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INTRODUCTION

This document presents recommended guiddines for conducting the following laboratory sediment
bioassaysin Puget Sound:

Amphipod bioassay

Bivave larvae bioassay
Echinoderm embryo bioassay
Anaphase aberration bioassay
Microtox bioassay

—  Organic extraction

—  Sdineextraction

B Juvenile polychaete bioassay.

The sediment bioassays consdered in this document are generdly the tests used most frequently
by a variety of Puget Sound investigators. Each recommended guiddine is based on the results of a
workshop and written reviews by representatives from most organizations that fund or conduct
environmenta sudies in Puget Sound (Table 1). The purpose of developing these guiddines is to
encourage al Puget Sound invedtigetors conducting monitoring programs, basdine surveys, and
intengve investigations to use standardized methods whenever possible. If this god is achieved, most
data collected in the sound will be directly comparable and thereby capable of being integrated into a
sound-wide database. Such a database is necessary for developing and maintaining a comprehengve
water and sediment quaity management program for Puget Sound.

The recommended guiddines for each sediment bioassay describe the use and limitations of the
respective toxicity endpoints; the field collection and processing methods; and the laboratory analyticd,
qudity assurance and quality control (QA/QC), and data reporting procedures. In developing the
recommended guidelines, it was recognized that the fidd of sediment bioassays is reldively new and is
expanding rapidly. The loose-leaf format of this document will alow modification of the recommended
guiddines, if necessary, and inclusion of guiddines for additional sediment bioassays.

Although the following guiddines are recommended for most studies conducted in Puget Sound,
departures from these methods may be necessary to meet the specid requirements of individud
projects. If such departures are made, however, the funding agency or investigator should be aware
that the resulting data may not be comparable with most other data of that kind
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and will be identified as such in the Puget Sound database maintained by the Puget Sound Water Qudlity
Authority (PSWQA). In someingtances, data collected using different methods may be compared if the
methods are inter-cdibrated adequately.

Before guiddines for specific bioassays are described, sections are presented on 1) the criteria
used to sdect the tests consdered in this document, 2) protocols for field collection of surficial test
sediments, and 3) general QA/QC procedures that apply to al sediment bioassays.
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BIOASSAY SELECTION

A large number of marine sediment bioassays have been developed and used in recent years (e.g.,
Swartz et d. 1979, 1985; Chapman et d. 1985; Schiewe et al. 1985; Williams et d. 1986; Long and
Buchman 1989; Pastorok and Becker 1990). Many of these tests have been used to evauate the
toxicity of Puget Sound sediments. Nine tests were considered for incluson in this document based on
the following criteria

B Sensitivity—each test has detected biological effectsin avariety of sediments

B Usage—each test has been used in more than one study in Puget Sound.

Of te nine sediment bioassays sdected for consderation, six were identified as suitable for generd

goplication in Puget Sound for reasons outlined in Table 2. These Six tests are categorized in Table 3 by
kind of test and kind of effect measured. The other three tests, which represent promising techniques to
be developed further, include the oligochaete respiration test (Chapman et d. 1985), the surf smelt
patid life-cycle test (Chapman et a. 1985; Caslllas et d. 1989), and the copepod partid life-cycle test
(Migtano 1983; Chapman, unpublished datd).

For the 1994 revison effort, two additiona bioassays were suggested for inclusion in this chapter:
solid phase Microtox and a bicaccumulation biocassay. They will be further consdered in the next
revison effort as addenda to this chapter.



TABLE 2. APPLICABILITY AND RELEVANCE OF SELECTED

LABORATORY SEDIMENT BIOASSAYS

Bioassay” Species Primary Comments
Endpoint(s)
Amphipod 10-day test Rhepoxynius abronius Mortality Simple test, reproducible, ecologi-
Eohaustorius estuarius cally relevant, applicability verified in
Ampelisca abdita numerous studies, extensive usage
to date in Puget Sound
Bivalve larvae 48-hour test Crassostrea gigas Abnormality Simple test, relevance and applica-
Mytilus edulis Mortality bility verified in several independent
studies, extensive usage to date in
Puget Sound
Echinoderm embryo test Strongylocentrotus purpuratus Combined Simple sensitive test, can be con-
S. droebachiensis Abnormality ducted year-round by using different
Dendraster excentricus Mortality echinoderm species, extensive
usage to date in Puget Sound
In vitro anaphase aberration Oncorhyncus mykiss Abnormal One of the few methods to measure
tests with rainbow trout gonad anaphases possible genotoxic/cytotoxic effects,
cells minor usage to date in Puget Sound,
requires a higher level of expertise
than other tests but can be conducted
by more than one laboratory in this
region
Microtox, bacterial lumines- Photobacterium phosphoreum Lumin- One of the few methods to measure
cence bioassay escence possible effects on bacteria, shows
good promise, extensive usage to
date in Puget Sound
Juvenile polychaete test Neanthes sp. Biomass Simple sublethal test, measures

