
~ 
0 
::iE 

23.13 
41.21 
35.66 
1.48 

CD 

g C1> 
0> 
!!! ~ C1> 

:iii ~ 
20.58 12.7 
48.77 62.1 
30.65 25.3 
2.4 1.8 



#REFI Analyte" 

MET Arsenic 
MET Cadmium 
MET Chromium 
MET Copper 
MET Lead 
MET Mercury 
MET NIckel 

MET Silver 

MET ZinC 

MET SEJI,·AVS 

PAH 1.5.7·Tnme1hylnaphtllalone (L) 

PAH 1-Meltlytnaphltlalene (L) 

PAH 1-Meltlytphenanltlrone (L) 

PAH 2 S-Dlmaltlytnaphltlalene (L) 
PAH 2-Methytnaphthalene (L) 
PAH Acanaphltlana (L) 

PAH Acenaphltlytana (L) 

PAH Anltlracana (L) 

PAH Benzo(a)anlhracana (H) 

PAH Benzo(aJpyrona (H) 

PAH Benzo(b )ftuoranltlona (H) 
PAH Benzo(b-+l<)1Iuoranltlena (H) 

PAH Benzo(a)pyrana (H) 
PAH Benzo(g .h.l)parytena (H) 
PAH Benzo(l<)ftuoranltlena (H) 

PAH Blphanyt (L) 

PAH Chrysene (H) 

PAH Dlbenz(a,h)anltlracena (H) 

PAH Fluoranltlena (H) 
PAH Fluorana (L) 

PAH Indeno(1.23·cd)pyrena (H) 
PAH Naphltlalana (L) 

PAH Perytana (H) 
PAH Alenanltlrana (L) 

PAH Pyrane (H) 
PAH LMWPAHs 
PAH HMWPAHs 

PAH Tola1 PAHs 
PCS Tola1 PCBs 

PST Aldnn 

PST Alpha·SHC 

PST A1pha-chlorc1ane 
PST Beta·SHC 
PST ChlolJlynlos 
PST CISNonachlor 
PST Dalta·SHC 
PST OIeldnn 
PST Endosullan II 
PST Endnn 
PST Gamma-BHC (LIndana) 

PST Gamma-Chlordane 
PST Heptachlor 

PST Heptachlor apOXlde 
PST Hexechlorobenzene 
PST MIr8x 
PST OxychIOl'dana 
PST Pentachloroants~e 

PST . Pentachlorobenzene 
PST Trans-Nona:hlor 
PST 1,2,3,.·Tetrachlorobenzene 
PST 1.2.4,s. T atrachlorobanzene 
PST o.p··OOO 
PST p.p'·DDD 
PST o,p'·ODE 
PST o,p'·DDT 

PST p,p'·DDE 

PST _p,p'·DDT 
TOC %TOC 

Table A-2-2 4a Concentrsbons of contamnan1S In the sediment pore water trom Round 2 of the Portsmouth Naval stupyard Investlgsbon 

N

g 

~ 
NA 

NA 

NA 
NA 

NA 
NA 
NA 
NA 

NA 
NA 
453 
390 
499 
453 
390 
385 
398 
447 

560 

501 
6.09 
609 
601 
659 
609 

369 

560 
658 

503 
414 
554 
330 
595 
447 

502 

539 

3.74 

639 
375 
517 
675 
374 
5.28 
403 
497 
367 
6.21 

6'5 
492 
579 
6.77 
621 
NA 
517 
875 
4.53 
4.56 
8.00 
6.00 
665 

6.42 
865 

642 

eJ 
> 
'!' 

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 
~ ~ ~ 

;:; '" '" ~ 1 1 j J § § ~ 
1..55 609 5.56 439 353 155 155 

0.50 050 050 050 050 050 050 

2.50 2.50 2.50 2.50 2.50 2.50 2.50" 
.. 

560 150 . 2.80 2.20 150 2.20 400 

1.50 1.50 150 150 150 150 150 
003 003 003 003 003 003 003 
700 2.50 2.50 2.50 2.50 1000 2700 
2.50 2.50 2.50 2.50 2.50 2.50 2.50 

840 1350 530 460 440 810 620 

·23 9 12 ·34 4 ·260 ·14 '·10 ·503 ·159 ·180 ·05 ·109 
OOS 004 007 002 001 . 0.01 002 002 002 007 001 
034 033 086 0.08 003 006 010 010 011 083 006 
023 0.07 013 002 001 002 004 003 004 010 002 
006 006 011 002 001 001 002 002 003 012 002 
029 0.52 1.22 014 006 010 015 018 018 141 011 
022 080 304 012 OOS 011 051 032 035 074 010 
178 088 172 039 017 0.25 048 039 051 319 033 
Os. 109 2.35 030 014 019 067 045 045 2.13 028 
006 015 0.23 004 002 002 008 0.06 006 026 003 

004 008 011 002 001 0.01 003 003 003 010 002 

003 OOS 007 001 001 0.01 003 003 003 009 001 
004 007 010 002 001 001 004 0.03 003 011 002 
003 OOS OOS 001 000 001 002 002 002 OOS 001 
001 001 001 000 000 000 000 eoo 000 002 000 
001 002 0.02 000 000 000 001 001 001 002 000 

012 014 0.38 004 001 003 004 004 006 020 004 

012 014 020 004 002 003 008 006 006 025 003 

000 000 000 000 000 000 000 000 000 001 000 

060 075 161 019 012 019 054 042 036 149 019 

0.79 070 2.95 014 006 010 041 027 030 101 014 

001 001 001 000 000 000 001 001 001 002 000 

118 30S 985 079 034 072 104 094 135 722 083 

000 001 0.02 001 000 000 001 001 001 001 001 

307 1.91 497 027 015 037 095 068 058 208 022 

104 070 150 021 011 015 046 038 035 126 023 

788 895 2609 214 097 184 421 323 373 1777 2.01 

187 184 366 049 0.27 041 119 095 088 337 050 
975 1080 2975 263 124 225 539 419 460 2114 251 

0004 0003 0003 0002 0000 0004 0006 0003 0002 0011 0002 

583E·07 593E'07 355E·OS 645E·07 238E·07 134E·OS 653E·07 770E·07 844E·07 99ZE·07 945E·07 

170E·03 ·126E·03 110E·03 lllE-03 364E·04 379E·04 118E·03 510E·03 244E·03 293E·03 25SE·03 

966E·OS 345E·04 271E·OS lUE·OS 476E·06 434E·06 732E·06 127E·OS 119E·OS 5 OSE·OS 255E·06 
457E·03 855E·Q4 916E·03 384E·03 253E·03 617E·03 179E·02 782E·03 993E·03 151E·03 2.90E·02 
546E·OS 464E·OS 486E·OS 50ZE·OS 186E·OS 165E·Q4 541E·OS 613E·OS 571E·OS 776E·OS 73SE·OS 
122E·OS 168E·OS 2.54E·06 156E·06 622E·07 15ZE·OS 951E·06 321E·06 244E·06 843E·06 147E·06 
315E·04 197E·04 403E·04 507E·04 12OE·04 937E·Q4 230E·04 130E·03 131E·03 330E·04 303E·03 
2.22E·04 584E·03 2.03E·04 734E·06 799E·OS 157E·04 219E·04 378E·04 610E·OS 144E·OS 164E·OS 
2.37E·02 158E·02 845E·03 5.2OE·03 2.45E·03 512E·03 627E·03 379E·03 824E·03 140E·02 335E·03 
736E·OS 5 DOE'04 706E·OS 370E·OS 140E·OS 492E·OS 408E·OS 457E·OS 498E·OS 563E·OS 553E·OS 
710E·03 604E·03 24SE·03 140E·03 996E·04 2.37E·03 331E·03 381E·03 262E·03 248E·03 785E·04 
496E·OS 486E·04 UOE·06 2.85E·06 243E·06 . 9OSE·06 8G4E·06 762E·06 81ZE·06 293E·OS 479E·06 
'.54E·05 2.76E·05 716E·06 2.61E·06 , 85E·06 627E·06 1.53E·OS 171E·05 l05E·05 379E·05 475E·06 
1 Q2E·05 868E·06 970E·06 961E-06 361E·06 123E·05 101E·05 116E·OS 1.24E·05 151E·05 14ZE·05 
9.37E·07 600E·06 2.68E·06 5.28E·06 143E·06 2.45E·06 208E·06 698E·06 448E·06 115E·05 2.83E·06 
546E·06 107E·05 643E·06 180E·06 149E·07 481E·06 324E·07 2.34E·06 373E·07 239E·06 351E·07 

2.30E·05 369E·05 2.02E·OS 114E·06 810E·07 168E·06 2.55E·06 938E·06 271E·06 35ZE·05 861E·06 

5.07E·05 607E·05 763E·05 534E·05 104E·05 144E·04 584E·OS 484E·05 108E·04 857E·05 703E·05 
1.1ZE·05 513E·05 571E·06 2.22E·06 113E·06 376E·06 2.26E·06 169E·06 585E·07 71SE·06 368E·07 
170E·05 3.89E-04 117E·04 287E·04 118E·04 333E·04 84SE·04 717E·04 244E·03 83ZE·04 168E·04 
857E·04 494E·04 530E·04 587E·04 2.24E·04 189E·03 15SE·03 841E·04 243E·03 29ZE·03 1.7ZE·03 
899E·04 309E·03 809E·04 844E·05 733E·05 450E·05 2.5ZE·04 1 S.E·04 167E·04 , 43E·03 89ZE·05 
2.27E·05 117E·04 2.1ZE·05 891E·06 533E·06 485E·05 2.28E·06 265E·06 278E·06 562E·05 373E·05 
2.09E·05 2.99E·04 823E·05 1471;·06 115E·05 853E·06 196E·05 53'E·06 263E·06 380E·05 194E·07 
396E·04 308E·03 735E·04 390E·05 528E·05 471E·OS 244E·Q4 929E·OS 9 HE·OS 128E·03 2.1SE·OS 
39ZE·OS .706E·04 5.87E·OS 1.28E·OS 2.59E·OS 77SE·OS 384E·OS 325E·OS 2.25E·OS 2.2OE·04 801E·06 
57ZE·OS 383E·03 600E·04 151E·OS 839E·OS 229E·OS 73ZE·OS 237E·OS 25ZE·OS 691E·OS 117E·OS 

173 169 226 215 454 291 312 209 181 113 192 

1 • Unn9 metals (measurad) = ~gA.; For organICS, pora waler concan1rabon (~gA.) = .adlmant concan1rabonl(loc X Koc), (loc=%TOCll00), 
See Table A·2·2.2a for sediment concentrauon values 
For metals, pore water concentra1lons were measured One-haH Method Detection limn substrtutad for non.c:tBtacti 

2· Saa Tabla A·2·2.1 lor Koc valua. 

3- Total PCBs = SUm 01 congon"", x2, Sea Tabla A·2·2.4b 

A-13 
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Chromium 
Copper 
Load 
Mercury 
Nickel 
Silver 

ZIOC 

SEM-AVS 
1,6,7-Tnmelhylnaphthalene (I.) 
l-Melhylnaphlhalene (L) 
l-Melhylphenanlhrene (I.) 
2,6-Dmelhylnaphlhalono (L) 

2-Melhylnaphlhaleno (L) 
Aconaphlheno (I.) 
Aconaphlhylono (I.) 
Anlhracono (L) 
Bonzo(ajanthrac:one (H) 

Bonzo(alPyrono (H) 
Bonzo(b )1Iuoranlhono (H) 

Bonzo(b-Ht)ftuoranlhena (H) 
Bonzo(o )pyrone (H) 
Bonzo(g ,h,llPoryIono (H) 
Bonzo(k)ftuoranlhone (H) 
Biphonyl (L) 
Chryson a (H) • 
Dlbonz(a,h)anlhrac:ono (H) 
Fluoranlhene (H) 
Fluoreno (I.) 
Indono(1,2,3-cd)pyrena (H) 
Naphlha/eno (I.) 
Perylono (H) 
Phonanlhrene (I.) 
Pyrena (H) 
LMWPAHs 

Alpha-SHC 

Alpha-chlordane 
Bota·SHC 
Chlorpynlos 
CIS-Nonac:hlor 
Oelta..aHC 

OIo1dnn 
Endosunan II 
Endnn 

Gamma-BHC (Lindane) 
Gamma-Chlordane 
Heptachlor 

Heptachlor epOXIde 
Haxachlorobanzana 
MIr8x 
Oxychlordeno 
PentachloroanlSoia 
Pantschlorobenz .... a 
Trano-Nonac:hlor 
1.2.3 ... • T atrachlorobenzane 
1,2, • .s-T otrachlorobonzene 
o,p'-OOD 

p,p'-OOD 
o,p'-OOE 

o,p'-OOT 
p,p'-OOE 

Tabl. A-2-2.a (conunuod) 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 

.53 

390 
.99 

4.53 

390 
365 

398 
•• 7 

560 

601 

609 
609 
601 
659 

609 
389 
560 

656 
503 
4 I. 
65. 

330 
595 
447 

502 

1.55 
0.50 
2.50 

.7.,00 
1.50 
0.03 
600 
2.50 

001 
003 
001 

001 

006 
0.08 
01. 

012 
001 
0,01 

001 

0.01 

0.00 
000 
000 
002 

002 
000 
012 

Oa. 
000 

0.25 
000 
012 
0,10 

081 
0.26 

1.55 

0.50 
2.50 
1.50 
1.50 
0.03 

2.SO 
2.50 

003 
OIl 
003 

003 
016 
029 
0.52 

0.58 
0.06 

003 

0.02 
003 

001 

000 
001 

006 
007 
000 
051 
0.31 

000 

113 
001 

060 
O.s 

358 
112 

8.21 
0.50 
2.SO 
ISO 
ISO 
003 
2.SO 

2.50 

002 
01. 

002 
003 
020 
019 

036 

039 
Oa. 

0.02 
001 

0.02 
001 

000 
001 
Oa. 
005 
000 
026 

o.n 
000 

093 
001 
0.7 
0.26 
281 
065 

003 
016 

0.03 
Oa. 
0.26 
0.6 

085 

066 
009 

005 

Oa. 
005 

003 
001 

001 
007 
009 
000 

053 
039 
001 
1.66 
001 

087 
051 

518 
In 

.55 
050 

2.50 
150 
150 

003 
2.50 
250 

002 
012 

006 
003 
020 
0.9 

059 
0.63 
OU 
009 
0,06 

OIl 

005 
001 

003 
007 
021 
000 
130 

053 
002 
136 
001 
186 

105 

566 
280 

002 
006 
0.02 
0,02 
0.15 
012 

O~ 

030 
0.06 
003 

0.02 
0,03 

002 

000 
001 
Oa. 
005 
000 
020 

017 
000 
105 
001 

026 
023 

2.5. 
058 

.a 20 
0.50 
2.50 
150 
150 

003 
1300 

2.50 

870 

0.01 
Oa. 
001 

001 
006 
013 

009 
012 
0.02 

001 
001 

001 
000 
000 
000 
003 
002 

000 
014 

010 
000 
037 
000 
025 
012 
112 
031 

.59 

050 
2.50 
1.50 

. 150 

003 
2.50 
2.50 

.50 

0.01 
007 
001 

002 
0.12 
017 

033 

031 
005 

002 
002 

003 
001 
000 
0.01 
Oa. 
005 
000 
033 
017 

000 
083 
001 
0.6 
030 
238 
075 

0.02 
006 

0.03 
003 
013 
016 

039 

029 
003 

002 

002 
002 
001 

000 
000 
Oa. 
Oa. 
000 
025 
015 
000 
091 
000 
035 
02. 

2.38 
058 

001 
007 
001 

001 
009 
011 
039 

015 

002 
001 

001 
001 
000 

000 
000 
003 
001 

000 
OIl 
OIl 
000 
072 
000 
017 
OIl 
174 
on 

155 
050 

2.50 
ISO 
150 

003 

600 
2.50 

Oa. 
019 
003 

Oa. 

032 
055 

067 
073 

006 
O.a. 

003 
005 
002 
001 
001 
009 
010 
000 
055 
039 

001 
161 
001 
083 
056 
510 
133 

639 U8E-06 163E-06 8.6E-07 176E-06 251E-06 926E-07 219E-06 123E-06 103E-06 165E-06 110E-06 

37' 

639 
375 
517 
675 
374 

526 
.03 
.97 
367 
6.21 
615 

.92 
579 
677 

821 
NA 
517 
875 

• .53 
.56 

6.00 
600 
865 
6.2 

665 

2.13E-03 

768E-06 
1.07E-02 
117E-a. 
256E-05 
132E-03 
8.39E-05 
21eE-03 
8.6E-05 

312E-03 
533E-06 
2.03E-06 
2.2QE.05 

2.35E-05 
305E-07 
577&07 

7.82E-05 

69OE-06 
179E-03 

837E-a. 
19QE-03 

U7E-a. 
l11E-03 
1.55E-03 

• .53E-03 

183E-03 

I "E-05 
2.29E-02 
2.26E-a. 
2.82E-06 
• 53E-a. 
5.90&05 
7 "E-03 
569E-05 
2.7.E-03 
119E-05 
1.05E-06 

1.sE-05 
1.35E-a. 
1.51E-06 
887E-06 

8.58&05 
308E-06 
2.~E-a. 

2.19E-03 

133E-a. 
2.a.E-05 
.23E-06 
513E-05 

3.22E-05 

2. 1 0E-03 

449E-06 
2.36E-02 
872E-05 

'.2E-06 
281E-a. 
2.23E-07 
.7.E-03 
• 95E-05 
557E-03 
623E-06 

.'eE-06 
1.26E-05 
2.51E-06 
2.caE-06 
1.a.E-06 

5.aE-05 
I s.E-06 
68OE-a. 

19se-a. 

128E-a. 
2.90E-05 
575E-07 
.03E-05 

105E-05 

Pago2016 

2.63E-03 

'.0E-05 
308E-02 
140E-a. 

101E-05 
156E-03 
18OE-a. 
116E-02 
106E-a. 
8,92E-03 
.36E-06 

'.0E-05 
2.69E-05 
533E-06 
265E-06 
7caE-06 

3 leE-a. 
17eE-06 

I09E-03 

2.59E-03 
lISE-a. 
130E-05 
5.66E-06 
626E-05 

2.10E-05 

127E-03 

234E-05 
363E-03 
19.E-a. 
•. 86E-06 

11SE-03 
1.90E-a. 
147E-02 

'.7E-a. 
6.'E-03 
I a.E-05 
7.eE-06 

3.75E-05 
S90E-06 
7.53E-06 
l.aE-05 

1.29E-a. 
113E-06 

1.13E-03 
175E-03 

1.29E-a. 
193E-05 
193E-06 

.05E-05 
171E-05 

193E-Q3 

507E-06 
112E-02 
726E-05 

2.11E-06 
309E-a. 
503E-06 
.... SE-03 

533E-05 
361E-03 

322E-06 
.53E-06 
137&05 
3.86E-06 
2.02E-06 
117E-06 

S.eE-05 
2.03E-06 

8 "E-05 
I a.E-03 

I leE-a. 
2.51E-05 
• 33E-07 

273E-05 

7.90E-06 

2.37&05 

106E-Q3 

941E-06 
326E-03 

175E-a. 
577E-06 
S99E-a. 
506E-05 

269E-03 
133E-a. 
456E-03 

353E-06 

1.21E-05 
3.Z1E-05 
6.55E-06 
.S.E-07 
2.caE-05 

1.17E-a. 
5.9.E-07 

9 a.E-a. 
e..sE-a. 

2.33E-05 
6.2OE-05 
17.E-06 
I S.E-05 

8.27E-05 
2.86E-05 

169E-03 

998E-06 
935E-Q3 

9s.E-05 
286E-06 
406E-a. 
209E-a. 
590E-Q3 

7 a.E-05 
198E-03 

150E-05 
8.09E-06 
1.8OE-05 
3 s.E-06 
22.E-06 
5QOE-06 

1.sE-a. 
270E-06 

810E-a. 
476E-03 

2. 1 eE-a. 
1.75E-05 
369E-06 
89.E-05 

808E-05 
.08E-05 

653E-a. 

S 21E-06 
182E-02 

839E·05 
125E-06 

360E-a. 
187E-05 

386E-03 
S 19E-05 
131E-03 
.66E-06 
570E-06 
123E-05 

65eE-06 
2.23E-06 
• a.E-07 

5.6E-05 
170E-06 

373E-a. 

167E-03 
2.81E-05 
2.2OE-05 
7.7E-07 
I a.E-05 

632E-06 
126E-05 

497E-a. 

193E·06 
182E-02 
l00E-a. 
167E-06 

491E-a. 
3.SSE-OS 
113E·03 
753E-05 
269E-03 
1~E-06 

6.0E-06 
193E-05 

3.83E-06 
2.68E-07 
.7eE-07 

2.28E-05 
3.eE-07 

596E-05 

132E-03 
511E-06 
1.09E-05 
7s.E-08 
5 02E-06 

115E-06 

7 

A-14 

265E-03 

110E-a. 
116E-02 

87SE-05 
126E-05 

175E-a. 
.. 75E-04 

117E-02 
153E-a. 
2..eE·03 
2.59E-a. 

810E-06 
la.E-05 
2.1eE-05 
3.2.E-06 
159E-05 

13eE-a. 
35eE-05 
136E-03 

2.~E-03 

3~E-03 

1.26E-a. 

'.'E-a. 
• 39E-03 
• 79E-a. 



Tablo A-2-2'" (conUnuod) 
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IREFI Anelyro' , g> i i i :;; 
MET Arsenic NA 3.66 ,.55 ,55 3l;( ,55 4" ,55 

MET Cacmum NA 0.50 0.50 0.50 050 0.50 '0.50 0.50 
MET Chromium NA 2.50 2.50 2.50 2.50 2.50 2.50' 2.50 
MET Coppor NA '.50 23.20 3,5 ,90 ,50 'SO 2.'5 
MET Load NA '.50 '50 ,.50 ,50 ,50 'SO ,50 
MET Mercury NA OOS 003 003 003 003 003 003 
MET Nickel NA 2.50 '2.00 ,500 2.50 2.50 2.50 '000 
MET Silver NA 2.50 2.50 2.50 2.50 2.50 2.50 250 

MET ZInc NA 360 '2.'0 900 570 650 530 740 

MET SEM-AVS NA -365 50 -323 '.5 -05 -474 -27 , -0' -26 6 -987 -2.5 
PAH ',6,7-Tnmo1l1y1naphtlleleno (L) 453 003 003 002 00, 006 0.02 00' 00, OU 002 OOC 

PAH ,-Methylnophthalone (L) 390 0'6 0,'9 0,3 OOS 006 009 006 006 025 009 022 

PAH ,-Mo1l1y1phenanthreno (L) 499 OOS 007 0.02 00' 006 002 002 002 0'3 002 OOC 

PAH 2.5-Dme1hylnaphthelono (L) - 453 003 OOC 003 00, 002 0.02 00' 002 0'3 002 006 
PAH 2-Mo1l1y1naphthaleno (L) 390 02C 035 020 006 0,0 014 0'0 0,2 033 0'6 046 
PAH Aconaph1l1ene (L) 3.BS 038 039 0« OOC 009 OJ( 027 0,2 '36 0'6 0'8 
PAH Aconaph1hyleno (L) 398 057 , '6 OS, 020 0'8 0.30 017 0,6 2.'5 056 037 
PAH Anthracene (L) 447 057 "3 O.l;( OU 049 033 032 022 483 2'7 Ol;( 

PAH Benzo(a)anthracono (H) 560 0.06 OU 006 00' OOS OOC OOC 002 036 OOS OOS 

PAH Benzo(a)pyrone (H) 60, OOC OOS 003 000 0,02 002 002 00' 0,5 0.02 002 

PAH Benzo(b )tIuoran1l1eno (H) 609 003 006 003 00, 0.Q1 002 00, 00' 0'0 002 002 
PAH Benzo(b'"')1Iuorantheno (H) 609 OOC 007 0.03 00' 002 002 002 00' OU 002 002 
PAH Benzo(o)pyreno (H) 60' 002 003 002 000 00' 00, 00' 00' 007 00, 00' 
PAH Benzo(g,h,l)porylono (H) 659 000 00' 000 0.00 000 000 000 000 002 000 000 
PAH Benzo(k)ftuorantheno (H) 609 00' 00' 00' 000 000 00, 000 000 OOC 00, 00' 
PAH Blphonyl (L) 3.89 006 006 006 OOS 003 O,OS 003 003 023 OOC 0,3 

PAH Chryoeno (H) 560 007 017 007 00' OOC OOC OOC 002 029 006 OOS 

PAH Dlbenz{a,h)anthracene (H) 658 000 000 000 000 000 000 000 000 00, 000 000 

PAH Fluorantheno (H) 503 003 "8 047 OOS 035 03, 026 017 2,2 OJ( 037 

PAH Fluoreno (L) 414 OJ( 032 03' OOC 02' 023 0'9 011 2" OJ( 029 

PAH Indeno(' ,2,3-cd)pyrene (H) 654 00, 00' 0.0' 000 000 000 000 000 002 000 000 

PAH Naph1l1e1ono (L) 330 ,75 ,3, , ,9 056 055 OBB 077 '38 38' , '0 2" 
PAH Porylono (H) 595 00' 00' 00' 000 000 00, 000 000 003 000 00' 

PAH Phenan1hrene (L) 441 075 '.27 07, 009 046 053 047 025 474 043 063 

PAH Pyrono (H) 502 042 ,35 0(3 O,OS 03' 029 025 0'5 ,7, 03, OJ( 

PAH LMWPAHs 459 622 390 , ,5 206 274 2.29 2.37 ,966 492 487 

PAH HMWPAHs 062 320 , 07 0,2 077 070 060 037 ' 463 078 OBS 

PAH Total PAHs 52' 942 496 '.27 286 3" 2.89 274 2429 570 572 

PCS Total PCBs 0004 00'0 0005 0005 0005 0005 0002 000' • 0008 0002 0011 

PST Aldnn 639 500E-07 533E-06 , 32E-OC 335E-06 '8,E-06 78,E-OS 573E-OS 807E-07 , 22E-06 , 63E-06 57BE-OS 

PST Alpha-SHC 374 , '3E-03 , BSE-03 ',96E-03 , 97E-03 , 70E-03 326E-03 71BE-OC 850E-OC 320E-03 , 6BE-03 , 23E-03 

PST A1pha-chlordane 639 , '5E-OS " BBE-OC , 47E-OS , 02E-OS , 74E-OS , 89E-OS 398E-06 349E-OC , 28E-OS 8 BSE-06 456E-OS 

PST Beta-BHC 375 2.09E-02 486E-03 , '5E-02 , SOE-02 2.66E-03 487E-03 372E-03 722E·03 203E-02 2'6E-02 697E-03 

PST Chlorpynfos , 517 807E-OS , 30E-OC 6,64E-OS 2.65E-OC , 44E-OC 930E-OS 435E-OS 5'9E-OC 9 BBE-OS , UE-OC 6SOE-OS 
PST ClS-Nonachlor 675 36BE-06 , 83E-OS 497E-06 441E-06 686E-06 206E-06 2.07E-06 , 57E-OS 29,E-06 2.32E-06 803E-06 
PST Delta-SHC 374 2.23E-03 559E-oc 2.5'E-03 , UE-03 'O,E-03 2.2,E-03 264E-04 244E-04 411E·OC , 77E-03 27,E-OC 
PST Doeldrin 5,26 96BE-OS 2.70E-04 95'E-OS , 68E-06 974E-06 442E-OS 832E-06 '3,E-04 , '9E-04 2'OE-OS ','OE-03 
PST Endosunan II 403 , 09E-02 25'E-02 48'E-03 366E-03 , 33E-02 279E-03 2.55E-03 , 32E-03 973E-03 2.9BE-03 563E-03 
PST Endrin 497 5 B6E-OS 973E-OS , 506E-OS , 89E-OC , 06E-04 694E-OS 33ZE-OS 475E-OS 738E-OS 849E-OS 5'5E-OS 
PST Gamma-BHC (Llndano) 367 330E-03 7.3'E-03 2.63E-03 73,E-03 399E-04 , "E-03 , 93E-03 , 99E-03 393E-03 , 7ZE-03 3 OSE-03 
PST Ganvna-Chlordana 62' 90ZE-06 2.47E-OC , 46E-06 43BE-06 3'8E-OS 2.00E-06 969E-07 752E-04 69ZE-06 56OE-06 , 39E-06 
PST Hoptacllior 6.'5 732E-06 , l;(E-OS 411E-06 7.52E-06 , B2E-OS 361E-06 2.74E-06 '4SE-OS 73ZE-06 7.62E-06 , 6BE-OC 

PST Hoptacllior opoxlde 492 '.53E-OS 2.45E-OS ',29E-OS 65,E-OC 2.70E-OS , 73E-OS 95oE-06 , ,eE-OS , BSE-OS 2.'9E-OS , 36E-OS 

PST Hexachlorobenzena 579 30BE-06 34ZE-OS , '2E-OS 695E-OC 2.40E-OS 2.27E-OS , 61E-06 797E-06 262E-06 435E-06 35,E-OS 
PST Mlrax _ 677 , 97E-06 387E-06 , 79E-07 69ZE-07 375E-06 2.40E-07 , 3ZE-07 7,SOE-07 , '9E-OS 2.B9E-07 , B9E-07 

PST Oxychlordano 821 376E-06 , 6OE:OS 2.61E-06 '3,E-06 88,E-07 , OOE-06 83BE-07 , 25E-OS , 2BE-OS , 4oE-06 2.29E-06 
PST Pentachloroan~ol. NA 
PST Panta:hlorobanzene 517 497E-OS , 73E-OC , 65E-OC 2.89E-03 , 87E-OC , 70E-OC 44BE-OS 3.5'E-OS 235E-OS 3B6E-OS 3'7E-OC 
PST Trans-Nonachtor 675 3,25E-06 469E-OS 7.23E-06 , 26E-06 523E-06 429E-06 , 58E-06 755E-OS 337E-06 52CE-06 500E-06 
PST 1,2,3,"· T atrachlorobenzane 453 2.'6E-OC 7,55E-OC 359E-OC 4 "E-03 , UE-03 '.07E-03 367E-OC 560E-OC , 53E-04 64oE-OS "'oE-03 
PST , ,2.4,S-Tetrachlorobonzone 456 2.02E-03 '6'E-03 , 2oE-03 9'2E-03 '.6BE-03 872E-OC 5.36E-04 722E-OC , 07E-03 ',OCE-03 32BE-03 
PST o,p'-DDD 600 2.97E-OC 2.6BE-03 536E-OC 396E-OS , 87E-OC , 27E-04 , 06E-OC , 6OE-03 964E-OS 8J(E-OS ',2OE-OC 
PST p,p'-DDD 600 66OE-06 , 46E-OC ~47E-OS , 6OE-OS 2.SSE-OS 235E-OS , 1BE-OS 2.07E-OS 964E-06 2.65E-OS 5,27E-OS 
PST o,p'-DOE 665 , 24E-OS , 0BE-03 2.65E-OS 2.26E-OS 3 94E-OS 233E-06 972E-06 4.OSE-OS :3 7"E~06 , 8,E-06 , 2BE-OS 

PST o,p'-DDT 642 '.29E-04 2.66E-03 486E-OC 38'E-OS , aBE-OC 460E-OS 49,E-OS , 7BE-03 662E-OS 359E-OS 767E-OS 
PST p,p'-DOE 8,65 43oE-OS 87ZE-OC 9'5E-OS , 62E-OS 4'9E-OS 326E-OS , 77E-OS 87oE-OS 787E-06 446E-06 , 59E-OS 
PST p,p'-DDT 842 397E-OS 646E-03 2.23E-04 6'6E-OS , 69E-OC 23,E-OS 536E-OS , 36E-OC 29BE-OS 3 S2E-OS 3'3E-OC 

TOC %TOC ,63 055 '68 026 O'l;( 214 2.56 ,73 , ,5 '75 ,34 
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i j IREFI Anel"'o" 0 i i i i i i 
MET AnIonIC NA ,55 ,.55 ,5.50 '560 7.75 3'0 
MET Cac:n.um NA 050 0.50 0.50 050 050 050 
MET Chromium NA 2.50 2.SO 2.50 • 2.50 2.50 2.50 
MET Copper NA ,.50 2.,5 '.50 '50 4,5 '.50 
MET lead NA ,50 'SO ,.50 ,50 , SO '.50 
MET Mercury NA 003 0.06 OOS 003 003 0'0 
MET Nickol NA 2.50 2.SO 2.50 2.50 700 2.50 
MET Siver NA 2.50 2.50 2.50 2.SO 2.SO 2.50 

MET Zmc NA 6.20 ,080 320 360 '~30 680 
MET SEM·AV5 NA ·73 ·'3 -557 ,"00 ·945 ·173' ·'5 ,'5.9 ·27.0 
PAH '.6,7·Tnmo1hyklaph1helene (I.) 453 OOS 006 003 030 004 004 00' 003 003 
PAH '·Me1hyln.ph1halane (l) 390 '00 , ,3 0'2 094 0'4 0'2 007 0'2 0'0 
PAH '-Me1hylphonan1hrane (I.) 499 017 020 OOS 034 0.04 OOS 00' 006 OOS 
PAH 2.6-Dlme1hylnaph1helano (l) 453 0.09 0'0 003 0.58 0.04 . 003 00' 003 003 
PAH 2-Mo1hylnaph1halane (l) 3~0 ,33 '54 020 '48 0.21 021 011 020 017 
PAH Acenaph1hene (I.) 3SS 682 695 04, '927 0.39 054 007 0,8 0'9 
PAH Acenaph1hyleno (I.) 3~8 086 OSS 048 , ,3 088 052 036 O~ 0.75 
PAH An1hracone (l) 447 2.93 3,8 08, 392 094 'OS 020 063 056 
PAH Banzo(a)an1hracene (H) 560 039 043 011 03' 0'0 0'0 002 009 009 
PAH Banzo(a)pyrane (H) 6.0' 0'6 0.'8 004 0.09 004 004 00' OOS OOS 
PAH Banzo(b )1Iuoran1h8Oo (H) 609 014 014 004 007 0.03 003 00, 003 003 
PAH Banzo(b+l<)1Iuoran1hene (H) 609 0.17 0'9 OOS 0'0 004 OOS 00' OOS 004 
PAH Banzo(o)pyrane (H) 60, 009 009 002 004 002 002 00, 002 002 
PAH Banzo(g,h,l)porylone (H) 659 002 002 0.0' 00' 000 0.00 000 00' 00' 
PAH Banzo(k)ftuoran1hene (H) 6.09 003 OOS 00, 002 00' 00' 000 00, 00' 
PAH Biphenyl (l) 3.89 0.21 028 006 '22 007 008 003 007 006 
PAH Chryseno (H) 560 035 038 0'0 0.27 0'0 011 003 008 008 
PAH Dlbonz(a,h)an1hrac8Oo (H) 558 00' 00' 000 000 000 000 000 000 000 
PAH Fluoran1hane (H) 503 2.29 2.74 088 2.74 071 071 0'5 047 029 

PAH Fluorono (I.) 414 353 414 040 ,398 OS, 087 0'0 036 030 
PAH Indeno('.23·cd)pyrono (H) 654 003 003 00' 00' 00' 00' 000 00' 00' 
PAH Naph1helano (I.) 330 '04' '344 ,27 '90 '32 '42 08' '57 '29 
PAH Polylano (H) 595 002 003 00' 00' 00' 00' 000 000 00' 
PAH Phanan1hrono (I.) 447 5'3 7.20 OSS '00' 079 , '8 0'9 078 050 
PAH Pyrono (H) 502 '98 2.26 059 2. '3 052 064 0'5 053 033 
PAH lMWPAHs 32.03 3732 44' 5'69 50s 579 '84 422 375 

PAH HMWPAHs 5'8 599 '63 553 ,55 '60 035 '23 OSS 

PAH TotelPAHs 372' 43.3' 524 5722 560 739 2.20 545 460 

PCB Totel PCBs 00'3 00'0 0003 0011 0003 0005 0002 0003 0002 

PST Aldnn 639 , 0BE·06 375E·04 755E·OS , 86E·04 ,0,E·06 849E·07 59'E·OS 564E·07 849E·07 

PST A1pha-BHC 374 630E·03 ,nE·03 '06E·oo 386E·00 742E·04 842E·04 8BBE·04 422E·00 , 53E·04 

PST A1phlKhlordano 639 274E·OS , 22E·OS 375E·06 690E·06 7'3E·06 , 29E·OS 5?1E·06 2.06E·06 ,70E·06 
PST Bata-BHC 375 , 'OE·02 2.44E·02 90,E·00 , 57E·02 , 57E·00 '3,E·00 859E·04 '40E·00 , 27E·03 

PST Chlorpyrilos 517 843E·OS '07E·04 824E·OS 2.08E·OS 908E·06 7ooE·OS , 2.2E·OS 495E·OS 589E·OS 
PST CIS-Nonachlor 675 479E·06 85,E·06 , 82E·06 380E·06 , 42E·06 2.57E·06 533E·06 ,62E·06 '40E·06 
PST Dalta-BHC 374 357E·04 442E·04 345E·04 424E·04 371E·04 307E·04 , 95E·04 2'3E·04 307E·04 
PST C101dnn 5.28 827E·OS 554E·OS 5'4E·OS 324E·OS 'O'E·04 , 14E·04 874E·06 , 45E·OS 2.SSE·OS 
PST Endosul'an II 400 2.00E·02 2.'3E·02 442E·00 2'5E·00 460E·04 427E·00 , '5E·03 556E·00 854E·04 
PST Endnn 497 6UE·OS 79,E·OS 6'OE·OS 735E·OS 5,9E·OS 508E·OS 353E·OS 3 esE·OS 309E·OS 
PST Gamma-BHC (lJndane) 367 2.3,E·00 2.BBE·oo 309E·00 276E·00 2.27E·OO , 84 E· 00 '30E·04 , 33E·oo , 84E·oo 
PST Gamma-Chlordane 621 '.82E·06 '.29E·OS 722E·06 2.2OE·06 522E·06 '.53E·06 '.02E·06 , '4E·06 , 79E·06 
PST Heptachlor 6,5 5.26E·06 '.57E·OS 514E·06 630E·06 5 '~E-06 4.24E-06 2.97E·06 306E·06 4.24E·06 
PST Heptachlor epoxlde 492 , 61E·OS 2.'3E·OS '.59E·OS '~·OS '66E·OS , 29E·OS 9.36E·06 83SE·06 '.29E·OS 
PST Hexachlorobenzene 579 3,SE·06 350E·04 771E·06 83'E·07 727E·06 743E·06 343E·06 , 49E·06 2.70E-06 
PST Mlrex 6n 434E·06 3OOE·06 2.2OE·07 2.0BE·06 2.3,E·07 , 79E·07 '.30E·07 , '6E·07 , 79E·07 
PST OxychIordane 621 '66E·OS 2.93E·OS 4.22E·06 471E·OS 2.75E·06 970E·06 925E·07 , 52E·OS 363E·07 
PST PentactdoroanlSoia NA 
PST Panta::hlorobenzane 5.17 482E·OS 533E·OS 6~OS 38'E·OS , ,0E·04 633E·OS 4.0BE·OS 449E·OS 7'7E·OS 
PST Trans-Nonachlor 6.75 6.55E·06 3.'7E·06 2.74E-06 724E·07 79'E·07 , 59E·06 '.49E·06 , 62E·07 2.21E·07 

PST , ,2,3 ,4· T atrachlorobonzene 4.53 42OE·OS ,66E·04 422E·04 33'E·04 , '9E·04 367E·OS 488E·04 ,62&04 '35E-04 
PST , ,2,4,5-T ell'achlorobonzono 4.55 667E-04 , OSE·OO '07E·03 '.34E·oo 665E·04 927E·04 348E·00 340E·04 , O,E·03 

PST o,p'·DOD 6.00 3.,7E·04 33SE·04 765E·OS , 65E·04 2.OBE·OS , OSE·04 761E·OS 7ese·OS , 43E·OS 

PST p,p'.DOD 6.00 2.02E·OS 2.52E·OS , 33E·OS '.09E·OS 588E-06 988E-06 670E·06 2.'OE·06 , 72E·OS 

PST o,p'.DOE 6.65 9OSE·06 , SSE·OS 748E·07 2.09E·06 2.ooE·07 , 89E·07 4,0E·07 '.56E·07 , 79E·06 

PST o,p'·DOT 642 626E·OS 5SSE·OS 2.32E·OS 3'2E·OS , 59E·OS 349E-OS 2'9E·OS 2.'OE·OS 745E·06 
PST p,p'·DOE 665 2.42E·OS '7'E·OS , '3E·OS 2.67E·06 68OE·06 943E·06 6'5E·OS 529E·06 264E·06 
PST p,p'·DOT 842 653E·OS 6'8E·OS , 11E·OS 2.34E·OS '.3,E·OS '09E·OS , 'OE·OS 873E·06 , 06E·OS 

TOC %TOC 140 , ,4 ,74 ,95 2.23 , 240 33' 2'8 240 
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TaI>lo A·2·2... (conbnuod) 

~ll ~ ~ ~ ~ § ~ ~ ~ ~ ~ 
" ;;; N N N 

* ~ IREF' Analyto" 8' .~ ~ ~ ~ ~ ~ ~ ~ 
MET AnIonIC NA 517 7.57 7.75 155 1610 .68 778 155' 33 70 H/5 
MET Cadmium NA 0.50 050 0.50 050 050 050 050 0.50 050 050 

MET Chromium NA 2.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50 :2.50 
MET Coppor NA 7.10 570 700 370 3.20 1.50 .'0 150 150 810 

MET load NA 1.50 150 1.50 1.50 1.50 150 150 150 150 150 

MET Mercury NA 003 003 003 ·003 003 003 003 003 003 003 
MET' NICkol NA 2.50 2.50 600 2.50 2.50 500 2.50 2.50 2.50 2.50 

MET Silver NA 2.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50 

MET ZinC NA 9.20 870 ·1590 630 9.0 630 1300 660 710 930 

MET SEM·AV5 NA ·2.4 ·H ·15 "7 ·0. ·84 .. 3 -82 00 ·123 
PAH 1.6.7·Tnmo1l1ytnophthalono (I.) 453 001 001 007 002 001 OOS Oa. 003 001 006 
PAH 1-M01l1y1noph1l1a1ono (l) 390 DOS DOS OOS 007 008 017 016 013 002 010 

PAH 1-M01l1y1phonon1l1rono (I.) .99 001 001 007 006 0.03 007 oa. OOS 001 011 

PAH 2.6-Dm01l1y1noph1l1a1ono (l) 453 001 001 002 003 001 Oa. Oa. 003 001 003 
PAH 2-M01l1y1naph1l1alono (l) 390 008 008 009 010 011 023 024 020 003 014 

PAH Aconoph1l1ono (I.) 385 008 OOS 008 0.31 015 052 027 019 002 0« 

PAH Aconoph1l1y1ono (I.) 398 025 019 028 0.81 041 080 091 072 003 045 

PAH An1l1racono (l) 447 013 010 037 046 032 135 065 070 OOS 154 

PAH Benzo(ajanthr..,ono (H) 560 002 001 006 DOS DOS 015 012 007 0.01 016 

PAH Benzo(a)pyrono (H) 601 001 0.01 002 002 003 007 006 Oa. 000 007 

PAH Benzo(b)1luoron1l1ona (H) 609 001 001 002 002 003 DOS OOS 003 000 DOS 

PAH Benzo(b-+lt)1luoran1l1ano (H) 609 001 001 002 0.03 003 007 007 Oa. 000 007 

PAH Benzo(a)pyrona (H) 601 001 000 001 002 002 003 003 002 000 003 

PAH Benzo(g.h.IJporylona (H) 6.59 000 000 000 000 000 001 001 '000 000 001 

PAH Benzo(l<)ftuoran1l10no (H) 609 000 000 001 001 001 002 002 001 000 002 

PAH BIphenyl (L) 389 003 003 oa. OOS 003 008 007 006 001 DOS 

PAH Chrysona (1-1) 560 002 001 DOS 009 006 013 012 008 001 013 

PAH Dlbonz(a.h)an1l1r..,ano (1-1) 658 000 000 000 000 000 000 000 000 000 000 

PAH Fluoran1l1ona (1-1) 503 011 008 026 lOS 039 095 071 054 006 093 

PAH Fluorana (I.) 414 009 DOS 021 048 015 055 038 031 003 056 

PAH Indano(I.2.3·cd)pyrana (1-1) 654 000 000 000 000 001 001 001 00' 000 001 

PAH Noph1l1a1ana (I.) 330 062 040 063 075 059 164 159 137 019 128 

PAH Parylana (H) 595 000 000 000 000 001 001 001 001 000 001 

PAH Phanan1l1rona (I.) 447 0.15 011 038 242 057 124 095 063 OOS 150 

PAH Pyrana (1-1) 502 011 008 024 075 033 089 063 049 DOS 079 

PAH lMWPAHs 139 098 2a. 532 2.29 635 500 412 041 592 

PAH HMWPAHs 027 019 064 196 087 219 164 122 013 2.09 

PAH Total PAHs 156 118 267 7.28 316 853 664 534 053 800 

PCS Total PCBs 0001 0003 0003 0002 0002 0023 0003 0003 0001 OOOS 

PST Aldnn 639 782E·07 2.76E·06 2.97E·06 ,.6E·06 661E·07 222E·06 241E·06 135E·06 141E·OS 1.00E·a. 

PST Alpha·SHC 374 188E·a. 163E·03 IOSE·03 656E·a. 5 a.E·a. 853E·03 613E·a. 12OE·03 110E·03 2.38E·03 

PST Alpha-chlordena 639 354E·06 362E·06 456E·06 291E·06 819E·06 189E·OS 143E·OS 267E·06 5UE·07 755E·06 

PST Beta-SHC 375 119E·03 399E·03 • 62E·03 203E·03 123E·03 3 OSE·03 779E·03 1 93E·03 765E·a. 2.83E·03 
PST Chlorpynfos 517 621E·OS 2.10E·a. 1.93E·OS I08E·a. 508E·OS 163E·a. 180E·a. 1 a.E·a. 639E·06 562E·OS 
PST CISNonachlor 675 262E·06 1.96E·06 10IE·06 2.94E·06 IOSE·OS 132E·OS 706E·06 247E·06 401E·06 212E·06 

PST Dalta-SHC 374 2.56E·a. 808E·a. 1 a.E·03 433E·a. 212E·a. 6.9E·a. 772E·a. 433E·a. 287E·a. 168E·a. 
PST Oleldnn 528 552E·OS 415E·OS 45BE·OS 43BE·OS 163E·a. 451E·a. 355E·OS 197E·a. • 98E·06 170E·OS 
PST En dosulfan II 403 195E·03 828E·a. 107E·03 155E·03 2a.E·03 849E·03 249E·03 610E·Q4 235E·a. 518E·a. 
PST Endnn 497 461E·OS 153E·a. 182E·Q4 821E·OS 388E·OS 123E·Q4 133E·Q4 793E·OS 301E·OS 41BE·OS 
PST Gamma-8HC (l.lndano) 367 168E·03 574E·03 6.6E·03 282E·03 138E·03 115E·03 179E·03 161E·03 163E·03 2.9E·03 
PST Ganvna·Chlordane 621. 329E·06 4 Q8E·06 350E·06 2.19E·06 280E·06 438E·06 715E·06 687E·06 879E·07 115E·06 
PST Heptachlor 6.1S 897E·07 312&06 1 DOE·OS S68E·06 1.92E·06 7.52&06 2.22E·OS 6.56E·06 2.55E·06 2.27E·06 

PST Heptachlor epOXIda .92 110E·OS • OSE·OS 5.21E·OS 2. 17E·OS 832&06 3.26&OS 3 a.E·OS 170E·OS 767E·06 113E·OS 

PST Hexachlorobenzane 579 2.28E·06 721E·06 926E·06 135E·os 5.1BE·06 579E·06 5.0E·06 182E·03 156E·06 2.29E·06 
PST M,rex 677 153E·07 5.62E·07 723E·07 301E·07 1.ISE·07 4.52E·07 •. 21E·07 2.36E·07 1 Q6E·07 •. 92E·06 
PST Oxychlordano 621 313E·07 681E·07 875E·07 365E·07 ,.0E·06 3 g.E·OS 102E·06 573E·07 388E·07 2.81E-OS 

PST Pentachloroanssole NA 
PST Pentachlorobenzene 517 • 31E·OS 187E·a. 2.02E.Q4 8.3E·OS 6.32E·OS 12OE·Q4 1.35E·a. 12OE·a. 382E·OS 112E·a. 
PST Trans-Nonachlor 675 1.58E-06 784E·07 756E·07 2.10E·06 1.93E·06 599E·06 S.88E·07 2.97E·06 3~E·07 2.61E·06 
PST , .2,3,.· T 81rachlorobenzena 453 128E·a. • .57E·a. 672E·a. 2.45E·a. 3.22E·a. 525E·Q4 588E·Q4 384E·a. 185E·OS 177E·a. 
PST 1.2.4.5-T elrachlorobonzona • .56 2.11E·OS 2.68E·03 369E·03 5.56E.a. 5UE·a. 931E·a. 732E·a. 616E·a. 130E·a. 6.61E·a. 
PST o,p'·DOD 600 2.22E·OS 157E·OS 7~E·06 2.28E·OS 163E·06 3.2E·a. 571E·OS 810E·OS 382E·OS 2.57E·a. 
PST p,p'·DOD 600 152E·OS 336E·OS 576E·OS • 88E·06 2.30E·06 7.29E·06 I~E·OS 19BE·OS 2.88E·06 233E·06 
PST o,p'·ooe 665 177E·07 503E·07 129E·06 2.69E·07 114E·06 396E·OS 588E·07 317E·07 SOOE·07 IOSE·06 
PST' o,p'·DOT 642 896E·06 762E·06 870E·06 lIBE·OS 1 a.E·OS 2.38E·Q4 288E·OS 149E·a. 5.,E·06 2.82E·OS 
PST p,p'·ooe 665 810E·06 553E·06 517E·06 754E·06 •. 13E·06 307E·OS 943E·06 2.03E·OS 571E·06 723E·06 
PST p.p'·DOT 642 S92E·06 677E·06 326E·06 725E·06 DOE·OS 122E·OS 298E·OS 427E·a. 180E·06 129E·OS 

TOC %TOC 391 045 035 08'1 219 056 060 107 317 216 
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Tabl. A·2-2 .... (_Unuod) 

~!! ~ ~ ~ ~ ~ ~ ., ., 
IREF' An_" ~ ~ ~ ~ ~ ~ ~ 
MET AnIeruc NA 1.55 4610 44 30 2680 

MET Cadrnum NA 0.50 0.50 0.50 0.50 050 050 

MET Chrorruum NA 2.50 2.50 2.50 2.50 2.50 2.50 

MET Coppar NA 2.SS 313 310 150 150 150 
MET Lead NA 150 1.50 150 1.50 150 150 
MET Mercury NA 003 003 003 003 003 003 
MET Nickel NA 700 2.50 1300 2.50 2.50 2.50 
MET Siver NA 2.50 2.50 2.50 2.50 2.50 2.50 

MET ZinC NA 1100 715 1810 460 720 530 
MET SEM·AVS NA ·12.5 ·15 02 ·34 ·39 ·65 
PAH 1,6,7·Tnmalhynaphlhalona (l) 4.53 008 002 0.00 001 000 001 
PAH 1-Malhylnaphlhalona (L) 390 0.22 010 002 0.03 003 003 
PAH 1-Malhylphananlhrena (l) 499 018 0.04 001 0.01 000 001 
PAH 2.6-Omalhylnaphlhalana (L) 4.53 O.OS 0.02 0.00 0.02 002 001 
PAH 2-Malhylnaphlhalena (L) 3.90 024 016 003 004 OOS OOS 
PAH Aca,naphlheno (l) 3.65 1.07 033 004 003 004 004 
PAH Acanaphlhylena (l) 3.98 044 0.42 009 009 010 017 
PAH Anlhracena (L) 447 1.52 039 006 006 006 010 
PAH Benzo(a)anlhracona (H) 560 013 008 001 000 000 0.01 
PAH Benzo(a)pyreno (H) 601 006 004 000 000 000 001 
PAH Benzo(b )1Iuoranlhono (H) 6.09 004 003 000 000 000 001 
PAH Benzo(b-tll)1luoranlhono (H) 609 O.OS 004 000 000 000 001 
PAH Benzo(a )pyreno (H) 601 003 002 0.00 000 0.00 000 
PAH Benzo(g,h,l)porylena (H) 6.59 001 0.01 000 000 000 000 
PAH Benzo(k)ftuoranlhano (H) 609 001 001 000 000 000 000 
PAH Biphenyl (L) 369 006 004 001 003 003 004 
PAH Chrysena (H) 560 011 008 001 001 001 001 
PAH OIbanz(a,hlanlhracana (H) 658 0.00 000 000 000 000 000 
PAH Fluoranlhana (H) 503 087 059 006 OOS OOS OOS 

PAH Fluoreno (l) 414 090 026 003 004 003 006 

PAH Indeno(I,2,3·cdjpyrana (H) 654 001 001 000 000 000 000 

PAH Naphlhalana (l) 330 1.53 115 023 030 042 039 

PAH Parylana (H) 595 001 001 000 000 000 000 

PAH Phananlhrana (l) 447 217 092 OOS 009 007 012 
PAH Pyreno (H) 502 068 052 OOS OOS OOS oos 
PAH LMWPAHs 767 363 055 OSS 077 093 

PAH HMWPAHs 206 1.31 013 011 011 019 

PAH Total PAHs 993 494 059 075 068 112 

PCB Total PCBs 0005 0003 0002 0003 0005 0002 

PST Aldnn 639 IOSE·04 154E·04 202E·OS 204E·OS 235E·OS 450E·OS 

PST Alpha-BHC 374 2.09E·03 240E·03 121E·03 513E·03 283E·03 190E·03 

PST A1pha<hlordane 639 282E·06 473E·06 165E·06 414E·06 527E·06 126E·OS 
PST Beta-BHC 375 2.31E·03 102E·02 127E·03 698E·03 587E·03 558E·03 
PST Chlorpynfos 5.17 556E-OS 391E·OS 54SE·OS 270E·04 311E·04 4 SSE·OS 
PST CIS-Nonachlor 575 218E·06 179E·06 S24E·07 118E·06 2.71E·06 426E·06 
PST Oolta-BHC 374 2.29E·04 2.63E·03 234E·04 121E·03 280E·03 125E·03 
PST OIaldnn 528 IOSE·OS 130E·04 I08E·OS 5.35E·OS 517E·OS 553E·OS 
PST Endosutfan II 403 115E·03 486E·03 179E·03 1 SSE·03 1.79E·03 954E·04 
PST Endnn 497 42OE·OS 923E·OS 402E·OS 195E·04 2.24E·04 201E·04 
PST a.nma-BHC (llndana) 367 1.55E·03 1.25E·03 109E·04 2. 15E·03 331E·03 297E·03 
PST a.nm ... Chlordano 621 1.23E·06 2.71E·06 340E-OS 6.23E·06 707E·OS 2.11E·06 
PST Heptachlor 615 3.55E·OS 8.14E-OS 3.37E-06 164E-OS 169E·OS 169E·OS 
PST Heptachlor ep oxlde 492 1.2OE·OS 2.64E-OS 9.21E·06 4.OSE·OS 701E·OS 419E·OS 
PST Haxachlorobenzana 579 2.OSE·06 470E·06 2.09E·06 1.0SE·OS 125E·OS 112E'OS 
PST MIr8x 677 434E·OS 3.67E·07 1.28E·07 5.82E·07 973E·07 581E·07 
PST Dxyehlordano 6.21 1 SSE·OS 311E·06 1.SSE·06 715E·OS l1BE·06 1.06E·OS 
PST Pant.ecNoroanl801e NA 
PST Pantachlorobenzene 517 9 02E-OS S65E-OS 3.41E·OS 135E·04 2.65E·04 931E·OS 
PST Trans-Nonachlor 6.75 2.97E·06 128E·06 19SE·OS 2.35E·06 15SE·OS 912E·07 
PST 1,2.3,4' T atrachlorobanzona 453 14SE·04 8.94E·04 1.19E·04 19SE·04 452E·04 851E·04 
PST 1,2,4,5-T atrachlorobanzana 4.56 4.35E·04 2.27E·03 582E·04 2.75E·04 2.11E·04 947E·OS 
PST o,p'·DOD 600 2.10E·04 175E·04 2.49E·OS 672E·06 194E·OS 382E'OS 
PST p,p'·OOD 600 2.49E·06 409E·OS 2.32E·06 1.21E·04 109E·04 S6OE'OS 
PST o,p'·DOE 655 764E·07 2.30E·06 137E·06 754E·07 783E·06 760E·OS 
PST o,p'·OOT 642 302E·OS 254E·OS 119E·OS 2.54E·06 2.49E·OS 3SSE·OS 
PST p,p'·DOE 655 695E·06 l11E·OS 171E·OS 453E·06 104E·OS 101E·OS 
PST p,p'·OOT 642 302E·OS 232E·OS 866E·06 381E·06 17SE·OS 557E·06 

TOC %TOC 202 059 198 030 026 029 
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PCB 
PCB 
PCB 
PCB 
PCB 
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PCB 
PCB 
PCB 
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PCB 
PCB 
PCB 
PCB 
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PCB 
PCB 
PCB 

TOC 

Table A-2-2 4b Concentrations of PCB congeners and Total PCBs In surlace sediment pore water from Round 2 of the Portsmouth Naval Shipyard Investigation 

~o 
Analy\e ~ 
PCBtOt 627 
PCB105 654 
PCB118 663 
PCB128 663 
PCB138 671 
PCB153 680 
PCB 170 715 
PCB1S 515 
PCB180 724 
PCB187 70s 
PCB195 743 
PCB206 795 
PCB209 804 
PCB28 S57 
PCB44 S 65 
PCB52 S 74 
PCB66 609 
PCB8 498 
SUMPCB 
TOTPCB 
%TOC 

C) 
> « 

In In cD In 
8 ~ ~ 8 
a a a ~ ::a ::a ::a ::a 

340E-OS 792E-OS 39tE-OS 522E-OS 
654E-06 215E-OS 824E-06 1 89E-OS 
I 37E-OS 388E-OS 241E-OS 2.31E-OS 
192E-OS 213E-OS 131E-OS 870E-06 
167E-OS 347E-OS 2 OlE-OS 260E-OS 
146E-OS 200E-OS 129E-OS 154E-OS 
148E-04 9.8IE-OS 6 OlE-OS 730E-OS 
180E-OS 153E-OS 195E-04 1.64E-OS 
272E-06 462E-06 335E-06 298E-06 
295E-06 327E-06 244E-06 304E-06 
257E-06 2,35E-06 935E-07 620E-07 
264E-07 236E-07 195E-07 I.45E-07 
110E-06 448E-07 I.59E-07 271E-07 
146E-04 932E-OS 130E-04 261E-04 
643E-OS 930E-OS 770E-OS 362E-OS 
336E-OS 240E-04 700E-OS 7.35E-OS 
228E-OS 187E-OS 387E-OS 748E-06 
1 26E-03 768E-04 943E-04 318E-04 
181E-03 1 SSE-03 164E-03 937E-04 
361E-03 311E-03 328E-03 187E-03 

1.7 19 23 22 

Units ~11.. 

SUMPCB = Sum 01 congener concentrations 
TOTPCB = Total PCBs - SUMPCB x 2 

In In In In 

~ ~ 8 ~ 
'" '" ~ 8 0 0 ::a ::a ::a ::a 

8 DlE-06 257E-05 651E-04 148E-04 
262E-06 229E-OS 884E-05 389E-05 
485E-06 382E-OS 326E-OS 3 SIE-05 
240E-06 1 SSE-OS 311E-OS 1 S9E-OS 
S 96E-06 929E-06 551E-04 185E-04 
323E-06 292E-OS 490E-04 1 28E-04 
138E-oS 564E-06 107E-04 126E-04 
622E-06 218E-OS 181E-OS 203E-05 
731 E-07 c 840E-06 839E-OS 557E-OS 
6 SOE-07 676E-06 717E-OS 685E-OS 
147E-07 12SE-06 415E-06 690E-06 
29SE-OS 268E-07 786E-07 352E-06 
962E-OS 172E-07 496E-07 113E-06 
S41E-OS 91}E-04 120E-04 28tE-04 
882E-06 765E-OS 428E-OS 660E-05 
168E-OS 206E-04 582E-04 313E-04 
389E-06 138E-OS 902E-06 192E-OS 
114E-04 7.49E-04 465E-OS 199E-OS 
247E-04 21SE-03 293E-03 153E-03 
493E-04 429E-03 S 86E-03 306E-03 

45 29 31 21 

1 - Porewater conoentratlon (~gIl) = sediment concentration/(foc X I6d The foc=% TOCll 00, 

sediment PCB congener concentrations reported In Table A-2 2b 
2 - See Table A-2-2 1 for Koc values 

" 

Page 1 of 5 

In In In 

~ 8 ~ 
8 ~ ~ ::a ::a ::a 

1 36E-04 100E-03 390E-OS 
3 OSE-OS 131E-04 862E-06 
379E-OS 149E-04 1 48E-OS 
209E-OS 482E-OS 481E-06 
982E-05 564E-04 171E-OS 
8 OlE-OS 432E-04 139E-OS 
709E-OS 372E-OS 115E-OS 
21SE-OS 812E-OS 239E-OS 
22SE-OS 139E-04 364E-06 
2 OSE-OS 174E-04 345E-06 
204E-06 174E-OS 3OSE-07 
S 67E-07 I09E-OS 290E-OS 
387E-07 lOSE-OS 175E-07 
206E-04 236E-04 292E-04 
393E-OS 335E-04 4 S2E-OS 
171E-04 803E-04 100E-04 
226E-OS 9,25E-OS 837E-06 
745E-OS 138E-03 427E-04 
I06E-03 S68E-03 102E-03 
211E-03 001 203E-03 

1.8 1.1 19 

~ 
~~ 

r 



Table A·2·2 4b (continued) 

~ « 

t ~ 
cD OJ OJ OJ OJ OJ OJ OJ OJ OJ 
8 § ~ 8 § ~ 8 § ~ 8 

8i c! :B :B :B :S :S :S ~ ,.:. ~ ~ 
Analyte 

0 
Class ...J :::E :::E :::;; :::E :::;; :::;; :::E :::;; :::E :::;; :::;; 
PCB PCB10l 627 853E·OS 733E·OS 499E·OS 596E·OS 740E·OS 358E·OS 535E·OS 928E·OS 434E·OS 939E·OS 720E·04 
PCB PCB105 654 715E·OS 224E·OS lllE·OS 265E·OS 228E·05 118E·05 145E·05 246E·OS 309E·OS 667E·OS 145E·04 
PCB PCBl18 663 480E·OS 331E·OS 191E·OS 304E·OS 307E·OS 147E·OS 182E·OS 411E·OS 144E·OS 400E·OS 182E·04 
PCB PCB128 663 3OSE·OS 974E·OS 281E·OS 1 OlE·OS 7OSE·OS 272E·OS lOSE·OS lOSE·05 361E·OS 176E·OS 615E·05 
PCB PCBl38 671 230E·04 3SSE·OS 2 OSE·OS 276E·OS 247E·OS 185E·OS 390E·OS 414E·OS 132E·OS 150E·OS 371E·04 
PCB PCB153 680 219E·04 295E·OS 1.47E·OS 495E·OS 184E·OS 113E·OS l00E·OS 338E·OS 760E·OS 144E·OS 333E·04 
PCB PCB170 715 620E·OS 531E·OS 181E·OS 550E·OS 865E·OS 1 37E·OS 686E·OS 204E·OS 282E·OS 130E·OS 178E·05 
PCB PCB18 515 389E·OS 133E·04 224E·OS 464E·OS 646E·OS 236E·05 815E·05 620E·04 287E·OS 334E·OS 625E·04 
PCB PCB180 7.24 843E·OS 624E·OS 370E·Q6 499E·Q6 526E·Q6 270E·Q6 224E·Q6 3 SSE·Q6 148E·Q6 531E·07 783E·05 
PCB PCB187 70s 739E·OS 781E·Q6 364E·Q6 128E·OS 837E·Q6 278E·Q6 361E·Q6 913E·Q6 350E·Q6 786E·07 748E·OS 
PCB PCB195 743 590E·OS 118E·Q6 596E·07 169E·OS 189E·Q6 390E·07 3 SSE·07 272E·Q6 8 OSE·07 275E·07 135E·OS 
PCB PCB206 795 1 78E·OS 621E·07 614E·OS 263E·07 474E·07 373E·OS 139E·07 216E·Q6 269E·07 866E·OS 815E·Q6 

PC~ PCB209 804 270E·07 567E·07 385E·07 416E·07 416E·07 479E·07 350E·07 339E·07 2 lOE·07 399E·OS 201E·Q6 
PCB PCB28 557 541E·OS 432E·04 339E·04 293E·04 295E·04 459E·04 236E·04 844E·04 162E·04 270E·OS 821E·04 
PCB PCB44 565 290E·OS 244E·04 528E·OS 350E·04 147E·04 266E·OS 154E·04 209E·04 147E·04 722E·OS 663E·04 
PCB PCB 52 574 500E·OS 209E·04 238E·04 493E·OS 151E·04 1 39E·04 279E·OS 222E·04 700E·OS 331E·OS lOSE·Q3 
PCB PCB66 609 641E·OS 259E·OS 184E·OS 138E·OS 1 Q3E·OS 1 42E·OS 927E·Q6 697E·OS 322E·OS 543E·06 255E·04 
PCB PCB8 498 646E·04 854E·04 1.OSE·Q3 504E·04 596E·04 472E·04 977E·04 910E·04 158E·04 701E·Q6 748E·04 
PCB SUMPCB 174E·Q3 217E·OS 187E·OS 149E·Q3 147E·Q3 125E·Q3 161E·Q3 314E·Q3 789E·04 219E·04 617E·Q3 
PCB TOTPCB 347E·Q3 434E·Q3 374E·Q3 297E·Q3 293E·Q3 250E·Q3 322E·Q3 628E·Q3 158E·Q3 438E·04 001 

TOC %TOC 07 20 24 07 05 2.1 05 10 2.0 1.5 1.0 

» 
I 

I\) 
o 

:>15 



Table A·2·2 4b (continued) 

(!) (!) 
> > 
1= <>: 

8 ~ 
CD CD 

~ 
CD CD CD cO CD CD CD 

~ ~ ~ ~ ~ 8 ~ ~ ~ ~. 

~ 6 .§' 13 13 13 !is !is !is <'> <'> 
Class Anaiyte :; :; :; :; :; :; :; ~ ~ ~ ~ 
PCB PCB10l 627 207E·Q4 594E·Q4 185E·Q4 178E·Q4 257E·Q4 lOSE·Q4 773E·05 427E·OS 428E·OS 611E·OS 9 SSE·Q4 
PCB PCB105 654 463E·OS 178E·Q4 509E·OS 622E·OS 860E·OS 271E·05 215E·OS 176E·OS 1 46E·OS 945E·Q6 171E·Q4 
PCB PCBl18 663 901E·OS 934E·OS 542E·OS 617E·OS 965E·OS 365E·OS 268E·OS 274E·OS 515E·OS 126E·OS 265E·Q4 
PCB PCB128 663 247E·OS 739E·OS 252E·OS 228E·OS 390E·OS lOBE·OS lllE·05 636E·Q6 762E·Q6 230E·Q6 601E·OS 
PCB PCB138 671 lOSE·Q4 833E·Q4 123E·Q4 828E·OS 132E·Q4 487E·05 309E·05 218E·OS 118E·OS 552E·Q6 432E·Q4 
PCB PCB153 680 145E·Q4 838E·Q4 l09E·Q4 563E·OS 846E·OS 317E·05 3OBE·OS 143E·05 822E·Q6 468E·OS 200E·Q4 
PCB PCB170 715 481E·Q6 452E·Q4 1.10E·Q4 178E·OS 211E·OS 433E·OS 864E·OS 113E·OS 552E·OS 489E·OS 4 lOE·OS 
PCB PCB18 515 260E·OS 378E·Q4 244E·04 252E·04 471E·OS 330E·04 226E·Q4 214E·05 307E·OS 383E·OS l11E·Q4 
PCB PCB180 724 171E·OS 315E·04 371E·OS 162E·OS 151E·OS l11E·OS 773E·Q6 I 77E·Q6 7 OBE·Q6 121E·Q6 565E·OS 
PCB PCB187 70s 176E·OS 213E·04 352E·OS 291E·OS 199E·OS 130E·OS 978E·Q6 419E·Q6 366E·Q6 I SSE·Q6 868E·OS 
PCB PCB195 743 318E·Q6 183E·OS 453E·Q6 211E·OS 548E·Q6 5 BBE·Q6 260E·06 406E·07 901E·07 381E·07 884E·06 
PCB PCB206 795 192E·Q6 532E·Q6 2 SSE·06 163E·OS 392E·Q6 380E·Q6 144E·Q6 1 Q6E·07 524E·07 134E·07 574E·Q6 
PCB PCB209 804 725E·07 889E·07 726E·07 357E·Q6 943E·07 140E·Q6 352E·07 130E·07 641E·07 I 38E·07 882E·07 
PCB PCB28 557 311E·Q4 157E·Q4 2 SSE·04 3OSE·Q4 222E·04 312E·04 188E·04 941E·OS 696E·Q4 960E·OS 319E·Q4 
PCB PCB44 565 314E·Q4 267E·04 189E·04 223E·Q4 1.73E·04 832E'05 I 39E·04 283E·OS I Q3E·Q4 I llE·04 5.15E·Q4 

; 

'''~ 

PCB PCB52 574 356E·04 466E·04 212E·04 4.OBE·04 4 Q3E·04 246E·04 993E·OS 109E·Q4 137E·04 135E·04 123E·Q3 
PCB PCB66 609 444E·OS 959E·OS 470E·OS 574E·OS 5Q6E·OS 334E·OS 235E·OS 107E·OS 909E·OS 964E·06 162E·Q4 
PCB PCB8 498 337E·Q4 247E·Q4 883E·04 741E·Q4 730E·04 107E·Q3 231E·04 989E·05 253E·Q3 213E·Q4 852E·Q4 
PCB SUMPCB 2OSE·Q3 523E·Q3 257E·Q3 2 SSE·Q3 239E·Q3 241E·Q3 121E·Q3 510E·04 379E·Q3 793E·04 548E·Q3 
PCB roTPCB 411E·Q3 001 514E·Q3 511E·Q3 478E·Q3 482E·Q3 243E·Q3 102E·Q3 757E·Q3 1.59E·Q3 001 

TOC %TOC 16 05 19 03 05 2 I 26 17 12 1.8 13 

» 
I 

J\) 
.....&. 
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» 
I 

I\) 
I\) 

Class 
PCB 
PCB 
PCB 
PCB 
PCB 
PCB 
PCB 
PCB 
PCB 
PCB 
PCB 
PCB 
PCB 
PCB 
PCB 
PCB 
PCB 
PCB 
PCB 
PCB 

TOC 

Table A-2-2 4b (continued) 

8 
III 
8 

~ 

~ '" AnaMe :i 
PCB10l 627 138E-04 
PCB105 654 352E-OS 
PCB118 663 812E-OS 
PCB128 663 186E-OS 
PCBI38 671 552E-OS 
PCB153 680 439E-OS 
PCB 170 715 321E-04 
PCB18 515 141E-03 
PCB180 724 1 SOE-OS 
PCB187 70s 160E-OS 
PCB195 743 5.81E-06 
PCB206 795 295E-06 
PCB209 804 100E-06 
PCB28 557 137E-03 
PCB44 565 525E-04 
PCB52 574 687E-04 
PCB66 609 287E-04 
PCB8 498 I.SSE-03 
SUM PCB 657E-03 
TOTPCB 001 
%TOC 14 

g g 
~ « 

~ 8 ~ ;;; '" '" :i :i :i 
291E-04 753E-OS 217E-OS 
774E-OS 200E-OS 819E-06 
706E-OS 265E-OS 364E-OS 
478E-OS 721E-06 571E-06 
300E-04 377E-OS I09E-OS 
321E-04 299E-OS 889E-06 
241E-04 9.17E-OS 695E-OS 
421E-04 358E-04 579E-04 
949E-OS 9.03E-06 358E-06 
840E-OS 84BE-06 165E-06 
8.15E-06 136E-06 112E-06 
161E-06 429E-07 132E-07 
247E-07 3 92E-07 - 2 OSE-07 
398E-04 322E-04 137E-04 
244E-04 620E-OS 445E-05 
271E-04 14BE-04 121E-04 
441E-OS 14BE-OS 371E-06 
214E-03 14BE-04 442E-03 
5OSE-03 136E-03 547E-03 

001 271E-03 001 
11 17 2.0 

III III III III III III III 

~ ~ 8 ~ ~ 8 ~ ~ M M ~ ~ 

:i ~ :i ~ ~ 0 0 
a: a: 

432E-OS 802E-OS 355E-os 223E-OS 138E-04 191E-OS 226E-OS 
143E-os 193E-05 123E-05 799E-06 4 SOE-OS 572E-06 S 45E-06 
234E-OS 355E-OS 243E-OS 228E-OS 552E-OS 969E-06 l00E-OS 
255E-06 858E-06 930E-06 586E-06 118E-OS 224E-06 IOSE-06 
260E-OS 402E-os 216E-OS 159E-OS 386E-OS 593E-06 815E-06 
155E-OS 308E-OS 214E-05 939E-06 21OE-OS 685E-06 875E-06 
288E-06 654E-os 280E-OS 229E-OS 253E-06 237E-06 159E-OS 
269E-OS 559E-04 207E-04 162E-OS 221E-OS 199E-OS 714E-OS 
444E-06 873E-06 352E-06 254E-06 291E-06 129E-06 970E-07 
441E-06 895E-06 378E-06 164E-06 220E-06 126E-06 179E-06 
813E-07 154E-06 961E-07 526E-07 278E-07 293E-07 329E-07 
420E-07 6 SOE-07 573E-07 194E-07 465E-OS 941E-08 l00E-07 
571E-07 758E-07 2 SOE-07 363E-07 163E-07 191E-07 384E-07 
443E-04 5 SSE-04 88SE-OS 171E-04 667E-OS 198E-04 445E-04 
469E-OS 139E-04 4.30E-OS 112E-05 14BE-04 740E-OS 445E-OS 
163E-04 227E-04 603E-os 458E-OS 287E-04 209E-OS 141E-04 
198E-OS 536E-os 437E-OS 159E-OS 368E-OS 658E-06 107E-OS 
512E-04 778E-04 439E-04 IOSE-03 134E-04 lIIE-04 853E-04 
1 SSE-03 261E-03 I04E-03 142E-03 100E-03 486E-04 1 ME-03 
270E-03 523E-03 209E-03 2 ME-03 202E-03 971E-04 328E-03 

22 24 33 22 24 39 05 

.5 



Table A-2-2 4b (continued) 

I 

8 ~ 
m m 

-~ 
m m m m m m m m m m 

~ 8 ~ ~ 8 ~ ~ ~ 8 ~ ~ ~ ::.;, ;;; 
~ 0 0 ~ ~ N a a a a ~ ~ ~ ~ I 

Class Analyte 
0 0 

II: II: II: II: II: II: II: II: II: II: II: II: II: II: 

PCB PCB101 627 321E-OS 204E-OS 904E-OO 201E-03 419E-OS 700E-OS 337E-07 2 at E-OS· 371 E-OS 326E-OS 324E-OS 820E-OS 864E-OS 498E-OS 

PCB PCB105 654 332E-OO 657E-OO 543E-OO 622E-04 919E-OO 198E-OS 641E-07 564E-OO 112E-05 463E-OO 850E-OO 387E-OO 447E-OO 500E-OO 

PCB PCB118 663 879E-OO 144E-OS 962E-OO 930E-04 237E-OS 332E-OS lOSE-oo 285E-OS 246E-05 151E-OS 132E-OS 631E-OO 118E-OS 114E-OS 

PCB PCB128 663 135E-OO 141E-OO 1 B4E-OO 211E-04 118E-OO 597E-OO 747E-OO 121E-05 633E-OO 200E-OO 395E-OO 158E-oo 1 82E-OO 327E-OO 

PCB PCB138 671 938E-OO 126E-OS 679E-OO 621E-04 180E-OS 325E-05 171E-OO 215E-05 172E-05 126E-OS 556E-OO 966E-OO 134E-OS 999E-OO 

PCB PCB153 680 765E-OO 800E-OO 791E-OO 3'38E-04 121E-OS 294E-05 119E-OO 802E-OO 'l09E-OS 776E-OO 748E-OO 683E-OO 127E-OS l03E-OS 

PCB PCB170 715 155E-OS 412E-OO 19SE-OO 618E-OO 7. 13E-OO 360E-OO 495E-OO 330E-OS 307E-OS 800E-OS 133E-OS 140E-OS 200E-OS 231E-OS 

PCB PCB18 515 817E-OS 340E-OS 161E-OS 5.11E-OS 588E-OS 330E-OS l09E-04 180E-05 217E-04 788E-04 160E-04 259E-04 l03E-03 864E-OS 

PCB PCB180 724 914E-07 2OSE-OO 252E-OO 249E-OS 475E-OO 538E-OO 936E-07 296E-OO 262E-OO 245E-OO 11SE-OO 970E-07 224E-07 161E-OO 

PCB PCB187 70s 102E-OO 149E-OO 200E-OO 1 12E-OS 194E-OO 585E-OO 395E-07 211E-OO 182E-OO 207E-OO 858E-07 388E-OO 447E-OO 278E-OO 

PCB PCB195 7.43 211E-07 529E-07 422E-07 159E-OO 740E-07 176E-OO 5 B4E-OS 1 13E-OO 531E-07 697E-07 262E-07 247E-07 142E-07 255E-07 

PCB PCB206 795 113E-07 929E-OS 611E-OS 995E-OS 845E-OS 709E-07 193E-OS 155E-07 326E-07 574E-OS 450E-OS 132E-07 1 52E-07 192E-07 

PCB PCB209 804 494E-07 368E-07 341E-07 179E-OO 697E-07 850E-07 l00E-07 1 39E-07 239E-07 409E-07 124E-07 273E-07 175E-07 941E-OS 
~; 

PCB PCB28 557 320E-04 318E-04 195E-04 472E-04 440E-04 399E-04 1 SlE-OS 222E-04 304E-04 135E-04 101E-04 320E-04 390E-04 110E-04 

PCB - PCB44 565 763E-OS 344E-OS 224E-OS 123E-03 816E-05 562E-05 913E-OO 103E-OS 264E-OS 677E-OS 427E-OS 594E-OS 599E-OS 537E-OS 

,~ 

.:~ , 
PCB PCB52 574 726E-OS 497E-OS 464E-04 253E-03 424E-04 305E-04 338E-05 118E-04 153E-04 158E-OS 6 BBE-OO 333E-OS 628E-OS l00E-04 ~ 

PCB PCB66 609 126E-OS 574E-OO 881E-OO 445E-04 2 OlE-OS 158E-OS 456E-oo 153E-OS 915E-OO 1.40E-OS 1 atE-OS 268E-OO 742E-OS 277E-OO 

PCB PCB8 498 101E-03 370E-04 445E-04 222E-03 415E-04 330E-04 ,3 27E-04 178E-03 231E-03 1OSE-04 398E-04 519E-04 758E-04 286E-04 

PCB SUM PCB 165E-03 884E-04 12OE-03 001 156E-03 135E-03 518E-04 230E-03 316E-03 129E-03 800E-04 132E-03 2.53E-03 757E-04 

PCB TOTPCB 3.30E-03 l.77E-03 240E-03 002 312E-03 270E-03 104E-03 459E-03 633E-03 257E-03 161E-03 265E-03 507E-03 151E-03 

TOC %TOC 04 08 22 06 06 11 32 22 20 07 2.0 0.3 03 03 

» 
I 

I\) 
u:> 
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Chromium 
COpper 

Load 
MerCIJry 
Nickel 
Sllvsr 
Zonc 
SEM·AVS 
2-Meillylnaphillalene (L) 
Aconophillene (I.) 
Acenaphillylene (I.) 
Millrocene (L) 

Benzo(a)onlhrocene (H) 
Benzo(a)pyrene (H) 

BIphenyl (L) 

Chryaene (H) 
Dlbenz(a.h)anillrocene (H) 
Fluoron1llene (H) 
Fluorene (I.) 
Naph1llalene (I.) 
f'IIenonillrene (I.) 
Pyrene (H) 
LMWPAHs 

HMWPAHs 

TOlal PAHs 

Total PCBs 
Aldnn 
Alpha·BHC 
Alpha<hlordane 

Bela-BHC 
Chlorpynfos 
CIS-Nonochlor 

Della·SHC 
Dlelct1n 

Endosu~an II 
Endnn 
Gamma-BHC (Londane) 
Gamma-Chlorl2ane 
Heptachlor 
HeptlK:hlor apoxlde 
Hexachlorobenzene 
Mlrax 
Oxychlordano 
Penta::hlorobanzena 
Trans-Nonachlor 

1.2.3.'· Tetraclliorobanzone 
1,2..,> Tetrachlorobenzene 
o.p'·COD 
p.p··DDO 
o.p··DOE 
o.p'·COT 
p.p··DOE 

Tobl. A.2.2.5 Haurd Qu01lent!l calculated lor COC concon .. atlONIln Oeel,!"",1 pore _r!rom ill. Pol1llmOuIh Nov", ShIPyaa IIOJdy or ... 

