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Introduction
This sampling and analysis plan (SAP) presents the purpose, scope of
work, strategy, and methodology that will be used to sample and analyze
limu (edible seaweed) and edible invertebrates as per the 6 June 2012
ruling for the Malama Mākua vs. Robert Gates, Secretary of Defense and
John McHugh, Secretary of the United States Department of the Army.
This ruling in summary states: “Defendants shall complete one or more
studies of limu and other marine resources (e.g. octopus and sea
cucumber) near Makua Beach on which Waianae Coast residents rely for
subsistence, in accordance with the terms and conditions set forth in
paragraphs 6, 7, and 10 of the 2007 Settlement Agreement. The studies
shall specify whether arsenic, if present in limu or other marine resources,
is organic or inorganic and shall determine background contamination by
testing limu and other marine resources at locations in Hawai‘i other than
Makua Beach.” These marine resources will be sampled in the nearshore
waters of the Pacific Ocean just west of the Mākua Military Reservation
(MMR) (Figure 1).
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Figure 1. Site location map.

The species of interest targeted for sampling represent marine resources
that were not sampled in the Marine Resources Study (USARHAW and
25th ID(L) (25th Infantry Division (Light)), 2009) and were determined via
public input to be significant to the local community. Additional marine
resources (as per the 20 June ruling, see Table 2) will also be sampled
from nearby background locations on O‘ahu that are not expected to have
been impacted by activities at MMR (Figure 2).
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Figure 2. Study area.

MMR is located approximately 38 miles northwest of Honolulu, on the
leeward side of O‘ahu in the Mākua and Kahanahāiki valleys. MMR is bordered on the west by the Farrington Highway and extends mauka (inland)
to the ridge of the Wai’anae Mountains. The nearest township is Mākaha,
approximately three miles south.
The installation encompasses almost 4,190 acres with annual rainfall
ranging around 50 in. toward the head of the valley to less than 15 in. at
the mouth of the valley (Giambelluca, T.W., Nullet, M.A., and Schroeder,
T.A. 1986). The high precipitous valley walls surrounding the installation
reach heights of 2,100 to 2,900 ft (USARHAW and 25th ID(L) (25th
Infantry Division (Light)), 2009). The broad range in rainfall and
topography results in a diversity of vegetation types within the valley.
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Site background
Use of Mākua Valley by U.S. armed forces dates back to the 1920s when
three parcels on the upper Mākua Valley floor were purchased for howitzer
emplacements. After the bombing of Pearl Harbor in 1941, the Army used
its authority under martial law to take over the entire Mākua-Ka’ena Point
area for security and training. In 1942, the Army issued a real estate directive for 6,600 acres of land at Mākua that were already being used. Private
parcels within the property were obtained by condemnation, whereas territorial lands were conferred by the territorial governor’s consent. In 1943,
the territorial government granted a revocable permit for the military to
use 6,600 acres “to assist in the present war effort extending for the duration of the present war and six months thereafter.” The site was used
extensively for bombing and infantry training, but no records of munitions
expended on Mākua were kept; it has remained under Army control ever
since. After Hawai‘i was granted statehood in 1959, the federal government exercised its option to set aside lands for its continued use (Tetra
Tech, Inc., 2005c.).
In September 1998, the Army temporarily suspended training at MMR due
to several wildland fires that burned outside the southern fire break road.
The Army then began an extensive investigation into the potential effects
of wildland fires on the environment and reevaluated its fire management
plan and training procedures. The Army consulted with the U.S. Fish and
Wildlife Service (USFWS), pursuant to Section 7 of the Endangered Species Act, and discussed ways to identify, evaluate, and reduce the impact of
Army activities on threatened and endangered species and their habitats.
The USFWS ultimately issued an opinion that the Army’s resumption of
modified training at MMR would not jeopardize endangered and
threatened species and their habitats.

Previous investigations
On 4 October 2001, Mālama Mākua and the Department of Defense (DoD)
entered into a Settlement Agreement and Stipulated Order (referred to
herein as the Settlement Agreement). The 25th Infantry Division (ID)
agreed to complete an Environmental Impact Statement (EIS) regarding
the proposal to resume live-fire training at MMR. Under the terms of the
Settlement Agreement, the Army could conduct a limited number of
Combined Arms Live-Fire Exercises (CALFEXs) for up to three years
(through October 2004). In October 2004, the Army started preparing the
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EIS required under the Settlement Agreement and has since only
conducted limited, nonlive-fire training at MMR. On 8 January 2007,
Mālama Mākua and the DoD entered into a partial Settlement Agreement
(referred to herein as the 2007 Settlement Agreement), in which the 25th
ID agreed to undertake a marine resources study to determine if the
marine resources near MMR were impacted by training.
The Army conducted a marine resources study in 2007 to determine
whether marine resources (fish, invertebrates and limu) near Mākua
Beach and in the Mākua muliwai (temporary brackish water pond) have
munitions constituents primarily associated with proposed training
activities at MMR present. This study also evaluated the potential that
activities at MMR could contribute to any munitions constituents detected
in the marine resources, and evaluated whether the proposed training
activities at MMR pose a human health risk to area residents that rely on
marine resources for subsistence. A supplemental study was conducted in
2008 that expands on the findings of the 2007 Marine Resources Study,
focusing on the sampling and analysis of limu, fish, and edible
invertebrates, following established and agreed upon field sampling
protocols. Specific objectives of that study were to evaluate whether
marine resources (fish, invertebrates and limu) near Mākua Beach or
muliwai which area residents rely on for subsistence, had concentrations
of substances associated with proposed military training (e.g. munitions
constituents) at Mākua. In addition, that study intended to evaluate
whether the proposed training activities would pose a human health risk to
area residents who rely on marine resources for subsistence.
The results of the 2007 and 2008 studies were published by the Army as
the “Marine Resources Study, Field Sampling Results and Risk
Assessment, Mākua Military Reservation, O‘ahu, Hawai‘i” (USARHAW
and 25th ID(L) (25th Infantry Division (Light)), 2009). That report
identified a number of munitions constituents in fish, invertebrates, and
limu that are also known to be associated with the type of military training
being proposed at MMR. These munitions constituents were RDX
(cyclotrimethylenetrinitramine), perchlorate, arsenic, chromium, cobalt,
nitroglycerin, and manganese. While other detected analytes may be
associated with military training and civilian and industrial activities,
these were the analytes for which potential health risks were believed to
exist. The 2009 Marine Resources Study concluded that although these
and other munitions constituents may have been associated with military
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training at MMR, they were also linked to geologic (e.g. volcanic rock) and
anthropogenic (i.e. humans) sources (e.g. fireworks, rodenticides, and gasoline). A comparison of the site data with the available background data
showed little if any difference between constituents found in the Mākua
area and the background sites. It was demonstrated that substances
identified for analysis by the Settlement Agreement are not unique to
military training and are found at both Mākua and background sites;
therefore, it was submitted that proposed military activities were
anticipated to have little influence on contaminant levels within marine
resources in the Mākua nearshore or muliwai areas.
Although marine resources other than fish, invertebrates and background
limu were not tested, the sampling was representative of other marine
resources within the Mākua area. It was suggested that other marine
resources occupying similar trophic levels and ecological niches would
contain similar constituents and concentrations as those detected in the
fish, limu, and invertebrates to be collected as part of that study.
The 2009 Marine Resources Study detected a number of constituents in
marine resources. Although reports have not provided any definitive
evidence that links military training to resource contamination, they also
do not definitively exclude the possibility that constituents in the fish,
invertebrates, and limu are a result of activities conducted at MMR. The
2009 Marine Resources Study report emphasized that there other natural
(geological) and numerous anthropogenic sources contributed to the
constituents to the Mākua and background areas.
The 2009 Marine Resources Study concluded that the constituents
identified for analysis detected in biota within the Mākua area could be
derived from natural sources and many past and present anthropogenic
activities that are not unique to past training at MMR. In addition, based
on the general similarity of carcinogenic and noncarcinogenic health risks
between the Mākua area and the background sites, it was apparent that
the Army’s past activities at MMR were not independently responsible for
any human health risks from the constituents detected in marine
resources. Considering the concentrations of constituents found in the
Mākua area, the numerous possible sources of these constituents, the
mobility of these constituents and the fact that they can originate from
multiple sources, it was found unlikely that future activity at MMR alone
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would cause an unacceptable human health risk, but they could add to the
existing contaminant load in marine resources.

