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Abstract: This report and research were supported by the U.S. Army Corps of
Engineers New York District and U.S. Environmental Protection Agency

Region 2. The work was conducted to provide insight into the potential advan-
tages and disadvantages of using chronic sediment toxicity tests with relevant
benthic macroinvertebrates as part of dredged material evaluations, as described
in the Inland and Ocean Testing Manuals (USEPA/USACE 1991, 1998). Nine
sediments collected from the New York Harbor (NYH) were used to assess test
methods in a preliminary evaluation at one test facility and an interlaboratory
evaluation at three test facilities. The two acute test methods (10-day Ampelisca
abdita and Americamysis bahia) currently used in evaluations of NYH material
were compared to available chronic protocols to gauge relative performance of
the toxicity tests. Acute tests are typically short-term (e.g., 10-day) lethality
assessments conducted over a small portion of the test organism’s life cycle, while
chronic tests are longer-term and assess sublethal measurement endpoints (e.g.,
growth and reproduction) in addition to lethality. The available chronic test
methods used in this study were the 28-day test using the estuarine amphipod,
Leptocheirus plumulosus, and 20-day and 28-day tests using the marine poly-
chaete Neanthes arenaceodentata. Use of chronic tests is recommended or
required by dredged material evaluation guidance and regulations, respectively.
The sublethal endpoints measured in chronic tests may be more sensitive meas-
ures of toxicity and more predictive of longer-term population effects. Of the tests
compared, the currently used acute (10-day) Ampelisca abdita test and the avail-
able chronic (28-day) L. plumulosus test were the most responsive (i.e., sensitive)
to the tested NYH sediments. Response is defined as the amount an endpoint
(e.g., survival) was reduced for test organisms in site sediments relative to that
same endpoint in the control sediment. Of these two test methods, neither clearly
demonstrated better capability to identify contaminated sediments (i.e., “hits”).
The A. abdita test was more consistent in performance and exhibited greater
statistical power but demonstrated lesser response to the sediments and lower
correlation with sediment chemistry. The sublethal endpoints used in the

L. plumulosus test were more responsive to the sediments and more closely
related to sediment contamination but had lower statistical power than lethality
endpoints. An acute (10-day) test using L. plumulosus was also conducted in one
laboratory and similar responsiveness was found relative to the acute A. abdita
test. The remaining toxicity tests, including the currently applied acute A. bahia
test and the 28-day N. arenaceodentata test were not responsive to the tested
sediments in this evaluation and thus did not suggest toxicity in any of the tested
sediments. Specific conclusions and recommendations on the application of these
test methods are offered at the end of this document.

DISCLAIMER: The contents of this report are not to be used for advertising, publication, or promotional purposes.
Citation of trade names does not constitute an official endorsement or approval of the use of such commercial products.
All product names and trademarks cited are the property of their respective owners. The findings of this report are not to
be construed as an official Department of the Army position unless so designated by other authorized documents.

DESTROY THIS REPORT WHEN NO LONGER NEEDED. DO NOT RETURN IT TO THE ORIGINATOR.
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Preface
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1

Introduction

Background

Dredged material management is regulated by Section 404 of the Clean
Water Act, Section 10 of the Rivers and Harbors Act, and Section 103 of
the Marine Protection, Research and Sanctuaries Act (MPRSA). According
to Section 404 of the Clean Water Act, a discharge into an aquatic system
must offer the least-adverse management alternative, satisfy legal
standards, not result in significant environmental degradation, and apply
all practical measures to reduce impacts. Section 103 of MPRSA states that
“the transportation of dredged material for the purpose of dumping it into
ocean waters [is allowable] where...the dumping will not unreasonably
degrade or endanger human health, welfare, or amenities, or the marine
environment, ecological system, or economic potentialities.” Managers
must characterize dredged material contamination and subsequently
estimate risk of disposing of the sediments in open waterways. Similar
multi-tiered approaches are recommended by the U.S. Environmental
Protection Agency (USEPA) and U.S. Army Corps of Engineers (USACE)
in both the Inland Testing Manual, or ITM (USEPA/USACE 1998), and
the Ocean Testing Manual, or OTM (USEPA/USACE 1991). The OTM,
which is most relevant to the testing discussed in this report, describes a
screening-level tier, a sediment collection and chemical analysis tier to
obtain further information and additional tiers (i.e., Tiers Il and 1V) if a
management decision still cannot be made.