5000 
310 
810 
Og, 

820 

068 
710 

0'6 
029 
007 
O~ 

U07 
010 

168E·03 
1600 
OU 

633 
,eo 

063 
576 

0'2 
6.'9 
003 

016 
016 

'DOE·03 
016 

56OE·03 
39SE·OS 

016 

,190E.03 
870E·03 
230E·03 

016 
, DOE·03 

3eoE·03 
3 eoE·03 

129 
I DOE·03 
.DOE·03 

129 
399E·OS 

129 
129 

O~ 

O~ 

3.26 

I DOE·03 

OOS oos 

.';lM 0(8 

019 019 
003 003 
oes 030 

O.OS 
0.90 
019 
0.03 
030 

OOS 
071 
019 

003 
030 

B.glE·OS 
O~ 038 055 

0'9 065 
0.57 028 030 

017 0.26 
8 S3E·~ 228E·03 

OOS 
O~ 071 
019 019 

003 003 

030 .E. 

29eE·03 
038 017 0.Z7 081 066 066 

0'6 018 025 083 091 091 
001 7S2E-03 001 003 003 002 

oos .'}-
0'9 
003 

.+4-

009 

OOS 

w"j-
019 

003 
0.73 

OIl 

013 007 
I «E·~ I 12E·~ 

073 03' 
098 0'2 
050 020 
039 016 

2~E·03 I 45E·03 
029 017 

0'0 017 
o 01 7.S2E·03 

.~~~.~~~ •• ~ ••• ~~I 0.'0 0.71 297 198 216 731 102 032 
1.25E·03 5 35E·~ I 1'E·03 165E·03 I ~E·03 213E·03 00' I 31 E·03 3 87E·~ 

0.06 003 O.oe 0.21 0 IS 

033 017 026 073 061 

037 017 0.32 1.0!i!73 ••• ~Oi5~6 ••• i. 
O~ 097 

003 
016 
OU 

061 
017 
012 012 

.2OE·06 
001 

002 
003 

975E·03 

003 
O~ 

001 

'.28E·03 
283E·03 
7.26E·09 

S.'eE·03 
S.75E·03 
393E·07 

028 
1.32E·07 
6~E·06 

835E·~ 

271E·OS 

0.10 
365E·06 

790E·03 
009 

5 35E·03 
8.29E·03 

0'2 

022 
O~ 

012 
773E·03 
2.1E·03 

• 65E·oe 
001 

972E·03 
, 70E·07 w t .;:_ 
301E·06 
383E-06 
369E·03 

1.'0E·~ 

6 43E·06 IIIiIi~iiI 

OIl 
219E·~ 

688E·03 
678E·03 

0.06 
868E·03 

006 

2S2E·03 
OIl 

0.97 
003 

002 
851E·~ 

199E·03 
269E·03 

223E·oe 

6'3E·03 
S06E·03 
5 91E·07 

01' 
909E-07 

'11E·06 
966E-~ 

2.54E·OS 
2.53E-OS 

0'0 01g 035 083 065 
006 002 01' 020 010 

397E·06 I '6E·06 8.27E·OS , 02E·06 , 7'E·06 5 2OE·06 
6.SSE·03 228E·03 237E·03 736E·03 003 002 
2~E·03 I 19E·03 I 09E·03 183E·03 317E·03 298E·03 

002 002 O~ OIl OOS 006 
897E·03 332E·03 003 965E·Q3 001 001 

O~ 002 038 O~ ooe 006 
3 17E·03 7SOE·~ sesE·03 1 •• E·03 815E·Q3 e16E·03 

386E·03 O~ ooe 012 020 003 

oeo 0.28 059 072 0'4 095 
002 610E·03 002 002 002 002 

876E·03 623E·03 001 002 002 002 
712E·~ 607E·~ 226E·03 216E·Q3 1,91E·03 203E·03 
7 25E·~ 5 15E·~ I 74E·03 4 25E·03 4 76E·Q3 291 E·03 

267E·03 I DOE·03 342E·03 281 E·03 323E·Q3 3 45E·03 

'09E·oe l11E·oe aoE·os 161E·oe 5'1E·oe ,3'7E·oe 
I eoE·03 I '9E·~ , 81 E·03 3 2'E·~ 2 ~E·03 3 73E·b4 
2esE·~ 202E·~ 421E·~ 638E·~ 234E·03 677E·~ 

'UE·07 806E·oe l11E·06 'S3E·07 375E·07 838E·07 
006 003 009 006 O~ 001 

222E·06 9.03E·07 258E·06 657E·06 556E·06 I 89E·05 
,.ssE·06 I 73E·06 I '6E·OS I 23E·OS 652E·06 I 68E·OS 
I 01E·~ 875E·OS 538E·OS 3 01E·~ I ~E·~ 2 DOE·~ 
I 06E·05 63eE·06 579E·OS 270E·06 317E·06 3 33E·06 
• 53E·07 3.52E·06 201E·06 601E·06 1.63E·06 806E·07 

O~ O~ 009 009 

pore water concentration 

For me1lla. haurd Quotoen" caleulated as pore wafer concentrabon (Toblo A·2·2.ay(W0SV). 
2· waWQuall1ySaHnllg Valu. (Tobl. 22·1) 

3· LIlt Includes only ona1yt8s for whICh wasv values are av,.,ob'e 
Sh_ values Indicate TEV-H0>1 
Un.,.: PW-HQ 2 unl1loas 

038 
610E·06 

002 
001 

9 "E·03 
00' 
021 

2.06E·03 
7eoE·03 

w l3M 
002 

002 
732E·03 

001 

• 18E·03 
890E·oe 
239E·03 
881E·03 
509E·07 

018 
645E·06 
226E·OS 
170E·03 

0.07 
581E·06 

002 
637E·~ 

018 

00' 
O~ 

002 

865E·03 
038 
002 

491E·03 

12OE·03 
, 32E·03 

39eE·03 

2 '9E·oe 
351E·~ 

215E·03 

5 45E·07 
922E·03 
'30E·06 
133E·OS 
I 07E·~ 
, 45E·OS 

5 97E·oe 
002 

A-24 

909E·06 
001 

192E·03 
007 

0.02 
O~ 

823E·03 
O~ 

0.25 
O~ 

002 
133E·03 
5 65E·~ 
612E·03 
182E·07 

3OSE·~ 

1«E·~ 

606E·07 
017 

139E·OS 

'.93E·06 
227E·03 
593E·~ 

3'2E·~ _ .. i. 
139E·03 



Chromium 
Copper 
Load 

Mercury 
Nickel 
Silver 
ZinC 

SEM-AVS 
2-Mothytnaphthalono (L) 

Aconaphthono (L) 

Aconaphthytono (L) 

Anthracene (L) 
Bonzo(a)anthracono (H) 

Bonzo(a)PY'ono (H) 
Blphenyt (L) 
Chrysono (H) 

Dlbonz(a,h)anthracono (H) 

Fluoranthono (H) 

Fluoreno (L) 

Naphthalone (L) 

Rlenanthrene (L) 

Pyrono (H) 

LMWPAHs 
HMWPAHs 

Total PAHs 

Total PCBs 

Aldnn 
A1pha-SHC 

A1pha~hlordane 

Bota-SHC 

Chlorpynfos 

CI&Nonachlor 
Dolta-SHC 

Oleldnn 
Endosulfan Ii 
Endnn 

Gamma-SHC (Llndano) 

Gamma-Chlordan e 
Heptachlor 
Heptachlor epoxlde 
Hexachlorobenzene 
Mlrex 
Oxychlordano 

Pentachlorobenzene 
Trans-Nonachlor 
, ,2,3 ,4· T etrachlorobenzene 
1,2,4,5-T etrachlorobenzene 
o,p'-DOD 

p,p'-DOD 

o,p'-DOE 

o,p'-DOT 
p,p'-DOE 

TObI. A-Z-Z 5 (contnuod) 

5000 
310 
810 
094 

820 

088 
710 
045 
029 
007 
004 
1407 
0,10 

oos 
048 

030 

018 
409E-04 

055 

399E-03 
074 

054 

003 

oos 
048 
019 

003 
030 

023 
2.73E-04 

049 

045 
002 

029 
845E-04 

094 

oos 
048 

019 
003 
030 

023 
593E-04 

110 234 

003 OOB 

017 
170E-04 

072 
2.9BE-03 

057 

057 
001 

168E-03 
1500 

014 
533 
450' 

053 
575 

042 

549 
003 

015 
015 

224 196 280 387 122 

400E-03 

015 
550E-03 
399E-OS 

015 
190E-03 

870E-03 

230E-03 
015 

4,OOE-03 

350E-03 
350E-03 

129 

100E-03 
400E-03 

129 
399E-OS 

129 
129 
084 
084 
325 

10DE-03 

17BE-03 

013 

014 
100E-05 

001 
351E-03 

014 

004 
007 

2,B3E-03 

003 

OSS 

002 
002 

2.98E-03 
2.9ZE-04 
404E-03 
104E-05 
151E-03 
17ZE-03 
8SSE-07 

OOB 
2.04E-OS 
170E-05 
1.59E-04 

243E-05 
130E-OS 

OOS 

14BE-03 

010 

0,12 

S 21E-OS 
001' 

112E-03 
015 
001 

004 
176E-03 
117E-04 

054 

002 
003 

1 SBE-03 

116E-03 
3 SOE-03 
194E-OB 

200E-03 
2.50E-04 
421E-07 

005 
S 1ZE-05 
153E-05 
153E-04 
347E-05 
177E-07 

004 

2.SSE-03 

019 

010 
109E-05 

002 
349E-03 

019 

002 
025 

974E-03 

009 
ME; 

005 

005 
109E-03 
390E-03 

748E-03 
4,13E-OB 
2.65E-03 
175E-03 
2.47E-05 

004 
846E-05 
201E-05 
138E-04 
1 SSE-05 
174E-05 

2.UE-03 

010 
1 SSE-05 
794E-03 

5 SSE-03 
002 
003 
012 

725E-03 
010 

005 
004 

2.81E-03 
2.07E-03 

001 
S35E-OB 
7 S3E-03 

3S8E-03 
10DE-05 

003 
87ZE-05 
13BE-05 
1.54E-04 
2.31E-OS 
S91E-07 

165E-03 

005 

S 70E-05 
001 

1,27E-03 
007 
001 

005 
193E-03 

2.65E-03 

OS1 

002 
002 

805E-04 
125E-03 
380E-03 

3,01E-OB 
2.0ZE-03 
293E-04 
S01E-07 

005 
854E-07 
143E-05 
138E-04 
3 0DE-05 
133E-07 

PagoZoU 

oos 005 

oos OOS 
048 048 
019 0,19 

003 003 

.I9M 030 

007 
17BE-04 

020 
043 

025 
019 

2. 1 0E-03 
017 

017 
894E-03 

072 
589E-04 

OOS 
020 

019 

073 
0,22 

011 

135E-OS 
553E-03 
235E-03 

002 
003 
014 

437E-03 

003 
031 

005 

003 
884E-04 
337E-03 

909E-03 
508E-OB 
454E-04 
501E-03 
9 OSE-07' 

001 
701E-OS 
5SSE-05 
2.7BE-05 
741E-05 
53sE-07 

013 
240E-04 

071 
Mil. 

070 
057 

2.50E-03 

052 
055 

002 

wth 
1 31E-03 

010 
048 
041 

wE· 
048 
021 

7SSE-05 

001 
2.SOE-03 

005 

002 
007 

2ssE-03 

011 

068 

003 
001 

37SE-03 
189E-03 
S OOE-03 

282E-OB 
224E-03 
125E-03 
112E-05 

007 
628E-05 
389E-05 
2S8E-04 
209E-05 
113E-05 

015 
2.21E-04 

OSS 
'.i.M 

OS2 
045 

2.81E-03 
037 

040 
002 

'f. 
144E-03 

OOB 
038 
041 

F'M 
045 
005 

837E-05 
4 OBE-03 
1 SSE-03 

011 
001 
003 

2.25E-03 

984E-03 

045 
003 

82OE-03 
117E-03 
1 S8E-03 

343E-03 
S 10E-OB 

223E-03 
101E-04 

425E-07 
004 

289E-05 
130E-05 

335E-05 
263E-05 
2.29E-07 

0,11 

14BE-04 

085 
OS2 
OZ4 

020 

190E-03 

015' 

015 
715E-03 

079 
114E-03 

004 
018 

030 

053 
031 
001 

102E-05 
310E-03 

4 B2E-04 
011 

002 
004 

307E:03 

002 

013 

003 
002 

310E-04 
178E-03 

535E-03 
297E-OB 
268E-04 
119E-04 
177E-07 
857E-03 
452E-07 
10ZE-05 
510E-05 
130E-05 

235E-OB 

005 , 

005 
048 
019 
0,03 

073 

003 1 SSE-03 009 
282 248 231 

2S4E-03 

041 

67SE-05 
002 
003 
007 

002 
031 

109E-03 

025 

276E-03 

014 
3OBE-05 
705E-03 

285E-03 
013 
001 

009 
001 

005 

2.07E-03 

035 
3,2BE-05 

001 

004 
003 
002 
048 

349E-03 

014 
134 125 289 

007 
002 
005 

225E-03 
4 S4E-03 
189E-07 

324E-03 
398E-03 
105E-05 

089 

10iE-05 
2.05E-05 
417E-03 

003 
002 

225E-03 
203E-03 

425E-03 
239E-OB 

197E-03' 
940E-04 
3 SSE-07 

OOB 
185E-05 
1 S7E-05 

3 SSE-04 

A-25 

004 
0,05 

005 
4,29E-03 

681E-03 
2.SSE-07 
387E-03 
401E-03 

134E-05 _i'.M 
S SSE-05 
141E-05 
32OE-03 



Chromium 
Copper 
Lead 
Mercury 
Nickel 

Silver 
ZinC 
SEM·AV5 
2-Me1hylnaph1halene (L) 
Acenaph1hene (L) 

Acenaph1hylano (L) 
An1hracene (L) 

8enzo(ajanlhracene (H) 
8enzo(a)pyrene (H) 

BIphenyl (L) 
Chryaene (H) 
Dlbanz(a.h)an1hracane (H) 
Fluoran1hene (H) 
Fluorene (L) 

Naph1halene (L) 
Phenan1hrene (L) 
Pyrene (H) 
LMWPAHs 
HMWPAHs 
Total PAHs 

Total PCBs 

Aldnn 

Alpha·BHC 

Alpha-chlordane 
8eta-BHC 

Chlorpynfos 

CIS-Nonachlor 

Delta-BHC 

Dleldnn 
Endosulfan II 
Endnn 
Gamma-BHC (Lindane) 
Ganvna-Chlorc1an a 
Heptachlor 
Heptachlor epoxlde 
HexachlorobenZ80e 
Mlrex 
Oxychlordane 
Pantachlorobanzene 
Trans-Nonachlor 

1.2.3.4· T etrachlorobenzene 
',2.".s. Tetrachlorobenzane 
o.p··DOD 
p.p··DOD 
o.p··DOE 
o.p··DOT 

p.p··DOE 

Tabl. "'·2·2 5 (conUnuod) 

5000 
310 
810 
094 

820 

81 

OBB 
710 
045 

029 
007 
004 

1407 

010 
158E·03 

1500 

014 
633 

450 
063 

575 
042 
549 

003 
015 

015 

400E·03 
016 

550E·03 

399E·05 
015 

190E·03 

870E·03 
2.30E·03 

016 
400E·03 

350E·03 
350E·03 

129 
l00E·03 
400E·03 

129 
399E·05 

129 
129 

084 
084 
326 

005 005 
0"8 W,!: 
019 019 
005 003 

030 Mi'. 

005 ,+. 
019 

003 
i.SM 

134E·04 

005 
061 

019 
003 
030 

0.05 

048 
019 
003 
030 

0« O~ Offi O~ 034 

O~ on 
014 083 083 054 035 

oro OOB o~ on O~ 

39ZE·03 351E·03 2.3ZE·03 327E-03 2.10E·03 

005 005 005 
058 079 048 
019 019 019 
O~ 003 003 

030 .f}. 030 

OB 
·147 

005 
069 
019 
006 
030 

·025 
, 52 176 

073 011 0« 041 041 0.20 062 378 398 109 

oeo 011 on 048 O~ 0.22 043 083 517 532 104 

003 306E·03 002 0.02 002 0.01 013 002 002 014 017 005 

0.31 0.82 H67 247 207 2556 3001 ze9 

1 BBE·03 881E·04 8.56E·04 1 39&03 1 22E·03 2.1BE-03 501E·03 1 73E·03 3 eoE·03 
015 002 010 0.11 010 005 009 014 

058 007 O~ 045 0.39 0.24 049 054 
058 020 035 048 040 041 085 085 

076 

017 

814E·04 
001 

369E·03 
007 

001 
012 

002 
005 

OSS 
002 
002 

371E·04 
lUE·03 
359E·03 
869E·OB 
179E·04 
65ZE·04 
128E·05 

018 
2.79E·06 

92BE·05 
640E·04 
2.SSE·05 
e 13E·05 
O~ 

028 
020 
017 

2.06E·05 
001 

2.SSE·03 
011 

005 
011 

710E·03 

a.SSE·04 

042 
OOB 
005 

I09E·03 
2.09E·03 

018 

539E·05 
69ZE·04 
328E·04 
2.24E·05 

003 
34ZE·05 
7Q7E·05 

473E·05 
2.15E·05 
5SSE·05 

004 

0« 
016 

l11E·05 
001 

434E·03 

002 

003 
017 

531E·03 

513E·03 
• ljM 

005 
2.49E·03 

794E·03 
S05E·03 
7.50E·03 
156E·07 
37SE·03 
170E·04 
145E·05 

013 
B86E-06 

130E·05 
2.23&04 
357E·05 

121E·05 

0.53 
015 

481E·04 

002 
471E·03 

0.03 
002 

005 
001 

0.02 

032 
0.03 

8 acE· 03 
501E·04 
l00E·03 
481E·03 
176E·07 
240E·04 

2S0E·04 
13ZE·06 

011 
830E-06 

576E·05 
1.5ZE·04 
2.81E·05 
714E·07 

005 

0« 

OOB 
353E·04 
449E·03 

9 SSE·04 
002 

777E·03 

005 
1.77E·03 

43BE·03 

029 
001 
001 

24ZE·04 
7.61E·04 

2.64E·03 
125E·OB 
13ZE·04 
209E·04 
347E·07 

004 
2.B5E·06 
416E·06 
1.27E·04 
141E·05 

OBB 
042 
003 0.25 

4 97E·05 75ZE·06 
531E·03 002 

009 3.19E·03 
005 013 

009 002 
039 007 

1 53E·03 2.57E·03 
007 005 

015 _if • 
002 003 

001 002 
019 173E·03 

4 06E·03 203E·03 

33ZE·03 5 UE·03 
6 17E·OB 2 19E·OB 
7 acE·04 001 
314E·03 32OE·03 
27ZE·07 1 82E·07 

•.. §- 008 
4.34E·05 1.19E·05 
5 5OE·05 8 33E·06 
191E·03 115E·04 

115E·05 

2.99E·06 I_~~I 0.05 
115E·05 

007 

068 

005 
1.00E·05 

001 

2.21E·03 
013 
002 

006 
001 
001 

034 

004 
001 

140E·03 

21ZE·03 
60BE·03 
338E·OB 
2SSE·04 
350E·04 
2.99E·07 

013 

651E·07 
803E·06 
757E·05 

316E·05 
556E·07 

004 
137&06 

068 
037 0« 

3 56E·04 6 83E·05 
77ZE·03 004 

001 684E·03 
004 007 
001 002 

020 012 

1 70E·03 2.23E·03 
058 004 

065 W'!. 
002 0.03 
002 001 

3 49E·04 454E·04 
005 146E·03 

3 78E·03 446E·03 
272E·07 2.47E·OB 
1 69E·04 434E·03 
5 71 E·04 4 16E·03 

246E·06 374E·07 
013 016 

1 09E·05 3 25E·07 
254E·05 5 17E·05 
1 «E·04 3 7BE·04 

6 29E·05 2.(1 E·05 
3 94E·05 2. 7BE·05 

O.OB 005 

4 6SE·06 7 45&05 
004 031 

034 

2.31E·03 
001 

304E·03 
015 

002 
021 

276E·03 
003 
ItM 
003 
002 

3.22E·03 
436E·03 

59ZE·03 
27ZE·06 
303E·03 
7.3ZE·03 
413E·07 

OOB 
130E·06 
812&06 

401E·04 
301E·05 
5.87E·06 

006 
524E·05 

A-26 
Page 3 of4 

009 

4ffi&04 
65OE·03 

937E·04 
006 
001 

005 

2.15E·03 
003 

051 
003 

002 
1 eoE·03 
143E·03 
441E·03 
5geE·OB 

2.2OE·04 
I06E·03 
541E·07 

007 

327E·06 
832E·06 
913E·05 
159&05 
2.30E·07 

002 
347E·06 



Chromium 
Copper 
Load 
Mercury 
NlCI<el 
Sliver 
ZinC 
SEM-AVS 
2-Me1hylnaph1h8lone (L) 
Aconaph1hono (L) 
Aconaph1hylono (L) 
An1hracono (L) 
Bonzo(a)anthracono (H) 
Bonzo(a)pyrono (H) 
BIphenyl (L) 
Chrysono (H) 
OIbenz(a.h)an1hracone (H) 
Fluoran1hono (H) 
Fluorono (L) 
Naph1halono (L) 
Phenan1hrono (L) 
Pyrone (H) 
LMWPAHs 

HMWPAHs 

Total PAHs 

TotalPCSs 

Aldnn 
Alpha-8HC 
Alpha-chlordane 
Bota-SHC 
Chlorpynfos 
CIS-Nonachlor 
Dolta-SHC 
DlelOOn 
Endosultan II 
EnOOn 
Gamma-BHC (Lindane) 
Ganvna.Chlordane 

Heptachlor 
Heptachlor epoXlde 
Haxachlorobenzene 
Mlrax 
Oxychlordano 
Pentschlorobenzene 
Trans-Nonachlor 
, ,2.3,.· T etrachlorobenzena 
1.2.(.5-T etrachlorobonzone 
o,p'-DDD 
p,p'-DDD 
o,p'-DOE 

o,p'-DDT 
p,p'-DOE 

Tabl. A-2-2.5 (conUnuod) 

5000 OOS 
310 O.a 

810 019 
09( OOS 
820 0.30 

0(6 

029 
007 

00. 
1407 

1600 
014 

633· 
(50 

063 
576 
0(2 
6(9 

003 0.36 009 

016 I UE-03 61SE-06 

016 002 4601E-03 

4.00E-03 172E-03 178E-03 

016 010 S82E-03 

550E-03 371E-03 182E-03 

3 S9E-OS 010 00. 
0.16 265E-03 2.32E-03 

I SOE-03 002 OOS 
870E-03 025 OOS 
2.30E-03 003 003 

016 0.02 001 
( OOE-03 550E-0. 130E-03 

350E-03 175E-03 '''E-03 
350E-03 5.28E-03 • 62E-03 

129 6'5E-09 56o1E-OS 

l00E-03 2.08E-03 2.31E-0. 
400E-03 001 687E-0. 

129 2.95E-07 85SE-07 

3 SSE-OS 002 002 
129 2.57E-06 91SE-07 
129 10.E-OS 515E-06 

OM 1.9SE-o. 2.(SE-OS 

OM 130E-OS 702E-06 
3.26 6 (2E-07 623E-OS 

1.00E-03 

~ 
::: 

OOS OOS 
O.a .EtM 0(8 

019 019 0.19 
003 003 OIl 
030 085 030 

020 
2601E-0. 

079 107 1601 

070 220 193 

037 US US 
031 121 116 

2.06E-03 509E-03 ( OSE-03 

027 
036 

932E-03 

070 
128&03 2..sE-03 2.03E-03 

00. 017 OIl 
023 OM 053 

032 
085 

03' OM 071 
017 007 009 007 

523E-06 3601E-0. 4OSE-06 523E-06 

526E-03 5 SSE-03 003 957E-0. 

323E-03 169E-03 5 UE-o. 425E-0. 

81SE-03 543E-03 876E-03 79SE-03 

001 218E-03 8ME-03 001 
006 013 00. 00. 

I S2E-03 122E-03 133E-03 I S2E-03 
006 450E-03 762E-03 001 
0'(9 013 0601 0.10 
002 002 002 001 
001 813E-04 833E·03 001 

383E-0. 254E-0. 2.85E-04 447E-0. 
118E-03 82(E-0. 849E-0. l1SE-03 
359E-03 2.50E-03 232E-03 35SE-03 
576E-OS 2.66E-OS 115E-OS 209E-OS 
179E-0. 130E-0. 116E-0. 179E-04 
2 (2E-03 2.31E-0. 37SE-03 957E-OS 
4 SOE-07 316E-07 3 (8E-07 556E-07 

00. 00. 406E-03 553E-03 
2.85E-07 378E-06 125E-06 10.E-06 
718E-06 270E-OS 2601E-06 780E-06 

125E-0. S09E-OS S 39E-OS 171E-OS 
115E-OS 800E-06 251E-06 206E-OS 
579E-OS 1.26E-07 ( 7SE-OS 550E-07 
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Table A-2-2 6 

Class Analyte 

MET ArsenIC 

MET Cattnuum 
MET Chromwm 

MET Copper 

MET lead 

MET Mercury 

MET NICkel 

MET Silver 

MET Z,nc 
MET SEM-AVS 

PAH 2-Methylnaphthalene (L) 

PAH Acenaphthene (L) 

PAH Acenaphthylene (L) 

PAH Anthracene (L) 

PAH BenzO{a)anthracene (H) 

PAH BenzO{a)pyrene (H) 

PAH BIphenyl (L) 

PAH Chrysene (H) 

PAH Dlbenz(a,h)anthracene (H) 

PAH FIUOfantllene (H) 

PAH FIUOfene (L) 

PAH Naphthalene (L) 

PAH Phenanthrene (L) 

PAH Pyrene (H) 

PAH LMW PAHs 

PAH HMWPAHs 

PAH Total PAHs 

PCB Total PCBs 

PST Aidnn 

PST Alpha-BHC 

PST Aipha-ehlordane 

PST Beta-BHC 

PST Chlorpynlos 

PST CIS-Nonachlor 

PST Delta-BHC 

PST Ol8ldnn 

PST Endosultan II 

PST Endnn 
PST Gamma-BHC (Lindane) 

PST Gamma-Chlordane 
PST Heptachlor 

PST Heptachlor epoxlde 

PST Hexachtorobenzene 

PST Mlrex 

PST Oxychtordane 

PST Pentachtorobenzene 
PST Trans-Nonachlor 

PST 1,2.3,4-Tetrachlorobenzene 

PST 1,2.4,~ Tetrachlorobenzene 

PST o,p'-DDD 

PST p,p'-DDD 

PST o,p'-DDE 

PST o,p'-DDT 

PST p,p'-DDE 

PST p,p'-DDT 

TOX FLAG 
SUMVal (% of Controll 

Porewater Hazard Quobents I (PW-HOs) based on data lrem the Portsmouth Naval ShiPyard Invesllgabon lor stabons exhlbtbng 

NO TOXICITY' to amphlpods (AmpellSCa abdda) 

Cl 

~ 
§ § § ~ ~ ~ ~ i ~ 'l' '? 

~ ~ ~ ~ ~ ~ ! ~ 
004 017 Ot5 o t2 OtO 0.04 

005 005 005 0.05 005 005 

005 005 005 005 005 005 

1.8t 048 090 07t 048 071 

019 019 019 019 019 019 

0.00 0.00 000 000 000 000 

085 030 030 0.30 0.30 1.22 

010 017 007 006 005 010 

024 -687 -521 .029 -1006 -318 

060 139 016 007 017 0.20 

113E-ll3 428E-ll3 164E-ll4 691E.o5 715E-ll4 446E-ll4 

19Z 374 084 038 1.04 085 

381 819 104 049 2.33 158 

2.53 3.59 057 028 116 095 

1.89 259 042 017 075 066 

962E-ll3 0.00 2.70E-ll3 8.53E-ll4 2.97E-ll3 298E-ll3 

150 209 0.39 017 0.81 066 

261 2.40 046 018 083 0.91 

OOS 0.10 001 7.52E-ll3 000 000 

507 21.34 100 040 297 1.98 

482E-ll3 002 I 25E-ll3 535E-ll4 165E-ll3 I 49E-ll3 

041 108 006 000 0.21 015 

111 239 033 017 073 061 

156 453 037 017 073 056 

434 863 116 064 2.80 226 

1.66 459 0.40 019 0.83 065 

010 011 006 002 0.20 010 

365E-ll6 219E-ll4 3.97E-ll6 I 46E-ll6 402E-ll6 474E-ll6 

790E-ll3 688E-ll3 695E-ll3 228E-ll3 736E-ll3 000 

009 678E-ll3 284E-ll3 119E-ll3 183E-ll3 317E-ll3 

535E-ll3 006 0.02 002 011 005 

829E-ll3 8.68E-ll3 897E-ll3 332E-ll3 965E-ll3 001 

042 006 004 002 024 OOB 

123E-ll3 252E-ll3 317E-ll3 750E-ll4 144E-ll3 815E-ll3 

308 011 366E-ll3 004 012 020 

181 0.97 060 028 072 044 

022 000 002 610E-ll3 002 002 

004 002 876E-ll3 6.23E-ll3 002 002 

012 851E-ll4 712E-ll4 607E-ll4 216E-ll3 191E-ll3 

773E-ll3 199E-ll3 7.25E-ll4 515E-ll4 425E-ll3 476E-ll3 

241E-03 269E-03 267E-03 l00E-03 281E-03 323E-03 

465E-llB 2.23E-llB 409E-ll8 I11E-llB 161E-ll8 541E-llB 

001 643E.oo 18OE-ll3 149E-ll4 324E-ll4 234E-03 

972E.oo 5.06E.oo 285E-ll4 202E-ll4 638E-ll4 234E-03 

470E-ll7 591E.o7 414E.o7 806E-llB 4.53E.o7 375E.Q7 

1.29 014 0.06 000 006 004 

301E.Q6 909E-ll7 2.22E.Q6 9.00E.Q7 857E.Q6 5.56E.Q6 

383E.Q6 411E-ll6 455E.Q6 173E.Q6 123E-llS 652E.Q6 

3.89E.oo 9.88E-ll4 1.01E-ll4 875E-llS 301E-ll4 184E-ll4 

140E-ll4 2.54E-llS 106E-llS 638E-ll6 270E-ll6 317E.Q6 

919E-llS 253E-llS 453E.Q7 3.52E-ll6 801E.Q6 183E-ll6 

308 073 004 OOS 024 009 

217E-ll4 1.8OE-llS 388E.Q6 796E.Q6 118E-llS 998E.Q6 

383 080 002 008 007 002 

2 0 0 0 0 2 0 0 2 

96 91 104 102 100 92 

1 - Hazard Quottents from Tallie A-2-2.5, only values lor wtllcll the corresponding sampte was cal8gonzed as toxIC are shown 

2 - See TINUS (2OOOb) tor ''''tlcily data 

3 - T OXICI\y nag' 0= nontoxIC, 1 = toxlc. 2= no data 

~ 
~ 

I 

5 

4 - ~abC Reterenc8 SCreenll1g ValUe (RSV) calCutated as 95th percenble Upper Unlit (95% UL) based on sampte and dlstnbutlon Iype 

NORM = Normal O1Stnllu1Jon 
LOG = LOG-Normal dlstnllu1Jon 

UnItS PW-HO = unllless 

Page 1 of4 

§ 

i 

2 

Cl 
> 
'!' 

§ ~ i ~ 
,0.04 

005 

005 

048 

019 

000 

030 

006 

-11 35 

018 

409E-ll4 

113 

201 

096 

065 

399E-ll3 

074 

064 

0.00 

2.24 

178E-ll3 

013 

071 

062 

263 

072 

014 

lOOE.o5 

001 

361E-ll3 

014 

004 

007 

283E-ll3 

000 

085 

002 

002 

298E-ll3 

2.92E-ll4 

404E-03 

I04E-ll6 

151E-ll3 

1.72E-03 

665E.o7 

008 

204E-ll6 

170E.o5 

1.59E-ll4 

243E-llS 

I JOE.Q6 

005 

988E.Q6 

002 

1 0 

70 97 
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Table A-2-2 6 (conbnuedl 

I 
(!) 
> 

§ § § § I ~ § § § § i § ~ <)I :;: i 
N <)I :z i i ~ ~ on 
~ ~ '" ~ ~ ~ Class ,Analyle ~ ~ ~ ~ ::; 

MET ArsenIC 0,23 0.13 1.34 013 004 010 .' 

MET Cadl'TUum 005 005 005 005 005 005 

MET ChromIUm 0.05 005 005 005 005 005 

MET Copper 048 048 048 048 048 048 

MET Leao . 019 019 019 019 019 019 

MET Mercury 003 003 003 003 003 005 

MET NICkel 030 030 159 030 073 030 

MET Sliver 

MET ZIflC 005 OOS 011 006 OOS 004 

MET SEM-AVS -1023 -055 003 -185 -341 -647 

PAH 2-Methylnaphthalena (Ll 023 023 007 0.13 037 023 

PAH Al::enaphthene (L) 273E.()4 693E.()4 178E.()4 240E.()4 776E.()4 626E.()4 

PAH Al::enaphthyoane (L) 078 128 020 0,71 146 110 

PAH Anthracene (Ll 135 219 043 1.10 254 1.88 

PAH Benzo(a)anthracena (H) 067 219 0,25 070 126 097 

PAH Benzo(a)pyrene (H) 047 • 215 019 057 084 070 

PAH BIphenyl (L) 294E-oJ 522E-oJ 2.10E.()3 2 SOE.()3 638E.()3 392E.()3 

PAH Chrysane (H) 049 214 017 052 103 073 

PAH Olbenz(a.h)anthracene (H) 046 234 017 056 113 080 

PAH Fluoranlhene (H) 002 008 894E.()3 002 003 003 

PAH Fluorene (L) 196 387 072 122 282 222 

PAH Naphlhalene (L) 146E.()3 214E-oJ 589E.()4 131E-oJ 254E-oJ 188E.()3 

PAH Phenanthrene (L) 010 040 0.05 010 018 015 

PAH Pyrene (H) 041 167 020 048 089 068 

PAH LMWPAHs 049 098 019 041 088 068 

PAH HMWPAHs 152 660 073 176 313 2.52 

PAH Total PAHs 053 130 022 048 099 076 

PCS Total PCSs 012 010 011 0.21 041 017 

PST Ald"n 521E-06 1 55E-05 1 35E-05 755E-06 675E-06 814E.()4 

PST Alpha-SHC 001 794E-oJ 663E-oJ 001 002 001 

PST Alpha-chlordane 112E-oJ 585E-oJ 235E-oJ 250E-oJ 003 369E-oJ 

PST Beta-SHC 015 002 002 006 007 007 

PST Chlorpynfos 001 003, 003 002 002 001 

PST, CIS-NonachlOl' 004 012 014 007 031 012 

PST Oelta-SHC 176E-oJ 725E-oJ 437E-oJ 255E-oJ l09E-oJ 002 

PST Dteldnn 117E.()4 010 . 003 011 025 005 

PST EndosuHan II 054 169 031 068 134 055 

PST Endnn 002 006 006 003 007 002 

PST Gamma-llHC (Llfldane) 003 004 003 001 002 002 

PST Gamma-Chlordane 156E-oJ 261E-oJ 884E.()4 375E-oJ 006 371E.()4 

PST Heptachlor 116E-oJ 207E-oJ 337E-oJ 169E-oJ 225E-oJ 114E-oJ 

PST Heptachlor epoxlda 3SOE-oJ 001 909E.()3 500E-oJ 454E-oJ 359E.()3 

PST Hexachlorobenzene 194E-oB 5 35E-oB' 5 OBE-oB 282E-oB 1 69E-07 869E-oB 

PST Mlrex 200E.()3 753E.()3 4,54E.()4 224E-oJ 324E-oJ 179E.()4 

PST Oxychlordane 26OE.()4 358E.()3 501E-oJ 125E-oJ 398E-oJ 652E.()4 

PST Pentachlorobenzene 4.21E-07 l00E-06 9 OSE-07 112E-06 1 Q6E-06 1.28E-06 

PST Trans-Nonachlor OOS 003 001 007 089 018 

PST 1.2.3,4-Tetrachlorobenzene 512E-06 8.72E-06 701E-06 62BE-06 1 Q7E-05 279E-06 

PST 1.2.4.5-Tetracl1lonobenzene 153E-06 136E-05 655E-06 369E-05 2OSE-05 926E-06 

PST o.p·-DOO 1.53E.()4 154E.()4 278E-05 2.56E.()4 417E.()3 640E.()4 

PST P.p·-DOO 347E-05 231E-05 741E-05 209E-05 lSOE.()4 2.95E-05 

PST o.p·-DOE 177E-07 591E.()7 5.35E-07 113E-06 434E-05 813E-06 

PST o.p·-DOT 004 004 002 009 439 049 

PST p.p·-DOE 324E-06 525E-06 2.54E-05 24BE-05 147E.()4 281E-05 

PST p.p·-DOT OOS 003 003 004 1044 022 

TOX FLAG 0 2 0 2 0 0 2 2 0 2 1 0 1 

SUfVlVal (% of Control) 97 102 99 101 102 74 102 71 
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Table A-2-2 6 (conbnued) 

CI " " > > > .. § '!' 

~ ~ § § § § § ~ § ~ § § 
'l' i 

., 
:!; ~ '" !2 'l' '? 'l' '? 

~ ~ 
0 N N N '" '" '" 

ClaSs Anatyte :i :i :i i i i i .i .i. .i. 
MET ArsenIC 004 010 004 011 004 0.04 004 .- 043 

MET Cadmium 005 005 005 005 005 0.05 005 005 

MET ChromIUm 005 005 005 005 0.05 005 005 005 

MET Copper 102 061 048 058 079 048 089 048 

MET Lead 019 019 019 019 019 019 019 019 

MET M9feury 003 003 003 003 003 003 006 003 

MET N"kel 183 0.30 030 030 1.22 030 030 030 

MET Silver 

MET ZInc 011 007 008 007 0.09 008 0.13 004 

MET SEM-AVS -010 -541 -001 -1973 ,()SO -147 -025 -3483 

PAH 2-Me1l1y1naph1halene (L) 012 011 014 018 0.53 152 1.76 024 

PAH Acenapll1l1ene (L) 134E-04 379E-04 1 75E-04 2.28E-04 249E-04 961E-03 9 BOE-03 767E-04 

PAH Acenapll1l1ylene (L) 038 037 034 121 0.81 1.88 186 1.13 

PAH An1l1racene (L) 171 111 078 757 1.87 1022 1109 366 

PAH BenzO(a)an1l1racene (H) 083 054 035 085 081 5.94 6.57 1.61 

PAH BenzO(a)pyrene (H) 045 037 024 054 058 380 426 089 

PAH Biphenyl (L) 232E-03 2.10E-03 226E-03 3.06E-03 9.36E-03 002 002 5.64E-03 

PAH Chrysene(H) 0.44 041 020 0.62 055 378 398 112 

PAH Olbenz(a,h)an1l1racene (H) 047 038 022 043 0.83 517 532 093 

PAH Auoran1l1ene (H) 002 002 0.01 002 002 014 017 004 

PAH Fluorene (L) ISO 136 0.82 247 2.07 25.56 30.01 629 

PAH NapII1I1alene (L) 866E-04 l.22E-03 218E-03 173E-03 380E-03 002 002 224E-03 

PAH Phenan1l1rene (L) 010 010 005 009 014 133 1.57 026 

PAH Pyrene (H) 049 0.39 024 049 054 314 359 102 

PAH LMW PAHs 036 040 041 0.85 085 556 648 101 

PAH HMWPAHs 183 141 0.88 1.85 200 1223 1414 378 

PAH Total PAHs 044 044 042 088 088 574 666 114 

PCB Total PCBs 016 008 003 005 037 044 034 017 

PST AJdnn 1 l1E-05 353E-04 497E-06 l00E-05 356E-04 663E-06 231E-03 523E-06 

PST Alplla-BHC 001 449E-03 531E-03 001 772E-03 004 001 5.26E-03 

PST Alplla-Chlordane 434E-03 995E-04 009 221E-03 001 684E-03 304E-03 323E-03 

PST Beta-BHC 002 0.02 005 013 004 007 015 819E-03 

PST Chlorpynfos 0.03 777E-03 009 002 001 002 002 001 

PST CIS-Nonachlor 017 005 039 006 0.20 012 021 006 

PST oelta-BHC 631E-03 1 nE-03 1 53E-03 001 170E-03 2.23E-03 276E-03 192E-03 

PST Oleldnn 513E-03 438E-03 007 001 058 004 003 006 

PST EndOSulfan II 153 029 015 034 065 230 244 049 

PST Endrrn 005 001 002 004 002 003 003 002 

PST Gamma-BHC (undane) 249E-03 001 001 001 002 001 002 001 

PST Gamma-Chlordane 794E-03 242E-04 019 140E-03 349E-04 454E-04 322E-03 383E-04 

PST HoptaChlOt' 5.05E-03 761E-04 4 06E-03 212E-03 005 146E-03 4.36E-03 1 18E-03 

PST Heptachlor epoxode 7.SOE-03 264E-03 332E-03 608E-03 378E-03 446E-03 592E-03 359E-03 

PST Hexachlorobenzene 186E-07 125E-OS 617E-OS 338E-OS 272E-07 247E-OS 272E-06 576E-OS 
PST M'8J( 375E-03 1 32E-04 7 BOE-04 289E-04 1 89E-04 434E-03 303E-03 1 79E-04 

PST Oxychlordano 170E-04 209E-04 314E-03 3 SOE-04 571E-04 416E-03 732E-03 242E-03 

PST Pentachk>robenzene 145E-06 347E-07 272E-07 299E-07 248E-06 3.74E-07 413E-07 49OE-07 

PST Trans-NonacI1lor 013 0.04 189 013 013 0.16 0.08 0.04 

PST 1,2,3,4-Tetracl1l0r0b0nzeno 886E-06 285E-06 4.34E-06 651E-07 1.09E-05 3.25E-07 13OE-06 285E-07 

PST 1,2,4,5-Tetracl1l0r0b0nzene 130E-05 416E-06 56OE-06 803E-06 2.54E-05 517E-06 812E-06 718E-06 
PST o,p'-DOO 2.23E-04 127E-04 191E-03 757E-05 1 44E-04 378E-04 401E-04 125E-04 

PST p,p'-DOO 357E-05 141E-05 247E-05 318E-05 6.29E-05 241E-05 301E-05 1 15E-05 

PST o,p'-DOE 121E-05 299E-06 125E-05 556E-07 394E-06 278E-06 567E-06 579E-OS 

PST o,p'-DOT 011 0.05 178 004 0.08 006 006 003 

PST p,p'-DOE 129E-05 5.43E-06 267E-05 1.37E-06 488E-06 745E-06 524E-06 2.9OE-06 

PST p,p'-DOT 017 0.05 014 004 031 007 008 001 

TOXALAG 0 2 0 0 2 0 0 0 0 2 1 2 0 

SUMVall% of Control) 102 103 98 90 89 97 102 66 93 
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Table A-2-2 6 (connnuedl 

§. ~ ~ .. 
Class AnaMe :; i ; n DIST' Mean 95%UL 

MET ArsenIC 021527778 009 23 LOG 017 042 

MET Cadmium 005376344 005 23 NA 0.05 OOS 
MET Chromium 005 005 23 NA OOS O.OS 
MET Copper 1.33870968 048 23 LOG 067 114 

MET Leao 018518519 0.19 23 NA 019 019 

MET Mercury 002659574 011 23 LOG 0.03 005 

MET NICkel 08S365854 030 23 LOG 057 1.30 

MET Silver 0 

MET ZUlC 02362716 006 23 LOG 009 016 

MET SEM·AVS '()2914341 -317 23 LOG -542 11033 

PAH 2-Melhylnaphlhalene (Ll 013120414 0.23 23 LOG 039 1.07 

PAH Acenaphlhene (L) 9 S366E'()5 259E-04 23 LOG 1 38E-03 404E-03 

PAH Acenaphlhylene (L) 078961824 107 23 LOG 110 271 

PAH Anlhracene (L) 06977329 220 23 LOG 304 892 

PAH 8enzo(a)anlhracene (H) 037040695 '45 23 LOG 1.54 4.35 

PAH 8enzo(a)pyrene (H) 03119511 '2' 23 LOG 1.07 3.06 

PAH BIphenyl (L) 000205987 5.09E-03 23 LOG 611E-03 002 

PAH Chrysene (H) 0.26671073 088 23 LOG 103 297 

PAH Dlbenz(a.h)anlhraCene (H) 035977394 '43 23 LOG 1.25 378 

PAH Fluoranlhene (H) 000932265 003 23 LOG 004 011 

PAH Fluorene (L) 069963428 258 23 LOG 527 '598 

PAH Naphlhalene (L) 0.00128385 249E-03 23 LOG 393E-03 00' 

PAH Phenanlhrene (L) 004023051 017 23 LOG 030 09' 

PAH Pyrene (H) 02335'43 084 23 LOG 093 254 

PAH LMW PAHs 03'944745 073 23 LOG 127 353 

PAH HMW PAHs 084903528 2.90 23 LOG 350 970 

PAH Total PAHs 0339'6506 084 23 LOG 1.35 376 

PCS Total PCSs 006952703 009 23 LOG 0'6 003 

PST Aldnn 000035373 406E-06 23 LOG '97E-04 02' 

PST Alpha-BHC o OOS55254 003 23 LOG 001 005 

PST A!pha~hlordane 000 5'4E-04 23 LOG 0.0' 003 

PST Beta·SHC 000542826 876E-03 23 LOG 006 02' 

PST Chlorpynlos 0002'8411 884E-03 23 LOG 002 005 

PST CIS-Nonachlor 0'33679'2 004 23 LOG 0'4 040 

PST Delta·SHC 000'21811 '33E-03 23 LOG 368E-03 953E-03 

PST Dleldnn 000460035 762E-03 23 LOG 021 106 

PST Endosulfan II 013269563 0.84 23 LOG 086 240 

PST Endnn 00'533'22 002 23 LOG 004 009 

PST Gamma-BHC (Lindane) 00006'323 833E-03 23 LOG 002 0.05 

PST Gamma.chlordane 000025447 285E-04 23 LOG 0.02 004 

[PST Heptachlor 00006244 849E-04 23 LOG 43'E-03 001 

PST Heptachlor epoxlde 000260094 232E-03 23 LOG 423E-03 862E-03 

PST Hexachlorobenzene 26578E.()8 115E.()8 23 LOG 2'9E.()7 54'E.()7 

PST Mllex 0000'2989 , 'SE-04 23 LOG 225E-03 001 

PST Oxychtordane 000023134 379E-03 23 LOG 248E-03 00' 

PST Pentachlorobenzene 3.1605E'()7 346E'()7 23 LOG 679E'()7 , 74E-06 

PST Trans-Nonachlor 003743015 4 06E.oo 23 LOG 0.24 0.81 

PST , .2.3.4-T etrachlorobenzene 37847E-06 , 25E-06 23 LOG 419E-06 16OE-05 

PST , ,2,4,5-Tetrachlorobenzene 27004E.QS 2.84E-06 23 LOG '06E.QS 3.06E'()5 

PST o,p'-ODD 90928E.QS 939E.QS 23 LOG 629E-04 196E-03 

PST p,p'-ODD 8oo17E-06 251E-06' 23 LOG 344E-05 1.25E-04 

PST o,p'-ODE , 2598E.()7 476E.()8 23 LOG 976E-06 549E.QS 

PST o,p'-ODT 002'86027 0.02 23 LOG 050 '46 

PST p,p'-ODE '8897E.QS 163E-06 23 LOG 2.81E.QS 606E.QS 

PST p,p'-ODT 00' 673E-03 23 LOG 071 143 

TOX FLAG 0 0 2 
SUrvIVal (% 01 Controll 90 90 

A-31 
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ClaSS 

MET 
MET 

MET 

MET 

MET 

MET 

MET 

MET 

MET 

MET 

PAH 

PAH 

PAH 
PAH 

PAH 

PAH 

PAH 

PAH 

PAH 

PAH 

PAH 

PAH 

PAH 

PAH 

PAH 

PAH 

PAH 

PCS 

PST 

PST 

PST 

PST 

PST 

PST 

PST 

PST 

PST 

PST 

PST 

PST 

PST 

PST 

PST 

PST 
PST 
PST 

PST 

PST 

PST 
PST 

PST 

PST 
PST 

PST 

PST 

! 

Table A-2-2 7 Porewaler Hazard Quobents I (PW-HCs) based on data lrom the Portsmouth Naval Shlpyard Invesbgabon lor stabons exMlIbng 

TOXICITY' 10 amphlpods (AmpellSCa abdlfa) 

~ 

'" ~ § § § ~ § ~ ~ ~ ~ § 
<)I '?' 

IAnalVte ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ i 
ArsenIC 

Cadrruum 
Chronuum 
Copper 

Lead 

Mercury 
NICkel 
Sliver 
ZII., 
SEM-AVS 

2-Methylnaphthalene (L) 

Acenaphthene (L) 

Acenaphthylene (L) 
Anthracene (L) 

Benzo(a)anthracene (H) 

Benzo(a)pyrene (H) 

BIphenyl (L) 

ChlYsene (H) 
Olllenz(a,h)anthracene (H) 

Fluoranthene (H) 

Fluorene (L) 

Naphthalene (L) 

Phenanthrene (l) 
Pyrene (H) 

LMWPAHs 

HMWPAHS 

Total PAHS 

Total PCSs 

Aldnn 

Alpha-BHC 

AJpha-chlordane 
Beta-SHC 

Chlo<pyntos 

CIS-NonaChIOf 

Delta-SHC 

Ol8lOOn 

Endosulfan II 
Endnn 
Gamma-SHC (Lindane) 

Gamma"(;hlordane 
Heptachlor 
HeptachlOf epo.lde 

Hexachk)robenzene 
Mlrex 
Oxychlordane 
Pentachlorobenzene 
Trans-Nonachlor 
1.2,3,4-TetrachlOfobenzene 

1.2,4,5-T etrachlorobenzene 
o,p'-DOO 

p,p'-DOO 

o,p'-DOE 
o,p'-DOT 

p,p'-DOE 

p,p'-DOT 

TOX FLAG' 
SUMVaI (% 01 Control) 

. 

2 0 0 
960 91,0 

1 Hazard OuobSnts from Tallie A 2-2,5 

2 - See TtNUS (2OOOb) tor toxicity data 

0 
1040 

3 - ToxICity flag' 0= nontoxIC, 1~ 1OXIc, 2~ no data 

UOilS' PW~Q ~ uni1less 

0 2 0 0 
102,0 1000 920 

Page 1 014 

004 

005 

OOS 
1,29' 

019 

003 

329 

008 
.oIl 

161 

I04E.()3 

694 
742 

403 

2,31 

001 

265 

3,80 

009 
7,31 

001 

045 

200 

308 

795 

326 

038 
610E.()6 

002 

001 
944E.()3 

001 

021 
206E.()3 

760E.()3 

16' 
002 

002 

7 32E.Q3 

00' 
418E.()3 

890E.Q8 

239E.()3 

881E.()3 
509E'()7 

018 
645E.()6 

226E.Q5 
170E.()3 

671E-05 

117E-05 
128 

6 nE-05 

007 

2 1 2 

50 

C) 
> 
~ 

§ ~ 
i ~ 

004 

005 

005 

153 

019 

003 

073 

011 

024 

007 

112E.()4 

031 

042 

020 
016 

145E.()3 

017 

017 

752E.()3 

032 

387E.()4 

003 

0,16 

014 

0,61 

017 

0,12 

909E.()6 

001 

192E.()3 

007 

002 

064 
823E.()3 

004 

025 

004 

002 
133E.()3 

565E.()4 

612E.()3 

1 S2E.Q7 

305E.()4 
144E.()4 

606E.Q7 
017 

1 39E.Q5 

493E.()6 

227E.()3 

593E.Q4 

342E.Q4 
155 

139E.()3 

9,60 

1 0 

700 970 
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Table A-2-2 7 (conbnuedl 

i " > 

i 
~ 

§ § § § § § § § § § ~ § § 
I 'l' :;.: .i 

OJ '" ~ '? j 'r [, 

~ ~ ~ 
,:. 

~ ~ 
,;, 

~ ~ Class I AnalVle ~ ~ ~ ~-
MET AtsenlC , 004 

MET Cadmium 005 

MET Chromrum 005 

MET Copper H8 
MET Lead 019 

MET Mercury 003 
MET NICkel 146 

MET Sltver 
MET ZinC 015 

MET SEM-AVS 099 031 

PAH 2-Methylnaphthalene (Ll 040 009 

PAH Acenaphthene (L) 552E-{)4 564E-05 

PAH Acenaphthylene (L) , 252 044 

PAH Anthracene (L) 497 049 

PAH Beruo(a)anthracene (H) 218 014 

PAH Benzo(a)pyrene (H) 117 008 

PAH Biphenyl (L) 455E-03 351E-03 

PAH Chrysene (H) 177 011 

PAH OlbBru(a,h)anthracene (H) 138 011 

PAH Fluoranthene (H) 009 3 06E-03 

PAH Fluorene (L) 231 031 

PAH Naphthalene (L) 207E-03 881E-{)4 

PAH Phenanthrene (Ll 028 002 

PAH Pyrene (H) 214 007 

PAH LMWPAHs 108 020 

PAH HMWPAHs 755 0.28 

PAH Total PAHs 145 020 

PCB Total PCBs 035 017 

PST Aldnn 328E.()5 2,06E-05 

PST Alpha-BHC 001 001 

PST Alpha~hlordane 004 255E-03 

PST Beta-BHC 003 011 

PST Chlorpynlos 002 005 

PST CIS-NonaChlor 046 011 

PST Oelta-BHC 349E-03 710E-03 

PST DfOldnn 014 989E-{)4 

PST EndosuHan II 289 042 

PST Endnn 004 008 

PST Gamma-SHe (Lindane) 005 005 

PST Gamma-Chlordane 006 1 09E-03 

PST Heptachlor 429E-03 209E-03 

PST Heptachlor BjX)xlde 681E-03 018 

PST HexachlOrobenzene 265E'()7 539E.()6 

PST Mlrex 387E-03 692E-{)4 

PST Oxychlordane 401E-03 328E-{)4 

PST Pentachlorobenzene 134E.()6 224E'()5 

PST Trans-Nonachlor 118 003 
PST 1.2.3,4-Tetrachlorobenzene 585E.()6 342E-05 
PST 1.2.4.5-Tetrachlorobenzene 141E-05 707E-05 
PST o,p'-DOO 320E-03 473E'()5 

PST p,p'-DOO 177E-{)4 215E-05 
PST o,p'-DOE 3.32E.()4 695E.()6 

PST o,p'-DOT 266 004 
PST p,p'-DOE 268E.()4 496E.()6 

PST p,p'-DOT 646 008 

TOX FLAG' 0 2 0 2 0 0 2 2 0 2 1 0 1 
SUMVllI (% 01 Control 970 1020 990 101.0 1020 740 1020 710 
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Table A-2-2.7 (conbnued) 

; 
I 

<!! <!! <!! 
> > > 

I 

i "!' i I ~ § § § § § § § § § § 
I i 'T 6 

N '" " :;: " ;;; <:' " iAnatvte ~ ~ 
.; .; '" N '" '" 

Class i i i i i i i i i i 
MET ArsenIC 043 
MET Cadmium OOS 
MET Chroouum .. OOS 
MET Copper 048 
MET Lead 0.19 
MET Mercury OOS 
MET NICkel 030 
MET Sltvar 
MET ZU1C 004 
MET SEM-AVS ·22 00 
PAH 2-Melllylnaphthalene (L) 1.69 
PAH Acenaphthene (L) 003 
PAH Acenaphthylane (L) 247 
PAH Anthracene (L) 1364 
PAH Benzo(a)anthracene (H) 471 
PAH Benzo(a)pyrene (H) 209 
PAH BIphenyl (L) 0.09 
PAH Chrysene (H) 280 
PAH DlIl8nz(a,h)anthracene (H) 197 
PAH Fluoranthene (H) 017 
PAH FlUOfene (L) 101 
PAH Naphthalene (L) 300E-o:! 
PAH Phenanthrene (L) 218 
PAH Pyrene (H) 338 
PAH LMWPAHs 897 

PAH HMWPAHs 1306 

PAH TOlal PAHs 8B2 

PCB TOlal PCBs 036 

PST Aldnn 114E-o:! 

PST Alpha-BHC 002 

PST Alpha-chlorclane 172E-o:! 

PST Bela-SHC 010 

PST Chlorpyntos 371E-o:! 

PST CIS-Nonachlor 010 

PST Dalla-BHC 265E-o:! 

PST Ol8ldnn 002 

PST Endosutfan II 025 

PST Endrm 003 

PST Gamma·8HC (Lindane) 002 
PST Gamma-Chlordane 550E-{)4 

PST HeptaChlor 175E-o:! 

PST Heptachlor epoxlde 528E-o:! 
PST Hexachlorobenzene 645E-09 

PST Mlrex 208E-o:! 
PST Oxychlo<dane 001 
PST Pentachlorobenzene 295E-()7 
PST Trans-Nonachlor 002 
PST 1.2.3,4-Te1raChlorobenzene 257E-()6 
PST 1.2.4,S-Telr.lChlorobenzene 104E-()5 
PST o,p'-ODD 19BE-{)4 
PST p,p'-ODD 130E-()5 
PST o,p'-ODE 842E-()7 
PST o,p'-ODT 0.03 
PST p,p'-ODE 8.20E-()7 

PST p,p'-ODT 0.02 

TOX FLAG' 0 2 0 0 2 0 0 0 0 2 1 2 0 
SUrvIVal (% Of Controll 1020 1030 980 900 890 970 1020 660 930 
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Table A-2-2 7 (conbnued) 

i 

I 
! ~ ~ ~ 
i ... '? Maximum 
iAnaMe 

.. ; Class ~ i N Mean HO 

MET Arsenoc 4 014 043 

MET Cadmium 4 005 005 

MET Chromrum 4 005 005 

MET Copper 4 4054 153 

MET Lead 4 019 019 

MET Mercury 4 003 0.05 

MET NICkel 4 145 329 

MET Sltver 0 

MET ZinC 4 009 015 

MET SEM-AVS 5 --411 099 

PAH 2-MeUlylnaphUlalene (L) 5 on 169 

PAH AcenaphUlene (L) 5 578E-03 003 

PAH AcenaphUlylene (L) 5 2.54 6.94 

PAH AnUlracene (L) 5 539 13.64 

PAH Benzo(a)anUlracene (H) 5 225 471 

PAH Benzo(a)pyrene (H) 5 116 231 

PAH Biphenyl (L) 5 002 009 

PAH Chrysene (H) 5 150 280 

PAH Dlbenz(a,h)anUlracene (H) 5 149 380 

PAH FluoranUlene (H) 5 007 017_ 

PAH Fluorene (L) 5 22.30 101 

PAH NaphUlalene (L) 5 355E-03 001 

PAH PhenanUlrene (L) 5 059_ 218 

PAH Pyrene (H) 5 1.55 3.38 

PAH LMWPAHs 5 270 897 

PAH HMWPAHs 5 589 13.06 

PAH TOlal PAHs 5 278 882 

PCB TOlal PCBs 5 028 038 

PST Ald"n 5 243E-Q4 1 14E-03 

PST Alpha-BHC 5 002 002 

PST Alpha-chlordane 5 001 004 

PST Bela-BHC 5 006 011 

PST Chlorpynlos 5 002 005 

PST CIS-Nonachlor 5 030 064 

PST Dena-BHC 5 471E-03 823E-03 

PST Dletdn" 5 004 014 

PST EndosuHan II 5 1.08 289' 

PST Endnn 5 004 008 

PST Gamma-BHC (Lindane) 5 003 005 

PST Gamma-Chlordane 5 001 006 

PST HeplaChlor 5 384E-03 001 

PST Heptachlor epoxlde 5 004 018 

PST Hexachk>robenzene 5 1 19E-06 539E-06 

PST Mlrex 5 187E-03 387E-03 

PST Oxychlordane 5 501E-03 001 

PST Pentachlorobenzene 5 503E-06 224E-05 

PST Trans-Nonachlor 5 032 118 

PST 1.2.3.4-Tetrachlorobenzene 5 1 26E-05 342E-05 

PST 1.2.4,5--Tetrachlorobenzene 5 245E-Q5 707E-Q5 

PST o,p'-DDD 5 148E-03 320E-03 

PST p,p'-DDD 5 1 74E-Q4 593E-Q4 

PST o,p'-DDE 5 1 39E-Q4 342E-Q4 

PST o,p'-DDT 5 111 286 

PST p,p'-DDE 5 346E-Q4 139E-03 

PST p,p'-DDT 5 3.25 960 

TOX FLAG' 0 0 2 

SUrvival (% 01 Can troll 900 900 
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ClaSs 

MET 

MET 

MET 

MET 

MET 

MET 

MET 

MET 

MET 

MET 

PAH 

PAH 

PAH 

PAH 

PAH 

PAH 

PAH 

PAH 

PAH 

PAH 

PAH 

PAH 

PAH 

PAH 

PAH 

PAH 

PAH 

PCB 

PST 

PST 

PST 

PST 

PST 

PST 

PST 

PST 

PST 

PST 

PST 

PST 

PST 
PST 

PST 

PST 

PST 

PST 

PST 

PST 

PST 

PST 

PST 

PST 

PST 

PST 

PST 

Table A-2-2 B Porewater Hazard OuobenlS' (PW-HOs) based on data lrom the Portsmouth Naval Shlpyard Invesbgabon lor stabons exlubobng 

NO TOXICITY'to sea urchIn (Arbaaa punctu/ara) 

Anatyte 

ArsenIC 

Cadrruum 
ChromIUm 

Copper 

Lead 

Mercury 

NICkel 

Silver 

Zux: 
SEM-AVS 

2-Melllylnaphlllalene (L) 

Acenaphlllene (L) 

Acenaphlhylene (L) 

Anlllracene (L) 

BenzO(a)anthracene (H) 

BenzO(a)pyrene (H) 

BIphenyl (L) 

Chrysane(H) 

Dobanz(a,h)an1hracene (H) 

Auoranlllene (H) 

Auorene (L) 

Naphthalene (L) 

Phenanlllrene (L) 

Pyrene (H) 

LMWPAHs 

HMWPAHs 

Total PAHs 

Total PCBs 

Aldnn 

Atpha-8HC 

Atpha-chlordane 

Beta-SHC 

Chlorpynfos 

CIS-Nonachlor 

Dena-8HC 

Ol8ldnn 

EndosuHan II 

Endnn 

Gamma-8HC (LIndane) 

Gamma-Chlordane 
HeptachlOr 

Heptachlor epoxode 

Hexachtorobenzene 
MII'8X 

Oxychlordane 

Pentachtorobenzene 
Trans-Nonachlor 

1.2,3,4-Tetrachl..-nzene 

1.2,4,5~ Tetrachlorobenzene 

o,p'-DDD 

p,p'-DDD 

o,p'-DDE 

o,p'-DDT 

p,p'-DDE 

p,p'-DDT 

TOXFLAG 

EC50 

" > 

i § § ~ § § ~ § § § 
'1' 

~ " ~ ~ ~ ~ ~ .. ~ ~ ~ ~ ~ 
0,04 015 012 010 004 004 

OOS OOS OOS OOS OOS OOS 

DOS OOS. OOS OOS OOS OOS 

181 090 071 048 071 1.29 

019 019 019 019 019 019 

003 003 003 003 003 003 

OBS 030 030 030 122 329 

010 007 006 OOS 010 OOB 

0.24 -521E+00 -29OE.(I1 -IOIE+OI ·318E+00 -107E.(I1 

060 016 007 017 020 161 

113E.(13 1,64E.(14 691E.(15 715E.(14 446E.(14 I04E.(13 

192 0.64 038 104 OBS 694 

381 1.04 049 2.33 158 742 

2,53 057 028 116 095 403 

189 042 017 075 066 231 

962E.(13 270E.(13 8.53E.(14 297E.(13 298E.(13 001 

150 039 017 0.81 066 265 

261 046 018 083 091 380 

OOS 001 7.52E.(13 0.03 003 009 

507 100 040 297 198 731 

462E.(13 125E.(13 535E.(14 165E.(13 I 49E.(13 001 

041 006 003 021 015 045 

III 033 017 073 061 200 

1.56 037 017 073 056 30B 

434 116 064 280 226 795 

166 040 019 083 065 326 

010 006 002 020 010 038 

365E.(16 397E.(16 146E.(16 402E.(16 474E.(16 610E.(16 

790E.(13 6,95E.(13 228E.(13 736E.(13 003 002 

009 264E.(13 1.19E.(13 183E.(13 317E.(13 • 001 

535E.(13 0,02 002 0,11 OOS 944E.(13 

829E.(13 897E.(13 332E.(13 965E.(13 001 0,01 

042 004 002 024 OOB 021 

123E.(13 3,17E.(13 75OE.(14 144E.(13 815E.(13 206E.(13 

3.OB 386E.(13 004 012 020 760E.(13 

1.81 060 028 072 044 161 

022 002 610E.(13 002 002 002 

004 876E.(13 623E.(13 002 002 002 

012 712E.(14 607E.(14 216E.(13 191E.(13 732E.(13 

773E.(13 725E.(14 515E.(14 425E.(13 476E.(13 001 

241E.(13 267E.(13 lOOE.(13 281E.(13 323E.(13 418E.(13 

465E.(18 409E.(18 IIIE.(18 161E.(18 541E.(18 890E.(I8 

001 18OE.(13 I 49E.(14 3.24E.(14 234E.(13 239E.(13 

972E.(13 2,BSE.(14 202E~ 638E.(14 234E.(13 881E.(13 

470E.(I7 414E.(I7 806E.(18 453E.(I7 375E.(I7 509E.(I7 

1.29 0,06 003 006 004 0,18 

301E.(16 2.22E.(16 9.03E.(I7 857E.(16 558E.(16 645E.(16 

363E.(16 455E.(16 1,73E.(16 123E.(15 652E.(16 228E.(I5 

3.69E.(13 101E.(14 8,75E.(15 301E.(14 164E.(14 170E.(13 

14OE.(14 1.06E.(15 636E.(16 270E.(16 317E.(16 671E.(15 

9.19E.(15 4.53E.(I7 352E.(16 601E.(16 183E.(16 117E.(15 

3,08 004 OOS 024 0.09 128 

217E.(14 388E.(16 796E.(16 118E.(15 9,98E.(16 6,77E.(15 

383 002 008 007 002 007 

2 0 I 0 0 2 0 0 2 0 
>100 365 707 707 707 645 >100 

I - Hazard QuObOnlS from Table A-2-2 5, only values for which IIIe correspondmg sample was catagonzad as toXIC are shown 

2 - Sea TINUS (2000b) tor toxicIty data 

3 - ToxICity flag, 0= nontoxIC, 1= toxIC, 2= no data 

4 - Aquabc Rererence Screenmg Vatue (RSy) calculated as 95111 parcanble Upper Llmlt (95% UL) basad on sample and dlstrlDubon type 

NORM = Normal OIStr1bu11on 

LOG = LOG-Normal dlstrfDubon 

UnItS PW-HQ 1;1 unlUess 

Page I of4 

§ 

i 

2 

§? 
'!' 

