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OVERALL WORK PLAN FOR 
PHASE II 

ESTUARINE ECOLOGICAL. RISK ASSESSMENT CASE STUDY FOR 
PORTSMOUTH NAVAL SHIPYARD, KITTERY, MAINE 

INTRODUCTION 

This document is an addendum to the "Work/Quality Assurance 
Project Plan for the NCCOSC/ERLN Case Study of Estuarine 
Ecological Risk Assessment at Naval Shipyard Portsmouth, Kittery, 
Maine" and it identifies the data collection and data analysis 
tasks and schedule for Phase II of the subject project. This 
document provides the rationale and identifies the tasks required 
to meet the objectives of Phase II. As the information from 
Phase I is further synthesized and evaluated it will be possible 
to prioritize and schedule the work as appropriate. 

Phase II began in May-June 1992 and be completed by October 
1994. At the end of Phase II a complete and detailed Estuarine 
Ecological Risk Assessment for NSYP will have been prepared and a 
long-term monitoring plan for the Piscataqua Estuary will have 
been developed. The data and information provided by the study 
will allow the Navy to evaluate and verify the management 
alternatives selected for corrective action at the shipyard. 

The work described in both Phase I and Phase II of the 
estuarine ecological risk assessment conforms to an ecological 
risk assessment framework (Figure 1). The framework is necessary 
because it provides a mechanism for evaluating risks, a context 
for identifying the information required, and distinguishes the 
sampling and analysis activities from other, less comprehensive, 
data collection efforts. By identifying the information 
requirements and key policy elements (Project Scoping) the field 
sampling and analysis (Analysis) can be conducted to provide 
scientifically-sound and defendable information base necessary to 
not only quantify and characterize risks (Risk Characterization) 
but to also identify practical and implementable management 
options (Decision Making). Most of the work conducted during 
Phase I has consisted of identifying Stressors and determining if 
there is evidence of Effects (Problem Scoping) within the 
estuary. Phase II will complete the loop by using Phase I 
information to characterize the risk, providing critical 
information of stressors and effects not obtained during Phase I, 
and developing the verification and monitoring plan necessary to 
validate the ecological risk assessment (Figure 1). The tasks 
being planned for Phase II are outlined below. 

The management structure for Phase II of the offshore study 
is shown in Figure 2. The NCCOSC Project Officer is Robert K. 
Johnston with assistance from Ms. Sandi Harrell. The USEPA ERLN 
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Project Officer is Dr. Hal Walker. An interagency agreement 
(IAG) with USEPA ERLN (MIPR# N66001-93-M-00019, EPA IAG# 
RW17935887-01-O) for Phase II was established in January 1993, 
amended in May 1993 (MIPR# N66001-93-M-00059), and approved for 
execution in FY93 by USEPA Office of Environmental Processes and 
Effects Research and EPA Grants Administration Division. Cur- 
rently an additional extension to the interagency agreement is 
being implemented by ERLN to execute the remaining tasks during 
FY1994. A contract with UNH (N66001-92-D-0092 DO 0011) has been 
inplace since August 1992, for completion September 1993. A six 
month no-cost extension was approved to modify the UNH completion 
date to March 31, 1994. An IAG with the US Department of Energy 
(USDOE) Battelle Marine Science Laboratory was approved March 
1993 for completion 30 September 1993. A contract with the 
University of Rhode Island Graduate School of Oceanography (URI 
GSO) for was awarded (August 1993, N66001-92-D-0092 DO 0023) for 
completion September 1994. 

TECHNICAL APPROACH 

A. PHASE I - Problem Formulation (Completed May 1992) 
B. Phase II -- Verification and Evaluation of Ecological Risk 

1. Quantification of Ecological Risk from Exposure to 
Contaminants from the Shipyard: 

a. Evaluate exposure-response bioassays on a variety of 
endpoints of the contaminants of concern. 

The evaluation of toxicological impacts of shipyard 
contaminants will be conducted by testing the toxicity of 
contaminated media, obtained from the shipyard (whole 
media, contaminated sediments, extracts, leachate, etc.), 
on a variety of organisms from the estuary. Since Phase I 
measured the extent of effects actually occurring in the 
estuary this task will develop information on the potential 
risk from exposure which can be used to determine the 
margin of safety or the probability of shipyard 
contaminants adversely impacting the biota of the estuary. 
Specific tasks are identified below: 
PERFORMING LABORATORY: ERLN/SAIC 
(1) Pore water toxicity and toxicity from resuspended 

sediments. 
(2) Sediment toxicity and uptake by submerged aquatic 

plants. 
(3) Contaminant uptake by invertebrates from resuspensions 

of contaminated sediments. 
(4) Contaminant uptake by invertebrates via the marine food 

chain. 

b. Evaluate health and potential impact of contaminants from 
the Shipyard on salt marsh and benthic ecology. 

During Phase I the main emphasis was on evaluating the 
health and potential impact to depositional areas assoc- 
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iated with eelgrass ecology. Salt marshes were not asses- 
sed. Reconnaissance shows that salt marshes are present in 
the vicinity of the Shipyard and current EPA Region I guid- 
ance recommends assessing impacts to salt marshes when 
conducting ecological risk assessments under CERCLA. This 
work would fill this apparent data gap. 

In addition, analysis of samples of benthic communities 
collected in the Clark Island Embayment showed extremely 
high densities of benthic organisms, relative to other 
areas in the estuary. The ecological significance of this 
result will be evaluated to determine what factors in- 
fluence benthic community composition near the Shipyard and 
whether the anomalous result is due to contaminant impact. 
PERFORMING LABS: UNH-JEL - Field collection 

UNH-JEL - Habitat analysis 
cu - Benthic Analysis 
BMSL - Chemical Residues 

(1) Develop and implement salt marsh sampling plan for 
areas near the Shipyard, reference areas in the 
Estuary, and background areas in the York River. 
(a) sample and analyze abundance and health of 

;2'; 
salt marsh plants (cordgrass Spartina spp.) 
salt marsh marine organisms (mussels, oyster, 
etc.) 

(b) collect sediment grabs and cores for: 
ill chemical analysis 

:i; 
grain size and organic carbon profiles 
benthic community analysis 

(c) Analyze salt marsh habitat quality and determine 
extent of actual or potential contaminant impact and 
trophic transport. 

(2) Evaluate the ecological significance of anomalous 
benthic community patterns near the Shipyard and 
determine if the benthic organisms are being impacted 
by contaminants from the Shipyard. 

(a) Conduct sampling and analysis of benthos to 
evaluate benthic community patterns in the vicinity 
of the Shipyard and Lower Estuary. 
111 select appropriate areas for resampling 
[21 develop and implement seasonal monitoring for 

benthos 
131 evaluate impact of Shipyard on benthic 

community 
(b) Conduct benthic community analysis to determine 

patterns of benthic community densities and species 
composition. 

c. Determine bioaccumulation and toxicological effects of 
contaminants to lobster and winter flounder. 
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An important concern of the Public and regulatory 
agencies is the potential impact of contamination on 
economic resources in the estuary. Because lobster and 
winter flounder are both important economic species, are 
representative species of key elements in the aquatic food 
chain, and because the timing of Phase I sampling was not 
optimal to assess impact to these species, this task will 
provide definitive data on the potential effect to lobster 
and winter flounder populations in the estuary. 
PERFORMING LAB: UNH-JEL - Field collection 

UNH-JEL - Habitat Analysis 
ERLN - Chemical Residues 
BMSL - Chemical Residues (methyl mercury) 

(1) Develop and implement sampling program to assess 
bioaccumulation potential of contaminants in lobsters 
(a) juveniles within eelgrass beds 
(b) adults 
(c) appropriate reference population from the Gulf of 

Maine 
(d) assess health and abundance of population 
(e) select appropriate samples for chemical residue 

analysis 
lobster flesh (tail/claw) 
lobster hepatopancreas 

(2) Develop and implement sampling program to assess 
bioaccumulation potential of contaminants in flounder 
(a) adults 
(b) appropriate reference population from the Gulf of 

Maine 
(c) assess health and abundance of population 
(d) select appropriate samples for chemical residue 

analysis 

(3) Evaluate risk of bioaccumulation of Shipyard 
contaminants to marine demersal fish food chain. 

2. Conduct detailed ecological assessment of impact (verify the 
lack of impact). 

Preliminary analysis of the Phase I results have not 
indicated areas of major contamination around the shipyard. 
This is based on the results of the sampling effort that was 
designed to evaluate locations that had the highest 
probability of being contaminated (i.e. depositional areas, 
fine grain sediments, and sessile organisms). The objective 
of the following tasks is to determine how accurate the 
assumptions made for Phase I were by conducting a more 
detailed assessment of sedimentation and dispersion in the 
lower estuary. These data will not only help verify the 
Phase I results but also provide information on the 
assimilative capacity of estuary which is necessary to 
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evaluate the risks from future impacts. 

a. Evaluate sedimentation rates and potential accumulation of 
contaminants in the Lower Piscataqua River Estuary. 

This task will provide detailed information on sediment 
movement in the lower estuary. If we can accurately 
determine sedimentation rates we can also determine where 
contaminants are going, or where contaminants would go if 
there were a future release. The focus would be sampling 
in depositional areas (eelgrass beds and salt marshes), 
making measurements of acid volatile sulfides and organic 
carbon profiles in the sediments, and measuring sedimenta- 
tion rates. This data would make it possible to evaluate 
the geochemical assimilative capacity in the lower estuary. 
PERFORMING LABS: UNH-JEL - Sedimentology 

NCCOSC - ECOS Survey/Currents/WQ 
ERLN - Deep Core Chemistry/AVS SEM 
BMSL - Sediment Chemistry 

(1) Based on sediment distribution map developed for Phase 
I develop and implement a sediment accumulation and 
monitoring program to determine sedimentation rates in 
the lower Estuary, and if appropriate: 
(a) establish sediment traps to collect and measure 

sedimentation rates. 
(b) sample surficial sediments in areas of interest. 
(cl develop information on sediment deposition and 

bed load transport rates in the lower Estuary. 

(2) Map movement of suspended sediment plume with acoustic 
doppler profiling system 
(a) calibrate with realtime measurement of suspended 

sediment 
(b) determine effect of tidal cycle on sediment 

sources and sinks in the lower Estuary. 

(3) Evaluate geochemical assimilation of contaminants in 
sediment depositional areas of the lower Estuary 

I;; 
grain size 
Total organic carbon 
elemental analysis (C, H, N) 
Acid Volatile Sulfide 

b. Determine dispersion dynamics for the Piscataqua and Great 
Bay Estuary. 

The objective of this task is to answer the question: 
"Where did the stuff go?" It is becoming clear that 
physical flushing of the estuary is critically important in 
determining the ultimate impact of contaminant release. 
This task will provide detailed information on the fate and 
transport of organic and metal contaminants on the estuary 
by conducting semi-synoptic surveys of current regimes 
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using an acoustic doppler profiler and realtime 
measu rements of the physical and chemical properties of the 
water column. In addition, dye-dispersion studies will be 
conducted in the vicinity of the shipyard to directly 
measure dispersion of material released from the shipyard. 
The results of the field studies will be incorporated into 
hydrodynamic and contaminant transport models currently 
under development. 
PERFORMING LABS: NCCOSC - ECOS Survey/Dye Study/Currents 

UNH-OEP - Model Development 
URI-GSO - Water Column Trace Metals 

(1) Conduct realtime survey of physical and hydrological 
parameters in the estuary to map movements of water 
masses and determine 
(a) tidal cycle variations 
(b) fresh water and salt water flow regimes 
(c) movement of water masses within the estuary 

[l] collect realtime measures of temperature, 
salinity, oxygenl PH, transmittance, chlorophyll- 
a, oil fluorescence, turbidity, water velocity, 
particle backscatter, and bathymetry. 

[2] collect discrete samples representative of water 
masses to characterize 

f:; 
nutrients (autoanlyzer) 
toxic metals 
toxic organics 
other tracer compounds 

(2) Conduct tracer (dye-release) dispersion study in lower 
Estuary 
(a) Simulate runoff or leachate from appropriate 

disposal areas 
(b) Determine flushing rate and residence time 
(c) Estimate dispersion coefficients 

(3) Quantify current regimes in the Estuary 
(a) Obtain measurements of velocity profiles with 

acoustic doppler profiling system 
(b) measure current velocities at fixed point in the 

estuary with current meter moorings 

(4) Incorporate results of dispersion study into 
hydrodynamic and contaminant transport models. 

c. Fingerprint sources of contaminants by screening for 
chemical and microbial markers. 

Applying the results of Phase I chemical marker 
determinations to the distribution of marker compounds in 
the estuary will be very useful for validating dispersion 
models. Chemical marker information will also be very 
useful for determining the relative sources of impact in 
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the estuary. The markers work would include chemical as 
well as microbial components. 
PREFORMING LABS: ERLN/SAIC - Chemical Markers 

UNH-JEL - Microbial Markers 

(1) Assay for chemical marker compounds 
(2) Assay for microbial markers 

3. Develop a long-term monitoring strategy to provide 
continuous verification of environmentally safe contamination 
levels for input into strategic risk management plan. 

The routine seasonal monitoring, initiated in Phase I, will 
be refined and improved to develop information on short-term 
and long-term variability of the important ecosystem 
parameters to be monitored in the estuary. The task would 
include an intensive sampling interval, conducted during an 
ecologically critical period (e.g. spring bloom), to 
establish the necessary baseline for evaluating long-term 
effects. 
PERFORMING LABS: UNH-JEL - Field Collection/Seep Sampling 

BMSL - Chemical Analysis 
URI-GSO - Water, Seep and Mussel Chem 

a. Design and implement long term monitoring plan for the 
estuary. 

b. Conduct quarterly sampling, as appropriate, for 

(1) Chemical residue analysis 

Iit; 
mussels 
eelgrass 

I:; 
other species, as appropriate 
seep samples 

(e) selected surface sediments 

(2) Biological and toxicological analysis 
(a) monitor health and abundance patterns of selected 

species as appropriate. 
(b) evaluate toxicological effects of target 

contaminants on selected sentinel species. 

4. Ecological Risk Synthesis and Analysis. 
The purpose of this task is to synthesize and analyze all 

the data and information obtained from data collection tasks 
during this project, data and information from the onshore 
investigation, as well as pertinent information from the 
published literature on ecological risk assessments to 
develop a complete and comprehensive ecological risk 
assessment for the Shipyard. 
PERFORMING LABS: NCCOSC/ERLN/SAIC/UNH-JEL/UNH-OEP/URI-GSO 
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a. Develop ecological risk assessment by synthesizing results 
from 

$1 
offshore study. 
onshore study. 

(3) published literature. 

b. Evaluate potential ecological risk assessment scenarios to 

$1 
determine need and effectiveness of remediation. 
simulate ecological significance of remedial 
alternatives. 

(3) develop probability distribution of unacceptable 
ecological impacts. 

II 

-. 

II 

C. Miscellaneous 

1. Project management and overhead. 

2. Attend meetings and provide input to the administrative 
record as required. 

D. Projected Schedule. 

FY92 FY93 FY94 

Task 
----------------------------------------------------------------- 
1.a Exposure/Response S mm-- P ---*P----P---IP----S------F 

1.b Marsh/Benthic Ecology S-P----P---IP-------C 

1.c Bioaccumulation s-p----p----p-------c 

2.a Sedimentology S ---- p--* P----P---IP-------C 

2.b Dispersion Dynamics S ---- P ,-* P----P---IP--------C 

I 

Y 

I 

w 

2-c Markers S --me P ---IP-----------C 

3. Long Term Monitoring z W-B- --w- P P -s-s P ---IP----P-------Z 

4. Risk Synthesis S ---- ---- P S -----mm F 

NOTES: 
S = Task Start 
P = Progress Report 
I = Interim-Report 
C = Task Completion 
F = Final Report 
Z = Task Continuation 
* = Decision Point/Decision Paper (Critical Path) 
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PROJECTED PHASE II 

DELIVERABLES AND PRODUCTS 

February 23, 1994 



ESTUARINE ECOLOGICAL RISK ASSESSMENT CASE STUDY 
FOR PORTSMOUTH NAVAL SHIPYARD, KITTERY, MAINE 

PROJECTED PHASE II DELIVERABLES AND PRODUCTS 
March 3, 1994 

The following is a working list of deliverables and products under development as 
part of the Estuarine Ecological Risk Assessment for Portsmouth Naval Shipyard. 
The following information is provided for each report: 

TITLE: (Working Title for Report) 
CONTRIBUTORS: (Authorship and Contributors) 
DATA SETS: PRODUCER DATE 
_____________-------------------------------------------------------------------------------------------------------------- 

(Data and Information (Lab Conducting (Date 
Analyzed in Report) Research) Ready) 

STATUS: (Current status of report; Expected completion date) 
The reports are grouped under headings identified in the FY93 Mid-Year Progress 
Report. (* = Completed, Pending = transfer in progress; HOLD = on hold) 

(1) Sediment Distribution Map 
TITLE: Sediment Distribution Map for the Lower Piscataqua River 
AUTHOR: Ward, L. 
DATA SETS: PRODUCER DATE 
___________________-------------------------------------------------------------------------------------------------------- 

Textural Data UNH JEL * 

TOC UNH JEL * 

Seismic Data WHOI * 

Imagery UNH JEL * 

STATUS: Draft Report review completed; Final Report Mar 94. 

(2) Hydrodynamic Model 
TITLE: Hydrodvnamic modelinq of the Piscataqua River and Great Bav Estuary 
COAUTHORS: Chadwick J., J. Pavlov, M.R. Swift, and B. Celikkol 
DATA SETS: PRODUCER DATE 

DYNHYD Model UNH-OEP 
ECOS Dye Study NRaD 522/UNH-OEP 
ECOS Current Data NRaD 522/UNH-OEP 
STATUS: Draft Report (June 1993), review completed; Final Mar 94. 

* 
* 
* 
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(3) Conceptual Model 
STATUS: Completed in Phase I Draft Final Report (ERLN Cont. No. 1471); Revised in 

Final Report (NCCOSC RDTE DIV Technical Report in press). 

(4) Estuarine Dynamics 
TITLE: Water Quality and Estuarine Dynamics in the Great Bay and Piscataqua 

River Estuary, New Hampshire and Maine. 
CONTRIBUTORS: Chadwick, D.B., C. Katz, A. Patterson, R. Langan, L. Ward, and 

F.T. Short. 
DATA SETS PRODUCER DATE 
-_----------__---___------------------------------------------------------------------------------------------------------- 
ECOS Survey Data Report NRaD 522 Aug 93 
Discrete Water Samples UNH-JEL Nov 93 
Suspended Sediment UNH-JEL Nov 93 
DOC URI-MERL Aug 93 

II, 

STATUS: In preparation, Draft Data Report in review (Aug 1993); Draft Final, Aug 94. 

(5) Bioaccumulation 
TITLE: Chemical bioaccumulation in lobster and flounder from Portsmouth 

Harbor and Southwestern Gulf of Maine. 
CONTRIBUTORS: Johnston, R.K., F.T. Short, G. Whitten, R. Langan, B. Taplin, L. 

Lefkovitz, E. Crecelius, R. McKinney, J. Livolsi, S. Jayaraman, A. Helmstetter 
D. McGovern, W. Boothman and R. Pruell. 

DATA SETS PRODUCER DATE 
--------------------------------------------------------------~------------------------------------------------------------ 
Lobster Size/Distribution UNH-JEL Sep 93 
Flounder Size/Distribution UNH-JEL Sep 93 
Lobster Habitat/Behavior UNH-JEL Sep 93 
Lobster Prey Items SAIC WA68 Dee 93 
Hg and CH,-Hg Battelle MSL Ott 93 
Organics SAIC WA68 Dee 93 
Metals SAIC WA68 Mar 94 
Bioaccumulation Lit. Review SAIC WA68 Sep 93 
Flounder Liver Histology ERLN Mar 94 

STATUS: In preparation. Draft report two months after receipt of data sets. Final 
Report July 94. 

TITLE: Bioaccumulation in blue mussels exposed to Portsmouth Harbor sediment 
and Pb-spiked sediment. 

CONTRIBUTORS: Tracey, G., D. Nacci, S. Cayula, T. Daniels, W.R. Munns, Jr., and 
H.A. Walker. 

DATA SETS: PRODUCER DATE 
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Bioassay Results SAIC WA39 
Chemistry Results SAIC WA55 
Bioaccumulation Lit. Review SAIC WA68 

Ott 93 
Apr 94 
Sep 93 

STATUS: In prep; Draft Report two months after receipt of data, Final Report August 
1994. 

(6) Monitoring Status Report 
TITLE: Long term monitoring trends of chemical contamination and biological 

responses in the Great Bay and Piscataqua River Estuary, New 
Hampshire and Maine: Summary of Monitoring Data from 1991-1993. 

CONTRIBUTORS: Short, F.T., R.K. Johnston, W.R. Munns, Jr., R. Langan, D. Burdick, 
S. Jones and L. Ward. 

DATA SETS: PRODUCER DATE 

Phase I 
Phase II Biology 
Phase II Chemistry 

NRaD 5221 
UNH-JEL 
NRaD 5221 

* 
* 

Dee 94 

STATUS: Ongoing; Draft Report (Mar 94). 

(7) Dispersion Model 
TITLE: Chemical dispersion modeling of the Great Bay and Piscataqua River 

Estuary, New Hampshire and Maine. 
CONTRIBUTORS: Pavlov, J., J. Chadwick, .M.R. Swift, and B. Celikkol. 

DATA SETS: PRODUCER DATE 

TOXIWASP Model 
ECOS Data 
PHASE I Data 
Trace Metal Cruises 

UNH-OEP 
NRaD 522 
NRaD 5221 
URI-GSO 

* 
* 
* 

Mar 93 

STATUS: In preparation, Draft Report March 94. 



(8) Sedimentology 
TITLE: Sedimentology of the Lower Piscataqua River: Volume I 
CONTRIBUTORS: Ward, L. et al. 
DATA SETS: PRODUCER DATE 

----_--__-_------------------- ----------_-----__--------- ____----_---------------------- ------__-------------------------- 
Core Profiles UNH-JEL * 

Radio Dating UNH Nov 93 
Sediment Traps UNH-JEL Nov 93 
Suspended Sediment UNH-JEL Nov 93 
Distribution Map UNH-JEL Nov 93 

STATUS: In preparation; Draft Final March 94. 

(9) Estuarine Ecology 
TITLE: The health and status of eelgrass, saltmarsh, benthic and epibenthic 

habitats around Seavey Island and Lower Piscataqua River, New 
Hampshire and Maine. 

CONTRIBUTORS: Short, F.T., D. Burdick, H. Hoven, R. Grizzle, and R.K. Johnston. 
DATA SETS: PRODUCER DATE 
---------------------------------------------------------- -_-----------_-----_----------------- -------_---------__-------- 

Eelgrass Community UNH-JEL * 

Saltmarsh Community UNH-JEL * 

Benthic Community cu * 

Blue Mussel Community UNH-JEL * 

Chemistry Data Battelle MSL Dee 93 

STATUS: In preparation; Draft Final March 94. 

(IO) Media Protection Standards 
TITLE: Media Protection Standards Proposal for Offshore Media: Sediments and 

Surface Water 
AUTHOR: Johnston, R.K. 
DATA SETS: PRODUCER DATE 
-_--------------__--------------------------------------------------------------------------------------------------------- 

PHASE I Data NRaD Code 5221 * 

PHASE II Data NRaD Code 5221 Pending 

STATUS: Final Draft, Sept. 30, 1993, in review. Updated when Phase II Data are 
available (May 94). 
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(11) Assimilation Capacity 
TITLE: The biological availability and distribution of chemicals measured in 

sediments from the lower, Piscataqua River, Maine. 
CONTRIBUTORS: Johnston, R.K., D. Nacci, A. Helmstetter, D. McGovern, T. Gleason, 

L. Lefkovitz, E.Crecelius, R. McKinney, J., S. Jayaraman, Livolsi, R. 
Comeleo, L. Ward, W. Boothman and R. Pruell. 

DATA SETS PRODUCER DATE 
.---------------------------------------------- 

AVS/SEM SAIC WA 68 OCT 93 
Pore Water Toxicity SAIC WA 39 SEP 93 
Pore Water Chemistry SAIC WA 55 MAR 94 
Al-ratios of deep cores SAIC WA 55 FEB 94 
TOC SAIC WA 55/UNH-JEL DEC 93 
Radio Dating of Cores UNH NOV 93 
Toxic Unit Model SAIC WA 39 FEB 94 
Bioaccumulation Lit. Review SAIC WA 68 SEP 93 
Chemical Concentrations Battelle MSL DEC 93 

STATUS: In preparation; Draft Final July 94, 

(12) Exposure Response 
TITLE: Exposure-response of four biological endpoints from exposure to 

Portsmouth Harbor sediment and Pb-spiked sediment. 
CONTRIBUTORS: Nacci, D., S. Cayula, T. Daniels, J. Serbst, W.R. Munns, Jr., A. 

Helmsetter, D. McGovern, W. Boothman and H.A. Walker 
DATA SETS: PRODUCER DATE 
_____________-__----------------------------------------------------------------------------------------------------------- 

Bioassay Results SAIC WA39 Ott 93 
Chemical Analysis SAIC WA55 APR 94 
Population Model SAIC WA39 JUN 93 

STATUS: In preparation; Draft Final (Aug 94). 

TITLE: Uptake of Pb in adult sea urchins: Bioaccumulation and Reproductive 
Effects. 

CONTRIBUTORS: Nacci, D., S. Cayula, T. Daniels, J. Serbst, W.R. Munns, Jr., A. 
Helmsetter, D. McGovern, W. Boothman and H.A. Walker 

DATA SETS: PRODUCER DATE 

Bioassay Results SAIC WA39 OCT 93 
Chemical Analysis SAIC WA68 APR 94 
Population Model SAIC WA39 JUN 94 
STATUS: In preparation; Draft Final (AUG 94). 
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TITLE: The short-term response of submerged aquatic plants to Portsmouth 
Harbor sediment and Pb-spiked sediment. 

CONTRIBUTORS: Thursby, G., M. Tagliabue, and H.A. Walker 

DATA SETS: PRODUCER DATE 
__------_____---____________I_ -------_____________---------------------------------------------------------------------- 

Bioassay Results SAIC ETC OCT 93 
Chemistry Results SAIC WA68 APR 94 

STATUS: In preparation; Draft Final (AUG 94). 

(13) Trace Level lnorganics 
TITLE: Trace metal concentrations in waters, mussels and sediments from the 

Great Bay Estuary. 
CONTRIBUTORS: Cullen, D. and R. Arimoto. 
DATA SETS: PRODUCER DATE 
-----_-------__--------------------------------------------------------------------------- ________--------_---------------- 

Trace Metal Cruises URI-GSO NOV 93 
Mussel Deployment UNH-JEL DEC 93 
Mussel Samples URI-GSO MAR 94 
Sediment Samples URI-GSO APR 94 

STATUS: Field collection in progress. Final Report Sep 94. 

TITLE: Trace metal concentrations in seep samples from Seavey Island, 
Piscataqua River, Maine. 

CONTRIBUTORS: Johnston, R.K., E. Crecelius, D. Cullen, F.T. Short and D. Burdick. 
DATA SETS: PRODUCER DATE 

Apr 1993 Seep Sample Collection UNH-JEL 
Apr 1993 Seep Sample Chemistry Battelle MSL 
Fall 1993 Seeps URI-GSO 
Mussel Deployment UNH-JEL/URI-GSO 

* 

Nov 93 
Mar 94 
Mar 94 

STATUS: Preliminary Report NOV 93. Draft Report Apr 94; Final report May 94. 

6 
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(14) Markers 
TITLE: The source and distribution of organic chemical markers in the Lower 

Piscataqua River. 
CONTRIBUTORS: Bowen R., L. Ward, and R. Pruell 
DATA SETS PRODUCER DATE 
----------------------------------------------------------------------------~--------------------------------------------- 

Chemical Markers SAIC WA68 Nov 93 
Radio Dating of Cores UNH Nov 93 
Water Samples SAIC WA68/URI-GSO Dee 93 

STATUS: In preparation; Draft Report (Poster) Feb 93; Final Report Apr 94. 

TITLE: Markers of microbial contamination in surface waters and sediments of 
the Great Bay and Piscataqua River Estuary, New Hampshire and 
Maine. 

AUTHOR: Jones, S. 
DATA SETS: PRODUCER DATE 
_______--____-----__------------------------------------------------------------------------------------------------------- 

Phase I micro. UNH JEL * 

Phase II micro. UNH JEL Nov 93 
Phase II Chem. NRaD 5221 Nov 93 

STATUS: In preparation, Final Report March 93. 

(15) Risk Synthesis 
TITLE: Estuarine Ecological Risk Assessment For Portsmouth Naval Shipyard: 

Synthesis of Findings. 
CONTRIBUTORS: Johnston, R.K., W.R. Munns, Jr., F.T. Short, L. Ward, J.H. Gentile, 

and W.A. Walker. 

STATUS: Draft Report Sept 94. 
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SAMPLING LOCATIONS 

AND 

SAMPLE IDENTIFIERS 

Febnmy 23, 1994 



LIST OF SAMPLES 

SAMPLES COLLECTED FOR CHEMICAL ANALYSIS (PHASE II> 
STATION Station Location 
EPAID Sample id number 
REP Sample replicate number 
CDATE Collection date (YYMMDD) 
SAMPDESC Sample description [ 
ANALYSIS Analyses to be performed ! 

! 

, 

STATION 1 EPAID 1 REP j CDATE ~ SAMPDESC ANALYSIS 
31 112788/A / 930617lcrab aut samole Cl IARCHIVE - TE3D 

lj 
ii 
31 

110601 A 1 920608 1 eelgrass leaves 1 Metals 
110618 A 1 92 12011 eelarass leaves 1 Metals 
110042A I 9 109 15 I eelarass leaves 1 Metals I 

/ 9206 16 / eelarass leoves 1 Metals I 3~ 110606A 
3~ 1106191A 921201 I 
9; 110043iA 910915’ 
91 110603/A 920610 

eelgrass 
eelgrass 
eelgrass 

leaves 
leaves 
leaves 

Metals 
Metals 
Metals 

9’ 1106141A ! 9 109 15 j eelgrass leaves j Metals 
12.5 110602lA 9206101eelarass leaves /Metals 

16 110048 A 1 910915’eelgrass leaves /Metals 
16 110600 A 1 920608 eelgrass leaves ! Metals 
17 110604 A i 920611 I eelarass leaves I Metals 
181 110050 A / 910915ieelgrass leaves ~ Metals 
18’ 110605 A 9206 11, eelgrass leaves Metals 
19, 110044 A 9 109 15 1 eelgrass leaves Metals 
19 110607 A I 9206 16 1 eelarass leaves I Metals 
191 1106131A 9 109 15 j eelgrass leaves Metals 
191 110620(A 92 1202 1 eelgrass leaves Metals 
231 110608/A 9206 19 1 eelarass leaves Metals 
23 110621 !A 

1 110623lA 
92 1202 eel&ass leaves ! Metals 
920608 , eelgrass roots & rhkom/ Metals 
92 1201 eelgrass roots & rhizoml Metals 
9 109 15 eelarass roots & rhizoml Metals 

110636/A 910915j eelgrass roots & rhizoml Metals 
110624/A / 9206 10 1 eelarass roots & rhizoml Metals 125 

910915 eelgrass roots & rhkom/ Metals 
920608 eelgrass roots & rhizoml Metals 
920611 eelgrass roots & rhizomj Metals 

~ 910915 eelarass roots & rhizoml Metals 

110048A 
110622 A 
110626 A 
110050,A 
110627!A I 920611 eelgrass roots & rhizom Metals 
110044A 1 910915 eelgrass roots & rhizom Metals 
110629 A 1 9206161 eelgrass roots & rhizom Metals 
110635 A 1 9 109 15 i eelgrass roots & rhizoml Metals. 
110642 A j 92 1202 i eelarass roots & rhizomi Metals 

16 
16 
17 
18 
18 
19 
19’ 
19i 
19~ 



LIST OF SAMPLES 

I 23i 110630lA I 9 206 19 i eelarass roots & rhizoml Metals I 
23 

500 
5cxl 

110643 A / 92 1202 1 eelgrass roots & rhizom( Metals 
112235 A 1 930624 /flounder flesh 1 Metals/PAH/Pest/PCB 
112238 A i 930624lflounder flesh / Metals/PAH/Pest/PCB 

500 
500 

112241 A 930624 1 flounder flesh Metals/PAHjPest/PCB 
112244 A 930624 /flounder flesh Metals/PAH/Pes 

5011 1122561A i 

930624 flounder flesh 
930624 flounder flesh 
930624 1 flounder flesh 
930624 /flounder flesh 

t/PCB 
Metals/PAH/Pest/PCB 
Metals/PAH/Pest/PCB 
Metals/PAH/Pest/PCB 
Metals/PAH/Pest/PCB E 501’ 112259/A 

501 I 
500 
500 
500, 

/ 930624jflounder flesh Metals/PAH/Pest/PCB 
112262 A 930624’flounder flesh Metals/PAH/Pest/PCB 
112236 A 930624 flounder liver Metals/PAH/Pest/PCB 
112239 A 930624 flounder liver 1 Metals/PAH/Pest/PCB 
112242 A 930624 1 flounder liver ; Metals/PAH/Pest/PCB 

I, 

5001 112245 A / 930624 flounder liver Metals/PAH)Pest/PCB 
500 112248 A ’ 930624 flounder liver Metals/PAH/Pest/PCB 
501 112251 A 930624 flounder liver Metals/PAH/Pest/PCB 
501, 112234 A 930624 1 flounder liver Metals/PAH/Pest/PCB 
501 I 112257 A 930624iflounder liver Metals/PAH/Pest/PCB 

I 

a 

I 

501 
501 
500 
500 
500 
500, 
500 
501 
501 j 
501, 
501~ 

5011 

112260 A 
112263 A 
112237 A 
11224CIA 
1122431A 
11224&A 

! 930624lflounder liver Metals/PAH/Pest/PCB 
1 930624 i flounder liver Metals/PAH/Pest/PCB 
I 930624 I flounder spleen histology 
~ 930624 I flounder spleen histology 
~ 9306241 flounder spleen histology 
i 930624 I flounder soleen histoloav 
~ 930624 I flounder soleen 1 histoloav I 112249IA 

112252iA 930624iflounder sbleen histolo& 
112255 A 930624 I flounder spleen histology 
112258 A ~ 930624 flounder spleen histology 
112261iA ~ 930624 flounder spleen histology 

/ ~~ ~- -8. -- L ---VI 
zl 

112264lA 1 930624 1 flounder soleen 1 histoloav I 

rl 

u 

i 
I 31 112117tA / 930628 I Lobser, Adult Metals/PAH/Pest/PCB 

112118/A 1 930628 / Lobser, Adult Metals/PAH/Pest/PCB 
112121 /A / 930628 1 Lobser. Adult Metals/PAH/Pest/PCB 

, 930628 I Lobser, Adult MetalsjPAHjPestjPCB 
930505 Lobser, Adult Metals/PAH/Pest/PCB 

930617 1 Lobster aut samole Ll 1 Archive - TBD I 

3! 
I 1120141A j 930416lLobster. juvenile 

112015/A 
! Metals/PAH/Pest/PCB 

1 930416/Lobster, juvenile I Metals/PAH/Pest/PCB 
I 3! 112016/A 9304 18 / Lobster, juvenile 

9304 18 1 Lobster, iuvenile 112017iA 
112086lA / 9305 18 I Lobster, iuvenile 
1120871A ’ 9305 18 j Lobster, juvenile 1 Metals jPAHjPest jPCB 

Metals jPAti jPest jPCB 
Metals/PAH/Pest/PCB 

/ Metals/PAH/Pest/PCB 
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LIST OF SAMPLES 

9’ 112097 A 930518 ~ Lobster, juvenile j Metals/PAH/Pest/PCB 
9 112098 A 930518 /Lobster, juvenile I Metals/PAH/Pest/PCB 
9 112OWA 930518 Lobster, juvenile I Metals/PAH/Pest/PCB 
9 112100 A 9305 18 Lobster, juvenile j Metals/PAH/Pest/PCB 
9 112101 A 930518 Lobster, juvenile Metals/PAH/Pest/PCB 
9 112102 A 930518 Lobster, juvenile Metals/PAH/Pest/PCB 

17, 112018 A 930421 Lobster, juvenile Metals/PAH/Pest/PCB 
171 112019 A 930421 Lobster, juvenile Metals/PAH/Pest/PCB 
17: 112024 A 930505 Lobster, iuvenile I Metals/PAH/Pest/PCB 
17! 
171 
17; 
191 

112025jA 1 930505 Lobster, juvenile Metals jP4-i jPest jPCB 
112026’A 

I 
/ 930505 Lobster, juvenile Metals/PAH/Pest/PCB 

112027 A 930505, Lobster, juvenile Metals/PAH/Pest/PCB 
112012 A 9304161 Lobster, juvenile Metals/PAH/Pest/PCB 

19i 112013/A / 930416 I Lobster, juvenile / Metals/PAH/Pest/PCB 
19/ 11202ClA ; 930505 Lobster, juvenile ! Metals/PAH/Pest/PCB 
19’ 1120211A i 930505 Lobster, juvenile / Metals/PAH/Pest/PCB 
19 1120221A ~ 9305O!YLobster, juvenile I Metals/PAH/Pest/PCB 
19 112023iA 9305051 Lobster, juvenile j Metals/PAH/Pest/PCB 
19 112107iA ~ 930604 Lobster, juvenile Metals/PAH/Pest/PCB 
19 112109 A 1 930604 Lobster, juvenile Metals/PAH/Pest/PCB 

306 112042 A 930513 Lobster, juvenile Metals/PAH/Pest/PCB 
306 112043 A 930513 Lobster, juvenile Metals/PAH/Pest/PCB 
306 112128 A 930701~ Lobster, juvenile Metals/PAH/Pest/PCB 
306i 112135 A 930701 j Lobster, juvenile Metals/PAH/Pest/PCB 

3/ 112111 A j 930617 1 Lobster, Subadult Metals/PAH/Pest/PCB 
3i 112112 A j 930617 1 Lobster, Subadult 1 Metals/PAH/Pest/PCB 
31 112119 A 1 9306281 Lobster, Subadult I Metals/PAH/Pest/PCB 
3’ 
3i 

1121201A ~ 930628 Lobsier, Subadult j Metals jPAH jPest jPCB 
117173lA I 930628 Lobster, Subadult 1 Metals/PAH/Pest/PCB 

I 
I 

ii 

.-.--\. 

112124iA 

I 17~ 
I- 

112113/A I 
930628 ! Lobster, Subadult 
930618 1 Lobster, Subadult 

Metals/PAH/Pest/PCB 
Metals/PAH/Pes tiPCB 112114 A 930618 ! Lobster, Subadult ‘~Metals/Pf.. _, ___, _- 

112108 A 930604 Lobster, Subadult Metals/PAH/Pest/PCB 
112110 A / 930604 ~ Lobster, Subadult , Metals/PAH/Pest/PCB 
112035 A / 930513 I Lobster, Subadult MetalsjPAH /Pest/ PCB 
112036 A 1 930513/Lobster, Subadult Metals/PAH/Pest/PCB 

17: 
19’ 
19; 

3061 
3061 

112037 A 930513iLobster, Subadult 
112038 A 1 930513(Lobster, Subadult 
1121031A ; 930513lLobster, Subadult 
11210&A ~ 930513 j Lobster, Subadult 
112105/A 1 930513/Lobster. Subadult 

1 Metals/PAH/Pest/PCB 
1 Metals/PAH/Pest/PCB 
1 Metals jPAH jPest jPcB 
1 Metals/PAH/Pest/PCB 
1 Metals/PAH/Pest/PCB I 

306 
306 
306 
3r!h 

306 
3061 
306: 
3061 

112106 A 1 9305131 Lobster, Subadult / Metals/PAH/Pest/PCB 
112129 A 1 930701 /Lobster. Subadult / Metals/PAH/Pes -- -.-, -- -, - ,t/PCB 
112132 A j 930701 j Lobster, Subadult / Metals/PAH/Pest/PCB 

l/ 1104071A 
11 1104191A 

/ 920608 / mussel 1 Metals/PCB/PEST/PAH I 
1 921008Imussel I Metals/PCB/PEST/PAH I 

31 110080~A 1 mussel MetalsjPAH/PE$/PCB 
31 110411jA 1 9206 17 I mussel Metals/PCB/PEST/PAH 
31 110421 IA i 92 1008 I mussel Metals/PCB/PEST/PAH 
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4/ 
8 
9 
9! 

10.51 
12.5j 
12.51 
2.51 

16 
16 

- 

171 
171 
18 
18 
18 
18/ 
19/ 

110086jA ’ i mussel Metals/PAH/PEST/PCB 
110083jA j mussel Metals/PAH/PEST/PCB 
110410/A 9206 17 mussel Metals/PCB/PEST/PAH 
1104X)jA 921008 mussel Metals/PCB/PEST/PAH 
110079iA mussel Metals/PAH/PEST/PCB 
110400jA mussel Metals/PAH/PEST/PCB 
110408lA TIPAH 
1 ;T/ PAH 
1 ;T/PAH 
1 ;T/PAH 

110409 A 
110417 A 

110413jA 
110423jA 
110412/A 

10418 1 1 
mussel 

A ! 9206101 921OMimussel 
10406 A ; 930608 / mussel 
10416 A ~ 920930imussel 

I 9206 11 mussel 
921001 mussel 

10405 A mussel 
10405 B mussel 

.I’ .-. 

;T/PAH 
IT/PAH 
;T/PCB 
;T/PCB 

I 9206171mussel / Metals/PCB/PEST/PAH 
1 921008/mussel 1 Metals/PCB/PEST/PAH 
/ 9206 17 / mussel / Metals/PCB/PEST/PAH 

/ / 
Metals/PCB/PES 
Metals/PCB/PES 

1 Metals/PCB/PES 
I Metals/PCB/PES 
Metals/PCB/PES 
Metals/PCB/PES 
Metals/PAH/PEZ 
Metals/PAH/PEI 

191 110422jA 1 921008/mussel 
231 110414!A 1 920619/mussel 

I Metals/PCB/PEST/PAH 
I Metals/PCB/PEZ ;T/PAHl 

231 110415/A 
26~ 

I 9209 18 i mussel 
11oo6olc / 1 mussel 
11006&D ~ i mussel 

I 930628 mussel 
930628 i mussel 

/ Metals/PCB/PEI iT;PAH 
/ MetalsjPAHIPESTIPCB 
1 Metals/PAH/PEST/PCB 
/ Metals/PAH/Pest/PCB 
I Archive 

1511 112810 A 930625 i mussel Metals/PAH/Pest/PCB 
151~ 112811 A 930625 i mussel Archive 
152 112812 A 930625 / mussel Metals/PAH/Pest/PCB i 
152 112813 A 930625 / mussel Archive 
153! 112814 A 930625 / mussel Metals/PAH/Pest/PCB 
153 112815 A 930625 mussel 1 Archive 
154 112816 A 930625 mussel ! Metals/PAH/Pe! jt/PCB 
154 112817 A 930625 1 mussel ! Archive 
1551 112818 A 930625 i mussel / Metals/PAH/Pest/PCB 
155 
156: 
156: 
157 
1571 
158 
158; 
1591 
159 
160 
160 

112819~A 1 930625; mussel 1 Archive 
112820iA ! 930625, mussel ~ Metals/PAH/Pest/PCB 
112821!A 
112822lA 

~ 930625 1 mussel 1 Archive I 
930625 mussel 

112823lA 930625 mussel 
, ~ 930625 mussel 

Metals/PAH/Pest/PCB 
Archive 
Metals/PAH/Pest/PCB 112824 A 

112825 A ’ 930625 / mussel /Archive 
112826 A 930625 I mussel 1 Metals/PAH/Pe: st/PCB 
112827 A 930625 I mussel ‘Archive 
112828 A 930625 1 mussel Metals/PAH/Pest/PCB 
112829 A 930625 I mussel ,Archive 
112832lP i / 930629 i mussel I Metals/PAH/Pest/PCB 

9306298 mussel I 1 Archive 
i / 930629 1 mussel I Metals/PAH/Pest/PCB I 

112833 A 
112834 P 
112835iP i ~ 930629 ~ mussel I Archive 
112836:A ~ 930629 I mussel 1 Metals/PAH/Pest/PCB 

1611 
1621 
1621 
1631 

II 

I 

I, 

u 

I 
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163, 112837/A i ’ 
1641 112838/A 

730629 / mussel 
/ 930629 mussel 
/ 930629 mussel 
j 930629 mussel 
I 930629 mussel 

I Archive 
./PCB / Metals/PAH/Pesl. 