Order regarding remedies for defendants’ settlement violations
The 20 June 2012 ruling states that the Defendants (the U.S. Army) shall:
1. Complete one or more studies of limu and other marine resources (e.g.
he'e [octopus, tako] and loli [sea cucumber, weli]) near Mākua Beach on
Waianae coast where residents rely on these resources for subsistence,
2. Specify whether arsenic in the limu or other marine resources is organic
or inorganic and 3. Determine background contamination by testing limu
and other marine resources. These marine resources will be sampled in the
nearshore waters of the Pacific Ocean just west of the Mākua Military
Reservation (MMR) (Figures 2 and 3). They represent marine resources
that were not sampled in the 2009 Marine Resources Study and were
determined via public input to be significant to the local community.
Additional Marine resources will also be sampled from nearby background
locations in O‘ahu that are not expected to have been impacted by
activities at MMR (Tables 3 and 4).

Objectives and scope of work
Objectives
The objective of this study is to investigate whether constituents known to
be associated with military training are present in samples of selected
species of limu and edible invertebrates (defined as “other” marine
resources) found near Mākua Beach and relied on for subsistence by area
residents. An evaluation of the risks to human health will be conducted
based on the data and information collected during this study as well as on
published results from earlier studies undertaken in the area.
This study will also determine the organic and inorganic fractions of
arsenic present in limu or other marine resources. This objective satisfies
the Court Order of 20 June 2012.
Overview of the scope of work
The proposed scope of work is designed to meet the objective of the investigation and includes the following elements:
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•

•

•

Preliminary activities. This study will identify conditions and
requirements for access to the study area to collect biological samples.
The availability of limu, he'e, loli and other edible invertebrates will be
verified to see if there are sufficient quantities for conducting the
analytical work. A preliminary survey of the study area will be
completed to verify that the species of interest are present in sufficient
amounts for sampling and analysis.
Sample collection and analysis. Samples of target species will be
collected in accordance with this SAP, and arrangements will be made
for the samples to be delivered to NELAP (National Environmental
Laboratory Accreditation Program ) certified contract laboratories for
analysis within the required analytical holding times.
Marine resources sampling report. An investigation report will be
prepared; it will include a description of the methods and procedures
used to collect and analyze the biological samples as well as a
presentation of the results and observations of the investigation. Also, a
discussion of the interpretation and significance of the results in
relation to the established risk-based target levels (see Chapter 2) with
comparison to background levels to be performed as part of the human
health risk assessment will be included.

Project organization
Key personnel and the contract laboratories designated for the marine
resources study are organized as indicated below.
Lead agency project manager
The lead agency project manager for the study is Michelle Mansker (Chief
of Compliance Branch, Environmental Division of Directorate of Public
Works). The lead agency project manager is the Army proponent for this
work and will review the project deliverables and provide input and
comments regarding the content of the SAP and the report to ensure the
overarching goals of the project are met. Based on their knowledge, their
input to the SAP will help ensure consistency of the data generated so that
they may be pooled for use in assessing the impacts of MMR on marine
resources and will meet the requirements of the 2007 Settlement
Agreement.

8
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Project manager and technical oversight
The Engineer Research and Development Center (ERDC) project manager
(PM) for the study will be Danny Harrelson. Mr. Harrelson will have
overall responsibility for oversight at MMR. He will oversee and monitor
performance of the staff and subcontractors as well as be the liaison
between the lead agency project manager, field and laboratory staff and
any other subcontractors. Drs. Eric De Carlo (University of Hawai‘i) and
Guilherme Lotufo (ERDC) will have joint responsibility for the technical
aspects of the work. They will interact with regulatory agency personnel to
ensure proper implementation of the SAP as well as assure completion of
corrective actions as needed. Drs. De Carlo and Lotufo will maintain
consistency in procedures and work products. They will both provide
guidance and technical oversight and will review all project reports and
deliverables. Dr. De Carlo will plan the activities of and coordinate field
personnel on specific assignments.
Project chemist
The ERDC project chemist is Dr. Anthony Bednar who will assist Dr. De
Carlo. Drs. Bednar and De Carlo provided input for the development of
this SAP as well as the Quality Assurance/ Quality Control (QA/ QC) and
will manage project tasks associated with sampling and preservation and
storage requirements as well as coordinate sample preparation, transport,
and analysis with the contract laboratories, review analytical data soon
after they are received, and implement three-phase QC activities and
corrective actions as necessary (see Appendix A for details). Dr. Bednar
will also conduct a project kick-off meeting with the contract laboratories
and subconsultants/ subcontractors (where applicable) prior to sample
collection and analysis.
Contract laboratories
ARDL, Inc. is designated as the primary contract laboratory for the study
and will be subcontracting some of the primary analyses and all of the
quality control (QC) samples to other labs (see Table 1). The other labs
that are involved with the primary sample analyses are: Pace Analytical
and Brooks Rand Laboratories. The two labs that are involved with the QC
sample analyses are: Test America – West Sacramento and Applied
Speciation. The contract laboratories are required to hold current
certification under the NELAP, or must have demonstrated proficiency in
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each of the required methods, and must have recently generated method
detection limit (MDL) data available for review. (Note, however, that MDL
studies specific to the matrices to be evaluated in this investigation will not
be performed, and certification is not available for non-standard analyses,
such as arsenic speciation). Contacts and addresses for the designated
contract laboratories are provided in Table 1.

Table 1. Primary and QA laboratory information by analyte group.
Analyte Group

Primary Lab

QA Lab

Dioxins/Furans
(17 congeners of concern)

Pace Analytical
Phone: 612-607-1700

Test America – West Sacramento
880 Riverside Parkway
West Sacramento, CA 95605
Phone: 916-373-5600
FAX: 916-372-1059

Gasoline (Purgeable Organics)

ARDL
400 Aviation Drive
Mount Vernon, IL 62864
Phone: 618-244-3235
FAX: 618-244-1149
POC: Dean Dickerson

Test America – West Sacramento
880 Riverside Parkway
West Sacramento, CA 95605
Phone: 916-373-5600
FAX: 916-372-1059

Brooks Rand Laboratories
3958 6th Avenue NW
Seattle, WA 98107
Phone: 206-632-6206

Applied Speciation
18804 Northcreek Parkway
Bothell, WA 98011
Phone: 425-483-3300
FAX: 425-483-9818

Explosives
(Nitroaromatics/Nitramines)
Organochlorine Pesticides
VOCs/SOCs
Metals (total)
Arsenic Speciation

ERDC/GSL TR-12-X
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Investigation Overview
This SAP outlines the rationale and procedures for conducting the marine
resources sampling from nearshore of MMR and designated background
sites and conducting a human health risk assessment.

Human health risk assessment
Risk assessment is a scientific process used to determine if site contamination is likely to cause unacceptable risks to human or ecological receptors.
A human health risk assessment will be prepared using U.S. Environmental Protection Agency (USEPA) and Hawai‘i Department of Health (DOH)
guidelines. The four key components of the risk assessment will include:
•
•
•
•

identification of chemicals of potential concern (COPCs)
assessment of potential exposure pathways
assessment of toxic effects of the COPCs
estimation of risks and analysis of uncertainties.

COPCs are those chemicals for which there is reason to believe they are
present at the site and may have potential adverse impact to human
health. All organic compounds and metals detected in biological samples
from the site will be identified as COPCs as per the 2009 Marine
Resources Study.
Human exposures will be assessed for consumption of seafood from the
nearshore environment following standard USEPA guidance and Hawai‘ispecific consumption rates, as applicable and available (USARHAW and
25th ID(L) (25th Infantry Division (Light)), 2009). Exposure pathways
will be assessed for nearby residents. These exposure scenarios will also be
summarized graphically in a conceptual site model.
The toxicity assessment will evaluate the potential for the COPCs at the
site to cause adverse health effects, either carcinogenic or noncarcinogenic. The toxicity assessment will consist primarily of a tabulation of critical toxicity values obtained preferentially from the most recent postings of
toxicity values (both carcinogenic and noncarcinogenic reference doses),
provided in the USEPA Integrated Risk Information System, and toxicity
values used in the Hawai‘i DOH Environmental Action Levels.

11
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The risk characterization will follow USEPA (1989) and Hawai‘i DOH
guidance and will integrate the exposure assessments and chemical toxicity information to produce quantitative estimates of potential health
risks due to the COPCs identified at the site. Due to the fundamental differences in the calculation of critical toxicity values, the estimates of
potential excess carcinogenic risk probabilities and noncarcinogenic
hazard indices will be developed separately for human receptors. Risks
will be determined for both individual chemicals as well as for additive
effects.
In addition to the presentation of numerical risk estimates, the risk characterization will include an interpretation of the results and a qualitative
evaluation of the uncertainties associated with the predicted risk levels.