growth (biomass) response and
mortality, applicability verified in a
series of studies, minor usage to
date in Puget Sound

a . .
Primary references for bioassays are as follows:

Amphipod test - Swartz et al. (1985); DeWitt et al. (1989); ASTM (1993b)

Bivalve test - Chapman and Morgan (1983)

Echinoderm test - Dinnel and Stober (1985); ASTM (1993a)

Anaphase test - Landolt and Kocan (1984a,b)
Microtox test - Schiewe et al. (1985); Williams etal. (1986)
Polychaete test - Johns et al. (1990).



TABLE 3. CATEGORIZATION OF SELECTED SEDIMENT
BIOASSAYS BY KIND OF TEST AND KIND OF EFFECT

Kind of Effect”

Kind of Test Lethal Sublethal Genotoxic

Solid and liquid phase:

Amphipod X X
Bivalve larvae X X b
Echinoderm embryo X X b
Juvenile polychaete X X

Extracts:
Microtox X
Anaphase aberration X

* Only the juvenile polychaete test measures long-term effects (i.e., 20
days, which is a substantial portion of the test organism's life cycle).

® Genotoxic endpoints rave been measured by others outside the Puget
Sound area.

° Unlike bivalve larvae, echinoderm larvae rarely disintegrate. While
mortality can be calculated, it is more of a reflection of embryos lost in the
sediments rather than embryos lost to disintegration. Thus a combined
mortality/abnormality endpoint is more appropriate.
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FIELD COLLECTION OF SUBTIDAL SURFICIAL SEDIMENTS

This section describes the protocols required to collect an acceptable subtiddl surficia sediment
sample for analysis by a laboratory sediment bioassay. This subject has generdly been neglected in the
past and sampling crews have been given reaively wide laitude in deciding how to collect samples.
However, because sample collection procedures influence the results of al subsequent laboratory and
data andyses, it iscritical that samples be collected using acceptable and standardized techniques.

DES GN OF SAMPLER

In Puget Sound, the most common sampling device for subtidd surficid sediments is the modified
van Veen bottom grab. However, various sampling devices (e.g., Smith-Mclntyre grab sampler, box
corer, Kasten corer, Minisoutar) are dso used. The primary criterion for an adequate sampler isthat it
consgtently collects undisturbed samples to the required depth below the sediment surface without
contaminating the samples. An additiond criterion is that the sampler can be handled properly onboard
the survey vessd. An otherwise acceptable sampler may yield inadequate sediment samplesiif it is too
large, heavy, or awkward to be handled properly. It is recommended that the sampler be constructed
of danless sed to avoid metals contamination which might be likely to occur with brass or other
condruction materids. One potentia source of sampling devices is the Universty of Washington

Department of Oceanography.

Collection of undisturbed sediment requires that the sampler:

B Createsaminima bow wake when descending

B Closesto form aleak-proof sed after the sediment sanmpleistaken

B Prevents sediment washout and excessive sample disturbance when ascending

B Allows easy access to the sample surface.

Most modified van Veen grabs have open upper faces that are fitted with rubber flaps. Upon
descent the flaps are forced open to minimize the bow wake, whereas upon ascent the flaps are
forced closed to prevent sample washout. Some box corers have solid flaps that are clipped open
upon descent and snap shut after the corer is triggered. Although most samplers sed adequately
when new, the wear and tear of repesated fidd use eventualy reduces this seding ability (e.g.,
through chipped or improperly digned jaws). A sampler should therefore be properly maintained
and monitored congtantly for proper operation and minima sample leskage. If unacceptable
leakage occurs or the sampler mafunctions in any manner, the
sampler should be repaired or replaced. If asampler isto be borrowed or leased for a project, its
operaion and seding ability should be evduated prior to sampling. Also, it is prudent to have a
backup sampler onboard the survey vessd if the primary sampler beginslesking during a cruise.
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The required penetration depth below the sediment surface is a function of the desred sample
depth (see Penetration Depth). Generdly, it is better to penetrate below the desired sample depth to
minimize sanple disturbance when the sampling device closes.  Penetration depth of most sampling
devices varies with sediment character; it is gresiest in fine-grained sediments and least in coarse-
graned sediments. Sampling devices generdly rey upon either gravity or a pison mechanism to
penetrate the sediment. In both cases, penetration depth can be modified by adding or removing sted
or lead weights from the samplers.  Thus, it is optima to use a sampler that has a means of weight
adjustment. If a sampler cannot consistently achieve the desired penetration depth, an dternate device
should be used.