§ § 

" ~ ~ 
004 -1)04 

OOS 005 

OOS OOS 

153 048 

019 019 

003 003 

073 030 

011 006 

024 -I 14E+OI 

007 018 

112E.(14 409E.(14 

0,31 113 

042 201 

020 096 

016 065 

I 45E.(13 3.99E.(13 

017 074 

017 064 

7,52E.(13 003 

032 224 

387E.(14 I 78E.(13 

003 013 

016 071 

014 062 

061 263 

017 072 

012 014 

909E.(16 lOOE.(15 

001 001 

192E.(13 361E.(13 

0,07 014 

0.02 004 

064 007 

823E.(13 283E.(13 

004 003 

025 O.BS 

004 002 

002 002 

133E.(13 298E.(13 

565E.(14 292E.(14 

612E.(13 404E.(13 

I 62E.(I7 I04E.(16 

3OSE.(14 151E.(13 

144E.(14 172E.(13 

606E.(I7 6.65E.(I7 

017 008 

I 39E.(15 204E.(16 

493E.(16 170E.(15 

227E.(13 I 59E.(14 

593E.(14 243E.(15 

342E.(14 130E.(16 

155 OOS 

I 39E.(13 988E.(16 

960 002 

0 0 

786 >100 
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Table A·2·2 8 (conbnued) 

§ § 
'" i ~ ClaSS Ana~ 

MET ArsenIC 

MET cadmium 
MET Chromium 

MET Copper 

MET Lead 

MET Mercury 

MET N"kal 
MET Silver 

MET ZII'C 

MET SEM·AVS 

PAH 2-Methylnaphthalene (L) 

PAH Acenaphthene (L) 

PAH Acenaphthylene (L) 

PAH Anthracene (L) 

PAH Benzo(a)anthracene (H) 

PAH Elenzo(a)pyrene (H) 

PAH BIphenyl (L) 

PAH Chrysene (H) 

PAH Dloonz(a,h)anthracene (H) 

PAH Fluoranthene (H) 

PAH Fluorene (L) 

PAH Naphthalene (L) 

PAH Phenanthrene (L) 

PAH Pyrene (H) 

PAH LMW PAHs 

PAH HMWPAHs 

PAH Total PAHs 

PCB Total PCBs 

PST Aldnn 

PST Alpha-BHC 

PST Alpha~hlordane 

PST Beta·BHC 

PST Chlorpyntos 

PST CIS·Nonachler 

PST Delta-BHC 

PST Dleldnn 

PST Endosutfan II 
PST Endnn 

PST Gamma-BHC (lindane) 

PST Gamma-Chlorc1ane 

PST Heptachlor 

PST Heptachlor epoxlde 

PST Hexachlorobenzene 

PST Mlrex 

PST Oxychlordane 

PST Pentachiorobenzene 

PST Trans--NonachlOr 

PST 1,2.3,4' Tetract1lorobenzene 

PST 1,2,4,5-Tetract1lerobenzene 

PST o,p'-DDD 

PST p,p'-DDD 

PST o,p'-DDE 

PST o,p'-DDT 

PST p,p'-DDE 

PST p,p'-DDT 

TDX FLAG 1 2 
EC50 <25 

§ 

1 
013 

005 

005 

048 

019 

003 

030 

005 

" ~ . .' 

·555E·Ol 

023 

693E-04 

128 

219 

219 

215 

522E-oJ 

214 

234 

008 

387 

214E-oJ 

040 

167 

098 

6.60 

1.30 

010 

I 55E-<l5 

794E-oJ 

585E-oJ 

002 

003 

012 

725E-oJ 

010 

169 

006 

004 

261E-oJ 

207E-oJ 

001 

535E-oB 

753E-oJ 

3S8E-oJ 

1.00E-06 

003 

872E-06 

136E-05 

154E-04 

231E-05 

5.9IE-<l7 

0.04 

5.25E-06 

0.03 
0 

>100 

§ 
'" 
~ 

2 

/r~; '" ~'~M>"'II!'" 
>, 

§ § 
'" ;i: 
~ .~ 

134 013 

005 005 

005 005 

048 048 

019 019 

003 003 

1.59 030 

OIl 006 

003 ·1.85E+00 

007 013 

I 78E-04 240E-04 

020 0.71 

043 1.10 

025 070 

019 057 

210E-oJ 2.5OE-oJ 

017 052 

017 056 

894E-oJ 002 

072 122 

589E-04 131E-oJ 

005 0.10 

0.20 048 

019 041 

073 176 

022 048 

011 021 

135E-D5 755E-06 

663E-oJ 001 

2.35E-oJ 2.50E-oJ 

002 006 

003 0.02 

014 007 

437E-oJ 255E-oJ , 
003 011 ,', 

i 
031 068 

006 003 

003 001 

884E-04 375E-oJ 

337E-oJ I 69E-oJ 

9.09E-oJ 500E-oJ 

5 OBE-oB 282E-oB 

454E-04 2.24E-oJ 

5.01E-oJ I 25E-oJ 

9.05E-<l7 112E-06 

0.01 007 

701E-06 628E-06 

655E-06 369E-05 

278E-D5 2 S8E-04 

7.4IE-05 209E-05 

535E-<l7 I 13E-06 

002 009 

254E-D5 248E-D5 

003 004 
0 0 

755 697 

Page 2 of4 

CI ,. 
~ 

~ § § § § I ~ ':> ;i; i i ,.:. 
~ ~ ~ ~ 

004 010 '004 

005 005 005 

005 005 005 

048 048 748 

019 019 019 

003 005 003 

073 030 146 

005 004 015 

-341E+00 -647E+00 031 

037 0.23 009 

776E-04 626E-04 564E-D5 

146 110 044 

254 188 049 

1.26 097 0.14 

084 070 008 

638E-oJ 392E-oJ 351E-oJ 

1.03 073 OIl 

113 0.80 OIl 

003 0.03 306E-oJ 

282 222 031 

254E-oJ 188E-oJ 881E-04 

018 015 002 

089 068 007 

088 068 020 

313 252 028 

099 076 020 

041 017 017 

675E-06 814E-04 206E-<l5 

002 001 001 

003 369E-oJ 255E-oJ 

007 007 OIl 
, 002 001 005 

031 012 OIl 

109E-oJ 002 7.10E-oJ 

0.25 005 989E-04 

134 055 042 

007 002 008 

002 002 005 

006 371E-04 I09E-oJ 

225E-oJ 114E-oJ 209E-oJ 

4.54E-oJ 359E-oJ 018 

169E-<l7 869E-oB 539E-06 

324E-oJ I 79E-04 692E-04 

398E-oJ 6.52E-04 3.28E-04 

106E-06 128E-06 224E-05 

0.89 0.18 003 

107E-05 2.79E-06 3.42E-05 

205E-05 928E-06 707E-05 

417E-oJ 64OE-04 473E-<l5 

I SOE-04 2.95E-D5 2.15E-D5 

434E-D5 813E-06 695E-06 

439 049 004 

147E-04 281E-<l5 496E-06 

1044 022 008 
2 2 0 2 2 0 0 

717 693 >100 
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Table A-2-2 a (conbnued) 

CI CI CI 
> > > 
"!' i 

... 
~ § § § ~ § § § § ~ ~ ! " 'T 6 

.., 
:7 ;(; ~ " ~ ~ ~ 

., ., 
'" '" '" .., '" Class Anatvte i i i i i i i i i i 

MET ArsenIC 004 004 004 004 004 

MET Cadmium 005 OOS OOS OOS OOS 

MET Chromium 005 0.05 005 0.05 OOS 

MET Copper 1.02 048 079 048 069· 

MET lead 019 019 019 019 019 

MET Mercury 003 003 003 003 006 

MET NICkel 183 030 122 030 030 

MET Sltver 

MET ZIIIC OIl 008 009 0.08 013 

MET SEM-AVS -101E-Gl -1.09E-Q2 -498E-G1 -147E+00 -250E-Gl 

PAH 2-Me1l1ylnapn1l1alene (l) 012 014 053 1.52 176 

PAH Acenaph1l1ene (l) 134E-Q4 I 75E-Q4 249E-Q4 961E-G3 9 SOE-G3 

PAH Acanaph1l1ylene (l) 038 0.34 > 081 188 186 

PAH An1l1racene (l) 171 078 187 10.22 1109 

PAH Benzo(a)an1l1racene (H) 083 035 081 5.94 657 

PAH Benzo(a)pyrene (H) 045 024 058 380 426 

PAH BIphenyl (l) 232E-G3 226E-G3 936E-G3 0.02 002 

PAH Chrysene (H) 044 0.20 055 378 3.98 

PAH Dlbenz(a.h)an1l1racene (H) 047 0.22 0.83 517 5.32 

PAH Fluoran1l1ene (H) 002 001 0.02 014 017 

PAH Fluorene (l) ISO 082 2.07 2556 3001 

PAH Naphthalene (l) 866E-Q4 2.19E-G3 3 BOE-G3 002 002 

PAH Pl19nanthrene (l) 010 O.OS 014 1.33 157 

PAH Pyrene (H) 049 0.24 054 314 359 

PAH lMW PAHs 036 041 085 ·556 648 

PAH HMWPAHs 183 088 2.00 1223 14.14 

PAH TOlal PAHs 044 042 088 574 666 

pca TOlal PCBs 016 003 037 044 034 

PST Aldnn I llE-G5 497E-Q6 356E-Q4 663E-Q6 231E-G3 

PST Alpha-BHC 001 531E-G3 772E-G3 004 001 

PST Alpha-Clllortlane 434E-G3 009 001 684E-G3 304E-G3 

PST Bela-BHC 002 OOS 004 007 015 

PST ChlorpynlOS 003 009 0.01 002 002 

PST CI5-Nonachlor 017 039 0.20 012 021 

PST Delta-BHC 631E-G3 153E-G3 170E-G3 223E-G3 276E-G3 

PST Ol8ldnn 513E-G3 007 056 004 003 

PST Endosulfan II 153 015 065 230 244 

PST Endnn 005 002 002 003 003 

PST Gamma-BHC (lindane) 249E-G3 001 002 001 002 

PST Gamma-Chlordane 794E-G3 019 349E-Q4 454E-Q4 322E-G3 

PST Heptachlor 5 OSE-G3 4 06E-G3 OOS I 46E-G3 436E-G3 

PST Heptachlor epoxlde 750E-G3 332E-G3 376E-G3 446E-G3 592E-oJ 

PST Hexach&orobenzene 186E-G7 617E-Q6 272E-G7 247E-Q6 272E-Q6 

PST Mlrex 375E-G3 7 SOE-Q4 1.89E-Q4 434E-G3 303E-G3 

PST O>cychiordane 170E-Q4 314E-G3 571E-Q4 416E-G3 732E-G3 

PST Pen1aChlorolJenzene I 45E-Q6 272E-G7 2.46E-Q6 374E-G7 413E-G7 

PST Trans-Nonachlor 013 1.89 013 016 0.08 

PST 1.2.3.4-Tetrachlorobenzene 886E-Q6 434E-Q6 109E-Q6 3.25E-G7 130E-Q6 

PST 1.2,4.5-Tetrachlorobenzene 13OE-05 56OE-Q6 2.54E-05 517E-Q6 812E-Q6 

PST o.p·-ODD 223E-Q4 I 91E-G3 1.44E-Q4 3.79E-Q4 4.01E-Q4 

PST p.p·-ODD 357E-05 247E-05 6.29E-05 241E-05 301E-05 

PST o.p·-ODE 121E-05 1.25E-05 3.94E-Q6 2.79E-Q6 567E-Q6 

PST O,p'-ODT 011 178 008 006 0.06 

PST p,p'-ODE 129E-05 267E-05 488E-Q6 745E-Q6 5.24E-Q6 

PST p,p'-ODT 017 014 031 007 0.08 

TOX FlAG 0 2 I 0 2 I 0 0 0 2 I 2 I 

ECSO 707 390 >100 346 707 693 <25 <25 
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Table A-2-2 8 (conbnued) 

'--
~ ~ ~ 
• <:' ~ 

Class AnaMe :i i :i n Disr Mean 95%UL 

MET ArsenIC 022 009 21 LOG 0.07 032 

MET Cadrruum 005 005 21 NA 005 005 

MET ChrOfnlUm 005 005 21 NA 005 005 

MET CoppSr 134 048 21 LOG 074 8n 
MET Lead 019 019 21 NA 019 019 

MET Mercury 003 011 21 LOG 003 006 

MET NICkel 085 0.30 21 LOG 0.63 2.15 

MET Silver 0 

MET Zmc 024 008 21 LOG 008 016 

MET SEM-AVS -291 E-ol -317E.00 21 LOG -253 10359 

PAH 2-Methylnaphthalene (L) 013 0.23 21 LOG 0.27 1.22 

PAH Acenaphthene (L) 954E-05 259E-04 21 LOG 40E-04 38E-Q3 

PAH Acenaphthylene (L) 079 1.07 21 LOG 089 323 

PAH Anthracene (L) 070 2.20 21 LOG 184 821 

PAH Benzo(a)anthracene (H) 037 145 21 LOG 105 5.21 

PAH Benzo(a)pyrene (H) 031 121 21 LOG 075 366 

PAH Biphenyl (L) 206E-Q3 509E-Q3 21 LOG 44E-Q3 1.6E-02 

PAH Chrysene (H) 0.27 088 21 LOG 07' 349 

PAH Dloonz(a,h)anthracene (H) 036 143 21 LOG 094 482 

PAH Auoranthene (H) 932E-Q3 003 21 LOG 003 013 

PAH Fluorene (L) 070 258 21 LOG 211 14.90 

PAH Naphthalene (L) 1 28E-Q3 249E-Q3 21 LOG 23E-Q3 I.2E-02 

PAH Phenanthrene (L) 004 017 21 LOG 015 094 

PAH Pyrena (H) 023 084 21 LOG 064 296 

PAH LMW PAHs 032 073 21 LOG 070 364 

PAH HMWPAHs 085 290 21 LOG 241 1136 

PAH Total PAHs 034 084 21 . LOG 078 395 

PCB Total PCBs 007 009 21 LOG 015 054 

PST Aldnn 364E-04 408E-06 21 LOG 449E-05 426E-04 

PST Alpha-BHC 555E-Q3 003 21 LOG 001 003 

PST Alpha-chlordane 1 69E-Q3 514E-04 21 LOG 523E-Q3 004 

PST Beta-BHC 543E-Q3 876E-Q3 21 LOG 44E-02 19E-ol 

PST Chlorpynlos 218E-03 884E-03 21 LOG 002 006 

PST CIS-NonachlQ( 013 004 21 LOG 015 0.57 

PST Delta-BHC 122E-03 1 33E-03 21 LOG 311E-03 001 

PST Dlsldnn 460E-03 7.62E-Q3 21 LOG 60E-02 .i 85E-Ol 

PST Endosulfan II 013 064 21 LOG on 276 . 

PST Endnn 0.02 002 21 LOG 003 010 

PST Gamma-BHC (LIndane) 813E-04 833E-03 21 NORM 002 003 

PST Gamma-Chloruane 2.54E-04 285E-04 21 LOG 542E-03 006 

PST Heptachlor 824E-04 849E-04 21 LOG 253E-03 002 

PST Heptachiof epoxlde 26OE-03 2.32E-Q3 21 LOG 414E-03 002 

PST Hexachtorobenzene 266E-08 1 15E-08 21 LOG 1 29E-07 1.39E-06 

PST Mlrex 13OE-04 1 16E-04 21 LOG 1 5E-Q3 l1E-02 

PST Oxychiofdane 231E-04 379E-Q3 21 LOG 21E-Q3 14E-02 

PST Pentachk>rObenzene 316E-07 346E-07 21 LOG 64E-07 42E-06 

PST Trans-Nonachlor 004 4 06E-03 21 LOG 1.2E-ol 12E+OO 

PST 1.2.3.4-TetrachlOi'ooonzene 378E-06 125E-06 21 LOG 49OE-06 248E-05 

PST 1,2,4,5-Tetrachlorobenzene 270E-05 264E-06 21 LOG l11E-05 476E-05 

PST o,p'-DDD 909E-05 939E-05 21 LOG 483E-04 370E-03 

PST p,p'-DDD 800E-06 2.51E-06 21 LOG 322E-05 265E-04 

PST o,p'-DDE 126E-07 478E-08 21 LOG 645E-06 1.30E-04 

PST o,p'-DDT 002 002 21 LOG 032 2.54 

PST p,p'-DDE 189E-05 1 63E-06 .21 LOG 2.23E-05 2.26E-04 

PST p,p'-DDT 001 873E-03 21 LOG 28E-ol 29E+OO 

TOX FLAG 0 0 2 

EC50 ,100 707 

A-39 
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Class 
MET 
MET 
MET 
MET 
MET 
MET 
MET 
MET 
MET 
MET 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 

• PAH 

PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PCS 
PST 
PST 
PST 
PST 
PST 
PST 
PST 
PST 
PST 
PST 
PST 
PST 
PST 
PST 
PST 
PST 
PST 
PST 
PST 
PST 
PST 
PST 
PST 
PST 
PST 
PST 
PST 

! 
I 
I 

i 

Table A-2-2 9. Porewater Hazard QUOlJents' (PW-HQS) based on data from the Portsmouth Naval ShIPyard Invesbgabon for stabons exhibrttng 

TOXICITY" to sea urcttm (Arllacla punctulata) 

Cl 
> < 

III III cD III III III III III III III 

~ 8 ~ ~ 8 ~ 8 8 8 8 
'1' '1' '" M 

'" '" M M M 0 0 0 ~ <!; 
iAnaMe 

0 0 0 0 ~ :::; :::; :::; :::; :::; :::; :::; :::; :::; 
ArseniC 017 
Cadm,um 005 
Chrom,um 005 
Copper 048 
Lead 019 
Mercury 003 
N.ckel 0.30 
Silver 
Z.nc 017 
SEM-AVS -687 
2-Methylnaphlhalene (L) 139 
ACenaphthene (L) 0.00 
Acenaphthylene (L) 374 
Anthracene (L) 819 
Benzo(a)anthracene (H) 3.59 
Benzo(a)pyrene (H) 259 
BIphenyl (L) 003 
Chrysene (H) 209 
O.benz(a,h)anthracene (H) 240 
Fluoranthene (H) 0.10 
Fluorene (L) 21.34 
Naphthalene (L) 002 
Phenanthrene (L) 108 

Pyrene (H) 2.39 
LMWPAHs 453 

HMWPAHs 863 

Total PAHs 459 

Total PCBs 011 

Aldnn 22E-04 

Alpha-SHC 69E-03 
Alpha-chlordane '68E-03 

Beta·SHC 57E-02 
Chlorpynfos 87E-03 

CIS·Nonachlor 64E-02 
Delta-SHC 25E-03 
O.eldnn llE-Ol 
Endosulfan II 97E-Ol 
Endnn 31E-02 
Gamma-SHC (L'ndane) 16E-02 
Gamma·Chlordane 8.5E-04 
Heptachlor 20E-03 
Heptachlor epoXlde 27E-03 
Hexachlorobenzene 22E-08 
Mlrex 64E-03 
Oxychlordane 51E-03 
Pentachlorobenzene 5.9E-07 
Trans-Nonachlor 14E-Ol 
1,2,3,4-T etrachlorobenzene 91E-07 
1,2,4,5-Tetrachlorobenzene 41E-06 
o,p'-OOO 
p,p'·OOO 
o,p'-OOE 
o,p'-OOT 
p,p'-OOE 
D,D'·OOT 

TOXFLAG 
EC50 

97E-04 
2.5E-05 
25E-05 

' 7.3E-Ol 
1.8E-05 
60E-Ol 

2 0 1 

>100 365 
1 • Hazard Quobents from Table A-2-2.5 
2 - See TtNUS (2000b) for toXICIty data 
3 - T OXlCrty flag: 0= nontoXIC, 1 = toXIC, 2= no data 
Units PW-HQ = un.Hess 

, 

0 0 2 0 0 2 0 
707 707 707 845 >100 

III 
8 
'" <!; 
:::; 

2 
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Table A-2-2.9 (conllnued) 

C!l g > < ~ cD til til til til til til til til til til 
8 8 8 8 8 8 8 8 ~ 8 8 8 

'" :h ~ ~ '? '1' '" 
.., 

.b .b :g ,:.. ... ,:.. a, a, a, 
I AnaMe 

0 0 0 0 0 0 0 0 
~ Class ::;; ::;; ::;; ::;; ::;; ::;; ::;; ::;; ::;; ::;; ::;; 

MET Arsenic 023 
MET Cadmium OOS 
MET Chromium OOS 
MET Copper 048 
MET Lead 019 
MET Mercury 003 
MET Nickel 030 
MET Sliver 
MET ZinC OOS 
MET SEM-AVS -1023 
PAH 2-Melhylnaphthalene (l) 023 
PAH AGenaphthene (L) 000 
PAH AGenaphthyiene (l) 07B 
PAH Anthracene (l) 135 
PAH Benzo(a)anthracene (H) 067 
PAH Benzo(a)pyrene (H) 047 
PAH Biphenyl (L) 000 
PAH Chrysene (H) 049 
PAH Dlbenz(a,h)anthracene (f, 046 
PAH Fluoranthene (H) 0.02 
PAH Fluorene (l) 196 
PAH Naphthalene (l) 000 
PAH Phenanthrene (L) 010 
PAH Pyrene (H) 041 
PAH lMWPAHs 049 
PAH HMWPAHs 152 
PAH Total PAHs 053 
PCB Total PCBs 012 

PST Aldnn 52E-06 

PST Alpha-BHC 1 3E-02 

PST Alpha-chlordane l1E-03 

PST Beta-BHC 15E-Ol 

PST Chtorpynfos 12E-02 

PST CIS-Nonachlor 36E-02 
PST Delta-BHC I.BE-03 
PST Dleldnn 1 2E-04 
PST Endosulfan II 54E-Ol 
PST Endnn 22E-02 
PST Gamma-BHC (Lindane) 35E-02 
PST Gamma-Chlordane 16E-03 
PST Heptachlor 12E-03 
PST Heptachlor epoxlde 35E-03 
PST He.achlorobenzene I 9E-OB 
PST Mlrex 20E-03 
PST Oxychlordane 26E-04 
PST Pentachlorobenzene 4.2E-07 
PST Trans-Nonachlor 49E-02 
PST 1,2,3,4-T etrachlorobenzel S.IE-06 
PST 1,2,4,5-Tetrachlorobenzel 15E-06 
PST o,p'-DDD 15E-04 
PST p,p'-DDD 35E-05 
PST o,p'-DDE I.BE-07 
PST o,p'-DDT 40E-02 
PST p,p'-DDE 3.2E-06 
PST p,p'-DDT 45E-02 

TOXFLAG 0 1 2 0 2 0 0 2 2 0 2 2 
ECSO >100 <25 >100 755 697 717 

A-41 
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Table A-2-2.9. (contlllued) 

! 
C) C) ~ > > 
< < < 

I 
m m m m m cD m m m m cD cD 
8 8 8 8 8 8 8 ~ 8 8 8 ~ l '" ~ ~ ~ '" 'i' 'l' 

~ m 0 0 N '" '" Class I AnalVle 
0 0 0 i i i i i i Si ::; ::; ::; ::; ::; 

MET Arsenic 010 011 
MET CadmIum OOS OOS 
MET Chromium O.OS OOS 
MET Copper 061 058 
MET Lead 019 019 
MET Mercury 003 003 
MET NIckel 030 0.30 

MET Sliver 
MET ZinC 007 007 
MET SEM-AVS -541 -1973 
PAH 2-Methylnaphthalene (L) 011 018 
PAH Acenaphthene (L) 0.00 000 
PAH Acenaphthylene (L) 037 1.21 
PAH Anthracene (L) III 7.57 
PAH Benzo(a)anthracene (H) 054 085 
PAH Benzo(a)pyrene (H) 0.37 0.54 
PAH BIphenyl (L) 000 0.00 
PAH Chrysene (H) 041 062 
PAH Dlbenz(a,h)anthracene (h 038 043 
PAH Fluoranthene (H) 002 002 
PAH Fluorene (L) 136 247 

PAH Naphthalene (L) 000 000 

PAH Phenanthrene (L) 010 009 

PAH Pyrene (H) 039 049 

PAH LMWPAHs 040 085 

PAH HMWPAHs 141 185 

PAH Total PAHs 044 088 

PCB Total PCBs 0.08 005 

PST Aldnn 35E~ IOE-05 

PST Alpha-BHC 45E-03 IIE-02 

PST Alpha-chlordane I OE-03 22E-03 

PST Beta-BHC 23E-02 13E-OI 

PST Chlorpynlos 78E-03 20E-02 

PST CI5-Nonachlor 52E-02 58E-02 

PST Della-BHC 18E-03 IIE-02 

PST Dleldnn 44E-03 IIE-02 

PST Endosullan " 29E-OI 34E-OI 

PST Endnn 14E-02 37E-02 
PST Gamma-BHC (LIndane) 12E-02 IIE-02 
PST Gamma-Chlordane 24E~ 14E-03 

PST Heptachlor 76E~ 21E-03 
PST Heptachlor epoXide 26E-03 61E-03 
PST Hexachlorobenzene 13E-08 34E-08 
PST Mire. 13E~ 29E~ 

PST OXychlordane 21E~ 35E~ 

PST Pentachlorobenzene 3.5E-07 30E-07 
PST Trans-Nonachlor 40E-02 1.3E-OI 
PST 1,2,3,4-T elrachlorobenzel 28E-06 6.5E-07 
PST 1,2,4,5-Telrachlorobenzel 42E-06 8.OE-06 
PST o,p'-DDD 13E~ 7.6E-05 
PST p,p'-DDD 14E-05 32E-05 
PST o,p'-DDE 30E-06 56E-07 
PST o,p'-DDT 49E-02 36E-02 
PST p,p'-DDE 5.4E-06 1.4E-06 
PST p,p'-DDT 54E-02 39E-02 

TOXFLAG 0 0 0 2 I 0 2 I 0 0 0 2 
ECSO 693 >100 707 390 >100 346 707 693 
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Table A-2-2.9 (conllnued) 

! 
I 

III III III III III III 
I 8 8 ~ 8 8 ~ : 
I M ~ .. '1' Maximum 
iAnalyte 

~ ~ 

Class i i i i i i N Mean HQ 
MET Arsenic 043 043 6 025 043 
MET Cadmium 005 005 6 005 005 
MET Chromium 005 005 6 005 005 
MET Copper 048 0.48 6 052 061 
MET Lead 019 019 6 019 019 
MET MelCul)' 005 003 6 003 005 
MET Nickel 030 030 6 030 030 
MET Silver 0 
MET ZinC 004 004 6 007 017 
MET SEM-AVS -2200 :3463 6 -1648 -541 
PAH 2-MelhytnaphlhaJene (L) 169 024 6 064 169 
PAH Acenaphthene (L) 003 000 6 001 003 
PAH Acenaphthytene (L) 247 113 6 162 374 
PAH Anthracene (L) 1364 366 6 592 1364 
PAH Benzo(a)anthracene (H) 471 161 6 199 471 

PAH Benzo(a)pyrene (H) 209 0.89 6 116 2.59 
PAH Blphenyt (L) 009 001 6 0.02 0.09 
PAH Chl)'Sene (H) 2.80 112 6 125' 2.80 

PAH Dlbenz(a,h)anthracene (/-. 197 0.93 6 109 240 

PAH Fluoranthene (H) 017 004 6 006 017 

PAH Fluorene (L) 10127 6.29 6 2245 10127 

PAH Naphthalene (L) 000 000 6 0.00 002 

PAH Phenanthrene (L) 21B 026 6 064 21B 

PAH Pyrene (H) 338 102 6 135 338 

PAH LMWPAHs B97 101 6 271 B97 

PAH HMWPAHs 1306 37B 6 504 1306 

PAH Total PAHs 882 114 6 273 882 

PCB Total PCBs 036 017 6 015 036 

PST Aldnn l1E-03 52E-06 6 2.9E-Q4 l1E-03 

PST Alpha-BHC 24E-02 53E-03 6 l1E-02 24E-02 

PST Alpha-chlordane 17E-03 32E-03 6 27E-03 6 BE-03 

PST Beta-BHC 98E-02 82E-03 6 7 BE-02 15E-Ol 

PST Chlorpynfos 37E-03 13E-02 6 l1E-02 20E-02 

PST CIS-Nonachlor 95E-02 6SE-02 6 6.2E-02 95E-02 

PST Delta-BHC 27E-03 1.9E-03 6 36E-03 l1E-02 

PST Dleldnn 17E-02 60E-02 6 33E-02 l1E-Ol 

PST Endosulfan " 2.SE-Ol 49E-Ol 6 48E-Ol 97E-Ol 

PST Endnn 32E-02 22E-02 6 26E-02 3 !E-02 

PST Gamma-BHC (LIndane) 17E-02 . l1E-02 6 17E-02 35E-02 

PST Gamma-Chlordane 55E-Q4 3 BE-Q4 6 B 3E-Q4 16E-03 

PST Heptachlor 17E-03 12E-03 6 ISE-03 21E-03 

PST Heptachlor epOlode 53E-03 36E-03 6 40E-03 61E-03 

PST Hexachlorobenzene 64E-09 58E-08 6 25E-OB 58E-OB 
PST Mlrex 21E-03 18E-Q4 6 19E-03 64E-03 

PST Oxychlordane 1.2E-02 24E-03 6 33E-03 12E-02 
PST Pentachlorobenzene 30E-07 49E-07 6 41E-07 59E-07 
PST Trans-Nonachlor 18E-02 42E-02 6 71E-02 14E-Ol 

PST 1,2.3.4-Tetrachlorobenzet 26E-06 28E-07 6 2. 1 E-06 51E-06 
PST 1,2,4,5-Tetrachlorobenzel 10E-05 72E-06 6 5.9E-06 10E-05 
PST o,p'-DDD 20E-Q4 1.3E-Q4 6 27E-Q4 9.7E-D4 
PST p,p'-DDD 1.3E-05 1.2E-05 6 22E-05 35E-05 
PST o,p'-DDE 64E-07 58E-OB 6 4.9E-06 25E-05 
PST o,p'-DDT 3.1E-02 35E-02 6 1.5E-Ol 73E-Ol 
PST p,p'-DDE 82E-07 29E-06 6 53E-06 1 BE-05 
PST p,p'-DDT 23E-02 l1E-02 6 13E-Ol 60E-Ol 

TOXFLAG 1 2 1 0 0 2 
EC50 <25 <25 >100 707 
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» 
I 

~ 
~ 

Class 
MET 
MET 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PST' 

PST 

~ST 

PST 

Analvte 
Copper 
Nickel 
2·Melhytnaphlhalene (L) 
Acenaphlhytene (L) 

Anlhracene (L) 
Benzo(a)anlhracene (H) 
Dlbenz(a,h)anlhracene (H) 
Fluorene (L) 
Phenanlhrene (L) 
Pyrene (H) 
LMWPAHs 
HMWPAHs 
Toial PAHs 
E..-ullanll 
Trans~Nonachlor 

o,p'-DDT 
p,p'-DDT 

I~UMTEVHa' 
MAXTEV-HQ 

....... "'" 

Table A-2-2.1 0 Combined aquatic Threshold Effects Value Hazard Quotients' for CoCs in porewaters for 

identification of Limiting CoCs in the Portsmouth Naval Shipyard offshore study area 

Cl 
> 

iii § § i "' III III III III f- 8 8 8 8 8 l! 'l' '7 
~ ~ ~ ;;; 'l' 

1 ;:; ;:; ;:; M 
0 0 :; :; :; ::;; ::;; :; ::;; ::;; 

826 068 018 034 027 018 027 
1067 066 023 023 023 023 094 
094 031 056 129 014 006 011 015 019 
124 143 071 138 031 014 020 039 031 
236 023 046 100 013 006 008 028 019 

028 023 058 082 013 006 007 027 022 
001 036 069 063 012 005 007 022 024 
206 038 034 143 007 003 005 020 013 
460 067 041 108 006 003 008 021 015 
160 065 043 094 013 007 010 029 024 

2032 039 044 128 011 OOS 009 021 016 
411 045 045 089 012 007 010 029 023 
2440 040 044 122 011 OOS 009 022 017 
0021 114 076 041 025 012 025 030 018 

399E-OS 028 129 014 006 003 009 006 004 
148E-03 027 208 050 003 004 003 017 006 
143E-03 004 2.67 042 001 006 002 OOS 002 

598 1233 1046 200 124 114 300 318 

143 267 143 034 027 025 039 094 

8 III 8 8 
M 

~ 
'l' 

'" ~ 0 
::;; ::;; ::;; 

048 

253 
019 149 012 
041 257 027 
019 090 012 
022 093 012 
024 100 011 
014 049 007 
013 045 005 
023 078 014 
018 087 010 
021 082 012 
019 087 010 
040 067 016 
001 018 001 
006 087 001 
002 OOS 001 

225 1340 118 

041 257 027 
_~I 

",'.(JOT Fuw-ILI "- "- ,-, _M ..... ~1L1~ClI~1I.1 

1 • Threthokt Enec:tl Value Hazafd Ouotient (TEV-HO) .. CoC ponl water c::onoantrationCTabio A-2-2 4a)lThroshold EnDCt VaJuo (lEV) (TatH 2 2-5) 

2· Slm TEV-HC) .. ",," 01 enafytlI tta. ( •• cluelng LMW, HMW, Tola! PAH and SEM-AVS ..... m.) 

UnItt TEV..J-fQ .. unHIea 

14 

III 
8 
~ 
::;; 

5740 

056 
006 
011 

005 
005 

004 
002 
003 
006 
004 
006 
004 
010 
017 
104 
671 

6642 

5740 

"-
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~ 
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Class 
MET 
MET 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PST 
PST 
PST 
PST 

Analyle 
Copper 
Nict<el 
2-Melhylnaphlhalene (l) 

Acenaphlhylene (l) 

Anlhracene (l) 

Benzo(a)enlhrecene (H) 
Dlbenz(a,h)anlhracene (H) 
Fluorene (l) 

Phenenlhrene (ll 

Pyrene (HI 
LMWPAHs 
HMWPAHs 
.Tol8I PAHs 
Endosulfen II 
Trans-Nonachlor 
o,p'-DDT 
p,p'-DDT 

JSUMTEVHa' 
MAXTEV-HQ 

, ...... ,,''''' 

Table'A-2-210 (continued) 

~ ~ 
I- § ~ ~ en 
Jo! 8 

~ '" :b ~ j :!l 0 
:ll :ll :ll :ll 

826 018 018 018 
1067 023 023 023 
094 017 022 027 022 
124 042 029 068 047 
236 025 016 029 027 
028 022 015 031 050 
001 017 012 029 062 
206 015 013 019 026 
460 013 010 019 040 
160 028 016 032 066 

2032 018 014 025 028 
411 027 016 031 068 
2440 q 19 014 026 035 
0021 036 023 056 070 

399E·05 008 005 004 003 
1 48E·03 003 003 004 003 
1 43E.Q3 001 003 003 002 

268 209 321 459 

042 029 068 070 

~(l.J~(l.I~(l.1 ErrbtAI ... 

Cl 
> 

en 
~ 

en en 
~ ~ ~ i 8 8 8 

N M 

~ 
M 

~ 
N M 

:!l :!l ,.:. Ii; J:J 8 0 0 
:ll :ll :ll :ll :ll :ll :ll :ll 

018 018 018 
122 023 056 

016 006 012 014 010 034 026 037 
039 007 026 032 032 054 046 093 
013 0,05 013 012 006 031 024 061 
020 006 016 012 006 029 023 050 
018 004 015 011 004 030 023 037 
008 005 008 008 OOS 019 017 015 
006 005 010 008 004 018 016 028 
015 008 019 015 007 035 026 084 
012 006 012 012 009 025 023 031 
014 008 018 014 006 032 015 078 
013 006 013 012 008 026 021 039 
021 013 028 019 005 056 052 121 
005 001 007 004 001 089 008 118 
002 001 006 001 000 297 009 180 
002 002 003 001 001 729 003 451 
164 204 205 1.35 081 1496 272 1274 

039 122 028 032 729 052 4,51 

_M .dO E~uI.,a ~~(l.) "p.alT ._. p,p'.QOT 
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Table A-2-2 10 (con1inued) 

~ ! ~ 
~ Class Analyte :l! 

MET Copper 826 018 

MET Nict<el 10.67 023 
PAH 2-Melhylnaphlhalene (l) 094 021 
PAH Acenaphlhytene (I.) 124 041 

PAH Anthracene (l) 236 023 

PAH Benzo(a)enlhrscene (H) 028 022 

PAH Dlbenz(a,h)anlhrscene (H) 001 021 

PAH Fluorene (l) 206 015 
PAH Phenanthrene (l) 460 015 
PAH Pyrene (H) 160 027 

PAH LMWPAHs 2032 019 

PAH HMWPAHs 411 026 

PAH Total PAHs 2440 020 
PST Endosullen II 0021 023 
PST Trans·Nonachlor 399E·OS 01B 

PST o,p'-DDT 148E-03 033 
PST D,D'-DDT 143E-03 016 

I~UMTEVHa' 317 

MAXTEV-HQ 0.41 _ .. 
c-.eoc --- ------- -------- - -

8 8 
~ 

N 

IS 
:l! :l! 

281 038 
112 141 

009 011 
016 014 

006 021 

003 019 
003 012 
002 010 
002 010 

003 019 

006 010 

003 019 
OOS 012 
018 064 
003 013 

003 007 

006 012 

466 391 

281 1.41 

"- ....... 

<!l <!l <!l 
> ~ ~ 

'" 8 ~ '" '" 8 CD CD 

~ 8 8 8 8 8 8 
M .., 

6 N M M ~ 
IS g) 0 0 N N N 

::; ::; i i i i i i i 
023 018 022 030 o lB 026 
023 023 023 094 023 023 

014 011 013 035 017 049 142 164 021 
024 014 013 173 045 030 070 069 039 
014 014 009 20S 092 023 124 135 034 
014 012 ooe 126 019 019 137 151 040 
013 010 006 092 011 017 137 141 028 
011 009 006 119 017 014 172 201 019 
011 010 005 103 009 014 133 157 018 
018 015 009 106 019 021 123 141 043 
013 011 012 0,97 024 024 158 184 022 
017 015 009 1 13 019 021 126 146 044 
014 012 011 100 023 023 152 In 026 
013 012 006 047 014 027 096 102 021 
011 004 189 008 013 013 016 008 007 
003 003 121 004 002 005 004 004 002 
002 004 0,10 002 003 022 OOS 006 001 
149 165 437 1020 308 376 1200 1327 273 

024 023 189 205 092 094 1.72 201 044 

-"' N_ T_ ArttY .... (l.) Adtr __ 1l1 ....... F~1l1 F ...... (ll -,-
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I 

~ 
-...J 

Class An~e 
MET Copper 

MET Nickel 

PAH 2·Melhytnaphlhalene (l) 

PAH Acenaphlhytene (l) 

PAH Anthracene (LI 

PAH Benzo(a)enlhracene (H) 

PAH Dlbenz(e.h)anlhracene (H) 

PAH Fluorene (L) 

PAH Phenenlhrene (L) 

PAH Pyrene(H) 

PAH LMWPAHs 

PAH HMWPAHs 

PAH Total PAHs 
PST Endosulfan If 

PST Trans·Nonachlor 

PST o.p'·DDT 

PST p,p'·DDT 

'~UMTEVHa' 
MAXTEV·HQ 

--~ ----

Table A·2·2.1 O. (continued) 

iii 
8 I-

~ ;i; 
~ 

:[ i 
826 018 
1067 023 
094 158 
124 091 

236 166 

028 108 

001 052 
206 680 
460 218 
160 133 

2032 254 
411 135 
2440 234 
0021 010 

399E·OS 002 
148E·Q3 002 
143E·Q3 002 

1663 

680 

Fu...(ll 

----- --

8 8 '" 8 
~ '" '" ... 
i i i 

018 050 

023 066 
023 022 012 

071 042 029 
040 045 009 

034 037 009 
023 025 010 

025 042 OOS 

017 026 004 

038 040 009 
025 029 009 
038 039 009 
027 030 009 
002 020 006 
002 004 004 
001 002 001 

001 001 001 

2n 347 213 

071 045 066 

~Il'. ......... , ...... 

'" 8 
~ 
i 

018 
023 

021 

040 
027 

033 

038 

017 
017 

033 

021 
030 

022 

o 27~ 
000 

001 
001 

297 

040 _., 

'" 8 
~ 
i 

019 

061 
024 

033 

031 

015 
011 

021 
018 

021 
019 

004 
001 

001 
001 

219 

061 _., 
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Class Analvte2 

MET Copper 
MET Nickel 
PAH Acenaphthylene (L) 
PAH Anthracene (L) 
PAH Fluorene (L) 
PST Endosulfan II 
PST Trans-Nonachlor 
PST p,p'-DDT 

Table A-3-1.1. Derivation of aquatic PRGs for GoGs in pore water from sediments collected 

in the Portsmouth Naval Shipyard offshore study areal. 

>- C!l co C!l 
~ ~ > 
~ « 

co co cD co co co co co co co co co cD a. 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 

:;::l .,.... C)I C? .,.... C\I C') .,.... 
~ 

C') .,.... C\I 
~ 

.,.... 
co , 

N N N M M ..t ..t ,;, 
::l 0 0 0 
~ 

0 0 0 0 0 0 0 0 0 0 :a: :a: :a: :a: :a: :a: :a: :a: :a: :a: :a: :a: :a: 
PW 653 9635 1905 1699 10165 66 3460 

PW 37.6 127.6 110.1 150.6 1933 64.3 76.3 260.9 142.5 

PW 205.9 225.0 2664 2559 540.4 346.4 3714 246.6 2154 134 5 228.5 62.1 236.7 

co co 
0 0 
0 0 
C\I C') 

,;, ,;, 
0 0 :a: :a: 

212.0 

1220 

2609 633 

PW 1211.3 1323.4 1576.9 1505.4 31766 2037.5 2164.6 1463.4 12673 791.2 13444 463.1 1403.9 1652.4 490 1 

PW 469.6 535.1 6364 606.7 1265.3 6236 6633 591.7 512.4 3199 543.6 195.3 5676 666.1 1962 

PW 3.9 4.2 50 46 102 65 70 4.7 40 25 43 15 45 5.3 1.6 

PW 3.9 4.3 51 49 103 66 7.1 4.7 41 26 4.3 16 45 53 1.6 

PW 65.1 71.1 646 60.6 170.7 109.4 117 3 76.6 66.1 42.5 72.2 25.9 75.4 66.7 26.3 

1 - Station-specific estimate of PRG = sediment concentration (Table A-2-2.2a)fTEV-HQ (Table A-2-2.10.) 

co co co 
0 0 0 
0 0 g .,.... C\I 

<D <D <D 
0 0 0 :a: :a: :a: 

615 666 

909 303 

55.9 2466 619 

3291 14634 3641 

1331 591.7 147.2 

11 47 1.2 

1.1 4.7 1.2 

17.7 766 198 

2 - Analytes include Limiting CoCs identified in Table A-2-2 10; locations M03-200B and M04-1 OOB identified as outlier data and therefor excluded 

Units PRG' metals = uglg. organics nglg 

P.f3 
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CO 

Class Analyte2 

MET Copper 
MET Nickel 
PAH Acenaphthylene (L) 
PAH Anthracene (L) 
PAH Fluorene (L) 
PST Endosulfan II 
PST T rans-Nonachlor 
PST p,p' -DDT 

Table A-3-1.1. (continued) 

>-

~ 
~ 
0- co co co 

0 0 0 
0 0 0 0 

~ .... N M 

:l t!. t!. t!. 
~ 

0 0 0 
:E :E :E 

PW 261.5 

PW 109.7 

PW 1166 234.5 176.2 

PW 686.2 13794 10363 

PW 277.4 5577 419.0 

PW 22 44 33 

PW 2.2 4.5 3.3 

PW 36.8 74.1 556 

(!) 

~ 
co co cD co co 
0 0 0 0 0 
0 0 0 0 0 

N M "'f .... 
ch ch ch ex) a, 
0 0 0 0 0 
:E :E :E :E :E 

2505.1 864.4 1819 

165.0 2257 142.2 

123.8 1940 649 223.8 33.3 

7282 1141.3 3816 13164 196.1 

2944 461.5 154.3 5322 793 

23 3.6 12 4.2 06 

24 37 1.2 4.2 0.6 

391 613 20.5 70.7 10.5 

Page 2 of 3 

(!) (!) (!) 
> > > 
<t: <t: <!= co co co cD co co co co ell co co 

0 0 0 0 0 0 0 0 0 0 0 
0 0 ~ 0 0 0 0 0 0 0 0 
N M .... N M C? .... N C? .... 
a, a, a, 6 6 6 .... N N N M 
0 0 0 

~ ~ ~ ~ ~ ~ ~ ~ :E :E :E 
5427 6607 1522 1431 18236 4839 1435 296 2 

437 2142 1231 1225 80.5 1698 973 140.0 

64.3 254.7 304.7 2059 1369 2083 1595 1668 1357 207.1 2321 

3781 1498.4 1792.5 1211.3 8052 1225.3 9383 980.3 798.2 12183 13654 

1529 605.9 724.8 489.8 325.6 4954 3794 396.4 322.7 4926 552.1 
12 48 57 39 2.6 39 30 3.1 25 39 44 

1.2 48 5.8 3.9 2.6 40 30 32 2.6 39 4.4 

20.3 80.5 96.3 65.1 43.2 658 50.4 526 42.9 65.4 73.3 
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Class Analyte2 

MET Copper 
MET Nickel 
PAH Acenaphthylene (Ll 
PAH Anthracene (Ll 
PAH Fluorene (Ll 
PST Endosulfan II 
PST Trans-Nonachlor 
PST p,p'-DDT 

Table A-3-1.1. (continued) 

>-., 
:= 
~ III III III III III a. 0 0 0 0 0 
0 0 0 0 0 0 
:Q N M ,.... N M ., 

c? c? ~ ~ ~ ~ 

~ ~ ~ ~ ~ ~ 
PW 6552 1188 157.5 

PW 1472 45.3 86.6 

PW 2654 285 7 394.0 259.5 285.7 

PW 1561.4 1680.4 23176 15264 16804 

PW 631.3 6795 9371 617 2 6795 

PW 50 5.4 7.4 4.9 54 

PW 5.0 5.4 7.5 4.9 54 

PW 83.9 90.2 124.5 82.0 90.2 

10 r-- PRG Ol 

c: ~ (Mean) 
25 21 4861 

27 21 1244 

42 20 210.1 

42 20 1236.1 

42 20 4998 

42 2.0 39 

42 20 40 

42 2.0 66.4 

P.f3 



Class 
MET 
MET 
MET 
MET 
MET 
MET 
MET 
MET 
MET 
MET 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PCB 
PST 
PST 
PST 
PST 
PST 
PST 
PST 
PST 
PST 
PST 
PST 
PST 
PST 
PST 
PST 
PST 
PST 
PST 
PST 
PST 
PST 
PST 
PST 
PST 
PST 
PST 
PST 
PST 

TOC 

Table A-3-1.2a. Normahzed 1 concentrations of chelTllCals In sednTient In the Portsmouth Naval Shipyard offshore study area. 

AnaMe3 
Aroeruc 

Cadnuum 
Chromium 
Copper 

Leed 
Mercury 
N.ckel 

Sliver 

Zinc 
SEM-AVS 
'.6.7-Tnmelhylnaphlhalene (L) 
, -Methylnaphlhalene (L) 
'·Methylphenanthrene (l) , 
2.6-Dlmelhylnaphthalena (L) 
2·Methylnaphthalene (l) 
Acenaphthene (L) 

Acenaphthylene (L) 
Anthracene (LI 
8enzo(a)anthracene (H) 
Senzo(a)pyrene (H) 
Senzo(b)fluoranthena (H) 
Senzo(b+k)fluoranthene (H) 
Banzo(e)pyrene (H) 
Senzo(g,h,l)peryiene (H) 
Senzo(k)fluoranthene (H) 
Siphenyl (L) 
Chryaena (H) 

Dlbenz(a,h)anthracane (H) 
Fluoranthene (H) 
Fluorene (L) 

Indeno(' 2,3-<:d)pyrene (H) 
Naphthalene (L) 
Perylene (H) 
Phenanthrene (l) 

Pyrene (H) 
LMWPAHa 
HMW PAH, 
TotalPAHs 

Total PCBs 
Aldnn 
Alpha·SHC 
Alpha-chk>rdane 
Beta-SHe 

Chlorpynfos 
CIS-Non8chlor 

Della·BHC 
Dleklnn 
Endoaulf8n II 
Endnn 
Gamma-SHC (lindane) 
Gamma-Chlordane 

Heplachlor 
Heptachlor epoxtde 
Hexachlorobenzene 
M,,,,,, 
Oxychlordane 

PentachloroanllOle 
Pentachktrcbenzene 

Trans-NonachkJr 
1,2,3,4-T etrachlorobenzene 
1.2.4.5-T etrachkJrobenzene 
o,p'-DDD 
p,p'-DDD 
o,p'-DDE 
o,p'-DDT 
p,p'-DDE 
p,p'·DDT 
%TOC 

" 
~ ~ ; ~ ~ ~ ~ ~ ~ ~ 
~ ~ ~ ~ ~ ~ j B ~ ~ ~ 

12.20 1030 1315 1070 12.0 1370 17.20 1860 1070 19.70 
030 0.13 0.33 049 029 0.60 060 079 O~ 1.00 
9310 5430 9355 73.0 8580 127.00 13500 13700 87.0 13200 
4370 .... 30 17500 64.60 5060 ~10 18500 1090.00 10600 178000 

n.20 17400 19550 20200 17000 9470 13300 22900 6080 31600 
0.25 013 028 027 100 035 062 075 O~ 380 
2980 2480 2995 2580 3530 2710 4530 7900 2650 19300 

04' 0'8 043 0.92 033 , 70 , '0 , 70 096 320 
19100, 10800 18550 37800 12700 10' 00 23400 65000 13800 '5'000 
·2394 , '9 -3436 ·2604 ., 45 ·103 -5029 "589 -'804 -054 

'671 13.65 240, 664 208 262 519 742 674 2489 
2728 26 '9 8871 674 25' 5.'5 82' 637 864 88~ 

22948 8508 . 13038 21.30 8 ... '629 37 '8 3392 3459 9912 

'873 '92, 3860 7'2 23t 399 554 8'3 8.76 4106 
2347 4185 9723 1088 456 797 1160 1416 1459 11239 
1601 5714 21703 833 3.50 804 3822 2256 2503 5265 

17052 6486 164 52 3896 18.85 2412 4583 3732 ~64 30531 
15954 32487 69623 8864 4' 85 5533 19904 '3445 '3846 83274 
260 69 86'36 93570 1479' 7181 780' 30256 2~80 25414 '05310 
427'7 814 8' 111242 17880 7445 11031· 32212 28278 3'326 99t 15 
40809 68667 88537 17256 63.22 '23.71 321.15 326.32 311 05 "1504 
482.08 911 64 1188.47 229n 8812 15945 456.09 .0191 42818 135752 

33564 ~1.38 543.46 9767 3502 85.29 189.55 15685 171.82 5522' 
33237 5'0.58 50621 94.42 3789 6014 156 97 18230 ln35 66319 

7399 2 ... 97 30310 5721 229' 3574 13494 7560 11713 242.48 
919 1056 2978 297 094 2.5t 327 3.28 450 '564 

47457 57872 80'33 14930 65.88 '02.75 311 54 254 55 25967 101856 

8555 1856' 152 l' 2935 11 70 '598 5288 5742 5746 24071 
64740 60952 1733~ 2OS12 12996 20859 5BO 13 45550 38508 '61062 

'0809 9630 .0554 '898 762 1357 5641 3761 ., 05 138 94 

26'27 49630 511 97 9721 3987 1543 17885 '9761 19171 78142 

2362 6138 '9600 '595 681 1454 2096 1895 2707 145'3 
32 02 6772 ' ... 37 46.00 '394 2676 60 26 6411 5656 '3'86 
9'329 58614 1476.72 79.53 4604 10997 263 65 20239 17182 6'6.8' 
'09827 73545 '56736 21860 11300 17148 48718 40239 38'77 132743 

141474 '23233 325727 25949 '2705 23354 653 72 46746 464 86 200398 
299364 378349 6322 39 92888 486 76 88711 2OS641 170144 165138 6241 59 
... 0838 499582 957967 118837 593 81 92065 27'0'3 216690 211624 624556 

8088 5434 3443 3789 774 3094 24287 13705 7227 34572 

002 001 087 002 00, 033 002 002 0.02 002 
009 007 006 006 002 002 006 028 013 016 
237 847 067 028 0'2 011 0'6 03' 029 , 24 

025 OOS OS, 021 014 034 099 044 055 008 
008 007 007 007 003 024 008 009 010 0'2 
069 095 014 009 004 086 054 016 014 046 
002 001 002 003 00, 005 00' 007 007 002 
042 1111 0.39 00, 015 030 042 072 0'2 003 
254 169 091 056 026 055 067 041 088 '50 
007 047 0.07 003 00, 005 004 004 005 005 
033 028 012 007 OOS 011 015 018 0'2 012 

P8' 794 006 005 0.04 0'5 014 012 0'3 048 
022 0.0 0.10 004 003 009 022 024 0'5 054 
001 0.0' 001 001 000 001 00' 00' 00' 00' 
001 0.04 002 003 00, 002 0.01 0.04 0.03 007 
0.32 083 036 0.11 00, 029 002 014 002 014 
038 083 033 002 001 003 004 015 0.04 0.58 
003 036 006 006 0.0' 005 007 009 008 0'5 
008 009 011 008 002 0.21 009 .007 016 010 
064 ' ' 2.91 032 013 006 021 013 010 003 041 

00' 0.'3 004 010 004 0" 029 024 063 028 

03' 018 019 021 008 089 056 03' 088 1.06 
6.94 30.89 8.03 064 0.73 045 250 153 186 1416 

023 116 0.2' 009 OOS O~ 0.02 0.03 003 056 
092 1323 364 007 OS, 029 087 023 0'2 '88 
10.0 6095 1929 102 '139 1.24 641 2 ... 249 3363 

'73 3'22 259 056 115 3 .. 170 144 099 973 
150 10053 1574 040 220 060 192 062 086 '81 
173 189 226 215 454 29' 312 209 181 113 

1- For organiCS, sediment concentration IS normalized by total organic carbon (NORM = CONC [See Table A-2-2.2a)/% 
Metals are not normalized. 

unItS. metals (J!g/g); organics (ng/% TOC). 

A-51 
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Table A-3-1.2a (COllllnued) 

(!) 
> 
"!' 

~ ~ ~ ~ I ~ ~ I ~ ~ 

~ 
N 

j 
N 

~ ~ 
oh til ~ ~ j ~ Class AnaIvte3 § ::f 

MET - 9.20 13.70 IUO 1230 8.90 8.90 10.0 1780 1050 1330 

MET Cedmun 025 008 0504 057 0801 024 088 007 027 081 

MET Civomaum 7490 8780 11950 10100 n70 81.80 8880 5750 7380 12200 

MET Copper 5950 39300 6285 3850 2270 14.80 27.90 1810 47.50 35.0 

MET Load 4850 14500 132 50 48.80 4870 3870 4570 1900 43.20 '. 51.0 

MET Me=ry 027 039 080 035 028 027 0.22 002 013 049 
MET NICkel 2330 15800 33.0 2880 27.50 2130 27.20 3890 2570 3190 
MET Slfver 031 009 on 041 045 013 0.34 003 0.20 0.52 
MET Zme 7990 13800 15050 10900 7900 5880 100.00 .120 8350 11900 
MET SEM-AVS ·1088 1'9 ·58n ·5114 ·'18 ·2n -38 26 0,7 -925 -3827 
PAH ',8,7-Tnmothytnaphthalene (L) 362 2'7 998 725 9.00 880 5'7 2.50 398 8.04 
PAH , -Methylnaphlhalene (L) 49' 275 883 '085 '257 9.38 8.75 308 55' 885 
PAH , -MO\hytphonanthrene (L) 2208 898 2953 238' 28.29 50428 17.32 '0.00 '489 2904 
PAH 2,8-0.methylnaphlhaJena (L) 862 304 '032 919 '229 979 7.37 3.85 55' 9'4 
PAH 2-Methylnaphlhalene (L) 8.9' 4.78 '262 '8'9 2043 '8 '7 lin 462 929 '036 
PAH Acenaphthene (L) 7.29 585 2072 '388 32.71 351, 88' 904 '214 11.22 
PAH AconaphthyJene (L) 3'.98 '362 4985 34.24 8'.00 5817 48.58 8.85 3'.33 3758 
PAH Anlhracene (L) 83.33 3809 '71.57 1,483 202.88 '8702 89.00 3835 93.57 8528 
PAH Benzo(a)a_ne (H) '3'.25 5333 24988 174'5 35000 57234 22488 8598 '8387 '3553 
PAH Benzo(a)pyrene (H) '8719 8788 279.05 20212 _88 923.0 3'053 62 12 24592 '9340 
PAH Benzo(b)fluoranlhene (H) 14375 7118 2n.81 In 504 435.71 1008.51 25072 8519 23387 '89.34 
PAH Benzo(b+k)ftuoranlhene (H) '9898 9881 37007 24788 58857 135319 3'340 1'348 3'459 23898 
PAH Benzo(e)pyrane (H) 85.94 38.55 148.38 100.00 28000 536.30 '5837 4598 '28.57 9543 
PAH Benzo(g,h,~pOl)'lene (H) 8073 .058 13317 92.80 241.43 5'U9 '43504 4250 12857 9' 37 
PAH Benzo(k)ftuoranthene (H) 552' 2585 92.27 7034 '5288 34488 6288 28.27 8092 49801 
PAH BIPhenyl (L) 3.'3 1.59 439 323 588 574 327 23' 276 310 
PAH Chry.ene (H) 11146 801801 283 04 '88.98 362.86 82340 22057 80182 19798 '.08' 
PAH Otbenz(a,h)anthracene (H) 25.2' '072 .0.75 29'1 8988 '4809 4278 Ion 3520 2583 

PAH Auoranlhene (H) 2'042 12988 So48 88 29788 57288 '408 36 217.70 '50442 35' 02 27259 

PAH Auorene (l) '938 809 4249 3729 53 '4 7382 232' '365 2316 2' 32 
PAH Indono(I.2,3-cd)pyrene (H) 8542 3988 14788 '0'.27 28000 570.21 '38.28 4750 '36 73 9848 

PAH Naphthalene (L) '667 493 2267 '880 3371 2723 2' '0 750 '663 '832 
PAH POI)'Iene(H) 4495 13'9 7075 4819 8857 '0851 4928 16504 7490 3797 

PAH Phenanthrene (L) 80108 3585 178.55 '3983 258 57 55319 7847 7404 '36 73 '0406 

PAH Pyrene (H) 237.50 '0870 47257 27246 5357' 111064 24545 '3' '5 31633 25076 

PAH LMWPAHa 231.61 '0681 49848 37483 88243 _51 2787' 150404 322 86 288 '2 

PAH HMWPAH. 883.02 43493 187217 '16470 2384 '4 4_26 '26191 50904 '330'0 10'853 

PAH Total PAHa 1114 64 504174 237085 '53953 306657 5932n '504082 66308 '65298 130665 

PCB To .. lPCBs '794 138.95 47.5' 25'1 32 37 28 '0 2023 17.82 4393 24.25 

PST Aldnn 002 004 004 002 004 006 002 005 003 003 

PST Alpha-BHe 0'0 0'2 0'0 Oil 0'4 007 Oil 006 009 004 

PST Alpha-chkm:tane 006 0'9 035 0,1 034 057 012 023 024 0'5 
PST Bela-BHC '6' 059 '27 '31 17' 020 062 018 052 '02 
PST Chlorpynfoa 0'1 017 034 0'0 02' 029 0'1 026 014 012 

PST Cis-Nonachior 0.08 '45 0'6 0.08 0.57 028 . 012 033 Ote 007 

PST DeI .. -BHC 017 007 002 002 009 006 002 004 002 002 

PST Oteldnn 0.03 0'6 Oil 000 034 036 001 0'0 040 004 
PST Endoaulfan II 036 023 080 051 '24 157 048 029 063 042 
PST End"n OOS 008 DOS 005 0.10 0'. DOS 0'3 007 006 
PST Gamma-BHC (lindane) 004 0" 0'3 026 041 030 017 02' 009 Doe 
PST GarnrTl&-Chlordane 008 009 0'9 010 007 017 005 Doe 02' 008 
PST Hep .. chIor 0.07 0.03 00' 006 0.20 011 006 017 0.09 008 
PST Hep .. chlor _xlde 0.01 0.02 0.0' 00' 0.02 0.03 001 003 001 0.0' 
PST Haxachlorobenzene 0.02 0.14 083 002 003 004 0.02 0.04 0.02 0.04 
PST M ... 0.02 002 009 0'2 0.18 045 0,12 0.03 0.13 013 
PST Oxychlordone 014 00' 01' 0.02 0'1 0.23 0.02 033 008 00' 
PST Pentachloroaruoole 007 0.09 0'0 0.21 0'0 0.13 0.07 008 0'2 0.09 
PST Pentachlorobenzene 0.10 012 013 008 0.47 0'9 0.10 017 02' 0.08 
PST Trano-Nonachlor 0.02 0.39 017 Oil 0'0 008 0.'1 0.03 015 0'0 
PST , .2,3,. T otrachIorobenzeno 008 081 009 0,22 0.37 0.38 003 03' 0.28 013 

PST I ,2,0,S-T etrachlo",benzone 083 0.23 080 007 094 064 087 0.31 173 081 

PST o,p'-DOO 0.89 1894 1.32 '.27 1'4 1.28 1,15 023 214 028 

PST p,p'-DOO 0.37 493 0.20 0.29 013 019 025 082 017 022 

PST o,p'-DOE 001 4928 019 0.03 025 0.09 002 008 016 0.03 

PST o,p'-DOT 057 .058 '.35 '08 '64 1.08 o.n 0.0 235 0.48 

PST p,p'-DOE 0.27 200.00 '42 0", 093 0.76 035 365 357 0.28 

PST o.o'-OOT 03' 25217 055 , '9 107 078 082 075 , 07 033 

TOC %TOC '92 089 201 236 070 047 209 052 098 , 97 

.TOC). 
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Table A-3-1.2a (continued) 

" " ~ > 

~ § ~ ~ ~ § ~ ~ ~ i 
~ j j j j j III J ~ 

;;; 
Class Analyte3 ::Ii i 
MET AnlenIC 1050 1160 1060 1145 10.0 1260 7.0 1430 1590 745 

MET cadmIUm 041 038 050 . 0.22 043 031 0.27 068 068 017 

MET Chromium 8710 181.00 lOS 00 12350 12100 13300 89.20 13800 13800 5860 

MET Copper 2320 45500 n50 755 50 157.00 51100 20700 7330 15200 2785 

MET Lead 44.0 24500 6820 20700 10400 16800 14200 10000 18200 5715 

MET Mercury 038 021 038 011 024 017 008 035 030 009 

MET NICkel 2480 9280 3120 13050 5290 16000 8150 3880 5020 2885 

MET Sltver 030 069 054 038 059 070 042 086 075 015 

MET Zinc 8970 70100 14600· 91350 29300 48400 22500 16800 24800 10060 

MET SEM-AVS ·3719 ·17 06 -38 49 487 -3233 154 .o 51 -4736 ·2706 .oos 

PAH 1.8,7-Tnmelhylnaphthalene (LI 432 1348 11 ., 858 589 2.29 21 &7 5.28 2.82 355 

PAH l-Methylnaphlhalene (L) 5.47. 1548 1239 1545 10.84 388 448 710 492 514 

PAH l-Melhylphenanthrene (L) 14 OS 2702 5168 8588 2250 582 5444 2348 1883 1512 

PAH 2.6-Dlmelhyinaphlhalene (L) 378 1423 11.23 1208 887 425 835 757 387 535 

PAH 2-Melhylnaphthalene (L) 736 25n 1945 27.60 1590 881 817 1079 801 880 

PAH Acenaphlhene (L) 750 39.33 2887 2788 3176 2.86 678 2411 1922 887 

PAH Acenaphlhylene (L) 3784 8442 5438 11092 4848 18.21 1685 28.69 1621 1500 

PAH Anll""""ne (L) 44.32 21635 189.33 423.76 16084 4214 14811 9720 8492 68 47 

PAH Benza(a)anthracene (H) 8392 32885 25844 58972 254.28 3607 21867 18449 '4102 90 75 

PAH Benza(a)pyrene (H) 8784 38058 35583 502 75 301.60 35.29 18444 20187 16084 10434 

PAH Benza(b)fluoranthene (H) n70 43482 33742 88981 31702 8321 18241 18813 18367 92n 

PAH Benzo(b+k)fluoranthene (H) 10108 59135 45337 85917 43032 8568 24407 27009 22305 122 69 

PAH Benza(e)pyrene (H) .086 22212 190.18 318.53 17340 3371 8889 10668 8984 5133 

PAH Benza(g,h,l)perylene (H) 3743 23365 16933 27147 16849 2454 8222 lOS 61 8242 4884 

PAH Benza(k)Hooranthene (HI 2338 15873 11595 169.27 11330 2284 6187 7188 5936 2991 

PAH Biphenyl (L) 209 702 491 501 431 368 258 360 230 249 

PAH Chryaene (H) 5919 384.23 28160 67982 28191 4357 169.26 15888 15742 7832 

PAH Dibenz(a,hlanthracene (H) 10.20 71.92 5411 8760 5096 729 2983 3061 2406 1388 

PAH Ruoranthene (HI 12385 593.27 3196 1602.75 50851 5286 37593 338 79 280 08 179n 

PAH Fluorene (L) 1500 5358 4706 . 4385 4216 568 2852 32 15 2586 1561 

PAH Indeno(I,2,3-cd)pyrene (H) 43.51 24518 17875 30881 18404 2643 9111 110.28 8555 5202 

PAH Naphthalene (L) 1453 3231 3509 2633 2384 11.21 1102 1768 1547 2780 

PAH Pelytene (H) 1480 8192 58.34 87.34 6830 971 3483 44 95 4219 1991 

PAH Phenanthrene (L) 4986 24519 22270 3n80 21084 2648 13704 158 07 14102 7341 

PAH Pyrene (HI 11757 59135 44172 1424n 45372 4768 32778 30327 259n 16069 

PAH LMWPAH. 178.22 876.92 57485 103844 53351 11439 35448 38668 32070 21697 

PAH HMWPAH. 46236 234019 142186 4887.61 185096 22293 131370 119790 102326 82783 

PAH Total PAHs 83658 3017 12 199650 590606 2384 47 33732 186819 1584 58 134396 844 80 

PCB Total PCBs 585 246.46 7876 55772 11335 111 79 8954 8044 5393 17 81 

PST Aldnn 004 003 001 0.13 324 008 004 192 141 002 

PST Alpha-BHC 003 014 006 010 Oil 011 009 018 004 005 

PST A1pha~hlordane 005 289 028 413 036 025 043 046 010 855 

PST Beta-SHe 101 084 117 027 084 I 100 015 027 021 040 

PST ChIorpynfoa 015 013 012 019 010 039 021 014 006 on 

PST CIS-Nonachlor 009 071 021 104 028 025 038 012 012 089 

PST Delta·BHC 003 001 012 003 014 006 006 012 002 001 

PST Otaldnn 007 090 018 051 018 000 002 008 002 025 

PST Endoauttan II 012 125 117 2.70 052 038 143 030 027 014 
PST End"n 007 014 006 009 OOS 018 010 0.07 003 004 

PST Gamma-BHC (Lindane) 013 012 015 034 0.12 034 002 007 0.09 009 

PST Gamma-chlordane 002 423 015 4.04 002 007 0.52 003 002 1228 
PST Heptachlor 009 0.12 010 022 006 0.11 0.26 OOS 004 021 

PST HeptachkJr epaxlde 002 001 001 002 0.01 054 002 001 001 001 

PST HexactUorobenzene 002 013 002 0.21 007 429 015 014 001 oos 
PST M..,. 002 019 012 0.23 001 004 0.22 001 001 oos 

PST Oxychlordane 001 0.26 006 026 004 002 001 002 001 020 
PST Pentachloroan~e 003 0.24 0.09 0.22 0.22 021 011 014 008 012 
PST Pentachtorobenzene 003 020 007 026 0.24 429 0.28 025 007 oos 
PST T rana-NonacNor 0.02 202 018 268 041 007 030 0.24 0.09 428 
PST 1,2,3," T e1raehlorol>enzene 002 047 007 028 012 1.50 038 038 013 018 
PST 1.2 .... 5-Tetrachlorobenzene 048 088 074 066 0.44 3.32 061 032 020 026 
PST a,p'-DDD 005 3482 294 28.61 532 038 185 128 lOS 1590 
PST p,p'-DDD . , 011 1.25 007 147 024 018 030 023 012 021 
PST a,p'-DDE 000 8.25 055 4771 117 100 174 010 043 1.79 
PST a,p'-DDT 0.13 115.38 337 6972 12.n 100 278 126 129 4882 
PST p,p'-DDE OOS 21.15 190 3853 404 071 185 145 078 384 
PST p.D··DDT 019 27404 104 189 72 585 214 444 061 141 358 

TOC %TOC 148 104 183 055 . 1 88 028 054 214 258 173 
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Table A-3-1 2a. (continued) 

0 
~ > .. 