An important component of dredged material assessment is the
application of sediment toxicity tests, Tiers I11 and IV (USEPA/USACE
1991, 1998), which use relevant benthic test organisms and apply
measurement endpoints to gauge the extent of contamination in the
material. These tests are a useful tool to assess potential risk to the
disposal location and can help circumvent knowledge gaps for complex
guestions such as chemical mixtures/synergisms, unknown contaminants,
and chemical bioavailability, where sediment-screening techniques may
fall short. Several organizations (e.g., USEPA, ASTM International,
Environmental Canada) have published protocols (e.g., ASTM 2002) that
specifically evaluate toxicity in either freshwater (USEPA 2000; ASTM
2000a) or marine sediments (e.g., USEPA 1994; ASTM 1998; USEPA
2000; ASTM 2000b; ASTM 2000c; USEPA 2001; ASTM 2002; ASTM
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2003). Such toxicity tests, however, present their own unique limitations,
including consistency of results and interpretation of uncertainty for field
extrapolations. Vorhees et al. (2002) provide a detailed analysis of
uncertainty related to improving dredged material management decisions.

Toxicity assays can be conducted for an acute or chronic duration. Acute
assays, a Tier Il activity, typically assess test organism mortality over
short-term exposure durations relative to the organism’s life cycle. Chronic
assays, a Tier 1V activity, are carried out over a larger portion of the
organism’s life cycle (e.g., at least one-tenth; Simini et al. 2000) and
usually measure sublethal effects on activities such as growth and
reproduction. Currently, the dredged material management program in
New York Harbor (NYH) routinely applies only acute (10-day) sediment
toxicity tests using the marine mysid shrimp, Americamysis bahia
(formerly Mysidopsis bahia), and the marine amphipod, Ampelisca
abdita.

Application of chronic tests is addressed in the OTM (USEPA/USACE
1991) as a latter activity that is conducted if “Tier I11 test results lead to
equivocal interpretation.” In the context of CWA and MPRSA, some
researchers support use of chronic tests (e.g., Munns et al. 2002).
Wenning et al. (2005) state that acute tests may not be as predictive as
chronic tests for gauging long-term population-level effects in a sediment
quality guideline (SQG) context. For example, the longer duration of
exposure used in chronic tests is more representative of an environmental
exposure received by benthic organisms. Longer exposure allows
concentrations of contaminants that accumulate at a relatively slower rate
(e.g., high molecular weight organics) to reach steady state in test
organism tissuel. Sublethal endpoints also may be more relatable to field-
population responses given that growth and reproduction contribute to
population dynamics, especially when contaminant exposures are at lower,
subacute concentrations where the effects more subtle than lethality (as
measured by acute tests) may occur. More importantly, Federal
regulations require consideration of sublethal effects in assessments of
dredged material targeted for ocean disposal. According to 40 CFR
227.27(b), “The limiting permissible concentration of the... solid phases of
a material means concentration which will not cause unreasonable acute
or chronic toxicity or other sublethal adverse effects based on test results...

1 Standardized bioaccumulation tests are conducted 28-days for this reason.
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using appropriate sensitive benthic organisms.” Several chronic test
methods have been developed and published (e.g., USEPA/USACE 2001;
ASTM 2000b; ASTM 2003) that would satisfy this regulatory
requirement.

Overall, dredged material assessments of marine sediments rely more
extensively on acute rather than chronic sediment toxicity tests. Some
management programs, such as the Dredged Material Management
Program (DMMP), formerly the Puget Sound Dredged Disposal Analysis
(PSDDA) Program, have administered standard use a chronic test (i.e.,
20-day Neanthes arenaceodentata) with a sublethal endpoint (Johns et al.
1990). The DMMP is an interagency management program for the Puget
Sound area overseen by the Washington Department of Natural
Resources, USACE (Seattle District), and USEPA (Region 10). The
performance of chronic sediment toxicity tests, however, has not been as
widely verified as the acute lethality tests currently in use, which may
explain the discrepancy in frequency of implementation. Perhaps more
importantly, performing chronic toxicity tests is more time-consuming
and labor-intensive than performing acute tests; the cost is almost twofold
greater than acute tests, providing a significant reason for resistance.