Marine resources sampling
This SAP outlines the rationales and procedures for conducting a supplemental marine resources study, including collecting and analyzing samples
from the nearshore waters at MMR to achieve the objective of the study.
For comparison purposes, samples of each species collected from the
nearshore at MMR will also be collected from one of the designated
control site outside of the MMR area. Per the 2007 settlement agreement,
samples will be analyzed for a suite of approximately 43 constituents (see
Tables 5 and 9). Such a comprehensive analytical program will require
collection of between 100 to 120 grams (wet weight) of sample.
Summary of findings reported in the 2009 Marine Resources Study
For the 2009 Marine Resources Study (USARHAW and 25th ID(L) (25th
Infantry Division (Light)). 2009), all nearshore biological resources were
sampled from nearshore shallow waters of Mākua. Hook and line were
used to collect fish, crab traps were used to collect Kona crab. Limu and
helmet urchin (Ha'uke'uke, Colobocentrotus atratus) were collected by
hand. Spear fishing was not used in that study because of the potential to
introduce metals and other types of contamination into the fish. Scuba
diving was not used for sampling either.
Table 2 provides a summary of limu, invertebrates, and fish samples
collected, analyzed, and evaluated in the 2009 study.

12
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Table 2. List of limu, invertebrates and fish samples collected,
analyzed, and evaluated in the 2009 study.
Species

Site

Sample
Type

Number of
Samples

Primary
QC

3
1

Primary
Primary
Primary
QC
Primary
Primary
Primary
QC
Primary
QC
Primary

1
1
1
1
1
1
1
1
2
1
1

Primary
Primary
QC
Primary
Primary
Primary
QC
Primary
Primary
Primary
Primary
QC
Primary
QC
Primary
Primary
Primary

3
2
1
3

Limu
Composites of Acanthophora spicifera, Sargassum
muticum, and Sargassum polyphyllum
Samoan crab
Rock crab
Rock crab
Hawaiian prawn

Nearshore waters at Mākua

Invertebrates
Mākua North Muliwai
Nanakuli Muliwai
Mākua South Muliwai
Nanakuli Muliwai
Macrobrachium grandimanus Mākua South Muliwai
Nanakuli Muliwai

Scylla serrata
Pachygrapsus minutus
Pachygrapsus minutus

Helmet urchin

Colobocentrotus atratus

Nearshore waters at Mākua

Helmet urchin

Colobocentrotus atratus

Nearshore waters at Sandy Beach

Kona crab

Ranina ranina

Tilapia

Tilapia zillii, T. rendalii,
Oreochromis macrochir,
O. mossambicus, Sarotherdon
melanotheron melanotheron

Nearshore waters at Mākua
Fish
Mākua North Muliwai

Hawaiian flagtail

Kuhlia sandvicensis

Nanakuli Muliwai
Mākua North Muliwai

Striped mullet

Mugil cephalus

Mākua South Muliwai

Medaka

Poeciliidae sp.

Mākua South Muliwai
Nearshore waters at Mākua
Nearshore waters at Sandy Beach
Nearshore waters at Mākua
Nearshore waters at Sandy Beach
Nearshore waters at Mākua
Nearshore waters at Mākua
Nearshore waters at Sandy Beach
Nearshore waters at Mākua
Nearshore waters at Sandy Beach

Picasso triggerfish Rhinecanthus rectangulus
Blackspot
sergeant

Abudefduf sordidus

Manybar goatfish

Parupeneus multifasciatus

Christmas wrasse Thalassoma trilobatum

Mākua South Muliwai

2
1
1
1
1
1
1
1
1
1
1
1

Fish were collected from the two muliwai at the MMR and were composited into twelve samples. The species collected included striped mullet,
tilapia, Hawaiian flagtail, and medaka; each composite sample except one
consisted of multiple individuals but only one type of fish. Three composite fish samples were collected from the background muliwai at Nanakuli.
All of the fish samples collected at Nanakuli were tilapia.

ERDC/GSL TR-12-X

Four composite primary fish samples were collected from the nearshore
waters of Mākua, consisting of moano (manybar goatfish), humuhumu
nukunuku a puaa (Picasso triggerfish), kupipi (blackspot sergeant), and
hinalea (Christmas wrasse). The single composite QC sample collected
from the nearshore waters of Mākua consisted of a single sample of
moano. These same fish species were collected at the Sandy Beach
nearshore background location (Table 2).
Two composite invertebrate samples were collected from the nearshore
waters of Mākua--one each of helmet urchin (Colobocentrotus atratus)
and Kona crab (Ranina ranina). The QC sample consisted of helmet
urchin. Helmet urchin was the only species collected (two composite
samples) at Sandy Beach, the nearshore background location, both as the
sole primary sample and as the sole QC sample.
Four limu samples were collected from the nearshore waters at Mākua.
Three species of limu were listed as target species for sampling (Enteromorpha prolifera, Codium edule, and Gracilaria coronopifolia); however,
the three samples of limu composites for the nearshore waters at Mākua
were composites of the Acanthophora spicifera, Sargassum muticum, and
Sargassum polyphyllum. Even though it was contemplated in the SAP,
limu was not collected at the background location at Sandy Beach because
of its scarcity.
Several marine resources identified as food by area residents were not
available in adequate quantities for analysis of all the substances identified
for this study; for example, it would have required collecting several thousand individuals of snail species that residents are known to consume to
supply adequate biomass for laboratory analyses. Only fish, invertebrate,
and limu that were available in sufficient quantities were collected. Those
species were considered to be representative of the marine resources available at Mākua.
Limited diversity and the small size of the populations of the few species
living in the muliwai prevented collection of a full suite of primary and QC
samples from the muliwai. Those samples containing inadequate biomass
for the full suite of analyses were analyzed for a combination of energetics
and metals only.

14
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Selection of marine resources species of interest for the supplemental
study
The supplemental marine resources study will focus on limu and
invertebrates that have been identified by island residents as food sources
collected at nearshore waters of Mākua. A list of species of interest (SOI)
was created based on surveys and discussions with local residents from the
Waianae coast, regional commercial fisherpersons, local recreational
fisherpersons, area divers, and spear fisherpersons (Table 3). The 24
October 2012 “talk story” meeting in Waianae as well as information
provided from a survey distributed throughout the Waianae Coast resulted
in a variety of helpful information that included 21 online surveys, 2
surveys submitted by mail, as well as 8 surveys and 5 personal interviews
from the “talk story” meeting. This information provided by the
community was used to obtain species of interest in Table 3.
Table 3. Species of interest based on public input.
Hawaiian
Name

Common Name

Scientific Name

Target Species?
(May sample)

Limu
Kohu

Red algae

Asparagopsis taxiformis

Yes

Wāwae’iole

Green algae

Codium edule

Yes

Lipoa

Brown algae

Dictyopteris plagiogramma; Dictyopteris australis

Yes

Ele’ele

Sea lettuce

Enteromorpha prolifera

Yes

Manauea

Red algae

Gracilaria coronopifolia

Yesa

Huluhuluwaena Red algae

Grateloupia filicina

Yes

Keoe’ula’ula

Red algae

Halymenia formosa

Yes

Lipe’epe’e

Red algae

Laurencia succisa

Yes

Kala

Brown algae

Sargassum echinocarpum

Yes

Pālahalaha

Sea lettuce

Ulva fasciata

Yes

Echinoderms
Loli

Sea Cucumber

Holothuroidea sp

Yes

Wana

Rock boring urchin

Echinostrephus aciculatus and other species

No

Ha’uke’uke

Helmet urchin

Colobocentrotus atratus

No

Mollusks
He’e, Tako

Octopus

Octopus cyanea and Octopus ornatus

Yes

Mu he’e

Bigfin reef squid

Sepioteuthis lessoniana

No

Pipipi

Nerite snail

Nerita picea

No

Cellana exarata

No

Opihi makaiauli Black foot (limpet)
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Hawaiian
Name

Common Name

Scientific Name

Target Species?
(May sample)

Opihi alinalina

Yellow foot (limpet)