~ I ~ ~ 1 ~ § 1 ~ 
0 0 

i i 
;;; :;: 

i 
;;; 

Class Ana1yte3 i i i i i i 
MET - 880 1380 10.90 7.70 895 12.50 1680 
MET Cad"""", 0.22 052 098 080 0.23 037 100 

MET Chro"""", 5670 98.00 13200 6610 67.00 11255 11800 

MET Copper 3370 31.20 5'1.00 87.90 37.35 9530 5380 
MET Load 5590 5520 55'00 11800 5546 1'550 5070 
MET Mercury 016 023 100 0.38 016 065 026 
MET NICkel 2050 2870 7550 3980. 2280 37.25 3280 
MET S ..... er 017 0.38 280 065 0.21 042 072 
MET lire 7570 '2200 _00 34300 129.00 16350 15700 
MET SEM-AVS -2680 ·9867 ·2 "9 -735 -1.25 -5670 -11000 
PAH 1,8,7-Tnmethylnaplrthalene (L) .a.22 611 12&4 1814 21.OS 9.77 10308 
PAH l-Met11y1naptrthelene (L) 2026 691 1746 8000 90.13 963 7538 
PAH l-Methylphenenthnlne (L) 12435 1851 4104 17143 195.18 5138 34000 
PAH 2,&-Ot~lrthaIene (L) 4435 611 20.00 2907 3272 to 55 18641 
PAH 2-Methyinaphthalene (L) 2617 1257 3701 106.43 123.20 1566 11846 
PAH Acenephthene (L) 9739 11.54 12.81 487.", 48649 29.22 137538 
PAH Acenephthylene (L) 20609 5343 3580 8266 81.89 4698 10872 
PAH Anthracene (Ll 143478 &.s71 15970 871.43 &.s.61 24'38 1163.55 
PAH Benzo(a)anthracene (H) 142609 220.57 211.19 155000 171380 45890 122974 
PAH Benzo(a)pyrene (H) 152174 232.57 2.a.25 1635.71 163026 _16 89846 
PAH Benzo(b)fluoranthene (H) 1252.17 22171 230.80 178571 177586 5'0.63 82769 
PAH Benzo(b+k)nooranthene (H) 1742.61 30657 30748 215071 2421 OS 83506 121538 
PAH Benzo(e)pyrene (H) 67217 121.71 12463 68571 827.63 22040 44103 
PAH Bonzo(g,h,l)perylono (H) 67739 8257 '2965 90714 95570 20000 2&410 
PAH Benzo(k)ftoorantheno (H) 49043 6666 7687 36500 &.s 16 12443 28769 
PAH Biphenyl (L) 1817 3.37 1030 1879 2206 448 9538 
PAH Chryaene(H) 1173.91 238.57 21289 145000 152807 4195' 107438 

PAH Dibenz(a,h)anthracene (H) 22087 2743 4022 327.86 337.28 6612 12462 
PAH Ruoranthene (H) 228686 38666 _73 247'.43 2952.63 94713 295538 
PAH Ruorene (L) 33585 4666 3933 4857' 57016 5489 192410 

PAH Indeno(12,3-cd)pyrono (H) &4435 10400 13806 111429 114649 2293' 364.10 

PAH Naphthalene (L) 7852 2206 4836 209.29 27016 2546 3821 

PAH Perylono (H) 24763 361' 4866 15643 2649' 8506 10103 

PAH Phenanthrone (L) 140870 12743 18731 1821.43 213904 252.01 297436 

PAH Pyrone (H) 180000 32457 38045 208571 238553 72586 224789 

PAH LMWPAH. 358530 91960 5'993 406429 462658 664 80 770282 

PAH HMWPAH. 1142957 140857 1477 54 952071 1074737 301871 853028 
PAH TotalPAHs 1201487 232817 199746 13565 00 1537395 366330 16233 08 
PCB Total PCBs 4830 2990 23912 17343 23932 54 07 4257 
PST Aldnn 003 004 142 003 923 165 456 
PST Alpha-BHe 017 009 007 034 010 006 021 
PST Alpha-ehlordane 031 022 112 067 030 009 017 
PST BeIa·BHe 113 120 039 061 1.36 050 087 
PST Chtorpyntoa 014 017 010 0.13 016 012 003 
PST CIS-Nonachlor 0.17 013 048 027 048 010 022 
PST DelIa-BHe 002 010 001 002 002 002 002 
PST Ol8kjnn 0.23 004 209 018 011 010 006 
PST Endoaulfan II 104 032 060 214 228 047 023 
PST Endrin 007 008 005 006 007 006 007 
PST Gemma-BHe (Llndano) 0.16 008 014 011 013 014 013 
PST Gamma..chkJrdline 011 009 002 003 021 0.12 004 
PST HepblchkJr 0.10 011 239 0.08 0.22 007 0.09 
PST Heptachlor epaxlde 002 002 001 001 0.02 DOt 0.02 
PST Hexachtorobenzene 002 003 0.22 002 218 O.OS 001 
PST 101 .... 0.70 002 0.01 0.28 0.18 001 012 
PST Ox-jchlordane 0.21 0.02 004 0.27 048 007 077 
PST Pentactdoroanisole 0.07 007 015 007 013 005 007 
PST Pentachtorobenzene 003 006 047 007 008 010 006 
PST Trane-Nonachlor 019 030 0.28 037 0.18 016 004 
PST 12,3,4-T eInIchIorobenzeno OOS 003 048 001 006 014 011 
PST 1.2.',5--T etrechkJrobenzene 039 0.38 119 0.24 038 0.39 049 
PST o,p'-DDD 0.86 063 119 314 333 0.76 164 
PST p,p'-DDD 010 0.28 052 0.20 0.25 0.13 011 
PST o.p'-DDE 017 0.08 057 040 082 0.03 009 
PST o,p'-DDT 174 094 201 1.64 15' 0.61 0.82 
PST p,p'·DDE 0.35 0.20 070 1.07 075 050 012 
PST p,p'-DDT 078 103 821 171 215 029 082 

TOC %TOC 115 175 134 140 114 174 195 
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Table A-3-12a (continued) 

~ ~ ~ ~ ~ ~ ~ i Class Anaivto3 i :0 i ; 
MET MIInIC 1370 1450 10.60 860 1100 

MET Cadmoum 0.50 073 o.a 038 047 

MET Chromrum lOS 00 116,00 7970 7290 9800 

MET Copper 5160 11900 5970 2860 3100 

MET Lead ~20 8500 18500 5260 .. 10 

MET Mercury 024 034 055 024 029 

MET NICkel 3110 3450 2970 2030 2730 

MET SINer 0 .. 086 024 0.22 0.37 

MET Zinc 153 00 23200 11600 9250 11000 

MET SEM-AVS -94 51 -17315 ·'46 -1587 -2704 

PAH 1,6.7-T nmolhylnaphlhalene (L) , .. 57 1400 2.99 986 1029 

PAH l-Melhylnophlhaleno (L) 1130 963 538 931 821 

PAH ,.Malhytphenanthrene (l) 4090 5167 13 "7 5734 .a 25 

PAH 2,~Dlmethylnaphthalene (L) 1372 1163 411 954 9.50 

PAH 2-Mothytnaphlhaleno (L) 17 13 1658 916 1578 1392 

PAH Acenaphlheno (L) 2607 3886 463 1312 1338 

PAH Acenaphlhyleno (L) 9430 ~58 34 74 4725 72.08 

PAH Anthracene (L) 26027 31208 5952 18761 18500 

PAH Bonzo(a)anthracone (H) 36386 42063 9868 37798 37917 

PAH Bonzo(a)pyrono (H) 40090 38125 13414 51835 50000 

PAH Benzo(b)fluoranlheno (H) 43363 41187 12326 41101 41063 

PAH Bonzo(b+k)fluoranthone (H) 55157 56063 17130 56101 51042 

PAH Bonzo(e)pyrono (H) 20897 20563 7613 25321 25333 

PAH Benzo(g,h,l)perylene (H) 17623 17833 7674 28670 24792 

PAH Benzo(k)fluoranthone (H) 117 94 1~17 .a 04 15000 99.58 

PAH Bophenyl (L) 570 621 227 560 446 

PAH Chry.ene (H) 387.89 42917 10242 33807 32167 

PAH Otbenz(a,h)anlhracene (H) 55.61 5875 2281 .' 9063 7458 

PAH Ruoranthone (H) 76502 762 50 16103 504 59 .31708 

PAH Ruorene (L) 6996 11958 1329 4908 41.17 

PAH Indeno(I,2,3-od)pyrona (H) 19596 20250 7462 29587 23825 

PAH Naphlhalene (L) 2650 2854 1634 3165 2563 

PAH Perylena (H) 7489 7125 2986 4239 6208 

PAH Phenanthrene (l) 23406 35167 54.98 232 11 14750 

PAH Pyrone (H) 94978 67917 15529 55963 352.92 

PAH LMWPAH. 74031 91692 19290 57661 47868 

PAH HMWPAH. 2643 OS 2731.87 672.36 238945 194542 

PAH Total PAHs 3363 36 394658 86526 296606 242429 

PCB Total PCBs 2231 5546 2621 2009 2961 

PST Aldnn 002 002 145 002 002 

PST Alpha-BHC 004 005 005 023 001 

PST Alpha-chlordane 017 032 017 005 004 

PST Bela·SHe 009 007 005 008 007 

PST Chlorpynfo. 001 010 002. • 007 0.10 

PST CIS-Nonechlor 008 015 030 009 008 

PST Oelto·BHC 002 002 001 0.01 002 

PST Oteldnn 019 022 002 .003 005 

PST Endoaulfan II 005 046 0.12 060 009 

PST Endnn 006 oos 0'03 003 003 

PST Gamma-BHC (lindane) 011 0.09 001 006 009 

PST Gamma-Chlordane 009 003 002 002 '003 

PST Heptachlor 007 0.06 004 004 006 

PST HeptachkJr epoxlde 001 001 001 001 001 

PST Hexachtorobenzene 004 O.OS 002 001 002 

PST M,,,,,, 001 0.01 001 0.01 001 

PST Oxychlordono 004 016 002 025 001 

PST Pentachloroaneole 006 007 004 002 0.03 

PST Pon1achlorobenzene 0.16 009 0.06 007 011 

PST T rana-Nonachlor 004 010 008 001 001 

PST 1 ,2.3,4-T 8trachlorobenzene 0.04 001 017 006 oos 
PST ,,2.4,5-T 8trachlorobenzane 024 034 127 012 037 

PST o,p'-OOO 0.21 104 076· 0.78 014 

PST p,p'-OOO 006 0.10 0.07 002 017 

PST o,p'-DOE 001 001 002 001 008 

PST o,p'-OOT 042 0.92 057 0.55 020 

PST p,p'-OOE 030 0.42 272 023 012 

PST D.D'-OOT 0.35 029 029 023 028 

TOC % TOe 223 240 331 218 240 I 5de mean TOC% 
177 

A-55 
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Table A-3-1.2b. Normalized1 concentrations of PCB congeners in sediment in the Portsmouth Naval Shipyard offshore study area. 

Analyte 
PCB10l 
PCB105 
PCBl18 
PCB128 
PCB138 
PCB153 
PCB170 
PCB18 
PCB180 
PCB187 
PCB195 
PCB206 
PCB209 
PCB28 
PCB44 
PCB52 
PCB66 
PCB8 
n-OTPCB 
%TOC 

III III 

~ 
~ III III III III III III III III III 

0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 
, C)I '? ;{; C\I (') C\I (') C\I (') 

0 0 0 N N M M M .t .t .t 
0 0 0 0 0 0 0 0 0 

:E :E :E :E :E :E :E :E :E :E :E :E 
0.64 1.48 0.73 0.98 0.15 0.48. 12.18 2.78 2.54 19.47 0.73 1.59 
0.23 0.74 0.28 0.65 0.09 0.79 3.04 1.34 1.05 4.51 0.30 2.46 
0.58 1.64 1.02 0.98 0.20 1.62 1.38 1.48 1.60 6.28 0.63 2.03 
0.81 0.90 0.55 0.37 0.10 0.65 1.31 0.67 0.88 2.04 0.20 1.29 
0.87 1.80 1.04 1.35 0.31 0.48 28.53 9.57 5.08 29.20 0.89 11.88 
0.92 1.27 0.82 0.98 0.20 1.86 31.09 8.13 5.08 27.43 0.89 13.91 

20.81 13.76 8.43 10.23 1.94 0.79 15.06 17.70 9.94 5.22 1.61 8.70 
0.03 0.02 0.28 0.02 0.01 0.03 0.03 0.03 0.03 0.12 0.03 0.06 
0.47 0.79 0.58 0.51 0.13 1.44 14.42 9.57 3.87 23.89 0.63 14.49 
0.33 0.37 0.27 0.34 0.07 0.76 8.01 7.66 2.32 19.47 0.39 8.26 
0.69 0.63 0.25 0.17 0.04 0.34 1.12 1.87 0.55 4.69 0.08 1.59 
0.24 0.21 0.18 0.13 0.03 0.24 0.71 3.16 0.51 9.73 0.03 1.59 
1.21 0.49 0.18 0.30 0.11 0.19 0.54 1.24 0.43 11.50 0.19 0.30 
0.55 0.35 0.49 0.98 0.20 3.44 0.45 .1.05 0.77 0.88 1.09 0.20 
0.29 0.42 0.35 0.16 0.04 0.34 0.19 0.30 0.18 1.50 . 0.20 0.13 
0.18 1.32 0.39 0.40 0.09 1.13 3.21 1.72 094 4.42 0.57 0.28 
0.28 0.23 0.48 0.09 0.05 0.17 0.11 0.24 0.28 1.15 0.10 0.08 
1.21 0.74 0.91 0.31 0.11 0.72 0.04 0.02 0.07 1.33 0.41 0.62 

60.68 54.34 34.43 37.89 7.74 30.94 242.87 137.05 72.27 345.72 17.94 138.95 
1.73 1.89 2.26 2.15 4.54 2.91 3.12 2.09 1.81 1.13 1.92 0.69 

1- Sediment concentration is normalized by lolal organic carbon (NORM = CONC [See Table A-2-2.2b]/% TOC). 
Units=ng/g. 
TOTPCB = Total PCBs - SUMPCB x 2. 
See Table A-2-2.2b lor sediment PCB congener concentrations and SUMPCB values. 

" 

.13 

:; 
« 
cD III III III 
0 0 0 0 
0 0 0 0 

C)I (') 

.;, I/) .;, <b 
0 0 0 0 
:E :E :E :E 

1.37 0.93 1.11 1.38 
0.77 0.38 0.91 0.79 
1.40 0.81 1.29 130 
0.41 0.12 0.43 0.30 
1.85 1.06 1.43 1.28 
1.87 0.93 3.14 1.17 
7.44 2.54 0.77 1.21 
0.19 0.03 0.07 0.09 
1.07 0.64 0.86 0.90 
0.87 0.41 1.43 0.94 
.().32 0.16 0.46 0.51 
0.56 0.06 0.24 0.43 
0.62 0.42 0.46 0.46 
1.62 1.27 1.10 1.11 
1.10 0.24 1.57 0.66 
1.15 1.31 0.27 0.83 
0.32 0.23 0.17 0.13 
0.82 1.02 0.49 0.57 
47.51 25.11 32.37 28.10 
2.01 2.36 0.70 0.47 
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Table A-3-1.2b. (continued) 

In 
0 
0 
N 
<b 

Analvte 
0 
::i: 

PCB101 0.67 
PCB105 0.41 
PCB118 0.62 
PCB128 0.11 
PCB138 0.96 
PCB153 0.72 
PCB170 1.91 
PCB18 0.03 
PCB180 0.46 
PCB187 0.31 
PCB195 0.11 
PCB206 0.03 
PCB209 0.53 
PCB28 1.72 
PCB44 0.12 
PCB52 _ 0.77 
PCB66 0.18 
PCB8 0.45 
TOTPCB 20.23 
%TOC 2.09 

In In In 
0 0 0 
0 0 0 
M ~ rD r.!. ,... 
0 0 0 
::i: ::i: ::i: 

1.00 1.73 0.81 
0.50 0.85 1.07 
0.77 1.73 0.61 
0.44 0.45 0.15 
0.20 2.14 0.69 
0.63 2.14 4.82 
0.96 0.29 0.40 
0.12 0.88 0.04 
0.38 0.61 0.25 
0.40 1.02 0.39 
0.10 0.73 0.22 
0.13 1.94 0.24 
0.38 0.37 0.23 
0.88 3.16 0.61 
0.69 0.94 0.66 
0.15 1.22 0.39 
0.12 0.87 0.40 
0.94 0.88 0.15 
17.62 43.93 24.25 
0.52 0.98 1.97 

::; 
« 

In In In ciJ 
0 0 0 0 
0 0 0 0 
M C\I M 
r.!. cD cD cD 
0 0 0 a 
::i: ::i: ::i: ::i: 

0.18 13.46 3.87 11.10 
0.23 5.00 1.60 6.15 
0.17 7.69 3.80 3.94 
0.07 2.60 1.04 3.12 
0.08 19.23 5.46 43.12 
0.91 21.15 9.20 53.21 
0.18 2.50 0.67 63.30 
0.05 0.88 0.04 0.54 
0.09 13.46 2.94 54.13 
0.09 8.37 1.96 23.76 
0.07 3.65 0.86 4.95 
0.08 7.31 1.72 4.77 
0.04 2.21 0.80 0.98 
0.10 3.08 1.17 0.59 
0.32 2.98 1.41 1.20 
0.18 5.77 1.96 2.57 
0.07 3.17 0.55 1.19 
0.01 0.72 0.33 0.24 
5.85 246.48 78.76 557.72 
1.48 1.04 1.63 0.55 

Page 2 of 3 

In In In In 
0 0 0 0 
0 0 0 0 
"<t N M 
cD ch ch ch 
0 a a a 
::i: ::i: ::i: ::i: 

3.46 3.32 4.81 1.96 
1.76 2.14 2.96 0.93 
2.29 2.61 4.07 1.54 
1.06 0.96 1.65 0.46 
638 4.29 6.85 2.52 
6.91 3.57 5.37 2.01 
15.43 2.50 296 6.07 
0.35 0.36 0.07 0.47 
6.38 2.79 2.59 1.92 
3.94 3.25 2.22 1.45 
1.22 5.71 1.48 1.59 
2.29- 14.64 3.52 3.41 
0.80- 3.93 1.04 1.54 
0.96 1.14 0.83 1.17 
0.85 1.00_ 0.78 037 
1.17 2.25 2.22 1.36 
0.59 0.71 0.63 0.42 
0.85 0.71 0.70 1.03 

113.35 111.79 89.54 60.44 
1.88 0.28 0.54 2.14 

~ « 
In ciJ 
0 0 
0 0 
"<t 
chi 6 a i ::i: 

1.45 0.80 
0.74 0.61 
1.13 1.16 
0.47 0.27 
1.60 1.13 
1.95 0.91 

12.11 1.58 
0.32 0.03 
133 0.30 
1.09 0.47 
0.70 0.11 
1.29 0.10 
0.39 0.14 
0.70 0.35 
0.63 0.13 
0.55 0.60 
0.29 0.13' 
0.22 0.10 
53.93 17.81 
2.56 1.73 

In 
0 
0 
N 
6 
i 

0.80 
0.50 
2.17 
0.32 
0.61 
0.52 
7.74 
0.04 
1.22 
0.41 
0.24 
0.47 
0.70 
2.61 
0.46 
0:76 
1.13 
2.43 
46.30 
1.15 

In 
0 
0 
M 
6 
i 

1.14 
0.33 
0.53 
0.10 
0.29 
2.97 
6.86 
0.05 
0.21 
0.18 
0.10 
0.12 
0.15 
0.36 
0.50 
0.74 
0.12 
0.21 
29.90 
1.75 

" 

~~ 
~ 
:i:i 
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Table A-3-1.2b. (continued) 

!D 
0 
0 . 
~ 

Analyte i 
PCB10l 
PCB105 
PCBl18 
PCB128 
PCB138 
PCB153 
PCB170 
PCB18 
PCB180 
PCB187 
PCB195 
PCB206 
PCB209 
PCB28 
PCB44 
PCB52 
PCB66 
PCB8 
TOTPCB 
%TOC 

!D !D 
0 0 
0 0 
~ C? 
~ ~ 

i i 
17.91 
5.90 
11.19 
2.54 

22.39 
12.69 
5.75 
0.16 
9.70 
9.70 
2.39 
5.15 
0.97 
1.19 
2.31 
6.79 
2.01 
0.82 

239.12 
1.34 

~ ~ 
<I: ~ 

!D riJ !D 
0 0 0 
0 0 0 

~ (') 

N C\I N 
i i :::i! 

2.57 5.44 1.41 
1.21 2.67 0.69 
3.43 2.98 1.12 
0.79 2.02 0.30 
2.86 15.53 1.95 
2.79 20.35 1.90 

45.00 33.77 12.86 
2.00 0.60 0.51 
2.57 16.32 1.55 
1.79 9.39 0.95 
1.57 2.20 0.37 
2.64 1.45 0.39 
1.14 0.27 0.43 
5.14 1.49 1.21 
2.36 1.10 0.28 
3.79 1.49 0.80 
3.57 0.55 0.18 
1.50 2.06 0.14 

173.43 239.32 54.07 
1.40 1.14 1.74 

~--

ID ID !D !D !D !D 
0 0 0 0 0 0 
0 0 0 0 0 0 

C\I (') C\I (') 

M M M ..t ..t ..t 
:::i! i i i i i 

0.41 0.81 1.50 0.66 0.42 2.54 _J 

0.28 0.49 0.67 0.42 0.28 1.58 
1.54 0.99 1.50 1.03 0.96 2.33 
0.24 0.11 0.36 0.39 0.25 0.50 
0.56 1.35 2.08 1.12 0.83 2.00 
0.56 0.99 1.96 1.36 0.60 1.33 
9.74 0.40 9.17 3.93 3.21 0.35 
0.82 0.04 0.79 0.29 0.02 0.03 
0.62 0.76 1.50 0.60 0.44 0.50 
0.18 0.49 1.00 0.42 0.18 0.25 
0.30 0.22 0.42 0.26 0.14 0.08 
0.12 038 0.58 0.51 0.17 0.04 
0.23 0.63 0.83 0.27 0.40 0.18 
0.51 1.66 2.08 0.33 0.64 0.25 
0.20 0.21 0.63 0.19 0.05 0.67 
0.67 0.90 1.25 0.33 0.25 1.58 
0.05 0.25 0.67 0.54 0.20 ' 0.46 
4.26 0.49 0.75 0.42 1.01 0.13 
42.57 22.31 55.48 26.21 20.09 29.61 
1.95 2.23 2.40 3.31 2.18 2.40 

-, 
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Tabte A~J..1 2c Normalized concentrattons of contaminants In Ossues of JIN8ftPe klbstar In t!'G Portsmouth NavaJ Shipyard offshore study area 

0 0 
~ > « 

~ § ~ ~. ~ § § § ~ ~ ~ 
~ '" ;S ~ ~ ,.:. ~ l!l 6 

Class Analyte 
0 0 0 i i ::!: ::!: ::!: ::!: ::!: ::!: ::!: ::!: ::!: 

MET Arsenc 1420 1460 1910 22.60 1360 15.80 1530 2465 2080 1710 2375 

MET Cadmium OOS 003 003 003 003 004 003 007 007 OOS 007 

MET Chromium 017 025 026 0.26 0.26 025 025 016 026 026 017 

MET Copper 6340 5690 35.20 2230 6430 4740 4460 6350 4550 3460 7710 

MET Lead 1045 018 015 012 034 004 020 007 012 017 013 

MET Mercury 071 820 050 056 056 065 052 056 098 050 lOS 

MET NICkel 022 025 065 026 051' 070 025 . 036 026 026 085 
MET Silver 028 027 019 013 029 028 ' 026 035 0.27 021 033 
MET ZinC 13650 11100 10700 7260 9490 12400 10000 10435 8500 9300 10850 
MET SEM-AVS ·2394 -2604 -5029 -054 -5677 -277 -925 -1706 154 -0 OS 
PAH 1 ,6,7-Tnmethytnaphthalene (l) 130 072 063 053 064 071 044 019 061 058 079 
PAH l-MethytnaphlhaJene (l) 1641 322 313 133 407 464 118 223 217 2.16 303 
PAH l-Melhytpllenanlhrene Il) 319 1.00 0.69 080 121 079 086 058 106 lOS 0.82 
PAH 2,6-OImelhytnaphlhaiene (l) 444 0.50 081 053 064 0,57 028 058 061 068 088 
PAH 2-Melhytnaphlhalene (l) 889 383 363 227 479 5.00 1,51 242 261 253 291 
PAH Acenaphlhene (l) 337 1.28 2.50 113 143 114 063 065 139 100 118 

PAH Acenaphlhytene (l) 567 094 056 ' 0,47 057 064 025 038 050 011 027 
PAH Anthracene (l) 4.96 178 106 093 086 093 045 046 094 058 130 

PAH Benzo(a)anlhracene (H) 944 328 2.63 140 171 1.36 147 085 161 137 315 

PAH Benzo(a)pyrene (H) 22.56 6,83 5.00 347 464 507 490 2.85 483 579 9,88 

PAH Benzo(b)fluoranthene (H) 11.19 606 594 407 429 . 371 452 2.38 439 521 909 

PAH Senzo(b+k)lluOl'anthene (HI 1515 817 781 553 593 5.50 710 350 639 726 1285 

PAH Senzo(e)pyrene (H) 1263 539 406 453 379 264 332 2.35 350 389 494 

PAH Senzo(Q,h,l)porytene (H) 1167 456 356 487 350 264 291 185 306 316 409 

PAH Senzo(k)fluoranlhene (H) 396 211 1.88 147 164 179 258 112 200 20S 376 

PAH Chrysene (H) 1359 8,06 569 500 457 379 489 262 433 5.53 721 

PAH Olbenz(a,h)anlhracene (H) 081 039 0,31 067 036 036 052 015 028 026 021 

PAH Fluoranthene (H) 1693 1494 1106 800 871 829 469 527 811 889 1867 

PAH Fluorene (l) 611 244 294 167 221 207 063 127 206 1.68 221 

PAH Indeno(I,2,3-cd)pyrene (H) 770 389 325 347 300 286 373 173 294 374 503 

PAH Naphlhalene (l) 1607 7.56 769 533 1064 1214 278 608 578 647 794 

PAH Perytene (H) 693 311 388 413 393 279 179 231 406 326 400 

PAH Phenanthrene (ll 1511 7.39 6.69 373 3.64 400 232 242 406 416 503 

PAH Pyrene (H) 2648 1244 1188 767 829 750 624 442 933 868 1370 

PAH lMWPAHs 8796 3156 3156 1993 3164 33.64 1175 1808 2261 2184 2776 

PAH HMWPAHs 14389 7106 5913 4873 48,43 42.79 41.56 2788 4844 5184 83 73 

PAH TOlal PAHs 23185 10261 9069 6867 8007 7643 5331 4596 71.06 7368 111 48 

PCB Tolal PCSs 2532 2389 5723 3396 2789 1651 1773 2052 22 71 3234 4199 

PST Aldnn 014 011 013 014 013 013 011 OOB 010 011 o lB 
PST Alpha·SHC 023 008 009 019 007 006 008 006 008 OOB 028 
PST Alpha-chlordane 011 008 0.10 011 010 010 008 006 008 008 009 
PST Seta-SHC 010 007 008 008 009 008 007 005 006 007 004 
PST Chlorpyntos 378 206 150 180 2.21 221 185 171 167 176 621 
PST CIS~Nonachlor 010 0.03 010 010 009 009 007 001 002 008 004 
PST Della-SHC 006 004 OOS 015 005 005 004 003 004 004 OOS 
PST OIeldrln 1.93 094 113 127 107 107 082 115 150 111 173 
PST Endosulfan II 011 008 010 1.20 010 010 008 006 008 018 015 
PST Endnn 029 022 0.27 120 027 0.26 022 015 020 023 0.24 
PST Gamma-SHC (LIndane) 072 061 058 022 067 0.54 024 025 034 036 068 
PST Gamma-Chlordane 012 008 010 012 011 0.10 009 006 0.08 0,08 010 
PST Heptachlor 016 012 014 016 015 015 012 423 011 012 013 
PST Heptachlor epoXioo 011 008 010 012 011 010 009 006 008 009 010 
PST Hexachlorobenzene 021 016 014 014 015 017 005 012 017 0.13 024 
PST Mlfex 026 067 023 026 046 024 020 0.14 018 0.07 033 
PST Oxychlordane 071 04B 106 093 049 027 088 050 031 0.24 0.61 
PST PentachloroanlSOle 023 021 0.26 0.31 017 017 021 009 021 025 024 
PST Pentachlorobenzene 024 013 012 007 016 011 004 022 014 010 020 
PST Tran9~Non8Chlor 007 014 006 007 002. 006 0.71 004 OOS 100 063 
PST 12.3.4~T etrachlorobenzene 070 6.67 225 5.73 521 100 0.57 088 1.33 116 318 
PST 12,4,5-Tetrachlorobenzene 044 0.36 0.26 050 050 034 028 029 036 032 036 
PST o,p'-OOO 0.09 ' 1.28 000 009 093 0.08 007 OOS 051 034 043 
PST p,p'-OOO 069 009 058 013 027 011 0.09 007 009 074 084 
PST o,p'-OOE 011 008 036 021 009 010 0.09 006 0.08 012 016 
PST o,p'-OOT 0.28 014 014 011 010 010 008 024 008 017 012 
PST p,p'-OOE 1.37 2.00 150 1.87 114 056 071 1.54 111 147 1.70 
PST P.p'-OOT 098 422 144 017 429 '07 012 158 161 147 061 

lipid PERCENT liPIDS % 1.35 180 160 150 140 140 170 260 1 BO 190 165 

1- For organics, tissue concentration IS normalized by lipid value (NORM = CONC [See TtNUS (2000b))/"IoLlP). 
Metals are not normalized . 

unrts: metals (l'QIg dry wt); organics (ng/"Io lipid) 
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Table A-3- 1.2c Conbnued 

§ § ~ ;;; ;;; ... 
Class Analyle i i i 
MET ArsenIC 1650 17.60 1260 
MET Cadmium 007 010 0.22 
MET Chromium 027 0.28 0.25 
MET Copper 6100 56.00 4260 
MET Lead 004 004 OIl 
MET Mercury 093 060 078 
MET NICkel 093 056 0.25 
MET Silver 0.26 024 017 
MET ZIl1C 11200 11100 9060 
MET SEM-AVS -735 -11000 -146 

PAH 1,6,7-Tnme1hylnap/11halene (L) 056 063 039 
PAH I -Me1hylnaph1halene (L) 189 1.31 0.86 
PAH I -Me1hylphenanthrene (L) 100 131 0.39 
PAH 2,6-Dlmethylnaphthalene (L) 0.67 081 0.57 
PAH 2-Me1hylnaphthalene (L) 2.72 2.19 168 
PAH Acenaph1hane (L) 1.61 2.25 075 
PAH Acenaphthylene (L) 067 081 025 
PAH An1hracene (L) 344 850 050 
PAH Benzo(a)an1hracene (H) 8.22 10.94 0.54 
PAH Benzo(a)pyrene (H) 19.11 2531 0.86 

PAH Benzo(b)fluoran1hene (H) 16.39 2113 0.89 
PAH Benzo(b+k)fluoran1hene (H) 2306 2800 125 
PAH Benzo(e)pyrene (H) 917 9.94 161 

PAH Benzo{g,h,l)peryiene (H) 828 906 161 

PAH Benzo(k)fluoranthene (H) 667 688 0.36 
PAH Chrysene (H) 1639 2325 239 
PAH Orbenz(a,h)anthracene (H) 06t 075 011 

PAH Fluoranthene (H) 34 72 .6938 436 

PAH Fluorene (L) 239 394 125 

PAH Indeno(I,2,3-cd)pyrene (H) 950 1144 061 

PAH Naph1halene (L) 744 669 350 

PAH Perylene (H) 672 756 1.68 

PAH Phe~an1hrene (L) 11 50 1144 257 

PAH Pyrene (H) 2539 4725 250 

PAH LMWPAHs 3472 4106 13.32 

PAH HMWPAHs 16117 24288 1750 

PAH Total PAHs 19589 28394 3082 

PCB Total PCBs 2581 3155 34 32 

PST Aldnn 0.09 018 0.09 
PST Alpha-BHC 017 018 014 

PST Alphe-chlordane 008 011 005 

PST Beta-BHC 004 009 004 

PST Chlorpyntos 069 688 607 
PST CIS-Nonachlor 004 010 008 
PST Delta-BHC 0.04 006 003 
PST Dleldnn 139 144 1.29 
PST Endosultan II 0.08 011 O.OS 
PST Endnn 022 029 014 
PST Garnrna-BHC (llndane) 072 075 036 
PST Gamma-Chlordane 013 019 009 
PST Heptachlor 012 0.16 0.08 
PST Heptachlor epoxide 0.09 011 006 
PST Hexachlorobenzene 012 0.31 018 
PST Mlrex 013 0.13 OOS 
PST Oxychlordane 0.33 053 061 
PST Pentachloroamsole 0.28 0.31 025 
PST Pentachlorobenzene 035 043 024 

PST Trans-Nonachlor 004 0.07 039 
PST 12,3,4-T etrachlorobenzene 506 469 003 
PST 12.4,S-Tetrachlorobenzene 027 0.27 016 
PST o,p'-DDD 100 125 0.31 
PST p,p'-DDD 0.08 019 006 
PST o,p'-DDE 009 011 028 
PST o,p'-DDT 011 013 0.21 
PST p,p'-DDE 128 163 264 
PST p,p'-DDT 183 225 082 

hpid PERCENT LIPIDS % 180 160 280 

A-60 
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Table A-3-1.2d. Normalized concentrations of PCB congeners in tissues of juvenile lobster in sediment in the Portsmouth Naval Shipyard 

offshore study area. 

------ ----

Analyte 
PCB-l01/90 
PCB-l05 
PCB-118 
PCB-128 
PCB-138/160 
PCB-1531132 
PCB-170/190 
PCB-18117 
PCB-180 
PCB-187 
PCB-195/208 
PCB-206 
PCB-209 
PCB-28 
PCB-44 
PCB-52 
PCB-66 
PCB-815 
TOTAL PCBs 
PERCENT LIPIDS % 

-- ---- --_ .. _--

(!) (!) 
> ~ "f 

!Xl !Xl !Xl !Xl !Xl !Xl !II !Xl !Xl !Xl !Xl !Xl 
8 8 0 0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 0 
~ ~ ~ 

0 N M ~ J, <b t!- oo en 6 ~ N 
0 0 0 0 0 0 0 0 i :::E :::E :::E :::E :::E :::E :::E :::E :::E :::E :::E 

0.89 0.48 2.00 033 0.93 0.46 0.36 0.32 1.00 0.26 053 0.25 
0.40 0.43 0.28 0.59 0.33 0.16 0.26 0.30 0.28 0.42 0.45 0.67 
1.78 1.67 1.56 2.33 1.29 0.70 1.06 1.19 1.28 2.00 2.30 2.83 
0.31 0.37 0.55' 0.41 029 0.14 0.19 0.20 0.26 0.41 0.50 038 
2.26 2.11 6.13 2.73 2.93 1.00 1.29 2.42 2.17 2.21 394 2.50 
1.35 1.67 4.38 2.10 1.64 0.79 0.88 0.90 139 1.21 268 1.75 
0.87 0.61 1.34 0.93 0.71 0.43 0.44 0.35 0.58 053 1.48 0.56 
0.50 0.29 0.69 1.13 033 0.93 0.29 015 0.29 0.58 0.85 0.14 
083 0.94 5.69 1.27 1.50 037 0.54 0.54 1.11 0.95 4.24 1.17 
0.73 0.89 3.56 1.27 1.29 0.46 0.59 0.62 094 1.53 2.18 0.94 
0.33 0.07 036 0.08 0.12 0.30 0.25 0.05 0.08 1.16 0.36 0.09 
0.34 0.06 0.13 0.07 0.08 0.31 0.05 0.05 004 2.84 0.23 0.07 
0.20 0.33 0.41 0.47 0.06 0.39 0.32 0.23 0.31 0.34 0.11 0.33 
0.31 0.48 0.28 1.07 0.69 028 0.24 1.15 0.22 0.58 0.41 022 
007 0.17 0.21 0.23 0.14 0.21 017 0.07 0.16 0.18 008 007 
0.55 0.53 0.24 0.17 0.61 0.58 1.18 0.54 0.54 0.21 028 0.23 
0.29 0.37 0.26 0.67 0.41 019 0.28 0.85 0.25 0.28 0.28 0.38 
0.65 0.47 0.56 1.13 0.61 0.57 0.47 0.33 0.44 0.50 0.07 0.32 
25.32 23.89 57.23 33.96 27.89 16.51 17.73 20.52 22.71 32.34 41.99 25.81 
1.35 1.80 1.60 1.50 1.40 1.40 1.70 2.60 1.80 1.90 1.65 1.80 

1- For organics. tissue concentration is normalized by lipid value (NORM = CONC lSee TtNUS (2000b))/%LlP). 
Metals are not normalized. 

units: organics (ng/% lipid). 
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!Xl !Xl 
8 0 

0 

M ~ 

i ~ 

:::E 
0.34 0.09 
094 0.57 
325 282 
0.58 0.46 
3.00 3.57 
2.13 2.86 : 

059 0.66 

I 

1.00 012 
1.25 2.29 
1.13 2.14 
0.10 0.20 
0.10 0.21 
0.14 010 
0.11 0.30 
0.08 0.04 
0.26 0.13 
0.49 050 
0.28 0.10 

31.55 34.32 
1.60 2.80 



Table A-3-1.2e Bloaccumulatlon Factors (BAFs) 10, metals' and BIota-SedIment AccumulatIon Factors (BSAFs) 10' OrganICS 2 In Juvenile 

lobste, tIssue' In the Portsmouth Naval ShIpyard study area 

Class AnalVle 
MET ArseniC 
MET Cadmium 
MET Chromium 

MET Copper 
MET Lead 
MET Mercury 

MET NICkel 
MET Silver 

MET ZinC 

PAH 1,6,7-Trlmethylnaphthalene (L) 
PAH 1-Methylnaphthalene (L) 

PAH 1-Methylphenanth,ene (L) 
PAH 2,6-D,methylnaphthalene (L) 

PAH 2-Melhylnaphthalene (L) 
PAH Acenaphthene (L) 

PAH Acenaphthylene (L) 
PAH Anthracene (L) 
PAH Benzo(a)anthracene (H) 
PAH Benzo(a)pyrene (H) 

PAH Benzo(b)lluoranthene (H) 
PAH Benzo(t>+k)lIuoranthene (H) 
PAH Benzo(e)pyrene (H) 
PAH Benzo(g,h,l)perylene (H) 

PAH BeIlZO(k)fluoranlhene (H) 
PAH Chrysene (H) 

PAH OIbenz(a,h)anlhracene (H) 

PAH Fluoranthene (H) 

PAH Fluorene (L) 
PAH Indeno(l,2,3-cd)pyrene (H) 

PAH Naphthalene (L) 
PAH Perylene (H) 

PAH Phenanthrene (L) 
PAH Pytene (H) 
PAH LMWPAHs 
PAH HMWPAHs 
PAH Total PAHs 
PCB Total PCBs 
PST Aldnn 

PST A1pha-BHC 
PST Alpha-ehlordane 
PST Beta-BHC 
PST Chlorpyrlfos 
PST CIS-Nonechlor 
PST Delta-BHC 
PST Dieldrin 
PST Endosulfan II 
PST Endrm 
PST Gamma-BHC (Londane) 
PST Gamma-Ghlordane 
PST Heptachlor 
PST Heptachlor epoxlde 
PST Hexachlorobenzene 
PST Muex 
PST OxycI\lordane 
PST PentachloroanlSOle 
PST Pentachlorobenzene 
PST Trans-Nonachlor 
PST 1,2,3,4-Tetrachlorobenzene 
PST 1,2,4,5-Tetrachlorobenzene 
PST o,p'-DDD 
PST p,p'-DDD 
PST o,p'-DDE 
PST o,p'-DDT 
PST p,p'-DDE 
PST p,p'-DDT 

IDtd:to( PERCENT LIPIDSIPERCENT 

~ Cl 
> 

'!' .. 
~ § §. § ! § § § § ~ § ~ ~ § § 

"i "1 
~ ~ ~ :J: ~ "i ~ 

M 

0 0 ~ 0 c5 ;g c5 :il :il 
::! ::! ::! ::! ::! ::! ::! ::! ::! ::! ::! ::! ::! ::! 

t t6 136 111 116 094 
017 006 005 003 006 

145 0.88 019 001 102 
014 000 000 000 000 
282 3037 081 016 094 

067 029 0.17 
071 029 046 005 063 

060 048 047 

038 035 037 

003 
003 

002 001 
004 0.02 

003 
003 004 002 000 002 

004 

003 005 0.02 000 

003 002 

067 047 0.37 047 

002 002 
006 012 005 001 006 
005 008 003 001 003 
005 0.09 003 001 003 
042 063 024 010 059 

080 

219 374 

1.11 
7.80 20.25 

041 

358 0.88 019 080 

078 084 0.51 1.33 070 

,- BAF = (lIssue/sedllnent rallO) 
2- BSAF = (tissuelllpid to sedlmentITOC ratio) 
3- ConcentrallOn data below detectable i1mrts and qualified wHh a "J" qualifier in Tables A-3-3 2a-c are excluded above 
Unrts' metal- ug tlssue/ug sediment; organics (ng IIssue/%lipld)/(ng sedlmentl%TOC) 
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229 
017 

320 

241 

219 

050 

031 

001 

000 

000 

001 

045 

001 

004 
001 
001 
059 

298 



Table A-3-1.2e (continued) 

" " > > 

i < 

~ § ~ § ~ § ~ § § § ~ § § § § 
'" M '" ~ 

M 

~ ~ '" .., ;; '" M 

~ ~ ,:. ,:. ,:. !!l !!l Fl Fl !!l .; .; 
Class AnaJyte 

0 0 0 
~ ~ ~ ::I ::I ::I ::I ::I ::I ::I ::I ::I ::I ::I ::I ::I 

MET ArsenIC 146 213 165 230 
MET Cadmium 011 017 023 030 
MET Chromium 
MET Copper 094 014 009 125 

MET Lead 000 0.00' 000 000 

MET Mercury 400 264 576 556 

MET NICkel 

MET Silver 051 039 

MET ZII1C 1.20 015 018 092 
PAH 1.6.7. Tnmelhytnaphlhalene (L) 

PAH l-Methytnaphthalene (L) 014 

PAH l-Methylphenanthrene (L) 
PAH 2.6-Dlmelhylnaphthalene (Ll 

PAH 2-Methytnaphlhalene (L) 

PAH Acenaphthene (Ll 

PAH Acenaphlhylene (L) 

PAH Anlhracene (L) 

PAH Benzo(a)anthracene (H) 

PAH Benzo(a)pyrene (H) 002 0.01 014 

PAH Benzo(b)lIuo<anthene (H) 

PAH Benzo(b+k)lIuoranlhene (H) 002 001 007 006 

PAH Benzo(e)pyrene (H) 

PAH Benzo(g,h,l)peryiene (H) -. 
PAH Benzo(k)fluo<anihene (H) 

PAH Chrysene (H) 002 001 010 

PAH Dlbenz(a,h)anthracene (H) 

PAH Fluoranthene (H) 001 001 015 

PAH Fluo<ene (L) 

PAH Indeno(l ,2, 3-cd)pyrene (H) 

PAH Naphthalene (L) 0.19 052 023 

PAH Perylene (H) 

PAH Phenanthrene (L) 0.01 015 006 

PAH Pyrene (H) 020 

PAH LMWPAHs 004 003 020 010 

PAH HMWPAHs 003 001 022 DOS 
PAH Total PAHs 003 002 021 009 

PCB TOlal PCBs 040 DOS 020 182 

PST Aldnn 
PST Alpha·BHC 

PST Alpha-chlordane 

PST Beta-BHC 

PST Chlorpynfos 
PST CI5-Nonachlor 
PST Delta-BHC 

PST IJoeldnn 

PST Endosullan II 130 
PST Endnn 
PST Gamma-BHC (undane) 

PST Gamma-Chlo<dane 
, 

PST Heptachlo< 
PST Heplachlo< epoXlde 
PST Hexachlorobenzene 
PST Mlrex 

PST Oxychlo<dane 
PST PentachloroaOlsoie 
PST Pentachlorobenzene 1.09 

PST Trans-Nonachlor 461 
pst 1,2,3,4-Tetrachlorobenzene 2.07 188 089 
PST 1,2,4,5-Tetrachlorobenzene 
PST o,p'-OOO 
PST p,p'-OOO 

PST o,p'-OOE 

PST o,p'-OOT 

PST p,p'-OOE 020 007 1.56 038 
PST o.o'-DDT 

iPld.to< PERCENT LlPIOSIPERCENT 1.73 250 643 110 
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Table A-3-1.2e (continued) 

Cl <:) 
> > 

~ § § § i i ~ ~ ~ ~ § § 
'\' " '" CO) 

'" '" '" '" '" '" • • • Class Analvte i i ":;; :;; i :;; i i i i i i 
MET ArsenIC 214 1.05 1 t9 
MET Cadmium 012 007 046 
MET Chromium 000 000 0.00 
MET Copper 069 1.04 0.71 
MET Lead 000 000 000 
MET Mercury 245 23t 142 
MET NICkel 002 002 001 
MET Slaver 040 0.33 0.71 
MET Zinc 0.33 071 078 
PAH 1 ,6,7-Tnmethytn8phthalene (L) 003 001 0.13 
PAH l-Methytnaphthalene (L) 002 016 
PAH l-Methytphenanthrene (L) 001 000 0.03 
PAH 2,6-Dm18thytnaphthalene (L) 002 000 014 
PAH 2-Methytnaphthalene (L) 003 018 
PAH Acenaphthene (L) 000 000 016 
PAH Ac8naphthytene (L) 001 0.01 001 
PAH Anthracene (L) 000 001 001 
PAH Benzo(a)anthracene (H) 001 0.01 0.01 
PAH Banzo(a)pyrene (H) 001 001 
PAH Banzo(b)lIuoranthene (H) 001 002 001 
PAH Banzo(b+k)lIuoranthene (H) 001 002 001 
PAH Banzo(e)pyrene (H) 001 002 
PAH Banzo(g,h,l)perytene (H) 001 003 002 
PAH Banzo(k)Huoranthene (H) 002 0.02 001 
PAH Choysene (H) 001 002 002 
PAH Dobenz(a,h)anthracene (H) 000 
PAH Fluoranthene (H) 001 002 003 
PAH Fluorene (L) 000 009 
PAH Indeno(1 ,2,:H;d)pyrene (H) 001 003 
PAH Naphthalene (L) 004 0.21 

PAH Peryiene (H) 004 0.07 006 
PAH Phenanthrene (L) 001 
PAH Pyrene (H) 001 0.02 002 
PAH LMWPAHs DOl 001 007 

PAH HMWPAHs 002 003 003 
PAH Total PAHs 001 002 004 
PCB Total PCBs 015 074 131 

PST Aldnn 3.57 
PST Alpha-BHC 050 086 
PST Alpha-chlordane 012 063 031 
PST Beta-BHC 006 010 
PST Chlorpynlos 5.56 
PST CIs.Nooachlor 014 045 0.26 
PST Delta-BHC 212 
PST [)Ieldnn 884 7738 
PST Endosultan II 004 046 
PST End"n 361 
PST Gamma-BHC (LIndane) 674 
PST Gamms-Chlordane 4.31 5.22 537 
PST HeptaChlor 163 174 
PST HeptaChlor epoxode 652 
PST Hexachlorobenzene 6.22 5972 828 
PST Mlrex 050 107 
PST Oxychlordane 121 40.19 
PST PentachloroanlSOle 389 
PST Pentachlorobenzene 490 
PST Trana-Nonachlor 010 168 4.84 
PST 1,2,3,4-Tetrachlorobenzene 353.89 
PST 1,2,4,5-T etrachlorobenzene 110 
PST o,p'-DDD 032 076 041 
PST p,p'-DDD 042 174 
PST o,p'-DDE 0.22 1.22 
PST o,p'-DDT 006 016 037 
PST p,p'-DDE 1.19 1378 097 
PST p,p'-DDT 1.07 366 283 
IPid:to( PERCENT LIPIDSIPERCENT 129 082 085 
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Class 
MET 
MET 
MET 
MET 
MET 
MET 
MET 
MET 
MET 
MET 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PCB 
PST 
PST 
PST 
PST 
PST 
PST 
PST 
PST 
PST 
PST 
PST 
PST 
PST 
PST 
PST 
PST 
PST 
PST 
PST 
PST 
PST 
PST 
PST 
PST 
PST 
PST 
PST 
PST 

Upid 

Table A-3-1.21 Normalized' concentratIons 01 contamInants In tISSueS 01 mussel In the Portsmouth Naval ShIpyard offshore study area 

Analyte 
ArsenIC 
Cadmium 
Chromium 
Copper 

Lead 
Mercury 
NICkel 
SINer 

ZinC 

SEM-AVS 
I ,6,7.Tnmelltylnaphlltalene (L) 
I ·Melhylnaphlhalene (L) 
I -Melhylphenanlhrene (L) 
2,6-DlmelhylnaphlhaJene (L) 
2·Melhylnaphthalene (L) 
Acenaphthene (L) 
Acenaphthylene (L) 
Anlltracene (L) 
Benzo(a)anthracene (H) 
Benzo(a)pyrene (H) 
Benzo(b)fluoranlltene (H) -
Benzo(b+k)fluoranlltene (H) 
Senzo(e)pyrene (H) 
Benzo(g,h,l)parylene (H) 
Senzo(k)fluoranthene (H) 
Biphenyl (L) 
Chrysene (H) 
Dtbenz(a,h)anthracene (H) 
Fluoranthene (H) 
Fluorene (L) 
Indeno(1 ,2,3-ed)pyrene (H) 
Naphthalene (L) 
Perylene (H) 
Phenanthrene (L) 
Pyrene (H) 
LMWPAHs 
HMW PAHs 
Total PAHs 
Total PCSs 
Aldrin 
Alpha·BHC 
Alpha-chlordane 

Beta·SHC 
Chlorpynlos 
CIS-Nonachlor 
Delta·BHC 
o.eldnn 

EndosuHan " 
Endnn 
Gamma-BHC (Lindane) 
Gamma·Chlordane 
Heptachlor 
Heptachlor epox,,'e 
Hexachlorobenzene 
Mlrex 
Oxychlordane 
Pentachloroamsole 
Pentachlorobenzene 

' Trans-Nonachlor 
I 2,3,4·T etrachlorobenzene 
12.4,5-T etrachlorobenzene 
o,p'-DDD 
p,p'·DDD 
o,p'-DDE 
o,p'-DDT 
p,p'·OOE 
p,p'·OOT 
PERCENT LIPIDS % 

Cl Cl 
~ > 

"!= 
§ § § § § § ~ ~ § § § 
'l' "? 'l' ~ ~ ~ '" ~ 

N 

0 0 l:j ~ ~ 8 8 
;:!; ;:!; ;:!; ;:!; ;:!; ;:!; ;:!; ;:!; ;:!; ;:!; 

840 1040 1000 940 980 9.25 950 875 960 850 810 
140 150 150 140 160 155 1.90 215 210 140 140 
180 180 230 210 290 390 250 2.20 210 250 230 
710 780 750 760 960 1760 2790 880 810 800 900 
340 390 430 410 420 540 7.60 1455 400 360 410 
025 027 030 027 029 031 048 046 028 027 028 
160 140 200 160 340 345 320 190 220 170 160 
005 004 004 005 004 007 018 005 010 005 009 

8680 10760 9000 8010 9980 107.50 15100 9290 9810 8990 10500 
119 -34 36 -145 -103 -5029 -1589 -054 -56n -118 -2n -3626 
046 055 041 043 039 063 043 046 036 040 045 
062 061 095 066 072 111 062 066 058 060 081 
089 061 069 078 061 062 0.63 061 047 055 061 
055 067 066 050 041 0.68 048 044 041 046 061 
1.01 100 159 1.04 I.OB 165 1.03 0.97 085 091 121 
1.15 0.99 098 138 113 148 085 1.01 095 142 116 
175 241 160 222 176 232 2.09 1.62 164 183 178 
326 420 338 444 352 530 428 300 307 356 3,34 
187 In 159 206 145 206 181 119 1.07 182 130 
153 127 130 1.96 118 214 204 094 097 1.81 124 
307 300 253 350 314 454 385 2.29 195 384 296 
373 374 351 479 386 570 521 318 259 510 358 
245 '266 205 310 2.51 346 328 '2 II 198 3 IS 245 
143 150 125 179 150 2.17 213 107 101 176 125 
066 074 098 129 072 116 136 088 064 1.26 063 
034 035 041 030 0.26 060 030 032 0.23. 026 055 
366 341 348 452 3.50 541 406 294 312 531 325 
027 026 035 031 030 043 037 016 016 029 022 
648 621 568 970 664 1032 7.07 SIS 599 1115 633 
1.37 154 134 154 125 152 118 096 099 120 119 

1.22 114 095 1.49 1.22 167 178 083 074 152 101 

135 063 161 123 110 262 1.26 143 091 110 185 

108 117 1.15 In 1.02 168 203 109 114 148 128 
342 2.83 279 474 262 4 II 282 229 251 417 282 
549 565 468 7.52 552 7.86 6.27 422 426 766 536 
1616 1641 1642 1928 1485 22.65 1598 1374 1297 1646 1639 
29.22 2878 2600 3900 2872 4290 3606 2288 2303 4105 2728 
4538 4519 4242 5828 4358 6556 5203 3662 3601 5751 4367 
1210 1074 1335 1192 2717 2608 1487 1407 9n 12 II 1616 
013 003 023 016 024 OOB 007 006 001 005 006 
015 015 009 009 013 OOB 009 OOB 007 OOB 009 
014 030 090 018 138 022 010 051 015 019 025 
013 007 018 038 ·067 397 101 016 058 016 001 
006 005 OOB OOB 057 044 010 043 006 008 034 
027 012 047 010 1.28 049 010 036 014 016 028 
000 000 000 001 002 om 001 001 000 000 001 
014 007 001 OIl 006 005 OOB 010 009 010 007 
009 017 001 005 0.13 OOB 007 OIl 006 011 005 
002 002 0.37 0.03 031 009 .003 002 002 0.02 003 
0.11 003 '007 OOB 0.03 017 006 003 0.07 007 021 
0.20 0.10 016 012 0.07 ,017 015 a II 013 020 028 
002 002 0.01 003 001 0.07 004 003 002 004 009 
013 010 030 004 018 0.01 DOl 003 003 005 DOl 
OOB 004 .0.07 004 0.04 021 004 007 005 006 018 
OOS 0.12 002 002 002 003 003 002 002 002 002 
006 003 ~Ol 001 007 ~Ol OIl 004 001 005 0.01 
018 017 014 018 014 024 016 018 018 019 021 
010 OOB 016 005 022 002 004 0.19 005 OOB 001 
014 017 017 014 0.28 0.13 011 021 0.16 020 014 
016 OOB 005 012 024 032 011 015 0,11 006 028 
0,02 002 013 0,05 007 019 005 0,12 0,07 005 019 
0.34 0.22 001 016 001 016 019 OIl 024 0.23 013 
034 025 ' 038 002 001 OOB 0,01 015 , 0,02 002 006 
021 0,21 016 026 019 ' 016 033 0,24 019 016 001 
047 041 012 036 044 044 036 025 ,0.36 030 0,30 
2,59 155 065 III 088 098 1.01 067 081 085 073 
0,07 009 002 OOB 006 015 012 010 007 OOB 006 
1160 1550 1110 900 1090 630 890 1170 1480 960 670 

1- For organICS, tissue concentration IS normalIZed by lipid value (NORM = CONC [See TtNUS (2000b)J!%L1P) 
Metals are not normalized, 

units: metals (I'QIg dry wt,), organics (ng/% lipid). 
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1045 10.60 
1.65 140 
245 230 
800 830 
315 340 
029 027 
170 170 
OOB 007 

83 95 8910 
017 -925 
051 035 
083 053 
0.86 045 
055 043 
118 081 
192 116 
1.72 161 
406 306 
266 1.1 I 
275 095 
470 209 
637 291 
359 194 
2.07 120 
166 082 
048 025 
6.20 306 
042 017 
1220 556 
152 086 
189 085 
192 096 
235 1.25 
480 242 
804 416 

2034 12.90 
4854 2316 
6887 3606 
1370 967 
018 005 
007 009 
024 018 
049 051 
015 OOB 
025 0.24 
001 0.00 
011 009 
OOB 017 
005 002 
OOB 009 
021 014 
010 OOB 
004 005 
013 OIl 
0.04 0.02 
0.04 001 
018 018 
013 OOB 
018 OlD 
044 0,13 
003 0.04 
0.27 018 
011 0,02 
015 025 
061 038 
075 079 
012 010 
710 990 
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Table A-3-1.2f (conllnued) 

CI CI 

~ > .. 
§ § § ~ § ~ ~ § ~ ~ ~ ~ ~ CO) 

~ '" CO) 

~ ;,;; '" ,:. 8 8 !!l e e N 
Class Analyte 

0 i i i i i ~ ~ ~ ~ ~ ~ ~ ~ 

MET ArsenIC 870 9.00 840 770 900 930 8.20 890 1010 680 7.OS 750 7.70 
MET Cadmium 1.80 1.30 1.30 140 1.80 1.50 170 300 210 150 175 130 110 
MET Chromium 160 230 270 3.00 2.20 2.50 2.OS 2.00 290 160 230 150 240 
MET Copper 740 900 800 1100 1000 1120 860 8.50 1140 830 870 830 840 
MET Lead 420 420 560 410 310 4.20 3.OS 860 940 760 2225 240 3.90 
MET Mercury 027 0.25 026 026 0.29 027 023 0.37 033 017 032 018 021 
MET NICkel 180 200 1.90 3.20 3.10 290 185 340 1.90 180 175 1.50 210 
MET Sltver 007 004 009 OOS 015 006 0.07 0.55 0.29 OOS 003 006 004 
MET ZinC 10200 8460 9710 9170 9810 11100 10800 40400 13000 11700 11650 8820 9770 
MET SEM-AVS -3719 ·17.06 -36.49 497 154 -051 -0 OS -2860 -9867 -249 -735 
PAH 1,6.7-Tnmelllyinaphthalena (L) 038 075 045 085 0.33 044 041 033 048 068 058 076 066 
PAH 1-Methytnaphthalene (L) 055 lOS 073 1.19 058 072 0.67 0.62 089 082 104 091 109 
PAH l-Mathylphananthrena (L) 049 069 052 1.33 103 0.77 065 052 079 123 0.92 062 223 
PAH 2,6-D.methytnaphth81ane (L) 046 071 0.60 1.04 041 054 048 049 069 057 061 073 080 
PAH 2-Methylnaphthalana (L) 090 149 1.21 200 094 123 1.08 107 151 127 147 136 1.66 
PAH Acenaphthana (L) 102 204 113 233 117 1.37 1.18 0.67 115 0.97 1.63 090 376 
PAH Acenaphthylene (L) 191 239 199 440 218 204 153 150 181 170 187 167 2.94 
PAH Anlllracena (L) 369 5.23 3.96 817 5.24 458 317 273 4.27 349 420 323 12.20 
PAH Benzo(a)anthrecena (H) 1.27 1.60 148 415 2.93 20S 1.20 141 1.65 128 208 121 6.32 
PAH Benzo(a)pyrena (H) 111 144 165 452 2.80 1.77 089 1.23 1.60 1.20 153 125 457 
PAH Benzo(b)fluoranlhena (H) 239 319 294 779 461 364 209 2.71 333 2.81 331 271 738 
PAH Benzo(b+k)fluoranthena (H) 331 429 3.96 10.63 6.35 446 274 371 453 347 4.29 330 930 
PAH Benzo(a)pyrana (H) 2.18 2.83 2.61 6.21 367 288 192 2.25 265 216 268 235 4.73 
PAH Benzo(g,h,')perylene (H) 121 176 173 4.27 247 159 102 120 148 126 136 117 284. 
PAH Benzo(k)fluoranlhane (H) 0.92 111 103 285 174 082 065 1.00 1.20 066 098 060 193 
PAH B.phenyl (L) 0.25 043 031 060 024 0.31 027 028 040 049 064 039 061 
PAH Chrysena (H) 308 463 335 919 477 418 2.99 320 396 301 411 312 874 

PAH OIbenz(a,h)anthracana (H) 020 0.29 030 0.79 049 028 020 0.25 028 022 026 023 066 
PAH Auoranthene (H) 582 900 643 1598 11.93 1090 557 547 684 499 925 508 3012 

PAH Auorene (L) 115 204 114 244 119 135 104 107 135 112 187 107 445 

PAH Indeno(l,2,3-cd)pyrane (H) 090 127 136 362 219 1.31 076 106 1.27 108 112 082 283 

PAH Naphthalene (L) 100 168 138 2.25 119 132 111 099 164 1.81 251 1.57 273 

PAH Perylene (H) 1.22 164 152 294 183 1.50 111 108 139 116 118 1.30 202 

PAH Phenanthrene (L) 272 399 278 648 517 473 252 2.87 2.88 274 519 248 1585 

PAH Pyrena (H) 4.48 688 5.17 1315 904 836 416 434 575 441 694 427 2024 

PAH LMWPAHs 1451 2248 1619 3308 1968 1937 14.11 1314 1785 1689 22.54 1568 4898 

PAH HMWPAHs 2479 3563 2956 7546 4845 3928 22 56 2520 3140 2424 34 81 2410 92.39 
PAH Total PAHs 3930 5811 4575 10854 6813 5865 3667 3834 4925 4114 5734 3978 14137 
PCB Total PCBs 1303 1798 1450 2767 1892 1926 1080 927 1978 2996 2107 1855 2384 
PST A1dnn 016 004 025 023 0.30 0.06 O.OS 018 044 006 007 009 017 
PST Alpha-BHC 016 008 011 029 010 011 007 009 019 012 011 009 010 
PST Alpha-chlordane 016 0.25 0.08 037 0.17 024 054 019 012 022 020 0.26 021 
PST Beta-BHC 068 023 065 079 077 119 047 021 107 001 037 022 171 
PST Chlorpynfos 007 010 010 014 008 008 0.08 -007 011 030 027 028 0.33 
PST CI5-Nonachlor 040 011 021 117 050 023 044 007 073 038 0.31 021 037 
PST Delta-SHC 000 001 0.01 001 001 000 000 000 001 000 001 000 001 
PST Dleldnn 0.10 010 013 021 0.11 015 014 007 012 008 014 007 008 
PST EndosuHan II 022 0.15 008 018 018 015 023 OOS 0.53 003 009 016 021 
PST Endnn 0.02 003 OOS 021 0.13 0.02 014 002 003 0.02 003 0.37 035 
PST Gamma-BHC (LIndane) 0.11 006 DOS 021 O.OS 017 003 0.03 0.13 0.28 010 012 030 
PST Gamma-Chlordane 0.21 019 018 048 018 0.27 045 0.18 0.20 023 022 030 023 
PST Heptachlor 001 003 0.02 002 001 001 007 003 002 002 001 007 004 
PST Heptachlor epe_ 0.10 004 0.13 009 0.10 004 0.11 OOS 011 002 0.06 001 001 
PST Haxachlorobenzene 0.10 003 OOS 0.16 006 OOS 011 006 006 008 007 0.08 011 
PST Mlrex O.OS P·03 007 004 002 002 0.03 0.01 003 002 003 002 002 
PST Oxychlordane OOS 0.04 OOS 011 0.13 003 008 003 004 001 001 001 001 
PST PentachloroanlSOle 019 0.19 018 0.37 016 0.22 0.25 010 019 ~19 015 013 020 
PST Pentachlorobenzene 011 007 011 014 008 004 0.07 0.07 0.06 001 019 OOS 007 
PST Trans-Nonaohlor 016 0.23 011 029 017 021 024 0.16 0.12 0.23 0.20 014 012 
PST 1.2,3,4-Tetrachlorobenzene 017 013 017 0.33 0.13 013 046 0.34 0.40 010 011 0.03 013 
PST 1.2,4,S-T etrachlorobenzene 0.03 DOS 010 004 OOS 003 003 003 0.07 0.17 001 0.07 015 
PST o,p'-DDD 009 173 016 110 043 012 169 0.11 024 0.27 008 016 0.34 
PST p,p'-DDD 008 004 002 014 007 003 004 0.01 006 0.09 007 007 009 
PST o,p'-DDE 024 027 0.23 0.54 031 014 060 0.10 0.33 014 008 018 018 
PST o,p'-DDT 033 387 043 327 046 044 2.58 0.30 039 028 028 037 035 
PST p,p'-DDE 0.62 187 092 231 085 078 146 076 087 076 074 066 076 
PST _!>J1'-DDT 017 027 019 065 015 007 019 O.OS 025 011 006 001 004 

lipid PERCENT LIPIDS % 1030 750 770 520 1090 780 890 1000 750 740 570 920 820 
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Table A-3-1.2f. (continued) 

0 
> ... 
§ § ~ § ~ N ;;; ::i N .., ., 

Class Analyle i i i ~ i i 
MET Arsemc 730 7.20 710 8.50 800 

MET Cadmium 1.20 180 160 1.30 130 

MET Chromium 170 2.20 200 270 200 

MET Copper 7.65 9.90 840 870 7.80 

MET Leed 2.95 2.90 2.90 280 300 

MET Mercury 022 028 022 030 0.29 

MET NICkel 195 180 1.80 220 1.90 

MET SINer 004 004 003 008 DOS 

MET Z,nc 9385 12000 84 50 8770 9130 

MET SEM-AVS -125 -11000 -17315 ·146 -1587 

PAH 1.6.7·Tnmethylnaphthalene (L) 052 057 0.58 058 046 

PAH I·Methylnaphthalene (L) 124 102 108 104 1.10 

PAH l·Methylphenenthrene (L) 096 161 144 096 079 
PAH 2.6-Dlmethylnaphthalene (L) 058 0.72 067 065 068 

PAH 2·MethyinaphthaJene (L) 160 156 147 1.53 173 

PAH Acenaphthene (L) 162 232 171 1.57 120 

PAH Acenaphthylene (L) 269 414 3.65 224 239 

PAH Anthracene (L) 5.03 10.23 789 442 4.27 

PAH Benzo(a)enthracene (H) 214 460 4.07 171 2.72 

PAH Benzo(a)pyrene (H) 153 3.12 2.73 164 342 

PAH Benzo(b)fluorenthene (H) 327 7.05 559 336 3.72 

PAH Benzo(tH-k)fluorenthene (H) 427 895 707 415 485 

PAH Benzo(e)pyrene (H) 284 510 426 2.74 330 

PAH Benzo(g.h.l)perylene (H) 1.63 260 219 150 203 

PAH Benzo(k)fluorenthene (H) 100 190 148 079 113 

PAH BIphenyl (L) 061 041 066 061 0.45 

PAH Chrysene (H) 417 805 587 397 420 

PAH Dlbenz(a.h)anthracene (H) 027 053 038 024 045 

PAH Fluorenthene (H) 1039 2346 1612 643 668 

PAH Fluorene (L) 226 242 211 138 1.35 

PAH Indeno( 1.2.3-<:d)pyrene (H) 128 235 195 113 169 

PAH Naphthalene (L) 274 2.12 245 244 211 

PAH Perylene (H) 142 240 199 156 165 

PAH Phenenthrene (L) 516 820 768 296 280 

PAH Pyrena (H) 758 16.32 1176 553 634 

PAH LMWPAHs 2500 3532 3138 2038 1934 

PAH HMWPAHs 3751 7747 5839 30.58 3731 

PAH Totel PAHs 62 51 11279 8976 5096 5665 

PCB Totel PCBs 1846 1891 1373 1701 1722 

PST Aldrin 004 005 015 003 010 

PST Alpha·BHC 011 004 008 OOS 007 

PST Alpha-<:hlordane 058 020 024 022 031 

PST Beta-BHC 048 0.35 001 024 0.39 

P.ST Chlorpynfos 059 0.30 008 025 039 

PST CIS-Nonachlor 041 033 016 011 035 

PST Delta-BHC 001 000 000 001 001 

PST Oteldrln 006 0.12 001 001 009 
PST Endosulfen II 012 013 007 012 024 

PST Endnn 010 019 002 0.08 0.24 
PST Gemma-BHe (lmdane) 007 020 002 009 012 

PST Gemme-Chlordane 0.13 0.25 008 0.26 0.18 

PST Heptachlor 0.02 0.02 001 003 003 

PST Heptachlo< epelClde 0.01 O.OS 0.01 006 001 

PST Hexachlorobenzene 008 0.06 0.02 OOS ·010 

PST Mlrex 006 002 0.02 003 002 
PST Oxycl1lordene 002 0.01 001 0.01 001 

PST Pentachloroamsole 021 020 013 0.12 017 

PST Pentachlorobenzane 018 002 003 010 008 

PST Trens-Nonachlo< 019 0.15 0.24 0.22 035 

PST 1.2.3.4-T etrachlo<obenzene 008 0.08 012 006 0.28 

PST 1.2.4.5-TetrachlOtobenzena 004 0.14 004 0.13 019 
PST o.p··DDD 0.26 0.31 007 ,O.OS 010 

PST p.p·-DDD 0.20 003 001 010 0.07 

PST o.p··DDE 019 0.23 011 010 034 

PST o.p··DDT 0.29 0.39 0.32 032 041 

PST p.p·-DDE 070 0.90 049 079 062 

PST o.o'-DDT 007 013 013 002 006 
lipid PERCENT LIPIDS % 1160 1330 850 . 7.20 710 
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Table A-3-1.2g. Normalized' concentrations of PCB congeners in tissues of mussel in the Portsmouth Naval Shipyard offshore study area. 

Ana~ 
PCB-l01190 
PCB·l05 
PCB·118 
PCB·128 
PCB·13B1160 
PCB·153'132 
PCB·17G'19O 
PCB·1B117 
PCB·180 
PCB·187 
PCB·195/208 
PCB·206 
PCB·209 
PCB·28 
PCB·44 
PCB·52 
PCB·66 
PCB-Bl5 
rrOTAL PCBs 
PERCENT LIPIDS % 

~ ~ 
<C <C 

m m m m m m m m m m m m 
8 0 8 8 8 0 0 0 8 0 0 8 0 0 0 0 0 0 
<)I '"? ~ '" ~ 

M <)I M 

0 0 N M .. .;, .;, cb '" :g 0 0 0 0 0 0 0 0 :. :. :. :. :. :. :. :. :. :. :. :. 
0.33 035 060 0.43 073 098 0.42 071 031 038 084 0.47 

.025 022 0.44 0.40 0.78 035 038 043 028 031 022 042 
0.47 017 056 068 0.83 067 061 072 0.57 067 046 0.73 
012 0.05 024 020 029 037 019 021 017 030 021 020 
0.65 0.52 144 094 4.04 270 107 128 064 083 164 113 
0.60 048 0.54 0.89 234 286 124 068 064 0.83 179 0.92 
0.08 022 018 0.08 0.17 010 011 010 008 017 007 0.20 
0.36 0.37 0.08 0.21 007 0.17 036 029 027 0.40 008 055 
047 045 050 056 1.01 143 062 055 047 057 107 063 
027 019 0.28 031 1.01 083 0.56 026 024 029 024 034 
002 0.03 003 0.03 0.02 033 003 003 002 003 003 0.05 
0.02 002 0.03 0.03 002 0.01 004 003 002 0.03 003 005 
005 010 0.06 0.05 OOS 002 0.05 005 0.04 005 003 006 
026 0.24 0.18 009 0.17 035 031 031 0.19 0.22 031 005 
058 077 032 0.18 0.53 025 034 035 011 011 018 0.21 
086 084 036 0.50 077 106 085 056 049 055 0.52 051 
021 0.17 0.59 016 0.44 004 011 029 014 021 009 0.21 
0.45 0.17 0.30 023 0.31 0.52 015 0.19 0.20 010 0.25 0.13 
12.10 10.74 1335 11.92 27.17 26.08 1487 1407 9.77 12.11 16.16 13.70 
11.60 15.50 11.10 900 10.90 6.30 890 11.70 14.80 9.60 6.70 7.10 

1- For organics, tissue concentration is normalized by lipid value (NORM = CONC [See TtNUS (2000b)y%LlP). 
units: organics (ng/% lipid). 

12 

m 
8 
,.:. 
0 :. 

-028 
0.28 
047 
021 
061 
056 
009 
0.26 
043 
021 
003 
003 
003 
0.29 
014 
046 
021 
0.23 
967 
9.90 

m m m 

~ 
l 

8 8 0 0 
0 0 

M ~ '" M ,.:. cD cD cD 
0 0 0 0 :. :. :. :. 

0.36 067 0.35 081 
031 0.57 044 075 
0.50 0.91 055 1.06 
.043 043 038 044 
068 120 097 1.73 
063 133 091 163 
013 015 0.13 025 
038 033 0.36 065 
049 073 055 106 
026 052 038 0.74 
003 003 0.04 005 
0.03 004 004 OOS 
005 0.04 005 009 
030 033 0.27 067 
0.48 043 036 100 
092 093 108 1.88 
026 021 025 0.48 
0.29 0.13 0.16 0.48 
1303 17.98 14.50 27.67 
10.30 7.50 ___ 7.70 __ 5~2L 
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Table A-3-1.2g. (continued) 

-~ 

III 
0 
0 

d; 
Analyta 

0 :::; 
PCB-l01l90 055 
PCB-l05 058 
PCB-118 069 
PCB-128 0.38 
PCB-1381160 142 
PCB-1531132 128 
PCB-1701190 0.38 
PCB-18117 038 
PCB-180 0.69 
PCB-187 069 
PCB-1951208 0.03 
PCB-206 003 
PCB-209 005 
PCB-28' 0.32 
PCB-44 0.47 
PCB-52 101 
PCB-66 0.41 
PCB-815 0.13 
TOTAL PCBs 1892 
PERCENT LIPIDS % 10.90 

-------

~ 
III ~ 
8 8 
d: 6 
0 i :::; 

0.47 0.34 
041 0.29 
069 0.49 
019 020 
0.90 042 
0.77 0.52 
231 0.11 
029 040 
071 0.47 
032 019 
0.03 0.03 
003 003 
012 005 
040 0.28 
038 035 
1.10 099 
032 0.13 
019 0.11 
1926 10.80 
7.80 890 

------ ----

III III III 

8 8 0 
0 

'" '" 0 6 
i 'i i 

041 0.73 162 
0.29 063 045 
0.59 103 122 
014 040 054 
070 1.07 2.97 
060 080 324 
009 019 015 
0.17 060 031 
0.55 051 162 
021 026 0.59 
003 004 0.31 
0.03 004 001 
005 0.04 006 
0.10 028 034 
0.10 084 055 
0.35 1.73 068 
013 048 005 
0.11 023 027 
9.27 1978 29.96 
10.00 750 7.40 

• 
-- -- ------- --------

~ « 
III III III cD III III III III 
0 8 0 0 0 8 0 8 0 0 0 0 0 

'" M '" M 
~ N N M M ... 

; ; i ; i i ; i 
117 082 078 075 071 059 057 083 
038 026 029 031 026 034 028 021 

I 
071 073 079 059 071 046 058 055 
038 0.35 037 0.25 030 021 035 045 
217 196 220 177 1.73 141 181 1.41 
161 185 2.32 127 180 176 208 141 
0.11 . 007 009 009 006 0.03 002 009 
057 0.09 010 024 006 009 010 012 
099 1.04 1.13 112 1.35 095 115 106' 
037 027 080 066 052 019 017 025 
0.05 004 024 005 005 001 005 I 008 
004 003 0.03 003 002 003 0.04 0.03 
004 007 004 0.06 008 003 002 0.05 
045 033 032 017 025 003 011 035 
056 040 071 042 0.43 002 021 041 
061 091 1 11 0.91 098 060 0.93 099 
017 0:07 0.27 032 010 002 003 0.15 
017 001 0.34 0.22 0.05 0.09 0.01 0.17 
21.07 1855 23.84 1846 18.91 13.73 17.01 17.22 
5.70 9.20 8.20 11.60 13.30 8.50 7.20 7.10 " 

-'i 
'f~ 

Page 2 012 



Class 
MET 
MET 
MET 
MET 
MET 
MET 
MET 
MET 
MET 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PCB 
PST 
PST 
PST 
PST 
PST 
PST 
PST 
PST 
PST 
PST 
PST 
PST 
PST 
PST 
PST 
PST 
PST 
PST 
PST 
PST 
PST 
PST 
PST 
PST 
PST 
PST 
PST 
PST 

Table A-3-1.2h Bloaccumulation Factors (BAFs) for metals' and BIOla-SedIment Accumulatoon Factors (BSAFs) for organoc? In 

mussel tIssue' from the Portsmouth Naval Shopyard offshore study area. 