Objective

This study was conducted to address the four following questions, which
must be resolved before chronic protocols can be recommended for use as
a routine component of a dredged material management process:

1. How does the performance of chronic tests compare to the currently
utilized acute sediment toxicity tests?

2. Can different laboratories successfully perform chronic sediment toxicity
tests with similar results?

3. Can the higher cost of conducting chronic toxicity tests be justified for
dredged material management programs?

4. What is the utility of chronic tests, at their current stage of development, in
dredged material management?

(The scope of the fourth question is too broad to be answered using the
limited data in this report alone, and therefore warrants dedicated
emphasis in future discussion at a national level with USEPA and USACE.)
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Approach

To address the research questions, sediments containing varying levels of
contamination were collected from NYH. The sediments, collected from
locations in or near Federal project channels, were used to compare acute
toxicity tests currently conducted in NYH dredged material evaluations
with available chronic toxicity protocols. Discrete sediments, in addition to
sediment dilutions, were initially tested in a preliminary evaluation at one
laboratory and then in an interlaboratory evaluation at three laboratories.
The inter- and intralaboratory variability, consistency, and responsiveness
to contamination were assessed for each test method. Performance
comparisons of the marine/estuarine sediment toxicity test methods were
previously conducted between single (Mearns et al. 1985; Bay et al. 2003)
or multiple (Schlekat et al. 1995) acute protocols, single chronic protocols
(USEPA 2001; Johns et al. 1990) and for both acute and chronic protocols
using the same test organism (Anderson et al. 1998; McGee et al. 2004;
Farrar et al. 2005a). However, no such evaluation has been conducted
using sediments and test protocols specific to dredged material
evaluations in NYH.
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2 Methods

Study site

Nine sampling stations were selected in NYH (Figure 1) based on varying
historic contamination levels (i.e., low, moderate, and high). Thirty-five to
40 gallons of sediment were collected (Table 1) at each station from

27-29 September 2004 using a 2.5 gallon Van Veen Grab sampler

(Figure 2), according to USEPA (2001) guidance. Sediments from each site
were collected into seven or eight new HDPE 5 gallon buckets. At the end
of each sampling day, sediments were stored in refrigerated cabinets

(4 + 2 °C) at the Caven Point Field Station (Jersey City, NJ). A reference
sand designated for use by the EPA Region 2 dredging program located
south of NYH was acquired from Aqua Survey Inc. (Flemington, NJ), and
a control sediment was collected from Sequim Bay, WA (Battelle, Sequim,
WA) for comparison to NYH site sediments. Sediments were shipped
overnight to the Waterways Experiment Station (ERDC, Vicksburg, MS),
by a refrigerated truck (4 + 2 °C). Sediments from each site were
thoroughly homogenized in a 55 gallon high-density polyethylene (HDPE)
container using a large motorized mixer, model ND-1A (Lightnin,
Rochester, New York), redistributed into buckets and stored in a walk-in
coolerat4 +2 °C.

Sediment chemistry

Each of the homogenized sediments was sampled for chemical analysis
and submitted to the Environmental Chemistry Branch of the ERDC
Environmental Laboratory (Vicksburg, MS) for analysis of pesticides,
polychlorinated biphenyls (PCBs), polycyclic aromatic hydrocarbons
(PAHSs), total metals, simultaneously extracted metals (SEM), and acid
volatile sulfides (AVS). Samples were submitted to Severn Trent
Laboratories (Knoxville, TN) for dioxins, furans, alkyl tins, and particle
size analysis. All chemical analyses followed USEPA 846 methodology.
Organic compounds were extracted by method 3545 using accelerated
solvent extraction. Cleanup of organic extracts was accomplished for PAHs
using a modification of method 3630 (silica gel), pesticides using a
modification of method 3630 (florisil), and PCBs using a modification of
method 3665 (sulfuric acid). PAH analysis was performed according to
method 8270 by gas chromatograph using selective ion monitoring mode.
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Newark

Bay
-74° 9.357", 40° 39.740’

Arthur Kill

-74° 12.852', 40° 33.89"
Perth Amboy
-74° 15.063', 40° 29.310" \

y |
East

Chester Creek

~73° 49.045°, 40° §3.731'

Red Hook Flats
-74° 2.221', 40° 39.890°

Reference Site
-73° 52.180°, 40° 20.210"

Figure 1. Sampling stations in New York Harbor.

Table 1. Sample station descriptions, date of collection and biological observations.