Cellana sandwicensis

No

Crustaceans
Ula

Spiny lobster

Panulirus marginatus

No

Ula papapa

Slipper lobster

Arctides regalis; Scyllarides haanii; Scyllarides
squammosus

No

Kona crab

Ranina ranina

No

Crustaceans (cont’d)
A’ama Crab

Thin-shelled rock
crab

Grapsus tenuicrustatus

No

Fish
Ulua omilu

Bluefin

Caranx melampygus

No

Moi

Pacific threadfin

Polydactylus sexfilis

No

Oio

Bonefish

Albula glossodonta

No

Weke’a’a

Yellow-striped
goatfish

Mulloibichthys slavolineatus

No

Uouoa

Fish

Neomyxus leuciscus

No

Amaama

Striped Mullet

Mugil cephalus

No

Muhe’e

Squid

Thysanoteuthis rhombus

No

Akule

Big eye scad

Selar crumenothalmus

No

Opelu

Mackerel scad

Decapterus macarellus

No

Ulua aukea

Giant trevally

Caranx ignobilis

No

a Will

be collected if no reproductive cells are visible

Ten species of limu are listed in Table 3 as target species for sampling.
Twelve types of invertebrates are listed in Table 3. Out of those, species
sampled and evaluated in the 2009 Marine Resources Study (helmet
urchins and Kona crab) will not be targeted for sampling in the
supplemental study. In addition, the gastropods pipipi (Nerita picea),
opihi makaiauli (Cellana exarata) and opihi alinalina (Cellana sandwicensis), and thin-shelled rock crab (Grapsus tenuicrustatus) will not be
targeted for sampling in the supplemental marine resources study because
of their small size. Thousands of specimens of those gastropods would be
required to produce a single composite sample at the analytical tissue sample mass requirements (i.e., 100 to 120 g). Ten species of fish are listed in
Table 3. Fish will not be targeted for sampling in the supplemental study
because four species of fish from the nearshore area and four species of
fish from muliwai of Mākua were analyzed for all target compounds and
evaluated in the 2009 Marine Resources Study. A list of limu and inverte-
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brates targeted for sampling for the supplemental marine resources study
is presented in Table 4.
Table 4. Species of interest targeted for supplemental study.
Hawaiian Name

Common Name

Scientific Name

Limu
Kohu

Red algae

Asparagopsis taxiformis (Figure 3)

Wāwae’iole

Green algae

Codium edule (Figure 4)

Lipoa

Brown algae

Dictyopteris plagiogramma; Dictyopteris australis (Figure 5)

Ele’ele

Sea lettuce

Enteromorpha prolifera (Figure 6)

Manauea

Red algae

Gracilaria coronopifolia (Figure 7)

Huluhuluwaena

Red algae

Grateloupia filicina (Figure 8)

Lepe’ahina

Red algae

Halymenia formosa (Figure 9)

Lipe’epe’e

Red algae

Laurencia succisa (Figure 10)

Kala

Brown algae

Sargassum echinocarpum (Figure 11)

Pālahalaha

Sea lettuce

Ulva fasciata (Figure 12)
Mollusks

He’e, Tako

Octopus

Octopus cyanea and Octopus ornatus (Figure 13)
Echinoderms

Loli

Sea Cucumber

Holothuroidea sp (Figure 14)

Limu target species
Limu is the Hawaiian name for algae or seaweed, including red, green, and
brown algae (Figures 3-12; see References for citations). About 600
different species of seaweeds inhabit the coastal waters of Hawai‘i. Limu
were very important to early Hawaiians. More than 70 different kinds have
been utilized—eaten fresh, blended with other foods, used as spices, used
as medicines, and even used in special religious ceremonies.
Contemporary Hawaiian residents still harvest fresh limu as well as buy it
at the market. Limu is an important part of the Hawaiian diet. It can be
eaten raw or cooked. Limu is a source of great nutritional value; it has
vitamins A, B, C, and riboflavin among others.
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Figure 3. Kohu; Asparagopsis taxiformis

Figure 4. Wāwae'iole; Codium edule

Limu varies tremendously from species to species. Limu can differ in
color, size, and habitat. Depending upon the species, limu can be found in
shallow to deeper water. Collection (harvesting) also varies for each species. A strainer or shrimp net can be used to collect some limu like ele’ele
(Enteromorpha prolifera). Some limu must be scraped from the rock on
which it is growing. Other limu must be collected by cutting the tips or collecting just above the holdfast leaving the roots intact so that the plant can
continue to grow. The State of Hawai‘i has deemed that limu with reproductive cells should not be collected so as not to interrupt the reproductive
cycle.
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Figure 5. Lipoa; Dictyopteris australis.

Figure 6. Ele'ele; Enteromorpha prolifera.
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Figure 7. Manauea; Gracilaria coronopifolia.

Figure 8. Huluhuluwaena; Grateloupia filicina.
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Figure 9. Lepe'ahina; Halymenia Formosa.

Figure 10. Lipe'epe'e; Laurencia dotyi.
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Figure 11. Kala; Sargassum echinocarpum.

Figure 12. Pālahalaha; Ulva fasciata.
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Invertebrate target species
He'e. He'e (octopus) is a mollusk from the class cephalopoda. The
Japanese name, tako, is commonly used in Hawai‘i. The most common
he'e consumed in Hawaiian waters is Octopus cyanea (Figure 13).
Common names for this species are Big Blue Octopus and Cyane’s
Octopus, and Daytime Octopus. Also common in Hawaiian waters is the
“night octopus” or he'e-makoko (Octopus ornatus), a rusty red animal
with

Figure 13. He'e, Tako; Octopus Cyanea.

white spots on the body and arms. Hawai‘i’s commercial and recreational
octopus fisheries employ mostly spearfishing
(http://www.youtube.com/watch?v=kczIrMwp2yo) and lure-and-line fishing. He'e is
valued as food in Hawai‘i and cooked octopus is commonly consumed as
sushi or sashimi. He'e is also prepared as the Hawaiian specialty “tako
poke,” mixed salads of diced cooked octopus mixed with onions, other
vegetables, and seasonings. Hawaiian octopus is landed every month of
the year, but the biggest catches are made September to January. Hawai‘i’s
octopus fishery is unusual in that subsistence and recreational fishermen
land the large majority of the catch. He'e is plentiful along the shallow
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reefs and inshore areas of Kaneohe Bay and are sought by both
commercial and recreational/subsistence fishers.
Loli. Loli are echinoderms from the class Holothuroidea (Figure 14). The
common name is sea cucumber, and the Japanese name is namako. Some
Hawaiians also refer to loli as weli. Many species of loli are used for food
and for their medicinal properties, mainly in the Indo-Pacific region, and
have been harvested for markets in the Indo-Pacific region for over a
thousand years. Strong demand for this echinoderm has led to overfishing
and has begun to worry many about the remaining populations. The whole
skin is consumed typically boiled and salted until it shrivels and turns
black. In addition, the five muscle bands that run the length of the body
are frequently consumed (http://www.youtube.com/watch?v=6mx0GDxfjQ4). Eightythree species of loli are listed as occurring in Hawai’i by the Bishop
Museum web page (http://www2.bishopmuseum.org/HBS/invert/holothuroidea.htm).
Approximately fourteen species of those are common in Hawai’i’s shallow
waters, ranging in size from about 1 in. (2.5 cm) to 3 ft (0.9 m), but only
certain species are eaten. Hawaiian species reported as used for human
consumption include Actinopyga mauritiana, Holothuria atra, and
Holothuria whitmaei.

Figure 14. Loli; Holothuroidea sp.

Marine resources sampling strategy
Samples of target species limu and other marine resources besides fish and
invertebrates (Table 4) will be collected in the nearshore waters of Mākua.
The intertidal area will be sampled during low tide. Subtidal benthic
habitats will be sampled by divers from the shore down to a depth of
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approximately 50 feet. Based on the input from the community, most
marine resources in the species of interest are collected at depths of less
than 50 feet. Specimens of two or more separate species will not be
combined to create any composite sample. Single specimens of he'e will be
used for analysis. For limu and invertebrate species other than he'e,
insufficient individual specimen weigh will lead to pooling individuals of
the same species to create composite samples. Each species sampled in the
nearshore waters of Mākua will also be sampled from one of the primary
background sites (Figure 15).

Figure 15. Background Sampling Sites in Relation to Makua Beach.