~ 0 

~ 
~ 

cD ao ao ao ao ao ao 
~ 

ao 
8 8 8 ~ 8 ~ ~ ~ ~ "? N ., N ., 

~ ~ 
N 

.~ '" '" ~ 
,;, ,;, 8 Analyte ~ ~ ~ 0 ~ ~ ~ 

Alsen" 082 079 081 069 057 050 048 061 139 1.23 
Cadmium 1077 455 517 233 267 196 190 398 3.28 583 
Chrotnlum 003 002 003 002 002 0.03 002 002 '. 0.03 004 
Copper 016 004 0.15 016 005 002 002 014 036 054 
Lead 002 002 0.03 0.04 003 002 002 011 009 010 
Mercury 192 098 0.30 077 047 041 013 076 100 1.00 
NICkel 006 005 006 006 008 004 0.02 006 008 006 
Sltver 

Zmc 080 058 071 079 043 017 0.10 062 124 159 
1.6.7-Tnmethylnaphthalene (L) 003 0.20 015 007 009 004 006 
l-Methylnaphthalene (L) 002 038 0.13 0.09 013 001 008 005 006 
l-Methylphenanthrene (L) 001 008 002 002 002 001 
2.6-D1methylnaphlhalene (L) 003 0.28 013 0.07 008 001 003 005 
2-Methylnaphthelene (L) 002 035 013 009 0.12 0.01 008 004 0.06 
Acenaphthene (L) 002 
Acenaphthylene (L) 002 009 006 o.ot 002 003 
Anthracene (L) 001 008 004 001 002 002 
Benzo(a)anthracene (H) 000 003 0.00 001 000 0.00 0.00 
Benzo(a)pyrene (H) 002 000 0.00 000 000 000 
Benzo(b)fluo<anthene (H) 000 0.03 001 o.ot 0.00 
Benzo(b+«)fluoranthene (H) 000 000 004 003 001 001 0.00 001 000 000 
Benzo(e)pyrene (H) 005 002 001 
Benzo(g.h,l)peryiene (H) 000 003 . 001 001 0.00 001 000 000 
Benzo(k)fluoranthene (H) 000 0.04 0.01 002 001 000 000 
BIphenyl (L) 
Chrysene (H) 001 0.05 0.04 001 0.02 0.00 001 001 
Dlbenz(a,h)anthracene (H) 
Fluoranthene (H) 001 004 001 002 001 001 
Fluo<ene (L) 
Indeno(I,2,3-<:d)pyrene (H) 000 001 
Naphthalene (L) 0.02 024 008 005 014 001 003 004 
Perylene (H) 002 008 003 
Phenanthrene (L) 004 000 001 001 
Pyrene (H) 001 004 001 002 
LMWPAHs 001 001 013 008 002 005 001 003 002 002 
HMWPAHs 001 000 006 006 001 003 001 001 001 001 
Total PAHs 001 000 007 0.06 002 003 001 002 001 001 
Total PCBs 022 031 173 039 011 019 004 030 030 043 
Aldrin 047 
Alpha-BHC 213 441 200 027 059 084 052 
Alpha-ehlordane 002 7.72 167 7.67 071 008 -043 033 
Beta·BHC 128 110 067 911 034 
Chlorpyrllos 
CIS·Nonachior 028 1329 012 236 271 0.22 024 056 
O.ha·BHe 
D,,'dnn 001 035 014 007 026 029 
Endosulfan II 0.06 009 019 019 004 005 007 
Endrm 
Gamma-BHC (lindane) 040 099 016 
Gamma-Chlo<dane 0.02 409 0.83 050 1.40 0.31 116 
Heptachlor 0.27 0.08 
Heptachlor _"'de 
Hoxachlo<obenzer18 212 479 052 
M,rex 0.08 
OxychIordane 
Pentachlorcanasola 050 
Pentachlorobenzene 
Trans-Nonachlor 0.05 268 068 222 1.31 028 1.55 
1,2,3,4-Tetrachlorobenzene 1.17 0.83 1.30 039 031 
1,2,4.5-T etrachlorobenzene 012 015 
o,p'-DDD 0.01 010 001 
p,p'-DDD 029 716 019 012 
o.p'·DDE 002 089 022 068 019 
o,p··DDT - 001 007 018 O.ot 019 
p,p'·DDE 008 0.32 0.52 069 010 

Jl.&'-DDT 000 003 
lipid toc PERCENT LlPiDSIPERCENT TC 614 687 244 309 349 301 788 584 2114 20.43 

1- BAF = (lIssueJsedlment ratIO) 
2- BSAF = (tissue/lipid to sedomenVTOC rauo) 
3- Concentration data below detectable IImrts and qual~led with a "J" qual~ler in Tables A-3-3.2a·c are excluded above 
Unrts. meta~ ug IIssueJug sedIment; organICS (ng tlssueJ%lopod)/(ng sedlmenll% TOC) 

ao 
8 
N 

~ 
078 
2';2 

003 
0.32 
009 
127 
006 

105 
009 
012 
004 
008 
010 

004 
004 
001 

001 
001 
002 
o.ot 
001 

001 

003 

009 
003 

002 
0.06 
0.02 
003 
080 

082 
204 

237 

010 

539 

120 

0.11 
025 

042 
209 

321 

A-70 
Page 1013 



,,'-'. 

Table A-3-1.2h. (continued) 

~ 
C> 
~ 

m § m m m 

~ 
m m rD 8 m 

~ ~ - § 8 § 8 § 8 
~ i 

N .., 
~ 

,.:. ,.:. cO ., 
~ ~ 

6 6 6 
Class AnalVle ~ ~ ~ , ~ i :;; i 
MET Arserne 0.59 101 083 078 078 067 071 1.26 110 1.01 073 
MET cadmium 2357 519 439 342 2.60 636 581 556 1030 1364 404 
MET Chr"",,um 004 003 002 001 0.03 002 002 004 004 004 003 
MET Copper 0.50 017 032 002 0.10 0.02 0.05 031 025 037 
MET Lead 017 008 009 002 DOS 002 002 0.03 005 015 017 
MET Mercury 1450 208 071 119 068 248 1.71 338 250 231 143 
MET NICkel 005 007 007 002 006 0.02 0.02 005 006 017 0.07 
MET Silver 
MET Zinc 204 107 114 012 067 0.10 020 049 107 534 107 
PAH 1,6,7-Tnmelhylnaphlhalene (L) 006 002 012 
PAH l-Melhytnaphthalene (L) 010 007 DOS 016 013 003 013 
PAH l-Melhytphenanthrene (L) 009 003 003 003 018 001 
PAH 2,6-D,"18thytnaphthalene (L) 008 005 005 009 006 0.09 001 011 
PAH 2-Methylnaphthalene (L) 026 0.09 006 007 015 011 004 012 
PAH Acenaphthene (L) 004 041 020 010 
PAH Acenaphthylene (L) 019 005 004 004 0.11 012 010 001 003 
PAH Anthracene (L) 011 003 008 002 002 012 003 005 000 001 
PAH Benzo(a)anlhracene (H) 004 001 0.02 000 0.01 DOS 001 000 001 
PAH Benzo(a)pyrene (H) 0.03 000 0.01 000 000 
PAH Benzo(b)fluOfanther>e (H) 006 0.03 001 000 002 
PAH Benzo(lH«)fluoranthene (H) 006 001 003 001 001 0.01 007 002 002 000 001 
PAH Benzo(e)pyrene (H) 008 005 001 011 003 - 000 002 
PAH Benzo(g,h,l)paryiene (H) 005 001 003 001 001 010 002 000, 002 
PAH Benzo(k)fluoranthene (H) 006 001 004 001 001 008 001 000 001 
PAH Biphenyl (L) 
PAH Chrysene (H) 010 002 005 001 001 011 002 000 002 
PAH Dlbenz(a,h)anthraeene (H) 
PAH Fluoranlhene (H) 008 002 005 002 023 003 
PAH Fluorene (L) -, 
PAH Indeno(l,2,3-cd)pyrene (H) 
PAH Naphthalene (L) 0.26 006 005 009 011 012 004 001 007 
PAH Perytene (H) 019 004 

PAH Phenanthrene (L) 006 002 005 002 001 020 003 003 000 002 
PAH Pyrene (H) 006 004 019 003 
PAH LMWPAHs 013 004 008 003 003 003 017 005 007 000 002 
PAH HMWPAHs 010 002 005 002 002 002 022 003 004 000 002 
PAH Total PAHs 010 002 006 002 002 002 020 004 004 000 002 
PCB Total PCSs 078 022 223 007 018 005 017 022 061 020 066 
PST Aldnn 
PST Alpha-SHC 099 055 176 116 049 204 
PST Alpha-chlordane 104 0.74 009 027 009 066 057 0.61 055 
PST Seta-SHC 097 067 035 056 077 117 019 089 
PST Ctllorpyntos 
PST CIS-Nonaehlor 0.78 148 4.21 015 100 2.02 059 043 556 
PST Delta-SHC 
PST Ol8ldrm 022 011 071 032 
PST EndosU/fan II 0.28 027 184 012 007 047 011 163 004 167 
PST Endnn 
PST Gamma-BHe (lJndane) 062 
PST Gamma-Chlordane 058 004 1.23 012 0.52 1.59 219 
PST Heptachlor 
PST Heptachlor BPOXlde 019 
PST HexacIllorobenzer>e 0.25 074 001 035 
PST Mlrex 057 
PST Oxychlordane 
PST PentachJoroanlSole 
PST PentachlorObenzene 
PST Trans-Nonacllior 0.66 011 0.61 011 069 084 039 
PST 1.2,3,4-T etrachlorobenzene 048 028 0.09 033 
PST 1.2,4,5-Tetrachlorobenzene 
PST o,p'-DDD 0.08 005 0.05 0.04 110 007 011 
PST p,p'-ODD 017 073 003 009 011 018 022 
PST o,p'-ODE 004 043 031 008 0.34 
PST o,p'-ODT 003 0.46 016 
PST p,p'-DDE .020 022 009 048 119 042 038 
PST D,D'-DDT 000 007 002 
hpld:loc PERCENT LlPIDSIPERCENT TO 1365 1010 696 7.21 472 954 3893 1444 514 870' 4.29 
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Table A-3-12h (continued) 

~ 
III § ~ § III III 8 ~ :5 ~ C)I .., N .. N '" '" ..; ..; 

Class AnaMe i i i :iii i i i 
MET ArsenIC 0.69 1.00 1.05 043 049 080 093 
MET Cadmium 133 1.83 5.33 1.29 219 271 342 

MET ChrDmlum 001 0.03 0.03 002 002 003 003 
MET Copper 0.02 010 020 018 007 015 0.27 
MET Lead 000 003 005 006 003 002 006 
MET Mercury 018 055 134 108 065 055 121 

MET NocI<al 002 005 009 005 0.05 007 009 
MET Solver 0.33 
MET Zinc 018 028 073 076 0.36 0.76 099 
PAH 1,6,7-Tnmelhylnaphthalene (L) 006 002 0.01 004 0.20 005 
PAH l-Mathytnaphthalane (L) 005 001 001 011 019 
PAH l-Methylphananthrene (L) 002 0.01 000 000 003 007 001 
PAH 2.6-Domethylnaphthalene (L) 004 003 002 000 006 016 0.07 

PAH 2-Methylnaphthalane (L) 004 0.02 001 009 017 
PAH Acenaphthana (L) 0.32 
PAH Acenaphthylena (L) 005 004 006 005 
PAH Anthracene IL) 0.02 001 0.01 007 002 
PAH Bonzo(a)anthracene (H) 001 000 0.00 000 001 0.02 001 

PAH Banzo(a)pyrane (H) 001 000 001 001 001 

PAH Bonzo(b~luoranthana (H) 001 0.00 0.00 001 001 003 001 
PAH Banzo(t>+I<)nuoranthana (H) 001 000 000 001 001 002 001 

PAH Bonzo(e)pyrene (H) 002 001 0.00 001 002 
PAH Bonzo(g,h,o)poryllane (H) 001 0.00 000 001 001 0.02 001 

PAH Benzo(k)nuoranthane (H) 001 001 000 001 0,01 0.02 001 

PAH Bophenyl (L) 0.04 004 0.27 008 

PAH Chrysene (H) 001 001 000 001 001 004 001 

PAH Dobanz(a,h)anthracene (H) 001 

PAH Flua<anthene (H) 001 001 001 004 001 

PAH Fluorene (L) 010 

PAH Indeno( 1,2,3-<:d)pyrene (H) 001 001 

PAH Naphthalene (L) 003 001 001 009 0.15 

PAH Pery1ana(H) 003 002 005 

PAH PIlenantivone (L) 001 001 000 0.02 

PAH Pyrene (H) 001 001 001 004 001 

PAH LMWPAHs 003 001 001 000 003 011 003 • PAH HMWPAHs 002 001 0.00 001 0.02 005 002 

PAH Total PAHs 002 ~Ol 000 001 002 006 002 

PCB Total PCBs 008 014 008 044 025 065 086 

PST Aldrin 006 646 0.00 734 

PST Alpha-BHC 128 113 180 

PST Alpha-chlordane 023 1.94 074 134 614 

PST Bota-BHC 036 010 

PST Chlorpynlos 
PST CI5-Nonachlor 045 086 113 035 384 
PST DeIta-SHC 
PST Doeldnn 003 051 053 084 
PST Endosulfan II 0.27 010 005 0.15 040 
PST Endnn 
PST Gamma-SHC (Londane) 084 2.85 
PST Gamma-Chlordane 13.37 1588 
PST HaptalChlor 009 
PST HaptalChlor 8pOXJde 087 
PST Haxachlorobenzana 0.37 004 1202 2.56 1044 
PST Mlrex 
PST OxychIordane 0.83 
PST Pantachloroanosole 0.87 2.73 
PST Pantachlorobanzane 094 
PST T rans-Nonachlor 050 0.32 108 2.46 2.63 3838 
PST 1.2.3,4-T etrachlorobenzane 0.07 939 144 
PST 1.2,4.5-TatrachlOI'obenzane 
PST o,p'-ODD 014 008 019 007 0.06 012 
PST p,p'-ODD 0.13 081 011 
PST o,p'-DDE 033 023 1285 
PST o,p'-DDT 018 019 048 035 056 074 

PST p,p'-DDE 0.95 071 0.93 1.19 029 2.65 
PST D,D'-DDT 006 
lipid:IOC PERCENT LlPIDSlPERCENT TC 687 5.86 1018 682 354 218 326 
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Table A-3-1.21. Analy1e average of BAFIBSAF across s1abons on 1IIe PortsmOU1h Naval Shopyard offshore S1Udy area 

Lobller BAFIBSAF 

Class Analy1e' n 
MET ArsenIC 13 
MET Cadmrum 13 
MET Chromoum 3 
MET Copper 13 
MET Lead 12 
MET Mercury 13 
MET Nickel 3 . 

MET Sliver 8 
MET Zinc 13 
PAH 1 ,6,7-Tnme1llylnaph1halene (L) 3 
PAH l-Methylnaph1halene (L) 7 
PAH l-Me1hylphenanthrene (L) 3 
PAH 2,6-Domethylnaph1halene (L) 3 
PAH 2-Methylnaph1haiene (L) 6 
PAH Acenaph1hene (L) 3 
PAH Acenaph1hylene (L) 4 
PAH An1hracene (L) 4 
PAH Benzo(a)an1hracene (H) 5 
PAH Benzo(a)pyrene (H) 8 
PAH Benzo(b)fiuoran1hene (H) 4 
PAH Benzo(b+k)ftuoranlhene (H) 13 
PAH Benzo(e)pyrene (H) 2 
PAH Benzo(g,h,l)perylene (H) 4 
PAH Benzo(k)fiuoran1hene (H) 3 
PAH BIphenyl (L) 0 
PAH Chrysene (H) 11 
PAH Dobenz(a,h)an1hracene (H) 1 
PAH Auoran1hene (H) 9 
PAH Fluorene (L) 2 
PAH Indeno(l,.2,3-cd)pyrene (H) 2 
PAH Naphthalene (L) 10 
PAH Perylene(H) 3 
PAH Phenan1hrene (L) 5 
PAH Pyrene (H) 6 
PAH LMWPAHs 17 
PAH HMWPAHs 17 
PAH Total PAHs 17 

average 
PCB Total PCBs 10 
PST Aldnn 1 
PST Alpha-BHC 2 
PST Alpha-Ghlordane 3 
PST Beta-SHe 2 
PST Chlorpyntos 1 
PST CIS-Nonachlor 3 
PST Delta-BHC t 
PST Doeldnn 2 
PST Endosultan II 4 
PST Endnn 1 
PST Garrma-BHC (lindane) 3 
PST Gamma-Chlordane 3 
PST Heptachlor 2 
PST Heptachlor epoxode 1 
PST Hexachlorobenzene 3 
PST Morex 2 
PST Oxychlordane 2 
PST Pentachloroarusole 1 
PST Pentachlorobenzene 2 
PST Trans-Nonachlor 5 
PST 1,.2,3,4-Tetrachlorobenzene 6 
PST l,.204,S-TetrachlorobenZene 1 
PST o,p'-DDD 3 
PST p,p'-DDD 2 
PST o,p'-DDE 3 
PST o,p'-DDT 3 
PST p,p'-DDE 11 
PST p,p'-DDT 3 

averaae 
Iopldtoc PERCENT LlPIDSIPERCENT TOC 13 

unrts unotiess 
1 - Analy1es reported in TtNUS (2000b) 
2- See Table A-3-1.2e for sample-specific BAFIBSAF values 
3- See Table A-3-1.2h for sample-specific BAFIBSAF values 
4- Average of lobster and mussel BAF/BSAF values 

AVE 
1.53 
015 
000 
089 
001 
474 
0.02 
043 
066 
006 
034 
001 
006 
0.27 
0.05 
0.01 
0.01 
001 
000 
002 
002 
002 
002 
002 

0.00 
000 
000 
0.05 
002 
0.36 
006 
005 
005 
013 
006 
0.08 
0067 
100 
357 
066 
035 
008 
5.56 
028 
212 
4311 
065 
361 
422 
497 
1.69 
652 
24.74 
078 
2070 
389 
2.99 
243 
6446 
1.10 
0.50 
1.08 
062 
020 
215 
252 
734 
166 

MUlleI BAFIBSAF" Average 

n AVE AVE 
29 081 117 
29 509 2.62 
29 000 001 
28 018 0.54 
29 006 0.04 
29 1.64 319 
29 0.06 004 
1 0.33 038 

29 0.88 o.n 
17 008 007 
22 010 0.22 
20 004 002 
24 0.07 006 
23 010 018 
6 018 0.12 
20 006 . 0.04 
22 004 000 
24 001 001 
16 001 0.02 
18 0.01 002 
29 002 002 
16 0.00 002 
25 002 002 
24 0.02 0.02 
4 0.11 011 

25 002 0.00 
1 001 000 
18 004 000 
1 010 008 
4 001 0.01 
23 008 022 
9 005 006 
18 000 0.04 
14 004 004 
37 005 009 
37 000 005 
37 004 006 

0050 0059 
17 079 0.91 
5 287 322 
17 134 101 
23 155 095 
15 124 066 
0 556 
23 196 112 
0 212 
14 031 2171 
23 036 0.50 
0 361 
6 098 260 
17 290 3.93 
3 015 092 
2 053 352 
12 265 13.79 
2 0.32 055 
1 083 10.76 
3 137 2.83 
1 0.94 1.97 

21 260 261 
12 134 3290 
2 013 0.61 
17 . 0 14 032 
15 071 089 
13 1.28 095 
15 0.27 0.23 
19 071 1.43 
6 000 1.27 

1.12 437 
29 848 5.08 
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Table A-3-1 21 Predicted sediment concentrations from average analyte BAFIBSAF at un-sampled stalJons 

-III to 
8 8 
-;- C)I 
~ ~ 

Class Analvte ~ ~ 
MET Arsemc 839 870 
MET Cadmium 029 034 
MET Chromium 6181 8885 
MET Copper 45'87 4808 
MET lead 12898 377 60 
MET Mercury 010 020 
MET Nickel 3025 2941 
MET Sliver 015 009 
MET Zinc 13339 13282 
PAH 1,6,7-Trlmethylnaphthalene (l) 1562 1339 
PAH 1-Methylnaphthalene (l) 1495 1877 
PAH 1-Methylphenanthrene (l) 6111 4577 
PAH 2,6-Dlmethylnaphthalene (l) 1422 1539 
PAH 2-Methylnaphthalene (l) 2333 2706 
PAH Acenaphthene (l) ! 937 1572 
PAH Acenaphthylene (l) 5151 5652 
PAH Anthracene (l) 16213 19539 
PAH Benzo(a)anthracene (H) 19332 31307 
PAH Benzo(a)pyrene (H) 28962 36755 
PAH Benzo(b)fluoranthene (H) 34502 40593 
PAH Benzo(b+k)fluoranthene (H) 38627 477 08 
PAH Benzo(e)pyrene (H) 13316 164 78 
PAH Benzo(g,h,l)perylene (H) 14249 15416 
PAH Benzo(k)fluoranthene (H) 7614 112.97 
PAH Biphenyl (l) 809 1065 
PAH Chrysene (H) 21950 29966 
PAH Dlbenz(a,h)anthracene (H) 5957 72.50 
PAH Fluoranthene (H) 251 19 46618 
PAH Fluorene (l) 1914 3189 
PAH Indeno(1,2,3-cd)pyrene (H) 28283 29375 
PAH Naphthalene (l) 4100 5680 
PAH Perylene (H) 3810 3882 
PAH Phenanthrene (l) 15394 29142 
PAH Pyrene (H) 22172 34921 
PAH lMW PAHs 56948 75974 
PAH HMW PAHs 1377 38 1977 56 
PAH Total PAHs 203275 283364 
PCB Total PCBs 6680 46 99 
PST Aldrin 004 004 
PST Alpha-BHC 015 014 
PST Alpha-chlordane 025 023 
PST Beta-BHC 001 053 
PST ChlorpYrlfos 
PST CIS-Nonachlor 034 028 
PST Delta-BHC 
PST Dieldrin 047 076 
PST Endosulfan II 0.13 0.46 
PST Endnn 
PST Gamma-BHC (lindane) 051 018 
PST Gamma-Chlordane 014 0.13 
PST Heptachlor 024 017 
PST Heptachlor epoxlde 006 0.18 
PST Hexachlorobenzene 005 0.04 
PST Mlrex C12 0.16 
PST Oxychlordane 002 0.03 
PST Pentachloroamsole 024 0.20 
PST Pentachlorobenzene 002 036 
PST Trans-Nonachlor 015 0.13 
PST 1 ,2,3,4-Tetrachlorobenzene 013 015 
PST l,2.4,5-Tetrachlorobenzene 2_26 0.16 
PST o,p'-DDD 3.38 1.01 
PST p,p'-DDD 023 0.17 
PST o,p'-DDE 019 012 
PST o,p'-DDT 187 1.82 
PST p,p'-DDE 188 1.83 
PST p,p'-DDT 6.94 3.91 
Units metals OJ.gtg dry wtl crqanlcs fng.g Or\' wtl 

1 - sediment Concentration C"eOlcteo as norma:lzeQ tissue concentration (Table 
a-3-1 2f)/average BAFI8SAF value (Table A-3-1 2jr Avg TOC (organICS only, 
Table A3-1-2a) 
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Table A·3·1.3a. PRG Hazard Quotients1 for CoCs in sediments collected during the Portsmouth Naval Shipyard EERA investigation. 

Class Analvle3 

MET Copper 
MET Nickel 
PAH Acenaphlhylene (l) 
PAH Anlhracene (l) 
PAH Fluorene (l) 
PAH HMWPAHs 
PST Endosullan II 
PST Trans·Nonachlor 
PST p,p'·OOT 

SUM PRG-HQ' 
MAXPRG·HQ 

MAXP'RG·HQ 

• MAXCoC 

» 
I 

-...J 
01 

--- --

(!) 
a: 
a.. 

486 
124 
210 
1236 
500 

13057 
3.95 
3.99 
66.4 

CXl .., 
~ ~ 

u;> '? ""t u;> u;> ~ t;-
U U U U U U U U 

In In In U U U U U U 
0.07 012 006 003 008 0.09 012 0.09 0.11 
016 028 0.28 014 030 022 0.35 032 0.26 

005 0.03 005 
096 0.04 005 0.14 006 005 002 003 007 
1.35 0.04 003 009 006 0.05 0.02 003 005 
1.20 018 0.37 030 0.24 021 010 011 0.31 

0.26 043 0.16 043 007 0.29 
2.80 0.52 046 0.83 066 0.85 056 055 0.78 
1.35 0.28 037 043 030 0.43 035 0.32 0.31 

1.35 <1 <1 <1 <1 <1 <1 <1 <1 

AuoreneCl) NA NA NA NA NA NA NA NA 

-------

1· Aquatic PRG·HQ = sediment COC concentrallon (Table A-2-2 2)1Aquatic palhway-specillC PRG (Table 2 2·6), unlUess. 
2- Station estimate based on sediment COC concenlralion predicted from average BAFIBSAF ratio lor analyle in mussel tissue. 
3- PRG concentration unHs: metals- mg/kg, organlcs- ug/kg dry wt . 

4· Sum PRG-HQ = sum 01 analyle HQs (excluding lMW, HMW, and Total PAH sums) 
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U 
U 

013 
028 

007 
0.06 
0.27 

0.16 
0.70 
028 

<1 

NA 

o 

''1 
\; 
t: 

~~ 
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Table A-3-1.3a. (continued) 

Class Analyte' 
MET Copper 
MET Nickel 
PAH Acenaphlhylene (ll 
PAH Anlhracene (ll 
PAH Fluorene (ll 
PAH HMWPAHs 
PST Endosulfan II 
PST Trans-Nonachlor 
PST p,p'-DDT 

'--

» 
I 

-.....I m 

SUMPRG-HO' 
MAXPRG-HO 

MAXPRG-HO 

MAXCoC 

0 

6 
0 

028 
0.35 
0.67 
0.28 
016 
083 

0.46 
219 
083 

<1 

NA 

~ 
C\I C\I '" 6 6 6 
0 0 0 

028 006 
0.25 0.16 

035 0.44 018 
023 030 0.13 
0.66 1.37 0.43 

0.95 002 001 
205 076 0.54 
0.95 1.37 0.43 

<1 1.37 <1 

NA HMWPAH, NA 

• 

,... 
0> C\I 'I' 0 

6 ;:; Ii: ~ 0> 

Q D.. ci.. 
0 ...., D.. rn rn 

005 006 006 001 027 004 
0.16 0.22 022 009 040 015 

004 011 
025 0.09 003 0.12 006 013 
012 006 003 005 0.05 0.09 
0.62 033 014 022 0.27 028 

0.12 0.65 0.16 093 
071 1.08 038 043 0.89 1.34 
062 0.65 022 022 0.40 0.93 

<1 <1 <1 <1 <1 <1 

NA NA NA NA NA NA 
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Table A-3-1.3b. PRG Hazard Quolients ' for CoCs In sediments collected In Round 1 of the Portsmouth Naval Shipyard offshore study area 

- - --

~ 

Class Analyte3 a: 
0. 

MET Copper 486 
MET Nickel 124 
PAH Acenaphthylene (l) 210 
PAH Anthracene (l) 1236 
PAH Fluorene (l) 500 
PAH HMWPAHs 13057 

PST IEndosulfan II 3.95 
PST Trans-Nonachlor 3.99 
PST !p,p'-DDT 66.4 

ISUM PRG-H04 

MAX PRG-HO 

MAXCoC 

-- - --- - -------

~ 
> 
<t 

<t <t <i: <t <t <t <t <t <t en en en en en en en en en 
en en en en en en en en' en 

~ c: N C') N C') 

N N N M M M a a a a a a a a a 
:2 :2 :2 :2 :2 :2 :2 :2 :2 

0.10 006 009 0.06 006 009 042 765 026 
019 017 022 022 025 026 037 069 024 
0.34 090 079 031 0.29 032 053 037 0.30 
0.08 062 0.41 0.13 010 014 0.23 0.29 0.12 
0.05 0.40 039 007 007 009 011 0.25 007 
0.07 0.63 0.56 014 013 0.16 0.30 034 o 18 
048 0.01 177 0.35 0.33 028 0.47 048 0.43 
0.15 040 1.45 007 0.05 0.40 0.10 .-- 0.03 0,06 

0.69 1.64 16.77 003 036 007 007 010 0.03 . 

2.08 421 21.89 1.25 150 165 2.29 9.86 149 

<1 1.64 1677 <1 <1 <1 <1 7.65 <1 

NA p.p··DDT p p··DDT NA NA NA NA Copper NA 

1- Aquatic PRG-HO = sediment CoC concentration (Table A-2-2 2)/Aqualic pathway-specific PRG (Table 2.2-6), unltiess. 
2- Not calculated for Round One data 
3- PRG concentration Units. metals- mg/kg, organlcs- ug/kg dry wt 

4- Sum PRG-HQ = sum of analyte HOs (excluding lMW. HMW. and Total PAH sums).' 
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<t en 
en 

~ a 
:2 

1.16 
049 
0.38 
0.16 
008 
0.23 
0.33 
0.03 
0.07 

2.70 

1.16 

Copper 

-

<t <t en en en en 
N C') 

~ ~ a a 
:2 :2 

005 029 
o 16 031 
025 0.12 
010 0.05 
0.03 002 
009 015 

. 002 010 
001 0.02 
0.01 1.34 

0.62 226 

1.34 

.-, 
NA p.p·DDT 

--

-" 

.~ 
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Table A-3-1.3b. (continued) 

(!) 
> 
<{ 

.t 
Ol 
Ol 

(!) .n 
Class Analyte3 a: 0 

a. ~ 

MET Copper 486 0.22 

MET Nickel 124 026 
PAH Acenaphthylene (l) 210 0.41 
PAH r.nthracene (l) 1236 024 
PAH r i!lorene (l) 500 0.13 
PAH ilrlWPAHs 13057 0.38 

PST l;ndoSUlfan 1/ 395 0.02 
PST Trans-Nonachlor 3.99 0.07 
PST p,p'-DDT 664 0.05 

ISUM PRG-HO" 1.40 

MAX PRG-HO <1 

NA 

MAXCoC 

<{ <{ <{ <{ 
Ol Ol Ol Ol 
Ol Ol Ol Ol 
C\J C') C\J 

.n .n to to 
0 0 0 0 
~ ~ ~ ~ 

0.07 a as a as a as 
023 024 0.17 019 
030 0.26 034 0.43 
0.10 010 a 10 0.21 
0.04 a as 0.05 0.12 
0.13 012 012 023 
0.16 001 001 003 
0.06 001 0.01 003 
0.01 0.02 0.01 002 

0.97 0.74 0.73 1.07 

<1 

NA NA NA NA 

014 

(!) 
> 
<{ 

<{ <{ <{ <{ <{ <{ .t 
Ol Ol Ol Ol Ol Ol Ol 
Ol Ol Ol Ol Ol Ol Ol 
C') C\J C') C\J C') 

to r.:. r.:. r.:. eO eO eO 
0 0 0 0 0 0 0 
~ ~ ~ ~ ~ ~ ~ 

002 004 007 009 076 020 058 
021 0.21 025 0.21 067 029 1.40 
a as 010 028 055 0.26 051 0.38 
002 0.03 010 0.23 0.19 023 0.23 
001 0.02 a as 0.15 0.14 a 15 0.12 
003 0.05 012 0.31 0.24 035 0.29 
001 all 003 0.02 0.01 0.02 1.06 
002 0.03 .. _ a as 007 0.35 0.21 105 
000 002 0.01 0.09 063 0.26 199 

034 057 0.84 1 40 3.02 186 6.82 

<1 <1 <1 1.99 

NA NA NA NA NA NA p.p··DDT 
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Table A-3-1.3b. (continued) 

<{ 
Ol 
Ol 
V 

" a:, 
Class AnalI'1e3 0: 0 

Cl. ::2 
MET Copper 486 
MET Nickel 124 
PAH Acenaphthylene (L) 210 \ 
PAH Anthracene (L) 1236 
PAH Fluorene (L) 500 
PAH HMW PAHs 13057 
PST Endosulfan II 3.95 
PST T rans-Nonachlor 399 
PST p,p'-DDT 66.4 

SUM PRG-HQ4 

MAX PRG-HQ <1 

NA 
MAXCoC 

~-- --

<{ <{ <{ <{ 
Ol Ol Ol Ol 
Ol Ol Ol Ol 

(\J C') v 
0, 0, 0, 0, 
0 0 0 0 
::2 ::2 ::2 ::2 

020 0.24 0.22 
0.92 0.33 034 
0.03 0.07 0.32 
002 0.07 020 
002 0.03 0.16 
0.03 o 12 0.23 
0.01 0.01 002 
0.09 013 0.17 
0.04 0.02 0.04 
1.32 0.90 1.47 

<1 <1 <1 

NA NA NA NA 

L 
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- ------~--

" > 
<{ 

<i: <{ <{ 
Ol Ol Ol 
Ol Ol Ol 

(\J C') 

6 6 6 
::2 ::2 ::2 

004 0.03 022 
034 0.17 022 
0.02 075 103 
001 0.65 0.48 
001 033 013 
002 0.60 088 
001 006 0.02 
526 009 . - 005 
072 002 0.03 

6.42 .2.10 2.18 

5.26 <1 1.03 

Trans-Nonachlor NA Acenaphth~ne 

(LI 

1 

~--- -

Co Co 
Ol Ol <{ 

Ol Ol Ol 

~ 
Ol 
'( 

~ 

::2 ~ ::2 
029 
055 
0.04 
001 
001 
002 
006 
005 
0.03 

1.02 

<1 <1 <1 

NA NA NA 

<{ 
Ol 
Ol 

N 
::2 

0.33 
0.41 
1.03 
2.33 
2.79 
303 
025 
002 
0.05 

7.21 

303 

HMWPAHs 

-

.~ 

-.-!:If: 

~ 

~ 
,. 
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Table A-3-1.3b. (continued) 

----- -- - -- .. - --- --_ ... - - ~-

<!) 
> « 
<i: 
Ol 
Ol 
C\J 

<!) N 
Class Analyte3 C( 

:::i! a.. 
MET Copper 486 0.06 
MET Nickel 124 0.20 
PAH Acenaphthylene (l) 210 0.33 
PAH Anthracene (l) 1236 0.29 
PAH Fluorene (l) 500 0.29 
PAH HMWPAHs 13057 0.41 
PST 'Endosulfan II 3.95 0.21 
PST Trans-Nonachlor 3.99 0.04 
PST p,p'-OOT 664 0.01 

SUM PRG-H04 1.42 

MAX PRG-HO <1 

NA 

MAXCoC 

- - ~-

<!) 
> « 
<i: « 
Ol Ol 
Ol Ol 
C') 

N M 
:::i! :::i! 

0.10 010 
0.21 0.25 
0.35 0.41 
0.32 037 
0.28 0.32 
047 0.47 
0.67 043 
003 0.04 
000 0.01 
1.96 192 

<1 <1 

1M NA 

~ - - ~- - ---.-----~--

« « « « « 
Ol Ol Ol Ol Ol 
Ol Ol Ol Ol Ol 
C\J C') C\J C') 

M M ~ ~ ~ I 

:::i! :::i! :::i! :::i! :::i! 
009 013 0.06 0.05 008 
030 0.25 021 0.16 022 I 

059 052 0.20 057 0.37 
037 028 0.07 025 0.12 I 

0.17 019 0.05 015 0.06 
i 

'0.40 035 012 0.34 0.16 
0.56 0.21 0.15 0.24 0.14 

I 
I 

004 002 0.06 0.02 - 003 , 

0.00 0.01 0.00 0.01 0.02 
213 1.61 0.81 145 1.02 

<1 <1 <1 <1 I 

NA NA NA NA NA I 

---- - -~ - - I 

') 
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Class Analyta' 
MET Copper 
MET Nickel 
PAH Acenaphthytene (L) 
P AH Anthracene (L) 
PAH Fluorene (L) 
PAH HMWPAHs 
PST Endosulfan II 
PST Trans-Nonachlor 
PST p,p'-DDT 

SUM PRG-Ha' 

MAXPRG-HQ 

MAXCoC 

» 
I 

ex> 
~ 

Table A-3-1.3c. PRG Hazard Quotients 1 for CoCs in sediments collected during Round 2 of the Portsmouth Naval Shipyard 
offshore study area investigation. 

<!) 
a: 
0. 

486.1 
1244 
210.1 
12361 
4996 

13057.1 
395 
3.99 
66.4 

<!) 

::( 
m m cD m m m m m m 
:5 :5 :5 0 :5 0 8 0 8 0 0 0 

<:' c:> <:' M Z M 

;; ;; ;; N N N M M 
0 0 0 0 0 0 

:::;; :::;; :::;; :::;; :::;; :::;; :::;; :::;; :::;; 
0.09 0.09 036 013 0.10 009 038 224 0.22 
0.24 020 0.24 021 0.28 022 036 0.63 021 
140 0.76 1.77 038 036 033 068 037 042 
0.22 0.50 1.27 015 0.15 013 050 023 020 
037 036 183 008 007 006 035 0.16 015 
0.40 054 1.09 015 0.16 015 049 027 023 
111 0.81 052 030 030 041 053 022 0.41 
0.28 1.38 018 0.07 007 016 0.10 005 002 
004 286 0.53 001 015 0.03 009 0.02 002 
376 6.96 671 134 150 1.44 300 3.92 1.64 

-140 2.88 183 <1 <1 <1 <1 2.24 <1 

~(1.) p,p'.QOT FhJOlenG (l) NA NA NA NA Coppe< NA 

1- Aquatic PRG-HQ = sediment COC concentration (Table A-2-2.2)/Aquatic pathway-specifIC PRG (Table 2 2-6), unitless 
2- Station estlmale based on sediment COC concentration predicted from average BAF/BSAF ralio for analyte In mussel tissue 
3- PRG concentration unils: melals- mg/kg, organics- ug/kg dry wt 
4- Sum PRG-HO = sum of analyte HOs (excluding LMW, HMW, and Tolal PAH sums) 
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<!) 
> « 

m m m cD 
8 :5 :5 :5 

N c:> 
~ ~ ;g .;, 

0 :::;; :::;; :::;; :::;; 
366 0.12 0.81 013 
1.55 019 1.27 027 
1.64 029 004 047 
058 013 002 028 
031 007 0.01 017 
054 013 0,02 029 
043 017 004 041 
0.12 001 007 009 
0.03 001 262 002 
8.32 1.00 488 1.83 

366 <1 262 <1 

Coppe< NA p,p'·QOT NA 



Table A-3-1.3c. (continued) 

---------- --- -- --

Cl 

ID ID ID ID ID ID ID ID ID ID ~ ID ID 
8 8 8 0 8 0 g 8 0 8 8 8 8 0 0 0 

~ 
M 

~ 
N M 

~ 
M ~ 

~ 
M "'t 

Cl .;, <b 8 .:. ~ ,;, ,;, CD g 
Class Analyts' a: 0 0 0 0 0 0 0 0 

Q. :::. :::. :::. :::. :::. :::. :::. :::. :::. :::. :::. :::. :::. 

, 

MET Copper 488.1 0.08 OOS 003 006 003 0.10 007 005 094 0.16 155 0.32 105 
MET Nickel 124.4 023 022 017 0.22 030 021 026 0.20 075 025 105 043 1.29 
P AH Acenaphthylene (L) 2101 0.38 027 013 046 002 015 035 027 032 0.42 0.29 043 003 
PAH Anthracene (L) 1236.1 0.22 011 0,07 015 0.02 007 014 005 0.18 022 019 024 001 
PAH Fluorene (L) 499.8 0.18 0.07 007 010 001 0.05 008 004 011 015 005 0.16 000 
PAH HMWPAHs 13057.1 0.21 0.13 018 020 0.02 010 0.15 005 0.19 0.18 020 027 0.00 
PST Endosulfan II 3.95 0.30 022 0.19 025 0.04 0.16 021 005 033 0.48 037 0.25 003 
PST Trans·Nonachlor 3.99 007 002 001 006 0.00 004 005 001 053 0.08 0.36 0.19 0.01 
PST p.p·-DDT 68.4 0.04 0.01 001 0.02 001 002 0.01 0.00 4.29 0.03 1.39 017 0.01 

SUM PRG-Hcf 1.50 098 067 132 0.43 078 1.17 067 7.44 1.79 5.25 219 242 

MAXPRG-HQ <1 <1 <1 <1 <1 <1 <1 <1 4.29 <1 1.55 <1 1.29 

NA NA NA NA NA NA NA NA poP'-OOT NA ""'- NA N_ 

MAXCoC 

» 
I 

(X) 
N 

.4 
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(X) 
(J.) 

~~-

, 

Class Analyte3 

MET Copper 
MET Nickel 
PAH Acenaphthylene (L) 
PAH Anthracene (L) 
PAH Fluorene (L) 
PAH HMWPAHs 
PST Endosulfan II 
PST Trans-Nonachlor 
PST p,p'-DDT 

SUM PRG-Ha' 

MAXPRG-HO 

MAXCoC 

Table A-3-1.3c. (contInued) 

~- ~-

III 
8 
'" Cl ~ II: 

0.. ::E 
486.1 043 
1244 0.49 
210.1 004 
1236.1 006 
499.8 0.03 

13057.1 005 
395 0.19 
3.99 0.04 
66.4 004 

1.33 

<1 

-
NA 

-_ .. _--- --~~-

Cl 
it 

III III .0 III 

~ 
0 8 0 
0 0 
't '" ~ '" 0 0 
0 i i ::E ::E 

015 031 006 007 
031 0.40 0.23 0.16 
0.29 0.20 012 113 
017 020 009 133 
014 013 005 077 
020 020 008 074 
0.16 018 006 030 
0.13 0.06 185 0.06 
0.02 0.05 0.09 001 
1.37 153 257 384 

<1 <1 185 1.33 

NA NA Trans-Nonac:htor Anttvacene (l) 

'. 
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Cl Cl 

'In it i( 
III 'In III III cD .0 III 
0 8 8 8 8 8 8 8 0 'l' M M C)I M 
0 ; N '" N ..; 
i i i i i i i 

006 0.09 014 1.11 0.18 008 0.20 011 
023 024 0.33 061 032 0.18 030 026 
044 025 020 023 055 044 038 101 
091 0.13 0.14 017 0.99 087 0.34 1.84 
016 004 0.10 011 136 1.30 019 751 
019 011 014 0.15 102 094 040 1.27 
014 0.03 007 021 0.76 0.66 021 011 
013 004 008 010 0.13 005 007 002 
003 010 006 0.17 004 004 0.01 002 
212 092 1.11 2.69 433 3.62 1.69 1088 

<1 <1 <1 1.11 1.36 1.30 <1 751 

NA NA NA "- Fluorene (l) Fluorene (l) NA Fluorene (l) 
); ... ~ 



Table A-3-1.3c. (continued) 

III III III III III 
8 g 8 0 0 

0 0 
N '" M 

(!) M ,I, ... ... ... 
Class Analyte' a: i i i i i D. 

MET Copper 486.1 0.11 0.24 012 0.06 006 
MET Nickel 124.4 0.25 028 0.24 016 022 
P AH Acenaphlhylene (Ll 210.1 0.89 057 055 0.49 082 
P AH Anlhracene (Ll 1236.1 0.51 061 0.16 0.33 032 
PAH Fluorene (Ll 499.8 0.31 057 009 021 0.20 
PAH HMWPAHs 13057.1 045 050 017 0.40 036 
PST Endosulfan II 3.95 003 0.28 0.10 033 006 
PST Trans-Nonachlor 3.99 0.03 006 007 001 001 
PST p,p'-DDT 66.4 001 0.01 0.01 0.01 0.01 

SUMPRG-Ha 2.13 2.62 1.34 1.60 1.70 

MAXPRG-HQ <1 <1 <1 <1 <1 

NA NA NA NA NA 

MAXCoC 

~ ~ ; 

» 
I 

(» 
~ 

14 



Table A-4. Recommended Acute:chronic ratios to determine chronic values for chemicals that presently 
lack WQC-SC values for WQSV derivation for PRG development. 

Proposed ACR 
Chemical wac SA Ratio wasv Rationale 

wac-sc presented in the draft revised silver crit~ria 
(0.92; EPA, 1987), and adjusted to represent dissoivec 

Silver (Proposed) 0.79 metal (f= 0.85, EPA, 1999). 

Saltwater chronic data not available. Use freshwater 
ACR (EPA, 1980) because WaC-FA and WaC-SA 

are equivalent (Le., data suggest that freshwater and 
saltwater responses for sensitive species are the 

Na~hthalene 2350 3.71 633 same. 
No chronic data available for either freshwater or 

saltwater sensitive species. ACR ratios available for 
insensitive species are not applicable because the 

corresponding chronic effect values were higher than 
tlie WaC-SA. Hence, default (ACR=8; Shepard, 1998) 

Aldrin 1.3 8 0.16 ACR ratio is recommended. 

No chronic data available for saltwater sensitive 
species. Insensitive chronic ACR data are low (and 
thus ACR values for sensitive species expected to 

. BHC (gamma, beta, delta approach unity). Recommend ACR =1. Resulting 
and alpha isomers) 0.16 1 0.16 wasv value is the same as the WaC-SA. 

Recommend DDT ACR=4.3 based on saltwater 
sensitive species (mysid chronic data from an early life 

stage test; (SAIC, 1991 a,b). Freshwater ACR data 
available but not appropriate given difference in acute 
responses between freshwater and saltwater sensitive 

species (EPA, 1980b). Saltwater Acute value (3.6 
~gIL) based on Lowest observed Effect level 

DDD 3.6 4.3 0.84 (Buchman, 1999) 

Recommend DDT ACR=4.3 based on saltwater 
sensitive species (mysid chronic data from an early life 

stage test; SAIC, 1991a,b). Freshwater ACR data 
available but not appropriate given difference in acute 
responses between freshwater and saltwater sensitive 

species. Silltwater Acute Value (14 ~glL) based on 
DDE 14 4.3 3.26 Lowest observed Effect level (Buchman, 1999) 

Units: wac SA, wasv = ~glL, ACR ratio = unitless 

A-85 



Table A-5. Comparison of PNS baseline Preliminary Remediation Goals (pRGs) with literature-based sediment benchmarks. 

B-PRG1 R-PRG2 Available Benchmarks3 

Class Analyte (HQ=1) (Site-Specific) 
MET Copper 486 486 
MET Nickel 124 161 
PAH Acenaphthylene (L) 210 210 
PAH Anthracene (L) 1236 1236 
PAH Fluorene (L) 500 500 
PAH HMWPAHs 13057 13057 
PST Endosulfan II 3.95 NR 
PST Trans-Nonachlor 3.99 NR 
PST p,p'-DDT 66.4 NR 

Units: Metals= ug/g; organics= nglg; 
1- Baseline Preliminary Remediation Goal; See Table 2.2-6. 
2- Recommended Preliminary Remediation Goal; See Table 3.3-2. 
3- Available benchmarks: 

ER-L ER-M 
34 270 

20.9 51.6 
44 640 

85.3 1100 
19 540 

1700 9600 

1.6 27 

ER-UM = NOAA Effects Range-Low/Median (Long et al. 1995 in U.S. EPA 1997). 

TEL 
18.7 
15.9 
5.9 

46.9 
21.2 
655 

2.3 
1.2 

TEUPEL = Threshold Effects Levels/Probable Effects Levels (FDEP 1994 in U.S. EPA 1997). 
AET-UH = Apparent Effects Threshold LowlHigh; normalized to dry weight (U.S. EPA 1997). 
SQAL = EPA Sediment Quality Advisory Levels, based on 1% TOC (U.S. EPA 1997). 

» 
I 

ex> en 

PEL AET-L 
108 390 
42.8 
128 1300 
245 960 
144 540 

6676 17000 

4.8 
4.8 34 

AET-H SQAL 
1300 

1300 
13000 
3600 540 
69000 

14 

34 
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APPENDIXB 

Derivation of Upper Limit 95th Percentiles for the 
Normal and Lognormal Distributions 

The Shapiro-Wilks statistic (W) is conducted to assess whether the data have a normal distribution .. If normality 
can not be verified, then it is assumed that the data are log-normally distributed. 

The mean and variance of a population from a random sample of n identically independent and normally 
distributed observations are estimated as: 

- 1 n 

A=x=-LXI, 
n i=l 

J n 
A2 _ 2- ""( A)2 

(J' - s - -- "-' Xi - f.l 
n-J'=l 

For a normal distribution, an 95 th percentile upper limit (95% UL) for the mean is computed as follows: 

'UL95 = X+ Z.95 * S 

Where x is the sample arithmetic mean, s is the standard deviation, and Z.95 is the 95th percentile of the standard 
normal distribution. 

If the distribution is log-normal then the log-transformed sample data follow a normal distribution. Then a 95th 

percentile upper limit for the mean is computed as follows: 

UL95 = exp ( A + 2.95 * a- ) 
Where I.l is the mean of the log-transformed data, sigma is the standard deviation of the log-transformed data, and 
Z.95 is the 95th percentile of the standard normal distribution. . 



"ATTACHMENT 2 

Example Calculation of 
. Preliminary Remediation Goals 
For Portsmouth Naval Shipyard 
Offshore Operable Unit 4 (OU4) 

1 



Step 1. Benchmark Consolidation and Hazard Calculation 

1 A. Derivation of Water Quality Screening Value (WQSV) Benchmarks. 

Calculate a WQSV using acute criteria and an acute/chronic ratio (Table 2.2-1, p. 10): 

Formula: WQSV = Water Quality Criteria-Saltwater Acute/Acute to Chronic Ratio 
Where: Acute Water Quality Criteria (Table 2-2.1 , p. 10) 

Acute to Chronic Ratio (Table A-4, p. A-81) 

Exam Ie Calculation: 
Parameter Acute Water Quali Acute/Chronic Ratio 

Naphthalene 2350 Ilg/L 3.71 

Calculate a WQSV using a sediment screening level (Table 2.2-1, p. 10): 

Formula: WQSV = (Sediment Screening Level)/(Ko/foe) (Oi Toro et aI., 1991) 

WQSV 
6331lg/L 

Where: Koc - Organic Carbon Partition Coefficient (Ukg) (Table A-2-2.1, p. A-1) 
foe - fraction of organic carbon (% TOC/1 00) 
TOC - total organic carbon of the sediment (assume 1 % TOC in sediment) 

E I C I I . xam )Ie a cu atlon: 
Sediment 

Parameter Screening Level Koc TOC Foe WQSV 
Fluorene 19 Ilg/kg 13800 (Ukg) 1% 0.01 0.138 Ilg/L 

1 B. Estimate pore water concentrations for organics from bulk sediment concentrations. 

Formula: Cp= CJ(foe * Koe) (Oi Toro et al., 1991) 
Where: Cp - organic chemical porewater concentrations (Ilg/L) (Tables A-2-2.4a,b, pp. A-13 and 

A-18) 
Cs - sediment concentration (Ilg/kg dry weight) (Tables A-2-2.2a,b, pp. A-3 and A-9) 
foe- fraction of organic carbon (%TOC/100) (sample-specific) (Tables A-2-2.2a,b, pp. A-3 

and A-9) 
Koe - organic carbon/water partitioning coefficient; derived from log1oKow (Table A-2-2.1, 

p. A-1) 
(log1oKoe = 0.00028 + 0.983*log1oKow); where Kow = the octanol/water partition coefficient 

E I C I I . xam )Ie a cu atlon: 
Cs Foe Koe Cp 

Parameter Station (Ilg/kg dry weight) (unit-less) (Ukg) (g/L) 

Copper M01-200B NA NA NA 5.6 
Acenaphthylene M01-200B 160 0.0189 9580 0.88 

Fluorene M01-200B 182 0.0189 13800 0.70 
P,p'-OOT M01-200B 190 0.0189 2630000 0.0038 

NA - Not Applicable 

Notes: 
- The EqP process uses the chemical concentration of pore water as the preferred measure of 
potential adverse exposure to aquatic biota. 
- The EqP model incorporates sample-specific conditions (principally total organic. carbon content 
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of sediment measured at the location) Jhat control sediment-pore water partitioning and hence 
chemical bioavailability in bedded sediments. " 

For organics, Because of a lack of published water-based benchmarks and difficulty in obtaining 
sufficient sample, benchmarks and concentrations of organic chemicals in pore water are calculated 
from a corresponding sediment benchmark/concentration using the EqP model. 

For metals, direct measurements of CoCs in pore water are feasible and water-based 
benchmarks are available. ' 

1 C. Derivation of Pore Water Hazard Quotient (~W-HQ) 

Formula: PW-HQ = CplWQSV 
Where: PW-HQ - Porewater Hazard Quotient (Table A-2-2.5, p. A-23) 

Cp - chemical pore water concentrations (~g/L) (Tables A-2-2.4a,b, pp. A-13 and A-18) 
WQSV - Water Quality Screening Value (Table 2.2-1, p. 10) 

I C I I . ExamPle a cu atlon: 
Cp WQSV PW-HQ 

Parameter Station (~g/L) (~g/L) (unitless) 
Copper M01-200B 5.6 3.1 1.81 

Acenaphthylene M01-200B 0.88 0.46 1.91 
Fluorene M01-200B 0.70 0.14 5.07 
p,p'-DDT M01-200B 0.0038 0.001 3.8 

Step 2: Evaluate analyte exposure under site-specific conditions 

2A. Classify samples as toxic or non-toxic for each receptor (amphipods and sea urchins. 

Formula: Amphipods < 80% survival and stat. Dif. From control = toxic: 
Sea Urchins: partial mortality in two dilutions (LC50 -< 70%) = toxic. 

Results: Provided in Table 2.2-2, (p. 12) 

28. Segregate pore water hazard quotient data based on toxicity groupings for each receptor. 

Formula: None. 
Results: Non-toxic data: Table A2.2-6 (amphipods, p. A-27), Table A2.2-8 (sea urchins, A-35) 

Toxic data: Table A2.2-7 (amphipods, p. A-31), Table A2.2-9 (sea urchins, p. A-39) 

2C. Assess type of statistical distribution for the non-toxic monitoring station data sets. 

Formula: Perform Shapiro-Wilks test. See Gilbert, 1987, p. 158) 
Results: Data distribution type normal (NORM) or Non-normal (LOG) for the non-toxic monitoring 

station data sets are reported in Tables A-2-2.6 (p. A-27) (amphipods) and A-2-2-8 
(p. A-35) (sea urchins). 

20. Calculate the 95% Upper Limit for the Non-Toxic Monitoring Station Data Sets 

Formula: 

Where: 

-
For normal distributions: VL95 = x + Z.95 * S (see Gilbert, 1987, p. 138) 

UL95 = 95th percentile upper limit, 
x is the sample arithmetic mean, 
s is the standard deviation, 
Z.95 is the 95th percentile of the standard normal distribution (one-tailed Students t statistic 
for n-1 degrees of freedom at the desired significance level (alpha =0.25) 
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Formula: For log-normal distributions: UL95 = exp ( jL + Z.95 * a ) (see Gilbert, 1987; p. 186) 

Where: J.I. is the mean of the log-transformed data, 
sigma is the standard deviation of the log-transformed data, 
Z.95 is the 95th percentile of the standard normal distribution of the log-transformed data. 

Results: 95% UL values for the non-toxic monitoring station data sets are reported in 
Table A-2-2.6 (amphipods, p. A-27) and Table A-2-2.8 (sea urchins, p. A-35) 

Example: Copper (Table A2-2-2.6, p. A-30); Distribution = Log 
Where: x' = In(x); mean of x' = -.4765 

Z.95 = 1.645 (from Excel formula: NORMSINV(0.95)) 
sigma = 0.371 (from Excel formula (STDDEV(X1, X2, ... Xn)) 

UL95 = exp (-0.4765+1.645*0.371) 
. = exp (-0.4765+0.608) 

=exp(0.131) 
= 1.14 

2E. Compare 95%UL of non-toxic PW-HQ data with the default NOEQ. 

Formula: If UL95 < 1, then test NOEQ = 1. 
If UL95> 1, then NOEQ = UL95 

Results: Results of comparison provided in Table 2.2-3 (p. 13) for amphipods (AMP-NOEQ), sea 
urchins (ARB-NOEQ) 

Example Calculation: 
Non-toxic Amphipod 

Samples 

95%UL Test 
Parameter n PW-HQ NOEQ 

Copper 23 1.14 1.14 
AcenaQhthylene 23 2.71 2.71 

Fluoranthene 23 0.11 1.00 
Fluorene 23 15.98 15.98 

Phenanthrene 23 0.91 1.00 
p.p'-DDT 23 1.43 1.43 

Note: For fluoranthene, UL95< 1, hence NOEQ = 1 is adopted. 
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STEP 3. Retain CoCs substantially contributing to risk. 

3A. Determine the maximum detected concentration in the toxic monitoring station data sets 
(Tables A-2-2.7, p. A-31 and A-2-2.9, p. A-39) . 

3B. Compare test NOEQ with maximum of toxic PW-HQ data for each test 

Formula: If test NOEQ < Max PW-HQ, then NOEQ = test NOEQ. 
If test NOEQ > Max PW-HQ, thEm NOEQ"; undefined. 

Results: Results of comparison for amphipods (AMP-NOEQ), sea urchins (ARB-NOEQ) provided 
in Table 2.2-3 (p. 13); 

E I C I I f A h' d S . I xam :lIe a cu a Ion: mOl 100 urvlva 

.. 
Nontoxic Samples Toxic Samples 

UL95 Test Maximum. Max PW- AMP 
Parameter N PW-HQ NOEQ n PW-HQ HQ>test NOEQ? NOEQ 

Copper 23 1.14 1.14 4 153 YES 1.14 
Acenaphthylene 23 2.71 2.71 5 6.94 YES 2.71 

Fluoranthene 23 0.11 1.00 5 0.17 NO 
Fluorene 23 15.98 15.98 5 101 YES 15.98 

Phenanthrene 23 0.91 1.00 5 2.18 YES 1.00 
p.p'-DDT 23 1.43 1.43 5 9.6 YES 1.43 

Note: Those CoCs where the maximum PW-HQ of toxic samples exceeds the test NOEQ are 
retained for further PRG derivation. Hence, in the above example, fluoranthene is not retained. 

3C. Compare species-specific NOEQs to select the final Aquatic NOEQ 

Formula: If AMP NOEQ < ARB-NOEQ, then Aquatic NOEQ = AMP-NOEQ. 
If AMP NOEQ > ARB-NOEQ, then Aquatic NOEQ = ARB-NOEQ 

Results: Results of the comparison are reported as Aquatic NOEQ in Table 2.2-3 (p. 13). 

Note: The Aquatic NOEQ is the I?wer of the NOEQs'from the amphipod and sea urchin tests. 

STEP 4: Reference ComparisonlThreshold Effect Value Calculation 

4A. Calculate the No Effect Concentration (NOEC) from the NOEQ. 

Formula: NOEC = NOEQ * WQSV 
Where: WQSV = Water Quality Screening Value (~g/L) (Table 2.2-1, p. 10) 

NOEQ = No Observable Effect Quotient (unit-less) (Table 2.2-3, p. 13) 
NOEC = No Observable Effect Concentration (~g/I) (Table 2.2-5, p. 16) 

Result: NOEC values reported in Table 2.2-5 (p. 16). 

Notes: 
- The NOEQ values are converted into NOEC (e.g., water concentration units) values to permit 
comparison against pore water RSVs. 
- The NOEC is a site and CoC-specific threshold pore water chemical concentration below which 
adverse effects on the receptor are unlikely to occur. 
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48. Assess type of statistical distributi n f r th ref rence data s t. 

Formula: Perform Shapiro-Wilks test (See Gilbert, 1987, p. 158). 

Results: Data distribution type normal (NORM) or Non-normal (LOG) for the reference stations are 
reported in Table 2.2-4 (p. 15). 

4C. Calculate the Upper 95% Limit for the Reference Data Set (RSV). 

Formula: 

Where: 

Formula: 

Where: 

Results: 

Example: 

-
For normal distributions: UL95 = x + Z.95 * S (see Gilbert, 1987, p. 138) 

UL95 = 95th percentile upper limit, 
x is the sample arithmetic mean, 
s is the standard deviation, 
Z'95 is the 95th percentile of the standard normal distribution (one-tailed Students t statistic 
for n-1 degrees of freedom at the desired significance level (alpha =0.25) 

For log-normal distributions: UL95 = exp ( jJ + Z.95 * a ) (see Gilbert, 1987; p. 137) 

J..I. is the mean of the log-transformed data, 
sigma is the standard deviation of the log-transformed data, 
Z.95 is the 95th percentile of the standard normal distribution of the log transformed data. 

UL95 values for the reference data set (RSVs) are reported in Table 2.2-4 (p. 15). 

Copper (Table 2.2-4, p. 15); Distribution = Log 
Where: x' = In(x); mean of x' = 1.079 
Z.95 = 1.645 (from Excel formula: NORMSINV(0.95)) 
sigma = 0.628 (from Excel formula (STDDEV(X1, X2,oo .Xn)) 
UL95 = exp (1.08+ 1.645*0.628) 

= exp (1.079+ 1.033) 
= exp (2.112) 
= 8.26 

4D. Determine the Aquatic Threshold Effect Value. 

Formula: TEV = the greater of the NOEC and RSV (J..I.g/I) 
Where: TEV = Threshold Effects Level (Table 2.2-5, p. 16) 

NOEC = No Observable Effect Concentration (J..I.g/I) (Table 2.2-5, p. 16) 
RSV = Reference Station Value (J..I.g/I) (Table 2.2-4, p. 15) 
Result: TEV values are reported in Table 2.2-5. 

E I C I If xamole acu a Ion: 
WQSV NOEC RSV TEV 

Parameter NOEQ (J..I.g/I) (J..I.g/I) (J..I.g/I) (J..I.g/I) 
Copper 1.14 3.1 3.55 8.26 8.26 

Acenaphthylene 2.71 0.46 1.24 0.86 1.24 
Fluorene 14.9 0.14 2.06 1.01 2.06 
p,p'-DDT 1.43 0.001 0.0014 0.00009 0.0014 
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STEP 5. Limiting coe Selection 

5A. Derivation of Threshold Effects Value Hazard Quotient 

Formula: TEV-HQ = CplTEV 
Where: TEV-HQ - Threshold Effects Value Hazard Quotient 

Cp - Porewater concentration (fJ.g/I) (Table A-2-2.4a,b, pp. A-13 andA-18) 
TEV - Threshold Effects Value (fJ.g/I) (Table 2.2-5, p. 16) 

Results: TEV-HQ data reported in Table A~2-2.1 0 (p. A-43) 

Example Calculation: 

Cp TEV TEV-HQ 
Parameter Station (fJ.9/L) (fJ.9/L) (unitless) 

Copper M01-200B 5.6 8.26 0.68 
Acenaphthylene M01-200B 0.88 1.24 0.71 

Fluorene M01-200B 0.70 2.06 0.34 
Pyrene M01-200B 0.70 1.6 0.44 

p,p'-DDr. M01-200B 0.0038 0.0014 2.67 

58. Limiting CoC Selection 

Formula: Rank TEV-HQ values for all analytes at each station. 
Identify analyte with maximum TEV-HQ where sum TEV-HQs> 1 
Select that analyte as the Limiting CoCo 

Result: Sum TEV-HQ, Max TEV-HQ and Limiting Coc reported in Table A-2-2.1 0 (p. A-43) 
Total list of limiting CoCs at all stations is the list of limiting CoCs for offshore area 
Summary of results carried forward to Table 2.2-5 (p. 16). 

Example Calculation: 

Notes: 

TEV-HQ 
Sampling Location 

CoC M01-200B M07-300B 
Copper 0.68 Not measured 

Acenaphthylene 0.71 0.32 
Fluorene 0.34 0.05 
Pyrene 0.43 0.07 

--- --- ---
p,p'-DDT 2.67 0.01 

Sum TEV-HQ 12.33 0.81 
MaxTEV-HQ 2.67 not applicable 
Limitina CoC p.p'-DDT not applicable 

Max Tex-HQ and Limiting CoC not identified for M07-300B since Sum TEV-HQ < 1 
Same procedure repeated for all sampling locations. 
Pyrene eliminated as a PRG because it was not a limiting CoC at any of the stations 
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STEP 6: Baseline Preliminary Rem diation Goal (BPRG) Calculation 

GA. Derivation of Baseline PRG 

Formula: BPRG = lL(CJTEV-HQ]/N 
Where: BPRG - Baseline Preliminary Remediation Goal (J,lg/kg) 

TEV-HQ - Threshold Effect Value-Hazard Quotient (unitless) (Table A-2-2.1 0, p. A-43) 
Cs - Sediment concentration (J,lg/kg) (Table A-2-2.2a,b, pp. A-3 and A-9) 
N - Observations 

Result: Baseline PRG calculations reported in Table A-3-1.1 (p. A-46) 
Summary results reported in Table 2.2-6 (p. A-17) 

Example Calculation: 

"Limiting" CoC Station Cs TEV-HQ CsfTEV-HQ 

Fluorene M01-100B 187 0.383 489.8 
M01-200B 182 0.340 535.1 

, M01-300B 915 1.433 638.4 
... . .. 

~ -
M14-200B 107 0.175 617.2 
M14-300B 98.8 0.146 679.5 . 

Sum: 20992 

n: 42 
Baseline 499.8 

PRG: 

STEP 7: Recommended PRG Evaluation 

7 A. Express available sediment data as PRG Hazard Quotients 

Formula: PRG-HQ = CJBPRG -
Where: PRG-HQ - Preliminary Remediation Goal-Hazard Quotient 

BPRG - Baseline Preliminary Remediation Goal (J,lg/kg) (Table A-3-1.1, p. A-46) 
Cs - Sediment concentration (Ilg/kg) (Tables A-2-2.2a,b, pp. A-3 and A-9) 

Results: PRG-HQ values for three data sets (EERA, Round 1, Round 2) (Tables A-3-1.3a,b,c, pp. 
A-71 , A-73, and A-77) 

Examole Calculation (Round 2 data): 
PRG PRG-HQ 

Cs (J,lg/kg dry weight) (unitless) 
Parameter Station (J,lg/kg dry weight) 

Copper M01-200B 44.3 625 0.071 
Acenaphthvlene M01-200B 160 210 0.76 

Fluorene M01-200B 182 500 0.36 
... ... ... ... '" 

p,p'-DDT M01-200B 190 66.4 2.86 
Sum PRG-HQ 6.94 
Max PRG HQ 2.86 

Max CoC p~-DDT 
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78. Oetermin Max PRG-HQ by Station and Sampling R und 

Formula: Rank PRG-HQ values for all analytes at each station. 
Identify CoC with maximum PRG-HQ where PRG-HQ> 1 

Results: Max PRG-HQ values for EERA, Round 1, Round 2 data (Tables A-3-1.3a, b, c, pp. A-71 , 
A-73, and A-77). 

7C. Assess relationship between risk findings and baseline PRG exceedance 

Formula: Rank Max PRG-HQ relative risk 
If direct correlation is observed, select lowest PRG-HQ value· 
If direct correlation is not observed, assign indeterminate (INT) 

Result: Ranked PRG-HQ by sampling round reported in Table 3.3-1a,b,c (pp. 18, 19, and 20). 
Summary RPRG-HQ values provided in Table 3.3-2 (p. 21) 

ExamJ:: Ie Calculation RPRG Evaluation for Round 2 data} 
Parameter Station PRG-HQ Risk RPRG-HQ 
Fluorene M13-100B 7.51 Medium 1.00 

M01-300B 1.83 Medium 
M12-100B 1.36 Medium 
M12-200B 1.30 Medium 

Nickel M09-100B 1.29 Low 1.29 
p,p'-DQT M08-100B 4.29 Low 

M01-200B 2.86 Medium 
M04-300B 2.62 Medium 

M08-300B-AVG 1.39 Low INT 

Notes: 
INT = A RPRG-HQ for p,p'-DDT could not be selected because a risk vs. PRG-HQ relationship 
was not observed .. 

70: Calculate Recommended PRG concentration 

Formula: RPRG = Minimum (RPRG-HQ by round) X Baseline PRG (Table 2.2-6, p. 17) 
Result: RPRG results shown in Table 3.3-2 (p. 21). 

E I C I I . xamPle a cu atlon: 
RPRG-HQ Baseline PRG 

Parameter (unitless) (/lg/kg dry weight) 
Nickel 1.29 124 

Fluorene 1.0 500 

Notes: 
RPRG for nickel derived only from Round 2 data 
RPRG for fluorene based on EERA and Round 2 data. 
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3.1 RESPONSE TO COMMENTS ON DRAFT PRG DOCUMENT 



'RESPONSES TO COMMENTS EPA COMMENTS DATED JANUARY 25, 2001 ON 
DRAFT PRELIMINARY REMEDIATION GOALS FOR OPERABLE UNIT 4 
PORTSMOUTH NAVAL SHIPYARD, KITTERY, MAINE 

General 

1. Comment: This document proceeds through a series of well-intentioned steps for the 
derivation of the PRGs. However, there are numerous questions about the execution of the 
PRG derivation process that need to be addressed. The details of the text and tables were 
sometimes confusing and difficult to cross- reference. Refinement of the general format of the 
document may answer many of my questions or provide an easier interpretation of the data. 

Response: Addition of text explanation related to the PRG derivation process and refinement 
of the general format will be made as indicated in the Navy's responses to the EPA specific 
comments below. 

Specific 

1. Comment: Section 2.2: The foundation of the PRG development is based on Round 2 
monitoring data. Therefore, there should be some discussion of the use and 
representativeness of Round 2 sediment and pore water concentration data, as well as toxicity 
test results, compared to Round 1 and EERA data. It would also be beneficial to have a 
detailed figure/flow chart for the individual steps of the PRG process, similar to Figure 2.2-1. 
The inclusion of primary characteristics 'and formulas for the derivation of pivotal components 

within each step would be helpful. 

Response: As part of the development of the Interim' Offshore Monitoring Plan (TtNUS, , 
October 1999), it was determined that the PRG data needs would be collected during the first 
late winter sampling round (Le., Round 2) (see Page 3-25 of the Monitoring Plan). Collocated 
toxicity testing, sediment concentrations, and measured pore water concentrations are not 
available for Round 1 and insufficient numbers of these samples from the EERA were available. 
A comparison of the sediment data for the baseline'monitoring rounds (Rounds 1 through 4) 

will be conducted as part of the Interim' Offshore Monitoring Baseline Report. The data will also 
be qualitatively compared to historical data (which includes the EERA data). 

The concept of a figure as described is essentially what was presented in the Executive 
Summary Table ES-1, where the sequential Steps are ordered top to bottom. A reference to 
tables associated with each step of the process will be added to Table ES-1. The Navy 
proposes additional discussion of each step of the process at the PRG technical meeting, 
currently being scheduled.' . 

2. Comment: Subsection 1: It is unclear if both saltwater (SW) and freshwater (FW) data from 
the AQUIRE database were used to derive the overall mean acute:chronic ratio (ACR). SW and 
FW ACRs should only be based on their respective data and not combined. 

Please explain why several inorganic analytes have the identical or a consistently repeated 
porewater concentration/ hazard quotient (PW-HQ) across all monitoring stations (Tables A-2-
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2.4a/S). Reporting units for metals should be footnoted for Table A-2-2.4a. It appears that one­
half the value of the method detection limit (MOL) was used for non-detects for inorganics and 
is probably the cause for the identical porewater concentrations. However, it also appears that 
this value is significantly above all Water Quality Screening Values (SQVC) for respective 
inorganics. Therefore, this contributes to a potentially erroneous concentration range for toxic 
and non-toxic porewater results. Additionally, this could effectively change all subsequent 
calculations of hazard quotients and PRGs. This warrants further discussion. 

There is a difference in the number of toxic samples for amphipods and sea urchins stated for 
Table 2.2-2 versus Table 2.2-3. 

Response: The referenced ACR from the literature was based on the value reported by 
Shepard (1998) and is the same ACR used in the Interim Offshore Monitoring Plan (TtNUS, 
October, 1999, Appendix A, pages 7 and 8). The Shepard reference in Table 2.2.-1 will be 
updated to reference the 1998 publication. The study did not state whether the ACR value was 
derived from freshwater or saltwater or combined data sets. A cursory review of the AQUIRE 
database was conducted to approximate the ACR ratio for saltwater species. In this analysis, 
the data selected included laboratory, water-only, measured concentration data from flow­
through exposures. Acute endpoints included ECSO, ICSO, LCSO and LOSO (though 
predominantly ECSO). Chronic endpoints were LOEC and NOEC values. The geometric mean 
of acute and chronic values were taken by chemical, species, and study, then averaged by 
study to generate two lists of ACR values by chemical and species. The final ACR results by 
species and chemical, were 6.1 and 9.3, respectively. The overall average of the two methods 
is 7.7, in good agreement with the ACR value of 8 used in PRG development. The above 
analysis did not include static exposure results that tend, to produce less sensitive (higher) 
acute and chronic values. Inclusion of these data would likely lower the ACR value. Thus it is 
concluded that the selected ACR value for purposes of PRG development is appropriate and 
adequately conservative. 

The analytical laboratory re-analyzed the pore water samples for lead to achieve a lower 
detection limit (3 ug/L) which was below the WQSV. All of the values were below the WQSV 
so no changes are expected from the lead. The laboratory also re-evaluated the existing data 
for copper in the pore water and was able to report a lower detection limit of 3 ug/L, which is 
below the WQSV. Some of the samples that previously had non-detects for copper (less than 
S ug/L) had detections between 3 ug/L and S ug/L. These data will be included in the PRG 
document and may change the PRG for copper. For non-detected data, Y2 of the MOL was , 
used. Hence the HQs are the same for samples in which a parameter was not detected. The 
Y2 MOL values do exceed the WQSV for silver. The laboratory indicated that they were not able 
to achieve a lower detection limit for silver because of interferences from the sample matrix. 
The Navy agrees that PRGs for these analytes are not adequately developed because both 

the thresholds for toxicity are below the MOL, particularly for silver. Therefore differences 
between concentrations associated with non-toxic vs. toxic samples cannot be established. 
However, silver has not specifically been identified as a COC for any of the IRP sites or for the 
offshore so the uncertainty with not having a PRG for this chemical is not significant. Also, the 
Navy indicated in the Interim Offshore Monitoring Plan that the detection limit for silver would 
be greater than the WQSV. 

An insufficient volum~ of pore water was collected from Station M08-300B, so sea urchin 
toxicity tests could not be conducted on this sample and measured pore water metals 
concentrations for this sample could not be obtained. Therefore, for the toxic samples for 
amphipod survival, there are 4 samples under N for the metals. Three sea urchin samples 
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were incorrectly classified as toxic samples (Le., MS 7-100, MSS-400, and MS12-200) that 
should have been counted as non-toxic samples and one sample (MS11-300) was not included 
in the set of non-toxic samples in Table A-2-2.S. All associated tables will be corrected. 

3. Comment: Subsection 2: It is unclear why the toxic response cutoff for sea urchin fertilization 
was previously determined to be lower (survivak70%) than that used for amphipods 
(survivakSO%). The rationale used to determine that 2S-S0% dilution concentrations are 
conservatively acceptable for determining toxic/non-toxic pore water exposure concentrations 
to epibehthic organisms should be further discussed. This method eliminates 13 locations that 
were found to be potentially toxic at 100% pore water concentrations. 

The process for determining the NOEO is confusing and needs to be explained further. Details 
concerning the determination of normal/log normal distributions and respective formula 
variations for the calculation of 9S%UCL of PW-HQs need to be provided. 