/Archive 
i Metals/PAH/Pe.st/PCB 
/Archive 

/ 930629 j mussel lMetals/PAH/Pest/PCB 
/ 930629 / mussel I Archive 
I 930629 j mussel ! Metals/PAH/Pest/PCB 
1 930629! mussel 1 Archive 

I 112839lA 
I 112840/A 

165’ 1128411A 
166 1128421A 
166 112843 A 
167 112844 A 
167 112845 A 
1681 112846jA 
168 112847jA 
169: 112848/A 

930629 mussel 1 Metals/PAH/Pest/PCB 
930629 mussel Archive 
9307 13 mussel I Metals/PAH/Pest/PCB 

I12850 A 930629 mussel Metals jPAHjPestjPCB 
112851 A 930629 mussel Archive 

0629 i mussel , Metals/PAH/Pest/PCB 
A 1 930629 j mussel /Archive 

.-__ j 930629! mussel ~ Metals/PAH/Pest/PCB 
112855iA 1 930629 1 mussel i Archive 

173~ 
173 
174i 
1751 

112856/A 
1128571A 
112858jA 
112912lA 

930629 mussel i Metals/PAH/Pest/PCB 
930629 mussel Archive 
9307 13 mussel Metals/PAH/Pest/PCB 

I 930714 mussel Metals/PAH/Pest/PCB 
j 

1231 
123; 

798978 A ~ mussel Metals/PAH/PEST/PCB 
112880A I 930625 mussel(gill+mantle) Biomarkers 
112881 A 1 930625 mussel(gill+mantle) / Biomarkers 

151/ 
151 I 
152~ 
152: 
153, 

1128601A 
112870jA 
112861 IA 
112871/A 
112862/A 

9306251 mussel(gill+mantle) i Biomarkers 
9306251 mussel(gill+mantle) Biomarkers 
930625 mussel(gill+mantle) Biomarkers 
930625 mussel(gill+mantle) Biomarkers 
930625 musseltaill+mantle) Biomarkers 
930625/ 1 Biomarkers musseltaill+mantle) 1531 112872 A 

1541 112863 A 
154 112873 A 
1551 112864!A 

I 930625 mussel(gill+mantle) 1 Biomarkers 
~ 930625 mussel(gill+mantle) / Biomarkers 
i 930625~ mussel(gill+mantle) 1 Biomarkers 

155 112874(A 
156 112865/A 
1% 112875 A 
1571 112866 A 
157~ 112876 A 
1581 112867 A 

/ 930625! mussel(gill+mantle) i Biomarkers 
930625 mussel(gill+mantle) j Biomarkers 
930625 mussel(gill+mantle) Biomarkers 
930625’mussel(gill+mantle) Biomarkers 
9306251 mussel(gill+mantle) Biomarkers 

1 9306251 musseltaill+mantle) I Biomarkers 
1128771A / 9306251 mussel~~ill+mantlej 1 Biomarkers 1581 

159 112868/A 
159 1128781A 

930625! mussel(gill+mantle) / Biomarkers 
930625 I mussel(gill+mantle) I Biomarkers 
930625! mussel(gill+mantle) 
930625 mussel(gill+mantle> 
930625 mussel(gill+mantle) 

Biomarkers 
Biomarkers 
Biomarkers 

112883/A i 9306251 musseltaill+mantle) I Biomarkers I 
1621 11288dA / 9306251 musseltaill+mantle) I Biomarkers I 
162i 112885iA ~ 930625~mussel~aill+mantle) 1 Biomarkers I 
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LIST OF SAMPLES 

I Biomarkers 
1 Biomarkers 

163i 
1631 
164 
164 
165 
165 
166 
1661 
1671 
1671 
168~ 
1681 
1701 
1701 
171 

112886 A j 9306251 mussel(gill+mantle) 
112887 A : 930625 / mussel(gill+mantle) 
112888 A I 9306251 mussel(gill+mantle) 
112889jA / 930625 i mussel(gill+mantle) 
112890 A / 930625 mussel(gill+mantle) 
112891 A / 930625 mussel(gill+mantle) 
112892, A / 930625 mussel(gill+mantle) 
112893!A / 930625 mussel(gill+mantle) 

\ / 930625 mussel(gill+mantie) 
\ 1 930625 I mussel(aill+mantle) 

1 Biomarkers I 

112894/P 
1128951) 
112896A 
112897iA 
1129OOjA 
112901 (A 
112902~A 

i Biomarkers 
1 Biomarkers 
I Biomarkers 
I Biomarkers 

9306251 mussel(gill+mantle) ! Biomarkers 
1 930625 mussel(gill+mantle) I Biomarkers 
/ 930625 mussel(gill+mantle) i Biomarkers 
j 930625 mussel(gill+mantle) ! Biomarkers 
’ 930625 mussel(gill+mantle) / Biomarkers 

I 
I 

171, 
172’ 

112903;A 930625 i mussel(gill+mantle) / Biomarkers 
112904/A i 930625 / mussel~aill+mantle) I Biomarkers I 

I 1701 112905A 1 930625 / mussel~~ill+mantle~ 1 Biomarkers I/L, 
173~ 112906iP \ / 930625 mussel(gill+mantle) / Biomarkers 

\ 930625 mussel(aill+mantle) / Biomarkers 173~ 112907 b 
1801 113054 A 
1801 113055 A 
180i 11305QA 
1801 113075~A 
181 I 113065A 
1811 
181 i 

1811 
1821 
1821 
182’ 
182 
182 

113066jA 
113067/A 

\ 
\ 

113071/F 
113061 P 
113062 A 
113063 A 
113064!A 
113073!A 

931208 mussel, deployed 
931208 mussel, deployed 
93 1208 mussel, deployed 
93 1208 / mussel, deploved 

! Metals 
Metals 
Biomarkers 
Metals . 

93 1208 mussel, deployed Metals 
93 1208 mussel, deployed Metals 
93 1208 mussel, deployed Metals 
93 1208! mussel, deployed Biomarkers 

3057/A / mussel, I:: mussel, 
mussel. 

93 1208 
931208 
93 1208 
93 1208 
93 1208 

deployed 
deployed 
deploved 
deploved I mussel, 

‘imussel, deployed 1 Biomarkers 
93 1208 i mussel, deployed Metals 
93 1208: mussel, deployed Metals 
93 1208 i mussel, deployed Metals 
93 1208 mussel, ~ deployed Metals 
931208/mussel. deployed I Biomarkers 
93 1006 / mussel, indigenous 
93 1006 1 mussel. indigenous 
93 1006! mussel, indigenous TO 
93 1208 / predeploved mussel 

1 Metals 
1 Metals 
j Metals 
I Metals 

I 1831 113074/f 

184 
184 
184 
184 
184 
185 

I 

113050 A 
113051 A 
113052 A 
113053 A 
113076 A 

I 1851 
3068 / 
30707 

/sediment I MetalslPCBIPESl 
112759/A 

-. --I ~- , 

/ 9306 17 i sediment AVS core I Archive 
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I 3i 112763lA ; 930617 /sediment AVS core IASV-SEM/PAH/PEST/PCB I / 
31 112765iA / 930617 I sediment AVS core IASV-SEM/~AH/~EST;PCB I 

12766jA 
12754 A 
12760 A 
12761 A 
12762 A 
12751 A 
12752.A 

‘e I ASV-SEM;PAH;PEST;PCB 1 930617 sediment AVS car 
930617 sediment AVS core 
930617 jsediment AVS core 
930617 /sediment AVS core 
930617 j sediment AVS core 
930617 I sediment AVS core 
930617 /sediment AVS core ASV-SEM /PAH/PEST/PCB I 

12.51 91 112753jA 112771 IA 1 1 9306 17 /sediment / sediment AVS core 9306 18 AVS core 1 I i ASV-SEMIPAHIPESTIPCB ASV-SEM/PAH /PEST/PCB 

I 12.51 .112772iA / 9306 18 I sediment AVS core IASV-SEMIPAHIPESTIPCB I 
I i2.5i 112773/A i 9306 18 i sediment AVS core / ASV-SEMIPAHIPESTIPCB I 

12.51 112774jA 1 930618 j sediment AVS core 1 Archive 
151 112778 i A ~ 930708 I sediment AVS core / ASV-SEM/PAH/PEST/ PCB , 
15: 1127811A 930708 i sediment AVS core i ASV-SEM/PAH;PEST/PCB 
15~ 112782,A 930708 j sediment AVS core iASV-SEM/PAH/PEST/PCB 
17’ 112767lA 930618 j sediment AVS core j ASV-SEM/PAH/PEST/PCB 
17. 112768lA 9306181sediment AVS core IASV-SEM/PAH/PEST/PCB 
17 1127691A 930618;sediment AVS core ASV-SEM/PAH/PESI/PCB 
17~ 112770/A 930618 sediment AVS core Archive 
19’ 1127551A 930617 ‘sediment AVS core ASV-SEM /PAH /PEST/PCB 
19’ 112756lA 9306 17 sediment AVS core ASV-SEM/PAH/PEST/PCB 
19, 112757iA 9306 17 sediment AVS core , ASV-SEM/PAH/PEST/PCB 
19i 

11051j 
110511 
11051: 
11100~ 
11 loo’ 
11 loo, 

501 
501 
50 
51 j 
51 j 
51/ 
52; 
531 
531 
54i 
55 

561 
57; 
571 
571 

31 

112758/A / 9306 17 1 sediment AVS core j Archive 
112775lA ~ 9306 17 /sediment AVS core / ASV-SEM/PAH/PEST/PCB 
112779lA 930617 /sediment Avs core I ASV-SEM/PAH/PEST/PCB i 
112780’A 9306 17 i sediment AVS core !ASV-SEM/PAH/PEST/PCB 
112764A i 9306171sediment AVS core ASV-SEM/PAH/PEST/PCB 
1127761A 1 930617 1 sediment AVS core ASV-SEM/PAH/PEST/PCB 
112777iA i 930617 ,sediment AVS core ,ASV-SEM/PAH/PEST/PCB 
112680jA 1 92 1104 1 sediment composite Metals/PCB/PEST/PAH 
112681iA ( 92 1104 i sediment composite /Archive 
112682lA ’ 92 1104 sediment composite Metals/PCB/PEST/PAH 
112683/A 921104 sediment composite Metals/PCB/PEST/PAH 
1126841A 92 1104 1 sediment composite Archive 
112685lA ~ 92 1104 1 sediment composite 1 Metals/PCB/PEST/PAH 
1126861A 

I 
921104 I sediment composite Metals/PCB/PEST/PAH 
92 11041 sediment 1126871A composite Metals/PCB/PEST/PAH 

112688iA i 92 1104 i sediment composite Metals/PCB/PEST/PAH 
112691 ~A 92 1023 I sediment composite Metals/PCB/PEST/PAH 
1126891A 92 1030 1 sediment comoosite Metals/PCB/PEST/PAH 
112690/A / 92 1030 sediment I j composite Metals/PCB/PEST/PAH 
112692/A 92 1029 / I sediment composite Metals/PCB/PEST/PAH 
112693 A 92 1029 1 sediment composite Metals/PCB/PEST/PAH 
112694 A 92 1105 j sediment composite Metals/PCB/PEST/PAH 
112695,A 921105isediment composite ‘Archive 
112696lA 1 9211051 sediment composite Metals/PCB/PEST/PAH 
111040.A 92 1208 1 sediment core O-2 Archive 
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LIST OF SAMPLES 

171 
191 

11051 I 

1112601A 
111301 tA 
1113601A 

~ 921125isediment Core O-2 / Metals/PAH/Pest/PCB 
i 92 1208 /sediment core O-2 1 Archive 
I 92 1208 1 sediment core O-2 I Metals/PAH/Pest/PCB 

4 17 
17 

11051 
11051 

111265 A ~ 921125Isediment core 10-12 Metals/PAH/Pest/PCB 
111266 A ~ 921125 sediment core 12-14 Archive 
111366 A 921208 sediment core 12-14 Metals/PAH/Pest/PCB 
111367 A 921208,sediment core 14-16 Archive 

17 111269 A 921125 sediment core 18-20 MetalsJPAHJPestJPCB 
3 111041 A 921208 sediment core 2-4 MetalsJPAHJPestJPCB 

17 111261 IA I 92 1125 sediment core 2-4 I Archive 
19~ 1113021A I 921208’sediment core 2-4 / MetalsJPAHJPestJPCB 

110511 111361 IA 1 92 1208 i sediment core 2-4 /Archive 
?2 1125 /sediment core 20-22 /Archive 

j 92 1208 1 sediment core 26-28 1 Archive 
I 921208 /sediment core 28-30 / Metals/PAH/Pest/PCB 
1 92 1125 j sediment core 34-36 jArchive 

3: 
171 
31 

/ 92 1208 ! sediment core 36-38 1 Archive 
j 92 1125 1 sediment core 36-38 1 MetalsJPAHJPestJPCB 

3! 111042lA 
19 ‘i 

111058’A 
1112781A 
111059,A 

1113031A 

I 92 1208 sediment core 38-40 MetalsJPAHJPestJPCB 
I 

, 
92 1208 sediment core 4-6 Archive 

I 92 1208 sediment core 4-6 Archive 
11051/ 111363A 

19i 111336A 
19’ 111337’A 

110511 111364/A 
11100~ 110438 A 

3i 112785 A 
191 112784A 
17~ 112786/A 

?2 1208 1 sediment core 6-8 1 Metals/PAH/Pest/PCB I 1 5 
~ 92 1208 1 sediment core 70-72 Archive 

92 1208 I sediment core 72-74 MetalsJPAHJPestJPCB 
92 1208 i sediment core 8- 10 Archive 
92 1208 sediment core sample MetalsJPCBJPESTJPAH 
930617:sediment Tub Benthic /ARC ‘HIVE -TBD 

~ 930617, sediment Tub Benth%~ 1 ARCHIVE - TBD 
1 9306181sediment. Tub benthic IARCHIVE - TBD 

I 

I 

1000 1127161A 
1000 1 12717jA 
loo01 112718jA 
10011 112700jA 

1 9304 12 / seeo water samole 1 Metals I 
/ 9304 12 I seeo water samole / Metals I 
/ 9304 12 I seep water samole I Metals I 

+9304 
i 

09 I seep water sample Metals 
930409 I seep water sample Metals 
930409 j seep water sample Metals 
930409 /seep water sample Metals 

f 930409 / seep water sample ! Metals 

I 1127011A 
I 10021 112702lA 
I 10021 112703iA 

I lJo3/ / 1 12704A 
I 10031 1127OSA ; 930409 i seep water sample 

! 
) Metals 

930409 I seep water sample 1 Metals 
1 

1004 112706~A 
1004 1127071A 
1005 112708)A 

i 930409 seeo water samole I Metals I 
/ 930409 seer, water samole 1 Metals I 
1 930409! seep water sample 
I 

j Metals 
930409 I seep water sample ! Metals 

1007 
1007, 
10081 
10081 

501 

I 930409 ~ seep water sample ) Metals 
112712iA ~ 9304O%seep water sample j Metals 
112713 A 1 930409 i water seep sample /Metals 
112714 A 930409 water seep sample /Metals 
112715 A , 930409seep water sample /Metals 
112660 A 921104spartina I Metals 
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LIST OF SAMPLES 

50 
50~ 
51 

51 
51 
521 
!i? 

112661 A / 921104 spartina I Archive 
112662 A 92 1104 spartina I Metals 
112663 A 92 1104 spartina I Metals 

112664 A .-..- y-l----.- 1 
112665A 1 921 W/spartina j Metals 
112666A / 921008ispartina ! Metals 

I 97lltWsnartina I Archive 

112667jA 92 1008 spartina Metals 
112668lA 92 1008 spartina Metals 
112671lA 92 1023 spartina Metals 
112669/A I 921029 martina Metals 

I 

55 112670/A I 921030/spaftina i Metals 
56 112672/A / 921029lspartina ! Metals 

I 5, 

112673 A / 921029;spartina Metals 
112674 A / 921105 spartina Metals 
112675 A 921105 spartina I Archive 

1 112676iA 921105;smrtina /Metals I 
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Sampling and Analysis Plan 

Evaluation of Sediment Transport, Hydrography, Water Quality, and Hydrodynamic 
Characteristics of the Lower Piscataqua River Estuary 

PRINCIPAL INVESTIGATORS: D. Bart Chadwick and Ken Richter, Marine 
Environmental Quality Branch, Code 522, Naval Command, Control, and Ocean 
Surveillance Center, San Diego, CA 92152, (619) 553-5333/2780 

OBJECTIVE 

This objective of this study is to provide supporting physical and chemical oceanographic 
input to Phase II of the “NCCOSC/ERLN Case Study of Estuarine Ecological Risk 
Assessment at Naval Shipyard Portsmouth, Kittery, Maine”. Specifically this will include the 
following tasks: 

o Determination of potential areas of impact from past and future discharges at the 
shipyard. 

o Characterization of sediment transport processes in areas potentially influenced by 
shipyard discharges. 

o Identification of hydrodynamic transport and dispersion characteristics for tuning and 
validation of the UNH modelling effort. 

o General evaluation of hydrographic and water quality characteristics of the lower estuary 
and adjacent offshore waters. 

BACKGROUND 

The impetus for this work is described in both Phase I and Phase II of the estuarine 
ecological risk assessment and conforms to an ecological risk assessment framework (Figure 
1). The framework provides a mechanism for evaluating risks, a context for identifying the 
information required, and distinguishes the sampling and analysis activities from other, 
less comprehensive, data collection efforts. 

TECHNICAL APPROACH 

Determination of potential areas of impact porn past and future discharges at the shipyard. To 
determine potential extent of impact we will perform two series of experiments in the waters 
adjacent to the shipyard. In the first series we will evaluate migration of water masses up 
and down stream from the shipyard under typical tidal forcing conditions. Each study will 
consist of estuary-axial transects during which characteristics associated with waters directly 



off the shipyard at slack tide are tracked to their point of maximum excursion during ebb 
and flood cycles. Parameters to be monitored continuously using the MESC system include 
temperature, salinity, oxygen, pH, transmittance, chlorophyll-a, oil fluorescence, turbidity, 
water velocity, particle backscatter, and bathymetry. Discrete samples may be collected 
simultaneously to calibrate these measurements or provide additional information. During 
the second series of measurements a dye release will be made to simulate a shipyard 
discharge, and the dispersion of the dye will be traced. Transects will be performed prior 
to, during, and following the release while monitoring the parameters described above as 
well as the fluorescent response of the dye. 

General evaluation of hydrographic and water quality characteristics of the lower estuary and 
adjacent offshore waters. A series of water quality monitoring surveys will be performed to 
assess the existing conditions in the lower estuary and to identify any current discharge, 
leachate, or runoff sources from the shipyard. One large scale survey will be performed to 
map conditions in the majority of the lower estuary and adjacent offshore waters. A series 
of more detailed transects will be performed adjacent to the shipyard under varying tidal 
conditions. Parameters to be measured are described in the previous section. 

Identification of hydrodynamic transport and dispersion charactektics for tuning and validation 
of the UIVH modeling effort. Repeated water velocity and volume transport measurements 
will be made along 6 to 7 cross-sectional transects in the estuary. Water measurements at 
each transect will be taken over half of a tidal cycle (approximately 7 hours). An acoustic 
doppler current profiler (1.2 MHz) will be used, yielding measurements at approximately 
10 m horizontal resolution and 1 m vertical resolution with an accuracy of l-2 cm/set. 
Suspended sediment load will be measured along the transects as well. The location of the 
transects will be chosen in conjunction with NAVFAC Northern Division and University of 
New Hampshire personnel, but will be placed so that data can be used to validate a 
hydrodynamic model of the area. It is anticipated that this effort will require 6 to 7 boat 
days to complete. 

Characterization of sediment transport processes in areas potentially injluenced by shipyard 
discharges. During each of the phases described above, suspended sediment will tracked via 
acoustic backscatter, light transmittance, and nephelometer response. The general mapping 
exercises will provide information on the distribution and migration of suspended material 
in the lower estuary. The cross-sectional transects will allow sediment mass transport to be 
evaluated at a number of areas in the estuary which may help to identify regional deposition 
zones. Detailed studies in specific areas such as the eel grass beds may also be performed 
to identify localized transport and depositional processes. In conjunction with water velocity 
measurements this data will These measurements will be calibrated with discrete water 
samples that will be filtered for particulate. As an alternative to the above sediment 
measurements, the extent and dispersal of a discrete sediment plume may be mapped. 

SCHEDULE: 

Preparations have already begun and we plan to ship the survey vessel and equipment on 



about 30 June, 1992 for arrival in Portsmouth on 6 July. The work described above will 
require approximately two weeks of field work extending to about 20 July. During this 
period, boat time will also be made available to other investigators involved in the 
assessment at Portsmouth. Data analysis and reporting will require approximately four 
man-months following the field work. 

FUNDING: 

Anticipated costs for the study are as follows: 

boat and equipment preparation $15K 
2-way boat transport to Portsmouth $lOK 
salary at Portsmouth (8 man weeks) $25K 
transportation/per diem at Portsmouth $15K 
data workup at NRaD (4 months) $45K 
management costs $lOK 

total $120K 



PORTSMOUTH NAVAL SHIPYARD ENVIRONMENTAL SURVEY 
SUMMARY REPORT 

Introduction 

w 

I 

w 

The following report summarizes data and work performed during a field survey conducted at Naval Shipyard, 
Kittery, Maine 6-24 July 1992 by the Marine Environment Branch, Code 522, NCCOSC. The objective of the n 
survey was to provide supporting physical and chemical oceanographic data for Phase II of the “NCCOSC/BRLN 
Case Study of Estuarine Ecological Risk Assessment at Naval Shipyard Portsmouth, Kittery, Maine.” Water velocity, 
hydrographic, and chemical measurements were made during the survey using the MESC, with its associated 
chemical sensor and navigation systems, and a hull mounted RD Instruments Acoustic Doppler Current Profiler 

II 

(ADCP). 

Personnel 

Marine Environment Branch: 

D. Bart Chadwick 
Ken Richter 
Frank Shipp 
Brad Davidson 
Charles Katz 
Andy Patterson 

Co-Principal Investigator, NCCOSC 
Co-Principal Investigator, NCCOSC 
Technical Support, NCCOSC 
Technical Support, CSC 
Technical Support, CSC 
Technical Support, SDSUF 

w 

II 

w 

06-22 July 
06-17 July 
17-24 July 
01-25 July 
O&24 July 
06-24 July I 

Other Principals involved: 

Bob Johnston Phase II Project Manager, NCCOSC-University of Rhode Island 
Jim Tayon Environmental Coordinator, Naval Shipyard Portsmouth 
Fred Short Principal Investigator, University of New Hampshire, Jackson Estuarine Laboratory 
Larry Ward Principal Investigator, University of New Hampshire, Jackson Estuarine Laboratory 
Barborous Cielokol C&Principal Investigator, University of New Hampshire 
Rob Swift Co-Principal Investigator, University of New Hampshire 
Rich Langan Laboratory Manager, University of New Hampshire, Jackson Estuarine Laboratory 
Wayne Munns Researcher, SAIC representing ERLN 
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Measurements Made as a function of GPS Position: 

KeV Measurement 

CID: Conductivity/Salinity 
Temperature 
Depth 

Transmissivity 
Dissolved Oxygen 

PH 
Water Depth 

ADCP: Current Velocity 
Acoustic Backscatter 

FLOW: W Fluorescence 
Chlorophyll a Fluorescence 

w 

W 

W 

w 



Nephelometry 

RHOD: Rbodamine WT Fluorescence 

DISCS: Discrete samples for Suspended Matter (size, and C/N chemistry) 

DISCC: Discrete samples for Chlorophyll a and Nutrients 

DISCD: Discrete samples for Dissolved Organic Carbon 

DISCP: 

DISCR: 

Discrete samples for PAH/PHC 

Discrete samples taken by zodiac for Rhodamine WT analysis 

Chronology of Events 

24 June The research vessel RV ECOS and its associated Marine Environmental Survey Capability (MESC) 
equipment are shipped via truck (Associated Boat Transport, Seattle) to New Hampshire. 

02 July The vessel and equipment arrive in New Hampshire. The boat is launched into the Piscataqua 
River at Great Bay Marine (Newington, NH) and taken to its berth at the Kittery Landing Marina. 
The Kittery Landing Marina serves as the base of operations for the duration of the field work. 

03-06 July Vessel and equipment are readied for survey operations. 

07 July Vessel and equipment setup is completed. All participants meet for planning session. 

08 July Cross-channel transects at the mouth of Piscataqua River. Forty-three transects are run between 
Odiomes Point (43’ 026’N, 70’ 42.6W) and Gerrish Island (43’ 03.8’N, 70’ 41.5’W, between 
Whaleback Reef and White Island). The first transect begins at Odiomes Point. 
RTAPS filenames: P190. l ADCP filenames: TRANSl\PORTOO2R.000 - PORT047ROOO. 
Approximate data start/stop times: 0730-1930. 
Measured: CTD, ADCP, FLOW, DISCS, DISCC. 

09 July 

10 July 

Fixed station at Fort Foster (43’ 03.86’N, 70’ 41.72%‘). Near-surface water taken throughout 
except for one vertical profile. Planning meeting with other principles in afternoon. DFM 
Calibration. 1 
RTAPS Filenames: P191.* ADCP filenames: EEL\EELOOlR.OOO - EELOOlR003. 
Approximate data start/stop times: 0830-1330. 
Measured: CID, ADCP, FLOW, DISCS, DISCC. 

Cross-channel transects at Dover Point. The transect circuit is broken down into 3 legs. Leg 1 
transects the upper Piscataqua River (43’ 07S’N, 70’ 49.8’W - 43’ 07.6’N, 70’ 49.6’W), Leg 2 
transects the main body of the river (43’ 07.3’N, 70’ 48.8.W - 43’ 07.1’N, 70’ 48.8’W), and Leg 
3 transects the entrance into Little Bay (parallel to the Route 4/16 Bridge, 43’07.l’N, 70’ 49.4’W - 
43’ 07.2’N, 70’ 49.6’W). The circuit begins on Leg 3 moving northwest, then Leg 2 running 
south, then Leg 1 moving east. A total of 21 circuits (plus an extra Leg 3) are completed. The 
towed system snags a submerged mooring and breaks electrical wires in tow cable @1325 hrs. 
The system is rerigged for hull mounted flowthrough system and is fully on line @ 1530 hrs. 
RTAPS filenames: P192.+ ADCP filenames: TRANS2jP0RTOO1R.000 - PORT135ROOO. 
Approximate data start/stop times: 0700-1900. 
Measured: CfD, ADCP, FLOW, DISCS, DISCC. 



1 

W 

11 July Fixed Station at Seavey Island Police Dock (43’ 0458’N, 70’ 43.73’W). Water sampling taken 
at near-bottom except for six vertical profiles taken hourly. Garden Hose and standard Seabird 
CID electrical cable are used for sampling while tow cable is repaired. 
RTAPS filenames: P193.* ADCP filenames: POLICE\PORT019R0OO - PORTOUROOO. 
Approximate data start/stop times: 0830-1400. 
Measured: CID, ADCP, FLOW, DISCS, DISCC. 

12 July No field operations. 

13 July Fixed Station at Clarks Cove (43’ 04.74’N, 70’ 43.49’W). Water sampling taken at near-bottom 
except for seven vertical profiles taken hourly. Garden Hose and standard Seabird CTD electrical 
cable are used for sampling while tow cable is repaired. 
RTAPS filenames: P195.* ADCP filenames: CLARK/PORTOOlROOO - PORT020R.000. 
Approximate data start/stop times: 0830-1500. 
Measured: CID, ADCP, FLOW, DISCS, DISCC. 

14 July 

15 July 

16 July 

17 July 

Cross-channel transects at East Seavey Island. The transect circuit is broken down into 5 legs. 
Leg 1 Nns across the main channel from near Salamander Point (43’ 04.4’N, 70’ 43.l’W, ) to 
Kittery Point (43’ 04.9’N, 70’ 43.1%‘). Leg 2 crosses Spnrce Creek (43’ 04.9’N, 70’ 43.1’W - 
43’ 04.9’N, 70’ 43.2%‘). Leg 3 crosses the Back Channel north of Seavey Island (43’ 04.9’N, 70’ 
43.2’W - 43’ 04.8’N, 70’ 43.3%‘). Leg 4 crosses Clarks Cove (43’ 04.8’N, 70’ 43.3’W - 43’ 
04.6’N, 70’ 43.4’W). Leg 5 re-crosses the main channel (43’ 04.6’N, 70’ 43.4’W - 43’ 04.4’N, 
70’ 43.1’W). A total of 33 transects are run in a counterclockwise direction. Standard tow cable 
is again being used. 
RTAPS filenames: P196.+ ADCP filenames: EASTSVY\PORTOOlROOO - PORT179ROOO. 
Approximate data start/stop times: 0700-1930. 
Measured: CID, ADCP, FLOW, DISCS, DISCC. 

Axial transect from the river mouth (Buoy 2KR) up into Great Bay during a IIood tide. UNH 
Stations 1-4, and 6-15 are sampled in vertical profile along the way. 
RTAPS filenames: Pl97.’ ADCP filenames: HIGHLONG\PORT001R000 - PORT007ROOl. 
Approximate data start/stop times: 1200-1700. 
Measured: CTD, ADCP, FLOW, DISCS, DISCC, DISCD. 

Axial transect from the river mouth (Buoy 2KR) into Great Bay during an ebb tide. UNH Stations 
1-9, and 11-15 are sampled in vertical profile. Generator overheat shuts down systems on two 
occasions near end of survey day. Planning meeting with other principles in the afternoon. DFM 
calibration. 
RTAPS filenames: P198.+ ADCP filenames: LOWLGNG\PORT001R.000 - PORTOlOROOO. 
Approximate data start/stop times: 0730-1200. 
Measured: CID, ADCP, FLOW, DISCS, DISCC, DISCD. 

Cross-channel transect at West Seavey Island. The transect circuit is broken down into 3 legs 
running in a clockwise direction. Leg 1 traverses the main channel parallel to the Memorial Bridge 
(43” 04.7’N, 70’ 45.1’W - 43’ 04.8’N, 70’ 45.1%‘). Leg 2 crosses the Back Channel just north 
of Seavey Island Pier No. 2 (43’ 04.8’N. 70’ 44.1’W - 43’ 04.9’N, 70’ 44.7%‘). Leg 3 continues 
crossing the Back Channel (43’ 04.9’N, 70’ 44.7.W - 43’ 05.O’N, 70’ 44.7%‘). The first circuit 
begins on Leg 2. A total of 36 circuits are run. 
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18 July 

19 July 

20 July 

21 July 

22 July 

RTAPS filenames: P199.’ ADCP filenames: WESTSVYVORTOOlROOO - PORT213R.000. 
Approximate data start/stop times: 0600-1800. 
Measured: CID, ADCP, FLOW, DISCC. 

Fixed Station at Jamaica Island (43’ 04.95’N, 70°43.55’W), approximately the site of UNH Station 
19. Water Sampling taken at near surface except for seven vertical profiles taken hourly. DFM 
Calibration. Change chlorophyll a fluorometer to a rhodamine fluorometer after survey. 
Rhodamine WT calibration. 
RTAPS filenames: P200.+ ADCP filenames: JAM\PORT215ROOO - PORT215R005. 
Approximate data start/stop times: 0830-1500. 
Measured: CID, ADCP, FLOW. 

No field operations. 

General Mapping Survey. A series of three mostly axial transects are run at four tide states in the 
vicinity of Seavey Island. Two of the transects run along the shorelines, ducking into coves and 
crossing creeks as possible. The third transect NIIS down mid-channel. The transects run roughly 
from Badgers Island to Fort PoinV’Pepperrell Cove. The circuit starts on the south side of the 
estuary at the Memorial Bridge, moves east to Fort Point, crosses to Peppenell Cove, continues 
west along the north shore and returns down mid-channel from the Memorial Bridge to Fort Point. 
The transects are run during ebb, low slack, flood, high slack. Tow cable electrical signals fail at 
end of day. 
RTAPS filenames: P202.* ADCP filenames: CHUCKVIEWA001R.000 - NEWA006ROOO. 
Approximate data start/stop times: 0830-1830. 
Measured: CID, ADCP, FLOW (no chlorophyll a), RHOD. 

Flood Tide Dye Mapping. Approximately 6.5 gallons (23.68 L) of 20% Rhodamine WI are 
injected into the mid-channel at Buoy 9 south of Seavey Island. The dye is injected at a depth of 
4 feet after the ADCP data indicate that flood tide has started throughout the entire water column. 
The majority of the material is injected within a couple of minutes although rinsing of containers 
continues for another 5-6 minutes. A handmade drogue is placed in the dye patch to help 
determine the advective component of the flow. The ECOS transits in and out of the patch, 
following the rhodamine fluorescent signal as far north as Dover Point. A UNH vessel is placed 
up-channel of the injection point to observe the dye patch as it passes. An aircraft flies over the 
estuary to take visible spectrum still photographs. The CTD is electrically connected using the 
standard Seabird cable attached to the standard tow cable. Rhodamine WT Calrbration while 
dockside awaiting start of operations. 
RTAPS filenames: P203.* ADCP filenames: CHUCKVVEWA009R.000 - NEWAOlOR.002. 
Approximate data start/stop times: 1100-1600. 
Measured: CID, ADCP, FLOW (no chlorophyll a), RHOD. 

Ebb Tide (l), and Point Source (2) Dye Mapping, and Discrete Water Sampling (3). 
(1) Five gallons (18.93 L) of 20% Rhodamine WT are injected into the mid-channel at Buoy 11 
south of Seavey Island. The dye is injected at a depth of 4 feet after the ADCP data indicate that 
ebb tide has started throughout the entire water column. The majority of the material is injected 
within a couple of minutes although rinsing of containers continues for another 4-6 minutes. A 
handmade drogue is placed in the dye patch to help determine the advective component of the 
flow. The ECOS transits in and out of the patch, following the rhodamine fluorescent signal as 
far east as the Demarcation Line (river mouth). A UNH vessel is placed down-channel of the 
injection point to observe the dye patch as it passes. 

4 



23 July 

24 July 

Approximate data start/stop times: 0530-0930. 

(2) A second dye release is done in the afternoon during flood tide. Approximately 1.5 gallons 
(5.67 L) of 20% Rhodamine WT are injected just west of Clarks Island at a depth of 4 feet. The 
majority of the material is injected within a couple of minutes although rinsing of containers 
continues for another 4-6 minutes. A handmade drogue is placed in the dye patch to help 
determine the advective component of the flow. The ECOS transits in and out of the patch, 
following the rhodamine fluorescent signal into the Back Channel on both sides of Seavey Island 
as water depths allow. The zodiac is deployed to take discrete samples for rhodamine analysis in 
the Back Channel and along the shoreline of Clarks Island where water depths/obstacles exclude 
sampling by ECOS. A total of 16 discrete samples are collected for Rhodamine analysis in this 
manner. 
Approximate data start/stop times: 1215-1715. 

(3) Discrete samples are collected at five sites for analysis of PHQPAI-I by Battelle Ocean 
Sciences. Each sample is placed into two (a&b), 1 L bottles containing 5 mL HCl (cone). 
Sample la&b - Clarks Cove, Sample 2a&b - West Seavey Island, Sample 3a&b - Dover Point, 
Sample 4a&b - Power Plant, Sample 5a&b - Kittery Sewage Outfall. Full MESC and ADCP 
systems on-line for these sample collections. 
Approximate data start/stop times: 1530-1715. 

At start of this day, a new lamp is placed into the rhodamine fluorometer because of erratic 
behavior of the old lamp. Rhodamine WT calibration is run between dye releases. Discrete 
samples taken for rhodamine analysis are run in a recirculating flowthrough system (same as for 
calibrations). 
RTAPS filenames: P204.+ ADCP filenames: CHUC~WAO11R.000 - NEWA041ROO4. 
Measured: CID, ADCP, FLOW (no chlorophyll a), IU-IOD, DISCP, DISCR 

Pack equipment and vessel for shipment. 

Haul-out vessel at Great Bay Marine and load onto truck (Associated Boat Transport) for shipment 
to San Diego. Discrete PHC/PAH samples are hand delivered to Battelle Ocean Sciences, 
Duxbury, MA. 
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General Information 

University of New Hampshire 
Jackson Estuarine Laboratory RFD 2 
Adams Point 
Durham, NH 03824 

Tel: 603-862-2175 Fax: 603-862-1101 

Rich Langan 
Barborous Ceilokol 
Rob Swift 

Fred Short 
Larry Ward 

Portsmouth Naval Shipyard 

Jim Tayon 
Environmental Affairs, Code 121.5 
Portsmouth Naval Shipyard 
Portsmouth, NH 03804-5000 
Tel: 207-438-3832 Fax: 207-438-3526 
I-h: 207-384-4866 

Ted Knowles-PNSY Pilot (438-l 103) 
MONITOR VHF CHANNEL 12 

Great Bay Marine 
Fox Point Road 
Newington, NH 03801 

Sandy Hislop-Yard Manager 
Tel: 603-436-5299 
Hours of Operation 0730-1700 

Stover House 
95 Government Street 
Kittery, ME 03904 
Judy Kehl-Owner 
Tel: 207-439-8770 

Kittery Landing Marina 
Badgers Island, NorthEast Side Of Memorial Bridge 

PWY 1) 

University of Rhode Island 

Bob Johnston 
Tel: 401-792-6220 Fax: 401-792-6160 
Hm: 401-295-5462 

Portsmouth Yacht Club 

189 Portsmouth Yacht Club 
Newcastle, NH 03854 

Tel: 603-436-9877 No Fax 
Dan Kolb-Dockmaster 
Monitor VHF Channel 9 

Ken Peterson-Dockmaster 
Tel: 207-439-0577 
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ERLN WORKPLAN IN SUPPORT OF 
THE ESTUARINE ECOLOGICAL RISK ASSESSMENT CASE STUDY FOR 

PORTSMOUTH NAVAL SHIPYARD, KITTERY MAINE 

PHASE II 

1.0 INTRODUCTION 

The Ecological Risk Assessment (ERA) Case Study Project 
involves the development and implementation of risk assessment 
methods using site-specific data. The project, developed 
cooperatively with the Navy, employs marine case study sites 
associated with Naval facilities, i.e., Naval Construction 
Battalion Center, Davisville (NCBC, Allen Harbor), RI, and 
Portsmouth Naval Shipyard (NSP), Kittery, Maine. The Allen 
Harbor Project, begun in 1988, used a phased approach to 
characterize the site (field sampling) chemically and 
biologically and test hypotheses (laboratory experiments) 
concerning potential impact sources. In the final phase, the 
evolving EPA ERA framework is being employed to organize site 
data into a model describing ecological risks associated with the 
NCBC embayment. The Portsmouth Project, begun in 1991, follows 
and refines the NCBC model. Phase I (field sampling/exposure 
characterization) was completed in 1992 and reported on in 1993. 

This work plan has three technical components (1) 
development of exposure/response information, (2) analysis of 
chemical markers, and (3) marine-analytical chemistry. The 
contents of each technical component and the technical and 
analytical procedures to be employed are described. The quality 
control/quality 
presented. 

2.1 DEVELOPMENT 

APPROACH 

assurance protocals to be used are also 

2. 0 TECHNICAL APPROACH 

OF EXPOSURE/RESPONSE INFORMATION 

This work plan focusses on the development of stressor- 
biological response models (through laboratory and field 
studies), specific to a potentially impacting toxicant of concern 
(i.e., lead). Biological responses of concern include toxicity, 
bioaccumulation and trophic transfer. Toxic responses, as 
reduced reproductive success, will be used to develop a model 
projecting population effects based on short-term toxicity 
measurements made following exposure of fertile sea urchins, 
Arbacia punctulata. Exposure models will be developed using 
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bioaccumulation from sediment contaminants (of the blue mussel, 
Mvtilus edulis) and trophic transfer (using the sea urchin). 
Comparisons between laboratory and field exposures to will be 
used to predict environmental risks based on laboratory-observed 
biological effects. 

Several parallel laboratory experiments were designed to 
demonstrate a range of biological responses associated with 
exposure to lead-contaminated marine sediments (FIGURE 1, 
EXPERIMENTAL APPROACH). For these purposes, exposures of test 
species, plant and animal, will be conducted for approximately 
lo-30 days using naturally- and artificially-contaminated 
sediment and biota (as food source). Artificially-contaminated 
sediment and diets will be amended with lead (sulfate). Sediment 
exposures will be simulated as bedded and suspended media. To 
characterize exposures, media will be sampled for chemical 
analyses and toxicity testing. Selected systems will be used to 
assess exposure as bioaccumulation of toxicant and effects as 
survival, growth, fecundity, and/or gamete and larval viability 
(TABLES la,b). 

EXPOSURE SEDIMENTS 

Sediments were collected by divers during the week of 6 
August, 1993, at NSP sites (FIGURE 2, PORTSMOUTH MAP) identified 
as station 100 (reference site, REF) and station 7 (Clark Cove, 
CC). The sediments were press-sieved, homogenized using paddles 
and packed for storage in l-gallon glass jars. Immediately 
following homogenization, sediment samples were taken and 
analyzed for acid volatile sulfide (AVS) content. This value was 
used to calculate additions required to amend ("spike") sediments 
with lead to concentrations intended to produce biological 
effects. Sediments were used in exposure systems as stored or 
amended with lead as per ERLN SOP "Spiking Sediments with Metals 
for Sediment Bioassays" (ATTACHMENT 1). Sediments were stored at 
4 C until use in exposure systems, i.e., between two and six 
weeks following collection, Specific calculations for additions 
of lead are included in APPENDIX 1. Sediment samples were taken 
for characterization as to total organic carbon (TOC), grain 
size, organic and metal contaminants. 

Sediments were amended based on Water and Sediment Quality 
Criteria guidelines for lead. Specifically, lead concentrations 
were designed to approach those predicted to produce biological 
effects in water (40 - 2000 ug Pb/L, acute values) and bedded 
sediment (0.3 - 1.0 simultaneously extracted metal (SEM)/AVS 
molar ratios) exposures. There were four sediment types: REF 
(station loo), Clark Cove (station 7), and reference sediment 
amended with low (7000 ppm, nominal) or high (22000 ppm, nominal) 
lead. These spiked sediments were expected to produce SEM/AVS 
ratios of about 0.3 and 1.0, approximately 100 and 300 times 
estimated lead concentrations in sediment samples from Clark 
Cove. These sediments were used in the suspended sediment 
exposure systems. In addition, smaller batches of sediment were 
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EXPERIMENTAL APPROACH 

l Characterize Sediment Toxicity 
- Collect sediment from reference and contaminated sites 
- Amend reference sediment with lead 
- Distribute sediments to suspended and bedded exposure 

systems 
- Expose juvenile mussels and adult sea urchins to 

suspended sediments for 30 days 
)B Measure bioaccumulation, growth and reproductive 

(urchin) effects 
- Expose amphipods and rooted plants to bedded 

sediments for 10 days 
1) Measure bioaccumulation, growth (plants) and 

mortality (amphipods) 

l Characterize Contaminant Trophic Transfer 
- Collect mussels from reference and contaminated sites 
- Amend reference mussels with lead 
- Formulate artificial diet from mussel meat; feed to adult 

sea urchins for 30 days 
1) Measure bioaccumulation, growth and reproductive 

effects 

l Develop Exposure-Response Models for 
Measured Toxic Effects 

l Extrapolate Measured Effects to Higher Level 
Ecological Effects 

FIGURE 1: EXPERIMENTAL APPROACH 



Table la: PNSY II Biological test systems 

TEST SPECIES Arbacia punctulata Arbacia punctulata Myths edulis Ampelisca abdita Ruppia maritima 

COMMON NAME Purple sea urchin Purple sea urchin Blue mussel Amphipod Widgeon grass 

EXPOSURE LIFESTAGE Gametes luvenile Subadult 

ENDPOINTS 

EXPOSURE 
DURATION 

EXPOSURE MEDIA 

survival 

Fecundity 

Gamete viability 

30 days 

Suspended sediment 

w 
Trophic transfer 

(l-l? 