Sediment Location Depth (ft) | Collection Date | Benthic Organisms Observed
Arthur Kill 40° 33.89°'N |36 9/27/2003 None
74° 12.852' W
Buttermilk 40° 41.180'N |20 9/26/2003 Crabs, Mussels, Oligochaetes
Channel 74° 0.956' W
East Chester 40° 53.731’N | 20-23 9/28/2003 Clams, Hermit crabs, Oligochaetes
Creek 73° 49.045' W
Flushing Creek |40° 45.888' N | 18 9/28/2003 None
73° 50.698' W
Hudson River 40° 46.686' N | 31 9/26/2003 None
74° 0.256' W
Jamaica Bay 40° 37.198' N | 39 9/27/2003 Amphipods, Hardshell clams, Hermit crabs,
73° 53.388' W Horseshoe crabs
Newark Bay 40° 39.740'N |49 9/27/2003 Oligochaetes
74° 9.357° W
Perth Amboy 40° 29.310'N | 26 9/27/2003 None
74° 15.063' W
Red Hook Flats | 40° 39.890’' N | 35 9/26/2003 None
74° 2.221' W
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Figure 2. Van Veen grab used in collection of the sediments. Picture was taken at the Arthur
Kill sampling location.

Pesticides and PCBs were analyzed using an Agilent 5890 gas
chromatograph with electron capture detection. Metals analyses were
performed following methods 6010B and 6020 using a PerkinElmer
Optima 3000DV Inductively Coupled Plasma Atomic Emission
Spectrometer and an Elan 6000 Inductively Coupled Plasma Mass
Spectrometer, respectively. Total mercury analysis was performed using a
P.S. Analytical Atomic Fluorescence Detector following method 7471A.
Methylmercury was determined using ethylation followed by carbon-
trapping and analysis by gas chromatography with fluorescence detection.
Dioxins and furans were measured using method 8290 by high-resolution
gas chromatograph/mass spectrophotometer. Grain size distribution of
sediments was determined using ASTM method D422.

Sediment toxicity tests

The acute protocols included in this comparison are 10-d tests currently
used in evaluations of NYH sediments with the marine amphipod,
Ampelisca abdita, and marine mysid shrimp, Americamysis bahia
(Figure 3). The methods followed were from USEPA (1994) for A. abdita
tests and from Aqua Survey (2001) and ASTM (2002) for A. bahia tests.
Field-collected A. abdita were purchased from Aquatic Research
Organisms (Hampton, NH) for the preliminary evaluation and from Aqua
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Survey, Inc. (Flemington, NJ) for the interlaboratory comparison.
Laboratory-cultured A. bahia were obtained from Applied Biosystems
(Fort Collins, CO). Briefly, acute tests were 10-day static non-renewal, with
each treatment consisting of five replicate 1 L beakers containing 175 mL
sediment, 775 mL overlying water, and 20 organisms (Table 2). The

A. bahia received a daily feeding ration of brine shrimp (Artemia) while
the A. abdita test involved no feeding. An acute (10-d) Leptocheirus
plumulosus test (USEPA 1994) using organisms from ERDC in-house
cultures was also conducted for comparative purposes (Appendix Al) but
was not included in the interlaboratory comparison. The endpoint
assessed for acute protocols was percent survival. More detail about the
acute protocols is provided in Appendix Al.

Neanthes arenaceodentata Leptocheirus plumulosus

Figure 3. Benthic invertebrates used in sediment toxicity tests. New York Harbor evaluations
currently apply acute tests (10-day) using Ampelisca abdita and Americamysis bahia.
Available chronic protocols in this study include 20- or 28-day tests using Leptocheirus
plumulosus and Neanthes arenaceodentata.
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Table 2. Specifics for sediment toxicity protocols used in the interlaboratory comparison. More
detailed information can be found in Appendix A.
Protocol | Test Duration Test Organisms/ | Feeding
Type Organism (days) Test Type Vessels | Replicates | Replicate Regime | Endpoints
Americamysis | 10 Static 1L 5 20 Daily Survival
Non-renewal
Acute
Ampelisca 10 Static 1L 5 20 None Survival
Non-renewal
Leptocheirus |28 Static Renewal | 1L 5 20 3 times/ | Survival
(3 times/week) week Growth
Reproduction
Neanthes 28 Static Renewal | 300 mL | 10 1 2 times/ | Survival
(ERDC) (1 time/week) week Growth
Chronic Neanthes 20 Static Renewal | 1L 5 5 1 time/ | Survival
(PSDDA) (1 time/ 2 days | Growth
3 days)
Neanthes 20 Static Renewal | 1 L 5 5 2 times/ | Survival
(PSDDA) (1time/ week Growth
modified 3 days)