The sampler should be brought aboard the vessal with a minimum amount of swinging, to minimize
sample disturbance. Once the sampler is secured onboard the survey vessd, it is essentid that the
surface of the sample be made accessible without substantidly disturbing the sample. Most samplers
have hinged flaps on their upper face for this purpose. The openings in the upper face of the sampler
should be large enough to alow convenient subsampling of the sediment surface. If an opening is too
small, the sample may be unduly disturbed as the field member struggles to take a subsample.

PENETRATION DEPTH

For characterizing the toxicity of surficid sediments in Puget Sound, it is recommended that the
upper 2 cm of the sediment in a sample be evaluated. The upper 2 cm of sediment is recommended for
andyds because that is the sediment horizon in which most infauna organisms reside and the horizon
that is contacted most frequently by epifaund organisms. When collecting the upper 2 cm of sediment,
it is recommended that a minimum penetration depth of 45 cm be achieved for each acceptable
sample. The portion of sample below the upper 2 cm of sediment can be discarded after the surficia
sediment has been collected (unless the study design specifies otherwise).

Although the 2-cm specification is arbitrary, it will ensure that:

B Rdaivey recent sediments are sampled

B Adequate volumes of sediment can readily be obtained to satisfy the needs of most study
objectives

B Datafrom different sudies (historica or ongoing) can be compared vdidly.

Sampling depths other than the upper 2cm may be appropriate for specific purposes. For
example, when toxicity determinations are made for sediments to be dredged as part of the permitting
process, sediments collected from depths as great as several meters may be tested. Additionaly, some
investigations may want to examine concentration gradients of contaminants

with sediment depth in order characterize the history of some contamination. It should be remembered,
however, that if a sampling depth other than the upper 2 cm is used, the results based on the dternative
depth may not be equivaent to results based on the upper 2 cm of sediment.

For sampling of reference sediments it may be appropriate to avoid anoxic sediments below the redox
potentia discontinuity (RPD) horizon. In the Puget Sound Dredged Disposd Anayss program,
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reference sediments with high sulfides are suspected of producing performance problems in some

bioassays.

OPERATION OF SAMPLER

The sampling device should be attached to the hydrowire usng a bal-bearing swivel. The swive
will minimize the twigting forces on the sampler during deployment and ensure that proper contact is
made with the bottom. For safety, the hydrowire, swive, and al shackles should have a load capecity
a least 3times greater than the weight of a full sampler. In addition, screw-pin shackles should have
wire through the eye and around one side of the shackle to prevent the pin from rotating.

The sampler should be lowered through the water column at a controlled speed of approximately
1 foot/second. Under no circumstances should the sampler be alowed to "free fdl" to the bottom, as
this may result in premature triggering, an excessive bow wake, or improper orientation upon contact
with the bottom. The sampler should contact the bottom gently, and only its weight or piston mechanism
should be usad to force it into the sediment.

After the sediment sample is taken, the sampler should be raised very dowly off the bottom and
then retrieved at a controlled speed of gpproximately 1 foot/second (0.3 meters/second). Before the
sampler bresks the water surface, the survey vessel should head into the waves (if present) to minimize
vesH ralling. This maneuver will minimize swinging of the sampler after it bresks the water surface. If
excessve swinging occurs or if the sampler strikes the vessd during retrieva, extra attention should be
paid to evauating sample disturbance when judging sample acceptaility.

The sampler should be secured immediately after it is brought onboard the survey vessd. If the
sampler tips or dides around before being secured, extra atention should be paid to evauating sample
disturbance.