It is unclear why inorganic maximum PW-HOs for toxic samples equa19S%UCL PW-HQs for 
non-toxic samples(Table 2.2-3). Additionally, the sea urchin and amphipod inorganic toxic/non­
toxic PW-HQs and NOEQs data are the same for several metals. Furthermore, in at least two 
cases (lead and silver), the max PW-HQ equals the NOEO and thereby fails to meet the 
threshold criteria for NOEO inclusion. Please explain. 

Sample locations on Table 2.2-2 do not correspond to locations mentioned in the text or on 
Figure 3.3-1. 

The basis for the derivation of theamphipod - no observable effect quotient, AMP-NOEO, on 
Table 2.2-3, needs to be provided, as well as the term, AQ BED-NOEQ cited in the footnotes. 
The rationale for the derivation of total PCBs in Table A-2-2.4b should be provided. 

Response: The use of larval development toxicity testing for sea urchin was identified in the 
Interim Offshore Monitoring Plan (TtNUS, October 1999, 'see the analytic program provided in 
Table 6-2). The PRG process intended the use of LCSO data for larval development to 
determine toxicity. The development of the example PRGs provided in the Interim Offshore 
Monitoring Plan used available toxicity data to provide an example of the PRG calculation. 
Fertilization data were available, therefore the data were used as part of the example 
calculation. The larval development test including the dilutions was proposed for PRG 
development. As explained in the PRG text, a partial mortality in two or more dilutions is 
needed to calculate the value. The fifth sentence in the last paragraph on Page S will be 
replaced with the following text: 

. "From an ecological perspective, this was deemed appropriate given that epibenthic organisms 
such as sea urchins are not likely exposed to full strength pore water (100%). The exposure 
concentrations for the epibenthic organisms are conservatively expected to be reduced by at 
least SO percent as the pore water leaving the sediment is mixed with the overlying surface 
water." 

Please see Attachment A of the responses to EPA comments for the formulas and references 
for calculation of the 9S% UCL values. This attachment will be included as an Appendix to the 
PRG document. The Navy would like to discuss the NOEO derivation steps at the PRG 
technical meeting, currently being scheduled, to discern what part of the process is difficult to 
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understand. Text revisions will then be made accordingly and will be indicated in the meeting 
minutes for the technical meeting. 

In the case of chromium, lead, cadmium, silver, and mercury, the maximum PW-HQs for toxic 
samples equal 95%UCL PW-HQs for non-toxic samples because there is no variation in the 
data as all samples were non-detect. These are the only cases where this occurs. 

Sample locations on Figure 3.3-1 and in the text were abbreviated to improve clarity. For 
example, Sample MS-1.1 in the figure corresponds to M01-1 OOB in Table 2.2-2. 

The footnote in Table2.2-3 will be revised to read as follows for each endpoint: "If Max PW­
HO>test NOEO, then AMP-NOEO = test NOEO". The footnote for total PCBs in Tables 2.2-1 
and A-2.2-1 will be modified to include the reference for calculating total PCBs, which is NOAA, 
1989 - A Summary of Data on Tissue Contamination from the First Three Years (1986-1988) 
of the mussel Watch Project, NOAA Technical Memorandum, NOS OMA 49, Rockville, MD. 

4. Comment: Subsection 3: The NOEQs retained for sea urchins should be provided in the text 
for comparison similar to those for amphipods. 

Response: The text will be revised as requested. 

5. Comment: Subsection 4: The location of all 16 locations used to determine the reference 
screening values (RSVs) is unclear. There were 10 locations originally sampled as reference 
stations for the EERA. Additional locations have been added during monitoring Rounds 1 and 
2. A figure with all reference locations and citations of sample dates used for determination of 
RSVs would be helpful. There is a marked similarity in the reference inorganic porewater 
concentrations. Please explain. 

The process for conversion of the aquatic NOEQs into NOECs should be provided in the text. 
It is unclear why NOECs are not calculated directly from the porewater toxicity test results 

instead of the multi-layered hazard quotient approach provided. 

Aquatic TEV (AQ-TEV) should be defined. It is unclear what criteria is used to determine that 
the selected value for the AQ-TEV should be the greater of the NOEC and RSV. 

Response: The criteria used to select the reference stations are provided in the Interim 
Offshore Monitoring Plan (Section 3.1.2 and Appendix B). Only Round 2 reference data were 
used for calculation of the RSV. Reference stations are shown in Figure ES-2. There are four 
sampling locations within each reference station. Three of the four interim' offshore monitoring 
reference stations were also included as reference stations in the EERA. RS-4 is a newly 
identified reference station that was not included in the EERA. Similarity of inorganic pore 
water reference data is due to homogeneity in background hydrography (e.g. thoroughly mixed) 
and the fact that analyte concentrations are in many cases near or less than the method 
detection limits. 

Footnote 3 in Table 2.2-5 is the process for conversion of the aquatic NOEQs into NOECs 
(NOEC = NOEQ x WQSV). This explanation will also be added as text in Section 2.2, Step 4. 
The NOECs calculated for purposes of PRG development are calculated from the toxicity data 

per the procedures described in Steps 1 thro~gh 3. The HQ normalization step provides a 
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. mechanism to determine which' chemicals shouJd be the focus of site-specific PRG 
development (e.g., chemicals associated with toxic samples should be higher than non-toxic 
samples). 

The'following definition for the Threshold Effect Value will be provided: "The Threshold Effect 
Value is the highest chemical concentration at the site used to represent the exposure pathway 
of the' receptor that can be expected to be found but not cause toxicity'. As explained in 
Section 4, a PRG (or TEV) cannot be lower than the background ,concentration (RSV) to be 
practical for implementation, since regional concentrations will determine the lower 'limit at the 
site because of exchange of water and particulates throughout the estuary. Therefore, if the 
NOEG is lower than the RSV, it should not be selected as the AQ-TE~. 

6. Comment: Subsection 5: The process for the derivation of media-specific HOs from TEVs 
should be provided in the text. It is unclear why specific "remaining GOGs will also have 
HOs<1" in the context of PRG assignment. 

Response: It will be emphasized in the text that the media-specific HQ for a given chemical 
at a given sampling location is equal to the pore water concentration of the chemical at that 
location divided by the TEV for the chemical. The te,xt to be revised to read as follow~: 

"Therefore any proposed remedial action will not result in modifying the level of protection 
afforded to receptors on an analyte-specific basis, since the mode of toxicity as well as the 

. method of remediation of the collocated chemicals (e.g., by natural attenuation) is similar. Thus, 
'it is not necessary that PRGs be developed for'all risk-causing chemicals or chemical classes, 
because when the PRG chemical is reduced to acceptable levels, the collocated GoGs will also 
be reduced to levels below their corresponding remediation goals (e.g., HQ < 1, if HO = 1 is the 
base!ine PRG)." 

, " 

7. Comment: Section 3.1: Table 2.2.6 should have a footnote that denotes the formula for the 
derivation of the PRG. It would be helpful to also be able to compare back-calculated PRGs 
from sediment benchmark and EqP modeling for the limiting GoGs. 

Response: A footnote will be added to indicate that the PRGs are calculated in Table A-3-1.1. 
Both PRGs and sediment benchmarks are already sediment concentrations. The Navy 
requests EPA provide clarification on this comment at the PRG technical meeting, currently 
being scheduled, and the meeting minutes will indicate any additional revisions necessary 
based on the meeting discussion. 

8. Comment: Section 3.2: BSAF values for lobster should be stated in the text for comparison 
to mussel values. It would be helpful to have a table with lobster and mussel mean BSAF/BAF 
values for the L-GOGs to enable comparison. 

Response: Text discussing Lobster BSAF will be provided. Lobster/mussel BSAF table will 
be provided as Table A-3-1.2i. 
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9. Comment: S ction 3.3.1: It would be beneficial to have the NOAA ER-UER-M values in 
tabular format with the PRGs for comparison. There is no mention of the role of AVS-SEM in 
the explanation for the elevated PRGs relative to benchmark values. 

Response: A table comparing PRGs and benchmarks will be provided as an Appendix table. 
With regard to the discussion of PRGs for copper and nickel, text will be added that the role 

of these metals as primary sources of toxicity across the site is discounted by the fact that SEM­
AVS values in general were less than the threshold associated with onset of potential toxicity. 

10. Comment: Section 3.3.2: PRG concentration units should be footnoted for Tables A-3-1.3a1b. 
Individual station PRGs for inorganics, especially copper, are markedly elevated for several 

locations. This may be due to the aforementioned detection limit problem and leads to 
potentially inflated overall PRGs for inorganics. 

Response: The referenced table contains PRG-HQ values and the aquatic pathway-specific 
PRG concentrations for COCs. Footnotes will be added to the table to clarify that the PRG-HQ 
values are unitless and to indicate the appropriate units for the aquatic pathway-specific PRG 
concentrations (mg/kg for inorganics and ug/kg for organics). The PRG-HQ values for 
inorganics in this table, especially copper, do not appear elevated. 

11. Comment: The weight-of-evidence approach used for the determination of risk in the EERA 
evaluated many different data sources compared to those being utilized for the development 
of the PRGs. Therefore, there should be some discrepancy in their coverage of risk. However, 
those areas of intermediate risk not covered by PRG numbers should be addressed in some 
other manner. 

Response: Although the weight-of-evidence approach evaluated many different data sources, 
the risks were summarized based on sediment and surface water exposure for each of the 
areas of concern (AOCs). There were three AOCs that were identified as having intermediate 
risk for endpoint exposure to sediment (i.e., Dry Docks AOC, Back Channel AOC, and Sullivan 
Point AOC). All of these AOCs had at least one location that exceeded PRGs; therefore there 
are no areas of intermediate risk that are not covered by PRG exceedances. In addition, the 
data for all monitoring stations will be evaluated as indicated in the Interim Offshore Monitoring 
Plan (TtNUS, October 1999). 
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Attachment A 

Derivation of Confidence Intervals and Percentiles for the 
Normal and Lognormal Distributions 

The Shapiro-Wilks statistic (W) was conducted to assess whether the data have a normal distribution. Normality was 
assessed using the Shapiro-Wilks Statistic. If normality can not be verified, then it is assumed that the data are 
lognormally distributed. 

The mean and variance of a population from a random sample of n identically independent and normally distributed 
observations are estimated as: 

- 1 n 

jJ.,=x=- Lx" 
n ,=1 

1 n 
A 2 - 2 - __ ~( l"j )2 
(j - S - L.J x, - r 

n -1 ,=1 

For a normal distribution, an upper confidence limit for the mean is computed as follow: 

VCL = ~ + S * t(1-a.n-l)/...r;; 

Where x is the sample arithmetic mean, s i"s the standard deviation, and the one-tailed Students t statistics for n-l 
degrees of freedom at the desired significance level alpha and the 95% percentile is calculated as: 

P95 = X + 2.95 * S , 

Where Z.95 is the 95th percentile of the standard normal distribution. 

If the distribution is log-normal then the log-transformed sample data follow a normal distribution. Then an upper 
confidence limit for the mean is computed as follow 

VCLmean = exp [ jJ., + ~a-2 + a- Lui .J(n -1) 1 
. 2. . 

Where mu is the mean of the log-transformed data, sigma is the standard deviation of the log-transformed data, and 
Lu the LandDs tabulated constant for the upper confidence limit. . 

The 95% Upper percentile is calculated as: 

( A * A) P.95 = exp J.l + Z.95 (j 

Where Z.95 is the 95th percentile of the standard normal distribution. 
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RESPONSE TO NOAA COMMENTS DATED JANUARY 10, 2001 ON 
DRAFT PRELIMINARY REMEDIATION GOALS FOR OPERABLE UNIT 4 
PORTSMOUTH NAVAL SHIPYARD, KITTERY, MAINE 

1. Comment: Section 2.2 Aquatic PRG Derivation, Page 6. The EqP model equation is incorrect. 
The sediment and pore water should be reversed. 

Response: The Equilibrium Partitioning (EqP) model equation (Equation 1) (Di Toro et ai, 
1991) is correct as provided; the EqP model is used to predict pore water concentration (Cp) 

from the sediment concentration (Cs) divided by the faction of organic carbon times the organic 
carbon partitioning coefficient (foc x Koc), as indicated. 

2. Comment: Section 2.2 Aquatic PRG Derivation, Page 7-8. The ER-L is incorrectly defined. 
It does not represent the sediment concentration below which no adverse effect is expected 

90% of the time. The ER-L is the 10th percentile of the effects concentration for a specific 
chemical. Toxicity may occur below this concentration but is not expected. In fact, Long and 
others have consistently defined the ER-L as a concentration below which adverse effects upon 
sediment-dwelling fauna would be expected only infrequently; no percentages are provided. 

Response: For clarity, the text will be revised to state ''whereas ER-UTEL values represent 
concentrations below which 90% of sediment samples in the NOAAlFDEP effects database had 
no measurable adverse effect". 

3. Comment: Section 3.3.1 Baseline PRG Evaluation, Total PCBs, Page 19. The NOAA ER-M 
is 180 ng/g not 9600 nglg. Nevertheless, the baseline PRG for total PCBs of 409 nglg is above 
the NOAA ER-M. 

Response: The referenced text in Section 3.3.1, Baseline PRG Evaluation, Total PCBs, Page 
19 will be revised to indicate that the ER-M for Total PCBs is 180 ng/g. 

4. Comment: According to Table 2.2-2, Summary of toxicity testing results, the toxic samples 
found from the amphipod survival test and the sea urchin developmental test are different 
except for station 13-1. An explanation of why this may have occurred is not provided although 
it is stated that sea urchins are considered more sensitive than amphipod tests (Page 8). 
Hence, one would have expected that those other stations found toxic in the amphipod test (4-
1,4-3,8-3, and 9-1) would also show toxicity in the sea urchin larval development test. 

Response: The second sentence in the last paragraph on Page 8 is indicating that the sea 
urchin development test is more sensitive than the sea urchin fertilization test, and not the 
amphipod test. The sea urchin test might be more sensitive than the amphipod test for certain 
chemicals, which could explain the differences in toxicity between the sea urchin and amphipod 
toxicity tests. 

5. Comment: As discussed in Part 3 of Section 2.2 (Page 10) and shown in Table 2.2-3, the 
maximum pore water hazard quotient is used to determine if the toxic sample is above the 
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nontoxic or test NOEQ. Granted, if below 1, it should be eliminated, but if above 1, then the 
minimum pore water hazard quotient should be used. In this way, a nontoxic test NOEQ much 
greater than 1 is not used because of an even greater maximum pore water hazard quotient. 
This of course means using the lowest concentration that shows a toxic effect rather than the 
highest concentration that does not show an effect; but that is appropriate because a test 
(nontoxic) NOEO (pore water concentration over the NOEC for a non toxic sample) much 
greater than 1 implies no toxicity resulting from the chemical of concern where toxicity may 
actually exist at much loWer concentrations elsewhere. 

Response: The Navy believes the present process is correct and changes are unnecessary. 
The minimum HQ for the test NOEQ defaults to unity assuming that chemicals in the field are 
not more toxic than when tested in the laboratory. It is also assumed that site-specific 
conditions can cause a chemical to be less toxic; this is in .tact, why toxicity tests on field 
samples are being conducted and PRGs different from screening benchmarks are being 
developed. If toxicity tests are assumed to be reflective of site-specific chemical availability, 
and a sample is non-toxic, then a case for the maximum non-toxic NOEQ is supportable. The 
PRG process, however, has selected a more conservative approach, allowing that 5% of the 
time (e.g., 95% UCL of non-toxic HOs), a sample should have been toxic even though the test 
did not exhibit toxicity. 

6. Comment: Does using the above argument, that a minimum pore water hazard quotient 
should be used, change the nickel or total PAH aquatic TEV value as shown on Table 2.2-5? 

Response: Yes, if the process were changed to a minimum HQ approach, more conservative 
values would be calculated for any PRG that is above background. For example, the nickel TEV 
is a mere 30% above the WOC-Saltwater Chronic value, and the criterion is in turn, just 0.7 
J..lg/L above background. Using a minimum HQ approach would reduce the TEV for nickel to 
background.. However, obtaining background is not the PRG objective, rather it is risk 
reduction. Thus, the Navy does not intend to adjust the PRG derivation process . 

. 7. Comment: Table 2.2-5, Derivation of TEVs for the aquatic exposure pathway is clear but Table 
2.2-6, Summary of baseline PRGs, is not. How do you get from aquatic TEV in Table 2.2-5 to 
the sediment concentration-based PRGs of Table 2.2-6? As shown in Section 3.1, the 
unknown PRG is calculated by dividing sediment concentration by the TEV-HO; but only the 
latter is known. 

Response: Formula 5 in Section 3.1 (p. 13) will be expanded to indicate that the PRG is 
calculated as the mean of all station-specific sedimentITEV-HQ ratios, where the sediment 
concentration is the measured value at each sampling location. These calculations are 
presented in Appendix Table A-3-1.1 as follows: . 

Following this assumption, the relationship described in Equation 3, above, can be used to 
solve for the PRG. Substituting for HQPRG: 

4) HQTEv = CSed / PRG, 

and given the HQTEv and associated sediment concentration (Cs) at each location, the 
baseline PRG concentration is determined as follows: 
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1 

5) PRG = [L(Csed I HQTEv ))1 N , 
n 

where N is the number of locations at the site. 

8. Comment: The copper at Station MS-4.1 is clearly a problem as shown by the PRG-HQ of 
6.47 and a PRG of 546 mglkg. Is there a seep at this location? When comparing Figures 3.3-1 
with 3.3-2 (the second one!) Station 4.1 exceeds >2 PRG-HQ Maximum but it is displayed as 
exceeding only 1-2 PRG-HQ Maximum. 

Response: Copper is identified as a PRG and therefore the Navy agrees that some of the site­
related risk may be caused by this chemical. Figure 3.3-2 B and Figure 3.3-2C represent 
Round 1 and Round 2 data respectively: Differences in the magnitude of copper exceedence 
may be related to seasonality. However, at MS-4.1 it was recently noticed during a site visit that 
metal debris, some of which was identified as copper items, were located near this station. 
Therefore, the Navy proposes to remove the metals portion of this sample from the final 

baseline PRG calculation step in Table A-3-1.1 because the copper (and other associated 
metals) will not be as bioavailable as the metals at other stations. The subsequent removal of 
metals data from this particular station will cause the PRG for copper to decrease. 
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RESPONSES TO COMMENTS MEDEP COMMENTS DATED JANUARY 23, 2001 ON 
DRAFT PRELIMINARY REMEDIATION GOALS FOR OPERABLE UNIT 4 
PORTSMOUTH NAVAL SHIPYARD, KITTERY, MAINE 

1. Comment: The overall approach was a generally satisfactory, albeit convoluted, approach for 
developing site-specific PRGs. As developed, the PRGs are for protection of benthic biota 
against adverse effects from exposure to contaminants in porewater. The PRGs do not account 
for exposure via ingestion of contaminants associated with sediment particles. The relative 
contribution of the particle ingestion route to total exposure depends' partly on the compound in 
question. " For many compounds, the concentration in porewater explains the bulk of the toxicity 

. to directly exposed organisms (Le., the contribution of particle ingestion appears to be 
insignificant). Unfortunately; there is insufficient time to review the literature to determine if there 
are exceptions among the COCs for OU4. However, the approach has conservative aspects 
and the basic premise is considered acceptable at this time .. 

Overall, the approach used to develop the PRGs is fine to the point where OU4-wide averages 
" are recommended. The presentation is convoluted and may be viewed by individuals that have 

difficulty working with ratios as an attempt to disguise unfavorable data. The use of OU4-wide 
average PRGs, especially for copper, raises concerns that need to be addressed as does the 
way the PRGs were used.-

Response: The basic premise of the Equilibrium Partitioning (EqP) approach is that the 
bioavailability of chemical from pore water or sediment is the same, hence either fraction can 
be measured to estimate the exposure. Pore water is selected as the measurement endpoint 
since the methods" are available, and chemical-specific benchmarks are available for 
comparison with measured concentrations. The process presented addresses ingestion (by 
aquatic organisms) "of contaminants associated with sediment particulates. The use of an EqP 

.. pore water approach is fundamentally based on the premise that because contaminants in pore 
water and bioavailable contaminant on sediment particles are in equilibrium, either contaminant 
phase could be measured to represent the chemical exposure. We measure pore water and 
assume that the chemicals in the pore water are 100% bioavailable because there is no direct 
way to measure the bioavailable fraction associated with the sediment. The basis of this 
approach has been presented in past meetings as part of the interim offshore monitoring. 

Development of OU4-wide averages as PRGs is in accordance with the Interim Offshore 
Monitoring Plan (TtNUS, October 1999). Using other than OU-wide numbers would suggest 
some other basis for site segregation for PRG application would be possible. The PRGs are 
based on exposure pathways that are assumed to be similar facility-wide. The method of 
application of PRGs is similar to comparisons performed with ER-L benchmarks during 
screening level assessments. However, the development of ERLs are based on national data 
sets that contain a wide range of conditions. The development of PRGs for OU4 was initiated 
to account for the site-specific conditions present in OU4. The Navy, therefore, believes the 
process used to derive PRGs is appropriate for their intended use as Interim Remediation 
Goals (IRG) for the interim offshore monitoring program. The Navy would like to discuss the 
uncertainty with using these numbers as PRGs for the OU4 FS at the PRG technical meeting 
currently being planned. 

In terms of the copper PRG, please see the Navy's response to NOAA Comment No.8 dated 
January 10, 2001. 

RTC Draft PRGs for OU4 11 March 9, 2001 ~ 



2. Comment: It is noted in the text that PRGs may be modified after data from more sampling 
rounds are obtained. This is critical to keep in mind because the PRGs are based on porewater 
concentrations, which are in turn driven by factors that affect the tendency for COCs to partition 
between sediment particles and porewater. The factors, and subsequently the PRGs may vary 
significantly over space and time. There is already evidence of spatial variation (see summary 
Table below). Data on seasonal variation is forthcoming and may result in significant 
modifications to the PRGs. 

Response: The Navy does not envision significant modification of the PRGs due to 
seasonality. The PRG data set was collected per regulatory agreement to represent worst-case 
seasonal exposure conditions for metals (e.g., AVS minima). This was based on the seep­
sediment report. Other changes such as long-term, site-wide TOC trends affecting organics 
exposure, however unlikely, would also be detected in the monitoring program, and if found, 
could drive reconsideration of PRGs. However, the Navy may conduct additional investigations 
(e.g., additional toxicity study to determine the impact of ammonia on the results of the toxicity 
testing) to refine the PRGs for use in the OU4 Feasibility Study. The Navy would like to discuss 
this further during the PRG technical meeting currently being planned. 

3. Comment: The reference screening values (RSVs) are essentially local reference 
concentrations. The means and confidence limits for copper and nickel, among others (Table 
2.2-4) were calculated from log-transformed values, because the data were found to be log­
normally distributed. However, it appears that copper was detected in only four and nickel in 
only three of the sixteen reference samples. How does the predominance of detection limit­
based concentrations affect the ability to determine the nature of the data distribution? 

Response: The more skewed the data are because of a large number of non-detects, the 
more certain the data are not normally distributed. Also, as presented in the Navy's response 
to EPA Comment No.2 dated January 25, 2001, the copper data we're re-evaluated to 
determine whether the detection limit could be lowered. Based on the re-evaluation, the 
detection limit was lowered so additional detections were observed. This data will be submitted 
to the PNS distribution list and the PRG document updates as appropriate based on this data. 

4. Comment: The document provides PRG's for individual compounds and gives a lengthy 
description of how PRG's were calculated in general. However, the Navy should provide a 
detailed description of how the PRG for each compound was derived. These descriptions 
should show the actual values used in the derivation. 

Response: The calculations for each chemical using actual values are shown in the Tables 
and Appendix Tables. The method of calculation is the same for each chemical. The Navy 
suggests a presentation, discussion, resolution of the EqP process be included as part of the 
agenda for a technical meeting currently being scheduled. 

5. Comment: The numbering system for the tables is confusing. For instance, it is not clear why 
some table designations are prefaced by an "A" and some are not when all the tables are part 
of Appendix A. Please revise the numbering system to make them easier to reference. 

Response: The numbering system used for the tables is the same numbering system that was 
used in the "Approach for Development of Preliminary Remediation Goals (PRGs) for Operable 
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Unit 4" provided as Appendix A of the Interim Offshore Monitoring Plan. However, to 
differentiate between appendices in the present document, the "Development of Preliminary 
Remediation Goals (PRGs) for Operable Unit 4" will be'referred to as Attachment 1 and the text 
in the Executive Summary will be revised accordingly. As provided in the table of contents for 
the "Development of Preliminary Remediation Goals (PRGs) for Operable Unit 4", the tables 
references with an "A" are part of the document's appendix. The following sentences will be 
added to the last paragraph of Section 1.0 referencing the appendix tables. In addition, an 
"Appendix A" cover page will be added before the presentation of the "A" tables. 

''Tables and figures referenced in the text are provided at the end of the report. Supplemental 
tables used to support PRG calculation are provided in Appendix A." 

6. Comment: Please include a "definitions" section, perhaps in conjunction with the acronyms 
page. A definitions section would simply state, e.g., what the TEV is, what the TEV-HQ is, etc. 
While these terms are defined in the text it is difficult and frustrating to search within the text for 

the definition. 

Response:' A list of definitions will be provided. 

7. Comment: Exec. Summary, PRG Background, p. ES-1 

" ... uses the results from the human health and ecological risk assessments ... " Please provide 
the references for these risk assessments, e.g. ''Tetratech NUS 1999". 

Response: The discussion under "PRG Background" discusses the PRG process in general 
and indicates that the process uses results of risk assessments for a site to develop the PRGs. 
The specifics for the OU4 PRG development are provided in the next section "PRG 
Development Process for OU4" (starting on Page ES-2). 

8. Comment: Exec. Summary, PRG Background, p. ES-2, para 1 

Please explain, or rephrase, the term "sanity check", as used in this context. 

Response: The last,sentence in 'the first paragraph on page ES-2 will be revised to read as 
follows "In the implementation phase, the data are qualitatively evaluated to determine whether 
the PRGs effectively target areas of increased risk and meet Applicable or Relevant and 
Appropriate Requirements (ARARs). 

9. Comment: Page ES-4, 2nd bullet 

It should be clear in the executive summary that porewater concentrations of metals were 
measured, whereas porewater concentrations of organics were estimate~. 

Response: The following sentence will be added to the beginning of the second bullet: "The 
concentrations of organic constituents in the pore water samples were predicted using 
equilibrium partitioning equations, whereas the concentrations of metals in the pore water 
samples were measured." 
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10. Comm nt: Appendix A. Development of Preliminarv Remediation Goals (pRGs) for Operable 
Unit 4 

It is unclear why this section is included as an appendix. Since development of PRGs is the 
focus of this document it would be more appropriate to include it in the main body of the 
document. 

Response: The PRG document was included as an appendix so that the document could 
maintain consistency with the previous presentation of the PRG development (in the Interim 
Offshore Monitoring Plan) such that the body of the report could meet TtNUS' document format 
requirements without impacting the format of SAIC's document. The Executive Summary 
clearly indicates that the PRG development is provided in Appendix A and references the 
appendix appropriately. Please see the Navy's response to MEDEP Comment NO.5 for text 
revisions to clarify the document format. 

11. Comment: App. A. 1.0 Background and Objectives. p. 1. para 5 

''The most current wac and sac are used to develop the PRGs ... For PRG Development 
USEPA sac are not used ... " 

These two sentences are contradictory. Please clarify. 

Response: The second to last sentence in the referenced paragraph was meant to indicate 
that sac are not used as PRGs. However, various sediment quality guidelines are used to 
back-calculate water quality values when wac are not available. This is discussed in the first 
full paragraph on Page 7. The text in the referenced paragraph on page 1 will be revised to 
clarify the use of sacs. The text will be revised to re~d as follows: 

Second sentence: ''The most current wac (or sediment quality guidelines when wac are not 
available) are used to develop the PRGs." 

Second to last sentence: "USEPA sac are not used as PRGs because they are screening 
values, not cleanup goals." 

12. Comment: App. A. 2.1 Overview of PRG Development Approach. p. 3. para 1 

Please define within the text the term "ecologically significant". 

Response: The text will be revised to "ecologically important to sustaining the population." 

13. App. A. Overview of PRG Development Approach. page 5 

a) Comment: Note that, focusing on an individual limiting contaminant of concern (L-COC) 
at each station does not address potential cumulative tOXicity posed by multiple 
compounds. That said, data presented in Table A-2-2.1 0 suggests that actions to reduce 
the hazard quotient for the L-COC at each station to 1.0 will reduce the total Ha to 
between 1.0 and 2.0. 
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Response: The incorporation of the toxicity test into the development of the PRG accounts 
for cumulative toxicity because the test species are e~posed to all COCs in the media. The 
procedure is conservative when considering a given COC because it assumes all of the 
toxicity being observed is due to that COC alone. Also, at the time PRGs are applied, the 
PRGs are assessed as to whether they address the risk from the EERA. . 

b) Comment: In Step 7, the location of PRG exceedances for each of the L-COCs was 
reviewed with respect to the spatial distribution and likelihood of obsElrved risks at the site 
as concluded from results of the ecological risk assessment (ERA). "The relationship 
between the apparent risk reduction and remediated area is discussed and presented as 
Recommended PRGs (RPRGs) so as to provide input into risk management decisions 
regarding the setting of Final Remediation Goals." The first piece appears to be an 
attempt to discuss where potential risks as identified with PRGs agree with where risks 
were predicted based on generic benchmarks in the ERA. The meaning and intent of the 
second part is far too ambiguous to even venture a guess. The latter needs to be clarified 
at least. Upon clarification, it may be determined that the exercise is not acceptable. 

Response: The Navy believes the process used to derive PRGs is appropriate for use 
as IRGs for the interim offshore monitoring program. The Navy would like to discuss the 
uncertainty of using these PRGs for the OU4 FS at the PRG technical meeting currently 
being planned .. 

In addition, the text will be revised as follows: "The relationship between the potential risk 
reduction and PRG exceedance is evaluated to select Recommended PRGs (RPRGs) for 
input into risk management decisions regarding the selection of a final alternative for the 
site." 

14. Comment: ADD. A. 2.2 Aquatic PRG Derivation. D. 5 

"As identified in Section 1 ... " . 

Change this to "Section 2.1". 

Response: The revision will be made as requested. 

15. Comment: Appendix A, page 6 

Note that the water quality criteria (WaCs) useq for developing PRGs are for effects on directly 
exposed organisms and do not necessarily account for bioaccumulation. Presumably, 
bioaccumulation was to be addressed through the use of Food and Drug Administration (FDA) 
action levels (Table 1.0-2). However, it does not appear that such was done. Bioaccumulation 
can be factored into PRG development by using final residue values (FRVs) identified by the 
USEPA as part of wac development. Alternatively, the site-specific BSAFs/BAFs can be used 
to calculate sediment PRGs from either human health risk-based (e.g., FDA action levels) or 
ecological risk-based target tissue concentrations. 

Response: In the Interim Offshore Monitoring Plan (based on the Interim ROD and the results 
of the EERA and HHRA), trophic transfer to pelagic fish, birds or semi-aquatic mammals and 
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human exposure to sediment or seafood were not identified as site-related risks, and therefore 
PRGs were not needed for these receptors. The present process accounts for risks due to 
chemical accumulation for the identified receptor groups. It is agreed that the BSAF/BAF 
values could be used for either human health or ecological risk-based target tissue 
concentration comparisons, if needed. This was not included in the present assessment, as 
such risks have not been identified. 

16. Comment: App. A, 2.2 Aquatic PRG Derivation, p. 7, para 1 
" ... whereas ER-LfTEL values ... " 

Given the prevalence of ratios in this document please change this to " ... whereas ER-L and 
TEL values ... " 

Response: The text will be revised as requested. 

17. Comment: Appendix A, page 8 

Porewater was classified as toxic only if effects in test solutions were 20% different from 
. controls and if the difference was statistically significant. Then, only tests that had two or more 

partial effect levels were considered for developing no observed effect concentrations 
(NOECs). The latter is a standard approach that reflects limitations of statistical analysis of 
dose-response data. This means there may be porewater samples that are toxic, but not to the 
extent that a statistical dose-response-based toxicity value can be developed. The summary 
of test results in Table 2.2-1 indicates that, for sea urchin larval development, pore water from • 
13 of the 27 locations fell into a toxic-but-not-quantifiable category. At a minimum, the spatial 
distribution of the sediments in question should be discussed, for example in Section 3.3. 

Response: Agree. The following discussion will be added in Section 3.3: 

The following text will be added to the last sentence of page 9, paragraph 1: 

"Lastly samples with statistically significant mortality were determined to be non-toxic. This 
included samples from 13 locations (MS-2.1, 2.2, 3.2, 4.3, 6.3, 7.1, 8.1, 8.4, 9.2, 12.1, 12.2, and 
14.2). As noted above, these incidences of partial mortality are not considered to be 
ecologically relevant for purposes of PRG development." 

18. Comment: App. A, 2.2 Aquatic PRG Derivation, Step 2, p. 8, para 2 

"Here, co-located data imply that a bulk sediment chemistry sample was collected at each 
location where an amphipod and sea urchin biotoxicity test was conducted." 

This wording is confusing as the samples were collected in the field but the biotoxicity tests 
themselves were conducted in a lab. Please rephrase. 

Response: The text will be revised to read as follows: "Here, co-located data imply that bulk 
sediment chemistry data and biotoxicity data are generated from the same sample'~ 
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19. App. A. 2.2 Aquatic PRG Derivation, Step 2, p. 8, last paragraph 

a) Comment: The acronym ARB-NOEQ is not in the acronym list (more specifically, ARB is 
not in the list though we presume it refers to Arbacia). Please add this to the list. 

Response: AMP (amphipod) and ARB (sea urchin) will be added to the acronym list as 
requested. 

b) Comment: "In order to accurately determine the ECso value, the requirement that at least 
partial (and statistically significant) mortality must be observed in two or more of the 
treatments. ' 

This is an incomplete sentence. Please correct. 

Response: The sentence will be revised to read as follows: "In order to accurately 
determine the ECso value, the requirement that at least partial (and statistically significant) 
mort~lity need to be observed in two or more of the treatments must be met. 

c) Comment: "From an ecological perspective, this was deemed appropriate given that 
epibenthic organisms such as sea urchins are not likely to be exposed to full strength 
seawater (100%) .. ." ' 

This is an odd statement to make about a marine organism. Of course, all marine 
epibenthic organisms are exposed to full strength seawater. Please clarify this sentence. 

Response: The text will be revised. Please see the Navy's response to EPA Comment 
NO.3 dated January 25, 2001 for the text revisions to this sentence. 

2'0. Comment: Appendix A, page 9 

The 95 percent upper confidence limits (UCL) of porewater HQ values associated with nontoxic 
samples are discussed. Please provide some discussion to support pooling data for all of the 
test locations. .. 

Response: The following text will be added: "The data sets are pooled across all the sampled 
locations at the site in order to capture the widest possible range of chemical exposure 
concentrations and associated toxicity. The pooling is based on the assumption that the route 
of chemical exposure is the same for all the target receptors." 

21. Comment: 3.1 Translation of Aquatic TEV Values into PRGs, p. 13 

"Similarly, the degree of risk associated with porewater concentration of causing the effect in 
bedded sediment. .. " 

This phrase app,ears to be missing some words. Please correct or clarify. 
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Response: The text will be revised to read as follows: "Similarly, the measured risk associated 
with the pore water concentration (Le., TEV-HQ) should be the same as that attributed to the 
bulk sediment (Le., PRG-HQ)." 

22. Comment: Appendix A. PRG Calculation Results. page 14 

The proposed PRGs are averages for all of the stations. The ranges of the estimated PRGs 
are shown in the table below and indicate that an average for all of OU4 might be inappropriate, 
especially for copper. The mean PRG for copper is unacceptably high, driven in part by at least 
one, and maybe two values that appear to be statistical outliers. Station-specific PRGs are 
unnecessary. However, other ways to group the PRGs need to be considered. The use of 
OU4-wide averages is questionable at this time. Other options that might be considered are 
(1) OU4-wide medians, or (2) averages over smaller areas. 

Proposed preliminary remediation goals (PRGs) for limiting 
contaminants of concern (L-COCs). 

L-COC PRG (mglkg) Basis of the TEV 
(therefore the 
PRG) 

Mean __ ~c!r:'_g~ _________ 
- - -- - .-.- -_.. - ----- .... ---- - .. ----- .--------------
G9Rpe~ __________ 547 6 - 4910 Local reference -------- ---- ----- ----------------- r- - ----- - - --
Nickel 124 30 - 281 Risk -- --------------.-- ---------- ---------- f-= -------------

__ ~~en?e_':!~~~~ ___ 0.210 0.033 - 0.540 Risk ---------- -------- --- f---------- ---- - ----
Anthracene 1.344 0.213 - 3.456 Risk 
~-------- ---------r------------- f-,------ --------- ----
Fluorene 0.536 0.085 - 1.379 Risk ---- ---------------- ----------- ----------- --------- ----
HMW PAHs 13.057 2.177 - 32.325 Risk --------------- --- . f--- --- -- -- --- - ----- --- - --- ---- . - --
Total PCBs 0.409 0.024 - 1.454 Risk -------- ---- ---------- - - --------- .. --- ---- .. ---------- .. --'-- -- ---------- -_ ...... 
Trans-Nanochlor 0.003 0.001 - 0.008 Risk .... -- -- ---_ ... --- --- - ------.---_ .. --- -_ .. -- - -_ ... .. -_ .. 

P,p'DDT 0.066 0.018 - 0.171 Risk 

Response: The use of site-wide averages, as stated, is to avoid area- or station-specific RRGs 
that would be unmanageable to implement. Also, the effect of incorporating sample data from 
locations where limiting CoC concentrations are low generally drive down the calculated site 
wide PRG, thus making the PRG more conservative. Also, please see the Navy's response to 
NOAA Comment No.8 dated January 10, 2001 related to copper. The Navy suggests this 
issue be included on the agenda for the technical- meeting currently being scheduled. 
Resolution of the issue will be documented in the minutes for the meeting. -

23. Comment: Appendix A. 3.2 Spatial Implementation of PRGs. p. 14 

" ... results of the EERA have been used to classify the study area polygons based on the 
likelihood of adverse ecological risk caused by site-related COCs to aquatic receptors (Figure 
3.2-1 ) ...... Because the implementation of PRGs are intended to reduce risk, the spatial 
distribution of risk should be considered when evaluating the results of PRG implementation." 

The MEDEP is not entirely sure what is meant by the statE?menL It suggests that there is no 
sense in considering PRGs for those areas that were not previously determined to be 
associated with low to intermediate levels of risk. Such appears to be the case (see, comment 
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26). The exercise as described is inappropriate. The PRGs are site-specific benchmarks to 
be applied in the same way as the more generic ben~hmarks used in the ERA. If the PRGs 
indicate that there may be some risk in an area that was previously determined to be at no risk, 
then the previous determination may have been in error. At a minimum, it may be concluded 
that the previous determination of no risk did not account for all possibilities, which is a given 
in ecological risk assessment. 

Response: The inferred meaning of the sentence is incorrect. The Navy suggests revising 
the sentence as follows: "As the implementation of PRGs are intended to reduce risk, it is 
important to ensure that the PRGs, when compared to location-specific chemical 
concentrations, agree with the risk assessment findings; that is, PRG exceedances are 
observed where intermediate risks were identified in the EERA based on the full weight of 
evidence". Also, note that there are no areas where "no risk" was determined for sediment. 
, All the AOCs were either determin'ed to be low. or intermediate risk for sediment. 

24. Comment: Appendix A, 3.2 Spatial Implementation of PRGs, p. 15 

The BSAF/BAF factor!? were calculated from monitoring data and used to predict sediment 
concentrations that would be required to explain measured concentrations in biota of hard­
bottomed communities (Le., where there are no bed sediments for collection). The Navy stated, 
"The resulting predicted sediment concentrations were compared against PRGs to assess 
concentration levels in biota." Why not just compare contaminant levels in biota to biota 
benchmarks? Or does the statement mean " ... to·evaluate potential for impacts on benthic and 
epibenthic organisms?" 

Response: Navy will revise sentence as follows: " ... to evaluate potential for impacts on 
benthic and epibenthic organisms" 

25. Comment: Appendix A. page 16 

Overall, mean BSAF values were calculated for polynuclear aromatic hydrocarbons (PAHs), 
polychlorinated biphenyls (PCBs) and organochlorine pesticides (OCPs) in ,mussel tissue. It 
is argued that there was considerable overlap in central tendency about the mean BSAF value 
among analytes, and generally good agreement between lobsters and mussels. A cursory 
review of the data in tables A-3-1.2e and A-3-1.2h suggest that the BSAFs for OCPs may vary 
with the analyte, between stations, and perhaps between species. A more detailed 
presentation of the BSAFs for OCPs is needed, to agree that 1.1 is representative of all OCs 
in both species and at all stations. 

Response: It is recognized that the observed variation is likely the result of limited sample 
size, and as more values are incorporated into the average, the variation will be lower. BSAFs 
and BAFs will be further evaluated in the Interim Offshore Monitoring Report using all four 
rounds of baseline interim offshore monitoring data. 

26. Appendix A. page 17 

a) Comment: Concentrations of COCs are compared with their respective PRGs, but only 
in areas that were previously characterized as posing low to intermediate ecological risk. 
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This focus is unacceptable (see comment 23). Data from all OU4 stations should be 
compared with PRGs, at least initially. 

Response: The PRGs were compared to all locations and sampling rounds where 
chemical data were available, irrespective of risks (see Table A-3.1-3). It is true that some 
locations did not have a sum PRG-HO value> 1 (blank values for MaX-PRG-HO in Table 
3.3-1), or otherwise did not have a PRG chemical at the location that was above the 
calculated baseline PRG (noted as "< 1" for MaX-PRG-HO in Table 3.3-1). Hence, the 
data from these stations were not used to evaluate the Recommended PRG. However, 
all data from all monitoring stations will be continued to be compared against the PRGs 
until such time there is a consensus opinion that reduced monitoring is appropriate. 

b) Comment: The use of OU4-wide average PRGs, particularly the PRG for copper is 
questionable. Consequently, the MEDEP has no comments at this time on the specific 
results reported in this section (3.3.1). See Comment 22. 

Response: Please, see the Navy's response to MEDEP Comment No.1 related to OU­
wide PRGs and to MEDEP Comment No. 22. 

27. App. A, 3.3.1 Baseline PRG evaluation, Copper, pp. 17 and 18 

a) Comment: The ER-M for copper is 270 J.1g/g, not 270 ng/g. Please correct this. 

Response: The text will be revised as requested. 

b) Comment: last sentence, top of p. 18: change "nickel" to "copper". 

Response: The text will be revise as requested. 

28. Comment: App. A. 3.3.1 Baseline PRG evaluation. Total PCBs, p. 19 

Change the stated ER-M for total PCBs from 9600 ng/g to 180 ng/g. 

Response: The text will be revised as requested. 

29. Comment: App. A. 3.3.1 Baseline PRG evaluation, p,p'-DDT, p. 19 

In the first sentence, change o,p'-DDT to p,p'-DDT. 

Response: The text will be revised as requested. 

30. Comment: 3.3.2 Recommended PRGs evaluation, p. 20 

While comparing the derived PRGs to results of the EERA is appropriate it appears that the 
Navy is plaCing more weight on the results of the EERA. That is, when the PRGs indicate that 
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there should be some level of unacceptable risk at a specific location, and the EERA doesn't 
indicate risk at that location, then the Navy seems to be modifying the PRG to reflect the results 
of the EERA. This is inappropriate for this stage of the. process. 

Furthermore, this section of the document gives the impression that these modified PRGs are 
being accepted as the final PRGs. The corresponding paragraph on page 5 (paragraph 7) 
more appropriately indicate that these values are for discussion purposes only. Also see 
Comment 23. 

Response: The manner in which the results of the three rounds (ERRA, Rounds 1 and 2 from 
interim monitoring) of data are used to modify the PRGs is to follow the most conservative path; 
that is, the lowest recommended PRG that addresses the risk is selected based on the EERA 
weight of evidence determination of risk_(see Table 3.3-2} .. In.the case of the Round 2 data, 
this was true only for nickel. Given that this is a conservative approach, the Navy feels the 
process is acceptable for development of PRGs for use as the IRGs. However, as discussed 
in the Navy's response to MEDEP Comment No.1, there are uncertainties with using the PRGs 
developed at this point as the PRGs for developme·nt of the FS for OU4. Additional 
investigation/study may be necessary to develop appropriate PRGs for use in the FS. The 
Navy would like to discuss this further at the PRG technical meeting currently being planned. 

31 . Comment: 3.3.2 Recommended PRGs evaluation, p. 20, para 2 

"Given that only one location for each analyte is available .·to assess risk to PRG-HQ 
relationships, the selection of a Recommended PRG-HQ must default to unity (1.0) since the 
point of. departure between low and intermediate risks cannot be discerned ... " 

What is the connection between ''the point of departure between low and intermediate risks" 
and selecting a Recommended PRG-HQ? Please explain this more clearly. The risk 
management decisions for both low risk and intermediate risk as stated in the EERA are the 
same: "Development of preliminary remediation goals (PRGs) and feasibility study are 
recommended." Therefore, it is unclear why any effort is being made to differentiate low risk 
and intermediate risk areas. 

In addition, the parties involved in the EERA never intended there to be a precise pOint 
differentiating low and intermediate risk. Rather the level of risk was determined through a 

. combination of evidence of exposure and evidence of effect. 

Response: It is agreed that for the present purposes of developing the IRGs, and the conduct 
of interim monitoring, differentiation between low and intermediate risks is unnecessary. 
However, the Navy believes it is useful to demonstrate that there is a PRG-risk relationship, 
where possible. Hence, the last sentence of p. 20, par. 2, will be revised as follows: "Following 
a conservative approach, the selection of the Recommended PRG-HQ defaults to unity when 
only one location for each analyte-is available to assess risk to PRG-HQ relationships (Figure 
3.3-1a; Table 3.3-1 a)" . 
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32. 3.3.2 Recommend d PRGs valuation, p. 21 para 2 " 

" ... no reliable relationship between PRG exceedance and risk was observed such that it was 
not possible to select a PRG-HQ that would represent a point of departure between low and 
intermediate risks. Hence, a PRG for p,p'-DDT is not recommended." 

a) Comment: Please change this to " ... no reliable relationship between PRG exceedance 
and risk was observed, therefore it was not possible to select a PRG-HQ ... " 

Response: The text will be revised as requested. 

b) Comment: As indicated above, the MEDEP sees no need to find a point of departure 
between low and intermediate risks. Furthermore, the MEDEP does not understand how 
failure to select a PRG-HQ that would represent a point of departure between low and 
intermediate risk leads to a conclusion that a PRG for p,p'-DDT is not recommended. 

As MEDEP has stated repeatedly in the past, we hold the Navy responsible for DDT in the 
sediments around the Shipyard, regardless of its status as a GoG. Therefore a PRG 
acceptable to the MEDEP for DDT must be developed. 

Response: . 
The Navy recognizes the MEDEP's position on pesticides and therefore, the Navy has 
agreed to include pesticides in the PRG development process. As provided in the Interim 
Offshore Monitoring Plan (page 2-1), "Pesticides have not been linked to an onshore IRP 
site at the current time and therefore have not been identified as GaGs for OU4. However, 
the Navy has agreed to calculate PRGs for pesticides should they become a GOG in the 
future." Therefore, although included in the PRG development process through calculation 
of baseline PRGs, as appropriate, a PRG for pesticides cannot be recommended at this 
time because pesticides have not been identified as offshore COGs. 

33. Comment: 4.0 Uncertainty Analysis. p. 21 

" ... the implementation of the baseline PRG values (i.e., as recommended PRGs) ... " 

Again, the difference between baseline and recommended PRG values is confusing. Ho~ does 
this phrase compare with the second paragraph on p. 22 that indicates that the baseline PRGs 
are contrasted with the recommended PRGs? Please clarify. 

Response: The following text will be added ''The baseline PRG values can be viewed simply 
as calculated values that are yet to be validated against the independent benchmarks and the 
risk assessment findings". This explains the page 22 sentence that reads: "In contrast to the 
baseline PRGs, the recommended PRGs are derived by performing a check that the selected 
GoGs and corresponding PRG concentrations adequately represent the risk characterization 
provided in the EERA" 
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34. Comment: 4.0 Uncertainty Analysis. p. 22. para 3 

''The finding that many of the PRGs identified in this report agree well with those PRGs 
identified from use of the EERA data ... reduces this uncertainty [of whether or not attenuation 
has occurred] ... " 

This statement seems to state that there is little uncertainty (not just less uncertainty) of the 
potential for chemicals to attenuate since samples were collected for the EERA. However, the 
following paragraph indicates that chemical attenuation is possible. Also, the second full 

. paragraph on p. 21 states, " ... it would appear that since sediment concentrations did not 
exceed the PRGs [at certain specific sites with intermediate risk] ... or that risks at these 
locations have abated since the EERA was conducted." 

The statement on p. 22 paragraph 3 seems to dismiss a strong possibility of attenuation of 
chemicals. Please clarify these contradictory statements. 

Response: The emphasis was wrongly placed on attenuation. Rather, the discussion is 
meant to convey that the primary CoCs contributing to risk are assumed to be the same 
between the EERA and the subsequent sampling rounds, and thus in the interim, the list of 
CoCs had not completely changed. Hence, the first sentence of p. 22, par. 3 will be revised to 
read: "For purposes of PRG development, it is assumed that a fundamental change in CoC 
bioavailability has not occurred ... " 

35. Comment: Table A-2-2.5 

This is a table of hazard quotients where values greater than or equal to 1.0 are significant. 
Therefore, it would be useful to highlight those values greater than or equal to 1.0 within the 
table. 

Response: The requested change will be made. 

36. Comment: Table A-2-2.1 O . 

. The footnote to this table should also reference Table 2.2-5 as Table 2.2-4 only shows 
concentrations, not TEVs. . 

Response: The requested change will be made . 
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RESPONSES TO COMMENTS SAPL COMMENTS DATED JANUARY 25, 2001 ON 
DRAFT PRELIMINARY REMEDIATION GOALS FOR OPERABLE UNIT 4 
PORTSMOUTH NAVAL SHIPYARD, KITTERY, MAINE 

1. General Comment: We found the document very difficult to read and understand. While we 
understand the overall process for developing Preliminary Remediation Goals (pRGs), we were 
unable to follow the actual PRG development and we cannot say at this time that the PRG 
values presented are acceptable. To do so, we would have to recreate the work performed, 
which time and budget do not allow. Therefore, our comments below do not reflect sufficient 
understanding to say if the report and its conclusions are accurate and appropriate. We are 
also relying on comments dated January 23, 2001, that were submitted by the Maine 
Department of Environmental Protection (MEDEP), and, in the interest of efficiency, our 
comments below do not repeat most of the issues and questions already covered by MEDEP. 
We are particularly concerned with the interpretation and application of OU4-wide average 
PRGs (MEDEP comments 1 and 21). 

Response: The process used in this document is the same process outline in the Interim 
Offshore Monitoring Plan. The Navy hopes that additional explanation of the process at the 
PRG technical meeting and discussion of issues raised in the comments related to the process 
will assist in providing a better discussion of the development of PRGs. Please see the Navy's 
responses to MEDEP Comments dated January 23, 2001, including the responses to MEDEP 
Comment Nos. 1 and 22 related to OU4-wide average PRGs. 

2. Comment: Page ES-1, PRG BACKGROUND. The text states that the PRG development 
approach uses data to " ... establish sediment-based concentrations that represent thresholds 
below which adverse effects on ecological and human receptors are not expected to occur." 
As MEDEP points out in their comment number 1, the PRGs do not account for exposure via 
ingestion of contaminants associated with sediment particles. It is appropriate to check at this 
time if there are contaminants of concern (CoCs) for which the ingestion pathway is significant. 

We also find the statement quoted above to be at odds with passages later in the document. 
For example, page 3 in Appendix A states that the objective of PRG development is " ... to 

determine sediment-based concentrations that represent thresholds below which adverse 
effects on sediment-associated aquatic biota (i.e., benthic organisms) are not expected to be 
ecologically significant." Does "ecologically significant" mean there will be no effects? If so, the 
text on page 3 and elsewhere should be revised. If not, the text on page ES-1 and elsewhere 
should be revised. 

Response: Please see the Navy's response to MEDEP Comment No.1 dated January 23, 
2001 rel~ted to the comment on the exposure via ingestion of contaminants (by aquatic 
organisms). 

Following a conservative approach, it is assumed that all adverse effects are ecologically 
significant hence the meanings are the same. This clarification will be provided on page 3 in 
Appendix A " ... to determine sediment-based concentrations that represent thresholds below 
which adverse effects on sediment-associated aquatic biota (i.e., benthic organisms) are not 
expected. to be ecologically important to maintenance of the population". 
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3. Comment: Pag ES-2, PRG BACKGROUND. The basic assumption of the PRG 
development approach is that concentrations of chemicals in sediment, porewater, surface 
water, and biota are in equilibrium. Does the currently-available date support this assumption? 
How will the' on-going monitoring data be evaluated to check this assumption? What action 

will be taken if the monitoring data or other information indicates this assumption is incorrect? 
What is the "sanity check" mentioned later in the paragraph? 

Response: The assumption being made is widely applied in sediment toxicology, not just to 
this site. It has been demonstrated by EPA to be sufficiently defensible so as to support the 
development of Sediment Quality Criteria., The agreement between site-specific BSAFs and 
literature values is evidence that the sediment and tissue are in equilibrium. The agreement 
between calculated pore water effect concentrations and the Water Quality criteria also 
supports the assumption. Hence, the Navy does not foresee the need to continually validate 
the assumption. Please se'e the Navy's response to MEDEP Comment NO.8 dated January 
23, 2001 for the response and text revision related to the last sentence in the first paragraph 
on ES-2. '. 

4. Comment: Page ES-2, PRG Derivation. This paragraph covers the assumption regarding 
selection and remediation of limiting CoCs, those CoCs that are responsible for much of the 
baseline risk. By remediating limiting CoCs, collocated CoCs will be remediated to levels that 
will not have adverse effects. Does the data support this assumption? We also reiterate 
MEDEP's comment number 11, that focusing on a limiting CoC does not address potential 
cumulative toxicity. 

Response: MEDEP Comment No. 13a dated January 23, 2001 discusses the limiting COCs 
related to cumulative toxicity. Please see the Navy's resp,onse to MEDEP Comment No. 13a. 

5. Comment: Page ES-3, PRG Implementation. The description of Step 7 at the top of page 
ES-3 doesn't seem to Evaluate practicality of candidate PRG for effective risk reduction.", as 
stated in Table ES-1. We do not understand the use of "practicality" in this situation. 

Response: The meaning of the term is provided in Step 7 on p: 5, in that it is not practical to 
adopt PRGs that do not address risk at the site. 

6. Comment: Page ES-3, PRG Implementation. The final paragraph states that the PRGs are 
consistent with the findings of the risk assessment. What does that mean? (See comment 15, 
below.) 

Response: The statement means that the areas (Le., Sullivan Point, Back Channel, and Dry 
Docks) identified in the EERA as having intermediate risks associated with them are the same 
areas where sediment concentrations were found to be above the PRGs. 

7. Comment: Page ES-3, DATA USED IN PRG DEVELOPMENT FOR OU4. The text should 
state why Round 2 data was used for PRG development, and how PRGs will be evaluated and 
possibly modified based on additional monitoring data in the future. 
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Response: The text will be revised to indicate that in accordance with the Interim Offshore 
Monitoring Plan for OU4, only the Round 2 spring sampling data set contained both chemistry 
and toxicity data required for the derivation portion of the PRG development process. The 
Round 1, Round 2, and EERA data were used to evaluate reasonableness of the calculated 
PRGs for addressing risks at the site. Also please see the Navy's response to EPA Comment 
No.1 dated January 25, 2001 and MEDEP comment No.2 dated January 23, 2001. 

8. Comment: Page ES-4, DATA USED IN PRG DEVELOPMENT FOR OU4. A couple of 
problems encountered during the Round 2 sampling and analysis are presented in the third and 
fourth bullets. Sufficient pore water could not be extracted from sediment sample OU4-SD­
M14-300B, so surface water from the back channel was added to the sample, and then 
extracted from the sample as pore water after 24 hours. Is 24 hours sufficient for 
concentrati.ons in the water and sediment to equilibrate? Where was the surface water sample 
collected in relation to the sediment sample? What effect might this have on the results? The 
initial volume of sediment collected at the reference stations was insufficient, so resampling 
was conducted two weeks later. What effect, if any, did the delay in sampling have on the 
results? 

Response: The text will be revised to indicate that sufficient pore water could not be extracted 
from sediment sample OU4-SD-M14-1 OOB. The treatment of the sample was intended to r:nimic 
tidally influenced sediments where daily flushing and draining of sediments occur with the rise 
and fall of the tide. It is not known if the sample was completely equilibrated, but the procedure 
should present worst-case conditions of the potential for partitioning. The surface water was 
from sub-tidal water collected in proximity to the sediment. 

The short length of time between the sampling efforts is of the same scale as required to 
complete a single sampling effort. This should have no effect on the results. 

9. Comment: Page ES-4, DATA USED IN PRG DEVELOPMENT FOR OU4. The paragraph 
beneath the bullets states that pesticides have not been linked to an onshore IRP site at the 
current time and so are not identified as COCs for OU4. We agree with the MEDEP's pOSition 
(MEDEP comment number 31 ) that a PRG for DDT must be developed. 

Response: Please see the Navy's response to MEDEP Comment No. 32 dated January 23, 
2001 related to PRG for pesticides. 

10. Comment: Table ES-2. Why do the recommended PRGs in this table differ from those in 
Table 2.2-6 in Appendix A? Comment 9, above, also applies to Table ES-2. We had 
commented in our June 18, 1998, letter on the PRG development approach about the need to 
consider health advisories pertaining to fish consumption as part of the process. How do the 
recommended PRGs compare with fish consumption advisory thresholds? 

Response: As provided in the footnote for the Table ES-2, the values in the table are from the 
Recommended PRGs column of Table 3.3-2. The PRGs in Table 2.2-6 are the baseline PRGs. 
The PRGs are sediment-based concentrations and are thus not directly comparable to tissue­
based thresholds. 
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SAPL Comment No.4 dated June 18, 1998 pertains to fish consumption. The Navy responded 
in their response to comments letter dated July 20, 1998 as follows: "Based on information 
currently available, the Navy believes that PRGs for protection of human health will not need 
to be developed for PNS." And, as part of the interim remedy, it was determined that PRGs for 
the protection of human health were not necessary. The PRG process was conducted in 
accordance with decisions documented in the Interim ROD (Navy, 1999) and implemented in 
the Interim Offshore Monitoring Plan (TtNUS, 1999). The Interim Offshore Monitoring Plan 
provides the presentation of the PRG development approach that was used in the current 
document. As provided in the Interim Monitoring Plan, PRG development for OU4 addresses 
ecological receptors. PRGs to address human receptors is not necessary based on the results 
of the risk assessments. 

Comment: Appendix A, Page 1, Section 1.0 BACKGROUND AND OBJECTIVES. The 
conflicting statements in the last full paragraph on the page regarding the use/non-use of the 
proposed Sediment Quality Criteria (SQCs) should be revised. Also, are the sacs intended 
to protect 95 percent of all individuals present, or 95 percent of species present regardless of 
the number of individuals present. 

Response: Please see the Navy's response to MEDEP Comment No. 11 dated January 23, 
2001 for text revision to clarify how the SOC were used in the PRG process. The SQCs are 
intended to protect for chronic effects in 95% of the species. The criteria do not attempt to 
predict population effects (e.g., nos. of individuals) for a given species, but the tests are based 
on changes in the numbers of individuals that are used in the test. . 

12. Comment: Appendix A, Page 2, Section 2.0 PRG DERIVATION. In addition to the 
.assumption regarding co-located CoCs (see our comment number 4, above), the PRG 
development process also assumes that the ".:.GoGs selected as [for?] PRGs adequately 
represent risks posed by all site-related GoGs, e.g., there does not exist novel chemicals at high 
concentrations that have not yet been detected ... " As we noted in our September 2, 1999, 
comments on this aspect of the PRG process description in the Draft Final Interim Offshore 
Monitoring Plan for OU4, dioxin, for example, had not been an analyte in previous offshore 
sampling and we questioned how detection of dioxin would affect PRG development. How was 
dioxin considered in the PRG development? If"novel" chemicals are detected, how will they be 
addressed via PRGs? 

Response: As provided in the response to SAPL's Comment F dated September 2, 1999 on 
the Draft Final Interim Offshore Monitoring Plan (see Appendix B.5, page 28 of the final Interim 
Offshore Monitoring Plan, TtNUS, October 1999), "The dioxin concentration data will require 
a screening evaluation for assessment of potential ecological risk. That is, the concentration 
results will need to be evaluated against literature-based benchmarks for toxicological effects 
and evidence of toxicity from testing of collocated samples. If dioxin is determined to be a 
potential risk contributor, then additional data will be necessary to address PRG data needs. 
When dioxins detected in the offshore are determined to be from a PNS site, dioxin PRGs will 
be developed by the Navy." 

The dioxin data are being collected and will be evaluated as part of the Baseline Interim 
Offshore Monitoring Report (which will be prepared after the fourth round of baseline 
monitoring). 
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13. Comment: Appendix A, Page 11, S ction 2.2 Aquatic PRG Derivation. The last paragraph 
on the page requires additional explanation about how narcosis theory supports the first 
sentence in the paragraph. 

Response: The Navy agrees that clarification would be helpful. Hence, the following text will 
be added as the second sentence of the indicated paragraph: "Narcosis theory supports the 
Limiting CoC concept because if the CoCs have similar mode of action, then the total risk of 
all CoCs in the sample can be summed (Le., sum HQ) and compared directly to toxicity 
responses in the samples". 

14. Comment: Appendix A, Pages 17-19, Section 3.3.1 Baseline PRG Evaluation. It would be 
helpful to have a table summarizing the information presented in this section. 

Response: A table presenting the comparison of site-specific PRGs with the literature 
benchmarks will be provided. 

15. Comment: Appendix A, Page 21, Section 4.0 UNCERTAINTY ANALYSIS. The second 
sentence in the section states that "Areas of PRG exceedence also appear to correspond well 

. with areas of observed risk such that the implementation of baseline PRG values (i.e., as 
recommended PRGs) would appear to be reasonable from a risk-based perspective." This 
statement appears to be at odds with the passage in the previous paragraph that states the 
PRGs did not address a number of intermediate risk locations around PNS. Additional 
explanation is required. 

Response: The following text will be substituted for the 2nd sentence of Section 4 to provide 
additional explanation: "Although every sampling location around PNS did not have a PRG 
exceedance, multiple sampling locations within each of the intermediate risk areas (Le., Dry 
Docks, Back Channel, Sullivan Point) did exhibit PRG exceedances. Thus, areas of PRG 
exceedance· appear to correspond well with areas of observed risk such that the 
implementation of baseline PRG values (i.e., as recommended PRGs) would appear to be 
reasonable from a risk-based perspective". 

16. Comment: Appendix A, Page 21, Section 4.0 UNCERTAINTY ANALYSIS. The second 
paragraph opens with the statement that the process leading to the calculated baseline PRGs 
is largely quantitative and devoid of professional judgement. We find that statement misleading 
as it implies that deriving a PRG is not much more than a standardized "plug and chug" 
exercise. Instead, designing the PRG development process required professional judgement 
all along the way, particularly with regard to formulating the underlying assumptions. These 
underlying assumptions contribute significantly to the uncertainties both with the resulting PRG 
values and with how those PRGs should be applied in making decisions about risk and 
remediation. The text should be revised appropriately. 

Response: The text will be revised as follows: ''The process of calculating the baseline PRGs 
is largely quantitative, although considerable professional judgement and input from regulators 
and Trustee's were incorporated into designing the process and the sampling program to 
collect the necessary data needed for development of PRGs". 
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17. Comment: App ndix A, Tables 2.2-2 - A-3-1.3c. It is unclear how the data in the tables in 
the second half of Appendix A were used, and what information (and why) is included or 
dropped. Perhaps a sample calculation would help the reader track the process. 

Response: The "A" tables were used to support the PRG calculations. Please see the Navy's 
response to MEDEP Comment No.1 for text revisions to clarify the "A" tables. 
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RESPONSES TO USEPA FOLLOW-UP COMMENTS DATED APRIL 12, 2001 ON 
DRAFT PRELIMINARY REMEDIATION GOALS FOR OPERABLE UNIT 4 
PORTSMOUTH NAVAL SHIPYARD; KITTERY, MAINE 

The following are EPA's comments on the Navy's responses to EPA's comments on the draft 
Preliminary Remediation Goals Report: These responses were dated March 9, 2001. 

The comments below also reflect discussions held during the technical meeting regarding these 
responses. This meeting was held April 3, 2001. 

1. Comment: EPA does not have any further comments regarding the specific responses 
provided by the Navy. 

Response: Comment noted. 

'~, , 

The following comments are related to discussions regarding issues raised during the technical 
meeting. 

2. Comment: The Acute Chronic Ratio (ACR) should be based on chemical-specific studies using 
flow-through exposure with measured toxicant concentrations. The generic ACR (=8) may be 
used if such studies do not exist. Table 2.2-1 should be updated i(chemical-specific flow­
through ACR values can be obtained from the literature for DDT, aldrin, silver, and naphthalene. 

Response: The Navy' has investigated the availability of chemical-specific ACR values and has 
summarized this information in a new Table A-4 to be added to the PRG document. Updated 
values for the affected chemicals will be reflected in Table 2.2-1. These chemicals include 
silver, aldrin, naphthalene, BHC (alpha, beta, gamma, delta isomers), DOD (o,p', p,p' isomers), 
and DOE' (o,p', p,p'). 

3. Comment:· Some of the EPA Water Quality Criteria should be updated in Table 2.2-1 based 
on EPA, 1999 .. 

Response: In addition to changes being made as indicated in the Navy's response to USEPA 
Comment No.2 above, updated values will provided in Table 2.2-1 based on EPA (1999). This 
change modified some of the values listed for metals, but none of changes affect the Water 
Quality Screening Values (WQSVs). However, additional updates to the table were made based 
on values for pesticides obtained from NOAA (Buchman, 1999). The analytes included 1,2,;3,5-
tetrachlorobenzene (and by assumption of similarity, 1,2,3,4-tetrachlorobenzene) and 
hexachlorobenzene, Which previously did not have WQSVs. This change will provide a more 
complete assessment of the measured analytes for PRG development. 

Also, a slight change in the calculated WQSV for Low Molecular Weight (LMW), High Molecular 
Weight (HMW), and Total Polycyclic Aromatic Hydrocarbon (PAH) values was made because 
of a change in the predicted partitioning coefficient (Kow) of these chemical class aggregates. 
Presently, the Kow is calculated as the median of the analytes as defined in the footnote of the 

table whereas previously additional analytes within that PAH class had been included in the 
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calculation. This change was made such that the same analytes used to derive the Kow values 
are the same as used to derive the field-based sediment and pore water concentrations (Le., 
same analyte lists used in each case). While the resulting values are slightly higher, the 
consistency in the approach should provide an improved assessment of PRGs for these 
chemical class aggregates. 

4. Comment: Please identify which of the proposed PRGs are based on a reference-based TEV, 
rather than a NOEC-based TEV. For those TEV based on a reference-based TEV, please 
provide tables of contaminant concentration data and the results a statistical analyses that show 
that the site samples are consistent with background. 

Response: The information containing the comparison of the No Observable Effects 
Concentration (NOEC) with the reference value is provided in Table 2.2-4. Chemicals where 
the reference value is greater than the NOEC will have PRGs that are reference-based. The 
table including the updated list of PRGs will be provided with the draft final interim submittal. 
The use of the reference concentration does not indicate that the site samples are consistent 
with the background concentrations. The NOEC, which is used to set the PRGs if it is greater 
than the reference concentrations, is only based on the non-toxic samples, not the toxic 
samples. Therefore, the chemical concentrations in all of the site samples are not expected to 
be consistent with background. The reference concentration is used to ensure that the PRGs 
are not lower than the reference concentrations. 

5. Comment: EPA would like to see a sensitivity analysis in which PRGs are calculated under two 
alternate procedures: 1) sea urchin toxicity test samples are designated "Toxic" if effects are 
significant at any pore water concentration (e.g. those samples marked with one or more X in 
table 2.2-2), and 2) PRGs are calculated based only on amphipod toxicity test data. 

Response: The Navy does not agree to provide the requested sensitivity analysis because the 
rational for selecting the toxic samples is based on commonly accepted scientific practices. For 
example, NOAA (1994), in a study of pore water toxicity to sea urchin fertilization for samples 
taken from Tampa Bay, FL, reported the following: 

"Since the sea urchin tests with the 100% pore water indicated the majority of the samples 
were significantly toxic, the data from the 25% pore water tests were used as more 
conservative indicators. ,(1) 

(1) - NOAA, 1994. Magnitude and Extent of Sediment Toxicity in Tampa Bay, Florida. NOS 
Technical Memorandum NOS ORCA 78, p. 38 

Thus, the NOAA approach, essentially eliminated the consideration of the 100% (and apparently 
50%) samples in assessing sediment toxicity. In the present study, the Navy's use of samples 
with toxicity in dilutions. of 50% or more represents an equivalent and perhaps more conservative 
approach than that used in t~e NOAA study. 

The example PRG document indicated that the PRGs would be calculated using results from 
both the amphipod and sea urchin toxicity tests. Both spedes are used to develop, the PRGs 
because the two species may have different sensitivities to ,the same chemical. Therefore, it 
would not be appropriate to only use the data from one species to develop a PRG when the data 
from both species were collected. 
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6. Comment: Many of the PRGs are higher than Effect Range Median (ERM) concentrations of 
Long et al (1995). The ERM is the concentration above which adverse effects are likely, based 
on the results of numerous studies. As shown in the table below, the proposed PRGs for 
copper, nickel, anthracene, high molecular weight PAHs, PCBs, and DDT are higher than the 
ERM by factors of 1.2 to 2.4. The differences between the proposed PRGs and ERMs are 
discussed in section 3.3.1 of the report, but the text is confusing because the PRGs and'the 
ERMs are presented in different concentration units. I recommend that the PRGs be compared 
with ERMs in a table similar to the table below in which all parameters have identical 
concentration units. 

Chemical PRG ERL 
(ug/kg) (ug/kg) 

Copper 546,600 34,000 

Nickel 124,400 20,900 

Acenaphthylene 210.1 44 

Anthracene 1,343.9 85.3 

Fluorene 536 19 

HMW PAHs 13,057 1,700 

Total PCBs 409.26 22.7 

Trans-Nonachlor 3.24 NA 

p,p'-DDT 66.4 1.5 

PRG = Preliminary Remedial Goal (Tetra Tech' NUS, Inc.·2000) 
ERL = Effects Range Low (Long et ai, 1995) 
ERM = Effects Range Median (Long et ai, 1995) 
HMW PAHs = High Molecular Weight Polynuclear Aromatic Hydrocarbons 

References 

ERM 
(ug/kg) 

270,000 

51,600 

640 

1,100 

540 

9,600 

180 

NA 

46.1 

EPA. 1999. National recommended water quality criteria-correction. EPA 822-Z-99-001. 

Long, E. R., D. D. MacDonald, S. L. Smith, and F. D. Calder. 1995. Incidence of adverse 
biological' effects within ranges of chemicals concentrations in marine and estuarine 
sediments. Environmental Management 19(1): 81-97. 

Tetra Tech NUS, Inc. 2000. Preliminary remediation goals for operable unit 4 Portsmouth 
Naval Shipyard, Kittery, Maine. November, 2000. 

Response: PRGs are developed using site-specific data, which is why they are different that 
the ER-M values. However, as indicated in the Navy's response to EPA Comment No.9 dated 
January 25, 2001 (provided in TtNUS correspondence dated March 9, 2001), the requested 
table will be included as an appendix to the PRG document. 
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RESPONSES TO MEDEP FOLLOW-UP COMMENTS DATED APRIL 10, 2001 ON 
DRAFT PRELIMINARY REMEDIATION GOALS FOR OPERABLE UNIT 4 
PORTSMOUTH NAVAL SHIPYARD, KITTERY, MAINE 

The Maine Department of Environmental Protection has reviewed the document referenced above. 
Many of the Navy's responses and State's concerns were'discussed at the April 3, 2001 technical 

meeting. For the most part the Navy addressed our concerns at that meeting. However, the 
Department still has minor concerns regarding the potential for increased (over that calculated by 
the PRG process) bioavailability of contaminants to deposit feeding benthic organisms. The 
following comment discusses our concern. 

1. Comment: 

MEDEP Comment 1 

MEDEP: "The PRGs do not account for exposure via ingestion of contaminants associated with 
sediment particles." 

Navy respons~: "The process presented addresses ingestion (by aquatic organisms) of 
contaminants associated with sediment particulates. The use of an EqP pore water approach 
is fundamentally based in the premise that because contaminants in pore water and bioavailable 
contaminant on sediment particles are in equilibrium, either contaminant phase could be 
measured to represent the chemical exposure." 

MEDEP followup comment: The MEDEP's concern regarding ingestion of contaminants has 
to do with the equilibration of contaminants between sediment particles and digestive fluids 
within the gut of deposit feeders, not porewater. It is this issue (porewater vs. digestive fluids) 
that we wanted the Navy to address .. Mayer et. al. (1996)1 (attached) found good correlations 
on a relative level between gut fluid-sediment partitioning and seawater-sediment partioning. 
However, they also found that solubilization of contaminants during digestive attack is 

considerably greater than predicted from seawater-solid partitioning. As stated in Mayer et. al. 
(1996): 

"Estimates of contaminant impact are increasingly based on partitioning of contaminant 
between water and the solid phase ... Our results for Cu show highly significant correlations 
(p<0.01) between the amounts solubilized by clean seawater attack vs extraction by 
digestive fluid from each of the two species of animal used in this study [the polychaete 
worm Arenicola marina and the sea cucumber Parastichopus californicus] ... This finding is 
consistent with the good correlations found between toxicity and pore water 
concentrationS ... in that each measure may provide predictive value regarding which 
sediments have relatively high bioavailable concentrations. 