Chronic protocols used the estuarine amphipod, L. plumulosus (ERDC

in-house cultures) and the marine polychaete, Neanthes arenaceodentata
(Don Reish, California State University—Long Beach), shown in Figure 3.
The 28-d L. plumulosus test treatments included five replicate 1 L beakers
containing 175 mL sediment, 775 mL overlying water, and 20 amphipods,
and was conducted according to standard guidance (USEPA 2001). The
28-d N. arenaceodentata test was conducted with modifications from
published ASTM (2000b) guidance, using treatments of 10 replicate

300 mL tall-form beakers containing 75 mL sediment, 75 mL overlying

water, and one worm (Bridges et al. 1997). In addition, a 20-d N.
arenaceodentata test method used in the DMMP according to Johns et al.
(1990) was evaluated, involving five replicate 1 L beakers per treatment,
each containing 175 mL of sediment, 775 mL overlying water, and five
worms. Finally, a modification of the 20-d PSDDA N. arenaceodentata
test was conducted, reducing the 20-d feeding ration (8 mg Tetramarine®
/ worm / 2 days) to that of the 28-d N. arenaceodentata test (4 mg
Tetramarine® and 1 mg alfalfa / worm / week). The four tests were static,
renewal, involving regular water exchanges and feeding rations (Table 2).
The endpoints assessed were survival and growth. Reproduction,
standardized as number of neonates per surviving adult, as recommended
by Gray et al (1998), was also included as an endpoint in the L. plumulosus
study. More detail about the chronic protocols is provided in Appendix A2.
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Criteria that must be met for test method acceptability included specified
overlying water quality ranges (see Appendices Al, A2), > 90 percent
control survival for acute tests, 28-d N. arenaceodentata test and 20-d

N. arenaceodentata tests, and > 80 percent survival for 28-d

L. plumulosus test. In addition, L. plumulosus neonates must be observed
in each control/reference replicate. Test temperature and photoperiod
were regulated using water baths equipped with timer-controlled lights
and water recirculating REMCOR heating/cooling units (REMCOR
Products Company, Glendale Heights, IL). Exposure chambers received
trickle-flow aeration. The quality of the overlying water in the sediment
toxicity tests was measured using a model ABMTC handheld refractometer
(Aquafauna Bio-Marine, Hawthorne, California) for salinity, a model

315i meter (WTW; Weilheim, Germany) for pH, and a model Oxi

330 meter (WTW; Weilheim, Germany) for D.O. Porewater ammonia
samples were taken by centrifuging 45 mL of sediment at 4000 rpm for

15 minutes using VWR Brand 50 mL centrifuge tubes (Cat. No. 21008-
177). The porewater, or supernatant, was then decanted and analyzed for
total ammonia concentrations using an 720A ion-selective electrode (ISE)
meter (Thermo Orion Electron Corp., Beverly, MA) equipped with an
95-12 ammonia-sensitive electrode (Thermo Orion Electron Corp.,
Beverly, MA). Total porewater ammonia in the bulk NYH sediments
ranged from 20-80 mg/L (Table 3), and concentrations in some sediments
exceeded recommended thresholds for A. abdita (30 mg/L),

L. plumulosus (60 mg/L; USEPA 1994), A. bahia (0.6 mg unionized
NHs/L, Battelle 2000) and N. arenaceodentata (20 mg/L; Dillon et al.
1993). Since ammonia is not typically a contaminant of concern in dredged
material evaluations, sediments were purged before addition of organisms
according to USEPA (1994) to < 20 mg/L, a more conservative level
recommended in Ferretti et al. (2000). Given that the objective of this
study was to evaluate the protocols using the NYH sediments rather than
the converse, all sediments were purged equally for simplicity to ensure
that tests were initiated on the same days at each facility.
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Table 3. Total ammonia concentrations (mg/L) in bulk sediments reported for the preliminary
(a) and interlaboratory (b) evaluations.