Samples will be analyzed for a suite of approximately 43 COPC
constituents (as per the 2007 Settlement Agreement). Approximately 100
to 200 grams of each species of biota will be collected for analysis.
The sampling effort will target eight samples of limu kohu (Asparagopsis
taxiformis) and of each of the target invertebrate species listed in Table 4
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at the nearshore waters of Mākua and at the primary background areas for
analyses of all COPC listed in Table 5. Other species of limu from Table 4
found to be abundant at the site will be considered for sampling if limu
kohu is not available at the nearshore waters of Mākua in sufficient
biomass for creating eight composite samples. An attempt will be made to
Table 5. Sample analytes and analytical methods.
Analyte
Analytical Procedure
Dioxins/Furans (17 congeners of concern)
HpCDD
US EPA Method1613B
HpCDF
US EPA Method1613B
HxCDF
US EPA Method1613B
OCDD
US EPA Method1613B
OCDF
US EPA Method1613B
TCDD
US EPA Method1613B
Gasoline (Purgeable Organics)
Ethylbenzene
Aldrin
m-Xylene
alpha BHC
p-Xylene
beta BHC
o-Xylene
delta BHC
Toluene
gamma BHC (lindane)
Stryrene
Heptachlor
1,2,4-Trimethylbenzene
Heptachlor epoxide
Metals
Aluminum
Antimony
Arsenic
Barium
Beryllium
Cadmium
Chromium
Cobalt
Copper
Iron
Lead
Manganese
Selenium
Silver
Thallium
Vanadium
Zinc
Mercury
Methyl Mercury

US EPA 6020
US EPA 6020
US EPA 6020
US EPA 6020
US EPA 6020
US EPA 6020
US EPA 6020
US EPA 6020
US EPA 6020
US EPA 6020
US EPA 6020
US EPA 6020
US EPA 6020
US EPA 6020
US EPA 6020
US EPA 6020
US EPA 6020
US EPA 6020
US EPA 6800 modified

Analyte

Analytical Procedure
Explosives (Nitroaromatics/Nitramines)
2,4-DNT
US EPA Method 8330
RDX (Cyclonite)
US EPA Method 8330
Nitroglycerine
US EPA Method 8330 modified
Perchlorate

US EPA Method 314
Organochlorine Pesticides
US EPA 8081A
US EPA 8081A
US EPA 8081A
US EPA 8081A
US EPA 8081A
US EPA 8081A
US EPA 8081A

4,4’-DDT
US EPA 8081A
US EPA 8081A
US EPA 8081A
US EPA 8081A
US EPA 8081A
US EPA 8081A
US EPA 8081A
VOCs (Volatile Organic Compounds)/
SVOCs (Semi Volatile Organic Compounds)
Pyrene
US EPA Method 8270C
Phthalate Esters
Bis(2-ethylhexyl) phthalate
US EPA Method 8270C
Di-n-butyl phthalate
US EPA Method 8270C
Diethyl phthalate
US EPA Method 8270C
Dimethyl phthalate
US EPA Method 8270C
Di-n-octyl phthalate
US EPA Method 8270C
Arsenic Species
As (III)
US EPA Method 1632
As (V)
US EPA Method 1632
MMA
US EPA Method 1632
DMA
US EPA Method 1632

collect eight samples of each target species from the nearshore waters of
Mākua. This will allow for a sufficient number of samples to calculate the
average concentrations with a sufficient level of confidence necessary for
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human health risk assessment; however, some of the species may not be
found at all or found only in insufficient biomass for generating eight
samples. At a minimum, sufficient biomass should be available for the
analysis of two samples of a given marine resource for energetics, metals,
and arsenic inorganic and organic species. A preliminary field survey will
confirm the presence and assess the availability of suitable species of
target limu and invertebrate species in sufficient quantities for conducting
the analytical work at the nearshore waters of Mākua and at the primary
background areas (Figure 18).
Background sampling sites
Background nearshore sampling (Figure 15) will be conducted primarily in
three locations:
1. on north shore of O‘ahu west of Mokuleia and Waialua, around Kaena
Point Area if sufficient biomass is available.
2. on western shore of O‘ahu near Nanakuli.
3. on the eastern side of O‘ahu near Sandy Beach.
Based on data generated from previous sampling efforts (USARHAW and
25th ID (L) 2009), species of limu sampled from the nearshore waters of
Mākua may not be found or may be found in insufficient quantities for
chemical analysis at the primary background sites. Similarly, invertebrate
species sampled at nearshore waters of Mākua may not be successfully
sampled at the primary background sites. If that occurs, sampling of limu
and other marine resources will be attempted at Nanakuli and then at
Sandy Beach. Each target species collected from the nearshore waters of
Mākua will also be collected from a single background site based on
presence and availability.
Preliminary field survey of marine resources
To ensure adequate sampling success, a preliminary site survey will assess
the presence and availability of suitable species of limu and other target
marine resources in sufficient quantities for conducting the analytical
work at the nearshore waters of Mākua and at the primary background
areas. The survey will be conducted by the University of Hawai‘i and contract personnel and scientific experts on the local marine biota.
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The intertidal area will be surveyed during low tide by direct access and
observation for target marine resources. The subtidal nearshore area will
be surveyed by the University of Hawai‘i or contract personnel down to a
depth of 50 ft. Extensive video recording may be used for the visual
taxonomic identification of the species present at Mākua and at the
primary background areas, as well as to visually determine if the estimated
abundance at the site is sufficient to allow sampling of sufficient biomass
for chemical analysis. A seaweed taxonomy expert (from the University of
Hawai‘i) will identify the limu species.
Target species of limu and other target marine resources found in sufficient quantities for chemical analysis at the nearshore waters of Mākua
will be thoroughly surveyed at the primary background areas. If the survey
indicates that those species are absent from those areas, or are not present
in sufficient quantities for conducting the analysis, alternate background
areas will be surveyed. Invertebrate species will be identified using field
guides and expert knowledge.
For each target species (Table 4), the report will indicate their presence or
absence at the nearshore waters of Mākua and background sites surveyed.
A qualitative description of abundance and distribution, and an estimate
of biomass available for analysis will be documented.
Sampling effort
A preliminary field survey of marine resources (see Preliminary Field Survey of Marine Resources) will determine which of the target species
(Table 4) will be collected during the sampling effort at the nearshore
waters of Mākua and from at least one background area. Survey data will
be used to refine the sampling strategy generically described in this
section.
The intertidal area will be sampled by hand during low tide. The subtidal
nearshore area will be sampled by certified scientific scuba divers down to
a depth of 50 ft.
To provide information on ocean currents off of the MMR coastal area,
two ocean current meters will be placed approximately 1500 ft off of
Makua Beach in water depths of approximately 30 to 50 ft below sea level.
Current meters will collect data from March to September 2013. The
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current data will be compared with the ocean current measurements
collected as part of the Ordnance Reef (HI-06) study.
Limu will be handpicked using clippers and cut at the stipe above the holdfast and identified, and then the individual samples will be placed in a
netted bag or a bucket of water during collection. Before being weighed
and identified to species, the limu samples will be checked for any
accidental removal of holdfasts. Any holdfast that was accidently removed
will be reattached to the reef.
An attempt will be made by the certified “scientific divers” to directly
collect octopus, lobster, and sea cucumber; however, appropriate trapping
techniques will be used to capture lobsters as needed to ensure that
samples of adequate size are obtained for all target species present at the
sites.
Material will be catalogued, processed, and frozen (using synthetic ice
which are designed to maintain the samples in the cooler at -10°F to 0°F)
by University of Hawai‘i at Manoa or contract personnel prior to shipping
directly to the contract laboratories. The processing of samples will
involve, but is not limited to, eliminating undesirable parts and retaining
the parts that are typically consumed by residents. The overall weights of
the processed sample will be determined during the preparation phase and
prior to shipping. The samples will be shipped frozen, with ice, and under
chain-of-custody to the contract laboratories. The amount of material
shipped to each contract laboratory will be based on the analytical
requirements. As described in Proposed Analytical Procedures, each of
the samples will be analyzed for a suite of approximately 43 constituents
(Table 3).
Two sampling efforts will be conducted, one time during the end of the
winter months beginning of spring (March/April), and a second time during the summer months (July/August). Wintertime on the Westside of
Oahu usually has wave swells traveling from the northwest direction and
can result in large waves. In the late spring, summertime, and fall the wave
swells often travel from the southwest and can also result in large waves
along the Waianae Coast. Sample collection times will largely be dictated
by the weather when waves are lower and there are no small craft
advisories issued by the National Weather Service.
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Proposed analytical procedures
Contract laboratory personnel will perform the following analytical procedures using cited methodology or equivalent if matrix effects necessitate
alternative analytical approaches (Tables 5 and 8). Alternative
methodologies proposed by the contract laboratory are subject to ERDC
review and approval prior to implementation. Specifically, arsenic
speciation methods may require the most flexibility in application due to
the unique nature of this methodology and specific sample handling and
preservation procedures.
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Field Sampling and Laboratory Analytical
Requirements

Field sampling requirements
Minimal field preparation of samples will be required for limu and the
other marine resources. All target species will be collected and processed
by University of Hawai‘i/ contract staff prior to shipping to the contract
laboratories. Each sample will consist of a composite of individual
specimens, except for octopus samples, which will consist of single
specimens. Information describing individual specimens (e.g. tumors,
deformities) will be recorded in the field, including the time, date,
approximate collection location, method of collection, the length and
weight of the specimens, and any other information that may be pertinent
about the environmental context of the samples. Individuals will be
immediately placed in glass containers or Teflon bags, tagged and labeled
and placed in dry ice in a cooler.
Sample identification
Field personnel will assign all marine resources sampling media identification numbers, using a multidigit alphanumeric code on a label or tag
affixed to the container or to the individual specimens. This code will be
assigned to each sample as a unique identification number to track target
species samples collected during the study. The sample label will include,
at a minimum, the following information (see Table 6):
•
•
•
•

initials of sampling personnel
job and site identifier
date and time of collection
sample identification number (including sampling location and target
species identification information).