Fertilization 

Larval development 

1 hour,(fertilization) 

48 hours 
(larval development) 

Interstitial waters 

uw 
Exposure waters 

ow 

survival 

Growth 

30 days 

Suspended sediment 

w 

survival 

10 days 

Bedded sediment 

WI 

Root growth 

Leaf growth 

10 days 

30 days 

Bedded sediment 

R’S) 

* 
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Table lb: PNSY II Biological exposure systems 

SEDIMENT EXPOSURES 

TEST SPEClES Arbacia punctulata Arbacia punctulata Myths edulis Ampelisca abdita Ruppia maritima 

LIFESTAGE Adult Gametes Juvenile Subadult Shoot 

NONE ss IW,EW BS 

REFERENCE (STAlOO) ss IW,EW ss BS BS 

0.3 LEAD (100x) ss IW,EW ss BS BS 

0.5 LEAD (150x) IW,EW BS BS 

0.8 LEAD (200x) IW,EW BS BS 

1.0 LEAD (300x) ss w,Ew BS BS 

CLARK COVE (STA 7) ss IW,EW ss BS BS 

DIETARY EXPOSURES 

NATURAL FOOD T-r 

REFERENCE (STAlOO) Tr 

10x LEAD Tr 

100x LEAD l-r 

CLAW COVE (STA 7) l-r 



amended to produce sediments with predicted SEM/AVS ratios of 0.5 
and 0.8 for use in the bedded sediment studies using amphipods 
and rooted plants. 

SUSPENDED SEDIMENT EXPOSURE SYSTEM 

The exposure system, modified from that described by Daniels 
(19931, (FIGURE 3, SUSPENDED SEDIMENT EXPOSURE SYSTEM), was 
designed to provide uniform suspended particulate exposures. 
There were eight exposure systems: two replicate systems for 
each of four sediment types. Each system delivered to a mixing 
chamber ("splitter") which divided the stream of suspended 
sediment into paired tanks. 

For this purpose, sediment slurries (1 part sediment to 9 
parts sea water, by volume), were pumped through computer- 
controlled solenoid valves into streams of filtered sea water 
(nominally, 300 ml/minute). Targeted particulate load was 20 
mg/L, nominally reflecting site conditions as described in the 
Phase I report. Particulate loading, controlled by length and 
interval of sediment pulse, was measured on alternate days. 
Measurements were made using a transmissometer or a whole water 
sample was taken for direct measurements of total suspended 
solids (as per ERLN SOP 1.02.004 "Suspended Solids Determinations 
in Water Samples"). The exposure systems were closed and aquaria 
overflowed directly into contaminated disposal drains. 

ARTIFICIAL DIET EXPOSURE SYSTEM 

Artificial diets were provided to sea urchins during an 
approximately 30-day period. The diets were formulated based on 
a modification of a used successfully to maintain fertile urchins 
(Dr. William Sunda, personal communication). This agar-based 
diet, containing ground kelp and mussel meat, with or without 
lead amendment, was formulated in large batches and dispensed 
into feeding units, i.e., plastic trays (about 50 ml volume). 
Each exposure tank of ten urchins of the same sex was fed 1 plate 
twice per week. Food was generally consumed before the addition 
of new plates. While no attempts were made to determine 
consumption rates by diet type, feeding activity was observed for 
all food types. Each urchin had access to about a 10 ml volume 
(about 10 g wet weight) of food per week. 

There were four diet types created: one containing mussels 
from Clark Cove (archived from Phase I collection) and three 
containing mussels from a reference site (Cape Cod). The three 
types containing uncontaminated mussels were amended with zero, 
an intermediate or a high amount of lead, added as lead nitrate 
solution. The feed levels spiked with lead, intermediate and 
high, were intended to (very) roughly approximate 10x (about 60 
ug Pb/g dry weight) or 100x (about 600 ug/g Pb dry weight) lead 
levels in Clark Cove biota, respectively. Complete diet 
formulation are provided in APPENDIX 2. 
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SUSPENDED SEDIMENT 
EXPOSURE SYSTEM 

IC 

I-1 
Computer Contmlled Solenoid 

FIGURE 3: SUSPENDED SEDIMENT EXPOSURE SYSTEM 



BIOACCUMULATION BY BLUE MUSSELS 

Mussels were collected during the week of August 6, 1993, 
from uncontaminated tidal flats, Sandwich, MA, a site 
historically used by this lab for "clean" test organisms. 
Subadult blue mussels of size range, 3.0 + 0.1 cm, were selected 
from the collection and maintained in flowing sea water troughs 
for about 2 weeks prior to use in the laboratory exposure 
systems. (Larger mussels were shucked, ground, cooked and frozen 
for use in diet studies, see above). 

These mussels were exposed to naturally- and artificially- 
contaminated sediment via a suspended sediment exposure system. 
Mussels were contained in chambers within aquaria flushed with a 
sediment slurry diluted with filtered sea water (15 C, FIGURE 4, 
MUSSEL EXPOSURE CHAMBERS). Chambers were open to the surrounding 
tank or were covered using nylon mesh to restrict particulate 
entrainment within chambers. Algae (Isochrvsis sp) stocks were 
fed into inflow ports of chambers while peristaltic pumps were 
employed to draw water and algae through chambers. Monitoring 
and maintenance procedures were conducted regularly during the 30 
days of exposure. Following exposures, mussels were measured for 
length, segregated by treatment into labelled, plastic storage 
bags and frozen for future chemical analyses as part of a study 
focusing on BIOACCUMULATION. 

SUSPENDED SEDIMENT TOXICITY AND TROPHIC TRANSFER TO PURPLE 
URCHINS 

Approximately 500 adult purple sea urchins (Arbacia 
punctulata) were collected by divers during the week of 6 August, 
1993, from Narragansett Bay, RI. Urchins were sized for test 
(shell) diameter using calipers and sexed using electrical 
stimulation (US EPA, 1987). Urchins were maintained in separate- 
sex tanks of flowing 15 C sea water prior to exposures. 
Approximately one-half of these urchins were distributed in units 
of ten into paired single-sex aquaria containing suspended 
sediment (SEDIMENT TOXICITY). These urchins were fed freshly 
collected kelp, Laminaria sp., twice weekly. The remaining 
urchins were distributed in units of ten into paired single-sex 
aquaria containing flowing (approximately 300 ml/min), filtered 
sea water and fed naturally or artificially-contaminated diet as 
part of a TROPHIC TRANSFER study. 

Following exposures of about 30 days, surviving urchins were 
counted, measured for size (test diameter and wet weight) and 
qualitatively assessed for gamete production. For a subsample of 
urchins from each exposure tank (up to four), gamete production 
was quantified and viability of gametes and larvae were assessed 
using modifications of the sea urchin fertilization and larval 
development assays (ERLN SOP "Conducting the Sea Urchin, Arbacia 
punctulata, Reproductive Success Bioassay", ATTACHMENT 2). 
Samples of gametes and soft body parts were packaged in labelled 
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vials and stored frozen at -70 C for future chemical and 
biochemical analysis. As part of system characterization, 
additional sea urchin fertilization and larval development assays 
were conducted using tank water, sediment interstitial waters and 
lead-spiked sea water. 

BEDDED SEDIMENT TOXICITY TO AMPHIPODS AND ROOTED PLANTS 

Standard (static) acute amphipod toxicity tests were 
conducted using Ampelisca abdita (ERLN SOP 1.03.002 "Conducting 
Acute Toxicity Tests using Ampelisca abdita") collected from 
Narragansett, RI. Concurrent, replicate exposure systems were 
used for the rooted aquatic plants, Ruppia maritima and Zostera 
marina, collected from an uncontaminated pond in Charlestown, RI. 

Plant exposures were conducted as described in ERLN SOP 
"Conducting Chronic Toxicity Tests using Ruppia maritima", 
ATTACHMENT 3) with slight modification. Briefly, following ten 
day static exposures, shoot length (but not root length, as 
indicated in the protocol) was measured for Ruppia and plants 
were segregated by treatment and stored frozen in labelled 
plastic bags for future chemical analysis. As part of system 
characterization, additional Ruppia tests were conducted using 
lead-spiked sea water. 

DEVELOPMENT OF SEA URCHIN POPULATION MODEL 

A sea urchin population model was developed using data from 
these studies and studies conducted by EPA ERL-N's Complex 
Effluent Testing Program (George'Morrison, personal 
communication), through which toxicity testing methods were 
developed using the sea urchin, Arbacia punctulata. While these 
earlier studies quantified urchin survivorship through early life 
stages, i.e., from gametes through metamorphosis, current studies 
contributed information concerning adult survivorship, fecundity 
and gamete quantification. These data were used to develop 
parameters for population growth model using the software, RAMAS. 
Analyses were conducted to evaluate the contribution of 
lifestage-specific treatment effects, measured during the Phase 
II laboratory studies, on population growth rate. 

2.2 CHEMICAL MARKER DEVELOPMENT 

APPROACH 

Develop fingerprints of contaminant sources by screening for 
chemical markers. Applying the results of Phase I chemical marker 
determinations to the distribution of marker compounds in the 
estuary will be very useful for validating dispersion models. 
Chemical marker information will also be very useful for deter- 
mining the relative sources of chemical impact in the estuary. 
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1. Shipyard Markers 

A portion of what was done during the first phase of this 
work was to screen sediment samples for a chemical marker or 
fingerprint specific to the shipyard. This work did not 
definitively identify a fingerprint of the shipyard. Additional 
work will be done during this phase in attempting to identify a 
chemical marker specific to the shipyard. Samples analyzed using 
gas chromatography - mass spectrometry (GC/MS) with an electron 
ionization source will be reanalyzed using a GC/LC/MS with a 
negative ion chemical ionization (NICI) source. This new 
capability will enable both a quantitative and qualitative 
analysis of classes of chemicals that are not presently being 
evaluated with existing instrumentation. This analysis will 
include additional work on cutting oils. Chlorinated paraffins 
are potential components of cutting oils previously in use at the 
shipyard. The analysis of these compounds, at environmental 
levels, requires the use of a GC/MS system with NICI. This 
analysis will be applied to existing sediment sample extracts as 
well as new samples collected as part of the phase II effort. 

Water samples were collected from survey wells drilled on 
the shipyard by McLaren/Hart and analyzed as part of the onshore 
study. The results of these analyses showed a group of samples 
to contain a distribution of polycyclic aromatic hydrocarbons. 
This data will be examined in conjunction with the offshore data 
to evaluate potential seepage of onshore chemicals from the 
landfill to the estuary. 

2. Seeo Samoles 

New sampling efforts will be specifically directed toward 
the seeps located on the east and north east shorelines of Seavey 
Island surrounding the Jamaica Island Landfill. Samples of 
sediments directly impacted by these seeps, and the seep water 
itself, will be examined for compounds that may prove to be 
specific to the shipyard. Techniques used for the qualitative 
screening of the phase I sediment samples for a shipyard specific 
source will be applied to the seep samples. This analytical 
method allows for the analysis of compounds with a greater range 
of polarity than is typically employed in an environmental 
analysis. These samples will also be analyzed for the suite of 
chemical markers used in the first phase of this work and 
chemicals that were identified in the survey wells. 

3. Sediment Cores 

Deep sediment cores were collected from several low energy 
depositional areas in the lower Piscataqua River Estuary. 
Additional sediment core sampling efforts are being directed 
toward a marsh on Seavey Island and a marsh on Spruce Creek. An 
additional site is under investigation that is not directly 
impacted by the estuary. This core would be used to characterize 
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the input of eolian material to the immediate area. These cores 
are being dated using the radionuclides 'lOPb and 13'Cs. In 
addition, they are being characterized for grain size and organic 
carbon. The work proposed for this phase is to subsample a group 
of these sediment core sections and analyze them for.chemical 
markers of pollution sources. This work would make use the 
analytical methodology worked out during the first phase of this 
study. Preliminary results suggest that sediment cores in some 
locations contain material dating back to the 1880's. These 
cores will be analyzed with the goal of evaluating the onset and 
changing patterns of pollutant sources impacting the lower 
Piscataqua River estuary. 

4. Water Samples 

As a result of the dynamic nature of the Lower Piscataqua 
River Estuary the chemicals found in the analysis of sediment 
samples from this system may have entered from locations all 
along the waterway. Water samples will be collected in 
conjunction with University of Rhode Island personnel from 
several sites in the estuary. Particulate and dissolved phase 
samples will be collected using a teflon pump and a filter and 
foam plug system. Sampling stations will be chosen with regard 
to the stations occupied during the first years efforts. These 
samples will be analyzed for the suite of chemical markers used 
in the first phase of this study. In conjunction with the 
surface sediment data obtained in the first phase, data from the 
water column samples will enable estimates of the source 
strengths presently entering the estuary. 
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2.3 MARINE ANALYTICAL CHEMISTRY 

APPROACH 

The data quality objectives for conducting ecological risk 
assessments requires the use of field and laboratory methods that 
are capable of measuring parts-per-billion levels of organic and 
inorganic contaminants in marine and estuarine sediments and 
tissue (fish, invertebrates, and plants). The recommended 
analytical methods and QA/QC procedures needed to meet the 
ecological risk data quality objectives are identified in NRaD 
Technical Document 2296 (Mueller et al. 1992). These procedures 
have been used to meet the data quality objectives for a variety 
of federal programs including NOAA's National Status and Trends 
Program, EPA's Puget Sound Estuary Program, and the Navy's CERCLA 
assessment for NCBC Davisville and RCRA assessment for Portsmouth 
Naval Shipyard. The procedures do not specifically require that 
particular analytical methods always be followed, but rather that 
the performing laboratory demonstrates its proficiency through 
routine analysis of standard or certified reference materials 
(SRMs or CRMs) or similar types of accuracy-based materials. 
Through the application of this concept, the analytical 
laboratory participates in on-going performance evaluation 
exercises conducted throughout the study, both to demonstrate 
initial capability (i.e., prior to the analysis of actual 
samples) and on a continuous basis throughout the project. The 
laboratory will be required to initiate corrective actions if 
their performance falls below certain predetermined minimal 
standards. 

OBJECTIVE 

Provide trace-level analysis of marine sediment, tissue, and 
elutriate samples for the target analytes identified in the scope 
of work. Provide data validation and analytical performance 
information in accordance with the QA/QC requirements identified 
in this work plan. Document results and technical procedures in 
the technical data report and data deliverable in accordance with 
this work plan. 

QA/QC SPECIFICATIONS 

The QA/QC specifications to be used for this project are 
documented in detail in the accompany section entitled pualitv 
Assurance Project Plan: Marine Analytical Chemistrv Support for 
the Estuarine Ecolosical Risk Assessment Case Study at the 
Portsmouth Naval Shipvard, Kittery, Maine. The QA/QC 
requirements for the analysis of contaminants in marine sediments 
and tissues provides special emphasis on a performance-based 
program, involving continuous laboratory evaluation through the 
use of accuracy-based materials. Each batch must contain a 
minimum number of QA/QC samples which includes certified standard 
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reference materials and/or laboratory control materials, 
laboratory fortified sample matrices, laboratory reagent blanks, 
calibration standards, and laboratory and field replicates. The 
ecological risk QA/QC plan also provides specific control limits 
or numerical data criteria that, when exceeded, requires specific 
corrective action by the laboratory before the analyses may 
proceed. Warning and control limits are specified as is the 
recommended frequency of analysis for each QA/QC element or 
sample type. The conceptual basis for the use of these quality 
control samples is presented in detail in the document. In all 
other areas, not explicitly addressed by the ecological risk 
QA/QC plan (instrument tuning, chain-of-custody, data validation, 
etc.), standard Contract Laboratory Program (CLP) protocols, or 
equivalent laboratory developed SOPS will apply. 

TECHNICAL WORK PLAN: 

Conduct marine analytical chemistry research and development 
for the target analytes in the sample matrices. Before technical 
analysis can begin, method detection limits (MDLs) and analytical 
standard operating procedures (SOPS) must be documented to 
confirm that the methods to be used will acheive the target 
detection limits identified in Attachment (1). Technical sample 
analysis should proceed in accordance with the QA/QC plan 
identified in NRaD TD 2296. Any deviations from the proscribed 
SOP and QA/QC plan should be documented and approved by the 
Technical Coordinator of this work plan, prior to sample analysis 
(or as soon as possible after technical problems are 
encountered). 
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3.0 QUALITY ASSURANCE/QUALITY CONTROL PROCEDURES 

ORGANISM COLLECTION AND MAINTENANCE 

Organisms to be collected for subsequent experimental work 
in this project include: the benthic amphipod, Amoelisca abdita, 
for sediment toxicity assessments; the sea urchin, Arbacia 
punctulata, for water toxicity assessments; and the blue mussel, 
Mvtilus edulis, for laboratorv bioaccumulation studies. All 
animals will be collected and maintained following protocols 
described in SAIC's Environmental Testing Center (SAIC-ETC) SOPS 
AMP-01 - AMP-lo, and ERLN SOPS 1.01.003 and 1.02.001 (Appendix 
D). The plants, Zostera marina and Ruppia maritima, will be 
collected according to JEL SOP 1.01 and ERLN SOP "Development of 
a Short-Term Marine Sediment Toxicity Assessment Method with the 
Rooted Aquatic Plant, Ruppia maritima", respectively. 

SAMPLE COLLECTION AND PREPARATION 

Field sediments will be collected according to procedures 
employed at ERLN for the Sediment Quality Criteria Program. 
Specifically, samples will be collected with a Van Veen grab, by 
divers, or with a shovel. The samples will be kept cold until 
their arrival at ERLN. Sediments will be press-sieved through a 
21nm stainless steel screen and homogenized. The processed 
sediments will be Stored in 4L glass jars or in covered plastic 
buckets until used. Sediment spiking will be accomplished 
according to ERLN SOP "Spiking Sediments with Metals for Sediment 
Bioassays". 

Sediment interstitial waters will be collected from 
sediments available at ERL-Narragansett using the procedures 
described in the standard operating procedure (SOP): Extraction 
of Interstitial Water from Marine Sediments (1991). 

MONITORING PARAMETERS AND FREQUENCY OF COLLECTION 

Parameters for bioassay methods employed by ERLN are 
indicated in Table 2 for the Ampelisca assay, Table 3 for the 
Arbacia assays, Table 4 for the Microtox assay and Table 5 for 
the Ruppia assay. 
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TABLE 2. AMPELISCA TOXICITY TEST PARAMETERS 

Sampling Test Replicate Immediate Processing 
Parameter Frequency Sample or Measurement 

Survival 

Molting 

Temperature 

Salinity Twice/test All chambers 

Dissolved 
Oxygen 

PR 

Twice/test All chambers 

Twice/test All chambers 

Emergence Daily 

Tube 

Daily All chambers 

Daily All chambers 

Daily Water bath 

Continuous Water bath 

All chambers 

Daily All chambers 

Record number of 
dead amphipods and 
remove 

Record number of 
molts and remove 

Record thermometer 
measurement to 0.5OC 

Observe temperature 
recorder chart for 
variation 

Record refractometer 
measurement to 1 ppt 

Record meter reading 
to 0.1 ppm 

Record meter reading 
to 0.1 Ph unit 

Record number of 
amphipods on 
sediment or water 
surface 

Record unusual 
formation 
appearance or lack 
of tubes 
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TABLE 3. ARBACIA BIOASSAYS MONITORING PARAMETERS 

Parameter 
Sampling Sample 
frequency identity Limits' 

Fertilization 
endpoint Termination All reps 

Larval 
endpoint Termination All reps 

Salinity Initiation Sample 30pptk2ppt 

Temperature Initiation Sample 20+l"c 

' Values indicate ideal conditions for performance of 
tests. If ambient sample parameters differ the sample 
will be adjusted per ERLN SOP 1.03.006. 

TABLE 4. MICROTOX BIOASSAY MONITORING PARAMETERS 

Parameter 
Sampling 
frequency 

Sample 
identity Limits' 

Luminescence 
endpoint Termination All reps 

Salinity Initiation Sample 30ppt+2ppt 

Temperature Initiation Sample 20f1°C 

' Values indicate ideal conditions for performance of 
tests. If ambient sample parameters differ the sample 
will be adjusted per ERLN SOP 1.03.006. 

r* 

Y 

t 
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TABLE 5. RUPPIA BIOASSAY MONITORING PARAMETERS 

Parameter 
Sampling Sample 
frequency identity Limits' 

Root growth 
endpoint Termination All reps 

Shoot growth 
endpoint Termination All reps 

Salinity Initiation Sample 30ppt+2ppt 

Temperature Initiation Sample 20?1°C 

' Values indicate ideal conditions for performance of 
tests. If ambient sample parameters differ the sample 
will be adjusted per ERLN SOP 1.03.006. 

PROJECT ORGANIZATION AND RESPONSIBILITY 

The organizational structure and the accompanying 
responsibilities for this project will be divided into two basic 
categories. The first is the manager level, from which all work 
and QA functions will be coordinated. The second, or technical 
level consists of the personnel who will perform and evaluate the 
toxicity tests. The technical personnel will also have 
responsibility over the quality control of their specific 
technical component. The organization structure is presented in 
Figure 5. Ms. Barbara Brown will serve as EPA's Project Officer 
and Dr. John Scott will serve as SAIC's Program Manager. Quality 
Assurance Officers (QAO) for this project will be Dr. Jan Prager 
and Mr. Raymond Valente for EPA and SAIC, respectively. Ms. 
Diane Nacci serve as SAIC Work Assignment Manager (WAM). The 
SAIC WAM will be in direct contact with EPA's Work Assignment 
Manager, Dr. Henry Walker. 
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FIGURE 5. Project Personnel Organization Structure 
for Work Assignment #2-39-2 

Ms. Barbara Brown 
EPA Project Officer 

Dr. Jan Prager 
EPA QAO 

Dr. Henry Walker 

Dr. John Scott 
SAIC Program Manager 

I 

Mr. Raymond Valente 
SAIC QAO 

Ms. Diane Nacci 
EPA WAM SAIC WAM 

Task 1 (ERA) 

Dr. Wayne Munns 

A SAIC Technical Staff 

Task 2 (Laboratory Studies) 
Ms. Diane Nacci 
Dr. Greg Tracey 

SAIC Technical Staff 

Task 2 (lb: Plants) 

Environmental Testing Center 
Dr. Glen Thursby 

SAIC Technical Staff 
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The SAIC WAM will be responsible for coordinating all main 
activities and reviewing all data generated during this project 
for scientific value and quality. The compilation and production 
of interim and final technical reports, safety plans and quality 
assurance documents. 

Responsibilities of the SAIC technical staff include the 
maintenance of organisms and conduct of toxicity tests. Specific 
responsibilities include maintenance of healthy organisms, as 
appropriate, and the supplies and equipment necessary for 
successful testing, actual performance of toxicity tests and 
analysis of data, and the evaluation and generation of summary 
reports in memo format (including raw data sheets). Technical 
personnel also will be responsible for performing all quality 
assurance/quality control procedures associated with their 
individual toxicity testing activities. 

Technical activity in Task 2.1.b includes testing of 
submerged aquatic plants. This testing will be coordinated and 
conducted by personnel at the SAIC Environmental Testing Center 
(ETC). The subtask manager, Dr. Glen Thursby, will supervise 
this activity and will be responsible for the generation of all 
associated record keeping, reporting, implementation of safety 
procedures and maintenance of quality assurance and quality 
control protocols. 

DATA QUALITY REQUIREMENTS AND ASSESSMENTS 

Data quality objectives (DQOs) imposed by the intended use 
of data discussed in Section 7.3 will be required to ensure that 
information collected in this project will be of known and 
acceptable quality. The remainder of this section provides 
information regarding the representativeness, comparability, 
completeness, accuracy, and precision of data obtained in 
project activities at ERLN. 

REPRESENTATIVENESS, COMPLETENESS, AND COMPARABILITY 

Over the course of methods development and subsequent use in 
numerous ERLN projects, the Ampelisca and Arbacia bioassays have 
been shown to produce toxicity information which is 
representative of benthic and water column organism responses to 
environmental contaminants. Species used in both tests are 
sensitive to the suite of contaminants suspected to be associated 
with the SHIPYARD. Although these bioassays are considered to be 
"acute" or "rapid", the results of these bioassays may be 
indicative of the longer-term, chronic effects of introduced 
compounds. Although few biomonitoring approaches to assessing 
chronic water quality problems exist, data obtained from this 
test are considered to be representative of long-term responses 
of pelagic marine species. 
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The procedures to be employed in biological assessments of 
sediment and water quality follow protocols identical to those of 
numerous ERLN studies, including the marine ecological risk 
assessment for NCBC. Comparability of assay and test results 
with these and other studies should therefore be high. 

ACCURACY (BIAS) AND PRECISION 

Of particular concern in this study are data accuracy and 
precision. Although both attributes are easily quantified in 
chemical assessments, the accuracy of a toxicity test is not 
measurable because the true toxicity of any given environmental 
sample is unknown. Further, toxicity is a relative property 
dependent upon exposure conditions (test duration, 
bioavailability of contaminants) and the species being tested. 
Fortunately, precision can be addressed in the context of 
toxicity evaluations. 

Generally, the precision of bioassay results can be 
evaluated in two, conceptually similar, ways: by repeating 
individual tests (test precision) and through replication of 
treatments within a single test (treatment precision). The first 
approach addresses error associated with test conditions and 
variation in individual organism response, whereas the second 
primarily addresses variation in response. Test precision of the 
toxicity bioassays has been measured using a standard toxicant in 
a systematic fashion (SAIC-ETC unpublished data; Morrison et al. 
1990). Such results provide a basis for setting criteria for 
acceptable test performance. Levels of test precision, expressed 
as the coefficient of variation (CV) of endpoints associated with 
exposures to cadmium chloride (Cd) for Ampelisca, and copper 
sulfate (Cu) and sodium dodecyl sulfate (SDS) for Arbacia, are 
presented in Table 7. Based upon this information, precision 
data control charts will be generated and successive standard 
toxicant toxicity test results plotted on the chart to ensure 
that the data fall within the limits of quantified variability. 
Amoelisca test acceptability also is determined based on control 
response. The acceptable control response level for this 
bioassay is <lo% mortality. 

TABLE 7. TEST PRECISION OF AMPELISCA AND ARBACIA BIOASSAYS 

Bioassay Toxicant cv (%I 

Ampelisca 40 

Arbacia cu 46 
SDS 33 

a; 

C 

m 

m 

‘rn 

I 

(111 

-111 
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TOXICITY TESTING PROCEDURES 

HEALTH AND SAFETY 

Health and safety protocols will be followed during this 
project. Protocols will be based on guidance supplied by U.S. 
EPA (1988) and Valente et al. (1990). Specific safety plans will 
be generated as required to accomplish work assignment goals. In 
addition, each potentially hazardous chemical and environmental 
sample that project personnel may be exposed to will have a 
Materials Safety Data Sheet (MSDS) associated with it to document 
possible safety concerns. Personnel may require specific safety 
training such small boat handling, used in the collection of 
samples and test organisms. Health monitoring of all staff will 
occur on a biannual basis. 

TOXICITY TESTING 

Testing organisms, equipment and facilities will be 
maintained in good condition based on the guidance provided by US 
EPA (1988), Conducting Acute Toxicity Tests Using Ampelisca 
abdita (SOP:1990) and Valente et al. (1990). 

Toxicity testing procedures used during this project are 
described in a general fashion by U.S. EPA (1988) and the EMAP 
Laboratory Methods Document (1990). Specific descriptions of 
each method are provided in the following SOPS: Conducting the 
Sea Urchin, Arbacia punctulata, Fertilization Test (1991); 
Conducting Acute Toxicity Tests Using Ampelisca abdita (1990). 

STATISTICAL ANALYSIS 

Approaches for performing statistical analyses on the 
results of the above toxicity tests are presented in the SOPS 
referenced in the preceding section. 

SAMPLE CUSTODY PROCEDURES 

All samples will receive a unique sample number generated 
and tracked by ERLN. This number will be affixed to sampling 
containers, and pertinent collection information (station, date, 
time, depth, etc.) will be entered into sampling logs by field 
personnel. Duplicate logs will be maintained to minimize loss of 
information. 

Because different individuals may be involved in the 
collection and distribution of individual samples, chain-of- 
custody forms will be maintained for each set of samples 
transferred. These forms will follow each set of samples from 
collection through sample archiving. Duplicate forms will be 
maintained to minimize loss of information. 
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Samples for physical and biological analysis will be stored 
prior to analysis as described in relevant SOPS. Shipment of 
chemistry and toxicity samples will be effected by overnight 
carrier, or by transport by project personnel. Sample condition 
will be evaluated by the appropriate project staff at time of 
receipt. 

CALIBRATION PROCEDURES AND PREVENTIVE MAINTENANCE 

All commonly used equipment, such as Ph meters, balances and 
ovens, will be calibrated and maintained as recommended by the 
manufacturers. Records of calibration for Ph meters and balances 
will be kept in notebooks in the area adjacent to the equipment. 

DOCUMENTATION, DATA REDUCTION AND REPORTING 

Raw biological assessment data collected by ERLN personnel 
will be entered directly onto test-specific standardized data 
sheets and log books. Duplicate copies will be maintained to 
minimize loss of information. The raw data also will be entered 
into computerized data bases (described in the Data Management 
Plan). Transcription errors will be minimized by a two level 
check: personnel responsible for data entry will review each 
record for errors, and a second individual will check 10% of all 
entries. Identified errors will be corrected immediately. If 
transcriptions errors are observed at a rate greater than 2%, all 
data entered will be rechecked. 

Test-specific data reduction practices and statistical 
analyses are described in SOPS. 'Generally, data reduction and 
statistical analyses will be performed by computerized utilities 
(e.q., SAS). All statistical analysis approaches have been 
reviewed and approved by the ERLN statistician. 

Final data reports will contain descriptions of test 
conditions, results, and ancillary observations, and may contain 
preliminary interpretations. Additionally, raw data will be 
accessible through centralized data bases and data sheets. 

DATA VALIDATION 

As described above, all raw and computerized data reported 
by ERLN in this project will be subjected to a 100% review by the 
personnel responsible for each assessment. An additional review 
will be performed by a second individual to identify errors in 
recording, transcription, and reporting. Raw data sheets and 
laboratory notebooks will be reviewed in this process. Data that 
do not meet the standards described in this document will be 
reported with an explanatory notation. The Project Officers and 
Principal Investigators will make the final determination as to 
data validity. Descriptions of interpretation and synthesis 

m 
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activities utilizing suspect data will be prefaced with an 
explanation of data quality. 

PERFORMANCE AND SYSTEMS AUDITS 

Audits for all aspects of this work assignment may be 
performed by the ERL-N and SAIC QA Officers at any time over the 
course of the project. 

CORRECTIVE ACTION 

TECHNICAL ACTION 

Corrective technical action in this project has two 
components. The first is related to failure to meet minor test 
requirements, for example in one of the physical parameters. If 
a physical parameter is exceeded the technical personnel involved 
and the SAIC Work Assignment Manager will discuss the potential 
impacts on the quality of the test results. Using professional 
judgement on an individual incident basis, a decision will be 
made as to how to report the infraction and its significance. 

The second component of corrective technical action involves 
more serious infractions. The standard operating procedures 
cited define specific acceptability criteria for each toxicity 
test. If any one of these acceptability criteria are not met 
during the performance of a test, the test will be rejected and 
repeated if possible. This rule also holds true for standard 
toxicant tested during a routine toxicity test that fall 
outside the range of acceptability on the control chart. 

MANAGEMENT ACTION 

Infractions will be reported to the SAIC Work Assignment 
Manager as soon as possible by involved personnel, verbally or 
via memo, and the SAIC Work Assignment Manager will notify the 
EPA Work Assignment Manager. Generally, this notification will 
occur only to maintain lines of communications. However, if the 
infractions are sufficiently severe (e.g. repeated problems with 
the same procedure) decisions may be made to cancel or revise 
project research. 

The SAIC Work Assignment Manager will describe specific in- 
fractions in interim and final technical reports. 

REPORTS 

Technical personnel will report to the work assignment 
manager via memo. The SAIC Work Assignment Manager delivers to 
the EPA Work Assignment Manager all required reports and any SOPS 
developed during the course of this project. 
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APPENDIX 1: SEDIMENT AMENDMENT 

Station identification = PNSY 100 
Wet volume = 
Wet weight = 
Dry weight = 
Sediment density = 
Fraction solids = 
AVS = 
Chemical formula = 
Molecular weight of salt = 
Molecular weight of Pb = 
Fraction of metal/salt = 

100 ml 
126 g 
60 g 
1.26 g/ml wet 
0.48 g dry weight/g wet weight 
55 - 88 uM/g 
PbNO, 
331.20 
207.20 
0.63 

Actual concentrations of lead added to 1 gallon of sediment, HIGH LEAD treatment: 
Spiking stock = 174.87 g salt/L 
Volume stock = 500 ml 
Amount of Pb added = 174.87 * 0.5 * 0.63 

= 55.06 g Pb 

Sediment volume 
Sediment dry 

= 4000 ml wet 
= 4000 * 1.26 * 0.48 
= 2419 g dry weight 

Lead concentration 

SEM/AVS 

= 55060000 ug Pb/2419 g dry sediment 
= 22,800 ug/g 
= 22,800 ug/g /207.2 ug/uM 
= 110.04 uM PB 
= 1.25 uM/g(assuming 88 uM AVS) 



Nominal concentrations of lead per sediment treatments: presumed effect concentration = 1.0 
SEM/AVS 

Treatment SEM/AVS’ Lead, ppm 
Common name Bnominal 

Increase 
Factor 

REF 0.001 30 
CC (Clark Cove) 0.003 70 - 100 1 
LL (Low Lead) 0.3 6,840 100 

0.5 11,400 150 
0.8 18,240 250 

HL (Low Lead) 1.0 22,800 300 

* approximations assuming AVS = 100 uM/g dry sediment 

Nominal concentrations of lead in suspended sediment treatments: presumed effect 
concentrations = 2000 ug/L WQC acute value; acute/chronic = 5OO:l; 40 u@L chronic value 

Treatment = HL 
Lead in sediment = 22,800 ug Pb/g dry sediment 

= 22.8 ug Pb/mg dry sediment 

Tank particulate load = 35 mg/L 

Pb from particulates = 
= 

22.8 ug Pb * 35 mg/L 
800 ug/L Pb @IL)’ 

* assumes all lead from particulates are dissolved in water column 

Treatment 
Common name 

Lead, ppb 
nominal 

Increase 
Fat tor 

REF l? 
CC (Clark Cove) 2.5 ? 1 
LL (Low Lead) 250 100 
HL (High Lead) 800 300 

mu 

k 
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APPENDIX 2: ARTIFICIAL DIET 

Recipe for 12 plates of urchin food: 
150 ml Ground cooked mussels (including liquid) 
300ml Chopped laminaria (including liquid) 
50 ml Crushed tetramin flakes 

37 g Marine agar 
220 ml Sea water (/deionized water spiked with lead) 

Lead content in Reference (STA 100) Biota (guess based on other reference site measurements): 
Mussels: 2.5 ug/g dry, 15% solids, or about 0.4 ug Pb/g wet weight 

Mussel proportion of artificial diet = 22%, 
or about 0.1 ug/Pb/g wet weight 

Lead content in Clark Cove (STA 7) Biota (estimated from NSP Phase I report): 
Mussels: 25 ug/g dry, 15% solids, or about 4 ug Pb/g wet weight 

Mussel proportion of artificial diet = 22%, 
or about 1 ugjPb/g wet weight 

Lead additions: 
Intermediate lead spiked food: 

Stock= 17.4 g/l Pb(N03)2 = 10940 mg/l Pb 
Volume stock/food= 0.667 ml/667 ml= 10.940 @ml Pb, 

approximately 10 ug Pb/g wet weight 
(about 60 ug/g dry) 

High lead spiked food: 
Stock= 17.4 g/l Pb(N03)2 = 10940 mg/l Pb 
Volume stock/food= 6.67 ml/667 ml= 109.40 u&nl Pb, 

approximately 100 ug Pb/g wet weight 
(about 600 ug/g dry) 
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3.0 INTRODUCTION m 

This Quality Assurance Project Plan (QAPjP) provides Quality Control / Quality Assurance guidelines to 
be followed during the analysis of routine sediment, tissue and seep samples collected as part of the 
Estuarine Ecological Risk Assessment at the Portsmouth Naval Shipyard, Kittety, ME. w 

3.1. PROJECT DESCRIPTION L 

The project includes a sampling program to assess the bioaccumulation potential of contaminants in lob- 
ster and winter flounder collected in the vicinity of the Portsmouth Naval Shipyard in Portsmouth Harbor. 
Muscle tissue from tail and claw as well as the hepatopancreas of adult and juvenile lobsters will be 
analyzed for selected organic and inorganic contaminants. The flesh and liver of winter flounder will be 
analyzed and data ultimately used to assess the bioaccumulation potential of contaminants. In addition, 
seep samples and sediment cores will be collected and analyzed for Acid Volatile Sulfides (AVS) / 
Simultaneously Extractable Metals (SEM), with the data generated being used to evaluate contaminant 
specific geochemical assimilation / availability . Sediment cores, as well as other sample sources, will 
also be examined for the possible presence of contaminants that may be used as chemical markers. c 

3.2 OBJECTIVES 

The objective of this project is to perform chemical analysis of sediments, tissues and seep samples 
(lli 

collected as part of the Estuarine Ecological Risk Assessment at the Portsmouth Naval Shipyard, 
Kittery, ME. 

4.0 PROJECT ORGANIZATION AND RESPONSIBILITIES u 

The Work Assignment Organization Chart (Figure 1) shows key personnel associated with this work 
assignment. Responsibilities of the key personnel are outlined below. 

Dr. John Scott will function as the overall Program Manager. He will be directly responsible to EPA, 
through the Project Officer Ms. Barbara Brown, for the overall conduct of the program and for the quality 
and timely submission of all deliverables. 

Mr. Richard McKinney will be the SAIC Work Assignment Manager (WAM). Working in conjunction with 
Dr. Richard Pruell, the EPA WAM, he will oversee and coordinate the activities of the chemistry w 
laboratory personnel, and all subcontractors, as required. Mr. McKinney will serve as the single point of 
contact for technical direction from the EPA WAM relating to this work assignment. He will be 
responsible for data synthesis, interpretation and QAIQC, and for preparation and submission of reports I 
to EPA. He will also be responsible for submitting the final QAPjP (this document) to the ERLN QAO for 
inclusion in the laboratory’s computerized QA documentation system. 

Mr. Raymond Valente will be the SAIC Quality Assurance Officer (QAO). He will work with the EPA 
m 

QAO, Dr. Jan Prager, as required, to ensure that the data generated under this work assignment are in 
compliance with the ERLN quality assurance plans and programs. 

I 
Dr. Richard Pruell, the EPA WAM, will be responsible for the technical direction of the work. He will 
have the overall responsibility for approval of all analytical methods employed, experiment planning and 

I 
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implementation, data quality and interpretation, and for the quality of all EPA technical reports and 
papers. 

Dr. Jan Prager is the EPA Quality Assurance Officer responsible for the auditing of the laboratory for 
compliance with data and analytical protocols as specified in this QAPjP. He is also responsible for the 
maintenance of all QA materials in the laboratory’s computerized QA system. 

FIGURE 1. WORK ASSIGNMENT ORGANIZATION 

\ f 
EPA PROJECT OFFICER SAIC PROGRAM MANAGER 

Ms. Barbara Brown Dr. John Scott 
/ \ 

EPA QA Officer SAIC QAOfficer 

Dr. Jan Prager Mr. Ray Valente 

I i 

EPA W.A. Manager SAIC W.A. Manager 
Dr. Richard Pruell Mr. Richard McKinney 

I I 

SAIC ANALYTICAL CHEMISTRY STAFF 

Organic Staff 
Inorganic Staff 



5.0 QUALITY ASSURANCE/QUALITY CONTROL (CWQC) REQUIREMENTS 

The characteristics that define the quality of data are accuracy, precision, completeness, comparability 
and representativeness and method detection limit. These characteristics are defined below. Key 
elements for quality control of chemical analysis are given in Table 5.1. 

5.1 ACCURACY 

Accuracy is the closeness of agreement between an observed and accepted value. Accuracy is verified 
by the analysis of reference materials, intercalibration samples, internal standards, procedural blanks, 
initial calibration, calibration checks and matrix spikes. 

51.1 Reference Materials 

Reference Materials (as Standard Reference Materials (SRMs) or Certified Reference Materials (CRMs)) 
are analyzed to determine the efficiency and accuracy of the method. These Reference Materials have 
certified for concentrations of the analytes of interest by a recognized authority. Analysis of an SRM or 
CRM will accompany each batch (20 samples) of sediment samples for organic or metals analysis, and 
each batch of tissue samples for metals analysis. Percent recovery for analytes of interest is calculated 
by the following: 

Cl 
%R = -- xl00 

C2 

%R = percent recovery 
Cl = measured value 
c2 = certified value 

The Laboratory Control Material (LCM) to be used in this study is similar to the CRM in that it is a 
homogeneous matrix which closely matches the sample being analyzed. Unlike CRMs, though, there 
are no certified concentrations of the analytes of interest. As part of the NIST/NOAA National Status and 
Trends FY91 QA.Excercise 1, a Tissue Control Material III (QCSOTC) was distributed to participating 
laboratories and a consensus value was generated for selected organic analytes based on a statistically 
valid number of replicate analyses by those laboratories. ERL-N has demonstrated an acceptable level 
of batch-to-batch consistency using this LCM, and percent recoveries previously generated by this 
laboratory will be used in this study as acceptable values. Control charts will be used to verify that each 
LCM analysis is within acceptable limits. Analysis of an LCM will accompany each batch of tissue 
samples for organic analysis. 

‘W 

(I 

5.1.2 Intercalibration Exercises 

ERL-N participates in intercalibration exercises sponsored in jointly by the NOAA National Status and 
u 

Trends Program and the EPA’s Environmental Monitoring and Assessment Program for the 
measurement of polychlorinated biphenyls (PCBs), chlorinated pesticides, Polycyclic Aromatic 
Hydrocarbons (PAHs), and selected metals. These are meant to assess the laboratory’s performance on u 
a continuous basis. Each exercise involves the blind analysis of different representative matrices; three 
or four different NS&T exercises are conducted over the course of a year. 

rl 
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5.1.3 Internal Standards 

Internal standards (referred to as surrogate standards by some laboratories) are reference compounds 
selected to be representative of the various classes of analytes. They are added immediately prior to 
extraction to each sample and analyte concentrations will be corrected for the recovery of internal 
standards prior to reporting. Their recovery will also be used as a measure of method performance, and 
will be monitored by means of control charts. 

5.1.4 Procedural Blanks 

Procedural blanks are treated identically to samples and carried through the entire extraction procedure. 
They are used to assess any contamination associated with the extraction and subsequent analysis of 
samples. A procedural blank will be analyzed with each batch of samples. 