Total ammonia Unionized Ammonia (mg/I) | Unionized Ammonia (mg/l)
Sediment (mg/L) T=20,pH=8 T=25,pH=8
(a)
Control 2.5 0.10 0.13
Arthur 77.6 2.96 4.18
Buttermilk 60.6 2.23 3.26
Chester 36.3 1.39 1.95
Flushing 571 2.18 3.07
Hudson 47.3 1.18 2.55
Jamaica 62.4 2.38 3.36
Newark 32.6 1.25 1.76
Perth 19.0 0.73 1.02
Red Hook 351 1.34 1.89
(b)
Control 242+5.7 0.92+0.22 1.30+0.31
Hudson 41.4+6.8 1.58 +0.26 2.23+0.37
Chester 31.4+6.4 1.20+0.24 1.69+0.34
Red Hook 34.8+5.6 1.33+0.21 1.87 £0.30
100% Newark |34.4+6.7 1.31+0.26 1.85+0.36
75% Newark 31.3+4.4 1.20+0.17 1.69+0.24
50% Newark 30.1+6.2 1.15+0.24 1.62+0.33
25% Newark 26.7£4.8 1.02+0.18 1.44 +0.26
Estimations for the unionized fraction are provided for the indicated temperatures and pH.
Ammonia concentrations for the interlaboratory evaluation are the means (+ one standard
deviation) of the measurements reported by the three participating facilities. The reference
sand was not analyzed due to insufficient porewater volume. The total ammonia criterion at
test initiation for Ampelisca abdita and Leptocheirus plumulosus is 30 and 60 mg/L,
respectively. Test sediments were purged until total ammonia concentrations were less than
20 mg/L.
Study design

All sediments were homogenized with an impeller mixer within a bucket
before use in toxicity tests. This study involved preliminary and inter-
laboratory evaluations to assess the performance of the toxicity test
methods. The sediments tested in both the preliminary and inter-
laboratory evaluations were submitted on separate occasions for chemical
analysis since the sediments were stored for 6 months between the two
evaluations.
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The preliminary evaluation was conducted only at ERDC from December
2003 to February 2004 using all nine field-collected sediments (Table 1).
The purpose of this evaluation was to gain baseline information to select
sediments for the interlaboratory evaluation. The testing protocols used
were the 10-d acute A. bahia and A. abdita tests and the 28-d chronic

L. plumulosus and N. arenaceodentata tests. A 10-d L. plumulosus test
was conducted for comparison purposes. To identify the most appropriate
sediment for use in a contamination gradient (i.e., dilution series) an
additional 10-d L. plumulosus test was used to evaluate Hudson and
Newark sediments; gradients were created on a dry weight basis by
diluting the sediments with the control (i.e., Sequim Bay) sediment. The
reference sediment was not used in the dilutions due to its unrepre-
sentative coarse grain size, which would not allow for homogenous mixing.

The interlaboratory comparison, conducted from August to September
2004, involved three facilities experienced in sediment toxicity testing:
Battelle’s Marine Sciences Laboratory (Sequim, WA), Aqua Survey, Inc.
(Flemington, NJ), and ERDC-EL (Vicksburg, MS). To provide anonymity,
the laboratories are referred to as Lab A, B, and C (in no particular order)
for the remainder of this report. Four distinct sediments (Hudson,
Chester, Red Hook, and Newark) and a Newark gradient were selected
based on preliminary results. Newark and Hudson served as highly
contaminated sediments while Chester was moderately contaminated and
Red Hook was low in contamination. The Newark sediment was diluted
with the control sediment on a dry weight basis (75 percent, 50 percent,
25 percent). A 10 gallon aliquot of each sediment, including the three
diluted Newark sediments, control, and reference sediment, was
homogenized at ERDC and placed into 2 gallon buckets and shipped
overnight to participating facilities in coolers with ice (4 + 2°C). The
protocols used were the 10-d A. abdita test, the 28-d L. plumulosus, and
28-d N. arenaceodentata tests. The 20-d DMMP N. arenaceodentata
protocol and a modification of the DMMP protocol that used the 28-d

N. arenaceodentata feeding ration were also used in the interlaboratory
comparison. The 10-d A. bahia test was excluded because no organism
mortality was observed in any of the sediments in the preliminary
evaluation. A 10-d L. plumulosus test was conducted at one facility for
comparative purposes (initiated on the same day as the 28-d

L. plumulosus test). Each test for a particular protocol was initiated on the
same day at the three facilities, and organisms tested were obtained from
the same source.
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Statistical analysis

All toxicity tests were conducted in a completely randomized and blind
fashion. 