In addition, identification numbers for all field duplicate samples will be
coded to prevent association by the contract laboratories with the corresponding “primary” or background sampling location.
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Table 6. Sample ID Information
Location

Hawaiian Name

Sample ID

Makua Beach

MB

Ka’ena Point/Mokule’ia

KPM

Kaneohe Bay

KB

Sandy Beach

SB

Common Name

Scientific Name

Sample ID

Limu
Kohu

Red algae

Asparagopsis taxiformis (Figure 3)

Aspar

Wāwae’iole

Green algae

Codium edule (Figure 4)

Codium

Lipoa

Brown algae

Dictyopteris plagiogramma; Dictyopteris
australis (Figure 5)

Dict

Ele’ele

Sea lettuce

Enteromorpha prolifera (Figure 6)

Enter

Manauea

Red algae

Gracilaria coronopifolia (Figure 7)

Gracil

Huluhuluwaena

Red algae

Grateloupia filicina (Figure 8)

Grate

Lepe’ahina

Red algae

Halymenia formosa (Figure 9)

Halym

Lipe’epe’e

Red algae

Laurencia succisa (Figure 10)

Lauren

Kala

Brown algae

Sargassum echinocarpum (Figure 11)

Sarg

Pālahalaha

Sea lettuce

Ulva fasciata (Figure 12)

Ulva

Mollusks
He’e, Tako

Octopus cyanea and Octopus ornatus (Figure 13)

Octopus

Octopus

Echinoderms
Loli

Sea Cucumber

Holothuroidea sp (Figure 16)

Loli

Sample Identification: Personnel Location Date Time Species
Example: JD MB 3 Mar 2013 9:30 AM Loli => John Doe (JD) collected Sea Cucumber (Loli) at Makua
Beach (MB) on March 3, 2013, at 9:30 AM.

Sample handling, packing, and shipping
Samples will be shipped frozen with ice. Samples will be shipped by
overnight express in a sealed cooler and under chain-of-custody (COC) to
the analytical laboratories.
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Sample custody
The purpose of sample custody procedures is to ensure that the integrity of
the samples is maintained during collection, transportation, storage, and
analysis. Sample identification documents will be prepared so that sample
identification and COC are maintained, and sample disposition is controlled. Sample identification documents will include field notebooks,
sample labels, custody seals, and COC records. The field COC form that is
submitted with the samples will clearly identify to the analytical
laboratories the individual samples to be composited if compositing is
necessary. Appendix C contains a sample COC form.

Laboratory analytical requirements and procedures
All contract laboratories providing testing services must have demonstrated proficiency in each of the required methods and must have recently
generated MDL data available satisfying sensitivity requirements for the
investigation (see Project Quality Assurance Objectives).
Sample preparation
The laboratory will ensure that sample integrity and COC are maintained.
Unless processed immediately, samples will be stored frozen pending
preparation for analysis but will be thawed for processing. Samples will be
patted dry before homogenizing to reduce entrained water. Unless otherwise modified in this plan, samples will be prepared as described in the
USEPA guidance manual for Assessing Chemical Contaminant Data for
Use in Fish Advisories (USEPA 2000).
Sample collection parameters and holding times
Holding times are the length of time a sample can be stored after collection and prior to analysis without significantly affecting the analytical
results. Holding times vary with the analyte, sample matrix, and analytical
methodology used to quantify the analytes’ concentration. Maximum holding times (MHTs) have been established by the USEPA and have been
presented in the Code of Federal Regulations (CFR); however, there is no
regulatory approved hold time for Arsenic Speciation. Literature and
Laboratory standard operating procedures (SOPs) vary in suggested hold
time for speciation from days to years, depending on species, matrix, and
preservation technique. Holding times can be extended if preservation
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techniques are employed to reduce biodegradation, volatilization, oxidation, sorption, precipitation, and other physical and chemical processes.
A summary of sample collection parameters and holding times is provided
in Table 7 . Holding times start at the time of sample collection in the field.
All sample containers will be maintained under COC procedures from the
time of receipt to the time of sample analysis.
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Table 7. Sample collection parameters for Mākua Military Reservation.
Chemical Category
(Analytical Method)

Sample Storage

Holding Times

Polychlorinated Dibenzo dioxins and
Polychlorinated Dibenzofurans
(USEPA 8290)

Store wrapped in Teflon bags on ice at or
below -20°C.

1 year at or below -20°C. a

Organochlorine Pesticides
(USEPA 8081A)

Store wrapped in Teflon bags on ice at or
below -20°C.

1 year at or below -20°C. a

Metals (USEPA 200.8, 6010B,
7471A,7740, 245.6, 1630)

Store wrapped in Teflon bags on ice at or
below -20°C.

6 months at or below -20°C. a, b
For mercury 28 days a
(or 6 months b at or below -20°C).
No USEPA promulgated method for methyl
mercury in biological tissue currently exists.

Metal Speciation

Generally cold, dark, preserve where
techniques have been developed

Water – 3 months when cold, dark, and
EDTA preserved,
Tissue and Soil - frozen, dark, up to one
year

VOCs/SVOCs
USEPA 8270C, 8260B

Store wrapped in Teflon on ice at or
below -20°C.

Holding times for oil and tissue samples
have not been established. Tissue samples
should be stored frozen (-20°C) until
analysis. c

Nitroaromatics and Nitramines
USEPA 8330

Store wrapped in Teflon bags on ice at or
below -20°C.

Maximum sample holding times for frozen
tissues have not been established for
explosives analysis. d

Perchlorate
USEPA 314.0
(DoD recommends the FDA
IC/MS/MS methode)

Store wrapped in Teflon bags on ice at or
below -20°C.

Maximum sample holding times for frozen
tissues have not been established for
explosives analysis. d

USEPA 2000.
USGS National Water Quality Assessment Program (Crawford and Luoma 1993) recommends a maximum holding time of six
months for all metals, including mercury.
c USEPA Method 5032 Volatile Organic Compounds by Vacuum Distillation (1996).
d SW-846 On-line http://www.epa.gov/sw-846/main.htm.
e http://www.fda.gov/Food/FoodSafety/FoodContaminantsAdulteration/ChemicalContaminants/Perchlorate/ucm077709.htm
Note: If sufficient biomass is collected those samples analyzed for metals and phthalates will be stored separately in plastic
bags and aluminum foil, respectively.
a

b
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Data Review and Reporting

Data verification and validation
All contract laboratories will review all data for accuracy, consistency, and
Quality Assurance/ Quality Control (QA/QC) nonconformances and will
submit appropriate documentation in project deliverables supporting
these verification activities. Additionally, the laboratories will identify any
outliers or errors before reporting data to ERDC. Any outliers or data
values significantly different from the population that result from errors
detected during data review and verification will be identified and
corrected.
ERDC will subsequently review all contract laboratory data at a frequency
of 100 percent before it is used in any project report to ensure its technical
validity.

Data summary and reporting
At the conclusion of the supplemental marine resources sampling and
analysis activities, results of the study will be presented in tables, along
with relevant analytical detection limits and QA/QC data. ERDC will also
prepare a narrative report, summarizing the work conducted, the procedures used, the data obtained, the conclusions reached, and recommendations made, if applicable.
All reports will be submitted initially in draft form by ERDC and the
University of Hawai‘i to the U.S. Army Garrison, Hawai’i for review and
comment. Following incorporation of comments, ERDC will produce final
hard copy and electronic versions of these deliverables, in numbers
specified by the project scope of work. The U.S. Army Garrison, Hawai‘i
will distribute any subsequent reports to other interested parties.
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Appendix A: Quality Assurance and Quality
Control
ERDC will implement a QA/QC program during the marine resources
study to ensure the precision, accuracy, and representativeness of the
analytical results. Essential elements of this QA/QC program are detailed
below.