SAMPLE ACCEPTABILITY CRITERIA

After the sampler is secured on deck, the sediment sample should be inspected carefully before
being accepted. The following acceptability criteria should be satisfied:

B The sampler is not overfilled with sample such that the sediment surface is pressed
againg the top of the sampler

B Ovelying water is present (indicates minimal leskage)
B Theovelying water is not excessively turbid (indicates minima sample disturbance)

B The sediment surface appears to be relatively undisturbed (i.e, lack of channding or
sample washout)

B The desired penetration depth is achieved (eg., 4-5cm for a 2-cm-degp surficid
sample).
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If a sample does not meet al of these criteria, it should be regected and discarded away from the
sampling Sation.

SAMPLE COLLECTION

shest:

After asample is judged acceptable, the following observations should be entered on the field log

Date and time

Station location at the time of bottom contact (see recommended protocol for station
positioning)
Station depth (rdlative to MLLW)

Gross characterigtics of the surficid sediment

—  Texture
— Color

—  Biodlogicd gructures (e.g., shels, tubes, macrophytes)

—  Presence of debris (e.g., wood chips, wood fibers, human artifacts)
—  Presence of oily sheen

—  Obvious odor (e.g., hydrogen sulfide, oil, creosote)

Gross characterigtics of the vertica profile (determined after the surficia sediments have
been collected)

—  Vatica changesin sediment characterigtics
—  Presence and depth of any apparent redox potentia discontinuity layer

Penetration depth.

Before subsamples of the surficid sediments are taken, the overlying water must be removed. The
preferred method of removing this water is by dowly sphoning it off near one sde d the sampler.
Methods such as decanting the water or dightly opening the sampler to let the water flow out are not
recommended, as they may result in unacceptable disturbance or loss of fine-grained surficid sediment
and organic meatter.
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Once the overlying water has been removed, the surficid sediment can be subsampled. It is

recommended that subsamples be taken using a flat scoop. This device will dlow a rdatively large

subsample to be taken accurately to a depth of 2cm. Coring devices are not recommended because

they usudly collect inadequate amounts of surficid sediment, and therefore require repeated extractions

to obtain a sufficient volume of materia for andysis of conventiona sediment varigbles. A curved scoop

is not recommended because it does not sample a uniform depth. Because accurate and consistent
subsampling requires practice, it is advisable that an experienced person perform this task.

Findly, sample contamination during collection must be avoided. All sampling equipmert (e.g.,
scoops, containers) should be made of noncontaminating materia, and should be cleaned gppropriatdy
before use. It is recommended that al objects coming in contact with the sample be made of glass,
danless sed, or PTFE (i.e, polytetrafluoroethylene eg., Teflon®). To avoid contamination, dl
sampling equipment should be cleaned in sequence with Site seawater, a detergent scrub and rinse,
pesticide-grade acetone, and pesticide-grade methanol or hexane prior to initia use and between use
for each gation. The methanal or hexane should be alowed to evaporate prior to using the equipment.
If metals samples are being taken, equipment should aso be cleaned with dilute acid (10% HNGO:s) and
rinsed, followed by the pesticide-grade acetone steps. Where possible, innocuous or biodegradable
sampling gear cleaning and decontaminating agents should be used.

SAMPLE HOMOGENIZATION

Sediment from single samples or composites of multiple collections or composites of multiple
samples should be homogenized prior to collecting a subsample for bioassay andyses. Compositing
and homogenization can be accomplished by trandferring sediment to a clean glass or danless sed
bowl and thoroughly homogenizing by irring with stainless sted spoons or gatulas until texturd and
color homogeneity are achieved. The contents of the bowl should be continuoudy homogenized as
subsamples are taken, to prevent potential settlement of larger particles. In addition, unrepresentetive
materia (e.g., stones, wood chips, seagrass) should be removed at the discretion of the chief scientist
and noted in the field logbook. The bowl and dl utensis should be cleaned in sequence with Ste
seawater, a detergent scrub and rinse, pedticide-grade acetone, and pesticide-grade methanol or
hexane between composites, and kept covered with duminum foil to prevent airborne or other
contamination. The methanol or hexane should be dlowed to evaporate prior to using the bowl and
utendls. If metals samples are being taken, equipment should aso be cleaned with dilute acid (10%
HNO:s) and rinsed, followed by the pedticide-grade acetone steps. If tota sulfides are to be measured,
a subsample should be taken immediately. Zinc acetate should be used as a fixative following the
recommended protocol for measuring conventiona sediment variables.