5.1.5 Initial Calibration and Calibration Checks 

Instruments must be calibrated prior to analysis, after each major equipment disruption, or whenever 
ongoing calibration checks do not meet recommended control limit criteria. All calibration standards used 
should be traceable to recognized organizations for the preparation of QA/QC materials. Multiple level 
analyses are performed using several standards containing different concentrations of the analytes of 
interest to establish the calibration curve. For organic analyses, a five-point response factor calibration 
curve is established that brackets the liner range of analysis. A mid-level standard is then analyzed as a 
calibration check at the beginning of each analysis and after every six samples. For inorganic analyses 
using the Inductively Coupled Plasma Spectrophotometer (ICP), initial calibration cutves are established 
using ten (for sediment analysis) or eight (for tissue analysis) standards that braket the linear range of 
analysis. A curve normalization is run before each set of analyses using an automated procedure that 
requires adherence to documented QA criteria. A check standard at 1 part per million is then analyzed 
during the course of the run. For inorganic analyses using the Graphite Furnace Atomic Absorption 
Spectrophotometer (GFAAS), an initial five-point response factor calibration curve is established that 
brackets the liner range of analysis. A mid-level standard is then analyzed as a calibration check. 

5.1.6 Matrix Spikes 

Matrix spikes are performed to estimate the overall method recovery and the accuracy of 
chemical analysis. They may also provide information on any interferences which might affect the 
analysis. Matrix spikes are performed by adding a known concentration of the analytes of interest (the 
sample should be spiked no more than four times and no less than two times the sample value) to a 
previously analyzed sample. The recovery of spike is then calculated and the percent recovery is 
calculated as follows. 

s-u 
%R = 100x -- 

c,, 

%R = percent recovery 
s = measured concentration in spiked sample 
u = measured concentration in unspiked sample 
csa = actual concentration of spike added 

A matrix spike will be run with each batch of samples, using one of the samples from the batch as a 
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matrix if appropriate. 

5.2 PRECISION 

Precision is defined as the degree to which individual measurements converge upon a single value. 
Precision is determined by the analysis of laboratory duplicates, which are prepared by homogenizing 
and sub sampling a sample in the laboratory and carrying the sub-samples through the entire the 
analytical process. Precision will be expressed as the relative percent difference (RPD) for all laboratory 
duplicates according to the following equation. 

(Cl - C2) 
RPD = x 100 

(Cl +QW 

RPD = Relative Percent Difference 
Cl = larger of the two observed values 
c2 = smaller of the two observed values 

A laboratory duplicate will be analyzed for each batch of samples. 

5.3 COMPLETENESS 

Completeness is a measure of the amount of valid data obtained from a measurement system 
compared to the amount that was expected to be obtained under normal conditions. An aspect of 
completeness that can be expressed for all data types is the percentage of valid data obtained from the 
measurement process. It also may be expressed as the percentage of samples for which valid data are 
obtained. Reasonable target completeness values are 90% for sample analysis. The inability to 
complete a sample analysis is documented in the laboratory notebook with an appropriate explanation. 

To ensure that all required samples are analyzed, each sample is assigned a unique identity that is 
tracked electronically through all stages of an experiment: from assignment of ID to calculation of final 
concentration(s). The analyst conducting the experiment is responsible for ensuring that 100% of the 
samples have been completed, or, in the event of sample loss, that records are maintained in laboratory 
notebooks that document a sample loss. The SAIC WAM is responsible for verifying the records of 
completeness. 

5.4 REPRESENTATIVENESS 

Representativeness expresses the degree to which data accurately and precisely represent a 
characteristic of a population, parameter variations at a sampling point, a process condition, or an 
environmental condition. Representativeness will be addressed by the proper handling and storage of 
samples prior to analysis and analysis in a timely manner so that the material analyzed reflects the 
original material collected as accurately as possible. 

5.5 COMPARABILITY 



Data comparability depends on the consistency in analytical methodology and the use of standard 
reporting units for data and reflects the degree to which one data set can be compared to another. 
Previously demonstrated analytical techniques and the results of laboratory intercomparison exercises 
will be used to ensure comparability. 

5.6 DETECTION LIMIT 

Detection Limit is the minimum concentration of a substance that can be measured and reported. the 
Method Detection Limit (MDL) is the minimum concentration of a substance that can be identified, 
measured, and reported with 99 percent confidence that the analyte concentration is greater than zero. 
The Instrument Limit of Detection (ILOD) is the lowest concentration level that can be determined 
statistically from a blank, wtiile the Instrumental Limit of Quantitation (ILOQ) is the level above which 
quantitative results may be obtained. A triplicate analyses of serial dilutions of standard mixtures is 
performed, and the standard deviation of the difference between the lowest concentration of each 
analyte instrumentally detectable and a blank value is used to establish the ILOD (three times the 
standard deviation) and ILOQ (ten times the standard deviation). 

The Method Detection Limits (MDLs) are calculated by spiking a representative sample matrix with 
target analytes at three to five times the estimated detection limit. A minimum of seven replicates are 
analyzed and the standard deviation in analyte concentrations are calculated. Method detection limits 
determined as follows: 

= t(n-1 = 0.99) X S 

MDL 
S 
G-1 = 0.99) 

= method detection limit 
= standard deviation of the replicate analyses 
= Students t-value appropriate to a 99% confidence level and a 

standard deviation estimate with n-l degrees of freedom. 

The Method Limit of Quantification (MLOQ) is the concentration above which quantitative results may be 
obtained with an assumed degree of confidence. The MLOQ is defined as ten times the MDL. Target 
MDLs for the analytes of interest are given in Table 5.2. Typical MLOQs for PCBs and pesticides will be 
in the range of 0.01 to 0.1 rig/g for a sample weight of 10 g, O.Ol-O.lug/g for PAHs and for inorganic 
analyses with similar sample weights. 

5.7 CORRECTIVE ACTION FOR SAMPLES 

The SAIC WAM will be notified of any samples that fall outside the established criteria listed in 
Table 5.1 and will initiate corrective action which may include review of data calculations, flagging of 
suspect data, or reanalysis or reprep of individual or an entire batch of samples. 

5.7.1 Chemistry Analysis 

An assortment of QC check lists (shown in Appendix A) shall be prepared by the analyst for each 
batch of analyses. This check list is an identification tool for any QC problems and can be used to 
determine if any immediate corrective action is required. 



5.8 SAMPLE RECEIPT AND STORAGE 

Samples received will be handled in such a way to preclude contamination or loss of any of the samples. 
Sample chain of custody will be maintained by use of the US EPA Chain of Custody Record shown in 
Appendix B and as instructed by the Project Officer. Afler racalpt of samples at ERLN, all sediment and 
tissue samples will be held frozen at -2OO C until extraction is initiated. Seep samples will be held 
refrigerated at 4O C until extracted. No holding times apply to any samples to be analyzed for this 
project. 

5.8.1 Sample Archiving 

If sufficient sample remains after completing all analyses and subsampling, the remaining sample 
aliquot will be stored frozen at -20° C for a minimum of 6 months after the collection date. 



Table 5.1 KEY ELEMENTS FOR QUALITY CONTROL OF CHEMICAL ANALYSES 

QC MEASUREMENT 

1. initial demonsbation of 
calibration standards. (prior to 
Analysis of samples) 

WARNING LIMIT 
Criteria 

CORRECTIVE 
ACTION(for 

CONTROL FREQUENCY samples 
LIMIT Criteria outside the 

control limit) 

A.) initial Calibration 

NA organics: < 20% for To establish NA 
any one analyte, no cslibra~ curve 

more than 2 anatytes prlortosample 
canbe*20% analysis 

Inorganics: 4 5% for 
any one anatyte 

B.) Method Detection Llmits NA NA Atleastonceeach NA 
Eamplem 

2. Ongoing Demonstration 
Capability 

A.) intercalibration Exercises’ NA NA twoorthreeper 
year 

NA 

B.) Continuing Calibration 
Checks using Calibration 
Standard Solutions 

NA Organ&: < 25% for Calibration Reestablish initial 
any one analyte, no standards at the calibration curve, 
more than 2 analytes beginning, end, and batch must be re- 
canbe>25% every ten samples analyzed 
Inorganics: <2S% for 
Mercury, 4 5% for all 
others, no more than 2 
analytes can exceed 

C.) Analysis of Standard 
Reference Material (SRM) OR 
Laboratory Control Material 
(LCM)2 

0.) Laboratory Duplicates’ 

NA 

NA 

Organics: +I- 40% 1 per batch (20 Note in case 
percent diff., no more samples) narratlve and flag 
than 35% of the analyles involved in 
recoveries can exceed final data report 
the limit with an overall Sample batch may 
average recovery of be considered for re 
35%. Inorganics: +I- analysis 
25% percent diff. for 
Mercury, 20% for all 
others with no more 
than 15% of the 
recoveries exceeding 
the limit 
Organics: 40% RPD; 1 per each sample All samples 
lnorganics 4Cl% RPD batch associated with 
for Iron and duplicates will ba 
Aluminum, 40% for noted in the case 
all others; no more narratiie; batch may 
than 35% of the be considered for re- 
recoveries can exceed analysis based on 
the limit other QC criteria 
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E.) Procedural Blank Analysis T 

F.) M&ix Spike4 

NA 

ReWJe~ohwldbeWithin 
therange50%to120% 
for at least 70% of the 

lntemal Standards Recovery should be within 
(Surrogate Internal Standards) therangeof3O%to120% 

Internal Injection Standards Lab develops its own 

4 times the MDL lpere3GhSZUIIpk 
batch 

NA lpec~=wJ 
bawl 

NA Each Sample 

NA Each Sample 

Note affected 

~~csse 
nsnatlve. Fbg 
-data 
as contaminated. 