Three-phase quality control process
A three-phase QC program will be implemented during marine resources
study, as described below, including a preparatory phase inspection, an
initial phase inspection, and a follow-up inspection. Production work will
not be performed on a definable task until a successful preparatory and
initial phase inspection has been completed. During these inspections, the
Project Manager (PM) will verify that the requirements of this SAP have
been followed.
Preparatory phase inspection
Before conducting any feature of work, the PM will check that technical
requirements have been planned for and that work prerequisites have
been identified and met. Discrepancies among existing conditions and
approved plans and procedures are to be resolved, and the PM or designee
should verify that unsatisfactory and nonconforming conditions identified
during a preparatory inspection have been corrected before granting
approval to begin work. In addition, the project chemist will hold a project
kickoff meeting with the contract laboratories to discuss the SAP and the
raw requirements for this study. Results of this meeting will be
documented in the preparatory inspection checklist and reported to the
U.S. Army Garrison, Hawai‘i, in a letter report.
Initial phase inspection
The second QC phase consists of checks performed during the initial
marine resource sampling activities. During the first full day of field work,
the PM or designee will monitor the work and verify compliance with the
specifications and requirements of the contract, delivery order, and
approved plan procedures. The PM or designee is responsible for ensuring
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that discrepancies between site practices and approved specifications are
identified and resolved. The PM or designee will verify that discrepancies
between site practices and approved plans and procedures are resolved
and that corrective actions for unsatisfactory and nonconforming
conditions or practices have been taken before granting approval to
proceed. Results will be summarized in the daily operational QC report.
Follow-up phase inspection
During each day of marine resource sampling activities, the PM or
designee is responsible for monitoring the practices and operations taking
place on-site and for verifying continued compliance with the specifications and requirements of the contract, delivery order, and approved
project plans and procedures. The PM or designee will verify that
discrepancies between site practices and approved plans and procedures
are resolved and that corrective actions for unsatisfactory and nonconforming conditions or practices have been met before granting
approval to proceed. Results will be summarized in the daily operational
QC report.

Project quality assurance objectives
All analytical data will be reviewed with respect to project-specific data
quality objectives, which include attainment of adequate precision,
accuracy, representativeness, comparability, and completeness (PARCC).
Of the PARCC parameters, precision and accuracy will be evaluated
quantitatively through the collection and analysis of QA/QC samples as
listed in Table 7. Criteria for individual analyses will follow and adhere to
the performance provisions appropriate to the respective contract
laboratory QA/QC programs. Standard QC protocols will be followed
according to method specified.
Precision
Precision is a measure of reproducibility as determined by the degree of
agreement between multiple measurements of the same parameter under
identical conditions. Precision is expressed quantitatively as the extent of
variability of individual measurements from the mean of multiple
measurements.
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Table 8. QC samples for precision and accuracy.
QC Type

Precision

Accuracy

Frequency

Field QC

Field duplicate RPD

Field duplicates

1/10 samples

Laboratory QC

MS/MSD RPD

MS/MSD %R

1/20 samples

LCS/LCSD RPD

LCS/LCSD %R

1/20 samples

Method Blank

1/20 samples

Laboratory Duplicate

1/20 samples

Notes:
%R = percent recovery.
LCS/LCSD = laboratory control sample/laboratory control sample duplicate.
MS/MSD = matrix spike/matrix spike duplicate.
RSD = relative standard deviation.
RPD = relative percent difference.

Field and laboratory precision will be evaluated by collecting and analyzing field duplicates, comparing the results, and then calculating the
Relative Percent Difference (RPD) by using the following equation:

RPD =

A- B
( A+ B) / 2

´ 100%

where:
A = primary sample concentration
B = duplicate sample concentration
Field duplicate samples will be collected at a rate of at least 1/10 samples
of each species collected during the study. Each set of duplicate samples
will consist of the same number and approximate sizes of individuals collected from approximately the same location(s). For field duplicate samples, the goals for precision is typically 35- 75% for tissues.
General precision control limits for the analytical laboratory are +/-35%.
Data that do not meet these precision criteria may be qualified as estimated (i.e., “J”) during data validation. An independent third party
consultant will be used to do data validation. RPDs cannot be calculated in
instances where one or more values are non detects. In addition, RPDs for
trace or low-level results may not be appropriate for evaluation of precision. In these cases, an evaluation will be made during data validation
based on comparison of the results with respect to the reporting limit
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(RL). In general, for results reported at less than the RL by a factor of five,
results within ±2 times the RL for biota are considered to indicate acceptable precision for RPD calculations.
A summary of precision results will be presented in the report to provide
an overall assessment of project data precision.
Accuracy
Accuracy is a measure of the deviation (or agreement) between an
analytical measurement and the true or accepted value for a standard
reference material. The accuracy of a measurement system can be affected
by errors introduced by cross-contamination in the field sampling process,
sample preservation, sample handling, matrix sample preparation,
analytical techniques, and cross-contamination in the laboratory. A
program of sample spiking will be conducted to evaluate laboratory
accuracy. This program includes analysis of the MS/MSD samples,
LCS/LCSD samples, and method blanks. MS/MSD and LCS/LCSD
samples are analyzed at a frequency of one per batch; a batch of samples is
limited to 20 samples. The results of the spiked samples are used to calculate the percent recovery for evaluating accuracy.
Accuracy is expressed as the percent recovery of an analyte that has been
added (spiked) to an environmental sample in a known concentration
before extraction/analysis. Accuracy is calculated using the following
equation:
Percent Re covery =

(C + S )- C
T

´ 100

where:
S = measured spike sample concentration
C = sample concentration
T = true or actual concentration of the spike
Objectives for reference standards will be based on the type of sample that
is analyzed. Appropriate spike and reference standard compounds and
concentration levels are specified in the analytical methods. If the spiking
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levels for MS/MSD and LCS/LCSD are not provided, the spiking will be
conducted at a mid-calibration concentration level.
Laboratory data will meet the accuracy criteria, which include internal
laboratory and method criteria. Data that do not meet the accuracy criteria
may be qualified as estimated (“J”) or may be rejected (“R”) during data
validation.
A summary of accuracy results (e.g., a mean and standard deviation of
surrogate recovery values for each analytical method, by matrix) may be
provided to give an overall assessment of the accuracy.
Representativeness
Representativeness expresses the degree to which sample data accurately
and precisely represent the characteristics of a population, variations in a
parameter at a sampling point, or an environmental condition. For this
project, representative data will be obtained by selecting sampling locations and by collecting multiple specimens. The following questions may
be asked to assess representativeness:
•
•
•
•
•

Were the appropriate species sampled?
Were samples handled correctly?
Were samples collected from appropriate locations?
Were an appropriate number of samples collected and analyzed?
Did other factors bias the results?

Comparability
Comparability is a qualitative parameter that expresses the degree of
confidence with which one data set can be compared to another. Comparability of data will be achieved by consistently following procedures for
sampling and field activities, by using the same types of sampling equipment at each location, and by using standard measurement units in
reporting analytical data. Laboratory data will be reported in consistent
units for each analytical test (i.e. mg/kg wet weight for analytical results).
Completeness
Completeness is a measure of the percentage of project-specific data that
are valid. Valid data are obtained when samples are collected and analyzed
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in accordance with QC procedures outlined in this SAP and when none of
the QC criteria that affect data usability are exceeded. Data that are validated and qualified as estimated will not be counted against the
completeness goal because they are considered usable. Only rejected data
or data not collected will be counted against the completeness goal. When
all data validation is completed, the percent completeness will be calculated by dividing the number of valid sample results by the total number of
sample results planned for this investigation. The following equation is
used to determine completeness:
Completeness (%C ) =

V
´ 100
T

where:
%C = percent completeness
V = number of valid samples
T = total number of planned samples
Although a quantitative number can be calculated for each analyte, the
data user must use this qualitatively to assess whether the investigation
objectives can be met with the data obtained. As a guideline, data
completeness should be approximately 90 percent for each analyte for all
samples.
Data that do not meet completeness goals may suggest the need for resampling and analysis or, at a minimum, may suggest that the data set should
be used with caution, depending on the effect of the incomplete data on
the data quality objectives. Data that were planned but not collected
should count against the completeness goal, unless they were omitted for a
valid reason and are not anticipated to produce a data gap.
Completeness will also be evaluated as part of the data quality assessment
process discussed in Chapter 1 (USEPA 2000a). This evaluation will help
determine whether any limitations are associated with the decisions to be
made based on the data collected.