CONCURRENT COLLECTION OF SEDIMENT CHEMISTRY
AND BIOASSAY SAMPLES

If sediment chemistry samples are being collected concurrently with sediment bioassay samples,
they should be collected from the same homogenized sediment sample. Specificdly, individua samples
or composites of several samples should be mixed before diquots are removed for sediment chemistry
and sediment bioassay determinations. Sample homogenization and remova of bioassay diquots should
be conducted so that chemicd aiquots are not contaminated in the process. The protocols for
removing adiquots for andyses of organic compounds and metas should be consulted in the appropriate
Puget Sound guidelines documents (PSEP 1989ab) to ensure that remova procedures for bioassay
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aiquots are compatible with those recommended for chemica aiquots.

REPLICATION OF BIOASSAYS

The guiddines for dl of the sediment bioassays included in this document recommend that dl field-
collected sediments be homogenized before subsamples are removed for bioassay and chemicd
andyses. This technique is the one used for most studies in Puget Sound, and it ensures that the
biocassay and chemicd results are related as closely as possible. The replicate andyses that are
subsequently conducted on the bioassay subsample assess the variability encountered in |aboratory
testing, rather than the variability of sediment toxicity that exigsin the fidd. To assessfied variability, an
dternate sampling design could be specified that requires each bioassay replicate to be run on a
separate replicate grab sample from each gation. The primary drawback to this technique is thet the
sngle set of chemica concentrations usualy measured a each dation (i.e., primarily because of cost
congraints) would not relate directly to the sediment toxicity measured in each replicate grab sample.
This lack of a direct rdationship between bioassay and chemicd results can sometimes make data
interpretation difficult for individua replicate samples. However, the mean bioassay response could be
compared directly with chemica concentrations if the chemical measurements are made on a composite
of equa amounts of sediment subsampled from each of the replicate samples used for bioassay anaysis.
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GENERAL QUALITY ASSURANCE/QUALITY
CONTROL GUIDELINES

The following general QA/QC procedures apply to al sediment biocassays. QA/QC procedures
specific to each of the individud bioassays addressed in this document, and that differ from the following
generic guiddines, areincorporated into individua bioassay guideines.

NEGATIVE CONTROLS

All bioassays must be conducted using well-established negative (clean) controls. Such controls
are clean, nontoxic seawater and/or sediment samples taken from outside each study area. For every
test series with a particular organism, one bioassay test chamber or series of chambers must contain
clean, materid (i.e., seawater and/or sediment). In most cases, a complete batch of bioassay anayses
must be repeated if more than a specified percentage of the corresponding control animals exhibits the
response of interest.

POSITIVE CONTROLS

All bioassays shdl be conducted usng wdl-established positive (toxic) controls. These controls
involve the use of reference toxicants such as cadmium chloride, silver chloride, phenol, and sodium
lauryl sulfate. Use of sodium pentachlorophenate as a reference toxicant should be avoided because of
the potentia for dioxin contamination and the difficulty encountered in digposing of this chemicdl.
Reference toxicants are used to provide ingght into mortaities or increased sensitivity that may occur as
a result of disease, changes in tolerance/sengtivity, or loading density. Reference toxicants can aso
provide insght into nonletha effects that occur due to acdimation, insengtivity, or stress tolerance
developed during handling and acclimation. Also, the use of reference toxicants facilitates comparisons
of test results among different sudies.  Accordingly, concurrent bioassays using a reference toxicant
should be implemented for each test series. Labs are advised to investigate proper disposa of
reference toxicant in their areg, e.g., acceptability for disposa to sanitary sewer systems. Labs should
maintain documentation on discharge practices for test solutions, sediments and culture water, including
dignfection of discharged water. Findly, it is common practice for labs to establish an internd
acceptance standard through control charts (for example, plus or minus two standard deviations on the
ECso or LCxo).
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TEST ORGANISMS

Only hedthy organisms of dmilar Sze and life higory stage should be used in biocassays.
Taxonomic identifications of bioassay organisms must be confirmed by a qudified taxonomist. It is
recommended that a type specimen be established, with at least annua identification of organisms and
maintenance of voucher specimens for each project. Labs should maintain documentation on the source
of test organisms and the disposa of test organisms.  Some test organisms (for example Neanthes
arenaceodentata and Ampelisca abdita) are not native to Washington and must be managed in
compliance with Washington State Department of Fisheries and Wildlife (WDFW) regulations regarding
aquatic disease control and the importation of exotic species (Chapter 220-77 WAC, Aquatic Disease
Control, and Chapter 232-12-017 WAC, Deleterious Exotic Wildlife). Also, labs are advised to have
and maintain the proper WDFW permits for collecting Puget Sound marine organisms.