Solubilization of contaminants during digestive attack is however considerably greater than 
predicted from seawater-solid partitioning, so that the correlations of Figure 3 [charts showing 
correlation between digestive fluid extraction and seawater extraction] implicate only the rank 

1 Mayer. L. M .. Z. Chen, R.H. Findlay, J. Fang. S. Sampson, R.F.L. Self, P.A. Jumars, C.Quetel, and O.F.X. 
Donard. 1996. Bioavailability of Sedimentary Contaminants Subject to Deposit-Feeder Digestion. Env. Sci. Tech. 
30:8, pp. 2641-2645. 
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order of sediments. The actual exposure to Cu during digestive attack is much greater than can 
be explained by pore water concentrations. Enrichment factors, defined as ratios of the amount 
solubilized by digestive fluid relative to that by'seawater, ranged from 9 to 235 for PAH 
experiments in which measurable release was found for the seawater incubations. Even greater 
factors are implied for samples with PAH levels below detection in the seawater incubations. 
For Cu release from contaminated sediments, enrichment factors ranged from 5 to 2389, 

showing that digestive'fluids solubilize much more metal than does seawater. Seawater­
solid partitioning models, therefore, would underestimate absolute bioavailability under 
digestive conditions, a conclusion consistent with previous studies [emphasis 
added] ... Furthermore, the high variability in enrichment factors reduces the predictive power of 
water-solid partitioning or models for patterns of relative contaminant impact." 

It should also be noted that some of the contaminated sediments used in this study were 
collected from Portsmouth Harbor, although the exact locations were not stated. 

The Navy's response states "We measure pore water and assume that the chemicals in the 
pore water are 100% bioavailable ... ". But this only accounts for the concentration of chemicals 
that are sea-water extractable. As indicated in Mayer et. al. (1996) the concentration of 
chemicals that are bioavailable within the gut of deposit feeders may be significantly higher. The 
MEDEP's main concern is that the Equilibrium Partitioning approach does not seem to apply 
within a deposit feeding organism. Therefore, while the PRGs may be appropriate for organisms 
not ingesting contaminated sediment, they may not be protective of deposit feeding organisms. 

During the April 3 technical meeting Greg Tracey indicated that some researchers have found 
that solubilization of contaminants during digestive attack is not that significant compared with 
solubilization by seawater. It would be helpful to include some of these references in your 
response to this comment. 

My notes from the April 3 meeting indicate that Greg Tracey also stated that ingestion of 
sediments did not seem to be a significant factor leading to risk at OU4 as there were no areas 
of risk found during the offshore Ecological Risk Assessment that aren't covered by the draft 
PRGs. According to the November 2000 Draft PRG document, the only exceedances of a PRG 
at Clark Cove were for nickel and DDT when using the Round 2 monitoring data, and the Navy 
is not recommending a PRG for DDT. 'When using Round 1 data, DDT is the only PRG that is 
exceeded at Clark Cove, and when using the EERA data, no PRGs are exceeded at Clark Cove 
(or most other AOCs for that matter). Clark Cove is significant when discussing deposit feeders 
as the EERA identified Clark Cove as having benthic communities different from all other areas 
in OU4, namely in terms of reduction of species. The EERA indicates that 55.3% of the variation 
in total species in the benthic communities were explained by variations in mean sediment grain 
size and eelgrass biomass. However, an additional 17.6% of the variation is explained by 
"several contaminant parameters" (total metals and PCBs). 

At this stage, the MEDEP does not believe that ingestion of contaminated sediment is a highly 
significant source of risk to benthic infauna, primarily because in general the EERA found that 
benthic community density, richness, and evenness in all of OU4 were not significantly different 
to reference sediments. However, the potential for increased bioavailability of contaminants due 
to digestion of contaminated sediments needs to be kept in mind throughout the PRG 
developmentlFS/remediation stages of OU4. 

Response: The Navy does not discount that studies exist that indicate possible additive 
exposure from ingested sediment. However, in developing the PRGs, the Navy has followed 
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EPA's procedures for estimating exposure per the Sediment Quality Criteria program which has 
been peer-reviewed by the EPA Science Advisory Board. The process represents a consensus 
opinion regarding available information to date, includes site specific toxicity tests as an integral 
part in the process of developing the PRGs, and includes organisms (Le., amphipods) that do 
integrate all sources of chemical exposure (including ingestion). Therefore, the potential for 
increased bioavailability of contaminants due to digestion of contaminated sediments is included 
in the PRG process, and through the application of PRG will be considered in subsequent steps 
of the CERCLA process for OU4. 

2. Comment: 

MEDEP Comment 4 

MEDEP: " .. jhe Navy should provide a detailed description of how the PRG for each compound 
was derived." 

Based on the discussions at the April 3 meeting it is our understanding that the Navy will provide 
one or more examples of how the PRG was derived for a particular compound. 

Response: The Navy has agreed to provide example ''walk-through'' narratives for 
representative PRG chemicals (e.g., one metal and one organic) that explain how the PRGs 
were developed, with specific references to appropriate tables at each step. Example 
calculations are provided in the PRG approach document. 
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RESPONSES TO SAPL FOLLOW-UP COMMENTS DATED APRIL 11, 2001 ON 
DRAFT PRELIMINARY REMEDIATION GOALS FOR OPERABLE UNIT 4 
PORTSMOUTH NAVAL SHIPYARD, KITTERY, MAINE 

We are transmitting comments on behalf of the' Seacoast Anti-Pollution League (SAPL) concerning 
the Navy's March 9, 2001, responses to our comments on the Draft Preliminary Remediation Goals 
for Operable Unit 4. Most of the Navy's responses to our January 25, 2001, comments, and the 
information provided at the April 3, 2001, technical meeting, satisfied our concerns. We have 
repeated our original comments below where we still have unanswered questions or issues. 

1. Comment: 

Original Comment 1. General Comment. We found the document very difficult to read and 
understand. While we understand the overall process for developing Preliminary Remediation 
Goals (pRGs), we were unable to follow the actual PRG development and we cannot say at 
this time that the PRG values presented are acceptable. To do so, we would have to recreate 
the work performed, which time and budget do not allow. Therefore, our comments below do 
not reflect sufficient understanding to say if the report and its conclusions are accurate and 
appropriate. We are also relying on comments dated January 23,2001, that were submitted 
by the Maine Department of Environmental Protection (MEDEP), and, in the interest of 
efficiency, our comments below do not repeat most of the issues and questions already 
covered by MEDEP. We are particularly concerned with the interpretation and application of 
OU4-wide average PRGs (MEDEP comments 1 and 21). 

Navy Response: The Navy's response focLises on having discussions at a PRG technical 
meeting to address comments regarding the PRG process. 

Additional Comment: Reviewing the PRG development process at the April 3, 2001, technical 
meeting was helpful. Regarding the difficulty in reading and understanding the document, the 
Navy and the EPA acknowledged at the technical meeting that the readibility of the report 
needed to be improved so that the regulatory agencies' technical experts could express 
confidence in the PRG development. Example calculations should be included in the revisions. 
The Executive Summary should also be rewritten so that the public can understand the 
process and results. 

Response: As discussed at the April 3, 2001 technical meeting, the Navy will add table 
references for the equations provided in Table ES-1 and example calculations will be provided 
in the PRG report. 

As the Navy indicated in the April 3, 2001 technical meeting, the Navy agreed to review the 
Executive Summary to try to provide additional explanation of the PRG development process; 
however, the document is a very technical document and the Navy does not believe that it is 
appropriate to try to revise the document to provide non-technical discussions. The Navy will 
also prepare a fact sheet for the public to provide a non-technical explanation of the PRG 
development process .. 
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2. Comment: 

Original Comment 2. Page ES-1, PRG BACKGROUND. The text states that the PRG 
development approach uses data to "".establish sediment-based concentrations that represent 
thresholds below which adverse effects on ecological and human receptors are not expected 
to occur." As MEDEP points out in their comment number 1, the PRGs do not account for 
exposure via ingestion of contaminants associated with sediment particles. It is appropriate 
to check at this time if there are contaminants of concern (CoCs) for which the ingestion 
pathway is significant. 

We also find the statement quoted above to be at odds with passages later in the document. 
For example, page 3 in Appendix A states that the objective of PRG development is "".to 

determine sediment-based concentrations that represent thresholds below which adverse 
effects on sediment-associated aquatic biota (i.e., benthic organisms) are not expected to be 
ecologically significant." Does "ecologically significant" mean there will be no effects? If so, 
the text on page 3 and elsewhere should be revised. If not, the text on page ES-1 and 
elsewhere should be revised. 

Navy Response: The first portion of the response refers to the response to MEDEP's comment 
number 1. The second portion reads "Following a conservative approach, it is assumed that 
all adverse effects are ecologically significant hence the meanings are the same. This 
clarification will be provided on page 3 in Appendix A "".to determine sediment-based 
concentrations that represent thresholds below which adverse effects on sediment-associated 
aquatic biota (i.e., benthic organisms) are not expected to be ecologically important to 
maintenance of the population." 

Additional Comment: The revised text quoted in the second part of the response suggests 
that there are adverse effects that occur that are not ecologically important. This is not the 
same as saying that all adverse effects are ecologically significant. We suggest that the 
passage in Appendix A be revised to read the same as on page ES-1. 

We also note that the MEDEP cited data in their April 10, 2001, comment letter that 
demonstrates that ingestion can be an important pathway for enhanced uptake of contaminants 
by organisms. This information should be considered with the on-going data collection and in 
the application of PRGs to decisions and remedial measures in the future. 

Response: The first sentence of Section 2.1 will be revised to read "It is the objective of the 
PRG development to establish sediment-based concentrations that represent thresholds below 
which adverse effects on ecological receptors are not expected to occur." Regarding the 
ingestion of chemicals, please see the Navy response to MEDEP comment 1, above. 

3. Comment: 

Original Comment 3. Page ES-2, PRG BACKGROUND .. The basic assumption of the PRG 
development approach is that concentrations 0f chemicals in sediment, porewater, surface 
water, and biota are in equilibrium. Does the currently-available date support this assumption? 
How will the on-going monitoring data be evaluated to check this assumption? What action 

will be taken if the monitoring data or other information indicates this assumption is incorrect? 
What is the "sanity check" mentioned later in the paragraph? 
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Navy Respons : The Navy states that the equilibrium assumption made is widely applied in 
sediment toxicology, and that the agreement between site-specific and literature values, and 
between calculated concentrations causing effects and water quality criteria as supporting the 
assumption. Therefore, the Navy does not foresee the need to continually validate the 
assumption. 

Additional Comment: We disagree with the Navy's position that the monitoring data collected 
in the future does not need to be checked to verify the validity of the equilibrium assumption. 
While we do not believe it is necessary to check the assumption continually, the data collected 
in the future should be checked. Otherwise, inappropriate PRG values could be applied in 
making decisions and implementing remedial measures. 

Response: The assumptions regarding equilibrium partitioning have been presented in various 
USEPA documents. As discussed in the technical meeting, USEPA has a Draft Sediment 
Ouality Guidelines document for PAHs that is based on equilibrium partitioning which has been 
peer-reviewed by the USEPA Science Advisory Board. Many years of research has gone into 
investigating these assumptions. 

The Navy notes that as part of the during the Data Quality Assessment (DQA) for the project, 
assumptions are evaluated to determine whether they are still valid. For example, if there is a 
change in scientific knowledge or in regulatory policy that affect assumptions made, then the 
impact on the project needs to be considered or if the data collected indicate a different 
understanding of the project. Not all assumptions are verifiable as part of a project particularly 
when it is determined in the Data Quality Objectives (DOOs) that verification is not an objective 
(and the necessary data to verify the assumption is not collected). The assumptions regarding 
equilibrium partitioning were developed based on current scientific knowledge and collection 
of data to verify the assumption is not an objective of the interim offshore monitoring program. 

4. Comment: 

Original Comment 4. Page ES-2, PRG Derivation. This paragraph covers the assumption 
regarding selection and remediation of limiting CoCs, those CoCs that are responsible for much 
of the baseline risk. By remediating limiting CoCs, collocated CoCs will be remediated to levels 
that will not have adverse effects. Does the data support this assumption? We also reiterate 
MEDEP's comment number 11, that focusing on a limiting CoC does not address potential 
cumulative toxicity. 

Navy Response: The Navy's response refers to the response to MEDEP comment number 
13a. 

Additional Comment: Our question regarding does the data support the assumption of limiting 
COCs does not appear to be answered directly in the response to MEDEP comment 13a. 

Response: The referenced text is an assumption used in the development of the PRGs. 
Thus, there is no site-specific data to support the assumption because all chemical 
concentrations around PNS are not yet below PRG concentrations. Rather the assumption is 
taken from USEPA (1991) where the concept of the adoption of a Limiting CoC approach w~s 
recommended. The Navy has adopted EPA's guidance in the development of the PRGs. 
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USEPA, 1991. Risk Assessment Guidance for Superfund: Vol. 1 -Human Health Evaluation 
Manual. Part B. Development of Risk Based Preliminary Remediation Goals. 

5. Comment: 

Original Comment 6. Page ES-3, PRG Implementation. The final paragraph states that the 
PRGs are consistent with the findings of the risk assessment. What does that mean? (See 
comment 15, below.) 

Navy Response: The statement means that the areas (i.e., Sullivan Point, Back Channel, and 
Dry Docks) identified in the EERA as having intermediate risks associated with them are the 
same areas where sediment concentrations were found to be above [the] PRGs. 

Additional Comment: This is an important clarification that should be added to the text of the 
document. 

We also note that, while dioxin is included in the on-going offshore monitoring, it was not 
evaluated as part of the EERA. 

Response: The recommended clarification will be added to the discussion of PRG 
Implementatio"n in the Executive Summary as follows: ". ." 

/ . ~" 
"The results of implementation of the PRGs (presented in Attachment 1 Ap'pendix A) indicate 
that the PRGs are consistent with the findings of the risk assessment, that is, the areas 
identified in the EERA as having intermediate risks associated with them (i.e., Sullivan Point, 
Back Channel, and Dry Docks) are the same areas where sediment concentrations were found 
to be above PRGs." 

Dioxin data were not collected during the EERA sampling (as per the work plan for the EERA) 
and therefore dioxin data were not included in the EERA. Please see the Navy's Response to 
SAPL Comment No.6 below for additional information related to dioxins. 

6. Comment: 

Original Comment 10. Table ES-2. Why do the recommended PRGs in this table differ from 
those in Table 2.2-6 in Appendix A? Comment 9, above, also applies to Table ES-2. We had 
commented in our June 18, 1998, letter on the PRG development approach about the need to 
consider health advisories pertaining to fish consumption as part of the process. How do the 
recommended PRGs compare with fish consumption advisory thresholds? 

Navy Response: The Navy's response notes that the PRGs are sediment-based 
concentrations and are thus not directly comparable to tissue-based thresholds. It also states 
that it was determined that PRGs protective of human health were not necessary as part of the 
OU4 interim remedy, and that PRGs to address human receptors are not necessary based on 
the results of the risk assessments. 

Additional Comment: With regard to the final statement in the Navy's response, the risk 
assessments did not evaluate dioxin, as dioxin has only recently been tested in various 
sampling programs around the Shipyard. 
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In addition, as was noted at the April 3, 2001, technical meeting, the State of Maine recently 
issued updated Fish Tissue Action Levels. How do these Action Levels compare with the 
PAGs? 

The basic assumption of the PAG process is that concentrations of chemicals in sediment, 
porewater, surface water and biota are in equilibrium. Based on this assumption, can the 
concentrations of chemicals in tissue be estimated? 

Response: The Navy understands the SAPL's concerns related to dioxin. As the Navy has 
indicated previously (in the Navy's response to SAPL Comment F dated September 2, 1999 on 
the Draft Final Interim Offshore Monitoring Plan and the Navy's response to SAPL Comment 
No. 12 dated January 25, 2001 on the draft PAG report), the dioxin concentration data will 
require a screening evaluation for assessment of potential ecological risk. The dioxin data will 
be evaluated as part of the Baseline Monitoring Aeport. This was also discussed at the April 
3, 2001 technical meeting. The resolution based on the meeting discussion was that a PAG 
for dioxins is not necessary at this time. The dioxin data available for the offshore will be 
evaluated. All participants at the meeting were given an action item to look into what dioxin 
screening levels are available for sediment and fish tissue (mussel and juvenile lobster, in 
particular) 

The Navy believes that the Fish Tissue Action Levels are not comparable to PAGs because the 
levels are applicable only to protection of human health whereas the PAGs are applicable to 
ecological p·rotection. 

The estimation of tissue concentrations from sediment requires the collection of collocated 
sediment and tissue samples. For the Interim Offshore Monitoring Program for OU4, collocated 
sediment and mussel tissue samples were collected and analyzed. Juvenile lobster tissue 
samples for each monitoring station were also collected and analyzed. The Navy used this 
data to calculate BSAF and BAF values, which could be used to predict sediment 
concentrations from tissue concentrations and vice versa. 
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3.3 MEETING MINUTES FROM APRIL 3, 2001 TECHNICAL MEETING 



Ms. Meghan Cassidy 

DEPARTMENT OF THE NAVY 
ENGINEERING FIELD ACn\/lTY, NORTHEAST 

NAVAL FACILITIES ENGINEERING COMMAND 

10 INDUSTRIAL HIGHWAY 

MAIL STOP, .82 

LESTER, PA 19113·2090 

u.s. Environmental Protection Agency, Region I 
1 Congress Street 
Suite 1100 
Mail Code HBT 
Boston, MA 02114-2023 

) 

Mr. Iver McLeod 
Maine Department of Environmental Protection 
State House Station 17 
Augusta, ME 04333-0017 

Dear Ms. Cassidy/Mr. McLeod: 

IN REPLY REFER TO 

5090 
Code 1823/FE 
3 May 2001 

SUBJECT: PRELIMINARY REMEDIATION GOALS FOR OPERABLE UNIT 4 
(OU4) , INSTALLATION RESTORATION PROGRAM FOR PORTSMOUTH 

NAVAL SHIPYARD, KITTERY, ME 

Enclosed are the meeting minutes for the April 3, 2001 
technical meeting on the'Preliminary Remediation Goals for 
Operable Unit 4. 

Comments on the enclosed minutes are requested on or before 
May 21, 2001.' 

If additional information is required please contact Mr. 
Fred Evans at (610) 595-0567 x159. 

for the Community Restoration Advisory Board (RAB) members; 
if you have any comments or questions on these issues, they can 
be provided to the Navy at a RAB meeting, by calling the Public 



5090 
Code 1823/FE 
3 May 2001 

Affairs Office at (207). 438-1140 or by writing to: 

Portsmouth Naval Shipyard 
Code 106.3R Bldg 44 
Attn Marty Raymond 
Portsmouth, NH 03804-5000 

Copy to: 
NOAA (K. Finkelstein) 
USFWS (K. Munney) 
MEDMR (D. Card) 
NHFG (C. McBane) 
Mr. Doug Bogen 
Mr. Jeff Clifford 
Ms. Michele Dionne 
Ms. Eileen Foley 
Ms. Mary Marshall 
Mr. Phil McCarthy 
Mr. Jack McKenna 
Mr. Onil Roy 
Ms. Johanna Lyons 
Dr. Roger Wells 
Ms. Carolyn Lepage 
PNS Code 100PAO 
COMSUBGRU TWO (R. Jones) 
PNS (Code 106.3R) 
TtNUS (D. Cohen) 
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Sincerely, 

~/.dt~/C[ ~7Vl~ 
Frederick J.~ns 
Remedial Project Manager 
By Direction of the 
Commanding Officer 
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OFFSHORE PRELIMINARY REMEDIATION GOAL (PRG) TECHNICAL TEAM MEETING 
. PORTSMOUTH NAVAL SHIPYARD 

. April 3, 2001 

, The technical team meeting on Preliminary Remediation Goal (PRG) for Operable Unit 4 
. (OU4) was held from 9:25 a.m. to 2:45 p.m. on April 3, 2001 at Portsmouth Naval Shipyard, 

Kittery, Maine. Attending were Meghan Cassidy and Rick Sugatt (USEPA), Iver McLeod and 
Katie Zeeman (MEDEP), Ken Finkelstein (NOAA), Carolyn Lepage (TAG consultant), Jim 
Horrigan (SAPL representative for RAB) and the Navy project team consisting of Marty 
Raymond (PNS), Fred Evans (NorthDiv), Jason Speicher (NorthDiv), Greg Tracey (SAIC), 
and Debbie Cohen and Aaron Bemhardt (TtNUS). 

Copies of the meeting presentation on the process for development of offshore Preliminary 
Remediation Goals (PRGs), acronyms list, and a table showing the results of the laboratory 
re-evaluation of pore water copper and lead'data were provided to the meeting attendees. 

ATTACHMENTS 
(1) Agenda 
(2) Meeting Handouts 

INTRODUCTION AND REVIEW OF THE AGENDA 

Fred Evans welcomed everyone and indicated the purpose of the meeting is to discuss and 
.resolve the major issues brought o~t in the U.S. Environmental Protection Agency (USEPA) 

. (including U.S. Fish and Wildlife Service), National Oceanic and Atmospheric Administration 
(NOAA), Maine Department of Environmental Protection (MEDEP), Seacoast Anti-Pollution 
League (SAPL) comments on· draft PRG report (dated November 2000). After everyone 
introduced himself or herself, Mr. Evans reviewed the agenda. Ken' Finkelstein requested 
that the issues identified in NOAA Comment Nos. 4 and 5 be added to the agenda. 

Mr. Evans also indicated that the Navy division that he works out of, fonnerty known as 
Northdiv, is now being referred to as Engineering Field Activity Northeast (EFANE). Effective 
April 2001, email addresses for this division will be changed from 
"@efdnorth.navfac.navy.mil" to "@efane.navfac.navy.mil". 

OVERVIEW THE PRG DEVELOPMENT PROCESS 

Greg Tracey provided a presentation of an overview of the PRG development process 
because various issues raised relate to the general process. The presentation facilitated 
discussion of these issues. In addition, the presentation was provided to help familiarize new 
members of the project team with the process. Mr. Tracey indicated that the process was 
the same one presented as part of the Interim Offshore Monitoring Plan (TtNUS, October 
1999, Appendix A). . 

Mr. Tracey clarified that the PRGs being developed with this process are site-specific values 
to address the ecological risks for the PNS offshore area .(Operable Unit 4, or OU4). He 
noted that this meaning of PRGs differs from the meaning that is currently being used on the 
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west coast (e.g., USEPA Region IX), where the term MPRG" is being used interchangeably 
with Mscreening level." In answer to a question of whether site-specific meant for the whole 
offshore area or to an offshore area by a specific onshore site, Mr. Tracey indicated that 
Msite-specific" refers to the whole offshore area, which is OU4. 

Data used for development of PRGs for OU4 include the Interim Offshore Monitoring Round 
2 chemistry data and Round 2 toxicity data collocated with the chemiStry data. In 
accordance with the Interim Offshore Monitoring plan, toxicity testing was conducted in the 
first late winter sampling round (Round 2) because the chemicals are expected to be more 
bioavailable in the late winter round versus the late summer sampling round. The Interim 
Offshore Monitoring Rounds 1 and 2 results and the Estuarine Ecological Risk Assessment 
(EERA) results were used to develop recommended PRGs. 

The PRG development process relies on equilibrium partitioning (EqP) relationships. The 
EqP assumes that the chemical partitioning between sediment and sediment pore water and 
exposure to the benthic community are in equilibrium. The process focuses on pore water 
because there are methods available to directly measure (or estimate) the chemical 
concentrations in the pore water, and there are criteria available for evaluation of the 
concentrations (water quality screening values, or WQSVs). The assumptions regarding the 
EqP relationship rely on the chemicals having a certain level of bioavailability. Therefore, the 
assumptions may not be valid if the chemical is not bioavailable. For example, if chemical 
concentrations in the sediment are from non~biologically available sources (e.g., metal 
pieces in the sediment), then the sediment concentration may not be in equilibrium with the 
pore water concentration. 

In the PRG process, the EqP is used to estimate pore water concentrations for organics; 
however, the inorganic pore water concentrations are measured. This was done because 
only a small volume of pore water is needed for the inorganic analYSis (approximately 50 to 
100 ml). However, 3 to 4 liters of pore water are needed for the organic analysis. This 
would require the collection of several gallons of sediment from each station. Therefore, the 
organic pore water concentrations are estimated based on the sediment concentration, the 
sediment organic carbon content, and empirically derived chemical-specific partitioning 
coefficients (Koc). 

In answer to a question of how the sediment and pore water can be related when the 
exposure pathway is different, it was indicated that based on the EqP relationship, the 
sediment and pore water are in equilibrium. Therefore, the risks factors to the benthic 
organisms will be the same whether sediment or pore water are evaluated. A question was 
raised whether macro benthos diversity sampling was conducted for the offshore. It was 
indicated that the sampling was conducted as part of the EERA and the results considered in 
the estimation of ecological risks for the offshore during the EERA. 

There was some discussion about a recent draft USEPA guidance for evaluation sum 
polycyclic aromatic hydrocarbons (PAHs). This approach relies on evaluating the sum of 
measured PAHs (approximately 30 PAHs) as well as the individual PAHs. Mr. Tracey 
indicated that a similar approach was used for PRG development, that is the Hazard 
Quotient (HQ)s for each location were summed and evaluated. High molecular weight 
(HMW) and low molecular weight (LMW) PAHs were summed and evaluated too. 
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There was also a question on the uncertainty in the Koc values used to estimate pore water 
concentrations. It was indicated that· the Koc values were obtained from a USEPA 
document, and were developed using empirical measurements. The estimation of the pore 
water concentrations is intended to reduce the uncertainty regarding the extent of chemical 
exposures by incorporating both chemical- (Le., Koc) and site-specific (Le., TOC) factors. 
This approach has the advantage over use of literature based benchmarks because site­
specific conditions are included in the calculation of the pore water concentrations. 

In the PRG development process, the results of toxicity tests are used to determine the No 
Observable Effects Concentration (NOEC) for the chemicals detected. The samples 
included in the toxicity testing are grouped based on whether the results showed the sample 
was toxic or non-toxic to the test ,organism. For the pore water toxicity testing, three 
concentration dilutions for each sample were tested (100%, 50%, and 25%). To be 
considered a toxic sample, the sample needed to be toxic in at least two of the three 
dilutions. Samples showing tOXicity in only the 100% concentration sample were not 
considered toxic samples. This is because the species would not be exposed to 100% 

, concentration pore water and an LC50 can be calculated with more, confidence if at least two 
dilutions are toxic. Dilution series are conducted as part of the toxicity testing because the 
sensitivity of the test organism may cause a lot of false positives. Sediment particles and 
other confounding factors can cause toxicity to the species., Therefore, samples that have 
toxicity in at least two of the dilutions are more likely to be truly toxic samples. 

There was also discussion about checking the data to see whether anything detected in the 
samples that were toxic, at 100% but included in non-toxic group may be of interest and may 
account for the toxiC;ity. The Navy indicated that the 100% pore water samples were not 
included in the toxic group because the sea urchins and other similar organisms are not 
exposed to 100% pore water in the field. 

To ensure that the PRGs concentrations are not less than background concentrations, the 
NOEC is compared to the concentration for the reference stations. Overall the 
concentrations at the Shipyard stations are similar to or greater than the concentrations at 
the reference stations. Therefore, in most cases the NOEC is greater than the reference 
concentration. 

PRIMARY DISCUSSION POINTS AND RESOLUTION 

As part of the PRG development process presentation" several of the issues were 
discussed.' After the presentation, the remaining issues were discussed. The following 
provides a summary of the iss,ues and the discussion and resolution of the issues in the 
order.the issues were identified on the agenda. . 

BULLET 1 Overview of PRG Process including Assumptions: 

Example calculations/presentation of calculations for each step (EPA Comment 1): 
Issue - A detailed figure or flow chart for the individual steps of the process and inclusion of 
primary characteristics and formulas for each step would be helpful to follow the process 
better. ' 
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Discussion - Table ES-1 provides the steps and formulas. References to the specific 
tables in the PRG process and example calculations would be helpful. 
Resolution - The Navy will add table references for the equations provided in Table ES-1 
and example calculations similar to those provided in the Interim Offshore Monitoring Plan 
(Appendix A) will be provided in the PRG report for OU4. 

Sediment particle ingestion (MEDEP Comment 1 and SAPL Comment 2): 
Issue - The contribution of sediment particle ingestion by benthic organisms to the toxicity is 
not accounted for in the PRG process. 
Discussion - In the EqP approaCh, everything is assumed to be in balance and exposure is 
simultaneous. Therefore, either looking at pore water concentrations or sediment 
concentrations would provide the same evaluation of toxicity (because they are in 
equilibrium). However, because it is easier to measure (or estimate) the pore water 
concentrations that the organisms would be exposed to than the sediment concentrations 
that the organisms would be exposed to (surficial chemicals and not the chemicals in the 
entire sediment particle), pore water is used in the PRG process. Although there may be 
more exposure over time from release of chemicals from the ingested sediment because of 
digestive juices in the organism's stomach, this release of chemicals is a time dependent 
function. In general, the exposure to pore water and the release of chemicals into the 
organism's stomach over the lifetime of the organism are considered to be in equilibrium. 
Therefore, using pore water concentrations should account for the toxicity from sediment 
ingestion. Also, the sediment toxicity test does incorporate all routes of chemical exposure. 
Resolution - There are some compounds where sediment ingestion is more significant than 
pore water exposure. This is an uncertainty, but for OU4. PRGs correlate with risks 
identified in the EERA, so ingestion does not appear to be a significant issue for the COCs at 
OU4. 

Fish consumption (SAPL Comment 10): 
Issue - Health advisories for fish consumption need to be considered as part of the PRG 
process. 
Discussio'n - PRGs are only required at this time for ecological receptors based on the 
evaluation of offshore human health and ecological risks (as documented in the Interim 
Record of Decision for OU4 and the Interim Offshore MonitOring Plan). The EERA indicated 
that the major risk concems are exposure to benthic organisms; therefore. the PRGs are 
developed to address exposure of benthic organisms. 
Resolution - As part of the Interim Offshore Monitoring, data that can also be used to 
evaluate human health concems are being collected. Should human health risks need to be 
addressed in the future, the Navy believes that the appropriate data are available. The 
MEDEP indicated that the State has tissue action levels for human consumption of fish. 
However, at the current time, the Navy will not develop PRGs for human consumption of fish. 

BULLET 2 Reanalysis of pore water data (EPA Comment 2) 

Issue - Detection limits for copper and lead pore water data were above the WQSV; 
therefore, the Navy had the pore water samples reevaluated by the laboratory. 
Discussion - Aaron Bemhardt explained that the initial detection limit for copper was 5 ug/I. 
which is above the WQSV (3.1 ug/L). The laboratory re-evaluated the data to see whether 
there were any detections below the 5 ug/l. They were able to identify all detections above 3 
ug/l. Aaron explained that there were some additional detections. However, because of 
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blank contamination (not detected at 5 ug/l, but detected above 3 ug/l) there were changes in 
the cop~r. data where some samples will now be qualified as nondetect. The reevaluated 
data will be used for revision to PRGs that will be presented in the draft final PRGs. For lead 
the laboratory was unable to identify· detections lower than 20 ug/l and therefore, the 
laboratory reanalyzed the samples using a lower detection limit. The new detection limit 
achieved was 3 ug/l, which is below the WQSV (8.1 ug/l). There were no detections of lead 
in the pore water samples above 3 ug/L. 
Resolution - The reevaluated pore water data for copper· will be used for the PRG 
calculation presented in the draft final PRG report. 

BULLET 3 Copper data at M4-1 (NOAA Comment 8. MEDEP Comment 1) 

Issue - The copper concentration in the sediment at M4-1 appears to be very high. 
Discussion - After Round 3 of the interim offshore monitoring, the Navy noticed that copper 
concentrations at Monitoring Station 4, sample location 1 (M4-1) were increasing noticeably. 
Jason Speicher explained that he went to the monitoring station to see whether there was 
anything obvious that may be accounting for the copper concentrations. Mr. Speicher found 
small pieces of metals debris that included copper. There appeared to be some debris 
around the concrete blocks and under the blocks. It is likely that because the copper at M4-
1 is associated with the particles that it is not leaching to water (copper oxide is not soluble). 
The copper debris does not appear to be a wide spread area, but tidal exchange could be 
moving the copper to the offshore sediment. This is an example of where the assumptions 
of the EqP may not be valid because the copper in the sediment apparently is not available 
to partition to the pore water, and therefore, is not in equilibrium. It was noted that copper 
.concentrations in some other samples also appeared to be high in Round 2 and could be 
outliers. ,. 
Resolution- The Navy will evaluate the locations with concentrations greater than '500 
mg/kg (M9-1, M3-2, M8-3, and M 11-3 in addition to M4-1) to determine whether the 
concentrations of copper at these locations represent outliers. The Navy believes that M4-1 
is an outlier based on finding copper metal in the sediment. It will be removed from the 
calculation of the average sediment PRG concentration step. The Navy will also do a visual 
inspection of the other locations during Round 4 sampling to see whether there may be 
some physical reason for the higher copper concentrations. In addition, the Navy indicated 
that 3 extra sediment samples at M4-1 will be collected during Round 4 and analyzed for 
metals. 

BULLET 4 - OU4-wide averages versus AOC-wide PRGs (MEDEP Comments 1. 20. 22, 
26b, SAPL Comment 1) 

Issue - Are OU4-wide average' PRGs appropriate or should AOC-wide PRGs be 
developed? 
Discussion - Two concerns are associated with this issue. The first concern relates to 
using an average rather than an upper confidence limit (UCL). An average is used because 
the PRGs are being developed to address average conditions. This will provide a more 
conservative (lower) average sediment concentration. The second concern relates to using 
an OU4-wide PRG versus an AOC-wide PRG. The PRG development process presented in 
the meeting (and as part of the Interim Offshore Monitoring Plan) was considered to develop 
a single set of PRGs for all of OU4. A basis for developing AOC-specific PRGs has not 
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been identified and sufficient data are not available to develop AOC-specific PRGs. The 
assumption is that the conditions that impact the sediment conditions in the OU4 area are 
the same everywhere. In answer to a concern about whether the different onshore sources 
will impact the offshore area differently, it was explained that the difference in chemical 
impact is accounted for in the process through the identification of the Limiting COCs. The 
sediment conditions that are important with respect to the development of PRGs and 
application of PRGs to various habitats around OU4 are the TOC and grain-size. 
Resolution - The Navy will look at sediment conditions (TOC and grain-size) to see whether 
there are conditions that suggest a difference in the sediment in one AOC versus another. If 
there are significant differences then further discussion will be necessary to detennine how 
to address the differences. If there are no Significant differences, then OU4-wide PRGs are 
appropriate. 

BULLET 5 Recommended PRGs(MEDEP Comments 13b, 23, 30, 31) 
Issue - Areas characterized as having "no risk" that also have PRG exceedances will be not 
be considered. In addition, the PRG process is trying to identify the point of departure 
between low and intennediate risk. 
Discussion - There are no AOCs characterized as having "no risk". All areas, regardless of 
the risk characterization in the EERA will be evaluated for PRG exceedances and trends as 
part of the Interim Offshore Monitoring Program. The Navy noted that for use for the interim 
offshore monitoring data evaluation, the numbers calculated in the PRG development 
process for OU4 are adequate for use as IRGs. However, there are uncertainties with using 
the PRGs for the OU4 Feasibility Study, particularly because it appears that ammonia may 
be accounting for some of the toxicity identified in the offshore areas. 
Resolution - The PRGs are not trying to make a distinction between risk to identify areas 
that will or will not be included in remedial actions. This is a Feasibility Study decision. The 
Recommended PRGs will be used as IRGs for the interim offshore monitoring program, but 
re-evaluation of the appropriateness of these numbers for use in the OU4 FS will be 
necessary and additional investigation may be required. 

BULLET 6 PRGs for pesticides and dioxin 

PRGs for pestiCides (MEDEP Comment 32b, SAPL Comment 9) 
Issue - PRGs for pesticides must be developed. 
Discussion - Pesticide PRGs were calculated but not carried through to a Recommended 
PRG and will not be an Interim Remediation Goal (IRG) for the evaluation of interim offshore 
monitOring at this time. The data is there to develop a PRG if pesticides are identified as a 
COC for OU4. However, based on the results of the evaluation of PRG exceedances 
compared with the ecological risk results, higher concentrations of pesticides were detected 
in areas of low risk than areas of intennediate risk. Therefore, at this point the 
implementation of a PRG for pesticides is uncertair:l. 
Resolution - The issue as to whether pesticides are COCs for OU4 needs to be resolved 
between the Navy and MEDEP and it will need to be resolved separately from this PRG 
document. Pesticides need to be carried through the PRG 'process at least as far as 
development of a sediment-based concentration so that a PRG will be available if necessary 
in the future. 
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PRGs for dioxin (SAPL Comment 12) 
Issue - How will dioxins be considered in the PRG process? 
Discussion - Dioxins have 'not been identified as a COC for OU4 and the data necessary to 
calculate a PRG are not available. The dioxin data available for the offshore need to be 
evaluated and if it is determined that 'a PRG for dioxins is needed, then additional data may 
need to be 'collected. 
Resolution - A PRG for dioxins is' not necessary at this time. The dioxin data available for 
the offshore will be evaluated. All participants at the meeting were given an action item to 
look into what dioxin screening levels are available for sediment and fish tissue. 

BULLET 7 Clarification of comments (EPA Comment 7 and MEDEP Comment 4) 

These comments were clarified during the discussion of Bullet 1, under Example 
calculations/presentation of calculations for each step (EPA Comment 1). 

BULLET 8 Other Issues/Comments 
, ' 

Two additional issues were added to the agenda arid are discussed below. 

NOAA Comment 4 
Issue - The text indicates that the sea urchin toxicity test is more sensitive than amphipod 
toxicity test (third paragraph on page 8 of the draft report). However, looking at Table 2.2·2, 
there does not seem to be a correlation between the results for the toxicity testing for sea 
urchin and amphipod. If sea urchin is more sensitive then it would be expected that 
wherever the amphipod test showed toxicity, the sea urchin test should also show toxicity. 
Discussion - No correlation betWeen the tests was intended. The testing for pore water 
and sediment use different species. In general more instances of toxicity are identified using 
sea urchins than amphipods; however, this does not mean that where there is toxicity based 
on amphipod testing that the sea urchin testing will ,also show toxicity. 
Resolution • The text on page 8, paragraph 3, last sentence of the PRG report will be 
revised as follows: "In general, more instances of toxicity are identified using sea urchins 
than amphipods (Carr 1996). However, there may be stations where the sediment is toxic to 
amphipods but the pore water at that station is not toxic to sea urchins. This may be 
because the two species have different sensitivities to the same chemicals. n 

NOAA Comment 5 
Issue - Should the low observable effects concentration (LOEL) be the number carried 

, forwa~d through the Pro99ss rather than the no observable effects level (NOEL)?: 
Disc;:ussion • If the site'had only one (or very few) contaminants and there were a sufficient 
number of toxic samples, then it would be possible to identify a LOEL with sufficient 
confidence to use in the process. However, with multiple contaminants, using the NOEL is a 
safer more conservative approach. 
Resolution - Use of the NOEL is appropriate for OU4. 
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OTHER ISSUES/COMMENTS 

Carolyn Lepage raised a concern that source/onshore sites are not considered in the PRG 
process. The Navy indicated that the purpose of this exercise is to develop PRGs for 
sediment for the offshore. That is for each Limiting COC, to identify a sediment 
concentration below which organisms exposed to sediment will have no observable effects. 
It is not clear how the PRG could address sources/onshore sites, except to ensure that the 
list of Limiting COCs includes COCs related to each of the sources. The process for 
identifying the Limiting COCs accounts for the differences in the sources/onshore sites, 
therefore, the Navy believes the list of Limiting COCs is appropriate for OU4. The way to link 
the onshore impacts to the offshore is part of the interim monitoring program and decisions 
based on the program (based on evaluation of concentration trends). Therefore, the Navy 
believes that the concern for linkage of the onshore and offshore is being addressed 
appropriately. 

The USEPA requested that the Acute:Chronic Ratio (ACR) used in the wasv selection (see 
Figure 2.2-1 and Table 2.2-1) be chemical specific where possible. If a chemical-specific 
ACR is not available, than the generic value identified (8:1) is acceptable. This impacts 
silver, naphthalene, aldrin, gamma SHC, and DOE. The Navy will look to see whether 
chemical-specific ACRs are available for these chemicals. It is noted that this is a departure 
from the PRG development process proposed as part of the Interim Offshore Monitoring 
Plan, but should not significantly impact the PRG development. 

A question was raised whether sediment quality criteria were used as screening values and 
whether they were ARARs. The sediment quality criteria are not promulgated and therefore 
are not ARARs. Sediment benchmarks (ER-Ls, TELs, SQALs) were used only when water 
quality criteria were not available. The USEPA noted that some of the water quality criteria 
needed to be updated per USEPA (1999) and the Navy indicated that this would be done for 
the' draft final PRG report. 

Ms. Lepage indicated that the PRG report was very difficult for the public to understand and 
requested that the Executive Summary be revised to provide a non-technical explanation of 
the PRG development. The Navy indicated that they would review the Executive Summary 
to try to provide additional explanation of the PRG development process; however, the 
document is a very technical document and the Navy does not believe that it is appropriate 
to try to revise the document to provide non-technical discussions. The Navy prefers to 
prepare a fact sheet for the public to provide a non-technical explanation. 

WRAPUP 

The Navy believes that the discussion of the issues and resolutions identified should resolve 
most of the comments on the draft PRG report. Follow-up comments are due April 11, 2001 
and the Navy will address any follow-up comments and provided the responses as part of 
the draft final PRG report. 
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A IT ACHMENT 1 

AGENDA 



9:00 a.m. - 9:15 a.m. 

9:15 a.m. -10:00 a.m. 

10:00 a.m. - 2:30 p.m. 

2:30 p.m.- 3:00 p.m. 

AGENDA 
OFFSHORE PRG TECHNICAL MEETING 

APRIL 3, 2001 

Introduction. Review of Agenda. and Objectives of the Meeting 

Overview of PRG Process 

Primary Discussion Points 

Wrap Up 

10 minute break each hour 

30 minute break for lunch between Noon and 1 :00 p.m. 

Primary Discussion Points and related comment numbers 
• Overview of PRGs Process including Assumptions (EPA Comment No.1; MEDEP 

Comment Nos. 1 and 20; SAPL Comment Nos. 2 and 10) 

• Reanalysis/Re-Evaluation of Pore Water Data and Additional Analyses of Round 2 
Samples and how it affects PRGs (EPA Comment No.2) 

• Copper concentrations at MS4-1 (NOAA Comment No.8) 

• PNS-wide versus AOC-wide PRGs (MEDEP Comment Nos. 1. 22. and 26b; SAPL 
Comment No.1) 

• Recommended PRG calculation (MEDEP Comment Nos. 13b. 23. 30. and 31) 

• Pesticides and Dioxins as PRGs (MEDEP Comment No. 32b; SAPL Comment Nos. 9 
and 12) 

• Comments requiring clarification (EPA Comment No.7 and MEDEP Comment No.4) 

• Other Issues/Comments 



, " 

ATTACHMENT 2 

MEETING HANDOUTS 



Process for Development of 
Offshore Preliminary Remediation 

Goals (pRGs) at Portsmouth 
Naval Shipyard 

~==~------ .-:~--~====~ 

3 April 2001 
Technical mttllng al PNS 

What are Site-specific PROs and 
what are they used for? 

• Site-specific PRG.~: 
- are a group of "I,milm!!" Olcmie,Ii. of Concern 

(CoCs) and assoc.aled coneeDlnlIJODs thaI. when 
Clca:ded, 1ICC0WIl for !he: maJonly of s.le-relaled 
ri.k. 

-lin nol screening values (e.g. Gcnenc PRGs). 

• Usmg Site-specific PROs: 
- wiD reduce CoC e'pam", 10 s.le rece(llors 10 levels 

elpc:aed 10 eliminule aellonablc chern .... 1 risks for 
all SlIe-relaled CoCs. 

- C4n address mulliple pathways and rece(llors for 
prolcruoo of env.ronmenl. 

Objectives 

• Describe the approach for development of 
site-specific. sediment-based PRGs for 
aquatic health for Operable Unit 4 (OU4); 

• Present eumple calculations demonstrating 
the process. 
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Data Requirements 

Assemble necessary dalll Cor denv.tion Crom Round 2 
Interim moaitoring: 

• Sedimonl chomo"'Y ( ......... ""onc, TOe. SIlM'AVS) 

• Porewacr~Itty(I't'Ct ... ) 

• SCdlllllCnl to.Cd)' (.~UpoU IW"¥Iwl) 

• Porew&a' IOUCIl'l (lICa urc:hm IIIrval de¥clopmenI:) 

Implement PRGs hy tampan..,n against: 
• E-....l!culoc .... Rpt·~(EllRA)n""findJ ... 
• EERA daniItry f'l!Slltll 

• Round. 1 .nd Round 2 chcrrustry RSUka (all ade tUtmN) 

Overall Approach (2 Phases) 

Derivation (5 Steps) 
• Calculate proteetive concentrations in poreWllter that 

I'C:JRS"III. threshold for toxicity (called Threshold 
Effects Values). . 

Implementation (2 Steps) 
• Convctt TEV. into sediment-based un." (R ... e1ine 

PRG.); and a .... ' effectiveness for addressUlg nsks 
identified in the EERA invesllgalloru (, .•.. 
Recammencled PRGs). 

Equilibrium partitioning rel<ltionships for 
CoCs among envIronmental media_ 
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Advantages of using the EqP Approach in 
PRG Development 

The PRG deri'l'llUon protta _the chemical ..... centr.don 
aI pore w8tq' .. the primary measure aI potential .dwr. 

effects (i.e., rill<) 10 .quaUc biota. 

A~p"m or ....... PRC·HpqJI iocWc' ·r metals and some organ,cs. darcct rncaswemcn1S of CoCs in 
pore water are used to predict exposwe, hence benclun:u1<s (,.e., 
watu quality entena) baled on smgle chenucal expos""'s c.iIII be 
applied. 

• For osganic chemicals. the EqP model is used to estimate pore 
water conccmrations. based on lite specifIC environmental 
condninns. 

PRG Development: Step 1. 

PSG Step J Indudes; 
Select scr=ung level benclunarlts representmg no effect 
conccntmions, in ordu of preference to obtain Water 
Quality Scncning Values : 

lli'A ....... or fI .. hw ..... WI"" Qualny 0 ...... 
VOaeI eakulataI. from other willi' allen&....t 
Value, ~1a1cd from ~hI,. pmteeu\le _hmeut 
ben<:hnwb ...... Eqwhtw .. m Pwtil ...... model 

Nonnalizc exposure COneallr2tions to benchmarks: 
F.:dlbla ranklns or cl-':lI-.:.a1a: a.:r.:urW"lln punllal ~lr 
"ok. 

ExhIbitlA. Example calculation aI porewater concentration 
rar orc.nlc ..... &aminanll usinl Equilibrium PIortlUonlnl. 

EqP model tor OI'g"",CS: e,. e/(' • • K.l (OiTOIO'" 81 .. 1991) - c:.c Co .. 
'A1";;o; I 0;' • -" ... ..,.. 

-" .. ' . .,.. t.G'lE" ... 
-" - .... 4011 •• ,OJ --" .. , . .,.. U'E'" 000'0 

-" m . .,.. , .... , .. -" , ... .,,. ,aIE.ca ,,. -,- t .. 

c .................. ____ ~ 
c., ....... --.... ., .... '-.-....... -,..~ 
IIL. ..... -----.................. ..-. ....... 
~ . ..-.. ~--"-........... ,..-........ ..... c:. • ...., 
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F.xhlblt lB. Enmple CaIa.Iati ... 01 Pore WAter I1I17.ard 
Quatienls for DrJ:ank contaminants. 

- "'" r. """" .... 
• .. 0<:10 '" " . "" - 0 .. o.JO 

.., 
-" ... .'" .. , 
-" .... ... ... 
E::...... ... 0," ... . .. ....... ,- UT 

-" o. "" 0 .. 

~:.. UI 0.., "2 , ... OI' s" 
~._a.., ........ _ 
Iq ...... --~ .... ~ IJ· ......... --. ........... M· .. _ ......... 

PRG Development: Step 2. 

Calculate site·speclfie scn:ening level benchmarks based 00 

measured toxiclly: 
Aucmbc c.hencal dM,hue coasmm, of UI1IPk.l fUuntllo he nun­

.,,'''' 
Amptupod ant,..l.n. .rlnSed i. bulk Ndhnlnl (> A()'I, 1',""Vlll), 

Sea wc:hD ckwdapmallftllll .rrcdcd 1II.,..e ... cr (-dllutlnnll .... u .... 
~'Io.." ....... W.Cf) 

I>reu:rnnDe dIrahold ~II'III whr:re ftnfel of toU:d.y lIllkcly. 
Odcnarac .... ktbI dd1nbutaoa lypr: (I 1: ••• U .. ' .. "'C·"nDII1). 
CM=alnt9!IJI,~le(IICM ... ~9S,.liIDDfadcc.llnul)afthe d •• 
d __ 

Saled the Wft!r n( paene (11t~hMaf) Itftd "no-specifIC --
" 

Exhibit Z. Example calculatiou of tbe site-specific 
no-effecLo; quotleut from the 

collocated cbemistryltoxiclty data. 

SI1Hpodnc _oct IP*ioIII = 
Upper -.... ,,. qaantilo '" __ 110... •• 1 ..... 

rw_ .'----.....~ 
.,.. ........... I ..... ts .. r:...... ...... 
( .... .t.m .............. --....,..) 
tI.l,..rw ...... o-a-~) 

.",_JfIC1iV 
IUrIW PAIl HQ,.a _~HQ.." PAR 

..."... ... IIP.,..., ........ (I..., 

__ tlSl .. ____ n~ • ...................... ----. ... 

.... --
-."101n.., 

...... ........ -
IrrIMoT.Ic ........ Ic. 
r-........ SM~ 

~~ too-' ~ 

'" '" .. , •• 7.» ... 
'" 

• rr 

o. 
S 

'" U • 
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PRG Development: Step 3. 

Retain all COCS po!enlially contribuling 10 risle: 

For each analySe: 
Compare SIIe-speciflC DO-dTCCI HQ (NOEQ) with 
maximum obscNcd HQ lWOC.ated with a !OXIC sample 
(Max PW-HQ",x); 

RCIain only th05e CoCs and NOEQs when: the Max PW­
HQ.ux is STealer thao the NOEQ. 

Exhibit 3. Example De.iYaUCMI oIlhe :-I .. meet Quodent 
(NOEQ) rar. bedded aedimcnl Cllpaoure ""thway. 

Tho NOEQ illhc bill ..... dqIortw< hom U .. HQ = 1 cqwnleo. 
CODCCIJIlUIOD (Le.. WQSV) tor wtuch .tIe--"'fE'-IOC odwcrv CR'CClI an:. 
un/oUly",_, 

• Only 11m .. CoCa fur wt.:hlhc lIIWI1000m HQ,... of ."'J< ""op1 .. .......a dIo ._opoafic h:ncImort< ...,...- ... funbor PRe; 
cInolopn-. 

::-- -- -CoC ... ..,.., -- --- ... --...... 
" , .. , .. I -- os .. , I ... '0 

" e" I '" 'U 
... .,..,... __ .. , ... -.0., ........ 

PRG Develop~ent: Step 4. 

Derivation 01 Threshold Errects V.I...,. (TEV.) 

Threshold Elrccla V.11la Ire the low ... rmsiblc NOEC 
c:ancentrati .... (LI. aboYe bocqr\lUnd) lhal can be used 

u PRGs ror the lite. 

Dw TbrplwM mea va'" .. S'hdctrr' P (pUpa: 

L 'hi! NOBQ ...... an ~ ... HOEC C,., .•• atn'a.tlltratiell _J ... __ ...... -. ___ ; 

1 _ .................. V ... (IISVJ,.....-. .. , .. _.-__ .... _ .............. ' ... "'h_--.01 1110 __ _ 

L 'I1IIpat.r.J ... NOEC .... asv ........... n:V. n.a.em1ftS 
IhMIht raG ........ "" ...... u.. tM ~aMICIt.,...., 

" 
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Emlblt 4. ElIample Deri,,:atioD of 
Threshold .. ned Values 

Threshold Effect Value Calculations: 

NOBC • Na;Q. WQSV 
RSV • YpI'IG" 95· quntllc nf ftfnnce pm: _lila ooncmtnllJJDl, 

TlIV. Mu (Ntu:. a.sv~ 

CcC N:lEO WOSV • N:lEC RSV TEV 
2.87 0.28 082 0.18 

ToIalPCBa 100 0.03 003 1 116E-04 003 r~wp~1 
O.D·~ 2.8 llXE.Q3 2 BCE.Q3 l~.Q3 

I 0.82 

3 !!9E.Q3 

.-o ............ _a......-.. .v ....... ____ v..~ 
WGIV .... ~..--. __ ..... I Tn.~~ .. ..,...~ 

1CJK._~a...~~ 

" 

PRG Development: Step 5. 

Limiting COC Selection 
"LImitlnJt" CoCJ are the dIemIals thai when addr",,"'" 

by the ranedlal adion ,..ilI Miler risk or all 
chemical. 10 acceptable level. (F.P A, 1991) 

UmlU"C CoC Bldo" proms; 
For chemicals with NOEQs from Slep 4, 
1. I'onnalu.cCoC """,,,,_10 lEVa: 

O" .. parw __ ~"'..-.T£\I. (TBVHQ-(PWI/TEV) 

2.. Ideadty the cbaIucaJ coacnhut ... the nDse "* III thr: ".ItID . 
... -.I _l1!V MO----I,- ........ 1IIIItJRI, 
SricCoC~"'t.II NO _ '-lq CDC wt... ___ lEV HQ,,1 

3. Proc::eaI ~ ... II •• IOCIIO Ilknllfy L-CoCs for lite. 

" 

Exhibit 5. Example or ''Limiting'' COC selection 
process 

UmltI"I CoCJ are the chemical ~onlribullnc the 
mast rI.k al the lltallon. Addreai"l ~ L-CoCs will also 

addreu risks from CGlloaled CoC.£. 
kCoC almlallons; 
For TEV, derivcd from Step 4; 
• PW HQnv ~ (I'W)fI1lv. 
. u:oc g hI.uimom HQIov wbote Sum RQn.v > 1. 

PW...".. 
eoc s .. _ 

A 8 
twW,MtI 0.15 1.11 
~ W lJI 
Bum...".. 'e» 2. .. 
.... Ita- 0.15 '" ·u_"..eoc IWWP_ Total pcs. 

C 0 
0." 1.10 

UI aM 
0. .. 1.11 

'10 
IWWP_ .. 

.J' 
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PRG Development: Step 6. 

Calculation or HaseliDe tTellmlnary 
RemediatioD Gual~ 

Baselmc PRGs ~ TEVs converted into ocdimcnl 
concentration UDlta. 

Coavcnion method assumes thaI risk of chemicals in the 
bcmhic envil'OlUDCIIIls the same whether measured as pore 
waIN (fEV -HQ) or bulk Icdlmenl (PRG HQ) uceedcDccs. 

The PRO il utimated (or every sample The buseliDe PRG 
to be applied across the SIlC is calculatcd as an ave",sc of 
all sample-specific PRG estimalCS. 

ExhIbll6. Example Calculation 01 Baseline I'rcllmlnary 
Remediation Coals 

-~---.-~--~~-----t:J.![_.Uwuuoo 

I HOft., • 110,.., 
1 HQ".., .... I/I'ItO 
J. PtW.--(W)/II:)y.,,) 
• ..01._.1:«" ,m.V-HQ,.. 
.... "(fCOC - Co HO", I~ 
_P- A «lO$ ... .... 

8 mil '!50 3300 
C !lll1I 113 811. 
.. 
Y <613 '110 20/01 
Z 2" • 15 ... ) . 

S"" ...... . " - .... PRG 

"'II·.-.-.,~ ......... ~.,ttw._~............-o.-""_I 
c,. ....... - ........ --~~ 

PRG Development: Step 7. 

Baaline PRC Evaluation and sclcdion 
01 Recommended PRC. 

.. 

• B_DC ne..~ noIuoItd 10 clrtmalDo _.r CoCI and 
_O-wII ... ....-lorodd ..... riIk .. Idcadlltd I. 
\MaRA. 

• '!be _nGtIbaI_Iho.-.... -..t .. 
Mp ....... rac .. 
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Exhibit 7. Eumple EvaluatJon or BaseUne PRGs 

Implementation oC PRGs 

RPRGs developed with this process arc specific to 
OU4; 
Appropriate L~ Interim Remediation Goals for the 
offshore tnterim monitoring program; 
JRGs may be reVIsed for use in the FS depending 

on nsk management input. 
~ Jitel, '" be 1rJ)~ conlltlWtJ~ thin 00l. 

Could =- cIq>aIdins OIl fiDeI ... of !he ...... n ",''''Inn", 
fWOlfOI11 (i Co. oddklOllal m_ .... lCI11Iuu<Iy may he na:csury 10 
.... Iup "1'1""1'""'0 PRG. for u .. ill !he ~S) 

Summary of PRG Process 

PRG process implemented at other Navy 
and EPA sites; 

• PRG process provides a site-specific 
sediment number protective of benthic 
community for OU4; 
RPRGs are used as IRGs for interim 
monitoring only; funher risk management 
input needed to refme PRGs for the 
Feasibility Study. 

.. 
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3.4 ACTION ITEMS FROM MAY 29,2001 TELECONFERENCE CALL 



Evans. Fr d J (EFANE) 

From: 
Sent: 
To: 

Cc: 

Subject: 

May 29 2001 ConI Call 

Act,on I 

Evans, Fred J (EFANE) 
Thursday, May 31, 2001 B:56'AM . 
'Cassidy, Meghan'; 'McLeod, hier'; 'Finkelstein, Ken'; 'Lepage, Carolyn'; 
'katie.zeeman@state.me.us' ' 

, 'Cohen, Deborah'; 'Bernhardt, Aaron'; 'Tracey, Greg'; 'Bartlett, Diana'; 
'Speicher, Jason'; 'Raymond, Marty' . 
ACTION ITEMS FOR PRG TELECONFERENCE ON MAY 29,2001 

Attached are the action items for the PRG teleconference on May 29, 2001. , 

We are currently workin~ on a schedule to provide the information in the action items. 

Thank you, 
Frederick J. Evans PE 
Remedial Project Manager 
EnQineering Field Activity Northeast 
10 Industrial Highway, Mail Stop # 82 
Lester, PA 19113~2090 
Phone: (610) 595-0567 ext. 159 
FAX: (610) 595-0555 
evansfj@efane.navfac.navy.mil 



NOTES FOR PRG TELECONFERENCE ON MAY 29, 2001 

1 :00 PM: Greg Tracey (SAIC); Aaron Bernhardt and Debbie Cohen (TtNUS); Carolyn Lepage 
(TAG consultant to SAPL); Iver McLeod and Katie Zeeman (MEDEP); Meghan Cassidy and Rick 
Sugatt (EPA); Ken Munney (USFW); Ken Finklestein (NOAA); and Fred Evans and Diana Bartlett 

EPA Comment on Sensitivitv Analysis 

Discussion: EPA asked where the requirement to have 2 toxic dilutions to consider the sample 
as toxic was referenced and if the PRG would decrease if the samples with only one toxic 
concentration were considered toxic samples. 

Action Item: The Navy discussed the basis for classifying the samples as toxic and indicated that 
the direction of the PRG (higher or lower) could not be determined without actually doing the 
calculation. EPA indicated that the Navy's response was acceptable. No action is needed. 

EPA Comment on Digestive Juices 

Discussion: The EPA's request to hear more about effect of digestive juices on bioavailability 
was directed at the MEDEP. MEDEP was looking for documentation that discusses in more 
detail how sediment criteria/EPA equilibrium partitioning accounts for digestive juices. 

Action Item: EPA (Rick) will provide MEDEP will additional documentation related to equilibrium 
partitioning (Draft equilibrium approach document for metals) 

MEDEP Comment on the Change in Copper Concentrations/PRGs 

Discussion: MEDEP had trouble recreating some of the numbers in the PRG document; 
specifically the 95% UCLs for the reference stations. Also, they did not understand why the 
copper PRG would increase to the degree it did, when the high value was removed from the 
calculation of the PRG. 

Action items: The Navy will provide the following information to clarify the PRG process, and 
specific issues related to the copper PRG (also see the next discussion point): 
• A calculation of the 95% upper quantile for the reference samples 
• The results of the outlier analysis and visual inspection for copper and a recommendation 

from the Navy as to whether or not the copper values from other stations should be removed 
from the PRG calculation step 

MEDEP walk through comment: 

Discussion: MEDEP needed a more detailed walk through to fully comprehend the different steps 
in the process. 

Action Items: The following actions will be completed by the Navy and MDEP 

• The Navy will forward the web site link to the Director Shipyard example PRG calculations to 
the regulators and SAPL. 

• MDEP will review this example calculation to determine if the format is acceptable for use at 
PNS. 

• After MDEP indicates that the format of the example PRG calculation is acceptable, the Navy 
will prepare an example calculation docum'ent for 4 chemicals using PNS-specific data. 



What's Next 

• The Navy will send the regulators and SAPL preliminary PRGs tables prior to submitting the 
draft final version of the PRG document. A whole new document will be provided for the draft 
final and the interim submittal.willl')ot be used as replacement pages. The draft final will be 
bound in a 3-ring binder. 

• Need to schedule a later date than June 10th for comments from regulators and set the 
schedule for submittal of the additional information/review. The Navy will discuss the 
schedule with l)NUS and SAIC and propose the schedule to the regulators and SAPL 

• Navy will let Carolyn know about the extension for date for comments on interim submittal. 
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Evans, Fr d J (EFANE) 

From: 
Sent: 
To: 

Cc: 

Subject: 

. Evans, Fred J (EFANE) 
Wednesday, June 06, 2001 7:44 AM 
'Cassidy, Meghan'; 'McLeod, Iver'; 'Finkelstein, Ken'; 'Lepage, Carolyn'; 
'katie.zeeman@state.me.us'; 'sugat.rick@epa.gov'; 'Dr. Kenneth Munney 
PhD (E-mail), 
'Cohen, Deborah'; 'Bernhardt, Aaron'; 'Tracey, Greg'; 'Bartlett, Diana'; 
'Speicher, Jason'; 'Raymond, Marty' 
RE: ACTION ITEMS FOR PRG TELECONFERENCE ON MAY 29,2001 

The following is the schedule for providing information from the May 29, 2001 PRG Teleconference: 

1. Provided web site link and document to the Director Shipyard example PRG calculations to the 
regulators and SAPL via email on May 29, 2001. 

2. Provide example PRG calculation for review. 
June 14,2001 

3. Provide outlier evaluation for PRG Development. 
June 14, 2001 

Please call me if you have any questions. 

Thank you, 
Fred Evans 



Evans, Fred J (EFANE) 

From: Evans, Fred J (EFANE) 
Sent: 
To: 

Thursday, Jun 14, 2001 5:37 PM " 
'Cassidy, Meghan'; 'McLeod, Iver'; 'Finkelstein, Ken'; 'Lepage, Carolyn'; 
'katie.zeeman@state.me.us'; 'sugatrick@epa.gov'; 'Dr, Kenneth Munney 
PhD (E-mail), 

Cc: 'Cohen, Deborah', 'Bernhardt, Aaron'; 'Tracey, Greg'; 'Bartlett, Diana'; 
'Speicher, Jason'; 'Raymond, Marty' 
RE: ACTION ITEMS FOR PRG TeLECONFERENCE ON MAY 29,2001 Subject: 

L!J L!J 
Tablo A2·2 10-"" pdf 'flble A3·1 ,2v5,pdf Table A-4 pdf 

Attached is the example for the 
PRG Calculations as discussed in the MaY,29, 2001 conference call .. . . 

The Navy also determined the last columns in a few tables in the Interim Submittal were cut off. Please 
amend the Interim Submittal, as follows with the attached PDF files: 

Table A.2-2.10-_p4 gets added as age A-45a 
Table A.3-1.2.a-_p5 gets added as age A-51 a 

Also, a few references were missing from Table A-4 on Page A-81 of the interim submittal. Please 
replace Table A-4 on Page A-81 with the attached Table A-4. 

We also acknowledge receipt of MEDEP comments dated June 11, 2001 and SAPL comments dated 
June 11, 2001 on the May 2000 interim PRG submittal. We do appreciate and encourage the early 
submittal of comments either verbally and/or in writing whenever possible. However, we have not been 
able to evaluate the recommendations and incorporate them into the example calculations at this time. 

Thank you, 
Fre,d Evans 

-----Original Message----­
From: Evans, Fred J (EFANE) 
Sent: Wednesday, June 06, 2001 7:44 AM 
To: 'Cassidy, Meghan'; 'McLeod, Iver'; 'Finkelstein, Ken'; 'Lepage, 
Carolyn'; 'katie.zeeman@state.me.us'; 'sugat.rick@epa.gov'; 'Dr. Kenneth 
Munney PhD (E-mail)' 
Cc: 'Cohen, Deborah'; 'Bernhardt, Aaron'; 'Tracey, Greg'; 'Bartlett, 
Diana'; 'Speicher, Jason'; 'Raymond, Marty' 
Subject: RE: ACTION ITEMS FOR PRG TELECONFERENCE ON MAY 29,2001 

The following is the schedule for providing information from the May 29,2001 PRG Teleconference: 

1, Provided web site link and document to the Director Shipyard example PRG calculations to the 
regulators and SAPL via email on May 29, 2001. 

2. Provide example PRG calculation for review. 
June 14, 2001 

3. Provide outlier evaluation for PRG Development. 
June 14, 2001 ' 

Please call me if you have any questions. 

Thank you, 
Fred Evans 



Cohen, Deborah 

From: 
Sent: 
To: 
Cc: 
Subject: 

Review pdf 

Iver, 

Evans, Fred J (EFANE) [Evansfj@efane.navfac.navy.mil] 
Wednesday, August 15,2001 2:08 PM 
'McLeod, Iver J' 
'Cassidy, Meghan'; 'Raymond, Marty' 
Statistical Review of PNS PRG Process 

As discussed in our telephone conversation, the Navy requested the PRG 
statistics be reviewed based on MEDEP's comment no. 2 dated June 11,2001. 

The attached report was generated based on our request. This report and our 
responses to MEDEP's dated June 11, 2001 and SAPL's comments dated June 11, 
2001 will go out this Friday and include this report as an attachment. 

Based on the attached report, the Navy is not planning to change the way the 
PRGs are calculated (i.e. the 95th percentile will be used, not the 95% UCL, 
as suggested by MEDEP. 

My goal is to determine whether additional discussion is necessary on the 
PRG statistics. 

Thank you, 
Fred Evans 

b 



Cohen, Deborah 

From: 
Sent: 
To:' 
Cc: 

Subie~t: 

Importance: 

McLeod, Iver J [lver.J.Mcleod@state.me.us] 
Thursday, August 16, 2001 12:05 PM 
Evans, Fred J (EFANE) 
Messier, Denise L; Zeeman, Katie; 'MEGHAN CASSIDY';.'Marty Raymond'; Dr. Kenneth 
Finkelstein (E-mail); Ken Munney (E-mail); 'Carolyn Lepage' 
PRG statistical issues 

High 

Fred, I propose that we start discussions of this during our conference call 
today and then decide where to go from here. 

In the email you sent with the statistical report attachment you wrote, 
"Based on the attached report, the Navy is not planning to change the way 
the PRGs are calculated (i.e. the 95th percentile will be used, not the 95% 
UCL, as suggested by MEDEP." 

The DEP did not request that the Navy change from using the 95 percentile 
concentration to using the 95% UCL of the mean. Our actual comment 2(b) in 
our 6/11/01 comment letter on the Interim Submittal was; 

"The values reported as the 95% UCLs are actually the estimated 95 
percentile concentrations (see Attachment 3 of this memo). The RSVs for all 
contaminants measured at reference stations (Table 2.2-4, page 15 of the 
report) should be 95% UCL of the mean. The correct RSV and TEV for copper is 
5.12 pg/L." 

The DEP was lead to believe from text in the 11/00 Draft PRG document and 
the 5/01 Interim Submittal that the 95%UCL was what was being used for PRG 
development (see below). The DEP thus requested in our 6/11/01 letter that 
the tables in the PRG document be corrected to be consistent with the Navy's 
own statements and what DEP had essentially agreed to. The 95 percentile 
concentration might be agreeable. However, the DEP will have to consider 
this. Using the 95th percentile for four reference stations is not 
necessarily any better than using the maximum, provided the max is not an 
outlier. 

From our view it is the Navy that is changing the way the PRGs are calulated 
by now stating they are using the 95th percentile. 

Following I have provided statements from the 11/00 Draft PRG document and 
Interim Submittal. 

Draft Preliminary Remediation Goals for Operable Unit 4 

Appendix A, p. 9 para. 2: "The HO databases for non-toxic amphipod ... and sea 
urchin ... samples include statistical summaries of the sample number, mean, 
statistical distribution type (i.e., normal or log-normal), and upper 95 
percent of CoC-specific HOs (95% UCL PW-HO) based on the distribution 
type ... The test NOEO is assumed equal to the 95% UCL, or for NOEO values<1, 
an NOEO = 1 was adopted." 

Appendix A, p. 9 para. 4: "Also listed in Table 2.2-3 for each CoC are the 
95 percent UCL of porewater HO values (PW-HO associated with nontoxic 
samples." 

The following paragraphs also indicate that the 95% UCL was used in these 
calculations: ' . 

1 



App. A, p. 9 para. 5 
p. 10, para. 1 & 2 
p. 11, 2nd full paragraph: "The RSV was calculated as the 95% UCL of 
porewater COC concentrations for derivation of aquatic PRGs following the 
same procedures used for the 95% UCL values in Step 2." 

Table 2.2-3 has a column titled "95% UCL PW-HQ" 
Table 2.2-4, footnote 3: "Aquatic Reference Screening Value (RSV) calculated 
as 95% Upper Confidence Limit based on sample and distribution type ... " 

May 2001 Interim Submittal 

Tables ES-1 and 2.1-1: Step 2 indicates 95% UCL PW-HQ was used. 
Table 2.2-3: has a column titled "95% UCL PW-HQ" (reprinted from 11/00 Draft 
PRG document) 

There may be other references to using the 95% UCL PW-HQ in the Interim 
Submittal but I did not review the entire document to be sure. 

However, on Table 2.2-4, footnote 3 states "Aquatic Reference Screening Valu 
(RSV) calculated as the mean + 95% Upper Confidence Limit based on sample 
and distribution type." 

This (mean + 95%UCL) is a change from all previous references to calculating 
the RSV. As stated in our 6/11/01 comment letter, 

Comment 2(a): "The definition given for the UCL in Table 2.2-4 is confusing, 
because it is not consistent with equations used to calculate UCLs ... As 
stated, the definition suggests that means are added into UCL calculations 
twice." and 

As I stated above the MEDEP was under the impression that the Navy was using 
the proper 95% UCL of the mean all along. It was only until Katie 
thoroughly analyzed the calculations that she determined the Navy was not 
using the 95% UCL but was using the 95th percentile. 

A conference call may be necessary to resolve this situation. 

Iver McLeod 
Project Manager 
Bureau of Remediation and Waste Management 
Maine DEP 
Augusta, ME 04333 

iver.j.mcleod@state.me.us 
(207) 287-8010 



3.5 RATIONAL FOR REMOVING A SAMPLE FROM STEP 6 OF THE PRG 

CALCULATION FOR COPPER 



Coh n, Deborah 

•

From: 
ent: 
0: 

Cc: 

Subject: 

Ouftler Table-Round 

2 pdf 

Evans, Fred J (EFANE) [Evansfj@efane.navtac.navy.mil] 
Wednesday, June 06, 2001 11 :03 AM 
'Cassidy, Meghan'; 'McLeod, Iver'; 'Finkelstein, Ken'; 'Lepage, Carolyn'; 
katie.zeeman@state.me.us; sugatt.rick@epa.gov; Dr. Kenneth Munney PhD (E-mail) 
'Cohen, Deborah'; 'Bernhardt, Aaron'; 'Tracey, Greg'; Bartlett, Diana R (EFANE); Speicher, 
Jason A (EFANE); 'Raymond, Marty' 
FW: Outlier - ACTION ITEMS FOR PRG TELECONFERENCE ON MAY 29, 2001 

-----Original Message----­
From: Evans, Fred J (EFANE) 
Sent: Wednesday, June 06, 2001 7:44 AM 
To: 'Cassidy, Meghan'; 'McLeod, Iver'; 'Finkelstein, Ken'; 'Lepage, 
Carolyn'; 'katie.zeeman@state.me.us'; 'sugatt.rick@epa.gov'; 'Dr. Kenneth 
Munney PhD (E-mail)' . 
Cc: 'Cohen, Deborah'; 'Bernhardt, Aaron'; 'Tracey, Greg'; 'Bartlett, 
Diana'; 'Speicher, Jason'; 'Raymond, Marty' 
Subject: RE: ACTION ITEMS FOR PRG TELECONFERENCE ON MAY 29, 2001 

The following is the schedule for providing information from the May 29, 
2001 PRG Teleconference: 

•

. Provided web site link and document to the Director Shipyard example PRG 
alculations to the regulators and SAPL via email on May 29, 2001 . 

2. Provide example PRG calculation for review. 
June 14, 2001 

3. Provide .outlier evaluation for PRG Development. 
June 14, 2001 

Please call me if you have any questions. 