Laboratory quality control samples
Laboratory QC samples are prepared and analyzed at the laboratory to
evaluate the effectiveness of sample preparation and analysis and to assess
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analytical precision and accuracy. The types of laboratory QC samples that
will be used for this project and their required frequencies are discussed in
the following sections.
Method blanks
Method blanks are prepared to evaluate whether contamination is originating from the reagents used in sample handling, preparation, or
analysis. They are critical in distinguishing between low-level field contamination and laboratory contamination. A method blank consists of
laboratory analyte-free water and all of the reagents used in the analytical
procedure. It is prepared for every analysis in the same manner as a field
sample and is processed through all of the analytical steps. Method blanks
will be prepared at the frequency prescribed in the individual analytical
method or at a rate of five percent of the total samples if a frequency is not
prescribed in the method.
Laboratory control samples or blank spikes
An LCS, or blank spike, originates in the laboratory as deionized or distilled water that has been spiked with standard reference materials of a
known concentration. An LCS is analyzed to verify the accuracy of the
calibration standards. These internal QC samples are also used to evaluate
laboratory accuracy through the analytical process as LCSs are processed
through the same analytical procedure as field samples. LCSs will be
analyzed at the frequency prescribed in the analytical method or at a rate
of five percent of the total samples if a frequency is not prescribed in the
method. If percent recovery results for the LCS or blank spike are outside
of the established goals, laboratory-specific protocols will be followed to
gauge the usability of the data.
Matrix spike and matrix spike duplicate samples
Matrix spike (MS) samples are aliquots to which a known amount of a
standard solution (spike) with a known concentration is added. MS and
MSD samples are processed through the same analytical procedure as field
samples and used to determine the accuracy and precision of the analytical
procedure in the presence of the sample matrix. They will be prepared and
analyzed at a rate of 1/20 field samples (5 percent).

47

ERDC/GSL TR-12-X

48

Method detection limit studies
The MDL is the minimum concentration of a compound that can be measured and reported. The MDL is a specified limit at which there is 99 percent confidence that the concentration of the analyte is greater than zero.
The MDL takes into account sample matrix and preparation. No matrixspecific MDL studies will be performed for this project. It is estimated that
the MDL for fish and limu tissue may be at least an order of magnitude
higher than for the standard solid matrix (soil) for which the laboratory
performs annual MDL studies to demonstrate the MDLs for each analysis.
Table 9. Estimated analytical detection and reporting limits by method and lab.
Analyte

Analytical Procedure

Reporting Limits

Analytical Lab

Dioxins/Furans (17 congeners of concern)
HpCDD

US EPA Method 1613B

5 ng/kg

Pace

HpCDF

US EPA Method 1613B

5 ng/kg

Pace

HxCDD

US EPA Method 1613B

5 ng/kg

Pace

HxCDF

US EPA Method 1613B

5 ng/kg

Pace

PeCDD

US EPA Method 1613B

5 ng/kg

Pace

PeCDF

US EPA Method 1613B

5 ng/kg

Pace

OCDD

US EPA Method 1613B

10 ng/kg

Pace

OCDF

US EPA Method 1613B

10 ng/kg

Pace

TCDF

US EPA Method 1613B

1 ng/kg

Pace

TCDD

US EPA Method 1613B

1 ng/kg

Pace

Ethylbenzene

US EPA 8260B

25 ug/kg

ARDL

m-Xylene

US EPA 8260B

25 ug/kg

ARDL

p-Xylene

US EPA 8260B

25 ug/kg

ARDL

o-Xylene

US EPA 8260B

25 ug/kg

ARDL

Toluene

US EPA 8260B

25 ug/kg

ARDL

Stryrene

US EPA 8260B

25 ug/kg

ARDL

1,2,4-Trimethylbenzene

US EPA 8260B

25 ug/kg

ARDL

Gasoline (Purgeable Organics)

Metals
Aluminum

US EPA 6020

0.28 mg/kg

Brooks Rand

Antimony

US EPA 6020

0.005 mg/kg

Brooks Rand

Arsenic

US EPA 6020

0.14 mg/kg

Brooks Rand

Barium

US EPA 6020

0.06 mg/kg

Brooks Rand

Beryllium

US EPA 6020

0.008 mg/kg

Brooks Rand

Cadmium

US EPA 6020

0.003 mg/kg

Brooks Rand

Chromium

US EPA 6020

0.018 mg/kg

Brooks Rand

Cobalt

US EPA 6020

0.06 mg/kg

Brooks Rand

Copper

US EPA 6020

0.03 mg/kg

Brooks Rand

Iron

US EPA 6020

0.08 mg/kg

Brooks Rand

Lead

US EPA 6020

0.004 mg/kg

Brooks Rand

Manganese

US EPA 6020

0.024 mg/kg

Brooks Rand

Selenium

US EPA 6020

0.06 mg/kg

Brooks Rand
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Analyte

Analytical Procedure

Reporting Limits

Analytical Lab

Silver

US EPA 6020

0.02 mg/kg

Brooks Rand

Thallium

US EPA 6020

0.04 mg/kg

Brooks Rand

Vanadium

US EPA 6020

0.014 mg/kg

Brooks Rand

Zinc

US EPA 6020

0.002 mg/kg

Brooks Rand

Mercury

US EPA 6020

0.12 ng/g

Brooks Rand

Methyl Mercury

US EPA 6800 modified

1.0 ng/g

Brooks Rand

Energetics
2,4-DNT

US EPA Method 8330

500 ug/kg

ARDL

RDX (Cyclonite)

US EPA Method 8330

500 ug/kg

ARDL

Nitroglycerine

US EPA Method 8330 modified

500 ug/kg

ARDL

Perchlorate

US EPA Method 314

0.04 ug/g

ARDL

Organochlorine Pesticides
4,4’-DDT

US EPA 8081A

10 ug/kg

ARDL

Aldrin

US EPA 8081A

5 ug/kg

ARDL

alpha BHC

US EPA 8081A

5 ug/kg

ARDL

beta BHC

US EPA 8081A

5 ug/kg

ARDL

elta BHC

US EPA 8081A

5 ug/kg

ARDL

gamma BHC (Lindane)

US EPA 8081A

5 ug/kg

ARDL

Heptachlor

US EPA 8081A

5 ug/kg

ARDL

Heptachlor epoxide

US EPA 8081A

5 ug/kg

ARDL

US EPA Method 8270C

1980 ug/kg

ARDL

Bis(2-ethylhexyl) phthalate

US EPA Method 8270C

1980 ug/kg

ARDL

Di-n-butyl phthalate

US EPA Method 8270C

1980 ug/kg

ARDL

Diethyl phthalate

US EPA Method 8270C

1980 ug/kg

ARDL

Dimethyl phthalate

US EPA Method 8270C

1980 ug/kg

ARDL

Di-n-octyl phthalate

US EPA Method 8270C

1980 ug/kg

ARDL

TBD

Brooks Rand

VOCs/SVOCs
Pyrene
Phthalate Esters:

Metal Speciation
Arsenic Speciation

US EPA Method 1632

Sample quantitation limits
Sample quantitation limits, also referred to as practical quantitation limits, are RLs adjusted for the characteristics of individual samples. The RLs
are chemical-specific levels that a laboratory should be able to routinely
detect and quantify in a given sample matrix. The RL is usually defined in
the analytical method or in laboratory method documentation. The sample
quantitation limit takes into account changes in the preparation and analytical methodology that may alter the ability to detect an analyte, including changes such as use of a smaller sample aliquot or dilution of the
sample extract. Physical characteristics, such as sample matrix and percent moisture, which may alter the ability to detect the analyte, are also

ERDC/GSL TR-12-X

considered. The laboratory will calculate and report sample quantitation
limits for all environmental samples.
For analyzing mercury, the primary and QA labs will use USEPA Method
6020 (see Table 8). The initial digestion process requires a complete
dissolution of the tissues, with only a slight difference in the acids used.
The critical step in the procedure is the requirement for complete dissolution and oxidation of the tissue. This method uses the same cold vapor
atomic absorption method. Method 6800 Modified (see Table 8) will be
used to analyze Methyl Mercury. Since these are proprietary modifications
of the method, no lab will share the specifics of their method.
Measurements of each method’s accuracy will be demonstrated via matrix
spikes and Standard Reference Material analysis.
Control charts
Control charts document data quality in graphic form for specific method
parameters, such as surrogates and blank spike recoveries. A collection of
data points for each parameter is used to statistically calculate means and
control limits for a given analytical method. This information is useful in
determining whether analytical measurement systems are in control. In
addition, control charts provide information about trends over time in
specific analytical and preparation methodologies. Although they are not
required to do so, contract laboratories should maintain control charts for
projects-specific analyses.

Maintenance of laboratory equipment
Contract laboratories will follow a maintenance schedule for each instrument used to analyze samples collected for this project. All instruments
will be serviced at scheduled intervals necessary to optimize factory specifications. Routine preventive maintenance and major repairs will be documented in a maintenance logbook.

Calibration of laboratory equipment
Laboratory equipment calibration procedures and frequencies will follow
the requirements specified by the laboratory analytical methods used.
Qualified analysts will calibrate laboratory equipment and document the
procedures and results in a logbook.
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