lndlvldualanalytes 
flagged end 

~~~- 
thantiofthe 
analytes fall outslde 
OfthecMtrol~ 
fJWbiltChlWiybe 
consldered for re- 
analysis based on 
otherQCcrtteria 
Batch may be 
considered for re- 
?NWll@SbiWdOn 
OthHQCCftteria 

NA 

NOTES: 
1. The purpose of the Intercalibration exercise is to assess data comparability. Gross 

differences between the laboratories will be subject to review by the Project Officer 
to determine if corrective action is necessary. 

2. Reported results from the analysis of SRMs or LCMs which are below the MLOQ are 
not to be used for computing control limits; however those results will be reported in 
order to identify possible matrix problems and evaluate method performance. 

3. Analyte concentrations in the sample duplicate must be above the MLOQ before the 
RPD can be calculated. It is understood that there will be a higher amount of 
variability in RPDs calculated for analytes at or near the MLOQ. 

4. No control limit is expressed for Matrix Spikes. If analytes fall outside the warning 
limits they should be flagged accordingly and explained in the case narrative. The 
samples should be spiked at a level of not less than 2 times or more than 4 times the 
sample value. 
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Analvte 

PAHs 
PAHs 
PAHs 

PCBs 
PCBs 
PCBs 

Pesticides 
Pesticides 
Pesticides 

Aluminum 
Aluminum 
Aluminum 

Arsenic 
Arsenic 
Arsenic 

Cadmium 
Cadmium 
Cadmium 

Chromium 
Chromium 
Chromium 

Table 5.2 TARGET METHOD DETECTION LIMITS 

Matrix 

seep water 
sediment 
tissue 

seep water 
sediment 
tissue 

seep water 
sediment 
tissue 

seep water 
sediment 
tissue 

seep water 
sediment 
tissue 

seep water 
sediment 
tissue 

seep water 
sediment 
tissue 

Taraet MDL 

5.0 uglL 
5.0 nglg 

20.0 nglg 

1 .o ugR 
0.5 nglg 
0.5 nglg 

0.6 ug/L 
0.6 nglg 
0.6 nglg 

75.0 UglL 
Not Specified 
Not Specitied 

3.1 ugtL 
1.1 uglg 
4.3 uglg 

0.2 uglL 
0.35 uglL 
0.055 ug/L 

3.0 uglL 
3.16 uglg 
0.28 uglg 

Tvoical Marine Minimum 
Concentration 

2.0 uglL 
32000.0 uglg 

26.0 uglg 

3.7uglL 
3.5 uglg 

14.0 uglg 

0.1 ug/L 
0.15 uglg 
0.035 uglg 

2.0 uglL 
41 .o uglg 

1.4 uglg 
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Analvte 

Copper 
Copper 
Copper 

Iron 
Iron 
Iron 

Lead 
Lead 
Lead 

Manganese 
Manganese 
Manganese 

Mercury 
Mercury 
Mercury 

Nickel 
Nickel 
Nickel 

Silver 
Silver 
Silver 

Tin 
Tin 

Zinc 
Zinc 
Zinc 

NOTES: 

Table 5.2 

Matrix 

seep water 
sediment 
tissue 

seep water 
sediment 
tissue 

seep water 
sediment 
tissue 

seep water 
sediment 
tissue 

seep water 
sediment 
tissue 

seep water 
sediment 
tissue 

seep water 
sediment 
tissue 

seep water 
sediment 

seep water 
sediment 
tissue 

TARGET METHOD DETECTION LIMITSlcont’dl 

Taraet MDL 

0.7 uglL 
1.25 uglg 
5.0 uglg 

20.0 uglL 
Not Specified 
Not Specified 

3.0 UglL 
1.2 uglg 
0.6 uglg 

0.5 uglL 
Not Specified 
Not Specified 

5.0 uglL 
0.007 uglg 
0.036 uglg 

3.0 uglL 
1.08 uglg 
0.73 uglg 

75.0 uglL 
0.04 uglg 
0.037 uglg 

3.0 ug/L 
1.75 uglg 

0.1 ug/L 
2.15 uglg 

11.65 uglg 

Tvoical Marine Minimum 
Concentration 
0.1 ugtL 
6.7 uglg 
2.8 uglg 

2.0 uglL 
18000.0 uglg 

15.2uglg 

0.0005 uglL 
2.7 uglg 
0.37 uglg 

0.2 ug/L 
266.0 uglg 

0.73 uglg 

0.03 LlglL 

0.064 uglg 

1.7 ug/L 
16.0 uglg 
0.72 uglg 

0.2 uglL 
0.02 uglg 

2.0 uglL 
0.95 uglg 

0.5 uglL 
62.0 uglg 
21 .o uglg 

I 

m 
1. The target MDLs for organic compounds should be within a factor of two of the target 

MDL. Final acceptance of MDLs is subject to review by the Project Officer. Specific 
analytes will be reviewed on a case by case basis. Ir 

2. The target MDLs for inorganic compounds should be within a factor of two of the 
target MDL, or within a factor of two of the “typical” marine minimum concentrations. 
Final acceptance of MDLs is subject to review by the Project Officer. Specific 
analytes will be reviewed on a case by case basis. 

m 

3. The target MDLs for seep samples were derived from the-detection limits reported 
for the NCBC Davisville risk assessment pilot study (Munns et al. 1991) m 

4. The target MDLs for inorganic analytes in sediment and tissue samples were 
obtained by calculating the midpoint of the range of actual MDLs, for each element, 
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as reported by laboratories participating in the Status and Trends Program (NOAA 
1991). 

5. Typical marine minimum concentrations were those reported for “typical” samples by 
laboratories participating in the Status and Trends Program (NOAA 1991) for tissue 
and sediment, and those found in oceanic sea water (Brown et al. 1989) for seep 
samples. 

6.0 ANALYTICAL PROCEDURES 

Sediment, tissue samples and seep samples will be chemically analyzed for routine organic and 
inorganic analytes using the appropriate ERLN Standard Operating Procedures. For all analyses, 
sufficient sample size is necessary to obtain the target MDLs listed in Table 5.2. In cases where there 
appears not to be enough material for analysis, the Project Officer will be consulted and will determine if 
it is possible to composite samples to obtain enough sample for a valid analysis. 

6.1 SAMPLE ANALYSIS SCHEME 

A typical batch of samples contain 20 samples. A hypothetical batch should have the following 
sample analysis scheme: 

6.1.1 Sequence of analysis for organic analyses 

SOLVENT 

cc1 
=I, . . ..ES6 (F-l) 

1 HEXANE 

1 Calibration check 
5 Extracted Samples 

CC2 
=I, . . ..ES6 (F-2) 

cc3 
Recovery standard 

1 Calibration check 
5 Extracted Samples 
1 Calibration check 

1 to measure surrogate recoveries 

A typical sequence has approximately twenty samples. The fractions generated from chemical class 
separations (PCB and pesticide fractions) are analyzed concurrently. The laboratory blank comes after 
the calibration standard. The SRM/CRM is placed with the extracted samples. The laboratory duplicates 
are run sequentially along with the extracted samples in the sequence. For inorganic analyses, the 
sequence of analysis will depend on the number of samples analyzed and instrument calibration 
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requirements. 

6.2 PROCEDURES FOR CHEMICAL ANALYSIS 

Sediment, tissue samples and seep samples will be chemically analyzed for routine organic and 
inorganic analytes using the appropriate ERLN Standard Operating Procedures. Table 6.1 lists the 
applicable methods as ERLN Chemistry Group Standard Operating Procedures. 

Table 6.1 Standard Operating Procedures for Chemical Analyses 

ANALYSIS TVPE 
PCBs, Pesticides, PAHs 

PCBs, Pesticides, PAHs 

PCBs, Pesticides, PAHs 

PCBs, Pesticides 

PAHs 

ERLN SOP -- MATRlX 
Tissue Extraction of Semivolatile Tissue 
Organic Analytes 
Sediment Extraction of Sediment 
Semivolatile Organic Analytes 
Column Chromatography of Tissue/Sediment 
Semivolatile Organic 
Analytes in Sediment and Tissue 
Extracts 
Gas Chromatographic Analysis of Tissue/Sediment 
PCBs and Chlorinated Pesticides 
Analysis of PAHs by Gas Tissue/Sediment 
Chromatography/ Mass 
Spectrometry 

Metals 

Metals 

Metals 

Digestion of Marine Organism Tissue 
Samples for Metals Analysis 
Total Digestion of Sediment Sediment 
Samples 
Instrumental Analysis of Metals in Tissue/Sediment 
Sediment and Tissue Extracts 

6.2.1 Organics in Tissue and Sediment 

Details of the extraction of tissue and sediment samples can be found in the appropriate SOPS listed in 
Table 6.1. In general, samples will be spiked with internal standards and solvent extracted. Following 
solvent reduction, the extracts undergo clean-up and class fractionation by silica column 
chromatography. PCB and pesticide analysis is carried out by gas chromatography with electron capture 
detection (GCIECD), and PAHs will be analyzed by gas chromatography/mass spectrometry (GC/MS) 
using selected ion monitoring. A list of organic analytes measured for this project is given in Table 6.2.. 
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Table 6.2 ORGANIC ANALYTES MEASURED IN MARINE SAMPLES BY ERLN 

PCBs 
CBOO8 
C6018 
CB028 
CBO52 
CB044 
CBO66 
CBl 01 
CBi18 
CBl53 
CB105 
CB138 
CB187 
CB128 
CB180 
CB170 
CBl95 
CB206 
CB209 

PESTICIDES 
HCB 
LINDANE 
MIREX 
ACHLORDANE 
TNONACHLOR 
PPDDE 
PPDDD 
PPDDT 

PAliS 
FLUORENE 
PHENANTHRENE 
ANTHRACENE 
Sum MWl78-Cl 
Sum MWl7842 
Sum MWl7843 
Sum MWl7844 
FLUORANTHENE 
PYRENE 
BENZ[a]ANTHRACENE 
CHRYSENE 
Sum MW228 
Sum BENZOFLUORANTHENES 
BENZO[e]PYRENE 
BENZO[a]PYRENE 
PERYLENE 
INDEN0[123&]PYRENE 
DIBENZ[ah]ANTHRACENE 
BENZO[ghi]PERYLENE 
Sum MW276 
Sum MW278 
Sum MW302 
CORONENE 

6.2.2 Chemical Markers in Sediments, Seep Samples and Water Samples 

Procedures developed during Phase 1 of the project for the qualitative screening of samples for site 
specific chemical markers will be further developed and applied to selected seep, sediment core, and 
water samples collected as part of this current project. These procedures will be documented as they 
become finalized. 

6.2.3 Trace metals in Tissues and Sediments 

As with organic analyses, details of the extraction of tissue and sediment samples can be found in the 
appropriate SOPS listed in Table 6.1. Sample aliquots are freeze-dried, weighed, and digested in acid. 
Both sediment and organism samples are microwave digested. Following digestion, samples are 
analyzed by either Graphite Furnace Atomic Absorption Spectrophotometry (GFAAS) or by Inductively 
Coupled Plasma Spectrometer (ICP) depending on the detection limit which is required. The analytical 
instruments are operated and maintained according to the manufacturer’s recommendations or ERLN 
SOPS. 
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7.0 DOCUMENTATION AND DATA VALIDATION 

ERLN Laboratory notebooks will be used to record information such as sample numbers, chemistry 
designated identification numbers (ChemlDs), date of sample prep, sample weights, (surrogate) internal 
standard amounts, method modifications, problems encountered and observations. These notebooks will 
be maintained by laboratory personnel, and all entries will be made in pen. Raw data such as 
chromatograms from the GCs will be retained as both hard copy and stored on magnetic tape. Similarly, 
reduced data generated through computer programs will be retained in both hard copy and electronic 
form. Logs of data transfers between computer systems, such as the Chemistry Group’s computers and 
the ERLN VAX, will be maintained by the SAIC Work Assignment Manager or his designee. 

All data associated with each project will be included in the final reports. These reports include the 
results of all analyses, including SRMs and performance evaluation samples, the detection limits 
calculated for each analyte, and information on precision, recoveries, and blanks. Also included in the 
final reports will be detailed methodologies for all analytical or instrumental procedures. The final reports 
will also contain discussions on the five data quality indicators (accuracy, precision, completeness, 
comparability, and representativeness). 

7.1 DATA VALIDATION 

All data generated under this work assignment will be subject to a multi-step validation process. Each 
analyst is required to check 100 percent of their data for transcription, calculation, misidentification or 
computer input errors. A second analyst will then conduct random checks of the data for the same types 
of errors. The following four QAIQC check lists will be included with each data batch of organic chemistry 
results: 

1) “EPA-ERLN Organic Chemistry Group Final Data Package Check List” 
2) “EPA-ERLN Organic Chemistry Group Quality Control Check List for Routine PCB and 

Pesticide Analysis”, 
3) “EPA-ERLN Organic Chemistry Group Quality Control Check List for Routine PAH Analysis” 
4) “EPA-ERLN Organic Chemistry Group Quality Control Checklist” 

List 1.) documents primary and secondary review of all material in the batch data package and catalogs 
all relevant QAIQC material. Lists 2.) and 3.) indicate that calibration results and sample analysis fall 
within acceptable limits or that exceptions are noted in the case narrative. List 4.) lists samples included 
in the data batch, and documents that relevant QA/QC requirements have been met or exceptions noted. 
The following four QA/QC check lists will be included with each data batch of inorganic chemistry resutts: 

5) “EPA-ERLN Inorganic Chemistry Group Final Data Package Check List For AVS” 
6) “EPA-ERLN Inorganic Chemistry Group Final Data Package Check List for Sediments, 

Tissues, and SEMs” 
7) “EPA-ERLN Quality Control Checklist For Inorganic Analysis” 

List 5.) documents primary and secondary review of all material in the batch data package and catalogs 
all relevant QAlQC material for AVS analyses. List 6.) documents primary and secondary review of all 
material in the batch data package and catalogs all relevant QA/QC material for routine metals analyses 
and indicates that calibration results and sample analysis fall within acceptable limits or that exceptions 
are noted in the case narrative. List 7.) lists samples included in the data batch, and documents that 
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relevant QA/QC requirements have been met or exceptions noted. Examples of each of these list 1.) 
through 7.) is included in Appendix A. 

Only after these checks have been performed will the data packages be presented to the SAIC WAM for 
review. The SAIC WAM is responsible for checking the final data packages for calculation and 
identification errors, for checking computer printouts of data transfers for errors, and for the maintenance 
of the data transfer logs. The SAIC WAM will also review all other quality assurance data, including 
those which address accuracy, precision, and calibration of instrumentation, to ensure that all 
requirements have been met. These requirements will be summarized in the appropriate “Quality Control 
Checklist” that will accompany each batch of data. Data which do not meet all requirements will be 
reanalyzed, if possible; rejected; or reported with an explanation of the associated problem in the case 
narrative. 

Once all data has been certified final, results in the form of concentrations will be transferred 
electronically via established ERLN data transfer routines to a database on the ERLN VAX-4500 
computer. Records of these data transfers will be maintained by the SAIC WAM or his designee. 
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APPENDIX A 

ERLN CHEMISTRY GROUP QUALITY CONTROL CHECKLISTS 



EPA - ERLN Ckganic Chemistry Group 
Final Data Package Check List 

- Copy af initial PWpesticide diidon data including plots, reports, regression (CFP~ for one 
compound and data shed 

- Copy of initial PAH caliiration data including nports. response f&ztor table, rem011 (Cal. curve) 
fbronecompoundanddatasheet 

3 page plot of one of the PCB/pesticide &&ration standards to illustrate column performance, 
resolution and peak identification 

- Copies of any check standard results including reports, plots and data sheet, for standards 
~inthebeginnin&middleandatthetndafGcorGc/Msruns 

- Any SRM data, triplicates, matrix Spikes, etc. generated for this sample set including 
plots and reports for each 

- Sample prep information obtained dram OPREP 

- Copy of method used to analyze samples in data set and/or method SOP referenced on log page 

- Copy of logbook page with Chem Ids and standard information (amounts added) 

- Reports and plots for all samples in the sample set listed on the included log pages 

Additional relevant information (reruns, QC problems, ect.) added to back ofpackage 

Analyst: Date: Reviewer: Date: 



. 

EPA - ERLN Organic Chemistry Group 
Quality Control Check List for Routine PCB and Pesticide Analysis 

Standarh 

All initial and contimting calibration curves meet appropriate criteria 

- Resolution of CB153 to CBlOS should be better than 50% (valley between pks should be greater 
than 50% peak ht) 

p,p’-DDD/p,p’-DDT peak height ratio is approximately 1 

p,p’-DDT peak height at least 50% of CB138 peak height 

p,p’-DDD/ o,p’-DDT peak height ratio at least 50% 

Doublet before p,p’-DDE ( CBOS7AXeldrin) resolved approximately 20% 

Lindane peak height greater than CB018 peak height 

Peak height ratio of CB028 to first peak in doublet (CB03 1) should be approximately 1: 1 

Peak heights for standards are same as in previous GC runs ( should not drop more than 25% from 
initial calibration) 

- Check for any negative peaks and remove (use IP event) 

Samples 

- Internal standard amount listed on data sheet is confirmed by lab bookactual amount added 

- Sample wt/vol is correct amount from lab book 

- Retention times match up to those in standards 

Items having to do with instrument resolution and response do not neccessarily disqualify a 
calibration if not met but may indicate a need for instrument maintenance. If instrument response drops 
by more than 25%, maintenance and recalibration are required before continuing. 

Analyst: Date: Reviewer: Date: 

qagclist.wri 



EPA - ERLN Organic Chemistry Group 
Quality Control Check List for Routine PAH Analysis 

Standards 

AllinitialalldaMmliugcaliblationcurve-smeetappropriattcriteria 

AllinteglationscheckedmamlallytoirlsuEproperIx!akassignmentandbaseline. 

Scan time windows fir Sums (Mw 178-C-1 through MW 178-C-4, MW 228, Benz&l~ora,n~ 
MIW 276,278,and 302) are appropriate. 

PeakanasforstandardsaresameasinpreviousGC/MSDruns(shouldnotdropmortthan25% 
from initial calibration) 

- Check for any negative peaks and remove. 

Internal standard amount listed on data sheet is confirmed by lab book actual amount added 

- Sample wt./w1 is correct amount tirn lab book 

Retention times match up to those in standards 

- All integrations checked manually to insure proper peak assignment and baseline. 

- All peaks found satisfy peak match criteria based on parent ion / qualifier ion ratio. 

Items having to do with instrument resolution and response do not necctssarily disquali@ a 
calibration if not met but may indicate a need for instrument maintenance. If instrument response drops 
by more than 25%, maintenance and recaliiration are required before continuing. 

Analyst: Date: Reviewer: Date: 

qagclist-wri 



ENVIRONMENTAL RESEARCH LABORATORY 
QUALITY CONTROL CHECK LIST FOR ORGANIC ANALYSIS 

PROJECT NAME. _...._....................... 

Analyd...... Date of ample pp...-.. 

KIND CODE 

SAMP # 

CHEM ID 

Anal@.. . . . . . . Date of sample prep . . . . . . . . 

KlND CODE 

SAMPX 

CHEM ID 

Analyst. . . . . . . . . . 

KlND CODE 

SAMP # 

CHEM ID 

Date of sample prep . . . . . . . . . . . . 

AnalyaL.. . . . . . . . Date of sampk prep . . . ..I..... 

KlND CODE 

SAMP # 

CHEM ID 

+ 

SAMPLE TYPE CONTROL UMIT PCB PEST PAH COMMENTS 

CALIBRATION ~15%onavg:nottoexceed 
25% 

LAB BLANKS 4 MDL 

REPLICATE PRECISION i30% RPD ; 4% allowed out 

SRMtTCM *4o%,35%albwedout, 
*3!5% on aveaqc 

MATRIX SPIKE *50% 

IS’ RECOVERY 30-130%.4O%difference 
(SURROGATE/ between SRM 8 and sample 
INTERNAL STANDARD r- 
RECOVERY) 

INITIAL QA CHECK . . . . . . . . . . . . . . . . . . . . . . ..-....... DATE . . . . . . .._............. 



EPA - EFUN Inorganic Chemistry Group 
Final Data Package Check List for Sediments, Tissues and SEMs 

- Copy ofinitial calibration data . 

Copyofanychecksandardresultsforstandarcls runduring ICPorGFAAruns 

-Any SRMda@replicates,matrixspikes,dc.gewatedforthissampleset 

- Sample prep information obtained from OPREP 

Copy of method used to analyze samples in data set and/or method SOP referenced on log page 

- Copy of log book page with Chem Ids 

- Reports for all samples in the sample set listed on the included log pages 

Additional relevant information (renms, QC problems, ectJ added to back of package 

Analyst: Date: Reviewer: Date: 

chcklist.wri 



EPA - ERLN Inorganic Chemistry Group 
Final Data Package Check List for AVS 

- Copy ofinitial caliiration data w 

- Sample prep information obtained fium NARVAX 

-CoWofmtthodusedtoanalyzesamplesindatasttand/ormethodSOP refkmcd on log page 

~copyclf 10gbookpagewitKhemIds 

Reports for all samples in the sample set listed on the included log pages 

Additional relevant info&on (reruns, QC problems, en) added to back ofpackage 

Analyst: Date: Reviewer: Date: 

chcklist.wri 
. 



Environmental Research Laborktorv 
Quality Control Check&t for Inorganic Analysis 

Date of Sample Prep 
. 

Kindcode 

S=P# 

ChemID 

Date of Sample Prtp 

Kind Code 

UP# 

Chcm ID 

Date of Sample Prep 

KindCode 

S=P# 

ChemID 

Date of Sample Prep 

Kind Code 

S=P# 

Chem ID 

Sample Type Control Limit PNSY comments . 
Metals 

Calibration (Initial *15% 2 allowed out 
and Continuing) 
Lab Blanks <3MDL 

Replicate Precision Al, Fe;<SO%WD all 
others; ~3 S%RPD 
<35% allowed out 

SRAUKM *20”/4 15% allowed out 

Matrix Spike i50% 
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WORK PLAN 

UNH Jackson Estuarine Laboratory Work Plan for the Portsmouth Naval Shipyard 
Project 

Contract Number: N66001-92-DO092 
Delivery Order Number: 0011 

Task Title: COLLECTION AND ANALYSIS OF ECOLOGICAL DATA 
FROM THE GREAT BAY ESTUARY 

3. TECHNICAL APPROACH 

The aim of this study, Collection and Analysis of Ecological Data from the Great Bay 
Estuary, is to develop the information base necessary to assess the ecological impact of 
hazardous waste disposal on the Piscataqua and Great Bay Estuary. All aspects of the 
study will be documented in a Quality Assurance/Quality Control (QA/QC> and Health 
and Safety Plan. Progress will be documented with periodic Progress Reports and 
Interim Reports prepared after completion of field work. The final report will be 
accompanied with a Data Dump of ASCII files of all raw and calibrated data. The 
specific tasks of the work plan are explained below. 

1. Determine dispersion dynamics for the Great Bay Estuary. 

During this project, work will be done to determine dispersion dynamics for the 
Piscataqua and Great Bay Estuary. Completion of this task will provide detailed 
information on the fate and transport of organic and metal contaminants in the Estuary 
by conducting quasi-synoptic surveys of current regimes using an acoustic doppler 
profiler and realtime measurements of the physical and chemical properties of the water 
column. In addition, dye-dispersion studies will be conducted in the vicinity of the 
Shipyard to directly measure dispersion of material released from the Shipyard. The 
results of the field studies will be incorporated into hydrodynamic and contaminant 
transport models currently under development. 

The research vessel R/V ECOS will conduct realtime surveys of many of the physical 
and hydrological.parameters in the estuary. The R/V ECOS will record the tidal cycles 
off the Police pier and near Clark Island. Fresh water and salt water flow regimes will 
be addressed by measuring the salinity on each transect undertaken by the R/V ECOS. 
Temperature and salinity will be recorded on all transects. The salinity gradient will be 
used in the calibration of a pollutant fate model. Measurements of pH, dissolved 
oxygen, chlorophyll fluorescence, and oils fluorescence will be conducted. 



Replicate water samples will be collected during R/V ECOS cruises in Portsmouth 
Harbor and Great Bay Estuary. Samples will be taken at selected sites in the cross 
channel and longitudinal transects, and at fixed stations during flood, mid-ebb, ebb, and 
mid-flood tidal stages following JEL SOP 1.05 for water sample collection, resulting in 
204 discrete water samples. Samples will be immediately iced and transported to 
Jackson Estuarine Laboratory within four hours for processing. 

Sample processing, filtrate preparation and chlorophyll analysis will be conducted 
according to JEL SOP 1.06. Results of chlorophyll analysis will be used to calibrate 
continuous fluorimetric readings collected by the R/V ECOS, and to examine water 
column primary productivity during tidal stages at transect and fixed station sites. 
Filtrate, will be analyzed for dissolved inorganic PO3,- according to JEL SOP 1.08. 
Dissolved ammonium (method 11-107-06-1-C) and nitrite/nitrate (method 30-107-04-A) 
will be analyzed on a LACHAT Quick-Chem nutrient autoanalyzer. Results of nutrient 
analysis will be used in conjunction with doppler current measurements to determine 
nutrient flux patterns and sources of nutrient loading in the estuary. 

Additional replicate water samples for microbial analysis will be collected in 
conjunction with those just described. Microbial sample processing and analysis will be 
described in a separate section. Concomitantly, water samples will be collected and 
provided to NRaD to screen for organic contaminants. 

A dye study using rhodamine-wt will be conducted on flood tide and ebb tide. 
Historical freshwater inflow data will be used to determine flushing rates and residence 
times. An estimate of the dispersion coefficients will be calculated. These results will 
be then incorporated into the contaminant transport model. The dispersion coefficients 
will be calculated based on known rodamine concentrations as collected by the R/V 
ECOS. These concentrations will also be compared with aerial photographs taken of the 
river as the rhodamine traveled through it. The photographs will determine the overall 
coherency of the rhodamine and help determine at what point on the river the rodamine 
broke up into rpatches’, which could bias the concentration results. Simulations of 
runoff from disposal areas based on dispersion coefficients will be done in the pollutant 
fate model. 

Currents will be measured throughout the summer at a number of stations (Fig. 1). 
Current measurements will also be. taken around the estuary over twenty-four hour 
cycles. This will be done by employing S-4 current meters on fixed moorings. After at 
least one tidal cycle data from the S-4 will be downloaded before it is moved to another 
station on the river. Once downloaded, the data will be interpreted in the field using 
the S-4 software. -The software is able to interpret the data and plot velocity vs. time 
plots. These plots can then be analyzed on site in order to determine the validity of the 
data before the S-4 is moved to a new location. The bottom current measurements 
obtained suing the S-4 current meters will be used to check the R/V ECOS data and try 
to explain why the river bottom is sometimes difficult to “see” acoustically. The same 
data combined with the R/V ECOS data may be used to compute the bedload transport. 
Using the Brown-Einstein approach, bedload flux may be calculated for various portions 
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of the river. Eventually sedimentation rates due to bedload transport will be calculated 
at several selected locations in the river. 

The dispersion coefficients, developed from the dye and current data, will then be 
incorporated into the transport model. A coefficient will be determined in each 
computational cell of the TOXIWASP model. These will be used as calibration 
parameters within the model. Progress will be documented with periodic Progress 
Reports and Interim Reports prepared after completion of field work. Final reports will 
be accompanied with a Data Dump of ASCII files of all raw and calibrated data, 
following the procedures outlined in the Data Management Plan. Dr. Robin Swift will 
function as the QA/QC person responsible for the quality of the hydrodynamic data. 

2. Fingerprint sources of fecal contaminants. 

Water column and sediment samples will be collected for analysis to determine 
sources of fecal contamination in Portsmouth Harbor. For each sample station and time, 
duplicate samples will be collected in sterile 1 liter plastic bottles using a hand-grab 
method for sampling at approximately 15 cm below the water surface. All water samples 
will be assayed within 8 hours of collection and kept at 5” C until all analyses are 
complete. Based on Phase I results, water samples will be collected from six sites each 
month to determine the trends of contaminant concentrations near areas of concern. The 
six sites will be the same as studies in Phase I, and sample collection will be coincident 
with samples collected for nutrient analyses. 

Selected samples collected as part of the R/V ECOS cruises will also be analyzed for 
microbial contaminants (see Task 1). Samples collected for microbial analysis will be 
coincident with samples collected for nutrient analyses to allow for better interpretation 
of the sources (fecal vs. nonfecal pollution) of nutrient contamination. Samples will be 
collected at four tidal stages at the discreet sample stations identified for study at five 
different transect sites (Fort Foster, Dover Point, Police Dock, Clark Cover, Seavey 
Island). Results should provide useful information for determining transport patterns 
for suspended contaminants at the different sites. Samples will also be collected during 
the longitudinal cruises of the whole Great Bay Estuary at low and high tides. Samples 
stations will coincide with the fifteen identified for nutrient sampling. Analysis of these 
samples should show spatial differences in. the level of fecal contamination in the 
estuary, and integration with other information should allow for assessment of mixing 
and dilution patterns for suspended contaminants in relation to sources of contamination 
and different water masses. Again, the coincidence of nutrient and microbial sampling 
will allow for a better understanding of sources and fate of nutrients. Comparisons of 
microbial contaminant levels at the same sites on consecutive days at high and low tides 
should also give a better understanding of the movement and mixing of water masses 
in the estuary. 

Selected sediment samples collected as part of Tasks 3 and 4 will be analyzed for 
fecal microbial contaminants. These tasks involve sampling river and salt marsh 
sediments, and sites will be chosen by the investigators involved in the study of these 
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two habitats. Microbial sampling and analysis will be coordinated with these other 
investigations. Generally, subsamples from sediment cores will be collected at different 
depths, depending on the profiles and lengths of the cores. Results will reflect potential 
temporal differences in fecal contamination of suspended sediments in the estuary, and 
can be compared with geochronological analyses to gain a better understanding of the 
history of pollution in the estuary. If the geochronological analyses are successful, 
sediment cores will be resampled based on the actual chronology of the sedimentation 
reflected at different depths and reanalyzed for fecal-borne microbial contaminants to 
gain a more exact understanding of the temporal trends for fecal contamination. 
Comparison of levels in the salt marshes and the river bottom sediments will show any 
differences in accumulation patterns of suspended contaminants in these two habitats. 

For water samples, the ERL-N membrane filtration (MF) methods ERL-N SOP 
1.03.014, 1.03.015, and 1.03.016 will be used for enumeration of Closfridium perfringens, 
enterococci, and fecal coliforms/Escherichia coli, respectively. The ERL-N SOP 1.03.015 
will be modified by excluding indoxyl-B-D-glucoside from the mE medium and instead 
using esculin iron agar to enumerate appropriate enterococci colonies. 

The only microorganism to be used as an indicator of fecal contamination in 
sediments is the spore-forming Clostridium perfringens. JEL SOP 1.09 will be used for 
enumeration of C. perfringens. Prior preparation of the sediments will involve aseptic 
collection of replicate subsamples from sediment cores (see sections 3 and 4), weighing 
appropriate amounts, diluting 1:l (or other appropriate dilution) in sterile PBS, and 

. blending in a Waring blender for 1 minute. Triplicate sediment aliquots will be dried 
at 105” C to determine sediment dry weight. 

Progress will be documented with periodic Progress Reports and Interim Reports 
prepared after completion of field work. Final reports will be accompanied with a Data 
Dump of ASCII files of all raw and calibrated data. 

3. Evaluate sediment dynamics, 

An evaluation of sedimentation processes and potential accumulation of 
contaminants will be conducted in the Lower Piscataqua River Estuary. This task will 
provide detailed information on sediment movement and deposition in the lower 
Estuary. Based on the existing sediment distribution map, a sediment accumulation and 
monitoring program will be developed and implemented to determine sedimentation 
processes in the lower Estuary. 

Sedimentation rates will be measured utilizing sediment traps at sites where 
contaminants may be deposited as reflected by muddy bottoms. It is anticipated that 
the primary site where sediment traps will deployed will be in the cove behind Clark 
Island. It is anticipated a moored sediment trap array will be used. Approximately 1 
L bottles with a length/width ratio between 3 to 5 will be mounted on a wooden frame 
attached to a tethered line. It is anticipated 4 bottles will be positioned at each of two 
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depths on each mooring. Two moorings are presently planned. The arrays will be 
deployed for periods ranging from 1 week to 1 month. Due to the inherent problems 
with utilizing settling traps in estuarine environments due to currents, waves or fouling 
organisms, the settling traps and deployment strategies will be modified as necessary. 
It is anticipated that deployments will begin in spring, 1993 and extend through summer, 
1993. An SOP is not available for the settling trap work at this time, as part of the effort 
is to develop the appropriate methodology for this system. We will be using previously 
utilized methods and then developing the best methodology. 

If necessary, surficial bottom sediment samples will be collected at the sites where 
sediment traps will be deployed (approximately at the time of the first deployment) and 
at other locations where additional sediment textural information is needed. It is 
anticipated the samples will be collected with a Shipex or similar sediment sampler. The 
bottom sediment samples will be collected and analyzed for textural characteristics to 
allow a comparison to be made between the materials settling through the water column 
and substrate. 

Sediment deposition rates (accretion) will be determined at selected sites utilizing 
cores and radionuclide dating techniques. Cores will be obtained using suitable 
methodologies to minimize disturbing the sediment column (compaction or mixing). 
Anticipated methodologies include gravity coring in deeper water (revised JEL SOP 1.10, 
attached); vibracoring and hand coring in marshes or shallow subtidal sites. Recovered 
cores will be closely scrutinized for evidence of any disruptions due to coring techniques 
or physical or biological mixing. Recovered cores will be transported (normally in a 
vertical position) to JEL, where they will be opened, described, photographed and 
sampled for moisture and organic content (combustion at 450”), bulk density, grain size 
and radionuclide analyses (revised JEL SOP 1.11, attached). The sedimentation rates and 
geochronology of the cores will be determined from Cs-137 and Pb-210 analyses which 
will be contracted to another laboratory (UNH Glacier Research Group). It is anticipated 
a total of 8 cores will be taken. The sampling sites will be selected based on results from 
Phase I work .(contaminant levels and substrate characteristics). The cores will be 
subsampled according to JEL SOP 1.10 as modified for sampling sediment chemistry. 

We will develop information on the movement of suspended sediment plumes in 
conjunction with data obtained from the NCCOSC-deployed sensors (transmissometer, 
turbidimeter, and acoustic doppler profiling system). Water samples will be collected 
via shipboard (R/V ECOS) pumping systems during periods when the transmissometer 
and turbidimeter are being used to provide point samples for calibration. The water 
samples will be analyzed for total suspended sediment concentrations via filtration 
techniques and % organic content, normally via combustion (450”) (JEL SOP 1.16, 
attached). Selected samples will be analyzed for particulate carbon and nitrogen using 
an elemental analyzer (Carlo Erba) to develop a relationship between % particulate 
carbon and nitrogen and % combustibles for a wide range of sediment types. 

The impact of tidal current on sediment loads will be determined at selected sites 
by measuring current velocities and suspended sediment concentrations through the 
water column at a fixed station over a portion of a tidal cycle. Current velocity will be 
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measured with the shipboard acoustic doppler profiler. Total suspended sediment 
concentrations will be determined on several samples taken through the water column 
from within 1 meter of the bottom to the surface. Normally, suspended sediment 
sampling will be done at a maximum of 1 hour intervals. In addition, the turbidity of 
the water column will be determined with the shipboard transmissometer and 
turbidimeter. In order to assess sources and sinks of suspended sediments in the lower 
estuary, the distribution of the suspended load will be determined by measuring 
suspended sediment concentrations at 5 channel cross sections extending from the mouth 
of the estuary to the confluence of the upper Piscataqua River and Little Bay at Dover 
Point. Sampling will be nearly continuous over 12 to 13 hour periods in order to 
encompass all phases of a tidal cycle. Sampling will be repeated at a maximum of 1 
hour intervals under normal circumstances. Water samples will be collected for 
suspended sediment analysis (JEL SOP 1.16, attached) via shipboard pumping systems 
in conjunction with the transmissometer and turbidimeter measurements or with a JEL 
submersible pump. As frequently as possible, measurements will be made through the 
water column in order to examine any stratification. Consequently, snapshots of the 
suspended sediment concentrations and water clarity will be made over tidal cycles. 
Examination of all the channel cross sections will provide a quasi-synoptic description 
of the suspended sediment distribution in the lower and middle estuary. This 
information will be enhanced by measuring the suspended sediment concentrations and 
water clarity along an axial transect run from the mouth of the estuary to a major source 
of fresh water (the Squamscott River). 

We will evaluate geotechnical characteristics of sediments in potential contaminant 
depositional sites in the lower Estuary. In order to assess relationships among the 
geotechnical properties of the sediment and the geochemical assimilation of 
contaminants, sediment samples will be analyzed for grain size, total organic carbon and 
particulate carbon and nitrogen (JEL SOP 1.11). Grain size will be determined using well 
established methodologies. Total organic carbon will be determined via combustion at 
45O”C, while particulate carbon and nitrogen will be determined with a Carlo Erba 
analyzer. In addition, sediment samples for chemistry will be collected and preserved 
for acid volatile sulfide (AVS) analysis. Progress will be documented with periodic 
Progress Reports and Interim Reports prepared after completion of field work. Final 
reports will be accompanied with a Data Dump of ASCII files of all raw and calibrated 
data. 

4. Evaluate the potential ecological effects of contaminants from PNS on salt marsh 
and benthic ecology. 

Salt marsh 
Salt marsh sampling stations for the PNS and reference areas in Great Bay Estuary 

and in York River Estuary are shown in Figure 1. Sampling sites for each sampling 
activity will be selected by the principal investigator. 

Salt marshes will be sampled to determine the abundance and health of plants and 
animals (epibenthic macroinvertebrates will be identified to species). Since salt marshes 
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are characterized by their emergent plants which normally form monospecific stands, a 
set of five replicate samples will be taken in each of the major plant associations within 
each marsh. Salt marsh plants will be sampled for abundance (% cover in 1 m2 
quadrats, and stem densities in l/16 m2 quadrats), vigor (height) and reproductive effort. 
The abundance of salt marsh epibenthic macroinvertebrates will be determined by 
counting live animals in l/16 m2 quadrats. 

Tissue samples of the dominant salt marsh grass in each of the plant associations 
occurring at each marsh investigated will be collected, rinsed in tap water, and frozen 
for chemical analysis (metals) by the designated analytical testing laboratory using 
appropriate Quality Control and Chain-of-Custody procedures. 

Sediment cores for the purposes of toxic chemical analysis will be collected from 
each plant sampling quadrat of each marsh investigated. Determination will be made 
of soil bulk properties that influence contaminant movement and fate, and also microbial 
indicators of sewage contamination will be measured. Five sediment cores, one from 
each of the salt marsh plant associations at each site, will each be split, one half of each 
archived, and the other composited to form one sample, which will be immediately 
frozen for chemical analysis by the designated analytical testing laboratory using 
appropriate quality control and chain of custody procedures. Sediments will be 
examined for contaminant compounds targeted during Phase I activities. The remainder 
of each set of five cores will be kept at 5°C as archived samples for the remainder of the 
project. 

Five sediment core replicates will be taken from each physiognomic unit (high marsh 
and low marsh) at each marsh for the following analyses: description of sediment 
character, combustible organic carbon and grain size analysis, which will provide a 
picture of the sedimentary processes and environment in the sampled areas. The 
abundance of the microbe, Clostridium perfringens, will be determined in selected 
sediment core samples and will serve as an indicator of human sewage contamination 
of the sediments. A composite of the replicates will be frozen and submitted for 
chemical analyses (metals and organics). 

The quality of the salt marsh habitats will be evaluated and the extent and/or 
potential of impact from contaminants on habitat quality and trophic transport will be 
assessed. Progress will be documented with periodic Progress Reports and Interim 
Reports prepared after completion of field work. Final reports will be accompanied with 
a Data Dump of ASCII files of all raw and calibrated data, according to the Data 
Management Plan. 

Dr. Ray Grizzle, a subcontractor at Campbell University in North Carolina, will 
assess existing data (Johnston et al. 1992) on fauna1 benthos and environmental 
conditions at 23 sites with respect to needs for additional sampling. With the goal of 
describing spatial patterns in the sampling area and relating spatial variations in fauna1 
benthos to pollutant distribution, we will quantitatively analyze available benthic and 
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environmental data. Then, we will re-sample sediments and benthos at selected sites, 
and provide appropriate processing of the samples and quantitative analyses of the 
resulting data. 

Existing data on faunal benthos and environmental conditions at 23 sites in the 
Portsmouth Harbor area will be assessed by examining field notes on sampling 
conditions, variability among replicate samples, and other available information. This 
assessment will be done to determine the usefulness of the benthic data for further 
analyses, and to determine if additional sediment/benthos samples should be taken. If 
this assessment indicates that additional samples are needed, selected sites will be 
re-sampled as soon as possible using coring devices and/or appropriate grab type 
samples. As many samples as possible during these additional post-1991 sampling 
efforts will be taken using a new coring device that provides a sample suitable for 
obtaining sediment profile imaging (SF?) data. The SPI data will be used in conjunction 
with the benthic data obtained by “traditional” techniques in order to address the 
usefulness of SPI in future studies. 

A variety of univariate analyses (e.g. species numbers, community abundances) and 
classification techniques will be used to characterize spatial patterns in the available 
benthic data. In addition, ordination techniques will be used to provide multivariate 
analyses of spatial aspects of the benthic data and corresponding environmental data. 
Similar univariate and multivariate analyses will be used on a data set comprised of 
existing data and any additional post-1991 data that may be collected. These will be 
primarily carried out in order to look for variations in benthos that may be related to 
distribution of pollutants. 

At the completion of this assessment; we will evaluate the impact of PNS on the 
benthic community in the surrounding estuary. As part of the long-term monitoring 
plan, we will evaluate and implement a seasonal monitoring plan for benthic organisms 
as appropriate. Progress will be documented with periodic Progress Reports and Interim 
Reports prepared after completion of field work. Final reports will be accompanied with 
a Data Dump of ASCII files of all raw and calibrated data, according to the Data 
Management Plan. 

5. Determine bioaccumulation and toxicological eflects of contaminants on lobsfer and 
winter flounder. 

Lobster 
We will develop and implement a sampling program to assess the bioaccumulation 

potential of contaminants in lobsters (Homarus americanus). Juvenile lobsters have been 
found inhabiting mud burrows within eelgrass beds in the vicinity of the Portsmouth 
Naval Shipyard (Johnston et al. 1992). The discovery of lobsters utilizing these eelgrass 
habitats gave rise to the idea of sampling and measuring the body tissues of long-term 
resident organisms living within an area of potential contamination. Lobsters have 
proven to be an excellent indicator of organic and metal contamination and are ideal for 
use as an indicator of contaminant accumulation (R Pruell, EPA-ERLN, pers. comm.). 
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First we will determine if juvenile lobster populations are resident within the 
eelgrass beds at sites around Seavey Island, and we will document lobster use of those 
habitats. Using SCUBA and underwater video, we will quantify the number of lobster 
burrows within eelgrass beds around Seavey. Lobster burrows will be counted and 
mapped and distribution of burrows will be monitored over the summer of 1993 to 
determine changes in use patterns of the habitat by lobsters. A mark/recapture study 
at these sites through the spring of 1993 will be done on juvenile lobsters. The animals 
will be tagged nondestructively upon capture (at least 50 juveniles/site or a minimum 
total of 200 juveniles to be tagged) so that we can determine the stability of the 
populations as well as their health and abundance, and thereby know to what extent the 
population reflects accumulated contaminants originating at the Shipyard (Figure 1). 
Additionally, an appropriate reference population from the Gulf of Maine at the Isle of 
Sholes will be sampled. The Isles of Shoals site will provide juvenile lobsters that have 
grown up in an offshore environment away from any major sources of contaminants. 
Reference juveniles and adults will both be taken from this area, as far removed from 
sources of contamination as possible, for comparison to lobster populations in proximity 
to the Shipyard. Juvenile lobsters collected from each of the 4 sites around the Shipyard 
(previously tagged animals, Figure 1) and from the reference site (9 lobsters/site = 45 
juveniles total). Adult and subadult lobsters will also be collected from around the 
Shipyard (5 of each size) and from the reference site (5 of each size). 

To determine if lobsters in residence near potential contaminant release sites 
accumulate toxic contaminants within their body, we will sample muscle tissue from the 
tail and claw of juvenile lobsters a as well as the hepatopancreas, which previous 
research has shown to be a good indicator of contamination as it concentrates toxic 
contaminants. After each capture, some animals will be destroyed and their flesh and 
hepatopancreas analysed for the presence-of chemical contaminants. Adult lobsters will 
be sampled as well, since it is the adult population that poses an actual threat to human 
consumers. Dissection of flesh and hepatopancreas extraction will be conducted at 
Jackson Estuarine Laboratory using ERL-N SOP for the preparation of “Marine Tissues 
for Organic and Inorganic Analysis”. Composite samples (discrete samples for both 
organic and inorganic analyses) will be prepared for each season for reference and 
Portsmouth Harbor sites, resulting in 50 organic and 50 inorganic samples per season. 
Prelabeled sample containers for all samples will be provided to JEL by ERL-N. Samples 
will be packed and shipped according to the aforementioned SOPS and accompanied by 
Chain-of-Custody forms. Progresswill be documented with periodic Progress Reports 
and Interim Reports prepared after completion of field work. Final reports will be 
accompanied with a data dump of ASCII files of all raw and calibrated data. 

Winter flounder 
Adult winter flounder (PseudopIeuronectes americanus) will be collected in the spring 

of 1993 and the fall of 1993 in Portsmouth Harbor and from reference sites in the Gulf 
of Maine. Harbor collections will be made by contracting the services of a commercial 
trawler and making a series of 15 minute tows using a beam trawl constructed for use 
in the harbor. A rough estimate of population abundance for winter flounder will be 
made from the results of the trawls. Reference population fish will be purchased from 

9 



a commercial trawler fishing in the Gulf of Maine. Fish will be obtained the day of 
capture, and the location of capture will be noted. Fish from each tow, and from the 
reference population, will be enumerated, measured, examined for external lesions and 
abnormalities, placed on ice and transported to Jackson Estuarine Laboratory for 
dissection and tissue extraction. 

Dissection of flesh and liver extraction will be conducted at Jackson Estuarine 
Laboratory using ERL-N SOP for the preparation of ‘Marine Tissues for Organic and 
Inorganic Analysis”. Five composite samples (discrete samples for both organic and 
inorganic analyses) will be prepared for each season for reference and Portsmouth 
Harbor sites, resulting in 10 organic and 10 inorganic samples per season. Dissection 
and removal of flounder spleen will be conducted according to ERL-N SOP for 
“Dissection of Flounder Spleen for Histological Examination”. Prelabeled sample 
containers for all samples will be provided to JEL by ERL-N. Samples will be packed 
and shipped according to the aforementioned SOPS and accompanied by 
Chain-of-Custody forms. Progress will be documented with periodic Progress Reports 
and Jnterim Reports prepared after completion of field work. Final reports will be 
accompanied with a data dump of ASCII files of all raw and calibrated data. 

Upon completion of the field sampling and laboratory analyses for lobster and 
flounder, we will evaluate the ecological risk of bioaccumulation of PNS contaminants 
to this portion of the marine demersal food chain. Based on the sediment contaminant 
results from our earlier study (Johnston et al. 1991), we will evaluate the feasibility of 
developing a food chain model for contaminants of interest. The need for such an 
investigation beyond this study will depend on whether the lobster and/or flounder 
results show evidence of bioaccumulation for any contaminants possibly originating 
from Shipyard activities. 

6. Develop a long-term monitoring strategy. 

We will develop a long-term monitoring strategy to determine the long-term effects 
of contaminant release for input into the strategic risk management plan. This will 
evaluate information on short-term and long-term variability of the important ecosystem 
parameters to be monitored in the estuary. The task will include an intensive sampling 
interval, conducted during an eco[ogically critical period to establish the necessary 
baseline for evaluating long-term effects. 

Additionally, we will develop a seasonal long-term monitoring plan for conducting 
sampling for chemical residue analysis and providing samples to the designated 
analytical testing -laboratory using appropriate Quality Control and Chain-of-Custody 
procedures. Samples could include mussels, eelgrass, and other species as appropriate, 
seep samples, and samples of selected surface sediments. 

Biological and toxicological analysis will be done on selected species in order to 
monitor the health and abundance patterns of species, as appropriate, and to evaluate 
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toxicological effects of target contaminants on selected sentinel species. Progress will be 
documented with periodic Progress Reports and Interim Reports. 

7. Provide technical support at information exchange proceedings. 

Technical support will be provided to the Navy at information exchange proceedings 
by appropriate scientists working on the project. This will include attending meetings 
and providing input to the administrative record, as required, and attending public 
hearings and workshops, as appropriate. Upon approval for public release by NRaD, 
we will present research results at technical seminars and workshops, as required. 

Dr. Ward, the project manager, will provide ongoing coordination with and obtain 
assistance from PNS, as required to carry out the tasks defined in this statement of work. 
He will obtain the necessary sampling permits and provide ongoing coordination with 
appropriate State and Federal agencies to carry out the tasks defined in this work plan. 

8. Document validity of the data by preparing a Quality Assurance/Quality Control 
(QA/QC) plan. 

The validity of the data will be documented by preparing a Quality 
Assurance/Quality Control (QA/QC> plan. The QA/QC plan will present, in sufficient 
detail, information on Chain-of-Custody procedures/, standard operating procedures, 
analytical method descriptions, and other QA/QC procedures. Health and safety plans 
for workers, and other information required to document the acceptability of data, will 
be included in the document. 

At present three QA/QC officers have been identified for project activities. Dr. 
David Burdick will have the major QA/QC responsibilities for all JEL investigators and 
will oversee the general chain-of-custody procedures, SOP’s, analytical method 
descriptions and other QA/QC procedures. However, Dr. Burdick is also a principal 
investigator for the project’s work in salt marsh systems. Dr. Larry Ward will act as 
QA/QC officer with regard to the salt marsh investigation. Dr. Robert Swift has been 