REFERENCE TEST SAMPLES

Laboratory negative control sediments generdly are those from which infaund test animds (e.g.,
amphipods) were collected. As such, physica and chemicd sediment characteridtics (e.g., interdtitia
water sdinity, grain Sze, organic content) may be very different from those of the test sediments. Where
this is the case, one or more reference sediments should be added to the test series. Reference
sediments should be collected from an area documented to be free from chemica contamination and
should represent the range of important naturd physicad and chemica characteristics of the test
sediments (see section titled Puget Sound Reference Areas). Such asample, if it isin fact essentidly
free of contamination, can provide data that can be used to separate toxicant effects from unrelated
effects such as those of sediment grain sze. Additiondly, to further ensure the integrity of reference test
samples, invedtigators should use experienced sampling personnd and sample from the biologicaly
active zone, avoiding anoxic sediments below the RPD horizon. The wet-seving method (PTI, 1991,
PSDDA, 1990) should be used to match reference sediments with test sediments .

SEDIMENT HOLDING TIME

At the present time specific holding times for sediment samples used for bioassay testing have not
been thoroughly evduated. The following suggestions are recommended on an interim bads. As
additiond data are generated, these holding times for bioassay samples will be re-evduated. Each study
(and testing of reference and control sediments) should report the holding times with the study results,

Fresh sediment to be used in the amphipod, bivalve larvae, echinoderm embryo, juvenile
polychaete, and Microtox (saline extract) bioassays should be stored in the dark at 4°C for as brief a
time as pssble after field collection (idedly no more than 2 week). Sediments to be used in the
anaphase aberration and Microtox (organic extract) tests should be frozen at -20°C within 8 hours of
collection, stored, and extracted with organic solvent within 6 months after field collection.

Although it is largdly unknown whether sediment toxicity changes substantially between field collection
and laboratory andysis following a holding time of 2 weeks a 4°C, the 2week holding time is
conddered the minimum holding time that can be routindy achieved by most studies conducted in Puget
Sound. The minimum 2-week holding time is therefore based partly on logisticd consderations.
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Maximum holding times are important to programs tha rely on tiered testing where chemicd
andyses are conducted prior to toxicity testing. This tiered gpproach is used by the Puget Sound
Dredged Disposa Andysis (PSDDA) program for evaluating dredged sediments for unconfined open
water disposa in Puget Sound. Under the PSDDA program, sediments are stored in the dark in a
nitrogen atmosphere at 4°C for no longer than 8 weeks. The PSDDA program has established an &
week maximum based on Tatem et d. (1991) and Becker and Ginn (1990). Because the results of
recent studies evauating the effects of sediment holding time on sediment toxicity have been variable, it
IS prudent to store sediments for as short a time as possible after field collection. If there are no other
compelling reasons (such as the tiered testing schedule under PSDDA), a maximum holding time of 2
weeks is recommended for Puget Sound, based on the best professiond judgment of regiond investiga-
tors and on logigtical congraints.

At the nationd level, while the American Society for Testing and Materids recommends a maximum
holding time of 2 weeks for both marine sediment (ASTM 1990) and freshwater sediment (ASTM in
press) prior to toxicity testing, national guidance provided by the joint EPA/Corps Ocean Testing
Manud (1991) and Inland Testing Manud (draft 1994) dlow longer sediment holding times amilar to
PSDDA.

Regardless of the holding time used for a study, it is essentid that the holding time be reported aong
with the study results.

BLIND TESTING

For regulatory purposes, blind and random testing is required and al sediment trestment containers
should be randomized and testing should be conducted without laboratory personnd knowing sample
identities.  Replicates of each treatment should be assgned a code number during testing and
randomized in the test sequence.

For some research investigationsiit is recognized that blind testing may not be required.