Thank you, 
Fred Evans 
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Station Round 
M03-200B 2 

M04-100B 2 

M04-300B 2 

M08-100B 2 

M08-300B-AVG 2 

M09-100B 2 

M11-300B 2 

RATIONAL FOR REMOVING A SAMPLE FROM STEP 6 OF THE PRG CALCULATION FOR COPPER 
PORTSMOUTH NAVY SHIPYARD, KITTERY, MAINE 

Sediment Pore Water Toxic Results? 
Concentration Concentration 

(mg/kg) (ug/L) Sea Urchin Amphipod Visual Inspection During Rd 4 

1090 4.4 U no no - Many pieces of green-tinted metal 
debris, looks like old slag 
- Copper debris within 15 to 20 feet of 
sample 

1780 4 no yes - Many pieces of copper debris within 
granite blocks; large and small 
chunks of old slag. 
- Copper debris within 10 to 15 feet of 
sample 

. - Stands of copper wire 
- Other metal debris 

393 311 no yes - No debris near station 

455 3U no no - Sample is located in the mudflat 
- Metal debris in rip rap along bank 
- Some cable with copper wires and a 
few pieces of copper 
- Copper debris at least 50 feet from 
sample 
- Many insects in sediment 

755.5 No Sample No Sample yes - A few copper pieces 
- Rebar 
- Copper debris at least 30 feet from 
sample 

511 23.2 no yes - Metals debris along slope 
- No copper observed 

541 4.9 U no no - No sediment present 
- Metal debris (rusty steel/iron) 
- No copper observed 

Recommendation 

Remove(1) 

Remove(1) 

Do Not Remove(2.3) 

Do Not Remove(3,4) 

Do Not Remove(3,4) 

Do Not Remove(5) 

Do Not Remove(5) I 

1 - This sample is recommended for removal from the PRG calculation step because non-bioavailable forms of copper (e.g., copper oxide) 
are likely causing the elevated copper concentrations in the sediment. 

2 - This sample is not recommended for removal because copper was only an outlier during one round and there is no visible copper debris 
near the sample location. 

3 - The samples, while statistical outliers, do not appear to be grossly elevated. 
4 - The copper in the sediment may not be related to the small amount of copper debris observed along the bank. 
5 - No copper debris was observed near the sample location. 



3.6 RESPONSE TO COMMENTS ON THE INTERIM SUBMITTAL 

• 



RESPONSES TO MEDEP COMMENTS DATED JUNE 11, 2001 
INTERIM SUBMITTAL FOR PRELIMINARY REMEDIATION GOALS FOR OPERABLE UNIT 4 
PORTSMOUTH NAVAL SHIPYARD, KITTERY, MAINE, 

Preliminary Remediation goals were first proposed in a November 2000 d~aft of the same 
document. Our comments on the initial draft were documented in a I~tter dated January 23, 
2001, and discussed at the technical meeting held in Kittery on April 3, 2001. In general, the 
MEDEP determined that the approach for generating PRGs is convoluted but acceptable. 
There were concerns about the PRG proposed for copper, which are summarized as follows: 

(a) Concentrations at more than half of the stations were reported as Y2 the detection limit 
of 5 Jig/L, which was greater than the screening concentration of 3.1 Jig/L.; and, 

(b) Some of the PRGs calculated for copper at monitoring stations were v~ry high and 
perhaps should not be included in estimates of the mean. 

A third general concern was that each COC would have only one final PRG for application at all 
areas of concern in OU4. Concern about the universal applicability of single benchmarks was 
raised due to the observed range of station-specific PRGs that were identified for copper. 

During the April 3 meeting, it was reported that the analytical laboratory re-evaluated the 
detection limits for copper in porewater and subsequently reduced them from 5 Jig/L to 3 Jig/L. 
It was agreed at the April .3 meeting that data on copper in porewater could be re-evaluated 
relative to the lower detection limit. It was also agreed that the PRGs would be analyzed for 
outliers, which would then be excluded form calculations of the mean. These changes were to 
be reflected in the May 2001 report. 

The May 2001 interim report was reviewed to determine whether the proposed changes 
address questions about the PRGs, particularly the PRG for copper. The subject report raised 
more questions about the copper PRG than it answered. Copper concentrations and PRGs 
from the two drafts of the report are summarized, for reference in Attachments 1 and 2 of this 
memorandum. It is specifically noted that the mean PRG for copper at monitoring stations 
increased from 547 mg/kg in the November 2000 report to 625 mg/kg in the May 2001 report. 
The increase was not expected because high values thought to be outliers were to be excluded 
from the calculation. The changes in the copper PRGs are explained by the following. 

(a) Concentrations of copper in porewater at monitoring and reference stations were 
adjusted consistent with a detection limit of 3 Jig/L; 

(b) The one potential outlier PRG that was discussed in April (station M4.1) was removed 
from the data set used to estimate the mean (the new mean would otherwise be 738 
mg/kg); and, 

(c) The Threshold Effect Value (TEV) used to compute PRGs for copper at each of the 
monitoring stations was increased from 6.9 Jig/L to 8.26 Jig/L. 

Questions and/or comments on the aforementioned actions are di'scussed below. 
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1 . Comment: Revising the detection limit for copper in porewater affected more of the data 
points than anticipated (for comparison, see Attachment 1 of this memo). As expected, 
measured concentrations are reported for -more stations than before. However, copper 
concentrations at Stations M1.2, M2.1, M9.2, and M14.1, which were previously reported to 
be between 6.0 and 11.0 ,ug/L were essentially halved by the change in the detection limit. 
Halving the concentration doubles the PRGs for the affected stations (Attachment 2). The 
impact that changing the detection limit has should be discussed and explained. In general, 
this highlights problems with manipulating data when concentrations are close to the 
detection limits. The Navy should consider a more sensitive analytical method for copper. 

Response: The analytical method for copper was sensitive enough to achieve the data 
quality objectives. The detection limit was initially reported as 5 ug/L because the 
laboratory "rounded up" the actual detection limits. The Navy asked the laboratory to 
review the analytical data to determine if a lower detection limit could be reported. The 
laboratory indicated that they could report the results down to 3 ug/L, which are the 
detection limits used in the Interim Submittal. The reason why the detections at Stations 
M1.2, M2.1, M9.2, and M14.1 are now considered non-detects is because there was a 
detection in the blank sample associated with those samples that was not detected at 5 
ug/L, but was detected when the detection limit is reported as 3 ug/L. Copper is not a 
common laboratory contaminant. Therefore in accordance with USEPA, 19~4] the 
concentration in the blank sample (4.1 ug/L) was multiplied by 5 to obtain an action level of 
20.5 ug/L. Therefore, all samples associated with the blank (sample nos. OU4-PW-M01-
200B, OU4-PW-M09-200B and OU4-PW-M14-100B) that had concentrations of less than-
20.5 ug/L were determined to be associated with blank contamination, and were qualified 
as non-detect during the data validation process. 

Reference: 

USEPA, 1994. Region I Laboratory Data Validation Functional Guidelines for Evaluating 
Inorganics Analyses. USEPA Data Review Workgroup. February. 

2. Comment: The TEV for copper is the reference screening value (RSV) which is defined in 
Table 2.2-4 (page 15 of the report) as the "mean + 95% Upper Confidence Limit (UCL) 
based on the sample distribution type." As stated earlier, the TEV was increased from 6.9 
,ug/L to 8.26,ug/L (Table 2.2-5, page 16 of the report). During my efforts to understand the 
changes, I determined the following: 

(a) The definition given for the UCL in Table 2.2-4 is confusing, because it is not consistent 
with equations used to calculate UCLs (see Attachment 3 of this memo). As stated, 
the definition suggests that means are added into UCL calculations twice. 

(b) The values reported as the 95% UCLs are actually the estimated 95 percentile 
concentrations (see Attachment 3 of this memo). The RSVs for all contaminants 
measured at reference stations (Table 2.2-4, page 15 of the report) should be 95% 
UCL of the mean. The correct RSV and TEV for copper is 5.12 ,ug/L 

(c) The PRGs computed in Table A-3-1.1 (page A-46 of the report) need to be adjusted to 
reflect corrections to the TEV. The PRGs that would be obtained using 5.12 ,ug/L are 
shown in Attachment 4 of this memorandum. The revised values are approximately 
0.6 times the PRGs presented in the May 2001 report. 
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Response: The Navy agrees Note 3 of Table 2.2-4 is·in error. Note 3 of Table 2.2-4 should 
identify the Aquatic Reference Screening Value as the 95th percentile equation, not the 
mean + 95% Upper Confidence Limit. Note 3 of Table 2.2-4 will be revised to: 

"3 ~ Aq~atic Reference Screening Value (RSV) calculated as the 9Sh percentile based on 
sample and distribution type." 

The Navy agrees the values reported as the 95% UCLs are actually the estimated 95th 

percentile concentrations. However, the Navy's believes the 95th percentile approach is 
more appropriate than the UCL approach as it is consistent with EPA's technical guidance 
(EPA, 1990) for assessing and regulating the discharge of toxic substances to the waters of 
the United'States. It is the Navy's understanding on January 12, 2001 EPA approved the 
NPDES program for most of Maine. In the Navy's review of Maine's NPDES program, no 
specific changes to the method of discharge limit calculation were found. Thus, although 
concentrations of chemicals in sediment or sediment pore water do not constitute a 
discharge per se, the Navy has generically adopted the framework of EPA's approach for 
purposes of PRG development as the best available practice, as described below: 

Appendix E of EPA 1990 prescribes the statistical methods to set discharge limits. Two 
similar procedures are discussed; the monthly average permit procedure and the daily 
average permit procedure. Both are based on quantile distributions (e.g., pOint estimator 
approach). The Navy has adopted the monthly average procedure as discussed below. 

• The monthly average procedure is based on the 95th percentile of the distribution of 
the daily values that are in compliance. In this calculation for purposes of PRG 
development, our "daily values" are individual concentrations of chemicals in 
sampling locations that were found to be non-toxic (i.e., monitoring stations), or 
assumed to be not -site-related (i.e., background chemical concentrations). 

• In Table E-3, "Monthly Average Permit Limit Calculation for More Than 10 Samples", 
the formula and procedure that is presented is also the same formula the Navy uses 
to calculate the 95th percentiles for the Reference Screening Value and NOEC 
concentrations in the PRG document. 

• In the most recent guidance, (EPA, 1996, Chapter 5, p. 74), it is discussed that a 
modified delta-lognormal distribution can be fit to the data, wherein "the distribution 
assumes that all non-detects have a value equal to the detection limit and that the 
detected values follow a log-normal distribution." Further' detail of the statistical 
methods is referenced to EPA 1990. The Navy has used 1/2 or the Method Detection 
Limit (MDL) values instead of MDL values, the 95th percentile values are lower than 
would be calculated by EPA's procedures. 

Therefore, the Navy concludes the 95th percentile approach is technically defensible and 
most applicable approach that is presently available for use in PRG development, and is 
also consistent with the conservative approach that has been employed throughout all 
phases ,of the' process. The Navy acknowledges the confusion caused by incorrect 
interchange of the UCL and 95th percentile terminology in the text and footnotes, and will 
correct these discrepancies. Also, the Navy proposes to append the above explanation to 
Appendix B (p. B-1) to explain that only the 95th percentile (i.e. quantile) approach was 
employed for PRG development. 

RTC on PRG Interim Submittal 3 September 13, 2001 



The Navy also feels that the use of the 95th percentile to determine the aquatic No 
Observed Effects Concentration (NOEC) and the reference station value (RSV) is 
appropriate as the PRG process is very conservative because the PRG is based on either 
a NOEC or a reference concentration. The NOEC is the concentration where adverse 
effects are not expected to occur. Therefore, adverse effects are not expected to occur 
even if the maximum concentration in the non-toxic samples were used as the NOEC. 
Since the PRG process uses the 95th percentile to derive the NOEC, a PRG based on this 
value is expected to be protective of aquatic receptors. The reference data set is also 
biased for sampling locations that were selected to provide data on regional concentrations 
of chemicals in the Piscataqua River at locations with similar sediment type as PNS that 
are not influenced directly by PNS" (TtNUS, 1999)". Also, the PRG procedure for 
calculating the 95th percentile uses 112 MDL values instead of the MDL values recommended 
by EPA (1996). Hence the resulting 95th percentile distribution of the reference and other 
data sets are shifted to lower values than would otherwise occur if EPA's procedure was 
used exactly. 

The Navy also requested an independent review of the PRG Statistics through the Naval 
Facilities Engineering Service Center (Attachment 5 to the Response to Comments on the 
Interim Submittal) to determine which method, the 95% UCL or the 95th percentile, was 
more appropriate for calculating the PRGs for PNS. 

References 

TtNUS (Tetra Tech NUS, Inc.), 1999. "Interim Offshore Monitoring Plan for Operable Unit 
4" for Portsmouth Naval Shipyard, Kittery, Maine. TtNUS, King of Prussia, PA, October: 

USEPA, 1990. Technical Support Document for Water Quality-based Toxics Control 
(EPAl505/90-001) Office of Water. 

USEPA, 1996. NPDES Permit Writers' Manual. EPA Office of Water. 

3. Comment: The PRG that was eliminated as an outlier (Station 4.1) was the highest value 
in the November 2000 report, but not in the May 2001 report (see Attachment 2 of this 
memo). If the PRG from Station 4.1 is an outlier, the PRG from Station 3.2 should also be 
considered a potential outlier. If both values are eliminated, the mean PRG for copper 
becomes 301 mglkg. 

Response: In a email dated June 6, 2001 from Mr. Fred Evans, the Navy recommended 
deleting Stations 3.2 and 4.1 from the calculation of the PRG. The PRG using the 95th 

percentile is decreased to 486 mg/kg by removing the stations recommended by the Navy 
as outliers. 

4. Comment: The following corrections are needed. 

(a) The RSV and TEV for copper needs to be changed to 5.12 J..lg/L and/or calculations for 
PRGs modified accordingly in Tables 2.2-4 (p. 15), 2.2-5 (p. 16), A-2-2.10 (p. A-43), A-
3-1.1 (p. A-46) 
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(b) The PRG for copper should be changed to 301 mglkg (from 625 mg/kg) and 
calculations of whole sediment hazard quotients modified accordingly in Tables 2.2-6 
(p. 17),3.3-1 (p. 18),3.3-2 (p. 21), A-3-1.3a (p. A-71), A-3-1.3b (p. A-73), A-3-1.3c (p. 
A-77) and A-5 (p. A-82). 

Response: Based on the reasons provided in the Navy's response to MEDEP Comment 
No.2, the Navy disagrees with calculating the RSV, TEV, 'and PRG using the 95% UCL 
instead of the 95th percentile. Therefore, the numbers will be revised using the 95th 

percentile, excluding' outliers. 

Comments on other aspects of the May 2001 Interim PRG report are given below. 

5. Comment: In general, show concentration units on all pages of all tables. In addition, 
please check tables for completeness. Some are missing entries for stations' that 
apparently did not fit on the page (e.g., R4.3. R4.4, M14.2 and M14.3). 

Response: The concentration units will be added to all tables, where appropriate. Also, 
the corrected tables (Tables A2-2.10_p4, Table A3-1.2a_p5, and Table A-4) were 
forwarded to MEDEP et. al. in a June 14, 2001 e-mail from Mr. Fred Evans. These 
corrected tables will be included in the Draft Final PRG document. 

6. Comment: Table A-3-1.2c (p. A-55) 

In the endnote it is stated that "for metals, tissue concentration equals sediment 
concentration." This is confusing. I am guessing the end note means that for metals, 
concentrations in tissue (mg/kg dry weight) are compared directly with concentrations (as 
mg/kg dry weight) in sediment. The assumption is being made that metal concentrations 
reported in this table are dry weight values. If they aren't, they need to be corrected. 

Response: The footnote will be changed to "Metals are not normalized." The tissue 
concentrations are in dry weight and this will be added as a footnote. 

7. Comment: Table A-3-1.2a (p. A-51) . 

Table is missing data for stations M14.1, M14.2 and M14.3 

Response: Please see the Navy's response to MEDEP Comment No.5 above. 

8. Comment: Table A-3-1.2f (p. A-61) 

See comment 6. 

Response: Please see the Navy's response to MEDEP Comment No.6 above. 
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RESPONSES TO SAPL COMMENTS DATED JUNE 11, 2001 
INTERIM SUBMITTAL FOR PRELIMINARY REMEDIATION GOALS FOR OPERABLE UNIT 4 
PORTSMOUTH NAVAL SHIPYARD, KITTERY, MAINE 

1. Comment: Proposed Preliminary Remediation Goals for Copper. Concerns regarding 
the Preliminary Remediation Goal (PRG) proposed for copper in the November 2000 report 
were discussed at the April 3, 2001 technical meeting. These concerns included a 
detection limit for copper that ex.ceeded the screening concentration, and a particularly high 
value for copper at one station that appeared to be an outlier that should not be included in 
determining the mean. The Navy agreed to submit revised calculations that considered a 
lower detection limit and elimination of outliers. These revised calculations are included in 
the May 2001 Interim Submittal. As the Maine Department of Environmental Protection 
(MEDEP) states in their June 11, 2001 comment letter, the Interim Submittal raised more 
questions about the copper PRG than it answered. The MEDEP found that, even though 
the high values thought to be outliers were to be eliminated from consideration, the mean 
PRG for copper for monitoring stations increased, from 547 mg/kg in the November 2000 
report to 625 mg/kg in the May 2001 Interim Submittal. 

We concur with the MEDEP's position that the effect on the copper PRG of revising the 
detection limit should be discussed and explained. If the MEDEP's analysis is correct, the 
reference screening value (RSV) and the threshold effects value (TEV) should be adjusted 
downward, and the PRG and whole sediment hazard quotients should be recalculated. In 
addition, the PRG from Station 3.2 should also be considered a potential outlier. 

Response: Please see the Navy's response to MEDEP Comment Nos. 1, 2, and 3 dated 
June 11, 2001. 

2. Comment: Readability of the Document. SAPL had commented in the original comment 
letter (dated January 25, 2001) on the November 2000 Draft Preliminary Remediation 
Goals for Operable Unit 4 that the document was very difficult to read and understand. 
MEDEP expressed similar concerns regarding the document. This issue was discussed at 
the April 3, 2001, technical meeting, with both the Navy and the Environmental Protection 
Agency (USEPA) acknowledging at the technical meeting that the readibility of the report 
needed to be improved so that the regulatory agencies' technical experts could express 
confidence in the PRG development. Suggestions for improving the document included 
adding example calculations and rewriting the Executive Summary so that the public could 
understand the process and the results. 

The Navy's May 10th response on this issue states that the report is a very technical 
document and the Navy does not believe that it is appropriate to revise the document to 
provide non-technical discussions. The Navy will also prepare a fact sheet for the public 
that will provide a non-technical explanation of the PRG development process .. 

Although a revised Executive Summary is preferable, SAPL welcomes the fact sheet and 
suggests that it be inserted into the final version of the report that will be sent to the 
information repositories and to Restoration Advisory Board members. However, as 
discussed at the April technical meeting, it is not just the public that has difficulty with the 
document. It is crucial that the technical experts also be able to follow and understand the 
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'PRG document and all other technical documents. If they cannot, how can the public have 
any confidence in the process or the results? It appears that additional revision is still 
necessary before the PRG document will be acceptable. With regard to other technical 
documents in the future, an effort must be made to improve readability. It is not 
unreasonable to expect that the Executive Summary, at a minimum, should be 
understandable to the interested layperson. 

Response: The Navy recognizes SAPL's preference for a revised Executive Summary to a 
fact sheet. However, the purpose of the Executive Summary is to provide brief explanation 
of the statement of purpose of the proposed work, scope of work, methods used, results, 
conclusions, and recommendations (if any). The Executive Summary should not include 
any information which does not appear, in some form, in the body of the document. 
Therefore, as 'previously discussed, the Navy will issue a fact sheet to assist the community 
in understanding this document. A draft copy of the fact sheet will be provided to the 
regulators and select RAB Community members (Le. the RAB Community members who 
volunteer to review and comment on fact sheets) to review and provide comments. 

The Navy also recognizes SAPL's concerns regarding the ability of the technical experts 
ability to follow and understand the PRG document and all other technical documents. The 
Navy has worked with and will continue to work with USEPA, MEDEP, and others to assist 
them in following ancj understanding the PRG document and all other technical documents. 

3. Comment: Verifying Assumptions. SAPL had a couple of comments in the January 25th 

letter regarding verification of some assumptions made in developing the PRG process. 
One of these was the assumption regarding selection and remediation of limiting 
contaminants of concern (CoCs), those CoCs that are responsible for much of the baseline 
risk. The assumption is that by remediating limiting CoCs, collocated CoCs will be 
remediated to levels thaf will not have adverse effects. SAPL asked if the data support this 
assumption. The Navy's May 10th response states that the assumption was taken from a 
USEPA document recommenqing the limiting CoC approach, and there is no site-specific 
data to support the assumption because all chemical concentrations around the Shipyard 
are not yet below PRG concentrations. How will the Navy test this assumption once site­
specific data is available? 

Response: The intent of the interim monitoring program is to determine whether the PRG 
CoCs are self-remediating, Le., attenuating over time and trending to fall below PRG 
concentrations. At the 5-Year Review, trend analysis will be conducted on the limiting 
CoCs. The Navy will also assess the other chemicals as part of the Data Quality 
Assessment to determine if other chemicals need to be evaluated at that time. Based on 
the trend analysis and other data quality assessments at the 5-Year Review, the Navy 
would propose a 'course of action if required. 

4. Comment: Dioxin Information. In one of its April 11 th additional comments regarding 
human health risks, SAPL pOinted out that dioxin was not evaluated in the risk assessments 
and has only recently been tested in various sampling programs around the Shipyard. The 
Navy stated in its May 10th response that dioxin concentration data will require a screening 
evaluation for assessment of potential ecological risk. The Navy also states that 
participants at the April 3rd technical meeting were given an action item to look into what 
dioxin screening levels are availaQle for sediment and fish tissue (mussel· and juvenile 
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lobster, in particular). SAPL notes that the Maine Bureau of Health recently updated its 
Fish Tissue Action Levels. When fish tissue concentrations exceed action levels, the 
development of Fish Consumption Advisories is considered. The table identifying current 
action levels (the table is dated 12100) used by the Bureau of Health for screening 
evaluations lists the Cancer Action Level for dioxin as 0.0015 ppb, and the NonCancer 
Action Level as 0.0019 ppb. A footnote to the table states that these values are scheduled 
for review upon completion of the USEPA's draft health assessment for dioxin. What other 

. screening levels were gathered by the meeting participants? How will this information be 
incorporated into the evaluation of the OU4 data and the PRG process? 

Response: The Navy also obtained the Maine Bureau of Health Cancer Action Level for 
dioxin of 0.0015 ppb (wet weight), and the Non-Cancer Action Level as 0.0019 ppb (wet 
weight). As indicated in the footnote of the Maine document, the action levels assumes that 
one 8-ounce meal per week is consumed; and the Cancer Action Level is based on a 105 

Risk Level. In the USEPA Guidance (USEPA, 2000), the carcinogenic consumption limit for 
four 8-ounce meals per month is 0.00015 ppb (based on a 105 Risk Level). A Non-Cancer 
Action Level has not been developed in the USEPA document. Table 5-1 in USEPA, 1993 
lists TCDD sediment concentrations associated with low risk to fish, mammals, and birds, 
and concentrations that would cause a high risk to sensitive species. The following table 
summarizes the information in Table 5-1: 

Sediment Concentration 
(ppb) 

Organism High Risk to 
Low Risk Sensitive Species 

Fish 0.060 0.100 
Mammal 0.0025 0.025 
Bird 0.021 0.210 

In the Baseline Report, the data collected during the Offshore Monitoring Program will first 
be compared to reference concentrations to determine if the dioxin levels may be related to 
site activities. If the dioxin levels in the site data are greater than the dioxin levels in the 
reference data, the site data will be compared to the human health action levels and the 
ecological sediment screening levels. The dioxins will not be used in the PRG process at 
this time. However, the Navy may develop PRGs for dioxins in the future, if dioxins are 
determined to be a chemical of concern for OU4. 
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Attachment 1 - Copper concentrations in porewater - using different analytical detecti n limits (dl) 

Concentration (ug/L) Concentration (ug/L) , 

From Nov. 2000 From May 2001 From Nov. 2000 From May 2001 
Station dl = 5.0 dl =3.0 Station dl=5.0 dl=3.0 

M1.1 Rl.l 7 7.1 
M1.2 11 5.6 R1.2 6 5.7 
M1.3 2.5 1.5 Rl.3 7 7 
M2.1 6 2.8 Rl.4 2.5 3.7 - . -

M2.2 2.5 2.2 R2.1 2.5 3.2 -.. 
M2.3 R2.2 2.5 1.5 
M3.1 2.5 1.5 R2.3 2.5 4.1 
M3.2 2.5 2.2 R2.4 2.5 1.5 
M3.3 R3.1 2.5 1.5 
M4.1 2.5 4 R3.2 8 8.1 
M4.2 R3.3 2.5 2.55 
M4.3 474 474 R3.4 2.5 3.13 
M5.1 2.5 1.5 R4.1 2.5 3.1 
M5.2 2.5 1.5 R4.2 2.5 1.5 
M5.3 R4.3 2.5 1.5 
M6.1 2.5 1.5 R4.4 2.5 1.5 

2.2-4 (~.lS), A-2-2.4a 
M6.2 Table (p. A-13) 

M6.3 2.5 1.5 
M7.1 2.5 1.5 R-Mean 3.63 3.54 
M7.2 R-SD 2.05 2.26 
M7.3 R-Var 4.18 5.12 
MS.1 2.5 1.5 
MS.2 Table 2.2-4 missing last 3 Ref stas. 
MS.3 
MS.4 2.5 1.5 
M9.1 23 23.2 
M9.2 6 3.15 
M9.3 
M9.4 2.5 1.9 
M10.1 2.5 1.5 
M10.2 
M10.3 2.5 1.8 
M11.3 2.5 2.45 
M12.1 2.5 1.5 
M12.2 2.5 2.15 
M12.3 
M13.1 2.5 1.5 
M13.2 
M13.3 2.5 1.5 
M14.1 S 4.15 

M14.2 2.5 1.5 

M14.3 

2.2-4 (p.1S), A-2-2..4a 

Table (p. A-13) 



" : 

Attachment 2 - Copper PRGs from the Nov 2000 versus those from th May 2001 report. 

PRG (mg/kg) 

(PRG = measured concentration in sediment I TEV-HQ) 

Nov. 2000 report May 2001 report 
Station dl = 5.0, TEV = 6.9 dl = 3.0, TEV = 8.26 

M1.1 
M1.2 
M1.3 
M2.1 
M2.2 
M2.3 
M3.1 
M3.2 
M3.3 
M4.1 
M4.2 
M4.3 
M5.1 
M5.2 
M5.3 
M6.1 
M6.2 
M6.3 
M7.1 
M7.2 
M7.3 
M8.1 
M8.2 
M8.3 
M8.4 
M9.1 
M9.2 
M9.3 
M9.4 
M10.1 
M10.2 
M10.3 
M11.3 
M12.1 
M12.2 
M12.3 
M13.1 
M13.2 
M13.3 
M14.1 
M14.2 
M14.3 

Table 

M-Mean 
M-SO 
Mean w/o 8ta. 4.1 

27.79 
483.00 
74.29 
139.66 

510.60 
3008.40 

4912.80 

5.72 
173.60 
106.26-

40.85 

44.44 
131.10 

1255.80 

433.32 
153.30 
238.05 

419.52 
76.31 

86.11 
1493.16 
242.60 
103.09 

148.49 

328.44 
51.49 
78.94 

546.93 
1077.10 

65.3 
963.7 
190.6 
190.0 

1018.7 
4092.5 

3675.7 

6.8 
346.4 
212.0 

81.5 

88.7 
261.6 

2505.5 

864.5 
181.9 
542.8 

660.8 
152.3 

143.2 
-1823.9 
484.0 
143.5 

296.3 

655.3 
118.8 
157.5 

A-3-1.1 (p. A-46) 

737.92 
1070.92 ' 
626.00 

See Attachment 4 for TEV-HQ values 



Attachment 3 

One-sided 95 % upper confidence limit of. the mean Cu concentration in reference 
porewater (May 2001 values) 

With Untransformed Data (Sokal and Rohlf, 1981; Zar 1999; Gilbert 1987) 

UCL.9S = mean + [(tn-I .. OS) (standard deviation 1 "'n-I)] 
Mean = 3.54 
Standard deviation = 2.26 
n = 16 
tIS ... OS = 1.753 

UCL.9S = 3.54J..lg/L + [(1.753) (2.26/"'15) 

UCL.9S = 4.56 ugIL 

With Ln-transformed Data (Zar, 1999) 

Same as above, after concentrations (x) are transformed (to x') as follows: 

Mean x' = 1.405 
Standard deviation = 0.472 
n = 16 
tIS ... OS = 1.753 

x' = Ln (x + 1) 

UCL'9S x' = 1.405 + [(1.753) (0.4711...} 15) = 1.619 
UCL.9S x = exp(1.619) - 1 = 4.05 J..lg/L 

UCL.~ = 4.05 ugIL 

With Ln-transCormed data & critical value (H) for In-normal distribution (Gilbert 1987~ 
PRGreport) 

UCL.9S = exp {mean x' + ,varianceJ2 + [(Ho.9s)(standard deviation I...}n-l)] 

x'=Ln x 
Ho.9S = critical value for the 95% UCL (Table by Land, in Gilbert 1987) 

Mean x' = 1.08 
Standard deviation = 0.628 
Variance = 0.394 
n = 16 
Ho.9S = approximately 2.2 (based on the standard deviation and n = 16) 

UCL.9S = exp {1.08 + 0.39412 + [(2.2)(O.628/...}15)] 

UCL.9S = 5.12 ugIL 



95th percentile Cu concentration in reference porewater (May 2001 
concentrations) , 

With Un transformed data (PRG report; Gilbert 1987) 

P.95 = (mean x) + (standard deviation)(Z.95) 

Z.95 = the 95th percentile of a standard normal distribution 

Mean = 3.54 
Standard deviation = 2.26 
n = 16 
Z .. 95 = 1.6449 

P.95 = 3.54J.1g/L + [(1.6449) (2.26)] 

P .95 = 7.26 ugIL 

With Ln-transformed data (PRG report) 

P.95 = exp[mean x' + (standard deviation)(Z.9s)] 

Mean x' = 1.08 
Standard deviation = 0.628 
n = 16 
Z .. 95 = 1.6449 

P.9S = exp[1.08 + (0.628)(1.6449)] 

~ = 8.27 ugIL 



Attachment 4 - PRGs for copper in sediment using TEVs based on RSVs that ar upper 95 percentile 
concentrations (May 2001 report) vs 95% UCLs of the mean at reference stations (May 2001-corrected). 

PRG (mg/kg) 
(PRG = measured concentration in sediment I TEV-HQ) 

: 

Cu in sediment May 2001 report May 2001-corrected From May 2001 May 2000-corrected 

Station (mg/kg) dl = 3.0, TEV = 8.26 dl = 3.0, TEV = 5.12 dl = 3.0, TEV = 8.26 dl = 3.0, TEV = 5.12 

M1.1 43.7 

M1.2 44.3 65.3 40.50 
M1.3 175 963.7 597.33 
M2.1 64.6 190.6 118.13 
M2.2 50.6 190.0 117.76 
M2.3 46.1 

M3.1 185 1018.7 631.47 
M3.2 1090 4092.5 2536.73 
M3.3 106 

M4.1 1780 3675.7 2278.40 
M4.2 59.5 

M4.3 393 6.8 4.25 
M5.1 62.9 346.4 214.70 
M5.2 38.5 212.0 131.41 
M5.3 22.7 

M6.1 14.8 81.5 50.52 
M6.2 27.9 

M6.3 16.1 88.7 54.95 
M7.1 47.5 261.6 162.13 
M7.2 35.4 

M7.3 23.2 

M8.1 455 2505.5 1553.07 
M8.2 77.5 

M8.3 755.5 

M8.4 157 864.5 535.89 
M9.1 511 181.9 112.77 
M9.2 207 542.8 336.46 
M9.3 73.3 
M9.4 152 660.8 409.60 
M10.1 27.65 152.3 94.38 --
M10.2 33.7 

M10.3 31.2 143.2 88.75 
M11.3 541 1823.9 1130.58 
M12.1 87.9 484.0 300.03 
M12.2 37.35 143.5 88.95 
M12.3 95.3 

M13.1 53.8 296.3 183.64 
M13.2 51.6 

M13.3 119 655.3 406.19 
M14.1 59.7 118.8 73.65 
M14.2 28.6 157.5 97.62 
M14.3 31 

Table A-2-2.2a (p. A-3) A-3-1.1 (p. A-46) CTZ memo Attachment 3 (less M3.2 & M4.1) (less M3.2 & M4.1) 

With outliers With outliers Minus two outliers Minus two outliers 

M-Mean 737.92 457.40 486.23 301.39 
M-SO 1070.92 663.82 589.90 365.65 

--



Attachment 4 - PRGs for copper In sedlm nt using TEVs based on RSVs that are upper 95 percentile 
concentrations (May 2001 report) vs 95% UCLs of the mean at referenc stations (May 2001-corrected). 

TEV-HQs . 
(TEV-HQ = measured concentration in porewater / TEV) 
Nov. 2000 report May 2001 report May 2001- corrected 

Station dl = 5.0, TEV = 6.9 dl = 3.0, TEV = 8.26 dl = 3.0, TEV = 5.12 

(cone in pw/S.9) (adj conclB.3) (adj concl5.12) 

M1.1 
M1.2 1.59 0.68 1.09 
M1.3 0.36 0.18 0.29 
M2.1 0.87 0.34 0.55 
M2.2 0.36 0.27 0.43 
M2.3 
M3.1 0.36 0.18 0.29 
M3.2 0.36 0.27 0.43 
M3.3 
M4.1 0.36 0.48 0.78 
M4.2 
M4.3 68.70 57.38 92.58 
M5.1 0.36' 0.18 0.29 
M5.2 0.36 0.18 0.29 
M5.3 
M6.1 0.36 0.18 0.29 
M6.2 
M6.3 0.36 0.18 0.29 
M7.1 0.36 0.18 "0.29 
M7.2 
M7.3 
M8.1 0.36 0.18 0.29 
M8.2 
M8.3 
M8.4 0.36 0.18 0.29 
M9.1 3.33 " 2.81 4.53 
M9.2 0.87 0.38 0.62 
M9.3 
M9.4 0.36 0.23 0.37 

M10.1 0.36 0.18 0.29 
M10.2 
M10.3 0.36 o.a 0.35 
M11.3 0.36 0.30 0.48 
M12.1 0.36 0.18 0.29 
M12.2 0.36 0.26 0.42 
M12.3 
M13.1 0.36 0.18 0.29 
M13.2 
M13.3 0.36 0.18 0.29 
M14.1 1.16 0.50 0.81 
M14.2 0.36 0.18 0.29 
M14.3 
Table A-272.10 (p. A-43) CTZ memo Attachment 3 
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Introduction 

This document presents review comments of statistical components of the calculation of 
preliminary remediation goals (PRGs) for Operable Unit 4, Portsmouth Naval Shipyard 
(PNS), Kittery, Maine, developed by Science Applications International Corporation 
(SAIC) and Tetra Tech NUS, Inc. (TtNUS). For this purpose, the following documents 
were reviewed: 

• SAIC and TtNUS, "Example Calculation of Preliminary Remediation Goals," 14 
June 2001. 

• TtNUS, Selected excerpts from "Preliminary Remediation Goals for Operable 
Unit 4 Report," May 2001. 

• Description of the statistical treatment of data during the interim offshore 
monitoring program (lOMP) 

The main focus of this review is the statistical components of the PRG calculation 
process as defined in SAIC and TtNUS (2001). As noted in this document, the PRG 
calculation process involves a number of steps, including: 

• Step 1. Benchmark Consolidation and Hazard Calculation 
• Step 2. Evaluation of Site-specific Analyte Exposure 
• Step 3. Retaining Constituents of Concern (COCs) 
• Step 4. Reference Comparison and Threshold Effect Value (TEV) Calculations 
• Step 5. Selection of Limiting COCs 
• Step 6. Baseline PRG Calculations 
• Step 7. Recommended PRG Evaluation 

The statistical components of the above steps are listed below: 
• Step 1 does not include any specific statistical computations. 
• Step 2 includes the following statistical components: 

o Step 2C. Assess type of statistical distribution for the non-toxic 
monitoring station data sets using Shapiro-Wilk test. 

o Step 20. Calculate the 95% upper limit (UL) for the non-toxic monitoring 
station data sets assuming either normal or log-normal distribution. 

• Step 3 includes the determination of the maximum detected concentration in the 
toxic monitoring station data sets, which is not discussed in this review. 

• Step 4 includes the following statistical components: 
o Step 4B. Assess type of statistical distribution for the reference data set 

using Shapiro-Wilks test. 
o Step 4C. Calculate the 95% UL for the reference dataset assuming either 

normal or log-normal distribution. 
• Step 5 includes numerical ranking ofTEV hazard quotient (TEV-HQ) of various 

analytes in each monitoring station, which is not discussed in this review. 
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• Step 6 includes the following statistical computations: 
o Step 6A. Derive Baseline PRGs as arithmetic mean of ratio of sediment 

concentration over TEV -HQ for each sample from all monitoring stations. 
• Step 7 includes the assessment of the correlation between risk findings and 

baseline PRG exceedences. This assessment, however, is qualitative in nature and 
is not discussed in this review. 

Additionally the IOMP includes the following proposed statistical components: 
• Parametric trend analysis (linear regression) of average concentration of each 

limiting COC for the sediment samples collected within the monitoring and 
reference station for each sampling round (or sediment-based mussel samples 
collected within monitoring stations where sediment is not present). 

• Identification of statistical outliers (i.e., values beyond the 95% confidence 
interval, if normally or lognormally distributed, otherwise values beyond the 
upper quartile range plus 1.5 times the quartile range). Those outliers with an 
assignable physiochemical cause will be omitted. -

• Comparison of coefficients of variation across monitoring/reference stations 
during the same sampling round (spatial variation) and across sampling 
rounds at the same monitoring/reference stations (temporal variations) using 
the Levene's test to check homogeneity of variance. 

• Parametric or non-parametric one-way analysis of variance tests (AN OVA) to 
assess the difference between average concentrations at monitoring versus 
reference stations, supported by the Shapiro-Wilk and Levene tests. 

• Comparison of mean concentrations and standard deviations among different 
habitats. 

Review Comments 

This section presents the review comments as related to the above statistical components. 
Each comment also includes the reviewer's recommendations when appropriate. 

1. Step 2C and 20 include assessment of the type of the statistical distribution for 
the non-toxic monitoring station data sets using Shapiro--Wilk test, followed by 
calculating the 95% UL for the non-toxic monitoring station data 'sets, assuming 
either normal or log-normal distribution. Basically, the proposed process is a 
statistically reasonable approach for the follo'Ying reasons: . 

• The objective of these computations is to determine the threshold value of 
point concentrations representative of non-toxic monitoring stations. 
Therefore, it is imperative that ~he computed statistics to be representative 
of point values. For this reason, ULs are most appropriate. Use of other 
measures, such as mean or its upper confidence level (UCL) is 
inappropriate, because these latter measures are representative of average 
values over the entire investigated sediment basin. Specifically, in risk 
assessment computations, UCLs are only intended for cases where average 
concentrations over an entire exposure area are desired. 
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• Non-toxic stations are identified according to highly conservative criteria 
in Steps 2A and 2B as a distinct population. The use of these criteria 
ensures that the selected samples from non-toxic monitoring stations 
constitute values that can be grouped together as a single statistical 
population. 

• Despite the above stringent criteria, the use of 95% UL implies that the 
procedure conservatively considers 5% of the data as non-representative, 
even when those measurements are confirmed to belong to the non-toxic 
population. 

• Use of the cited UL equations to compute threshold values are common 
approaches in environmental site investigations. For example guidance, 
see U.S. EPA (1995 and 1998). 

• Given that all subsequent comparisons are defined in terms of point 
concentrations, the use of UL ensures the spatial consistency of the 
computed values. 

• The selected process for UL calculations in the reviewed document is 
based on conservative assumptions .. The conservative nature of these 
calculations is demonstrated in the following example. 

Example: The statistical computations associated with Steps 2C and 2D are 
discussed in details in SAIC and TtNUS (2001). Consider copper pore water 
hazard quotient (PW-HQ) for samples indicating no toxicity to amphipods 
(Table A-2-2.6, pages A-27 through 30). Of the 23 reported PW-HQ values 
13 of them are 0.48, while the rest range between 0.51 and 1.81, as listed in 
Attachment A of this review. The 0.48 values appear to be related to below 
detection results, which are substituted by one-half of the method detection 
limits. 

Attachment A of this review shows the exploratory statistical analysis of PW­
HQ values, logarithm ofPW-HQ values, PW-HQ above 0.48, and logarithm 
ofPW-HQ values above 0.48, respectively. As this attachment indicates, the 
complete dataset is neither normally nor log-normally distributed using a 90 
.or 95% confidence limit. However, if 0.48 values are removed, the remaining 
data would exhibit a strong tendency toward log-normality. 

Given that there only 23 .values, of which a significant portion appear to be 
related to non-detects, non-parametric procedures are appropriate to determine 
the 95% UL. This approach is conducted by ranking the measured values in 
an ascending order. Then the k = 0.95(n+ 1) is calculated, where n is the 
number of data values. If k is an integer, the 95-percentile is the kth largest 
value in the ordered dataset. Ifk is not an integer, the 95-percentile is 
obtained by linear interpolation between two values in the ordered dataset that 
are closest to k. The 95 and other percentile values for the complete dataset 
are shown in Attachment A of this review. As noted, this procedure is a 
versatile, non-parametric technique (i.e., does not require any specific 
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distribution), which can be applied to any dataset, as long as the kth largest 
value is not associated with a below detection sample (DON, 1999). 

In this case, k = 0.95(24+1) = 23.75. The above non-parametric approach 
would result in a· 95% UL for copper PW -HQ of 1.716 (Attachment A of this 
review). This value is more than 50% higher than the reported value of 1.14 
in Table A-2-2.6, which is computed based on the assumption of log­
normality. This example highlights the built-in conservatism in Steps 2C and 
20 computations .. 

2. Step 4B and 4C include assessment of the type of the statistical distribution for 
the reference data sets using Shapiro-Wilk test, followed by calculating the 95% 
UL for the reference data sets assuming either normal or log-normal distribution. 
Basically, the proposed computations are statistically reasonable for the following 
reasons: 

• The objective of these computations is to determine the threshold value of 
risk screening values (RSV s) for screening of point concentrations. 
therefore, it is imperative that the computed statistics to be representative 
of point values. For this purpose, ULs are most appropriate. Use of other 
measures, such as mean or its upper confidence level (UCL) is 
inappropriate, because these latter measures are representative of average 
values over the entire reference area. In this instance, given the screening 
nature of RSVs, which are used as benchmarks against point 
measurements, the UL must be used. 

• Reference areas are identified based on the results of extensive site 
investigations. These investigations ensure that the selected samples from 
the reference stations constitute values that can be grouped together as a 
single statistical population. 

• Despite the above findings, the use of 95% UL implies that the procedure 
conservatively considers 5% of the reference data as non-representative, 
even when those measurements are confirmed to belong to the reference 
population. 

• Use of the cited UL equations to compute RSVs are common approaches 
in environmental site investigations. For example guidance, see U.S. EPA 
(1995 and 1998). 

• Given that all subsequent comparisons are defined in terms of point 
concentrations, the use of ULs for RSV calculations ensures the spatial 
consistency of the computed values. 

• The selected process for UL calculations in the reviewed document is 
based on overly conservative assumptions. The reasonable nature of these 
calculations is demonstrated in the following example. 

Example: The statistical computations associated with Steps 4B and 4C are 
Qiscussed in details in SAIC and TtNUS (2001). Consider copper 
concentrations for reference samples (Table 2.2-4, page 15). Of the 16 . 
reported values 6 of them are 1.5 ppb, while the rest range between 2.55 and 
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8.10 ppb, as listed in Attachment B of this review. The 1.5 ppb values appear 
to be related to non-detects, which are substituted by one-half of the method 
detection limits. 

Attachment B of this review shows the exploratory statistical analysis of the 
above copper concentrations, their logarithms, concentrations above 1.5 ppb, 
and logarithm of concentrations above 1.5 ppb, respectively. As this 
attachment indicates, the complete dataset is neither normally nor log­
normally distributed using a 90 or 95% confidence limit. However, if 1.5 ppb 
values are removed, the remaining data would exhibit a log-normal tendency. 

Given that there are only 16 values, of which a significant portion appear to be 
related to non-detects, the non-parametric procedure discussed earlier can be 
used. In this case, k = 0.95(16+ 1) = 16.15, resulting in a 95%UL of 8.25 ppb, 
which is the practically the same as the reported value of 8.26 ppb in Table 
2.2-4. This example highlights the fact that the procedure described in SAIC 
and TtNUS (2001) is reasonable and yields results consistent with 
conservative statistical procedures. 

3. At this stage, it should be reiterated that the statistical measures discussed above, 
i.e., the 95% UL ofPW-HQ (Steps 2C/2D) and Aquatic RSVs (Steps 4B/4C), are 
computed mainly for screening and comparison to individual sample results. 
These comparisons eventually lead to determination of individual Cs/TEV -HQ, 
i.e., the ratio of sediment concentration over TEV -HQ, for each sample, before 
their arithmetic mean is considered as the baseline PRG in Step 6A. This clearly 
indicates that determination of PRGs is mainly driven by point results. Given the 
fact that the investigated sample results are all point measurements, and the fact 
that all decisions are based on such point sample results, it is imperative that 
above statistical measures to be also representative of point values. The use of 
95% UL ensures this necessary condition. Any deviation from this principal 
yields intermediate values that cannot be compared or applied to point values. 
For example, comparison or screening of point values based on the UCL of mean 
concentrations is a statistically inconsistent and inappropriate procedure. Such 
inconsistencies must be avoided in order to assure the reliability of the resulting 
PRGs. 

4. The IOMP includes a series of comprehensive statistical tests. These tests assess 
both temporal and spatial trends of the resulting monitoring data. Almost all the 
cited procedures consider both parametric and non-parametric methods. This 
provides adequate flexibility to accommodate various outcomes. The following 
are some supplementary suggestions for further improvement of the proposed 
program: 
• The trend analysis proposed in the IOMP currently considers either normal or 

log-normal distributions, such that the appropriate parametric linear regression 
can be applied. To ensure the applicability of the proposed methods, the trend 
analysis should also consider the cases when neither distributional assumption 
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is applicable. For this purpose, the non-parametric trend analyses, such as 
Mann-Kendall test (Helsel and Hirsch, 1995, p. 326), should also be included 
among the proposed techniques. 

5. Another component of the IOMP is the comparison of station-average 
concentrations to the recommended PRGs. The baseline PRGs derived in Step 
6A are arithmetic averages of point values. Upon evaluation of these values in 
Step 7, they are proposed to be used for comparison against station-average 
concentrations during each monitoring round. These station-averages would 
typically represent three samples. This comparison is a highly conservative 
procedure, as discussed below: 

• The above PRGs are arithmetic mean values. This implies ~hat even if all 
the samples during a given monitoring rounds are from the same statistical 
population as before (i.e., no change in their conditions), depending on the 
distribution of the measured values, there is as much as 50% chance that 
the exceedences are erroneously reported. Statistically, this is a very high 
Type I error. 

• The above error rate is further compounded when considering' that the 
PRGs are representative of the entire basin, while the computed station 
averages represent much smaller areas. As the regularization principle 
(Matheron, 1971) indicates, variability of measured values tend to 
decrease as their averaging domain increases. This implies that the PRGs 
are not only representative of the entire sediment basin, but also are 
expected to be far less variable that the station-averages. This discrepancy 
further increases the chances of the Type I error. 

• As noted in numerous U.S. EPA guidance documents, such as U.S. EPA 
(1994), a reasonable Type I error is usually between 1 % to 10%. In fact, 
the most common value for Type I error used in environmental site 
investigations is 5%. Given this typical value of 5%, a Type I error in 
excess of 50% can be considered as overly conservative. 
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ATTACHMENT A 

Exploratory Analysis of Copper PW-HQ in Point Samples from Non-toxic Monitoring 
Stations (23 data points) 

Copper PW-HQ Data 

Descriptives 

Statistic Std. Error 
PWHQ Mean .6652 .06950 

Median .4800 
Variance .111 
Std. Deviation .33333 
Minimum .48 
Maximum 1.81 
Range 1.33 
Interquartile Range .2300 
Skewness 2.393 .481 
Kurtosis 6.027 .935 

LNPWHQ Mean -.4892 .07861 
Median -.7340 
Variance .142 
Std. Deviation .37699 
Minimum -.73 
Maximum .59 
Range 1.33 
Interquartile Range .3915 
Skewness 1.637 .481 
Kurtosis 2.129 .935 

Percentiles 

Percentiles 
5 10 25 50 75 90 95 

Weighted PWHQ .4800 .4800 .4800 .4800 .7100 1.2120 1.7160 
Average(Definition 1) LNPWHQ -.7340 -.7340 -.7340 -.7340 -.3425 .1835 .5332 
Tukey's Hinges PWHQ .4800 .4800 .7100 

LNPWHQ -.7340 -.7340 -.3425 

A-I 



Tests of Normality 

Kolmogorov-Smirnova Shapiro-Wilk 
Statistic df Sig. Statistic df 

PWHQ .289 23 .000 .636 23 
LNPWHQ .307 23 .000 .716 23 

a. Lilliefors Significance Correction 
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Observed Value 

Exploratory Analysis of Copper PW-HQ above 0.48 in Point Samples from Non-toxic 
Monitoring Stations (10 data points) 

Descriptives 

Statistic Std. Error 
PWHQ Mean .9060 .12555 

Median .7500 
Variance .158 
Std. Deviation .39702 
Minimum .51 
Maximum 1.81 
Range 1.30 
Interquartile Range .4375 
Skewness 1.550 .687 
Kurtosis 2.202 1.334 

LNPWHQ Mean -.1709 .12179 
Median -.2891 
Variance .148 
Std. Deviation .38513 
Minimum -.67 
Maximum .59 
Range 1.27 
Interquartile Range .5025 
Skewness .865 .687 
Kurtosis .376 1.334 

A-4 



Percentiles 

Percentiles 
5 10 25 50 75 90 

Weighted PWHQ .5100 .5170 .6625 .7500 1.1000 1.7630 
Average(Oefinition 1) LNPWHQ -.6733 -.6605 -.4145 -.2891 .0880 .5633 
Tukey's Hinges PWHQ .6900 .7500 1.0200 

LNPWHQ -.3711 -.2891 .0198 

Tests of Normality 

Kolmoaorov-Smirnova Shapiro-Wilk 
Statistic df Sig. Statistic df Sig. 

PWHQ .215 10 .200* 
LNPWHQ .172 10 .200* 

*. This is a lower bound of the true significance. 

a. Lilliefors Significance Correction 
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ATTACHMENT B 

Exploratory Analysis of Copper Pore Water Concentrations in Reference Station 
. Samples (16 data points) 

Copper Pore Water Concentrations (ppb) 

11.5011.5011.5011.5011.5011.5012.5513.1013.1313.2013.7014.1015.7017.0017.1018.101 

Oescriptives 

Statistic Std. Error 
COPPER Mean 3.5425 .56595 

Median 3.1150 
Variance 5.125 
Std. Deviation 2.26378 
Minimum 1.50 
Maximum 8.10 
Range 6.60 
Interquartile Range 3.8000 
Skewness .912 .564 
Kurtosis -.440 1.091 

LNCOPPER Mean 1.0789 .15692 
Median 1.1362 
Variance .394 
Std. Deviation .62770 
Minimum - .41 
Maximum 2.09 
Range 1.69 
Interquartile Range 1.2526 
Skewness .271 .564 
Kurtosis -1.359 1.091 

Percentiles 

Percentiles 
5 10 25 50 75 90 95 

Weighted COPPER 1.5000 1.5000 1.5000 3.1150 5.3000 7.4000 
Average(Definition 1) LNCOPPER . .4055 .4055 .4055 1.1362 1.6581 1.9996 
Tukey's Hinges COPPER 1.5000 3.1150 4.9000 

LNCOPPER .4055 1.1362· 1.5757 

Tests of Normality 

KolmoQorov-Smirnova Shapiro-Wilk 

Statistic df Sig. Statistic df Sig. 
COPPER .192 16 .120 .836 16 .009 
LNCOPPER .233 16 .020 .865 16 .023 

a. Lilliefors Significance Correction 
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Exploratory Analysis of Detected Copper Pore Water Concentrations in Reference 
Station Samples 
(10 data points) 

Oescriptives 

Statistic Std. Error 
COPPER Mean 4.7680 .63963 

Median 3.9000 
Variance 4.091 
Std. Deviation 2.02268 
Minimum 2.55 
Maximum 8.10 
Range 5.55 
Interquartile Range 3.9025 
Skewness .609 .687 
Kurtosis -1.404 1.334 

LNCOPPER Mean 1.4829 .13151 
Median 1.3597 
Variance .173 

" Std. Deviation .41588 
Minimum .94 
Maximum 2.09 
Range 1.16 
Interquartile Range " .8108 
Skewness .319 .687 
Kurtosis -1.644 1.334 

Percentiles 

Percentiles 
5 10 25 50 75 90 

Weighted COPPER 2.5500 2.6050 3.1225 3.9000 7.0250 8.0000 
Average(Definition 1) LNCOPPER .9361 .9556 1.1386 1.3597 1.9495 2.0787 
Tukey's Hinges COPPER 3.1300 3.9000 7.0000 

LNCOPPER 1.1410 1.3597 1.9459 

Tests of Normality 

Kolmoqorov-Smirnova Shapiro-Wilk 
Statistic df Sig. Statistic df Sig. 

COPPER .229 10 .145 
LNCOPPER .179 10 .200* 

*. This is a lower bound of the true significance. 

a. Lilliefors Significance Correction 
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ATTACHMENT 3.7 

RESPONSE TO COMMENTS ON THE DRAFT FINAL PRG POCUMENT 



RESPONSES TO NOAA COMMENTS DATED OCTOBER 3, 2001 
DRAFT FINAL PRELIMINARY REMEDIATION GOALS FOR OPERABLE UNIT 4 
PORTSMOUTH NAVAL SHIPYARD, KITTERY, MAINE 

(Comment numbers added) 

1. Comment: Previously, we discussed the removal of stations with much metal debris 
because inorganic constituents likely are not bioavailable there. i see this briefly addressed 
in the April/2001 minutes that followed our meeting and in Appendix 3.5 but there is no 
mention of this step in the body of the document. Section 3.1 translates the aquatic; TEV 
values into PRGs and equation #5 provides the reader with the quantification for this 
method. But as you are aware, if the high concentrations found at Stations 4-1 and 3-2 are 
used, the PRG is greatly increased despit~ some question of the copper availability. We 
discussed this at length during our spring meeting, and I am certain the Navy removed 
them in the calculation, but the report does not show the reader where and how you did 
this. 

Response: Text will be added to indicate that high copper values from the two locations. 
were not used to calculate PRGs. The following paragraph will replace the second to last 
paragraph on page 14 (of Attachment 1): 

"The important feature of this TEV-to-PRG translation method is that the measured risk 
data are used to derive the PRG value. In some cases, further modification might be 
needed if, for example, characteristics of a particular media sampled at a given location 
(e.g., TOC content of sediment, inert CoC materials such as metal fragments) result in an 
estimated PRG that is outside the expected range about the value at PRG-HQ = 1. In the 
present study, the high copper values from monitoring· stations MS-3.2 and MS-4.1 were 
not· used to calculate the OU4-wide PRG concentration as the elevated levels were 
statistical outliers and likely caused by the metal slag observed at both locations 
(Attachment 3.5). With this exception, the procedure described above was used to 
calculate station-specific PRG estimates from which the mean PRG value was taken as the 
site-wide PRG concentration. Results of this process are discussed in Section 3.2." 

2. Comment: When reviewing the PRG Hazard Quotients for Round 1 (Table A-3-1.3b), I 
note that Station M-11 was not included. Or was it? Previously NOAA observed that these 
two samples were collected in the intertidal zone of the Piscataqua River near Sites 6 and 
29 of the PNS. MS-11 was dominated by sand (>93% in both samples), and only two 
samples were collected due to the lack of sediment. The high metals values at this station 
(especially Pb) were due to the likely failure of the revetment allowing contaminated soil to ' 
fall in the area. We stated that re-calculating the averages without the inclusion of MS-11 
would provide a more realistic assessment of the distribution of metals values in sediment. 
Did the Navy do this? If so, can you help me find where this is explained in the report? 

Response: Only Round 2 data were used to develop the baseline PRGs. Once the PRGs 
were developed, the values were compared to both Round 1 and EERA sediment data. 
During Round 1, sediment was present at MS-11 at two locations (location 2 and location 
3). The sediment sample from location 2 during Round 1 (MS-11-299A) was collected from 
some sediment behind mussels near the area of eroding soil at Site 6. This sediment 
sample had very high levels of metals (particularly lead, copper, and nickel); however, 
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sediment sample collected at location 3 during Round 1 (MS-11-399A), which was collected 
near Site 29, did not have high levels of metals. In Round 2, sediment could only be 
collected at location 3 (MS-11-300B). The copper concentration for this sediment sample 
was evaluated as part of the evaluation for removing a sample from Step 6 of the PRG 
calculation and it was determined that the sediment data for copper (from Round 2) for this 
location would be included in the PRG calculation. The information was provided in an 
email from the Navy dated June 6, 2001 and a copy of the email is included as Attachment 
3.5 of the PRG Report. 

The data for Round 1 in Table A-3-1.3b (pages A-77 to A-80) are correct, though the "OOB" 
portion of the label needs to be changed to "99A". The footnote is not correct, and should 
be changed to "Not calculated for Round 1 data." See below. 

For MS-11, although sediment was collected at MS-11.2, it was really soil that became 
trapped behind clumps of mussels, and not a true benthic habitat. Also, going forward, if 
bivalve data will be used to monitor here, then the PRG process should be applied 
consistently. If the sediment is only available for one round, then sediment monitoring at 
this location is not a reliable long term monitoring method. 

Although tissue data were available, the BAF/BSAF approach was not applied to Round 1 
data because the BAF/BSAF values were not developed for Round 1 data per agreement 
by the group that the issue of average BAF/BSAF would be addressed with the full data 
sets (all rounds), and that the round two calculations were more an example of how the 
PRG process would be applied. 

Note that Table A-3-1.2j (page A-74) was corrected by removing the TOC value (TOC was 
not measured for the samples because sediment was not present at these locations). 

3. Comment: Concerning Round 4, I noted that the inorganics, particularly copper remain 
very high at Station #4. Furthermore, two out of three additional Station 4 samples (see 
Appendix G.S of the Round 4 data package) also showed very high inorganic 
concentrations, as did monitoring stations 3, 8, 11. The discussion above likely explains 
the high concentrations at stations 3, 4, and 11. Station 8 concentrations appear to have 
increased to those values found during Round 2. The Navy should address the source of 
this contamination. 

Response: The Navy is evaluating the four rounds of interim offshore monitoring data as 
part of the Baseline Monitoring Report. The Navy will conduct the evaluation in accordance 
with the Interim Offshore Monitoring Plan (TtNUS, October 1999). However, as indicated in 
the Interim Offshore Monitoring Plan (TtNUS, October 1999), trending to determine whether 
concentrations are increasing significantly will be conducted after the first 4 years of 
monitoring data are available (i.e., after Round 6 sampling) because a minimum of 4 years 
of sediment data are required to adequately discern a trend. The Navy recognizes that 
copper concentrations at MS-3 and MS-4 are very high at some of the sampling locations. 
These two monitoring stations are located offshore of Site 32 and the Navy is currently in 
the planning stages for a Remedial Investigation for Site 32. Therefore, the Navy is also 
evaluating the offshore data for MS-3 and MS-4 as part of the planning process for Site 32. 
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RESPONSES TO MEDEP COMMENTS DATED OCTOBER 18, 2001 
DRAFT FINAL PRELIMINARY REMEDIATION GOALS FOR OPERABLE UNIT 4 
PORTSMOUTH· NAVAL SHIPYARD, KITTERY, MAINE.· 

General Comment 

1. Comment: As stated in our Sept. 19, 2001 letter all references to using the 95% UCL must 
be replaced with the 95th percentile concentration and the basis for the change needs to be 
clearly stated. 

Response: Table ES-1 of Attachment 1 will be revised to indicate "95th quantile". Also, the 
use of the "95% UCL" terminology in the Interim Offshore Monitoring Plan was an error. 
The plan correctly indicated the formula for the 95th percentile concentration would be used; 
however, the formula was incorrectly labeled as the "95% UCL," instead of the"95th 

percentile" concentration. Therefore, the approach did not change; there was just an error 
in terminology. . 

Specific Comments 

2. Comment: Executive Summary, p. ES-4, last paragraph before bullet 

Change "rational" to "rationale" . 

. Response: The text will be cor.rected as requested. 

3. Comment: 4.0 Uncertainty Analysis, p. 23 

a) "Although every sampling location around PNS did not have a PRG exceedance, multiple 
sampling locations within each of the intermediate risk areas ... did exhibit PRG 
exceedances. " 

This sentence is confusing. Should the first phrase read, "Although not every sampling 
location around PNS had a PRG exceedance ... "? Otherwise it sounds as if there were no 
PRG exceedances at any sampling locations around PNS. 

Response: The text will be revised to read "Although not every sampling location around 
PNS had a PRG exceedance, multiple sampling locations within each of the intermediate 
risk areas (i.e., Dry Docks, Back Channel, Sullivan Point) did exhibit PRG exceedances." 

b) 2nd paragraph of section: Change "Trustee's" to "Trustees". 

Response: The text will be corrected as requested. 
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4. Comment: Fig. 3.3-2 B. Round 1 Monitoring Data 

The area of BC-169 has a yellow' circle associated with it but there is~ no corresponding 
symbol in the legend. Please correct. 

Response: The indicated location is MS-1.1. The symbol color should be blue, because 
the PRG-HQ is less than 1 at this location. Figure 3.3.2 B (page 32 of Attachment 1) will be 
corrected. 

5. Comment: Table 1.0-1 Potential Remedial Action Objectives for the Portsmouth Naval 
Shipyard offshore study area 

"Protect...communities by identification of exposure to chemicals of concern (COCs) at 
unacceptable levels ... " 

Identification alone does not protect these communities. The Potential RAOs should 
include addressing/mitigating exposures to COCs at unacceptable levels. 

Response: The potential RAOs are the RAOs identified for the Interim Offshore Monitoring 
(see Section 2.8 of the Interim Record of Decision for OU4, Navy, May 1999), and are 
correct as they apply to the interim remedy. The current interim monitoring program 
triggers additional investigation, not remedial action. No revision is required. 

6. Comment: Table A-2.2.2a 

The last footnote for this table indicates that "a value of 1/2 MDL substituted for non­
detects". Those results that were designated ND should be noted in the table either by 
highlighting, an asterisk, or some other, designator such as the data qualifier U. 
Approximate results should also be indicated by a J. 

Response: The data provided in Table A-2.2.2a are the Round 2 data as they were'used 
in the PRG development process. The reported data (with the appropriate data qualifiers) 
for Round 2 can be found in the Interim Offshore Monitoring Round 2 Data Package 
(TtNUS, October 2000). 

7. Comment: Table A-2-2.4a. Concentrations of contaminants in the sediment pore water 
from Round 2 

See Comment 6. 

Response: Please see the Navy's response to MEDEP Comment No.6, above. 

8. Comment: Attachment 2, Example Calculations 

The example calculations go only part way towards presenting the calculations as the 
MEDEP requested. In my email to the Navy dated 5/25/01, which dealt specifically with 
copper, I stated, "I want to see the actual equations with the values specific to copper 
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plugged in." In the OF PRG document the Navy provided the formulae with the variables 
stated, and then the values.of the variables were indicated separately. This is appropriate 
however" the final step would be to show the' formulae with the values of the variables 
plugged in. For example, for Step 1 A the final part of the example would be: 

19f.1.g 1 kg . 
WQSV= = 0.138 IJg/L 

(13,800LI kg )(0.01) 

The MEDEP is not sure why this request apparently was difficult to understand. 
Nevertheless, we will accept the presentation as shown in the Draft Final document. 

Response: Comment noted. However, no change will be made to the example 
calculations as shown in the Draft Final document. 

9. Comment: Response to MEDEP Comment 1 

MEDEP comment: "However, copper concentrations at Stations M1.2, M2.1, M9.2, and 
M14.1...were essentially halved by the change in the detection limit...The impact that 
changing the detection limit has should be discussed and explained." 

Navy response: "The reason why the detections at Stations M1.2, M2.1, M9.2, and M14.1 
are now considered non-detects is because there was a detection in the blank sample 
associated with those samples that was not detected at 5 ug/L, but was detected when the 
detection limit is reported as 3 ug/L." 

This is apparently the only indication in the document that some samp~s were reclassified 
as non-detect. Table A-2.2.4a does not indicate they are non-detect (in fact, that table 
doesn't indicate that any samples are non-detect, see Comments 6 and 7). The table must 
be revised. In addition the reclassification should be discussed in the text. How does this 
reclassification affect the PRG for copper? 

It is worth pointing out again that the PRG process seems overly complex in terms of all the 
calculations as well as the frequent revision of numbers. The reclassifications of the 
samples listed above is an example of raw data being revised for one reason or another. 
The prediction of organic constituents in pore water using equilibrium partitioning is another 
example. We are not saying these revisions are unnecessary, however it is important to 
bear in mind that it does make it difficult for the reader to follow the process through and 
understand how the end results (the PRGs) are obtained. 

In addition, our original question was not answered. Though it is somewhat academic at 
this point please explain how halving the detection limit could halve the concentrations of 
the samples listed above. 

Response: The qualification of the porewater data results based on the laboratory re'­
evaluation of the detection limit for copper was discussed at the April 3, 2001 technical 
meeting and tables with the revised data tables for the Round 2 data package were 
submitted on August 8, 2001. The re-evaluation was conducted for the Interim Offshore 
Monitoring porewater data because the data quality objective for the detection limit for 
porewater analysis for copper was not met. After the detection limits for copper porewater 
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samples were re-evaluated,'the data were validated and the database for the Interim 
Offshore Monitoring program was updated to include the revised Round 2 porewater data. 
Therefore, the PRG development process is not revising the "sourcenor "raw" porewater 
data based on the re-evaluation of the copper detection limit for copper, rather the "source" 
or "raw" porewater data has been revised. Discussion of the re-evaluation will not be 
included in the PRG development, text as the re-evaluation was specifically conducted 
under the Interim Offshore Monitoring Program. 

As provided in the Navy's response to MEDEP Comment 1 on the Interim Submittal (dated 
June 11, 2001), the reason why the detections at'select locations were requalified as non­
detects is because there was a detection in the blank sample associated with those 
samples that was not detected at 5 ug/L, but was detected when the detection limit is 
reported as 3 ug/L. Therefore, the porewater data for copper for these 4 samples were, 
qualified with a "U", indicating non-detects. In the PRG process, V2 of the non-detect value 
is used; therefore, the data for these samples is halved. 

For example, the porewater data for copper at M1.2 is 11.2 U ug/L (based on the 
qualification after the re-evaluation of detection limits); therefore, a value of 5.6 ug/L was 
used in the PRG process. 

10. Comment: Response to MEDEP Comment 2 , p. 3 

Our comment dealt with the issue of using the 95% UCL versus the 95th percentile for 
deriving a reference value for concentrations of analytes in porewater. As the State 
indicated in a letter to the Navy dated September 19, 2001 we have concluded that the 95 
percentile concentration is acceptable to use for determination of background porewater 
concentrations for PRG development. Therefore this' comment and response no longer 
applies to the issue. 

However, in responding to our June 11 comment, the Navy justified its use of the 95th 
percentile by indicating that it is consistent with EPA's technical guidance (EPA, 1990) for 
assessing and regulating the discharge of toxic substance to the waters of the US. Based 
on further text in the Navy's response the EPA document appears to provide guidance for 
the method of discharge limit calculation under the NPDES program (a copy of this 
guidance was not available to review). The Navy goes on to state, "It is the Navy's 
understanding on January 12, 2001 EPA approved the NPDES program for most of Maine. 
In the Navy's review of Maine's NPDES program, no specific changes to the method of 
discharge limit calculation were found. Thus, although concentrations of chemicals in 
sediment or sediment pore water do not constitute a discharge per 5e, the Navy has 
generically adopted the framework of EPA's approach for purposes of PRG development as 
the best available practice, as discussed below: .. " 

It appears that the Navy is stating that aspects of the NPDES program may apply to 
porewater and sediment at OU4. However, in our earlier discussions regarding WET 
testing of the seeps at OU6, we believed the Navy was stating that NPDES doesn't apply to 
the seeps since the Navy believes they aren't the type of discharges that are covered under 
NPDES. The MEDEP believes that if the Navy can adopt the framework of NPDES 
technical guidance for sediment and porewater, it should certainly do so for seeps which 
are a discharge. The MEDEP is not requesting the Navy to change the approach with 
which we are addressing OU6 at this time. In fact, at our OU6 DaO technical meeting Oct. 
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2 and 3, we.discussed what type>of toxicity testing we would perform if such testing was 
necessary .. The resulting test we all agreed on is essentially a WET test. However, we 
would like the Navy to clarify its adoption of portions or "framework" of NPDES for OU4 but 
not for OU6. 

Response: The Navy did not adopt portions of the NPDES program for OU4.. The 
discussion in the original response provides an example of another program that uses a 
similar statistical approach. 

11. Comment: Response to MEDEP Comment 2, p. 4 

"The reference data set is also biased for sampling locations that were selected to provide 
data on regional concentrations of chemicals in the Piscataqua River at locations with 
similar sediment type as PNS that are not directly influenced by PNS ... " 

Please clarify the use of the word "biased". By definition reference locations should be 
selected as the Navy described in this response. It is unclear how the reference data set 
would be biased for such locations. Could a reference data set be a result of some other 
type of reference location? 

Response: The reference stations were selected . to provide data on regional 
concentrations of chemicals in the Piscataqua River at locations with similar sediment[type 
as PNS that are not influenced by PNS in accordance with the Interim Offshore Monitoring 
Plan (TtNUS, October 1999). 
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RESPONSES TO SAPL COMMENTS DATED JUNE 11, 2001 
INTERIM SUBMITTAL FOR PRELIMINARY REMEDIATION GOALS FOR OPERABLE UNIT 4 
PORTSMOUTH NAVAL SHIPYARD, KITTERY, MAINE 

1. Comment: Page ES-4, PRG IMPLEMENTATION. SAPL had commented in previous 
letters (dated 1/25/01 and 4/11/01) on the November 2000 draft Preliminary Remediation 
Goals for Operable Unit 4 regarding the first sentence in the last paragraph of this section. 
In its 5/10101 response to SAPL's 4/11/01 Followup Comment on Original Comment 6, the 
Navy agreed to revise the text as follows: "The results of implementation of the PRGs are 
consistent with the findings of the risk assessment, that is, the areas identified in the EERA 
as having intermediate risks associated with them (i.e., Sullivan Point, Back Channel, and 
Dry Docks) are the same areas where sediment concentrations were found above PRGs." 
However, this text revision has not been made. The document must be corrected. 

Response: The second paragraph on page ES-4 will be revised as follows: 

"The results of implementation of the PRGs (presented in Attachment 1) indicate the PRGs 
are consistent with the findings of the risk assessment, that is, the areas identified in the 
EERA as having intermediate risks associated with them (i.e., Sullivan Point, Back 
Channel, and Dry Docks) are the same areas where sediment concentrations were found 
above PRGs. The recommended PRGs are presented in Table ES-2." 

2. Comment: Attachment 1, Page 3, Section 2.1 Overview of PRG Development 
Approach. In its 5/10101 response to SAPL's 4/11/01 Followup Comment on Original 
Comment 2, the Navy agreed to revise the first sentence in Section 2.1 as follows: "It is the 
objective of the PRG development to establish sediment-based concentrations that 
represent thresholds below which adverse effects on ecological receptors are not expected 
to occur." However, this text revision was not made. The document must be corrected. 

Response: The first sentence of the first paragraph in Section 2.1 will be revised as 
requested. 

3. Comment: Attachment 1, Page 34, Table 1.0-1. This table lists the proposed Remedial 
Action Objectives (RAOs) for water and sediment as "Protect ... communities by 
identification of exposure to chemicals of concern (COCs) as unacceptable levels in the 
estuarine waters (surface waters)/sediments in the Portsmouth Naval Shipyard offshore 
Areas of Concern (AOCs)." While identification of such exposure is important, it is only a 
first step toward protection and does not constitute protection by itself. The RAOs must be 
revised. 

Response: Please see the Navy's response to MEDEP1Comment No.5 dated October 18, 
2001. 

4. Comment: Attachment 1, Page A-3, Table A-2-2.2a. The last footnote on the first page 
of the table states that a value of 1,6 MDL is substituted for non-detect data. However, the 
reader has no way of knowing which of the concentrations listed in the table are actual 
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measured values and which are. V2 MDLs. An, appropriate qualifier must be added to 
identify the non-detect entries. Approximated values·should also be marked with a qualifier. 
This comment also applies to Table A-2-2.4a that begins on Page A-13. 

Response: Please see the Navy's response to MEDEP Comment No.6 dated October 18, 
2001. 

5. Comment: Attachment 3.6, Response to Comments on Interim Submittal. The Navy's 
response to SAPL's Comment Number 1 (Comment dated 6/11/01) refers the reader to the 
responses to MEDEP Comments 1, 2, and 3 (Comments dated 6/11/01). The MEDEP 
recently provided comments on the subject document in a letter dated 10/18/01. Regarding 
the Navy's response to MEDEP Comment 1, SAPL concurs with the MEDEP's Comment 9, 
dated 10/18/01, that the reclassification of some samples as non-detects should be 
discussed in the text. The effect of the reclassification on the PRG for copper should also 
be addressed. SAPL also concurs with MEDEP's Comment 1 0 (dated 10/18/01) that the 
Navy should clarify' why it is willing to apply aspects of the NPDES program for porewater 
and sediment sampling at OU4, but not to seeps at OU6, and Comment 11 (dated 
10/18/01) regarding clarifying the use of the term "biased" with regard to reference data. 

Response:. ~Please see the Navy's response to MEDEP Comment Nos. 9, 10, and 11 
dated October-18, 2001. 
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