designated the QA/QC officer for the computer modelling effort being conducted by 
UNH Ocean Engineering program. 
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3.0 INTRODUCTION 

3.1 

QA Project Plan (QAPjP) for the Project: Analytical Chemistry for the Estuarine Ecological 
Risk Assessment at Naval Shipyard Portsmouth, Maine. 

. 37mR% 

To chemically analyze marine sediment, tissue and elutriate samples collected as part of the 
Estuarine Ecological Risk Assessment at Naval Shipyard Portsmouth. The administration of 
this project is under the direction of the Marine Sciences Laboratory (MSL) of the Earth and 
Environmental Sciences Center, Pacific Northwest Laboratories (PNL). 

* . 3.3 ClmL 
Naval Command Control and Ocean Surveillance Center (NCCOSC) and Environmental 
Research Laboratory Narrangansett 

. . 
3.4 AUthMWlcl Document 
20898 

QA Reayirements S oecifi@on(sl; 

ASME NQA-I AS DELINEATED IN PNL-MA-70 

Impact Level Ill activities shall comply with the Good Practices Standard (GPS) provided in 
Part 2 of PNL-MA-70, PNL QA Manual. This QAPjP also identifies client QA requirements 
and any imposed exclusions or limitations to PNL procedure requirements. If other quality- 
related activities are later performed, the appropriate PNL-MA-70 requirements and 
procedures shall be applied, unless specifically excluded. 

3.6 QA Proaram/Oraanization: 

The PNL GPS document establishes the minimum quality assurance requirements for work 
within the laboratory. Every staff member conducts their work in accordance with the GPS. 
The project organization with key personnel identified is located in Exhibit 5.1, Project 
Interfaces. 

3.7 Imost Level: 

The Analytical Chemistry for the Estuarine Ecological Risk Assessment at Naval Shipyard 
Portsmouth, Maine project has been classified overall as Impact Level (IL) Ill. All tasks within 
the project have been classified as IL Ill, therefore a Work Breakdown Structure (WBS) with 
corresponding Impact Levels is not attached. 

. 

3.8 Spaial Client Reauirements; 

Analytical Chemistry Quality Assurance and Quality Control Protocols, Criteria, and 
Corrective Action for the Estuarine Ecological Risk Assessment at Naval Shipyard 
Portsmouth, Maine - Addendum, February 2,1993. 

3.9 Other Reauirements. Direction or Planning 

See sections 4 through 18 of this QAPjP. 
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4.0 PROJECT DESCRIPTION . 

This QAPjP addresses all of the various types of activities that the Analytical Chemist.ry for the 
Estuarine Ecological Risk Assessment at Naval Shipyard Portsmouth, Maine project might 
potentially perform. 

. . 
4.1 Obpctrves 

The objectives of this project are to perform chemical analysis of sediments, tissues and 
elutriate samples collected as part of the Estuarine Ecologrcal Risk Assessment at Naval 
Shipyard Portsmouth. 

47 AD- 

The approach for meeting the objectives of Section 4.1 is documented in this QAPjP. 

4.3 Change Control (Scope. Schedule. Buda 

Requests for changes in project scope, schedule or budget must be documented and receive 
approval from the client. 

5.0 PROJECT ORGANIZATION AND RESPONSIBILITIES 

Line authority, Quality Assurance authority, support within MSL and interfaces with the client are 
shown in Exhibit 5.1. The responsibilities of key PNL personnel are summarized in Section 5.1. 

Changes to organizational/interface structures shown in Exhibit 5.1 that do not reflect a change in 
the overall scope of the activities or a change of requirements will not require a QAPjP revision 
but will be incorporated in the next required revision of the QAPjP. 

5 > 

Personnel Responsibilities 

Marine Sciences Provides management review of project. Assures appropriate 
Laboratory Manager and qualified staff are available. 

Program Manager Provides overall direction of the project for PNL, the Marine 
Sciences Laboratory, and the client. Ensures that all project 
objectives are accomplished in a timely manner and within the 
program budget. Assigns qualified staff to the project. Has direct 
contact with the PNL Quality Engineer and the client. 

Project Manager 

Lab Manager 

Provides planning and management assistance to Program 
Manager by developing planning documents, directing day-to-day 
activities to accomplish the program objectives, and coordinating 
tasks, personnel, and schedules, Manages the project budget 
and schedules. 

Oversees day-to-day activities in the laboratory. Is responsible 
for laboratory facilities and test equipment, training of laboratory 
personnel, and providing direction to project staff. Ensures that 
laboratory staff are kept current with procedures, investigates 
suspect results, and reviews laboratory records. Works closely 
with project manager to coordinate schedules and personnel. 
Performs QC review of analytical results. 

m 

I 
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Project Staff Perform chemical analysis activities in accordance with methods 
identified in the planning documents. Works under supervision of 
Lab Manager. 

Quality Engineer Provides QA support at all levels, in such areas as QA 
requirement guidance and interpretation, audit preparation, QA 
Plan development or revision, resolving QA problems and 
document review. Provides independent oversight to verify the 
project activities are being conducted in a manner consistent with 
applicable requirements identified in this QA Plan. Also 
responsible for the review and oversight of the quality of data 
generated from the chemical and biological analyses. 

EXHIBIT 5.1 Project Interfaces 

Marine Sciences Process Quality 
Laboratory Manager Department Manager 

R.M. Ecker J.W. Smith 

I I 

Program Manager Quality Engineering 

E.A. Crecelius Group Leader 
RR. Labarge 

m\mgm p~(i~iJlr I---- CluT:zieer A 

I 
I 

~III~~~~~IDII-------~ 
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6.0 E;TtBJECllVES AND QUALITY CONTRO& CHECKS FOR MEASUREMENT 

The characteristics used to define data quality are accuracy, precision, completeness, 
comparability, representativeness and method detection limit. The definition and application of 
these parameters to this project are discussed below. Data quality objectives (DQOs) for 
accuracy, precision, and completeness are shown in Table 6.1. Table 6.1 also contains the 
applicable QC measurements and the minimum frequency they need to be performed during the 
chemical analysis of the sediments, tissues, and elutriates. 

The precision and accuracy objectives specified in Table 6.1 are based on standard method 
performance infonation, when available, and historical laboratory performance. Table 6.2 
contains a list of the parameters to be analyzed along with their associated target method 
detection limits. Table 6.3 is a reference list of the applicable chemical analytical methods that will 
be used on this project. 

5.1 DO0 Definitions 

ACCURACY - a measure of the bias of a system or measurement. It is the closeness of 
agreement between an observed value and an accepted value. 

For this project, accuracy of chemical analysis will be determined through the analysis of 
matrix spikes, surrogate internal standards, method blanks, calibration checks and, when 
available, standard reference material (SRM). SRMs are materials that have been certified 
by a recognized authority (e.g., National Institute of Standards and Technology) and which 
are treated and analyzed as an actual sample. Matrix spikes will be performed by adding a 
known quantity of target analytes into a sample and preparing and analyzing the sample the 
same as a regular sample. Surrogate internal standards will be spiked into each sample just 
prior to extraction and will be used to monitor the method performance. Method blanks will be 
used to measure contamination associated with laboratory processing and analyses. 

Care must be taken to spike the samples within the appropriate range for the analytes of 
concern. An attempt should be made to spike the samples such that the spike is no more 
than 4 times and no less than 2 times the sample value. 

For measurements where matrix spikes are used, percent recovery shall be used. 

s-u 
%R=lOOx - 

C sa 

%R = percent recovery 
S = measured concentration in spiked aliquot 
U = measured concentration in unspiked aliquot 
C sa = actual concentration of spike added 

For situations where a SRM is used, recovery shall be used. 

Cl R = recovery 
R = x 100 Cl = measured value 

02 C2 = certified value 
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For situations where calibration checks are used, percent difference shall be used. 

G-C2 PD = percent difference 
PD = x 100 C1 = measured calibration check value 

CP C2 = original calibration value 

PRECISION - a measure of mutual agreement among individual measurements of the same 
property, usually under prescribed similar conditions. 

For this project. measures of analytical precision will be determined by the analysis of 
laboratory duplicates. Laboratory duplicates will be prepared by homogsnrzrng and splitting 
a sample in the laboratory, and carrying the subsamples through the entrre analytical process. 
Precision will be expressed in terms of the relative percent difference (RPD) for all laboratory 
duplicates. 

RPD = 
(WCP) x1oo 

(C, + c2)/2 

RPD = relative percent difference 
Cl = larger of the two observed values 
C2 = smaller of the two observed values 

COMPLETENESS - a measure of the amount of valid data obtained from a measurement 
system compared to the amount that was expected to be obtained under normal conditions. 

Target completeness values are 90% for sample analysis. Defined as follows for all 
measurements: 

v 
%C=lOOx - 

n 

% c = percent completeness 
V = number of measurements judged valid 
n = total number of measurements necessary to achieve a specified statistical level of 

confidence in decision making 

DETECTION LIMIT - Detection limit is the minimum concentration of a substance that can be 
measured and reported. Method Detection Limit (MDL) is the minimum concentration of a 
substance that can be identified, measured, and reported with 99 percent confidence that the 
analyte concentration is greater than zero. MDLs are determined from seven replicate 
analyses of a sample of a given matrix of either blanks, low level spikes, or SRMs. MDLs 
shall be established for all parameters and should be generated within the 12 months prior to 
the sample analyses with which they are reported. Target MDLs for the parameters of 
interest are presented in Table 6.2. MDL is defined as follows: 

MDL = t(,-1, 1-o 5 o.99) x S 

MDL = method detection limit 
S = standard deviation of the replicate analyses 
t("-1, 1 - = 0.99) = Students’ t-value appropriate to a 99% confidence level and a standard 

deviation estimate with n-l degrees of freedom 

The achieved MDLs should be within a factor of two of the target MDL, or alternatively, within 
a factor of two of the “typical” marine minimum concentration. While the achieved MDLs may 
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vary as a result of sample matrix, the achieved MDLs for organics will be based on a sample 
size of 309 for sediments, 209 for tissues, and 500, mL for elutriates while the achieved MDLs 
for inorganics will be based on a sample size of 1 Og for sediments, log for tissues, and 500 
mL for elutriates. 

Limit of Quantification (LOQ) is the level above which quantitative results may be obtained 
with a specified degree of confidence. LOQ is defined as 10 times the standard deviation of 
replicate analyses from the achieved MDL study or the target MDL, whichever is higher. 

Instrument Detection Llmit (IDL) is the smallest signal above background noise that an 
instrument can detect reliably. 

REPRESENTATWENESS - expresses the degree to which data accurately and precisely 
represent a characteristic of a population, parameter variations at a sampling point, a process 
condition, or an environmental condition. 

Representativeness will be ensured by the proper handling and storage of samples and. 
analysis within the specified holding times so that the material analyzed reflects the matenal 
collected as accurately as possible. 

COMPARABILITY - expresses the confidence with which one data set can be compared to 
another. 

Comparability for this project will not be quantified, but will be addressed through the use of 
recognized laboratory methods. The use of standard reporting units also will facilitate 
comparability with other data sets (see Section 10.3). 

6.2 Corrective Action for Results Outside Established DQOs 

Results outside the established criteria in Tables 6.1 and 6.2 shall be brought to the attention 
of the Lab Manager and Project Manager who shall determine and document the appropriate 
corrective action. These actions may include, but are not limited to, review of data and 
calculations, flagging of suspect data (flagging requirements are addressed in Section 10.3) or 
reprepping and/or re-analyses of individual or entire batches of samples. The client will be 
notified prior to the reprepping of any samples. The following describes guidelines to be 
followed when established criteria are not met. 

For all organic and inorganic analyses, a Preliminary QC Checklist (see Exhibit 6.1 for an 
exam 

P 
le) shall be prepared by the analyst immediate1 

samp es. This checklist shall be used to identify any d 
following analysis of a batch of 

C problems that might have occurred 
and provides a mechanism to determine corrective action at an early stage of the data review 
process. 

Matrix Spikes - All matrix spike recoveries which are outside the established DQOs shall be 
noted in the narrative and flagged on the final data report. If more than 30% of the analytes 
fail to meet the 60% recovery criteria, the batch must be considered for reprepping based on 
the other quality control criteria. 

Surrogates - Surrogate compounds; representative of the analytes of interest, will be added 
in known quantities prior to extraction for organics. 
130% warnjng limit and there is a 

If surrogate recoveries are outside the 30 - 
> 50% difference between SRM surrogate recoveries and 

sample surrogate recoveries, than the samples needs to be re-extracted and re-analyzed. If 
after re-analysis. the same recoveries are outside the limits, the problem will be considered a 
matrix effect and a third re-extraction and re-analysis is not required. 
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Replicates - All samples associated with laboratory. duplicates that are outside the 
established RPD control limits will be noted in the narrative and flagged in the final data report. 
In addition, no more than 35% of all RPDs within a set of analytes can be >30% RPD (for 
analytes > LQQ). If there are more than 35%. that sample batch must be considered for 
reprepping and/or re-analysis based on the other quality control criteria. 

SRMs - SRM values exceeding the recovery range from the certified value should be noted 
in the narrative W flagged in the final data report. In addition, if the acceptable limits 
established in Table 6.1 for SRMs are exceeded, then the batch of samples associated with 
the out of control SRMs must be considered for re-analysis based on the other quality control 
criterfa. 

Callbration Check Standards (CCS) - If the CCSs fall outside the criteria established in 
Table 6.1, then that batch of samples associated with the out of control CCSs must be re- 
analyzed. 

Method Blanks - Any blank values detected above the established criteria should be noted 
in the narrative and the corresponding data should be flagged as blank contaminated. If the 
problem significantly affects the sample data for that batch re-analysis may be necessary. 

Holding times for analytical chemistry begin the day of sample receipt at the laboratory. 
These holding times and requirements are listed below. After receipt at the laboratory, all 
sediment and tissue samples shall be held frozen (-20 f 10°C) until extraction (organic@ or 
freeze drying (metals) is complete All elutriate samples shall be held refrigerated (4 f 2°C) 
until extracted. All extracts shall be held frozen (-20 f 10°C) until analyses. 

Analvsis Holdina Time 

Sediment 

Metals (except Mercury) 
Mercury 
Pesticides/PAH/PCB 

6 months 
28 days 
60 days to extraction (‘); 40 days (to analysis after 
extraction) 

Tissue 

Metals (except Mercury) 
Mercury 
Pesticides/PAH/PCB 

6 months 
28 days 
60 days to extraction (‘); 40 days (to analysis after 
extraction) 

Elutrlate 

Metals (except Mercury) 
Mercury 
Pesticides/PAH/PCB 

6 months 
28 days 
10 days to extraction; 40 days (to analysis after 
extraction) 

l If sediments and tissues are held frozen (-20”(C), holding times may be extended up to 6 
months (Puget Sound Estuary Program, Recommended Guidelines for Measurina Oraanic 
Combounds in Puget Sound Sediment and Tissue Samples, EPA, December 1989) 
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parameter- 

PCBIPoatlcldaa, 
PAHa 

Laboratory Reagent Blank 

Callbratlon Check Standards 

Surrogate Internal Standards 

Matrix Spike 

Laboratory Duplicates 

Standard Reference Material 

Al, Ag, As, Cd, Cr. 
Cu, Fe, Hg, Mn, NI, 
Pb, Sn, Zn 

Laboratory Reagent Blank10 

Calibration Check Slandardsts) 

Mat&x Sptketb 

Laboratory Duplicates 

1 per 20 samples 

Beglnning and end 
of batch and avay 
10 samples 

1 per 20 samples 

1 per 20 samples 

Standard Reference Material 1 per 20 samples 

1 per 20 samples 

Beglnnlng and and 
ot batch and every 
10 samples 

Each sample 

1 per 20 samples 

1 per 20 samples 

1 per 20 samples 

. 

. 

. 

. 

. 

. 

. 

. 

l 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

<Loo 

no more than 2 PDs lor each calibration chack can be + 25%W 

30 - 13OWb) la the warning limit; 
recommended control limit ls >!Xt% difference between SRI.4 surrogate 
and sample surrogate recoveries 

50 - lSO%tW 

c3O%(e) for analytes > LCQ 
no more than 35% 01 all RPDs within a set of analytes (i.e., PAHs or 
PCBIPeslicides) can be >3fJ%tct 

f4OXWl (for analytes > LCD); 
no more than 35% 01 the atl SRM recoveries within a set 01 anatytes (i.e., 
PAHa or PCBIPestidder) can exceed i4O%(d); 
the overall average recoveries should be f35KCJ 

<Loo 

&%@I for Hg. ~1 S%(e) for al other metals; 
no more than 2 PDa can be > 15%(s) (does not lndude Hg) 

II, Percent Diierenca (PO) 
tit Percent Recovery 
tc) Relative Percent dltterence (RPD) 
(4 SRM Percent Recovery 
(d (The x ot all SRM recoveries (In percent) divided by the number ot recoveries calcutated) x 100 
QJ Applies to AA and ICP/MS only 
0 For metals, the Catibratbn Check Standard wltl be an analyrh d a SRM 

S5-115%@t 

&O%te) for Al and Fa, 40%(e) for all other metals for anatytea > LCC; 
no more than 35% d all RPDs (exosp Al and Fa) can be >3o%tc) 

i2S%t@ for Hg, i2O%.td) for a# other metals (lor analyter > LCD); 
no more than 15% d all SRM recoveries can be outslde the SRM recovery 
ranger 
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TARI F u List of Analytes, Methods and Target MDLsW 

Analvte 

Metals 
Aluminum 
Arsenic 
Cadmium 
Chromium 

Wwr 
Iron 
Lead 
Manganese 
Mercury 
Nickel 
Silver 
l-ii 
Zinc 

Aluminum 
Arsenic 
Cadmium 
Chromium 

Wper 
iron 
Lead 
Manganese 
Mercury 
Nickel 
Silver 
Zinc 

Aluminum 
Arsenic 
Cadmium 
Chromium 

%wr 
Iron 
Lead 
Manganese 
Mercury 
Nickel 
Silver 
Tin 
Zinc 

Chlorinated Pesticides 
Aldrin 
&hlordane 
rBHC (Lindane) 
o,p’-DDD 
p,p’-DDD 
o,p’-DDE 
p,p’-DDE 
o,p’-DDT 
p,p’-DDT 

Reference 
Method 

GFAA 
XRF 

XRF 

GFAA 
ICP/MS 

XRF 

ICPnvtS 

ICPnvlS 
ICPIMS 

XRF 
XRF 

ICP/MS 
XRF 

CVAA 
ICP/MS 
ICPnvlS 

XRF 

GFAA 
HAA 

GFAA, ICP/MS 
GFAA 

GFAA. ICPlMS 
GFAA 

GFAA, ICP/MS 
GFAA 
CVAF 

GFAA, ICP/MS 
GFAA, lCP/MS 

ICPIMS 
GFAA 

NOAA 
NOAA 
NOAA 
NOAA 
NOAA 
NOAA 
NOAA 
NOAA 
NOAA 

Sediment 
MDL 

19800 w/g 

2.5 wfg 
0.1 l&3 
33 lag 
5.5 lm 

2600 FgJg 

6.2 Wg 
50 P94 

0.01 pg/g 
7.5 iw 

o-04 w/9 
0.5 pg/g 
7.8 /q/g 

N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 

N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 

0.6 rig/g 
0.6 nglg 
0.6 rig/g 
0.6 rig/g 
0.6 nglg 
0.6 nglg 
0.6 ngtg 
0.6 rig/g 
0.6 rig/g 

Tissue 
-!!!Q!L 

N/A 
N/A 
N/A 
N/A 
NIA 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 

34 PW 
1.2 wg 

o-44 w4 
0.40 pg/g 

2.7 wg 
26 Wg 

0.09 pgfg 
l-8 m’g 

0.006 MS/g 
0.54 pg/g 
0.30 pg/g 

27 wg 

N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 

0.6 rig/g 
0.6 nglg 
0.6 nglg 
0.6 rig/g 

0.6 nglg 
0.6 nglg 
0.6 ngfg 
0.6 nglg 
0.6 ngtg 
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Elutriate 
-!mL 

N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 

N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 

10.0 ug/L 
0.5 pg./L 
0.2 pg/L 
1 .o jig/L 
0.2 &J/L 

20.0 pgA 
0.2 ug/L 
0.5 ugfL 

0.001 pg/L 
0.2 us/L 

0.01 pgA 
0.05 pgR 
1 .o &q/L 

0.05 pgA 
0.05 pg/L 
0.05 pg/L 
0.05 Jig/L 
0.05 ug/L 
0.05 pg/L 
0.05 pgA 
0.05 pg/L 
0.05 ug/L 
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TABLE 62 Continued 

Reference 
Analvte Method 

Chlorinated Pestlcldes (Contlnued) 
Heptachlor 
Heptachlor epoxide 
Hexachlorobenzene 
Mirex 
Trans-nonachlor 

PCBS 
8 (294’) 
18 (2.2',5) 
28 (2.4.4') 
44(22'.3,5') 
52 (2.2',5.5') 
66 (2.3',4,4') 
101 (2,2',3,5.5') 
105 (2,3,3',4,4') 
118 (2,3',4,4'.5) 
128 (2,2',3.3',4,4') 
138 (2.2',4,4',5,5') 
153 (2.2',4,4',5,5') 
170 (2,2'.3,3',4,4',5) 
180 (2.2’.3,4’,5,5’,6) 
187 (2.2’.3.4’,5,5’,8) 
195 (2.2',3.3',4,4',5,6) 
206 (2,~,3,3',4,4',5,5',6) 
209 (2,2',3,3',4,4',5.S.6.6') 

PAHs 
Anthracene 
Benzo(a)anthracene 
Benzo(a)pyrene 
Benzo(e)pyrene 
Benzo(g,h,i)perylene 
Chrysene 
Dibento(a,h)anthracene 
Fluoranthene 
Fluorene 
Indeno(l.2,3-cd)pyrene 
Perylene 
Phenanthrene 
Pyrene 
Cl alkyl phenanthrenes 

plus anthracenes 
C2 alkyl phenanthrenes 

plus anthracenes 
Cs alkyl phenanthrenes 

plus anthracenes 
C4 alkyl phenanthrenes 

plus anthracenes 

NGA 
NOAA 
NOAA 
NOAA 
NOti 

NOAA 
NOAA 
NOAA 
NOAA 
NOAA 
NOAA 
NOAA 
NOAA 
NOAA 
NOAA 
NOAA 
NOAA 
NOAA 
NOAA 
NOAA 
NOAA 
NOAA 
NOAA 

NOAA 
NOAA 
NOAA 
NOAA 
NOAA 
NOAA 
NOAA 
NOAA 
NOAA 
NOAA 
NOAA 
NOAA 
NOAA 

NOAA 

NOAA 

NOAA 

NOAA 

Sediment 
MDL 

0.6 ngfg 
0.6 ngfg 
0.6 ngfg 
0.6 ngfg 
0.6 rqlg 

0.5 ngfg 
0.5 ngfg 
0.5 ngfg 
0.5 ngfg 
0.5 ngfg 
0.5 ngfg 
0.5 ngfg 
0.5 ngfg 
0.5 ngfg 
0.5 ngfg 
0.5 ngfg 
0.5 ngfg 
0.5 ngfg 
0.5 rig/g 
0.5 ngfg 
0.5 ngfg 
0.5 nglg 
0.5 ngfg 

5.0 ngfg 
5.0 nglg 
5.0 ngfg 
5.0 ngfg 
5.0 ngfg 
5.0 ngfg 
5.0 nglg 
5.0 ngfg 
5.0 ngfg 
5.0 nglg 
5.0 ngfg 
5.0 ngfg 
5.0 ngfg 

5.0 ngfg 

5.0 ngfg 

5.0 rig/g 

5.0 rig/g 

Tissue 
MDL 

0.6 rqfg 
0.6 ngfg 
0.6 rig/g 
0.6 t-q/g 
0.6 ngfg 

0.5 ngfg 
0.5 ngfg 
0.5 l-g/g 
0.5 ngfg 
0.5 ngfg 
0.5 ngfg 
0.5 ngfg 
0.5 ngfg 
0.5 ngfg 
0.5 ngfg 
0.5 ngfg 
0.5 ngfg 
0.5 nglg 
0.5 ngfg 
0.5 nglg 
0.5 ngfg 
0.5 nglg 
0.5 ngfg 

20.0 rig/g 
20.0 ngtg 
20.0 ngfg 
20.0 ngfg 
20.0 ngfg 
20.0 ngfg 
20.0 ngfg 
20.0 ngfg 
20.0 ngfg 
20.0 ngfg 
20.0 ngfg 
20.0 ngfg 
20.0 nglg 

20.0 nglg 

20.0 nglg 

20.0 nglg 

20.0 rig/g 

Elutriate 
MDL 

0.05 1glL 
0.05 1glL 
0.05 pg/L 
0.05 FgfL 
0.05 pgil. 

0.05 pgfL 
0.05 jlgfL 
0.05 pg5 
0.05 pggR 
0.05 pg5 
0.05 pgR 
0.05 pgfL 
0.05 pgR 
0.05 /.lgfL 
0.05 pglL 
0.05 pgfL 
0.05 pgn. 
0.05 pgR 
0.05 pgR 
0.05 pgfL 
0.05 pggR 
0.05 pgA 
0.05 *g/L 

0.1 pg/L 
0.1 pg/L 
0.1 pg/L 
0.1 jig/L 
0.1 pg/L 
0.1 pg/L 
0.1 pg/L 
0.1 ugfL 
0.1 pg/L 
0.1 pg/L 
0.1 j.lg/L 
0.1 pg/L 
0.1 pg/L 

0.1 pg/L 

0.1 pg/L 

0.1 ug/L 

0.1 /.lg/L 

(a) Detection limits are in dry weight for all sediment and tissue parameters. 
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TARI P 6.3 List of Chemical Analytical Methods 

GFAA Graphite Furnace-Atomic Absorbtion - SCPs MSL-M-033 2 _ Trace Elements in 
Tissues and Sediments by Stabilized Temperature GFAA and MSL-M- 
032, Determination of Trace Elements in Water by Stabilized 
Temperature GFAA Spectrometry. 

CVAA Cold Vapor Atomic Absorption - SOP MSL-M-031, Total Mercury in 
Sediment and Tissue by CVAA. 

CVAF Cold Vapor Atomic Fluorescence - SOP MSL-M-027, Total Mercury In 
Aqueous Samples by CVAF. 

HAA Hydride Atomic Absorption - SOP MSL-M-035, Arsenic Speciation in 
Aqueous Samples. 

XRF SOP - 7-40.48, Procedures and Quality Control for Energy Dispersive 
X-Ray Fluorescence Spectroscopy Using the BFP Approach With the 
Kevex 0810A System 

ICPIMS EPA 6020, Inductively Coupled Plasma/Mass SpectrometryCLP-M, Version 
8.0 - Modified for the Contract Laboratory Program. 

NOAA MacLeod, W.D., et al. “Standard analytical procedures of the NOAA 
National Analytical Facility,” 19851986: Extractable toxic organic 
compounds, second edition. U.S. Dep. Commer. NOAA Tech. Memo. 
NMFS F/NWC-92. 1985. and Krahn et al. “New HPLC Cleanup and 
Revised Extraction Procedures for Organic Contaminants,” NOAA 
Technical Memorandum NMFS F/NWG153. 1988. Samples will be 
extracted, cleaned-up and quantified in accordance with the following 
respective NOAA based SOPS: 

For Pesticides/PC& - MSL-M-079, Extraction and Clean-up of 
Sediment and Tissue for Semivolatile Organics following the 
Surrogate Internal Standard Method; MSL-M-080, Extraction and 
Clean-up of Water for Semivolatile Organics following the 
Surrogate Internal Standard Method; and MSL-M-044, Analysis of 
PCBs and Chlorinated Pesticides by Gas Chromatography with 
Electron Capture Detection 

For PAHs - MSL-M-079, Extraction and Clean-up of Sediment and 
Tissue for Semivolatile Organics following the Surrogate internal 
Standard Method; MSL-M-080, Extraction and Clean-up of Water 
for Semivolatile Organics following the Surrogate Internal 
Standard Method; and MSL-M-043, identification and 
Quantification of Polynuciear Aromatic Hydrocarbons by Gas 
Chromatography/Mass Spectrometry 
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PREUMlNARY QC CHECKLIST DATE: 

PROJECT: PROJECT: 

PAWUEIER PAWUEIER 

eAlcw eAlcw 

BATTELLE #f BATTELLE #f 

SAMPLES INVOLVED: SAMPLES INVOLVED: 

oc Parameter 

suFlRoGATEs:(2) 

Mean surrogate 
Reoovely: 

Limits (1) Exoeedencer 

40 to 120% 

4oto120% 

Recovefies outside of limits +4- 15% from mean 

fez 40 to 120% 

h4ATFflx SPIKE 
(% Recoveries) f&al 4010 120% 

-RpD5: 4. 30% 

Method mnk 
(vatues above OL) Oetected Values 

sat +I- 3Q% 
Oifferenca from cert. mean 

(1) Control limits listed in f.koject quality assurano8 plan. 
(2) Note if this based on initial extraction or after re-extracts. 

Laboratory Manager: Batefte MSL Program Manager: 
Date: Date: 
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7.0 ANALYTICAL .PROCEDURES . 

Sediment, tissue and elutriate samples must be subjected to a series of chemical procedures and 
evaluations. These procedures and evaluations shall be governed by this QAPjP and/or 
Standard Operating Procedures. 

Care should be taken during the processing of all samples that enough material is extracted so 
that the dry-weight sample size is comparable (if enough sample is available) to the sample size 
used to determine the MDL (for organics - 309 for sediments, 209 for tissues, and 500 mL for 
elutriates; for inorganics - 1 Og for sediments, 1 Og for tissues, and 500 mL for elutriates. This will 
insure that the MDLs are as low. as possible for the sample analysis. In cases where there 
appears not to be enough material for the analysis, the client should be consulted to determine if it 
is possible to pool the samples (from appropriate replicates) to obtain enough material for a valid 
analysis. 

7.1 Samole Analvsis Scheme and Archiving Reauirements 

7.1 .l Samole Analv& Scheme 

The maximum batch size shall be 20 samples. Table 7.1 shows an example of the minimum 
(5%) QA/QC samples required for the analysis of a hypothetical batch of 20 samples. 

Table 7.1 Sample Analysis Scheme 

Numbec 

EXTRACTED SAMPLES 

s,, sp, S3, . . . , Sal 20 
SRM 1 

Ii% 1 
Blank 1 

Total ES,, . . . , ES20 24 

SEQUENCE OF ANALYSIS 

cc1 
ES I, . . . , ESto :0 
cc2 1 
ES, ,, . . . , ES&, 10 
CC? 1 
ES21, --. , ES24 
cc4 

Total 

7.1.2 Samole Archiving 

4 
1 

28 

. . 
IDtlOfj 

Field Sample 
Standard Reference Material 
Laboratory Duplicate 
Matrix Spike 
Reagent Blank 

Extracted Samples 

Calibration Check 
Extracted Samples 
Calibration Check 
Extracted Samples 
Calibration Check 
Extracted Samples 
Calibration Check 

Analytical Analyses 

If there is adequate sediment, tissue and/or elutriate sample remaining after extraction, an 
aliquot of the sediment and/or tissue shall be archived in a precleaned jar and stored frozen for 
up to 6 months after collection date. Storage location will depend on the type of sample and 
type of analysis (see project manager). Temperature of the archival facility shall be checked 
and recorded daily with a thermometer calibrated in accordance with MSL-M-047, Calibration 
and Use of Thermometers. 
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Chemistry Procedures 
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The sediment, tissue and elutriate samples must be subjected to a series of chemical evaluations 
following the procedures outlined in Table 6.3 and thissection of the QAPjP. Potential chemical 
constituents to be analyzed for, as well as the corresponding standard analytical methods on 
which the primary analytical laboratory bases its procedures, are shown in Table 6.2 and 6.3. 
Appendix A contains the list of the chemical analytical SOPS that will be used on this project. 

The sediment, tissue and elutrtate sam 
detection limits specified in Table 6.2. P 

les shall be anal ed for the parameters using the 
f these detection imits are not achievable, attempts shall P 

be made to achieve the lowest practical detection limits. 

The analyses will be distributed as listed below. Changes to this list shall be approved by the 
Program Manager and the client prior to submittal to the laboratory for analysis. 

LaboratoR Sediment iissue Elutriate 

Marine Sciences 
Laboratory 

Metals, Pesticides, 
PCBs. PAHs 

Metals, Pesticides, 
PCBs, PAHs 

Metals, Pesticides, 
PCBs, PAHs 

Pacific Northwest 
Laboratories 

Metals (Al, As, Cr. Cu, Metals (As, Cu. Fe, N/A 
Fe, Mn, Pb, Ni, Zn) Mn, Zn) 

. . . 
731 QZOanics~6diwntsand 

The details of the sediment extraction procedure for PAH and PCB/pesticide analysis are 
presented in SOP MSL-M-079, Extraction and Clean-up of Sedlment and Tissue for 
Semivolatile Organics following the Surrogate Internal Standard Method. Bnefly, 
samples will be spiked with the surrogates. Samples will be solvent extracted and then 
purified using alumina/silica column chromatography followed by high-performance site- 
exclusion chromatography. Extracts will be quantified by the internal standard method, using 
surrogate internal standards. 

PCB and pesticide analysis will be carried out by capillary gas chromatography with electron 
capture detection (GWECD) as described in SOP MSL-M-044, Analysis of 
Polychlorinated Biphenyls and Chlorinated Pesticides by Gas Chromatography with 
Electron Capture Detection. For PCBs and Pesticides, all analyses require qualitative 
confirmation using a second column which is different from the one used in the initial 
quantitative GC analyses. PAHs will be determined by capillary gas chromatography/mass 
spectrometry (GUMS) using selected ion monitoring according to SOP MSL-M-043, 
Identification and Quantification of Polynuclear Aromatic Hydrocarbons by Gas 
Chromatography/Mass Spectrometry. 

The details of the elutriate extraction procedure for PAH and PCB/pesticide analysis are 
presented in SOP MSL-M-080, Extraction and Clean-up of Water for Semlvolatlle 
Organics foilowing the Surrogate Internal Standard Method. Samples will be spiked 
with the surrogates, solvent extracted and then the concentrated sample extracts will be 
cleaned up by alumina/silica column chromatography prior to analysis. If necessary, sulfur 
from sample extracts will be removed by a copper clean up procedure. Extracts will be 
quantified by the internal standard method, using the surrogate internal standards. 

m 

m 

I 

m 

II 
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PCB and pesticide analysis will be carried out b 
capture detection (GC/ECD) as described in S 8 

capillary gas chromatography with electron 
P MSL-M-044, Analysis of 

Poiychlorlnated Biphenyis and Chlorinated Pesticides by Gas Chromatography with 
Electron Capture Detection. For PCBs and Pesticides, all analyses require quairtatrve 
confirmation using a second column which is different from the one used in the initial 
quantitative GC anal ses. PAHs will be determined by capillary gas chromatography/mass 
spectrometry (GUM 6 ) using selected ion monitoring according to SOP MSL-M-043, 
Identification and Quantification of Poiynuciear Aromatic Hydrocarbons by Gas 
Chromatography/Mass Spectrometry. 

. 
Metals in Sed~!qeo& 

Energy dispersive x-ray fluorescence (XRF) spectroscopy does not require sediments to be 
processed beyond freeze drying and grinding. Dried subsamples of the homogenized 
sediment samples will be exposed to XRF for quantitation of aluminum, arsenic, chromium, 
copper, iron, lead, manganese, nickel, and zinc. XRF analysis will be performed according to 
SOP 7-40.48, Procedures and Quality Control for Energy Dispersive X-Ray 
Fluorescence Spectroscopy Using the BFP Approach with the Kevex 0810A 
System. 

For analysis by atomic absorption, additional sediment subsamples will be digested with an 
HN03/HCLO4 acid mixture and then subsequently with hydrofluoric acid according to SOP 
MSL-M-007, TAMU Sediment Digestion. The resultant digestate will then be split for 
analysis of cadmium and silver by graphite furnace atomic absorption (GFAA) spectrometry, 
mercury by cold vapor atomic absorption (CVAA), and tin by inductively coupled 
plasma/mass spectrometry (iCP/MS). Specific details of analytical procedures are included in 
SOPS MSL-M-033, Trace Elements in Sediment and Tissues by GFAA; MSL-M-031, 
Total Mercury in Tissues and Sediment by CVAA; and EPA Method 6020. 

For all metals analyzed by atomic absorbtion and ICP/MS, results will be blank corrected by 
subtracting the blank absorbance readings prior to performing quantitation calculations. 

7 3 4 Metals in Tissues 

Energy dispersive x-ray fluorescence (XRF) spectroscopy does not require tissues to be 
processed beyond freeze drying and grinding. Dried subsamples of the homogenized tissue 
samples will be exposed to XRF for quantitation of arsenic, copper, iron, manganese, and 
zinc. XRF analysis will be performed according to SOP 7-40.48, Procedures and Quality 
Control for Energy Dispersive X-Ray Fluorescence Spectroscopy Uslng the BFP 
Approach with the Kevex 0810A System. 

For analysis by inductively coupled plasma/mass spectrometry (lCP/MS) and cold vapor 
atomic absorption (CVAA), additional tissue subsamples will be digested with an 
HN03/HClOd acid mixture according to SOP MSL-M-0018, TAMU Tissue Digestion. The 
resultant digestate will then be split for analysis of aluminum, cadmium, chromium, lead, nickel, 
and silver by ICPIMS and mercury b 
included in EPA Method 6020 and J 

CVAA. Specific details of analytical procedures are 
OP MSL-M-031, Total Mercury in Tissues and 

Sediment by CVAA. 

For all metals analyzed by atomic absorbtion, results will be blank corrected by subtracting 
the blank absorbance readings prior to performing quantitation calculations. For all metals 
analyzed by ICP/MS, results will be blank corrected by subtracting the signal readings prior 
to performing quantitation calculations. 

7.2.5 Metals in Elutriates 

For cadmium, copper, lead, nickel and silver; samples are extracted in accordance with SOP 
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MSL-M-034, APDC Extraction for Trace Metals in Water. Briefly, samples are chelated, 
precipitated out of solution, the filtered, The filter is digested in concentrated acid and the 
digestate anal ed in accordance with SOP MSL-M-032, Determination of Trace 
Elements in &f ater by Stabilized Temperature Platform GFAA Spectrometry or EPA 
Method 6020. 

For aluminum, chromium, iron, manganese, and zinc: samples are analyzed directly in 
accordance with SOP MSL-M-032, Determination of Trace Elements in Water by 
Stabilized Temperature Platform GFAA Spectrometry. 

For tin; samples are analyzed directly in accordance with EPA Method 6020. 

For mercury; samples are analyzed directly in accordance with SOP MSL-M-027, Total 
Mercury in Aqueous Samples by CVAF. Briefly, this method is a CVAF technique, based 
upon the emission of 254 nm radiation by excited Hg” atoms in an inert gas stream. Mercuric 
ions in the oxidized sample are reduced to Hg” with SnCl*, and then purged onto gold-coated 
sand traps as a means of preconcentration and interference removal. Mercury vapor is 
thermally desorbed to a second “analytical” gold trap, and from that into the fluorescence cell. 
Fluorescence (peak ares) is proportional to the quantity of mercury collected, which is 
quantified using a standard curve as a function of the quantity of sample purged. 

For arsenic; the samples are analyzed in accordance with SOP MSL-M-035, Arsenic 
Speciation in Aqueous Samples. Briefly, arsenate, arsenite, methylarsonic acid and 
dimethylarsinic acid are volatilized from solution at a specific pH after reduction to the 
corresponding arsines with sodium borohydride. The volatilized arsines are then swept onto 
a liquid nitrogen cooled chromatographic trap, which upon warming, allows for a separation of 
species based on boiling points. The released arsines are swept by helium carrier gas into a 
quartz cuvette burner cell, where the 
concentrations are then determined fl 

are decomposed to atomic arsenic. Arsenic 
y atomic absorption spectroscopy. 

For all metals analyzed by atomic absorbtion, results will be blank corrected by subtracting 
the blank absorbance readings prior to performing quantitation calculations. For all metals 
analyzed by ICP/MS, results will be blank corrected by subtracting the signal readings prior 
to performing quantitation calculations. 

8.0 SAMPLE CUSTODY AND LAB DOCUMENTATION 

All of the samples shall be handled in such a manner to preclude the contamination or loss of any 
of the samples. Following receipt of samples at the MSL, all samples shall be stored as required 
by section 6.3 of this QAPjP. Temperatures of the storage facilities shall be checked and 
recorded daily with a certified thermometer or a thermometer calibrated in accordance with MSL-M- 
047, Calibration and Use of Thermometers. 

8.1 Sample Chain-of-Cu&& 

The chain-of-custody of samples from the MSL to the Richland, Pacific Northwest 
Laboratories analytical XRF lab shall be controlled in accordance with MSL-A-002, Sample 
Chain-of-Custody. 

Lab documentation shall be reviewed by the cognizant peer reviewer for completeness, 
legibility and reasonableness. This review shall be documented by signature or initials of the 
reviewer and date of review on the documentation. Only black ink shall be used to record 
information on data forms. 

P 

m 

h 

E 

*F 

W 

‘li 

1, 
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6.3 CorrectiQns to Documentation 

If an error is made on any field or laboratory documentation, an individual may correct the error 
by drawing a single line through the error and entering the correct information. The error shall 
not be obliterated. All non-editorial corrections shall be initialed and dated. 

9.0 CALIBRATION PROCEDURES AND FREQUENCY 

All measuring and test equipment (M&TE) must be controlled in accordance with PNL-h,,A-70 
Administrative Procedure PAP-70-1 201, Calibration Control System. All M&TE used on this 
project shall be traceable to the data collected and shall be calibrated before use. 

rcal Chem@rv Calibratipn 

Calibration methods for all chemical analytical processes are addressed in each specific 
SOP. Calibration check standard acceptance criteria are addressed in Table 6.1. As a 
minimum, calibrations should include: 

. standards that are traceable to nationally recognized standard organization(s) 

. standards that are within their expiration date 

. using standard concentrations that bracket the expected concentration of the 
sample(s) 

10.0 DATA REDUCTION, VALIDATION, AND REPORTING 

The following sections briefly describe the data reduction, validation, and reporting procedures 
that shall be used. 

Reduction and &porting 

Chemistry Data 

Data packages for chemical analyses shall include, as applicable, the following: 

1) Analytical results 
. analyte concentration 
l sample weight 
. percent moisture (for non-aqueous samples) 
l final volume of extract or diluted sample 

2) Holding Times/Sample Tracking Infomation 
l date samples received 
. date samples extracted and/or digested 
. date analyzed for each parameter 
l Battelle log-in form with Battelle ID, client ID and batch number 

3) Surrogates 
. amount of surrogate spiked, and percent recovery of each surrogate 

4) Matrix Spike 
. amount spiked and percent recovery 

5) Calibration Check Sample 
l amount spiked, and percent difference of each compound 

6) Blank 
. identity and amount of each constituent 
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7) Detection Limit 
l analyte detection limits with methods’of estimation 

8) Chromatograms (for organic analysis) 
All chromatograms properly labeled with or traceable to: 
. sample identification 
. method identification 
l identification of retention time of analyte on the chromatograms 

9) Quantitative Chromatogram Report 
l retention time of analyte 
. detector response 
l amount of analyte found 
. data and time of injection 

10) Calibration 

Page 20 of 24 Ed 
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l calibration curve of coefficients of the linear or non-linear equation which 1 
describes the calibration curve 

. concentration/response data (or relative response data) of the calibration check 
standards, along with dates on which they were analytically determined aa 

11) Results of Standard Additions 

12) Results of Serial Dilutions 

All results will be reported in a tabular format and will include the following information: 

Results of sample analyses on a dry weight basis for sediments and tissues. I 
Units for individual parameters and flags used to qualify the data are presented in 
Section 10.3 and will be noted on individual analysis results tables. 

Percent moisture for sediments and tissues w 

Achieved MDLs 

Surrogate recoveries 

Results of procedural blank analyses. Data for metals will be blank corrected 
while organic data will not. 

Amounts expected and recovered, and percent recoveries, for matrix spikes. 

Results of duplicate analyses reported as RPD. 

Results of SRMs and recoveries. 

QA/QC summaries that identify, by analyte, whether the following QC 
requirements were met or not: holding times, detection limits, method blanks, matrix 
spikes, duplicates, SRMs, surrogates. When the QC data have exceeded the 
criteria, a qualification of the data will also be part of the QAIQC summaries. v 

4 10.2 Proce s f r Handlin 

When the initial data review identifies suspect data, that data must be investigated to ’ 
m 

establish whether it reflects true conditions or an error. The investigation shall be 
documented. If the data value is determined to be in error, the source of the error must be 
investigated, the correct value established if possible, and the erroneous value replaced with - 
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the correct value. If the investigation concludes that the data are suspect (possibly in error) 
but a correct value cannot be determined, the data must be flagged to indicate its suspect 
status. 1 

. 
10.3 Smrd Ur~tss 

The standard units used to report data are: 

Metals p.g/g and pg/L 
PAH rig/g and w/L 
Pesticides & PCBs nglg and pg/L 

The standard data flags used to report data shall be: 

U 
n 
S 
W 
l 

+ 

analyte was not detected below the MDL shown 
reported value is below the LOQ 
not reported due to matrix interference 
not quantified 
not reported 
reported value below the MDL 
quantification based on alternate internal standard 
analysis performed with selected ion monitoring 
value shown may be biased as determined by recovery of analyte in reference 
material 
analyte was not detected at the instrument detection limit 
the surrogate recovery is out of control 
the sample was analyzed by method of standard addition 
matrix spike outside of recovery control limits 
the duplicate is out of control 
correlation of 0.995 was not met for the method of standard addition 

10.4 Data Validation 

A series of reviews by technical personnel will be implemented to ensure that the data 
generated for this projects meet the data quality objectives. These reviews will include the 
following: 

. Data will be reviewed by the laboratory personnel periodically to ensure that sample 
analytical activities are completely and adequately documented. 

l Reviews of analytical results and supporting documentation will be the responsibility of 
the Lab Managers. The Lab Manager will review sample holding times, sample 
preservation, e uipment calibration, and sample integrity. The results of QC 
measurements 9 Section 6) will be compared to pre-established criteria as a measure of 
data acceptability. 

. All calculations performed manually will be checked for accuracy by someone other than 
who performed the original calculation. Checking shall be performed by qualified persons 
who did not participate in performing the calculations. Checking shall be documented, by 
signature and date on the calculation worksheet. Separate documentation is acceptable, 
provided traceable records are maintained. 

l The following shall be performed for verification of data input into spreadsheets and/or 
data bases: 
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The staff member entering data shall assure correct entry into the software by comparing 
data with the hard copy of the data listing. If errors are discovered, the errors shall be 
corrected and a new data listing generated. When data are correctly entered, the staff 
member entering the data shall srgn and date the correct data listing and submit It as a 
project record. 

l A final data audit by the quality assurance engineer will be performed prior to submission 
of the data and report to the client. This audii ensure that the data are accurate, traceable, 
defensible, and complete, as compared to the planning documents. The audit procedure 
(MSL-Q-005, Quality Assurance Data Audits) is a statistical, randomized check which 
involves comparing selected reported values to the original data. This procedure is 
designed to ensure a 95 percent chance of detecting whether one percent or more 
reported values disagree with the original data. 

Data deliverables are due to the client within 90 days from initiation of sample analyses. 
Appendix B contains the Data Deliverable requirements from the client. The MSL may 
develop its own data deliverable if: 

1) The proposed data deliverable contains the information and data according to the minimum 
reporting requirements identified in Appendix B in an equivalent format; and 

2) The proposed data deliverable format is approved by NCCOSC prior to submission. 
The NCCOSC will work with the MSL to assure that the data deliverable meets the 
specifications of this requirement in the most cost-effective manner. 

11.0 SURVEILLANCE AND AUDITS 

Verification surveillances are performed by the project Quality Engineer in accordance with QAP- 
70-l 001, Plannlng and Performing Surveillance. Surveillances are performed to ensure that a 
specified requirement, or set of requirements, is being met. Surveillances can be performed as 
real time observations during the analytical process to ensure that specific applicable procedures 
are being implemented. Surveillance can also be performed to ensure that the resultant project 
data are traceable back through the analytical process, through sample handling and 
transportation, back to the date. location, staff, and technique used to prepare the sample. 

As a minimum, at least one surveillance must be performed during the following key activities on 
the project: 

l traceability of data 
. compliance of data with data quality objectives 

System audits are performed by the PNL Quality Verification (QV) Department on a periodic 
basis. This project is subject to inclusion in the QV audit schedule. 

The results of surveillances and audits shall be made available to project and line management as 
well as to key individuals contacted. 

12.0 SPECIFIC ROUTINE PROCEDURES USED TO ASSESS DATA PRECISION, 
ACCURACY, AND COMPLETENESS 

Because of,the nature of environmental measurements, it is frequently difficult or impossible to 
know the “true” value of the measured parameter. The accuracy of the measured value must 
instead be inferred through the use of QC samples of known composition. This project uses this 
method to verify that the data quality objectives (DQOs) established in Tables 6.1 and 6.2 have 
been met. Since this project is not a monitoring project, routine procedures to monitor data 
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precision, accuracy, and completeness are not required. Precision, accuracy, and completeness 
will be calculated following equations presented in Section 6. The results will be reported in 
quali control tables in the final report. These results will be compared against the DQOs 
estab ished in Tables 6.1 and 6.2 and this comparison will also be reported in the final report. Y 

13.0 CORRECTIVE ACTION 

The need for corrective action may be identified by the technical staff during the course of their 
work or through QA surveillances or audits. Each individual performing laboratory or data 
processing activities will be responsible for notifying the appropriate supervisory personnel of 
any circumstance that could affect the quality or integrity of the data. 

Deviations typically result from unforeseen circumstances. Deviations apply when the quality of 
reportable data is indeterminate, (Le., not objective evidence is available to substantiate data 
quality or to indicate that established procedures/requirements were met). All deviations from 
approved SOPS or this QAPjP must be documented. Depending on the severity of the 
deviation, the Program Manager shall determine how the deviation shall be documented (i.e., 
through use of a Miscellaneous Documentation Form per MSL-A-005, Deviation from 
Protocols and SOPS, establishment of a Deficiency Report per PAP-70-1502, Controlling 
Deviations from QA Requirements and Established Procedures, etc.). The following are 
guidelines to resolving deficiencies: 

l The need for corrective action at the laboratory level, such as broken samples, improper 
instrument calibration, etc. will be addressed by the lab Manager. 

. Corrective actions for results outside established DQOs are addressed in section 6.2. 

9 See section 20.2 for information required to document changes to SOPS and QAPjPs. 

14.0 QUALITY ASSURANCE REPORTS TO MANAGEMENT 

Significant problems (e.g., problems affecting the qualify of the work) uncovered by project 
personnel must be reported to line management immediately for resolution. Significant problems 
rnvolving data quality or sample integrity must be thoroughly documented. Line management 
must be included on the distribution of all audit and surveillance reports. Significant problems 
encountered in day-to-day operations must be reported to line management immediately by the 
Program Manager. 

15.0 RECORDS 

Records shall be indexed and subsequently maintained in accordance with PNL-MA-68, 
Records Management. All project records shall be made available for storage after project 
completion and/or after client approval of the final report. The retention period for storage shall be 
specified on the Records Inventory/Disposition Schedule (RIDS). Records will not be turned 
over to the client unless specifically requested. The project Quality Engineer does not have to 
approve the RIDS. 

16.0 PROCUREMENT CONTROL 

Procurements of items and subcontracted services are governed by PNL-MA-70 Administrative 
Procedure PAP-70-401, Preparation, Review, and Approval of Purchase Requisitions. 

Subcontractors used by PNL shall be required to follow the applicable requirements delineated in 
this QA Plan. For subcontractors that will be performing chemical analysis, a preaward evaluation 
of the capabilities of that supplier shall be made by either a representative of the Quality Control 
group or by the Project Quality Engineer. Specific sections of this QAPjP that shall be passed 
on to these chemical analytical labs include, as a minimum: Section 6 and 13. Other portions of 
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this QAPjP (e.g., requirements for training, sample chain-of-custody, etc.) may be passed on at 
the discretion of the Program Manager and Project Quality Engineer. 

Samples submitted to analytical labs shall be accompanied with, as a minimum, directions for the 
following: 1) chain-of-custody; 2) analysis turnaround time; 3) QC requirements; 4) methods; and 
5) notification of MSL staff when Data Quality Objective (DQO) requirements are exceeded. 
Corrective action for DQO exceedences shall be coordinated with MSL and analytical staff and 
shall follow guidance of section 6.2 of this QAPjP. 

17.0 STAFF TRAINING 

Staff performing activities affecting quali shall have documented training for the applicable 
standard operating procedures and this 8 APjP. Training shall be documented in accordance with 
MSL-A-006, Marine Sciences Laboratory Training either through the issuance of training 
assignments for read/study training or through briefings given by the Quality Engineer, Project 
Manager or Lab Manager. 

Current resumes of key project staff shall be maintained in the project files. The resumes should 
be updated annually. As a minimum, the resume shall contain the following: 

l education completed (e.g., degree and major) 
. work experience (employer and major responsibilities) 
l licenses and certifications 
. related training and qualifications 

18.0 DOCUMENT CONTROL 

18.1 QAPiP Control 

Distribution, control and modifications of this QAPjP shall be performed in accordance with PNL- 
MA-70 Administrative Procedure PAP-70-205, Quality Assurance Plans. Distribution and 
control of this QAPjP will be performed by the project. A distribution list shall be maintained in 
project files and updated as new copies are distributed. Modifications shall be made either by 
revision or by issue of an Interim Change Notice. Any PNL staff may request a change to this 
QAPjP at any time by notifying the Program Manger or Quality Engineer. 

-Standard Procedure Control 

Distribution of Standard Operating Procedures (SOP) will be controlled in accordance with PNL- 
MA-70 Administrative Procedure PAP-70-601, Document Control by the MSL Quality 
Assurance Office. Formal changes to SOPS must be performed in accordance with PNL-MA-70 
Administrative Procedure PAP-70-602, Document Change Control. Modifications shall be 
made either by revision or by issue of an Interim Change Notice. Any MSL staff may request a 
change to the SOPS at any time by notifying the Project Manger or Quality Engineer. 

Deviations from SOPS should be documented on a Miscellaneous Documentation Form and shall 
be approved by the Project Manager. 
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NAVAL SHIPYARD PORTSMOUTH SOP LIST 

SOP No. SOP Title 

Battelle Marine Sciences Laboratory, Sequlm, kshlngton 

MSL-A-002 Sample Chain of Custody 

MSL-A-005 Deviations from Protocols and SOPS 

MSL-D-001 Recording Data on Data Sheets and Laboratory Notebooks 

MSL-O-005 Quality Assurance Data Audits 

MSL-M-007 TAMU Sediment Digestion 

MSL-M-018 TAMU Tissue Digestion 

MSL-M-027 Total Mercury in Water 

MSL-M-031 Total Mercury in Sediment and Tissue by CVAA 

MSL-M-032 Trace Elements in Water by Stabilized Temperature GFAA SpeCtrOmetQ’ 

MSL-M-033 Trace Elements in Tissues and Sediments by Stabilized Temperature GFAA 

MSL-M-034 APDC Extraction for Trace Metals in Water 

MSL-M-035 Arsenic Speciation in Aqueous Samples 

MSL-M-043 Identification and Quantification of Polynuclear Aromatic Hydrocarbons by Gas 
Chromatography/Mass Spectrometry 

MSL-M-044 

MSL-M-047 

MSL-M-056 

MSL-M-071 

MSL-M-079 

MSL-M-080 

Analysis of Polychlorinated Biphenyls and Chlorinated Pesticides by Gas 
Chromatography with Electron Capture Detection 

Calibration and Use of Thermometers 

Stock and Standard Solution Preparation 

Operation and Maintenance of Hewlett-Packard 59708 Gas ChromatograpNMass 
Selective Detector (GC/MS) 

Extraction and Clean-up of Sediments and Tissues for Semivolatile Organics 
following the Surrogate Internal Standard Method 

Extraction and Clean-up of Waters for Semivolatile Organics following the 
Surrogate Internal Standard Method 

Battelle Paclflc Northwest Laboratory, Richland, Washington 

7-40.48 Procedures and Quality Control for Energy Dispersive X-Ray Fluorescence 
Spectroscopy Using the BFP Approach with the Kevex 081 OA System. 
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DATA DELIVERABLE 

1. INTRODUCTION 

This specification identifies the data deliverable required 
for reporting the results of routine chemical analysis conducted 
according to the QA/QC specifications of NRaD TD 2296. 

2. DATA REPORT -- HARDCOPY 

The Data Report contains a hardcopy documentation of the 
final results and appropriate flags for each sample analyzed, 
along with all supporting data validation information. Data 

validation information includes instrument tuning and 
calibration, blank and spike recoveries, and all other quality 
control data, developed on a batch-by-batch basis. A narrative 

will be prepared for each batch which describes the key 
performance criteria evaluated to validate the batch as well and 
any discrepancies or deviations from the QA/QC plan. Any 
corrective measures taken during the analysis will also be 
documented in the narrative. The data report will also contain 
hardcopies of the contents of the Data Diskettes. 

3. DATA DUMP -- DATA DISKETTE 

The Data Dump will consist of information provided on a 3.5 
inch, PC-compatible diskette. The following information will be 
contained on the diskette: 

A. Data Files (*.DAT). ASCII text files with column or comma 
delimited fields. Data files should not contain any tabs or 
other control characters. Missing values should be entered as 
blanks for column delimited files, or null values for comma 
delimited files. 

(1) DATA RECORD. A data record, which provides all the 
information for one sample, shall consist of an explicitly 
defined number of rows and columns in the file and shall be 
consistent through out the data file. The minimum 
information required per record includes: 
(a) All pertinent sample identification and tracking 

information (e.g. field sample ID, lab sample ID, 
batch ID number, sample replicate or duplicate number, 
date sampled and received, etc.) and should be cross- 
referenced to the appropriate chain-of-custody 
information; 

(b) Sample information (sample matrix, weight/volume, 
moisture/solid content, units of measure, color, 
texture, etc.); 
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(c) Analytical results (in concentration per dry weight or 
volume) and analytical flag (if applicable). 
-Nondetected results should be reported as values and 
flagged according to the QA/QC plan. 

(2) DATA FILES may be arranged according to the analysis 
type (e.g. metals, PAHs, PCBs, Pesticides, etc.) 

(3) DATA FILES must contain unique identifier, or 
combination of identifiers, to uniquely identify each 
record. 

(4) DATA FILES must be fully documented with a 
corresponding VARIABLE FILE (see below). 

(5) DATA FILES prepared shall include the following: 

(a) SAMPLE RESULTS. A data file which contains the 
validated results of all field and duplicate 
samples. Each record should contain the 
concentration and QA/QC flag obtained for each 
analyte measured for the analysis type being 
reported. 

(b) 

(cl 

BLANK RESULTS. A data file which contains the 
validated concentrations obtained from analysis 
of blanks. Nondetected values should be reported 
as either background or zero, which ever is more 
appropriate for the analyte of the analysis type 
being reported. Each record for the blanks must 
be cross-referenced to the sample results for 
which the blank results apply (eg. by batch ID 
number). 

REFERENCE STANDARD RESULTS. A data file which 
contains the validated concentrations obtained 
from the analysis of SRM or CRMs. The first 
record of the file should contain the ID and 
certified and noncertified concentrations of the 
SRM/CRM used for the analytes 'of the analysis 
type being reported. Nondetected values should 
be reported as either the instrument detection 
limit (IDL) or method detection limit (MDL) and 
flagged accordingly. Each record for the blanks 
must be cross-referenced to the sample results 
for which the blank results apply (eg. by batch 
ID number). 

/w fr(‘r 
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(d) SPIKE RECOVERIES. A data file which contains the 
validated concentrations obtained from analysis 
of spiked matrices. The first record of the file 
should contain identification of the spike and 



the know concentrations of the spike used. 
Nondetected values should be reported as IDL or 
MDL concentrations and flagged accordingly. Each 
record for the blanks must be cross-referenced to 
the sample results for which the blank results 
apply (eg. by batch ID number). 

B. VARIABLE FILES (*.VAR). An ASCII text file created for each 
data file (*.DAT) which documents the contents of the data file. 
The variable file contains the following minimum number fields: 

1. HEADER: 
FILENAME - variable file name (*.VAR) 
DATA FILENAME - data filename (*.DAT) 
AUTHOR/PI - author or principal investigator who 
created the file, affiliation, address and phone 
number. 
COMMENT - describes the nature of the data and 
identified the performing laboratory 
QA Check: Identifies person (and date) who verified 
the accuracy of the information contained in both the 
data and variable files. 

2. DATA TYPES and RECORD LENGTH: Documents record length 
and data types (integer, character, fixed decimal, etc.) 
used in the file. 

3. VARIABLE LIST. Presents the variable names, column 
positions, data type, and descriptions in a tabular format. 
The description should include units of measure, allowable 
ranges, and any other information necessary to understand 
the data values. 

4. DATA FLAGS. Documents data qualifier codes used to flag 
variables. 

5. META DATA: As identified in Federal Register 48 (191): 
30503 

(a) INTENDED USE: The intended use of the data and the 
associated acceptance criteria for data quality 
(precision, accuracy, representativeness, 

' completeness, comparability) 

(b) CORRECTNESS: Project requirements for precision, 
accuracy, representativeness, completeness, 
comparability, and how these will be determined. 

(C) SAMPLE COLLECTION/PREPARATION: Procedures for 
selection of samples or sampling sites and collection 
or preparation of samples. 
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(d) SAMPLE HANDLING AND STORAGE: Procedures for sample 
handling, identification, preservation, 
transportation, and storage. 

(e) MEASUREMENT METHOD AND PERFORMANCE 
CHARACTERISTICS: description of measurement methods or 
test procedures with a statement of performance 
characteristics if methods are nonstandard. 

(f) QUALITY ASSURANCE/QUALITY CONTROL PROCEDURES: 
Standard quality assurance / quality control 
procedures (e.g. American Society for Testing 
Materials, American Public Health Association standard 
procedures) to be followed. Non-standard procedures 
must be documented. 

(g) DATA REDUCTION AND REPORTING: Data reduction and 
reporting procedures, including description of 
statistical analyses to be used. 

6. OTHER. Other information deemed appropriate by the 
investigator. (Could include ASCII text versions of the 
hardcopy case narratives, if appropriate). 

4 EXAMPLES. Examples of properly formatted and documented data 
deliverables are appended to this document. 
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WATERDA2.VAR 

A. HEADER 
FILENAME: waterda2.var 
DATAFILE: waterda2.dat 
AUTHOR: Robert K. Johnston, 

Marine Environmental Support Office 
Naval Command Control and Ocean 
Surveillance Center, Code 522 
c/o USEPA Environmental Research Laboratory Narragansett 
27 Tarzwell Dr. 
Narragansett, RI 02882 
(401)295-5462 FAX: 401-295-5462 
ERLN: (401)782-3088 GSO:(401)792-6273 

COMMENT: CEIMIC marine water chemistry data (raw data) 

GA Check: RKJ Jan. 17, 1993 

B. DATA TYPES 
DATA TYPES: I = integer 

A= 
D= 

character string 
fixed decimal with explicit decimal point 

size = i row by 193 co’ls. One Sample per Record; Record 

C. VARIABLE 

variable 
EPA10 

REP 
DUP 

CID 16- 27 
STA 29- 30 
COMMNET 32- 55 

YEAR 57- 58 
MON 60- 61 
DAY 63- 64 
SALINITY 69- 73 

76- 80 
82 
88; 91 

:38-101 
103 
108-111 
113 
118-121 
123 
127-131 
133 
136-141 
143 
147-!51 
153 

LIST 
column 
position 
beg-end 

l- 8 
Description 

EPA id number, identifies unique sampling 
event 
Replicate assigned on chain-of-custody 
Duplicate number which identifies repeated 
analytical measurements: e.g. 1 = first 
analysis; 2 = duplicate analysis; 3 = 
tripicate analyssi, etc. 
Ceimic id number (sample ID) 
Station location recorded on chain-of-custody 
Comment from chain-of-custod (includes Hart 
ID number used for seep samp Y es) 
Year sample was taken (91 or 92) 
Month sample was taken (1 - 12) 
Day sample was taken (1 - 31) 
Salinity recorded for the water sample in 
parts per thousand (o/00) 
Aluminum concentration ug/L (ppb) 
Data flag for AI. 
Silver concentration ug/L (ppb) 
Data Flag for Ag 
Arsenic concentration ug/L (ppb) 
Data Flag for As 
Cadmium concentration ug/L (ppb) 
Data flag for Cd 
Chromium concentration ug/L (ppb) 
Data flag for Cr 
Copper concentration ug/L (ppb) 
Data flag for Cu 
Iron concentration ug/L (ppb) 
Data flag for Fe 
Mercury concentration ug/L (ppb) 
Data flag for Hg 

1 
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157-161 
163 
168-171 
173 
176-181 
183 
186-191 
193 

Manganese concentration ug/L (ppb) 
Data flag for Mn 
Nickel concentration ug/L (ppb) 
Data Flag for Ni 
Lead concentration ug/L (ppb) 
Data flag for Pb 
Zinc concentration ug/L (ppb) 
Data flag for Zn 

0. Data Flags: 

DATA QUALIFIER CQDES USED BY THE ERA-NSYP PROJECT 

A. ORGANICS and INORGANICS. 

Code 
------ 

i 

: 

t 
h 

:, 

U 

Description 
._-_________---___------------------------------------ 
analyte was not detected below the MDL shown 
reported value is below the LOCI 
not reported due to matrix interference 
not quantified 
not reported 
reported value is below the MDL 
quantification based on alternate internal standard 
analysis performed with selected ion monitoring 
value shown may be biased as determined by recovery of 

analyte in reference material 
analyte was not detected at the instrument detection limit 

B. INORGANICS. Additional flags allowed: 

Code Description 
------ ---_-_--_--____-__------------------------------------ 

n the spike recovery is, out of control 
S the sample was analyzed by method of standard addition 
W analytical spike outside of 85-115% recovery 
* the duplicate is out of control 
+ correlation of 0.995 was not met for the method of 

standard addition 

E. METADATA: 

(1) USE: 
Data usage and acceptability is documented in 'Work/Qualit Assurance 

Project Plan for the NOSC/ERLN Case Study of Estuarine Ecologica Y Risk 
Assessment at Naval Shipyard Portsmouth, Kittery, Maine’, September 1991. 
Prepared by EPA-ERLN and Marine Environmental Support Office of NOSC, W.G. 
Nelson and R.K. Johnston, Project Officers. 

(2) PROJECT REQUIREMENTS FOR PRECISION, ACCURACY, REPRESENTATIVENESS, 
COMPLETENESS, AND COMPARABILITY. 

See: ‘Work/Quality Assurance Project Plan for the NOSC/ERLN Case Study 
of Estuarine Ecological Risk Assessment at Naval Shipyard Portsmouth, 
Kittery, Maine’, September 1991. Prepared by EPA-ERLN and Marine 
Environmental Support Office of NOSC, W.G. Nelson and R.K. Johnston, Project 
Officers. 

c 

‘I, 

m 

s 
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(3) SAMPLING SITES AND COLLECTION/PREPARATION PROCDURES: 
The sampling plan is documented in ‘Work/Quality Assurance Project 

Plan for the NOSC/ERLN Case Study of Estuarine Ecological Risk Assessment at 
Naval Shipyard Portsmouth, Kittery, Maine’, September 1991. Prepared by EPA- 
ERLN and Marine Environmental Support Office of NOSC, W.G. Nelson and R.K. 
Johnston, Project Officers. 

Standard Operating Procedures (SOPS) used for sample collection and 
preparation are documented in: Mueller, Munns, Cobb, Petrocelli, Pesch, 
Nelson, Burdick, Short and Johnston (eds), 1992. ‘Standard Operating 
Procedures and Field Methods Used for Conducting Ecological Risk Assessment 
Case Studies: Naval Construction Battalion Center Davisville, RI, and Naval 
Shipyard Portsmouth, Kittery, ME”, Naval Command, Control and Ocean 
Surveillance Center ROT&E Division Technical Document 2296. 

Evaluation of method performance and results is contained within: 
Johnston, Munns, Mills, Short, and Nelson (eds 1992. ‘An Estuarine 
Ecological Risk Assessment Case Study for Nava 1 
Kittery, Maine: DRAFT Peliminary Phase I Report’ 

Shipyard Portsmouth, 
, prepared by Naval Command 

Control and Ocean Surveillance Center and EPA-ERLN (Nov. 1992). 

(4) SAMEkE HANDILING AND STORAGE: 
: ‘Work/Quality Assurance Project Plan for the NOSC/ERLN Case Study 

of Estuarine Ecological Risk Assessment at Naval Shipyard Portsmouth, 
Kittery, Maine’, September 1991. Prepared by EPA-ERLN and Marine 
Environmental Support Office of NOSC, W.G. Nelson and R.K. Johnston, Project 
Officers. 

Standard Operating Procedures (SOPS) used for sample collection and 
preparation are documented in: Mueller, Munns, Cobb, Petrocelli, Pesch, 
Nelson, Burdick, Short and Johnston (eds), 1992. ‘Standard Operating 
Procedures and Field Methods Used for Conducting Ecological Risk Assessment 
Case Studies: Naval Construction Battalion Center Davisville, RI, and Naval 
Shipyard Portsmouth, Kittery, ME’, Naval Command, Control and Ocean 
Surveillance Center ROT&E Division Technical Document 2296. 

Evaluation of method performance and results is contained within: 
Johnston, Munns, Mills, Short, and Nelson (eds) 1992. ‘An Estuarine 
Ecological Risk Assessment Case Study for Naval Shipyard Portsmouth, 
Kitter 
Contro Y 

Maine: DRAFT Peliminary Phase I Report’, prepared by Naval Command 
‘and Ocean Surveillance Center and EPA-ERLN (Nov. 1992). 

(5) MEASUREMENT METHOD AND PERFORMANCE CHARACTERISTICS: 

Water sample were analyzed using a standard drinking water analysis 
technique modified for marine water chemistry. This deviation in the 
workplan was approved by the Project Officer (Memo from R.K. Johnston (NRaD) 
to John F. McGarry (Ceimic Corp.) of June 30, 1992) 

Quality Control of Estuarine Ecological Risk Assesment Seawater Metal 
Analysis: (Provided by Ceimic Corp.) 

Ei;;;i;g Water Quality Parameters*(ppb): 
LOQ(ug/L) MDL(ug/L) IDL(ug/L) Instrument/Method 

----m-w __-_---_____----_-_---------------------------------------------- 
Aluminum 200 60 a4 
Arsenic 50 15 

ICP (plasma) 
2 

Cadmium IO 3 4 
I;;p (graphite furnace) 

Chromium 
Copper 10:: 3:: : 

ICP 
ICP 

Iron 300 90 37 ICP 
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Lead 1 .s GFAA 
Manganese 5: 15 : ICP 
Mercury 

10: 
0.6 

Nickel 30 
0.2(0.04)~+IE; (Cold Vapor) 

10 
Silver 50 3 GFAA 
Zinc 5000 15:: 5 ICP 

= limit of quantitation -= 10s’ where s is the standard deviation 
iE:ermined from 6 repeated seawateb matrix analysis to determine the MOL. 

MDL = method detection limit -= 3s 
* for this table the MDL was estimated by: MDL = (LOQ/l0)*3 

IDL = instrument detection limit 
+ the IDL actually realized for Mercury was 0.04 ug/L 

Prepartion: 
Seawaters were acidified and then analyzed. 
Seeps were prepped by microwave digestion method 3015 

1) Insturment Calibration 
a) Standards are prepared at thime of analysis 
b) Standards are prepared with the same amount of acid as the sam les 

e c) For the Graphite Furnace AA, three standards and the standrd b ank 
are used for the calibration. Resloping is acceptable if a Calibration 
Check is run before and after the reslope. 

2) Calibration Check Samples 
a) The calilbration check sample is to be analyzed after the standrad. 
No more than ten samples (or twenty analytical burns) should be 
anlyzed between check samples and the analysis run must end witha 
check sample. 
b) Target recovery of the blank sample must be less than the limit of 
Quantification (LOQ) 

3) Calibration Blank Samples 
a) The calibration blank sample is analyzed immediatedly after the 
initial calibration check smaple. 
b) The concentration of the blank sample must be less thatn the limit 
of Quntification (LOQ) 
c) Deviations are noted with explaination in the case narrative. 

(6) QA/QC PROCEDURES: 
Applicable QA/QC procedures are documented in: 

‘Analytical Chemistry Quality Control, Protocols, Criteria, and Corrective 
Action for the Estuarine Ecological Risk Assessment at Naval Shipyard 
Portsmouth, Kitter , 
Project Plan for t ii 

ME’ found as appendix C in ‘Work/Quality Assurance 
e NOSC/ERLN Case Study of Estuarine Ecological Risk 

Assessment at Naval Shipyard Portsmouth, Kittery, Maine’, September 1991. 
Prepared by EPA-ERLN and Marine Environmental Support Office of NOSC, W.G. 
Nelson and R.K. Johnston, Project Officers and Mueller, Munns, Cobb, 
Petrocelli, Pesch, Nelson, Burdick, Short and Johnston (eds), 1992. 
‘Standard Operating Procedures and Field Methods Used for Conducting 
Ecological Risk Assessment Case Studies: Naval Construction Battalion Center 
Davisville, RI, and Naval Shipyard Portsmouth Kitter 
Control and Ocean Surveillance Center ROT&E Division v 

ME’ Naval Command, 
ichniial Document 

2296. 
Evaluation of method performance and results is contained within: 

Johnston, Munns, Mills, Short, and Nelson (eds) 1992. ‘An Estuarine 

Is 

‘(II 
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Ecological Risk Assessment Case Study for Naval Shipyard Portsmouth, 
Kitter 

Y 
Maine: DRAFT Peliminary Phase I Report’, prepared by Naval Command 

Contro ‘and Ocean Surveillance Center and EPA-ERLN (Nov. 1992). 

(7) DATA REDUCiION AND REPORTING 
Applicable data reporting and analysis are contained in: Johnston, 

Munns, Mills; Short, and Nelson (eds) 1992. ‘An Estuarine Ecological Risk 
Assessment Case Study for Naval Shipyard Portsmouth, Kittery, Maine: DRAFT 
Peliminary Phase I Report’ , prepared by Naval Command Control and Ocean 
Surveillance Center and EPA-ERLN (No!,. 1992). 

F: OTHER: 

Memo from R.K. Johnston (NRaD) to John F. McGarry (Ceimic Corp.) of June 30, 
1992: 

John F. McGarry, Jr. 
CEIMIC Corporation 
10 Dean Knauss Dr. 
Narragansett, RI 02882 

June 30, 1992 

SUBJ: INORGANIC ANALYSES OF SEAWATER SAMPLES FOR NAVAL SHIPYARD PORTSMOUTH 

Dear John, 

This is to notify you that the proposed quality control of estuarine 
ecological risk assessment seawater metal analysis, outlined in your letter 
of June 23, 1992, will be acceptable to complete the inorganic analysis of 
seawater samples for the subject project. As discussed in your letter.of 
June 23, 1992, delivery of the subject data will be within thirty days of 
your receipt of 9 signed modification for the contract. 

If you have any questions, please contact me at (401) 295-5462. 

Sincerely, 

/signed/ 
Robert K. Johnston 
Naval Command, Control and Ocean Surveillance Center 
c/o Graduate School of Oceanography 
University of Rhode Island 
Narragansett, RI 02874 

cc: 
L. Dietz (Northern Divison) 
S. Urschel (MacLaren Hart) 
S. Nelson, W. Boothman, R. Pruel (ERLN) 
J. Grovhoug (NCCOSC) 
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Work Plan for Trace Level Inorganic Analysis of Marine 
and Estuarine Samples 

Contract Number: N66001-92-DO092 
Delivery Order Number: 0023 

I. Investigations 

There are two primary objectives of this study. One objective is to 
develop a practical methodology for the collection, preparation, and 
analysis of estuarine water samples for selected trace metals. The other 
objective is to develop methods for instrumental neutron activation analysis 
to be used for the determination of trace metal concentrations in marine 
tissue and sediment samples. A summary of the samples that will be 
analyzed and the number of samples in each category is given in Table 1. 

Table 1. Sample categories and number of samples within each category 
that will be analyzed for selected trace metals. 

Task/Category Seawater Elutriate Tissue Sediment 

Model Calibration 
Model Validation 

Loading Rate Study 

Geochemical Assimilation 

Monitoring and 
Verification 

Subtotal No. of Samples 

Number of Batches 
_ QA Samples (@3/Batch) 

Total Number of Samples 92 23 23 23 

20 
20 

20 

,20 

80 

4 
12 

10 10 

10 
10 

10 10 

20 20 20 

1 1 1 
3 3 3 



The technical approach to each objective is similar in that a 
performance based Quality Control and Quality Assurance program will be 
developed to evaluate the samples analyzed. Our performance-based 
program will be built on commercially available Standard Reference 
Materials and specially prepared Laboratory Control Samples. A Method 
Detection Limit (MDL) study also will be included in our effort to assess 
the performance of our analytical protocols. Specific tasks appropriate to 
each objective are given in greater detail below. Ultimately, field and 
laboratory operating procedures will be detailed in written reports. 

A major part of our involvement in this project is field sampling to 
be conducted during three cruises in the late summer and fall of 1993. The 
purpose of these cruises is to evaluate the distribution of trace metals 
within the estuarine environment of the Great Bay and Piscataqua River in 
New Hampshire and Maine. We will also collect water column samples 
from selected stations within the Piscataqua River so that modelers can 
evaluate certain predictive capabilities of their hydrodynamic models. Seep 
samples also will be collected from the vicinity of the landfill on Seavey 
Island on each of the scheduled cruises. 

Progress reports will be submitted monthly, and a final report will 
be submitted as (1) a hard copy with appropriate flags and (2) with files in 
ASCII format. 

II. Tasks Related to the Measurement of Trace Metals in 
Seawater. 

An overview of the specific tasks for the collection, preparation, and 
analysis of trace metals in seawater are given in Table 2, along with the 
projected task completion dates. Following the overview, an expanded 
version of these specific tasks is detailed in narrative form. 

A. Cleaning Procedures and Documentation 

Our efforts will be directed towards quantifying nanomolar levels of 
selected trace metals in the estuarine waters of Great Bay and Piscataqua 
River. As a first step, all materials that will come in contact with the 
samples must be cleaned using at a minimum analytical grade acids. All 
sample collection devices, collection bottles, filtration apparati, filters, and 
reagents must be specially prepared before use. We will document the 
cleaning steps involved in the preparation of each material and detail these 
steps in an operating procedure. 



Table 2. Overview of tasks related to the measurement of dissolved and 
particulate metal in seawater, elutriate, and/or seep samples. 

Operation Expected Completion Date 

1. Cleaning procedures October, 1993 

2. Method Detection Limit (MDL) Studies 
a. Dissolved metal MDL 
b. Particulate metal MDL 
c. Hg MDL (option metal) 

August, 1993 
September,. 1993 
October, 1993 

3. Field Sampling (3 cruises) November, 1993 

4. Documentation of preconcentration and 
other analytical procedures for seawater 

December, 1993 

We will also document the shipboard operating procedures that we 
use to collect and process seawater samples. Again, our efforts will focus 
on providing a trace metal clean sampling environment for all shipboard 
processing, 

B. Method Detection Limit (MDL) Study for Dissolved and Particulate 
Metals in Seawater. 

As part of our study, we will establish the MDL for dissolved and 
particulate trace metals. For dissolved metals we will use NASS-4 Open 
Ocean Seawater Reference Material for Trace Metals, available from the 
National Research Council of Canada. For our particulate MDL, we will 
prepare a Laboratory Control Sample (LCS) which will involve the 
measurement of an acid-recoverable fraction of an Estuarine Sediment 
Standard Reference Material (SRM 1646), available from the National 
Institute of Standards and Technology. 



1. Dissolved Metal MDL 

For dissolved Cd, Cu, Ni, and Pb the MDL will be established for 
the ammonium pyrollidine dithiocarbamate (APDC)-cobalt chloride 
coprecipitation technique. NASS-4 will be preconcentrated prior to the 
analysis of each metal by graphite furnace atomic absorption 
spectrophotometry (GFAAS). The MDL for dissolved Fe, Mn, and Cr will 
be established using direct injection GFAAS. 

2. Particulate Metal MDL 

The acid-recoverable fraction of SRM 1646 will be used as the 
material to establish the particulate MDL for Cd, Cu, Ni, Pb, Fe, Mn and 
Al. Particulate metals will be analyzed by GFAAS, although it may be 
necessary to analyze Al by INAA. 

3. MDL for Acid-Recoverable Hg 

As specified in our proposal, Hg is an optional metal for this project 
in the event that Cr is not measured in the dissolved fraction of seawater. 
Our laboratory is currently modifying existing analytical equipment to 
develop the capability of quantifying this element in estuarine water. In 
concert with our efforts to measure other metals, we plan to perform a 
MDL using the acid-recoverable fraction of SRM 1646 as described 
earlier. If the results of our efforts to quantify Hg are not successful, then 
we will report instead Cr concentrations for all of the dissolved samples 
collected. 

C. Field Sampling (Estuarine Cruises) 

We have planned three, two-day cruises for the Piscataqua River and 
Great Bay Estuary to collect water column and seep samples for trace 
metal analysis. The Research Vessel Gulf Challenger, available through the 
University of New Hampshire, will be used to conduct the estuarine 
surveys. On each cruise, we plan to use conductivity-temperature-depth 
(CTD) measurements to characterize the physical nature of the water 
column and to identify areas within the water column for trace metal 
sampling. Teflon@-lined Niskin samplers (General Oceanics, Model No. 
101101.7T), will be used to collect seawater samples, and once on board, 
water samples will be filtered through pre-tared, acid-cleaned, 47 mm 
diameter, 0.4pm pore size NucleporeB membranes, using NalgeneB 
polysulfone filtration units. The operationally defined dissolved 
component of the water sample (filtrate), will be transferred to specially 
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cleaned polyethylene bottles and acidified to pH 2 with Baker UltrexB HCI. 
The pre-tared membranes will be rinsed with Mill&Q@ water and 
transferred to pre-cleaned petri dishes. All filtration operations will be 
carried out onboard, in a laminar flow clean bench. A more detailed 
account of onboard operating procedures will be documented after 
completing all scheduled cruises. 

Seep samples will be collected from Seavey Island in the vicinity of 
the landfill. We anticipate the collection of between three and five seep 
samples during each cruise. These samples will be filtered immediately 
after collection to exclude particulate materials from the sample. After 
filtration, seep samples will be acidified and ultimately analyzed for 
dissolved metal. Documentation of the procedures used for the collection 
and preparation of seep samples will be detailed in written reports. 

D. Documentation of Preconcentration and Analytical Procedures. 

We will use the APDC-cobalt chloride coprecipitation technique as 
our preconcentration method. We will document (1) the cleaning steps 
used to prepare reagents for trace metal analysis, (2) the cleaning steps for 
all materials to come into contact with the sample, and (3) the steps 
involved in the preconcentration procedure. The QA/QC plan and 
validation plan for metals analyzed by the preconcentration technique will 
be developed subsequent to the MDL study. At a minimum, the QA/QC i 
plan will define our data in terms of-accuracy, precision, completeness, 
detection limit, representativeness, and comparability. 

The same performance based QA/QC elements that we will use to 
validate our preconcentration procedure will be extended to the direct 
injection GFAAS techniques for dissolved Fe, Mn, and Cr, as well as our 
particulate metal efforts. In this regard, we will define the accuracy, 
precision, and detection limits for all our analytical methods. 

III. Tasks Related to the Measurement of Trace Elements in 
Tissues and Sediments. 

We will use at least two instrumental neutron activation analysis 
(INAA) protocols to quantify trace elements associated with marine tissue 
and sediment samples. The “short” and “long” activation protocols that we 
use simply refer to the length of time a sample is exposed to a neutron flux, 
and these activation irradiation schemes are summarized in Table 3, along 
with the trace elements that we expect to quantify. Although irradiation 



and counting times for specific elements are more-or-less fixed by nuclear 
physics, the methods for irradiating the samples in the nuclear reactor must 
be developed. As a first step in the analytical process we will 
experimentally evaluate the geometry for irradiating and counting the 
marine tissue and sediment samples. 

Table 3. Instrumental neutron activation analysis regimes and the expected 
trace elements resulting from the analysis of marine tissues and sediments 
using short and long irradiation protocols. 

Neutron 
Activation Irradiation Decay Count Trace 
Protocol Time Time Time Elements 

Short l-2 min 2-10 min. 500s Al, Cu, Mn, V 

Long l-3 d 3 wk 40,000 s Ag, Ba, Co, Cr, 
Cs, Fe, Sb, SC, 
Se, Th, Zn 

We will use the short neutron activation program to address the issue 
of irradiation geometry, and for the reference materials we will use SRM 
1566a (Oyster Tissue), and SRM 1646 (Estuarine Sediment), available 
from the U.S. National Institute of Standards and Technology. Once the 
irradiation geometry is established, a MDL study will be initiated for each 
matrix using the “short” and “long” neutron activation procedures. 

Subsequent to the MDL studies for tissues and sediments, we will 
develop our QA/QC plan. Finally, we will document all of our operating 
procedures involved in preparing, irradiating, and counting the tissue and 
sediment samples. Our goal in this portion of the project is to provide a 
methodology that can be used as an independent analytical technique to 
verify and augment other methodologies, and to provide unique 
information on some of the elements that are not be measured by other 
more commonly used techniques for marine tissue and sediment analysis. 



IV. Data Deliverables and Technical Support 

We will provide the data deliverable required for reporting the 
results of routine chemical analysis conducted according to the QAIQC 
specifications. At a minimum, the data deliverable will include a hardcopy 
of the data and a data diskette that is formatted according to specifications 
with respect to headers, data types and record length, variables, and 
appropriate data flags. 

Technical support will be provided to the Navy at information 
exchange meetings by appropriate scientists working on the project. This 
will include attendance at meetings, and at public hearings to present and/or 
discuss the results of the water column, tissue, and sediment studies. 

V. Milestones 

Our overall schedule of tasks and the anticipated completion dates 
for each task are presented in Table 4. 



Table 4. Milestone schedule for trace level inorganic analysis of marine 
and estuarine samples. 

Task 
1992 1993 

Aug Sep Ott Nov Dee Jan Feb Mar Apr May Jun 

Cleaning x x x 
Procedures 

Cruise Preparation x x x 
Scheduled Cruises x x 

Analytical Efforts 
Seawater MDL Studies x x 
Seawater Samples X 

Elutriate Samples 
Marine Tissue 
Marine Sediment 

Reports 
Progress Reports x x x 
Draft Project Report 
Final Project Report 

Meetings 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

I 

x x x x 
w 

X 

X 

Meetings will be held as necessary over the course of the project, and we 
will participate in a public meeting to discuss the results of our findings. 
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POJNT OF CONTACTI 

Larry G. Ward 
Jackson Estuarine Laboratory 
University of New Hampshire 
85 Adams Point Road 
Durham, NH 03824 

I. OBJECTIVE 

Collect and sample sediment cores for textural, radionuclide, bacteriological or 
toxicological analyses. 

ILNECESSARY MATERIALS AND EQUIPMENT 

l Research vessel with adequate winches for handling gravity corer (at least 150 kg capacity; 
for subtidal samples). 

l Benthos Gravity Corer or equivalent with (for subtidal samples) transparent liners, end 
caps, stainless steel core catchers, PVC check valve and manganese bronze nose cone. 

l Hand corer: handle with clamp to fit 1 to 3 meter sections of core pipe (-7.6 cm diameter 
aluminum irrigation pipe) 

l If necessary, appropriate clothing and protection for sampling in contaminated sites (rubber 
boots, raingear -jacket and pants, rubber gloves, glasses) 

l Cooler or plastic garbage barrel with ice 
l Duct tape 
l Core extruder - rubber stopper attached to wood pole 
l Core tray 
l Aluminum weighing dishes 
l Teflon or plastic-knives 
l Knife, piano wire or scalpel 

l Holder to place core while cutting barrel 
l Vibra-corer system 
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IILMETHODS 

A. Gravity Coring for subtidal Samples 

1. If necessary, prior to use, wash each component of the coring system which will come 
in contact with any samples and thoroughly rinse with tap water. In addition, rinse the 
equip-ment with ambient water between uses in the field. Cut the core liner into a 1.6 m 

and 1.0 section prior to coring and unite with duct tape. Place the 1.0 m section on top. 

2. When on station, first take a grab sample to determine the suitability of the bottom for 
gravity coring. Rocky bottoms will damage the coring apparatus while sandy bottoms are 
very hard to penetrate. Soft, muddy bottoms are most suitable. 

3. Assemble the core liner, core catcher and nose cone in the gravity corer. Lift the corer to 
the desired height and allow to either free fall or lower to the bottom with resistance on the 
winch system (depending on desired penetration into the sediment). The more rapid fall 
velocities allows more penetration; however, more disturbance of the sediment may occur. 
Make every effort to minimize the disturbance of the surface of the sediment during the 
coring procedure. This is accomplished by controlling the fall velocity of the corer. 

4. Retrieve core from bottom using the winch system, and raise out of the water. 

5. Leave the gravity corer in the vertical position while removing the core liner (with 
sediment) from the gravity corer barrel. Remove-the nose cone from the core barrel and 
place a plastic cap on the bottom of the core liner (tape in place). Remove the upper 1 m 

section of the core liner by cutting the duct tape and allowing the water to drain. Siphon off 
the remaining water above the sediment. The sediment will normally be below the junction 
of the two lengths of core liner. If it is not, then the core liner must be left united. 
Alternatively, do not cut the 2.6 m core liner (see A. 1). Normally, the core catcher is left in 

the barrel until the core is brought back to the laboratory. If the core catcher needs to be 
removed in the field, siphon off the water above the sediment, hold a plug at the base of the 
core to stop the sediment from sliding downward, remove the core catcher and recap the 
core liner. 
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6. After recovery of the sediment core (still in the core liner), maintain the core in a vertical 
position. Cap the top of the 1.6 m section of the core containing the sediment, place the 
base of the core in a large cooler with ice and cover the entire core with an opaque 
shielding. Maintain the core in a vertical position until analyzed. Measure the length of the 
sediment core in order to determine if settling occurs. The sediment core should be 
remeasured prior to extrusion. 

7. Store the sediment core at -40C in the dark in a vertical position until sampled in the 
laboratory. The cores should be extruded and subsampled as soon as possible. Samples 
for textural analyses can be stored for relatively long periods as long as the sediments do 
not dry out. However, samples for toxicological analysis should be processed relatively 
quickly. A maximum holding time of 2 weeks was recommended for sediments for 
toxicological analyses (Puget Sound Estuary Program 1991). 

B. Hand Coring for Marsh Samples 

1. If necessary, wash each component of the coring system which will come in contact 
with any samples and thoroughly rinse with tap water. 

2. Assemble the corer handle to a 1 to 3 meter section of core pipe. The lower end of the 
core pipe should be sharpened with a file to facilitate cutting of root material. Place the 
corer in a vertical position and force into marsh with a twisting motion and downward 
force. Be extremely careful not to compress the sediments. This can be determined by 
comparing the surface of the sediment in the core barrel with the marsh surface. The 
difference should be less than a few percent (5% used here). If a suitable core cannot be 
taken with the hand corer, attach a vibra-corer (La&y et al. 1979, Smith 1987) and 
proceed with coring using the same restrictions. 

3. Retrieve the core by capping the barrel with a pipe expansion plug. Either pull or dig the 
pipe out of the marsh being careful not to disturb the sediments inside the barrel. After 
extrusion, fill the core hole and restore to original setting (as close as possible). 

4. Be careful while transporting not to allow the core to slump or become disturbed. Store 
the core as described in A7. 
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C. Core Extrusion 
This sequence assumes that the core has had the water siphoned off and that the core has 
been chilled to -40C. However, the chilling is not mandatory. It serves to maximize the 
cohesiveness of the sediment for ease in handling. 

1. Gently, place the core gently in a horizontal position and remove the caps. Be sure that 
the surface does not slump. 

2. Extrude the core by using a plunger to push the core out of the tube (from the bottom) 
onto a core tray being careful not to disturb the sediment. The core may also be extruded 
by tilting the core liner gently and allowing the core to slide out the bottom of the liner onto 
the core tray. It may be necessary to cut the aluminum core barrels to retrieve the sediment 
core. 

3. The core is now ready for description and subsampling. Be sure to remove the outside 
of the sediment sample where contact was made with the core liner. 

4. Remove the surface layer of the core with-a scalpel, sharp knife or piano wire. 
Subsamples can be removed with the same apparatus. However, if toxicological analyses 
are to be done(i.e., trace metals, etc.), use a teflon or plastic knife. 

h D. Core Subsampling 

1. Determine desired sampling depths. At each depth remove 2 to 3 cc of sediment for 
moisture and combustible content as described in the SOP on Sediment Textural Analysis. 
Subsequently, remove the appropriate size samples for textural, radionuclide, 
microbiological or toxicological analyses and place in sterile, appropriately cleaned plastic 
bags. The samples are then frozen, stored in a refrigerator, or dried until analyzed. 

2. An alternative method is to carefully section the entire core at 2 cm intervals and 
archiving (freezing or storing at 5oC) all the sections. This saves the entire core for future 
analyses. 
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IV.TROUBLE SHOOTING/HINTS 

A. Coring 
The main problem that may arise is the substrate is too hard to allow penetration by the 
gravity corer due to coarse sediments or bedrock It is not advisable to attempt coring if the 
substrate is very coarse as the nose cone may be damaged. In the event that a gravity core 
can not be taken, it may be possible to take suitable cores in shallow depths with a vibra- 
coring system or by forcing a core barrel directly into the sediment. 

B. Extrusion 
Care must be taken to be certain that the surface or bottom of the core does not slump 
during extrusion. This can be accomplished by making a temporary cap for the top or 
bottom with a stopper with the appropriate diameter. After the core has been extruded and 
is in the core tray, examine the sediment carefully looking for any indications of 
disturbance to the core and note them. Things to look for include smearing, bioturbation, 
slumping, or materials being dragged down the side of the barrel (e.g. eelgrass). This is 
only a partial list. If the core has been disturbed, it may not be suitable for analysis. 

V. STATISTICAL ANALYSIS AND DATA USAGE 

Not applicable. 

VIREFERENCES 

Lanesky, D.E., B.W. Langan, R.G. Brown and A.C. Hine. 1979. A new approach to 
portable vibra-coring underwater and on land. Journal Sedimentary Petrology 
49:654-657. 

Puget Sound Estuary Program. 199 1. Recommended Guidelines for Conducting 
Laboratory Bioassays on Puget Sound Sediments (Interim Final). Prepared for 
U.S. Environmental Protection Agency, Region 10, Office of Puget sound, Seattle, 
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Smith, D.G. 1987. A mini-vibra-coring system. Journal Sedimentary Petrology 
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POINT OF CONTACT: 

Larry G. Ward 
Jackson Estuarine Laboratory 
University of New Hampshire 
85 Adams Point Road 
Durham, NH 03824 

I. OBJECTIVE 

Characterization of estuarine sediments: determination of grain size statistics, moisture 
content, combustible content (as a measure of particulate organics) and particulate 
carbon and nitrogen of a sediment sample. 

II. NECESSARY MATERIALS AND EQUIPMENT: 

l Standard set of sieves, sieve shaker and wet sieves (63~ and 2mm) 
l Graduated cylinders (1 L), 20 ml pipette, 50 ml beakers, 1 L beakers, stirring rod 
l Dispersant (sodium hexametaphosphate - Calgon) 
l 30% Hydrogen peroxide (H202) or equivalent oxidizer 
l Laboratory drying oven 
l Muffle furnace 
l Balance accurate to 0.0001 g 
l Deionized water 
l Aluminum weighing dishes 
l Squeeze bottles 
l Funnel (greater than 20 cm diameter) 
l Stirring rod for a 1 L graduated cylinder 
l Dessicator 
l CN Analyzer 

III. METHODS 

A. Moisture And Combustible Content 
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1. Place 2 to 3 cc of sample in a preweighed aluminum dish and weigh to the nearest 

0.0001 g to determine the wet weight. Subsequently, dry in an oven at 50-75 OC for 
24 hrs or until completely dry. Remove from oven and cool in a desiccator to room 

temperature. Place sample in weighing room for about 1 hr or until the sample stops 
gaining weight due to ambient air moisture. Reweigh to determine the moisture content 
- the % weight loss ((wet weight - dry weight) /wet weight). Next, heat sample in 

muffle furnace at 450°C for 4 hrs to determine combustible content - the % weight loss 
after heating [(dry weight - combusted weight) / dry weight] (Ball 1964). Again, after 
removing the sample from the oven, place in a dessicator until cooled to room 
temperature, then place in ambient air until weight is stable. 

B. Particulate Carbon and Particulate Nitrogen Analysis 

1. Place -ICC of sample in an aluminum weighing dish and dry in an oven at 75’ for 24 
hr or until dry. Remove and grind in a mortar and pestle until the sample is 
homogeneous. 

2. Carefully weigh (to O.OOlmg) approximately 1.5 to 1.75 mg of sediment into a tared 

tin sample cup (< 1 cm container). 

3. Carefully remove the cup and seal it by crushing the top edge together and then 
crushing with needle nose pliers. 

4. The sample is then oxidized by flash combustion and analyzed by chromatography in 
a Carlo Erba Nitrogen Analyzer or equivalent instrument. 
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C. Size Analysis: Wet Sieving 

1. Place the sample in a large beaker (1 L) and add approximately 20-30 ml of 30% 
H202. Add a small amount of Hz02 at a time to be sure the sample does not foam 
over the top of the beaker (-10-15 ml initially, then 10-15 ml after 24 hours, etc.). The 
amount of sediment sample to use depends on the analyses to be run. Approximately 
10 - 15 g dry weight is needed for pipette analysis and 30 - 70 g for sieve analysis. Stir 
to break up the sample. 

2. After as much of the organics as possible have been removed as indicated by lack of 
bubbling upon adding more H202 and the remaining liquid has been decanted, remove 
the sea salts which may be in the sample. This is done by adding deionized water, 

stirring and decanting. Place the sample in a bottle and fill with dispersant (-0.2 g/L of 
Calgon in deionized water). Stir vigorously to be certain that the sediment particles are 

separate. If the sample appears to have gravel particles (greater than 2 mm), wet sieve 
the sample through a 2 mrn stainless steel sieve to remove the gravel. Rinse the gravel 
with deionized water into a preweighed beaker, dry and set aside (to determine % 
gravel). 

3. Wet sieve the sample through a 63 p stainless steel sieve. This is done by placing 
the wet sieve in a plastic funnel of slightly larger diameter which drains into a 1 L 
graduated cylinder. Place the sample on the wet sieve and gently rinse all the sediment 
finer than 63~ through the sieve with dispersant in a squeeze bottle. Be careful not to 

touch the sieve with your hand or anything that will damage the mesh. 

4. Wash the material on the wet sieve into a preweighed beaker using deionized water 
and dry. This is the sand fraction (63~ to 2mm). The material in the graduated cylinder 
is the mud fraction (silt and clay). 
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D. Sieve Analysis of the Sand Fraction 

1. Weigh the dry and disaggregated sand fraction to the nearest 0.01 g. 

2. Select a set of sieves that cover the range of sediment sizes to be analyzed and place 
the screens in order with the coarsest at the top and the pan on the bottom. Use a 
maximum of l/2 phi intervals. Pour the sand sample on the top’sieve and place in the 
sieve shaker for 15 minutes. 

3. Carefully remove the sediment from each sieve and weigh to 0.01 g. 

4. Total the weight of the sand in each size interval (sieve). If the weight is not within 
2% of the original sediment weight, then rerun the analysis. 

5. If the analysis is okay, then proceed with determining the size frequency distribution 
and graphic grain size statistics (mean size, sorting, skewness and kurtosis) as outlined 
in Folk (1980). 

6. Add any sediment that passes through the 63 p sieve during the shaking processes 
to the fine fraction to be used for the pipette analysis. 

F. Pipette Analysis of the Silt and Clay (Mud) Fraction 

1. Add dispersant to the mud fraction until the graduated cylinder has exactly 1 L in it. 
Thoroughly mix with stirring rod for approximately 2 to 5 minutes being very careful 
not to splatter any of the sample. Accurately determine the amount of dispersant added 

to the sample as this has to be subtracted out during the statistical analysis. This can be 
done by mixing a large quantity of dispersant, removing 20 ml samples with a pipette, 
drying and determining dispersant weights. 

2. Allow the sample to stand overnight to see if any flocculation occurs. If the sample 
flocculates, the sample preparation has to be redone or additional dispersant added. 
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3. If the sample is suitable for analysis, restir for 2 to 5 minutes with a stirring rod or 
with a mechanical stirrer. Be sure to stir the length of the column. 

4. The moment the stirring is stopped is time = 0 and the analysis has begun, At the 
prescribed time intervals and depths outlined in Folk (1980), carefully pipette out 20 ml 
samples from the graduated cylinder and place in preweighed (to O.ooOl g) 50 ml 

beakers or equivalent. Take the appropriate samples to determine the 
amount of sediment in each size interval from 4 to 14 phi as described in Folk (1980). 
Normally, the 10 - 14 phi interval is determined by computation. 

5. Dry the sediment in each beaker 50-75OC for a minimum of 24 hours or until 
completely dry. After drying, place the beakers initially in a desiccator until the sample 
is at room temperature, then place in the weighing room until the samples are at 
equilibrium with ambient humidity and reweigh. 

IV. TROUBLE SHOOTING 

Included in Methods. 

V. STATISTICAL ANALYSIS AND DATA USAGE 

1. Determine the size frequency distribution and graphic statistics (mean, sorting, 
skewness and kurtosis) using the methods outlined in Folk (1980). If both sieve and 
pipette analyses were done for a sample, then combine the data sets to determine a 

’ single set of statistics (Folk 1980). 

VI. REFERENCES 

Ball, D.F. 1964. Loss-on-ignition as an estimate of organic matter and organic carbon 
in non-calcareous soils. J. of Soil Sci. 15:84-92. 

Folk, R. L. 1980. Petrology of Sedimentary Rocks. Hemphill Publishing Company, 
Austin, Texas. 185 pp. 
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POINT OF CONTACT: 

Larry G. Ward 
Jackson Estuarine Laboratory 
University of New Hampshire 
85 Adams Point Road 

Durham, NH 03824 

I. OBJECTIVE 

Water sample collection from the field and subsequent laboratory determinations of total 
suspended sediment concentrations and organic content using combustion or loss-on- 
ignition methodology. 

II. NECESSARY MATERIALS AND EQUIPMENT 

l Submersible pump 
l 1 L plastic storage bottles 
l Vacuum pump 
l Filter funnel and flask 
l Filters (-0.3 l.r nominal pore diameter, e.g. Gelman type AE glass fiber filters) 
l Balance accurate to + 0.1 mg 
l Deionized water 
l Forceps 
l Petri dishes 
l Drying oven (-50 to 750C) ,, 
l Muffle furnace (45CPC) 
l Aluminum dishes for combusting filters 

III. METHODS 

A. Collection of Water Samples 

1. Lower submersible pump attached to plastic or rubber (garden) hose or other type of 
water sampler on a calibrated rope to desired sampling depth. 
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2. Allow pump to rinse and purge at depth. 

3. Rinse the clean plastic water bottles three times in ambient water, vigorously shaking 
each time. Fill the water bottle with the water sample and store on ice in the dark (or @ 4 - 
5oC) until filtered. If filtering will not occur with 24 l-n-s, freeze the sample. Take as much 
water sample as needed to accurately determine the TSS concentration. 

B. Determination of Total Suspended Sediment (TSS) 

1. Prewash glass fiber filters in deionized water to remove any loose fibers and place on 
filter funnel to vacuum out water. Transfer to an aluminum dish or tray and place in muffle 
furnace at 45oOC for -1 hour to remove any organic matter. Do not leave filter in oven 
longer than 1 hour or hotter than 45OoC as they may become somewhat brittle. Adjust as 
necessary. 

2. Preweigh each filter to the + 0.1 mg and place in a petri dish. 

3. Place preweighed filter on filtering apparatus using forceps. Vigorously shake water 
sample (to resuspended all particles) and pour into graduate cylinder (normally 1 L 
cylinder). Record volume to nearest ml (estimating if necessary). Under low vacuum (less 
than 5 to 10 inches of mercury) filter the sample. Use as large as possible of water sample 
to maximize weight of TSS in comparison to filter weight. Limiting factor is filtering time 
(after filter clogs with sediment). 

4. After filtering has been completed, rinse filter three times with deionized water to 
remove any salts. Remove filter funnel and rinse edge of filter. About 10 ml per rinse is 
usually adequate. 

5. Remove filter while under vacuum (to remove as much water as possible) and place in 
petri dish. A small aluminum foil tab may be placed under the filter to prevent sticking as 

the filter dries. 

6. Place the filter in an oven at -500C until completely dry. Slightly warmer temperature 
(<75oC) may be used in the oven if necessary. 
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7. After drying, place the filters in desiccator until cool or until ready to reweigh filter. 
Remove from desiccator and allow to equilibrate to ambient humidity. It is important to 

control or at least keep humidity as low as possible (e.g. air conditioning) to minimize 
weight gain due to moisture. Fluctuation in humidity can be a major source of error. After 
weights have stabilized, reweigh to nearest + 0.1 mg. 

8. TSS weight in mg/l is dried sediment and filter weight minus filter weight divided by 
the volume filtered. 

C. Estimating Organic Content Via Combustion Method 

1. Place the weighed filters with the sediment in an aluminum dish and place in a preheated 

muffle furnace (-4500C) for one hour. Remove filter and place in desiccator until cool. 

2. Remove filter from desiccator and allow it to equilibrate with ambient humidity. 
Reweigh combusted filter. Again, control humidity either by keeping it constant or 
minimized through all steps of these procedures. 

3. The % combustible or loss-on-ignition content is the dry weight of the filter with 
sediment minus the combusted weight divided by the dry weight. The % combustible or 
loss-on-ignition is an approximation of the organic content. The remaining materials on the 
filter is the ashed weight and approximates the inorganic content. 

III. TROUBLE SHOOTING 

The major sources of error found in these procedures result from the following: 1) problems 
with ambient humidity, and 2) low weights of suspended material in comparison to the 
weights of the filters. To minimize these analytical errors, do the following: 

1. 

2. 

3. 

Control humidity by air conditioning, etc. Try to keep constant through all weighings. 

Maximize the volume of sample being processed to maximize the weight of the TSS. 

Run numerous controls (e.g. every 10 filters) to determine analytical errors due to 
handling and weighings. Include rinsing some of the filters as in step A4. 

80 
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IV. STATISTICS 

Not applicable. 

V. REFERENCES 

Banse, KC., P. Falls and L.A. Hobson. 1963. A gravimetric method for determining 
suspended material in sea water using Millipore filters. Deep-Sea Research 
10:639-642. 

Strickland, J.D.H., and J.R. Parsons. 1968. A Practical Handbook of Seawater 
Analysis. Fisheries Research Board of Canada Bulletin 167, Ottawa. 311 pp. 
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POINT OF CONTACT: 

David M. Burdick or Frederick T. Short- 
Jackson Estuarine Laboratory 
University of New Hampshire 
85 Adams Point Road 
Durham, NH 03824 

I. OBJECTIVE 

To locate and collect ground water flowing from uplands to marine waters through the 
intertidal zone (intertidal seeps) for chemical analyses. 

IINECESSARY MATERIALS AND EQUIPMENT 

l Pore water sippers with teflon body and tubing (after Short et al. 1985) 
- l Temperature corrected optical refractometer 

l Acid-washed bottles, 125 mls, labeled 
l Hand powered vacuum pump 
l Teflon trowel 
l Flags with PVC stakes 
l Boots, gloves and other protectiver clothing, as needed 

l Field book for recording data 

III. METHODS 

A. Location of sampling locations 

1. Examine the shoreline of the area to be studied at low tide during the time of spring 
tides. Mark all visible flows of water or areas with evidence of water flow with the flags 
and mark the location of the areas on a map. Evidence includes hearing water flow under 
rocks and channels in the intertidal sediments made by water. 
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2. Measure and record the salinity of the waters at each site. Dig a pool with the trowel to 
collect the water if the flow is largely subsurface. 

3. Since sampling ground water is the primary objective, choose sampling locations based 
on the maximum number of samples that can be analyzed, the salinity of the water, the 
relative flow rate, the location of the seep, and any other factors specific to the area or to the 
goals of the study. 

B. Collection of Water Samples 

1. Insert an acid-washed teflon sipper into the seep area. Connect the hand pump to the 
sipper with a sample bottle (one that will serve as a rinse bottle) in between. Draw a 
vacuum within the rinse bottle and sipper using the hand pump until water begins to flow 
into the rinse bottle. After about 30 mls are collected, break the vacuum, remove the rinse 
bottle and discard its contents. 

2. Attach a clean, labeled sample bottle to the pump and sipper and draw a vacuum with the 
pump until the sample bottle has about 80 mls in it. Repeat with a second bottle if replicate 
samples are desired. 

3. At each new sampling location, insert a clean sipper and repeat steps #l and 2 until all 
sites are sampled. 

III. TROUBLE SHOOTING 

1. If insertion of the sipper is difficult, use the trowel to make a hole for the sipper. 

2. If a vacuum cannot be drawn, check all sipper fittings for tightness and be sure the 
entire frit area is submerged. 

3. If only a little water is drawn and the flow is too slow or stops (even though there is 
ample vacuum),.the sediments may be too fine grained, thus clogging the frit. In this case, 
dig a hole with the trowel to below water level, let the fine sediments settle, and replace the 
sipper so that the frit is mainly in the water column above the sediment. The sipper may 
have to be backflushed with the seep water to clear the frit; or replaced. 
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IV. STATISTICS 

Since this procedure is performed to identify seeps and assess their potential for carrying 
contaminants from uplands to marine waters, no advanced statistical procedures are 

envisioned. Means of replicates could be calculated as well as the means for entire 
shorelines, or portions thereof, if appropriate. 

V. REFERENCES 

Short, F. T. M. W. Davis, R. A. Gibson and C. F. Zimmerman. 1985. Evidence for 
phosphorus limitation in carbonate sediments of the seagrass Syringodiumjiliform. 
Estuarine, Coastal and Shelf Science 20:419-430. 
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I 
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I. OBJECTIVE 

This method was devised to measure the general and reproductive health of the 
sea urchin, Arbacia punctufata. This SOP describes procedures to measure survival, 
growth and fecundity of adult animals (test diameter, wet weight, gamete count) I 

following exposures to potentially toxic materials via food, media (water or suspended 
or bedded sediment) or direct injection. This SOP incorporates adaptations of toxicity w 
test procedures (i.e., sperm and larval tests) to measure the capacity of gametes succeed 
to fertilize and develop to swimming and feeding lifestages in uncontaminated or 
contaminated media. Procedures are included to store tissues for future chemical, m 
biochemical (e.g., stress protein content) and genotoxicity (i.e., single cell gel) analyses. - 
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II. NECESSARY MATERIALS AND EQUIPMENT 

- Facilities for holding and exposing test organisms. 
- Calipers for measuring test diameter. 
- Environmental chamber or equivalent facility with temperature control 
(20+l°C) for controlling temperature during exposure. 
- Water purification system -- Millipore Super-Q, Deionized .water (DI) or 
equivalent. 
- Balance -- Analytical, capable of accurately weighing to 0.0001 g. 
- Reference weights, Class S -- for checking performance of balance. 
- Air pump -- for supplying air. , 

- Air lines, and air stones -- for aerating water containing adults. 
- Vacuum suction device -- for washing eggs. 
- pH and DO meters -- for routine physical and chemical measurements. Unless. 
the test is being conducted to specifically measure the effect of one of these two 
parameters, portable, field-grade instruments are acceptable. 
- Centrifuge, bench-top, slant-head, variable speed -- for washing eggs. 
- Fume hood -- to protect the analyst from formaldehyde fumes. 
- Dissecting microscope -- for counting diluted egg stock. 
- Compound microscope -- for examining and counting sperm cells and fertilized 
eggs. . 
- Sedgwick-Rafter counting chamber -- for counting egg stock. 
- Hemacytometer, Neubauer -- for counting sperm. 
- Count register, 2-place -- for recording sperm and egg counts. 
- Refractometer -- for determining salinity. 
- Thermometers, glass or electronic, laboratory grade -- for measuring water 
temperatures. 
- Thermometers, bulb-thermograph or electronic-chart type -- for continuously 
recording temperature. 
- Ice bucket, covered -- for maintaining live sperm. 
- Centrifuge tubes, conical, 15 mL -- for washing eggs. 
- Cylindrical glass vessel, 8-cm diameter -- for maintaining dispersed egg 
suspension. 
- Beakers -- six Class A, borosilicate glass or non-toxic plasticware, 1000 mL 
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for making test solutions. 
m 

- Glass dishes, flat bottomed, 20-cm diameter -- to hold adults during gamete 
collection. m 
- Wash bottles -- for deionized water, for rinsing small glassware and instrument 
electrodes and probes. 
- Volumetric flasks and graduated cylinders -- Class A, borosilicate glass or - 
non-toxic plastic labware, 10-1000 mL for making test solutions. 
- Syringes, l-n& and IO-mL, with 18 gauge, blunt-tipped needles (tips cut off) 
for collecting sperm and eggs. 

II 

- Pipets, volumetric -- Class A, l-100 mL. 
- Pipets, automatic -- adjustable, l-100 mL. I 
- Pipets, serological -- l-10 mL, graduated. 
- Pipet bulbs and fillers -- PROPIPETR, or equivalent. r 

- Tape, colored -- for labelling tubes. I 

- Markers, water-proof -- for marking containers, etc. 
- Sea Urchins (approximately 4 of each sex). 
- Scintillation vials, 20 mL, disposable -- to prepare test concentrations. 

m 

- Parafilm -- to cover tubes and vessels containing test materials. 
- Gloves, lab coat, disposable -- for personal protection from contamination. ml 
- Safety glasses 
- KC1 solution, 0.5 M. 
- Acetic acid (HAC), 5%, reagent grade, in sea water -- for preparing killed 
sperm dilutions. 
- Formalin, 10% in seawater -- for preserving eggs. 
- Formalin, 10% in seawater with Rose Bengal -- for preserving and staining 

w 

larvae. 
- pH buffers 4, 7, and 10 (or .as per instructions of instrument manufacturer) for 
standards and calibration check. 
- Membranes and filling solutions for dissolved oxygen probe or reagents for 
modified Winkler analysis. 
- Low melting agar (LMA) dissolved in TRIS-acetate buffer, heating block (30 
C), microscope slides ‘coated with LMA, coplin jars filled with lysis buffer: for 
details refer to ERLN SOP for Conducting Single Cell Gel Electrophoresis 
Assay. 
- Laboratory quality assurance samples and standards for the above methods. I 
- Reagent water -- defined as distilled or deionized water that does not contain 
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substances which are toxic to the test organisms. 
- Saline test and dilution water -- The salinity of the test water must be 30 ‘/oo. 
The salinity should vary by no more than + 2 ‘/oo among the replicates. 
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III. METHODS 

A. URCHIN COLLECTION AND MAINTENANCE CONDITIONS 

1. Adults are purchased from biological supply houses or collected by divers. Species 
should be verified by biologists. Adults are transported from collection sites moist (but 
not submerged) with sea water at moderate ambient temperatures. Upon receipt, 
animals should be vigorous (spines waving), without obvious signs of. stress (e.g., 
gamete shedding). Animals should be transferred to and maintained in flowing or 
recirculating sea water aquaria aerated vigorously and held at 15 C, and fed kelp 
(Laminaria sp), ad libitum. Healthy animals will attach to tank sides or kelp 
immediately. Unhealthy animals should be discarded; spawning animals shouid be 
segregated. 

2. Animals are sexed using electrical stimulation and held separately. Temperature 
and animal conditions (survival) should be monitored daily. Obviously sick or dead 
animals and decaying food matter should be removed daily. Tanks should be cleaned 
and kelp replaced weekly. Before exposures -begin, animals of each sex are sized (test 
diameter) using calipers and distributed randomly into treatments. 
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B. COLLECTION AND MEASUREMENT OF GAMETES TO ASSESS 
REPRODUCTIVE CONDITION: FEMALE 

1. To characterize a single replicate treatment following exposure, remove all urchins 
from test tank. Select four urchins female urchins and process concurrently for toxicity 
testing. Each of these animals is measured (test diameter) and weighed, after blotting 
with paper towel. A similar process will be repeated with male animals, after 
measurement and egg collection is completed. For remaining urchins, only.qualititative 
data on fecundity will be taken after the test procedure is set-up. Data is recorded on 
appropriate data sheets. 

2. Place each of the four selected urchins oral side up on an appropriately-sized 
container, e.g., 100 ml beaker, specimen cup or weigh boat. Containers are labelled 
1 - 4, to maintain identity of egg stocks. Simlarly labelled conical centrifuge tubes will 
be used to measure total egg volumes for each female. 

3. Fill a 1 ml syringe with 0.5 M KC1 and inject each sea urchin with 0.25 ml through 
several injections around the peristomal membrane (oral side). Note time of injection. 
Spawning is sometimes induced by holding the injected urchin in the palm of the hand 
and swirling it gently with a circular, horizontal motion for several seconds. This may 
provide an additional physical stimulus, or may aid in distributing the injected KCI. 
Following injection, invert over container with oral side up (anaI/gonadopore side 
down). 

4. Fifteen minutes later, inject with a second volume of 0.5 ml. If animals do not 
produce sufficient gametes following injection of 1.0 ml KCl, they should not be 
reinjected as this seldom results in acquisition of good quality gametes and may result 
in mortality of adult urchins. Collect gametes from each individual 5 minutes after 
second injection. Use about 10 ml sea water to wash urchin test and rinse gametes into 
15-ml centrifuge tube. 

5. After gametes are collected, dissect urchin and confirm that spawning was complete. 
Remove all soft body tissues from each female (from a single treatment) and transfer 
to a single scintillation vial. Label and store on ice until frozen. 
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6. Decant eggs into a labelled conical centrifuge tube and allow to settle (about 5 
minutes). Decant sea water from tube and replace with 10 ml clean sea water. 

7. Cap the individual egg suspension tubes, mix by several inversions and divide egg 
stock for testing and storage. 

a. A small sample of the eggs from each female should be examined for the 
presence of sigriificant quantities of irregularly shaped or vacuolated eggs. 
Results should be noted on the appropriate data sheet. 
b. Transfer 1 ml egg suspension from each female to a single tube (labelled as 
pooled sample), to be washed, counted and used in test procedures. 
c. Transfer 1 ml egg suspension from each female to a stint labelled by female 
number (1 - 4) and letter B, to be used to count total number of eggs for each ,- 
female. 
d. Decant remainder of egg suspension (8ml) into a 50 ml conical vial for 
storage: decant excess sea water and set aside for freezer storage (archive for 
chemical and biochemical analyses). 

8. Count pooled egg sample for use in testing as described in section C. Count 
individual egg samples (using procedure described in section C.6) after tests have been 
set up. Results should be noted on the appropriate data sheet. 

9. For remaining surviving urchins (not used in testing), inject with KC1 following 
procedures described previously. Observe microscopically, a small subsample of 
gametes shed, if any. Note on appropriate data sheet, number of surviving urchins, 
number producing gametes, and whether thsoe gametes were grossly normal or 
abnormal. 
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C. COUNTING AND PREPARING GAMETES: EGGS 

1. Wash the pooled egg sample three times using control water with gentle 
centrifugation (500xg or lowest possible setting) for 3 min using a tabletop centrifuge. 
If the wash water becomes red, the eggs have lysed and may not fertilize acceptably. 
Comments on egg quality should be added to data sheets, 

2. Count the eggs: 
a. Remove the final wash water and transfer (by filling the centrifuge tube with 

control water and repeatedly inverting to resuspend the eggs) the washed eggs 
to a beaker containing a small volume (about 50 mL) of control water. Add r 
more control water to bring the eggs to a volume of 200 mL (“egg stock’). 
b. Mix the egg stock using gentle aeration. Cut the point from a pipet tip, then 
transfer 1 mL of eggs from the egg stock to a vial containing 9 mL of control 
water. (This vial contains an egg suspension diluted 1:lO from egg stock). 
c. Mix the contents of the vial using inversion. Transfer 1 mL of eggs from the 
vial to a Sedgwick-Rafter counting chamber. Count all eggs in the chamber 
using a dissecting microscope (“egg count”). 
d. Calculate the concentration of eggs in. the stock. Eggs/mL = 10x (egg count). 

3. Dilute the egg stock to 2000 eggs mL by the formula below. 
a. If the egg count is equal to or greater than 200: 

(egg count) - 200 = volume (mL) of control water to add 
to egg stock 

b. If the egg count is less than 200, allow the eggs to settle and remove enough 
control water to concentrate the eggs to greater than 200, repeat the count, and 
dilute the egg stock as above. 

4. The test procedure can be continued at this point. The egg stock may be held at 
room temperature for several hours before use in testing. 

5. After the egg test stock has been set up, heat 1 tube of iow melting agar (LMA) and 
allow to cool to 30 C in heater block. Remove 2, 12 ml samples (about 50,000 eggs) 
from egg stock and transfer into 2, 15 ml conical centrifuge tubes. Centrifuge gently 
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(lowest setting) for 2 minutes and decant overlying sea water. Transfer egg pellets to 
microfuge tube and add 250 ul melted LMA to tube. Resuspend eggs by pipetting. 
Transfer 50 ul aliquots to four microscope slides, coated with LMA. Cover with 
coverslip and allow gel to set. Remove cover slip and transfer slides to coplin jar 
containing cold lysis buffer. Enter slide data into appropriate data sheet. 

6. Count and calculate egg number per female at a convenient time. 
a. Prepare for each female 2 vials containing 9 ml SW, labelled with female 
number and the letters C and D. 
b, Add 9 ml SW to the 1 ml sample of egg suspension saved for each female 
(“B”). Mix suspension by inverting capped vial and transfer 1 ml egg 
suspension from “B” to “C”. Mix suspension by inverting capped vial and 
transfer 1 ml egg suspension from “C” to “D”. 
c. Mix “C” by inversion and transfer 1 ml sample to a Sedgwick-Rafter 
counting chamber. Observe under dissecting microscope, if too many eggs too 
count accurately (>500), then discard sample and count a subsample from “D”. 
Record total egg number, which dilution counted and any comments on egg 
quality on appropriate data sheet. 
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D. COLLECTION AND MEASUREMENT OF GAMETES TO ASSESS 
REPRODUCTIVE CONDITION: MALE 
NOTE: Handle sexes separately; this minimizes the chance of accidental egg 
fertilization. Throughout the test process, it is best if a different worker, different 
pipets, etc, are used for males (semen) and females (eggs). Frequent washing of hands 
is always a good practice. 

1. Select four male urchins from a single treatment condition. Each animal is 
measured (test diameter) and weighed, after blotting with paper towel. Data are 
recorded on appropriate data sheets. 

2. Place urchin, oral side up on an appropriately-sized container, e.g., 100 ml specimen 
cup, labelled l-4. Fill a 3 - 5 ml syringe with 0.5 M KC1 and inject each sea urchin 
with 0.5 ml through peristomal membrane. Note time of injection. Spawning is 
sometimes induced by holding the injected urchin in the palm of the hand and swirling 
it gently with a circular, horizontal motion for several seconds. This may provide an 
additional physical stimulus, or may aid in distributing the injected KCl. Inject with 
a second volume of 0.5 ml injection after 15. minutes. 

4. If animals do not produce sufficient gametes following injection of 1.0 ml KCl, they 
should probably not be reinjected as this seldom results in acquisition of good quality 
gametes and may. result in mortality of adult urchins. Collect gametes from each 
individual after each injection, using a total volume of 10 ml sea water for each male. 
Store tubes on ice. 

5. After spawning ceases, dissect urchin and confirm that spawning was complete. 
Transfer all soft body tissues from males from a single treatment to a single 
scintillation vial. Label and store on ice until frozen. 

6. Transfer portions of collected sperm for toxicity testing, counting or storage: 
a. Transfer 1 ml sperm suspension from each male to a stint vial labelled by 
individual number and “B”: count individual sperm samples after tests have 
been set up. 
b. Microsopically observe 1 drop of live sperm suspension from each male 
under high power. Note whether sperm are moving. 
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c. If no motile sperm are observed, do not use sample from this individual for 
pooled sample. If motile sperm are observed, then procede to transfer individual 
sample to pooled sample. Transfer 1 ml sperm suspension form each male (with 
motile sperm) to vial labelled pooled sample. 
d. Decant remainder of sperm suspension (8ml) into a scintillation vial for 
storage and set aside for freezer storage (archive for chemical and biochemical 
analyses). 

6. Count pooled sperm sample for use in testing as described in section E. Count 
individual sperm samples (using procedure described in section E.3) after tests have 
been set up. Results should be noted on the appropriate data sheet. 

7. For remaining surviving urchins (not used in testing), inject with KC1 following 
c 

procedures described previously. Observe microscopically, a small subsample of 
gametes shed, if any. Note on appropriate data sheet, number of surviving urchins, 
number producing gametes, and whether thsoe gametes were grossly normal or 
abnormal. 
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E. COUNTING AND PREPARING GAMETES: SPERM 

1. Using control water, make a sample of sperm test stock at a concentration of about 
5 * lo7 sperm/ml. Estimate the sperm concentration as described below. 

a. Mix by inversion pooled stock of sperm collected in sea water (“A-pooled”). 
The maximum volume should equal 4 ml (1 per male). Transfer 1 ml to a vial 
labelled “B-pooled”, containing 9 ml sea water. 
b. Mix “B” by inversion and transfer 1 ml to vial labelled “C-pooled”. Mix “C” 
by inversion and transfer 1 ml to vial labelled “D-pooled”. 
c. Transfer 10 ul samples from “D” to each of two sides of a hemacytometer. 
Let sample settle for 15 minutes before counting. 
d. Using a compound microscope (250-400x), count the number of sperm in the 
central 400 squares on each side of the hemacytometer and average (X). If the 
average of both sides is less than 50, clean hemacytometer, sample from solution 
“C” and repeat counting process. If the average is greater than 500, make a 
solution “E” by transferring 1 ml from- “D” into 9 ml sea water, sample from “E” 
and repeat the counting process; 

2. Use the count average to calculate the concentration of sperm in the sampled 
solution, the concentration of sperm in stock “A”, and the dilution of “A” required to 
make an appropriate sperm test test. 

For counts made on “D”: 
Sperm concentration in “D” = X * lo4 sperm/ml 
Sperm concentration in “A” = “D” * lo3 = X* lo7 sperm/ml 

Sperm number necessary for sperm stock 
= 5 *’ lo8 sperm/ml * 10 ml 
= 5 * lo9 sperm 

Volume of “A” containing 5 * lo9 sperm 
= (5 * 10’ sperm)/(X * 1 O7 sperm/ml) 
= 50/X ml 

Volume of “A” to transfer into sperm stock = 50/X ml 
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For counts made on “C”: 
Sperm concentration in “C”= X*104 sperm/ml 
Sperm concentration in “A”= X* lo6 sperm/ml 
Volume of “A” to transfer into sperm stock = 500/X ml 

For counts made on “El’: 
Sperm concentration in “E”= X*104 sperm/ml 
Sperm concentration in “A”= X* 10’ sperm/ml 
Volume of “A” to transfer into sperm stock = 5/X ml 

w 

I 
To make sperm test stock (10 ml total volume): 

Volume of sea water to add= 10 - (volume of “A” transferred into stock) ” 
a 

3. Maintain sperm test stock on ice until test begins. 

4. After the sperm test stock has been set up, heat 1 tube of low melting agar (LMA) 
and allow to cool to 30 C in heater block.. Add 250 ul melted LMA to a microfuge 
tube. Make a 1:lO dilution of sperm test stock: transfer 100 ul sperm test stock into 
a vial containing 0.9 ml sea water. Transfer 10 ul diluted sperm stock (about 2.5 x lo4 
sperm) into microfuge tube and resuspend sperm by pipetting. Transfer 50 ul aliquots 
to four microscope slides, coated with LMA. Cover with coverslip and allow gel to 
set. Remove cover slip and transfer slides to coplin jar containing cold lysis buffer. 
Enter slide data into appropriate data sheet. 

5. Count and calculate sperm number per male at a convenient time. 
a. Prepare for each male 2 vials containing 8 ml SW and 1 ml HAC, labelled 
with male id number and the ‘letters C and D. 
b. Add 9 ml SW to the 1 ml sample of sperm suspension saved for each male 
(“B”). Mix suspension by inverting capped vial and transfer 1 ml sperm 
suspension from “B” to “C”. Mix suspension by inverting capped vial and 
transfer 1 ml sperm suspension from “C” to “D”. 
c. Mix “C” by inversion and transfer subsample to a hemacytometer. Mix “D” 
by inversion and transfer subsample to a hemacytometer. Allow sperm to settle 
(10 minutes) and observe under coumpound microscope. If too many sperm to 
count accurately (>5OO), then discard sample and count the subsample from “D”. 

I 

m 
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Record total sperm number and which dilution counted on appropriate data 
sheet. 
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F. TOXICITY TESTING: SPERM AND LARVAL DEVELOPMENT ASSAYS 

1. Six replicates are prepared for each test concentration: 3 replicates will be used for 
the sperm test and 3 replicates for the larval test. For the sperm test, use 5 mL of 
solution in disposable liquid scintillation vials. For the larval test, use 18 mL of 
solution in disposable stint vials. A total volume of 69 mls is required per treatment. 

2. Reproductive success will be assessed routinely by testing gametes using clean SW 
and treatment exposure water (“tank water”). Particle-free tank water will be prepared 
for testing by centrifuging samples for 10 minutes at 10,000 rpm. 

3. All test samples should be equilibrated to 20 C before sperm addition. 

4. Two hours after sperm collection and immediately after the final dilution is made, 
add 100 UL of appropriately diluted sperm to each test vial. Record the time of sperm 
addition. 

5. Incubate all test vials at 20 2 l’C.for 1-h. 

6. Mix the diluted egg suspension (2000 eggs/ml), using gentle bubbling. Add 1 mL 
of diluted egg suspension to each test vial using a wide mouth pipet tip. Incubate at 
20 + 1°C. 

7. Twenty minutes following egg addition, terminate sperm test and measure 
fertilization success. 

Ba. At 20 minutes after egg addition, terminate the vials for the sperm test. 
Terminate the test and preserve the samples by adding 1 mL of 10% formalin in 
seawater to each vial. Then add 13 mL sea water to each vial so that total 
volume is 20 mL (5 ml solution + 1 ml eggs + 1 ml formalin + 13 ml SW). 

b. Vials may be evaluated immediately or capped and stored for as long as two 
days before being evaluated. As holding time amy affect egg appearance, all 
test vials should be read at one sitting. 
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c. To determine fertilization, mix vials by inversion and transfer a 1 mL sample 
of eggs from a test vial to a Sedgwick-Rafter counting chamber. Observe the 
eggs using a compound microscope (100 X). Count all eggs in the sample. 
Record the number counted and the number unfertilized. Fertilization is 
indicated by the presence of a fertilization membrane surrounding the egg. 
Adjustment of the microscope to obtain proper contrast may be required to 
observe the fertilization membrane. 

8. At 48 hours after egg addition, terminate the vials for the larval test,and measure 
larval survival and development. 

a. Terminate the test and preserve the samples by adding 1 mL of 10% formalin 
in seawater containing Rose Bengal to each vial. The total volume of each vial 
should total 20 ml (18 ml solution + 1 ml eggs + 1 ml formalin). 

b. Count and record the number of normally developed and total number of 
larvae in 2, 1 mL samples of each vial. Mix vial by inversion and transfer 1 
mL eggs from the test vial to a Sedgwick-Rafter counting chamber. Observe the 
larvae using a dissecting microscope‘(100 X). If time permits, larval size may 
determined using image analysis. 

NOTE: Because samples are fixed in formalin, a ventilation hood is set-up surrounding 
the microscope to protect the analyst from prolonged exposure to formaldehyde fumes. 
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V. STATISTICAL ANALYSIS AND DATA USAGE 

1. Tabulate and summarize the data. Calculate the percent of unfertilized eggs for 
each replicate. 

2. The endpoints of toxicity tests using the sea urchin are based on the reduction in 
percent of eggs fertilized. Dunnett’s Procedure (Dunnett, 1955) is used to estimate 
whether treatments differ from controls. 

3. Use spreadsheet format (see sample accompanying) to calculate and summarize 
numbers of gametes per treatment group. 

VI, REFERENCES 

Dinnel, P.A. 1988. Adaptation of the Sperm/Fertilization Bioassay Protocol to 
Hawaiian Sea Urchin Species. Final Report for the State of Hawaiia Department 
of Health, Contract Number 88-405. 

Dunnett, C.W. 1955. A multiple comparisons procedure for comparing several 
treatments with a control. JASA 50: 1096-l 101. 

US EPA. 1988; Short-Term Methods for Estimating the Chronic Toxicity of Effluents 
and Receiving Waters to Marine and Estuarine Organisms. Weber, C.I., et al 
(eds). EPA Office of Research and Development EPA-600/4-87/028 (May 
1988). 



ERL-N STANDARD OPERATING PROCEDURE ERL-N SOP 
CONDUCTING SINGLE CELL GEL ELECTROPHORESIS ASSAYS REVISION 3 
'a JANUARY 1993 \ PAGE 1 OF 8 

POINT OF CONTACT: 

Diane Nacci 
Science Applications International Corporation 
c/o US Environmental Protection Agency 
27 Tarzwell Dr. 
Narragansett, RI 02882 

Eugene Jackim 
US Environmental Protection Agency 
27 Tarzwell Dr. 
Narragansett, RI 02882 

I. OBJECTIVE 

Detection of DNA strand breaks is based on an established 
quantitative relationship between an increased rate of DNA strand 
separation under alkaline conditions, referred to as DNA alkaline 
unwinding, and increased DNA strand breaks (Ahnstrom & Erixon, 
1973; Rydberg, 1975). 

In the Single Cell Gel (-SCG) electrophoresis assay, relative 
numbers of DNA strand breaks are estimated in individual cells 
(Singh et & 1988). This is accomplished by embedding crude tissue 
homogenates or cell suspensions in agar, dissolving cell membranes 
and electrophoresing the preparations under alkaline conditions.. 
DNA unwinding and migration during alkaline electrophoresis, 
visualized using the fluorescent dye, ethidium bromide, is 
demonstrated as nuclear "tail" or "comet". The length of this tail 
may be quantified and correlated with the relative number of DNA 
strand breaks. 

II. NECESSARY MATERIALS AND EQUIPMENT 

- Deionized water (diH20) 
- Ice bucket and ice or cold packs 
- Dissecting equipment 
- Glass homogenizers (3 ml capacity) with glass pestles, 
disposable 
- Table top microfuge 
- Microfuge tubes, 1.5 and 0.5 ml, disposable 
- Refrigerator (4' C) 
- Water bath or heater block, 30-35OC 
- Balance -- Analytical, capable of accurately weighing to 
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0.0001 g 
- Weighing boats or glascene weighing papers 
- Reference weights, Class S -- for checking performance of 
balance 
- pH meter 
- Syringes, 1 ml, with small gauge needles, disposable (e.g., 
26 gal 
- Horosilicate tubes, disposable, 5 ml 
- Glass screw-cap vials, disposable, 20 ml (e.g., liquid 
scintillation vials) 
- Filter sterilizing apparatus, disposable, tissue culture 
grade, 500 ml 
- Thermometers, glass or electronic, laboratory grade 
- Wash bottles -- for deionized water, for rinsing small 
glassware and instrument, electrodes and probes 
- Volumetric flasks, graduated cylinders and bottles -- Class 
A, borosilicate glass or non-toxic plastic labware, 10-1000 mL 
for making and storing test solutions 
- Pipets, automatic -- adjustable, lo-lOOOuL, and appropriate 
tips 
- Pipets, serological -- l-10 mL, graduated 
- Pipets, Pasteur, glass disosable 
- Pipet bulbs and fillers :- PROPIPETR, or equivalent 
- Tape, colored -- for. labelling tubes and bottles 
- Markers, water-proof -- for marking containers, etc. 
- Gloves, lab coat, disposable -- for personal protection and 
to avoid contamination 
- Safety glasses 
- ParafilmR 
- Fully Frosted Microscope Slides 
- No.1 Coverslips 
- Glass coplin-type jars with screw caps 
- Teflon-coated forceps for handling slides 
- Horizontal Electrophoresis System (Submarine Type) 
- Electrophoresis Power Supply 
- Staining Tray 

Chemicals 

- NaCl, -reagent grade 
- TRIZMA HCl (Tris[hydrodroxymethyl]aminomethane), reagent 
grade 
-TRIZMAacetate (Tris[hydrodroxymethyl]aminomethane acetate), 
reagent grade 
- EDTA, reagent grade 
- Sodium hydroxide (NaOH), reagent grade 
- Hydrochloric acid(HCl), reagent grade 
- Sodium monophosphate (NaH,PO,), reagent grade 
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- Sodium diphosphate (Na,HPO,, reagent grade 
- Potassium monophophate (KH,PO,), reagent grade 
- Potassium Chloride (KCl), reagent grade 
- Glucose, biological grade 
- HEPES (N-[2-Hydroxymethyl]piperazine-N'-[2-ethanesulfonic 
acid], sodium salt), reagent grade 
- Triton X-100 
- Dimethyl sulfoxide (DMSO), reagent grade 
- Ethidium Bromide (EB) 
- Ethidium Homodimer (EH, supplied by Molecular Probes, Inc, 
Eugene, OR) 
- Sodium Lauryl Sarcosinate (SLS) 
- Low Melting Point Agarose (LMA), Molecular biology grade 
- Normal Melting Agarose (NMA), Molecular biology grade 

III. METHODS 

Solutions 

HEPES Solution, 1.0 M 
Weigh out 47.7 g HEPES (m.w. 238.3). Add 150 ml di,,H,O, 
adjust pH to 7.4 if necessary. Q.s. 200 ml. 

Hank's (HBSS) or Earle's (EBSS) Buffered Saline Solution 
Chemical HBSS,g EBSS,g 
NaCl 0.800 0.990 
KC1 0.040 0.040 
KH,PO, 0.006 0.006 
Na,HPO, 0.009 0.009 
NaHCO, 0.085 0.220 
Glucose 0.100 0.100 

HEPES solution 2.5 ml 2.5 ml 

Q.s. to 100 ml with diH20. Filter sterilize. 

Kenny's Salt Solution 
Chemical g/L 
NaCl 23.5 
KC1 0.7 
K,HPO, 0.1 
NaHCO, 0.2 
Weigh out chemicals. Dissolve with 900 ml diH,O. Adjust 
pH to 7.5. Q.s. 1L. Filter sterilize and store 
refrigerated. 
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Asarose Solutions: 0.5% in TRIS-Acetate EDTA (TAE) 
Stock solutions 
0.2 M Tris acetate(TA) solution, pH 7.5 
0.2 M EDTA 

Add 200 ml TA solution and 5 ml EDTA solution to about 
900 ml diH20. Adjust pH to 7.5, if necessary. Q.s. to 
1L (final concentrations 40 mM TA and 1 mM EDTA). Filter 
sterilize and store refrigerated. 

Agarose solutions (LMA and NMA) are made -with 0.5 g 
agarose per 100 ml TAE (final concentration, 0.5% 
agarose). Boil solutions to dissolve. Dispense about 5 
ml per liquid scintillation vial. Cool and cap. Store 
at room temperature. 

Lvsinq Solution: 
Chemical wt, 9 Final Concentration, M 
NaCl 146.4 2.5 
EDTA 37.2 0.1 
TRIZMA-HC1 1.2 0.01 

Combine chemicals.in 500 ml ddH20. Set pH to 10 with 12 
gm solid NaOH. Add 10 g sodium sarcosinate (final 
concentration, 1% w/v).- Bring volume to 890 ml with 
ddH,O. Filter sterilize and store at room temperature. 

For final lysis buffer made on day on use. To 44.5 ml 
lysis solution, add 0.5 ml Triton x-100 (final 
concentration, 1% v/v ) and 5 ml DMSO (final 
concentration, 10% v/v). 

Electrophoresis Buffer : 
Stock Solutions " 

NaOH Solution, 10 N 
Add 40 g NaOH to 100 ml ddH20. Mix carefully. Store at 
room temperature. Replace every 10 days. 

EDTA Solution, 0.2 M 
Add 37.2 g to 500 ml ddH20. Filter sterilize and store 
refrigerated. 

For 1X Buffer (made fresh before each run) : mix 30 ml 
NaOH Solution (final concentration, 300 mM) and 5.0 ml 
EDTA Solution (final concentraton, 0.001 M), q.s. to lL, 
mix well. 
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Neutralization Buffer : 0.4 M Tris Solution 
Add 63.04 g TRIZMA-HCl to about 900 ml diH20. Adjust pH 
to 7.5 using 1ON NaOH. Q.s. to 1L. Filter sterilize and 
store at room temperature. 

Ethidium Bromide Staininq Solution : 
Use extreme caution while handling this potent mutagen. 
All weighing should be done in a hood while personnel are 
protected by appropriate gear (gloves, coat). All 
contaminated materials should be disposed of as 
carcinogenic waste. 
Add about 2-4 mg EB to pre-tared liquid sc.intillation 
vial. Calculate volume required for final concentration 
1 mg/5 ml (20 ug/ml). Add this amount of diH20. Wrap 
vial in foil. For EB working solution, mix 1 ml with 9 
ml diH,O (2 ug/ml). 
Store light protected at room temperature. 

Ethidium Homodimer Stainins Solution : 
Add 2 ml of sterile EBSS (without calcium or magnesium) 
to a vial containing 25~1 of 12 mM EH in DMSO (as 
available from supplier). Vortex to ensure thorough 
mixing (stock concentration is 150 uM). 
Transfer 250 ul EH stock to 10 ml PBS to make EH working 
solution (concent-ration is 4 uM). 
Store solutions frozen, protected from light in a sealed 
plastic bag containing dessicant. Do not open bag until 
contents have reached room temperature. 

Positive Control Solution: Hydrogen Peroxide 
Immediately before exposure, make a 1:lOOO dilution of 
30% H202 by adding 10 ul to 10 ml ddH20. For a final 
concentration of 200 mM H202, add 23 ul of this 1:lOOO 
dilution per ml exposure media. 

Single Cell Gel Electrophoresis : Slide Preparation 

Preparation 
Base-coating slides: Melt one or more vials of NMA in 
microwave. Add 100 ul melted NMA to each pre-numbered 
slide and immediately add a coverslip (being careful to 
minimize bubbles). Place the slides on a tray over ice 
for 3 minutes to solidify. Slides may be base-coated in 
advance amd stored for several days in moist slide boxes. 

Preparing LMA: Melt ‘one or more scintillation vials of 
LMA in microwave. Dispense into small glass vials or 
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plastic centrifuge tubes (about 2 ml volume, to fit 
heater block holes) and allow to come to 30 C in heater 
block before use. 

Tissue Preparation 

NOTE: Procedures that include live tissues should be 
performed under dim yellow lights to prevent additional DNA 
damage. 

Exposures may occur prior to sampling. Positive controls 
may be generated in vitro by exposing cells to 0.2 M H,O, -- 
for lo-30 minutes on ice. 

Whole Blood : Withdraw blood using syringe rinsed in 0.2 
M EDTA. Immediately, mix 5 ul whole blood with 50 ul 
LW, layer onto base-coated slide. 

Tissue Isolation: Remove a small piece of the organ, 
place in 1 ml of cold buffer (EBSS, HBSS, Kenny's or PBS 
containing 0.02 M EDTA) on ice. Mince into fine pieces, 
let settle, remove 5 -ul cell suspension, add to 50 ul 
LMA, layer onto base-coated slide. For easily 
disaggregated tissues (eg. spleen and testes) add two to 
three ml more buffer and remove 5 ul for slides. 

Culture Isolation : Monolayer cultures - scrape off 
cells into the culture media in the cell dish using a 
teflon scrapper (do not trypsinize cells!) to yield 
approximately 1 x lo6 cells/ml. Add 5 ul cell suspension 
to 50 ul LMA, layer onto base-coated slide. 

General Slide Makinq 
Gently slide off,,the coverslip and add 50 ul of warm LMA 
(30 C) mixed with approximately 10,000 cells in 5 ul 
volume or less. Replace coverslip and return slide to 
the tray on ice for another 5 minutes. 

Gently slide off coverslip and add a third layer of 50 ul 
LMA to the slide. Replace coverslip and return to the 
tray on ice for 5 minutes. 

Remove coverslip and slowly lower slide into cold, 
freshly made Lysing Solution. Protect from light and 
place in 4oC refrigeration for a minimum of 1 hour. 
Slides should be stored for at least one hour before 
proceeding but may be stored for extended periods of time 
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(weeks to months) in cold Lysing Solution. 

Single Cell Gel Electrophoresis 

NOTE: Perform electrophoresis under dimmed yellow 
light. 

After at least 1 hour at 4 C, gently remove slides from 
the Lysing solution. Place slides on the horizontal gel 
box near the anode (+) end, sliding them as close 
together as possible. 

Fill the buffer reservoir with freshly made 
electrophoresis buffer until liquid level completely 
covers the slides. Let slides sit in buffer for 15-60 
minutes (with power OFF) to allow unwinding of the DNA. 

Turn on the power supply to 25 volts and adjust current 
to 300 mAmps by slowly raising or lowering the buffer 
level. Allow slides to run for 5-40 minutes. 

Turn off the power. Gently lift the slides from the 
buffer and place-in the staining tray. Using a Pasteur 
pipet, drip neutralization buffer over slides to coat. 
Let sit for 5 minutes. Repeat twice. 

Drain slides, add 50 ul of stain (EB or EH) working 
solution and cover with coverslip. Coat edges of cover 
slip with nail polish, store slides in moist chamber. 
View immediately or refrigerate to store. 

Observation 

Within 3 days aft-er making slides, observe 
microscopically. Remove slides from refrigerator. Blot 
away condesation before use. For slides stained with EB, 
observe using 
excitation - 

fluorometric scope (green light, 365nm 

micrometer. 
420nm emission) at 400x set up with a 

standard 
For slides stained with EH, observe using 

flourescein filter set (blue light, EH 
excitation at 485-500 nm and emission at 645 nm). Focus 
on individual cells, estimate tail lengths. Record 
lengths for 25 cells per slide.. 

E. Acceptability of Test Results 
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Criteria for acceptability have not yet been established. 

F. Hazards and safe usage 

Ethidium bromide is a DNA-interactive dye and should be 
considered mutagenic. Users should take protective measures 
and discard solutions appropriately. 

IV. TROUBLE SHOOTING 

Substances which interfere positively or negatively with 
fluorescence may be introduced by contaminants in dilution 
water, glassware, sample hardware, and testing equipment. 

V. STATISTICAL ANALYSIS AND DATA USAGE 

Statistical differences between groups are determined by 
analyzing data using ANOVA followed by Dunnet's test (SAS). 

VI. REFERENCES 

Anstrom, G. & Erixon;K. j1973). Radiation Induced Strand 
Breakage in DNA from Mammalian Cells: Strand Separation in 
Alkaline Solution. Int. J. Radiat. Biol. Relat. Stud. Phys. 
Chem. Med., 23, 285-9. 

Rydberg, B. (1975). The Rate of Strand Separation in Alkali 
of DNA of Irradiated Mammalian Cells. Radiat. Res., 61, 274- 
287. 

Singh, N.P., McCoy, M.T., Tice, R.R. & Schneider, E.L. (1988). 
A Simple Technique for Quantitation of Low Levels of DNA 
Damage in Individual Cells. Exp. Cell Res., 175, 184-191. 



Single Cell Gel Procedure 

Oyster Hemolymph Cells 

Cell Density: Effect on tail length of exposed and non- 
exposed cells 

1. Base coat 25 slides using 
(0.5%). 

lOOul/slide regular agar base 
Label slides 105-l--25. 

store on ice. 
Make lysis buffer (150 ml), 

2. Sample oyster hemolymph from 6-8 notched (non-exposed) 
oysters: 

Rinse syringes with 200 mM EDTA (optional). Withdraw 
about 0.2-0.3 ml from each oyster (to obtain f.inal volume 
of about 1600 ul, total). 
oysters in microfuge tube. 

Pool hemolypmh from all 

using hemocytometer. 
Sample and perform cell count 

Divide hemolymphinto twomicrofuge 
tubes containing 750~1 fluid each. 

3. Centrifuge cell suspensions at 2000rpm x 10 seconds. 
Reconstitute with Kenny's salt solution containing EDTA to 1 
ml. Add 23~1 DI to tube-l (CTL), 23~1 H202 solution (see SOP) 
to tube-2 (EXP). Mix by inversion and allow to stand at RT for 
15 minutes. 

4. Mix cell suspensions using pipettor. Distribute cell 
suspensions from each exposure group into 3 tubes as follows: 
400ul(HI), 200ul(MED). and 100u1(L0). Centrifuge cell 
suspensions (6 tubes) at 2000rpm x 10 seconds. Discard 
supernatant. 

5. Add 20.0~1 melted LMA to each tube. Make 4 slides from each 
cell suspension. Continue slide making. 

Make slides using 50~1 agar-cell suspension. Allow 
slides to gel. 
buffer, ASAP. 

Cover with 50 ul LMA and drop into lysis 
Store slides in lysis buffer for at least 

1 hour. 

6. Electrophorese one slide from each group using brief unwinding 
and electrophesis times (15 minutes unwinding and 5 minutes 
electrophoresis) . 
using 

Electrophorese one slide from each group 
relatively long unwinding and brief electrophoresis 

times (60 minutes unwinding and 5 minutes electrophoresis). 
Neutralize, stain and measure as per SOP. 



Slide Number Treatment Density Comment 

105-l CTL LO M 
105-2 
105-3 
105-4 
105-5 CTL MED m 

105-6 
105-7 
105-8 mu 
105-9 CTL HI 
105-10 
105-11 I 
105-12 
105-13 EXP LO 
105-14 
105-15 m 
105-16 
105-17 EXP MED 
105-18 1 
105-19 
105-20 
105-21 EXP HI 
105-22 m 
105-23 
105-24 
105-25 EXTRA I 
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Tissue Preparation for Eventual Western Blot Analysis and Archiving 

Point of Contacts 
Scott A. Steinert, Computer Sciences Corporation 
c/o NCCOSC RDTE DIV 521 
53475 Strothe Road Rm 276D 
San Diego, CA 9215296325 

I. OBJECTIVE 

The following procedure can be used to preserve tissue samples for 
archiving purposes and for eventual use for Western blot analysis. 
The procedure has been used by this lab to preserve tissue samples 
for stress protein analysis with no observed loss or gain of stress 
protein concentration over a six month storage period. 

II. MATERIALS & BQUIPMENT e 

-Dissecting instruments; scissors, forceps, scalpel, and for 
bivalve mollusks a shucking knife. 

-1.5 ml microfuge tubes, with snap or screw top. 
-Styrofoam ice chest 
-Dry ice 
-Gloves 
-Storage freezer, -70°C 

III. METHODS 

Test organisms are placed in clean plastic bags and held on ice 
until tissues can be dissected. It is recommended that tissue 
preparation not be delayed for more than a few hours. FOr mussels, 
Mytilus edulis, sever the posterior adductor muscle with a shucking 
knife and split apart valve halves. Remove enough tissue, 
preferably gill and mantle, to fill a quarter of the volume of a 
1.5 ml tube, blot excess fluid with an absorbent towel, place in 
labelled 1.5 ml tube, cap, place on dry ice, eventually transfer to 
-7O-80% freezer. When possible prepare replicate samples. If 
samples are to be transported do so on dry ice. 
*If there is access to liquid nitrogen storage facilities store 
tissues i? liquid nitrogen in liquid nitrogen COmpatibl8 storage 
tubes. 



Standard Operating Procedures For 
The Preparation of Marine Tissues for Organic and Inorganic Analysis 

October 28, 1992 

Author: Bryan Taplin 
Science Applications International Corp. 
Environmental Research Laboratory 
27 Tarzwell Dr. 
Narragansett, RI 02882 

I. OBJECTIVE 

The following document defines the standard operating procedures for the preparation 
of marine tissues, specifically for the American lobster and the Summer/Winter flounder, for 
organic and inorganic analysis. 

II. NECESSARY MATERIALS AND EQUIPMENT 

A. Dissecting knife: stainless steel with replaceable blade 

B. Stainless steel filleting knife 

C. Teflon pad 

D. Teflon coated stainless steel spatula 

E. Stainless steel scissors 

F. Acid stripped/muffled screw capped jars (no aluminum foil) with teflon lined closures - 
sizes: 4 and 16 oz. 

G. Lobster claw crusher 

H. Teflon coated stainless steel forceps 

III. COLLECTION AND PREPARATION OF TISSUE 

A. All dissection and removal of tissue from marine samples should be conducted using good 
laboratory practices. All dissecting utensils and cutting surfaces should be free of contaminants 
prior to dissection. 



B. Dissection and removal of tissue should be done on a teflon or polyethylene cutting surface 
to minimize metal contamination. Dissecting utensils should be stainless steel or teflon coated 
stainless steel. The cutting board and dissecting impliments should be cleaned between 
treatments and composite reps with alconox soap, rinsed with tap water 3x, rinsed with distilled 
water 3x, before being solvent rinsed with methanol. 

C. Prior to dissection, all animals should be rinsed with seawater, making sure all particulate 
material and sediment has been removed. Lobsters are dissected live, using a stainless steel 
knife by making an incision ventrally and equidistant from each side (see attached diagram for 
detailing anatomy of the lobster) . The incision runs from the tip of the rostrum to the end of 
the tail. Once this cut has been made, the animal can be opened latterally and the organs 
exposed for removal. The hepatopancreas organ should be removed first to prevent rupturing 
of the membrane. This organ is located on either side of the ventral mid-line in the posterior 
region of the carapace. This organ can be removed using stainless steel tweezers. After the 
hepatopancreas has been removed, the muscle tissue can be excised from the tail using tweezers 
and spatula. The two claws of the lobster, ripper and crusher claw, can be broken open using 
a claw crusher and the tissue removed using the same instruments. 

Flounder are dissected by making a ventral incision on either side of the head, extending 
diagonally to the sides of the animal. The outer skin is removed from the flounder by breaking 
the head off and pulling the head and attached outer skin away from the body. Once the outer 
skin has been removed, the muscle tissue can be removed using a stainless steel fillet knife. 
Edible flesh is removed by cutting along the vertebrae and cutting away at a 45 degree angle 
towards the sides of the animal. The liver of the flounder is located in the visceral area on 
the ventral, unpigmented side of the animal. This organ is removed by making three incisions 
along the outer borders of the visceral pouch with a pair of stainless steel scissors. Care should 
be taken to minimize any damage to the underlying organs when the incisions are made. Once 
the the contents of the visceral pouch been exposed, the liver is the largest organ in the visceral 
area and usually is reddish in color. The liver- can be separated from the other organs using a 
pair of forceps and scissors. 

D. All tissue is placed into acid stripped/muffled jars with teflon lined caps with the 
appropriate sample information. Lobster hepatopancreas and flounder liver can be placed into 
4 oz jars while lobster muscle tissue and and flounder flesh can be placed into 16 oz. jars. 
Samples should be placed into sealed zip lock bags, labeled appropriately, and placed in ice for 
transport back to ERL-N. Chain of custody procedures should be implemented once the 
samples have arrrived. 

E. Sample size for each tissue type should be at least 20 - 25g on a wet weight basis. 
Some tissues, such as the lobster hepatopancreas and flounder liver, will be less. A smaller 
sample size (15g) may be sufficient for these tissues. This amount of sample should provide 
sufficient material for both organic and inorganic analyses. 

IV. TROUBLE SHOOTING . . 

A. Biomass considerations are important in determing the number of animals needed to 
collect. Sample size for lobsters will be contingent on the age class of the animal. Juvenile 
lobsters having carapace length between 4.0 - 4.5 cm, on average, contain 12.67 g (wet weight) 
of muscle tissue and 2.32 g (wet weight) hepatopancreas tissue per animal. Larger size classes 
of lobster will contain proportionally more tissue on a wet weight basis. 



B. Dissection of flounder and lobster should be done to minimize cross contamination. Best 
available knowledge should be used in assessing the contamination level at a particular site. 
If prior chemistry data exist from a known collection site, this information should be used 
to determine the order of processing of samples. Generally one should proceed from clean to 
dirty in processing samples. 

C. Removal of outer skin from flounder should be done correctly. Incisions should be 
made on the ventral side, flanking the head, and extending out towards the sides of the animal. 
The incisions should not nenetrate the niemented side of the animal. Once the incisions have 
been made, the vertebrae can be broken, and the outer skin removed. This is done by turning 
the animal over to the dorsal side (pigmented side), and grasping the head and pulling it towards 
the tail. If done correctly, the outer skin should peel off. 

D. Removal of the liver from the flounder should also be done correctly. The visceral 
pouch can be identified by first turning the animal onto the ventral side (unpigmented side) and 
feeling for the soft cavity located just posterior to the head (usually located on the left side). 
Using a pair of scissors, the first cut should be made along the outside border of the fish, 
extending the length of the cavity. The last two incisions should be made just along the borders 
of the cavity extending inwards. It is very important not to damage the organs in the visceral 
pouch, as this would make identification of organs difficult. When dissecting, one should hold 
scissors just above the surface of the skin and keep upward tension during cutting. 

V. STATISTICAL ANALYSIS AND DATA USAGE 

Samples collected and prepared for organic and inorganic analysis are part of the 
Portsmouth Harbor Phase II field sampling operation. Data collected will be used to address 
any ecological effects associated with Portsmouth Harbor shipyard. 

VI. REFERENCES 

Cobb, S.J., 1976. The American Lobster: the biology of Homarus americanus. University of 
Rhode Island, kingston Rhode Island. 
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I 

I. OBJECTIVE 

This document describes the procedures required to excise the spleen from flounder for 
histopathological preparation and examination. 

II. NECESSARY MATERIALS AND EQUIPMENT 

Small stainless steel dissecting scissors 
II 

Prelabelled scintillation vials containing 15-20 ml fixative” prepared by ERLN 
“Caution - Dietrich’s fixative contains 95 % ethyl alcohol, 40 % formaldehyde, and glacial 
acetic acid 

It 

Stainless steel forceps 
Cutting board (optional) I 

III. METHODS a 

1. Label the scintillation vial with a sample numbe?. 
bNote - ERLN will not accept responsibility for samples received without a Chain-of- 
Custody form. 

2. Place the flounder specimen pigmented side down with the anterior end pointing to 
the left and the posterior end to the right on the cutting board. In this position the body 
cavity is found just posterior to the gill slit close to the investigator. 

3. Insert a small pair of dissection scissors in the anal vent. 

4. Make an incision toward the vertebral column, anteriorly to the gill slit, away from 
the vertebral column and finally back toward the anal vent. 
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5. Remove the abdominal wall over the body cavity. 

6. The liver, a large reddish brown organ, is centrally located in the exposed cavity. 
Lift this organ and separate from the underlying intestinal mesenteries. 

7. The spleen, a discrete bright red organ, is located in these mesenteries. The spleen 
is generally about one twentieth the size of the liver. Lift the spleen with the forceps and 
carefully cut away from attached mesenteries. 

8. Place the spleen in the prelabelled scintillation vial containing furative and recap 
tightly for transport to ERLNb. 
bNote - ERLN will not accept responsibility for samples received without a Chain-of- 
Custody form. 

IV. TROUBLE SHOOTING 

Not applicable. 

V. STATISTICAL ANALYSIS AND DATA USAGE 

Not applicable. 

VII. REFERENCES 

Not applicable. 
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