MAINTENANCE/MEASUREMENT OF WATER QUALITY

Bioassays involving exposure of organisms in agueous media require that the media be
uncontaminated, and that proper water quality conditions be maintained to ensure the surviva of the
organisms and to ensure that undue stress is not exerted on the organisms unrelaed to the test
sediments. At aminimum, the following variables must be measured at the beginning and terminations of
testing: sdinity, dissolved oxygen, pH, and temperature. Other conventiona water
quality variables, such as sulfides and anmonia, may aso influence the results of sediment toxicity testing
and should be measured as routine water quaity parameters at the beginning and termination of testing.
For bioassay tedts lasting severd days, it is recommended that the following variables be measured on a
periodic basis and recorded: sdinity, dissolved oxygen, pH, and temperature.
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EQUIPMENT CLEANING PROCEDURES

It is essentid that fidd and laboratory equipment be properly cleaned before sediments are
collected or bioassays are conducted. Proper cleaning ensures that bioassay responses are related to
the contaminants present in the test sediments and not to contaminants present on improperly cleaned
equipment. The following cleaning procedures are recommended for dl bioassays.

B Sadiment collection equipment (e.g., corers, grab samplers, homogenization bowls, and
utensils):

- Wash with laboratory detergent (non-phosphate)

- Rinse with 10% HN O3 followed by didtilled water
- Rinse with pesticide-grade acetone

- Rinse with pedticide-grade methanol or hexane

B | dboratory equipment (e.g., sample containers, bioassay chambers, and utensils):

- Wash with |aboratory detergent

- Rinse with tap water

- Rinse with 10-percent reagent-grade hydrochloric acid
- Rinse 5 times with deionized weter

- Rinse with pesticide-grade acetone

- Rinse with pesticide-grade methanol or hexane

- Allow resdud methanol or hexane to evaporate

If dternate cleaning techniques are used, it should first be demondtrated that they are as effective as the
above techniques, and they shal be documented as a standard operating procedure and kept with the
study records.

STANDARD LABORATORY PROCEDURES
Standard laboratory procedures must be followed in dl testing. These include proper
documentation, proper cleaning, avoidance of contamination, and maintenance of appropriate test

conditions. All unusua observations or deviations from established procedures must be recorded and
reported.
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PUGET SOUND REFERENCE AREAS

Performance standards for reference areas are needed to provide an objective and consistent basis
for assessing contaminated sediments in various envirorments. Performance standards are criteria for
suitable reference conditions defined in terms of habitat characteridtics (e.g., sediment grain size, sdinity,
chemica concentrations) and biologica properties (eg., biocassay responses). The Washington
Department of Ecology has developed interim performance standards for subtidal sediments in Puget
Sound reference areas (Pastorok et a. 1989). Development of reference area performance standards
for intertida areas or for specific biogeographic regions (including low-sdinity habitats) requires further
data collection. Where quantitative performance standards could not be developed for certain
variables, generd objectives for locating reference area dations were provided to guide technica
judgments regarding the acceptability of reference Stes on a case-by-case bass. The recommended
performance standards modified from Pastorok et d. (1989) are summarized below.

Reference areas usad in evaluaing sediments should be reatively clean (i.e, they should be
consstent with the performance standards being developed by Ecology). Reference areas should not
be located immediately adjacent to contaminated Sites (e.g., within the central basin, within the East
Passage, or within an urbanized embayment such as Elliott Bay or Commencement Bay). Pastorok et
a. (1989) suggested Sequim Bay, Samish Bay, Dabob Bay, and Carr Inlet as the primary reference
aress for Puget Sound based on avallable data. Reference areas used by other investigators of
sediment conditions have included Carr Inlet (Tetra Tech 1985); Samish Bay, Dabob Bay, and Sequim
Bay (Battelle 1986); Case Inlet (Mdins et a. 1980; Battelle 1986); Port Madison (Malins et d. 1980);
and Port Susan (Mdins et d. 1982; PTI and Tetra Tech 1988ab). Recent work suggests that other
locations (eg. in Grays Harbor and Willgpa Bay) may make suitable reference areas (EPA, 1993).
Additiond information on specific reference areas may become available as Ecology or other agencies
continue to develop performance standards. Sampling stations in reference areas should be located to
achieve the following generd objectives.

SEDIMENT CHEMISTRY

B Concentrations of dl chemicads measured in sediments should be representative of
uncontaminated areas of Puget Sound that are remote from Sgnificant sources of
contaminants.

B Concentrations of dl chemicds andyzed in sediments should be lower than availdble
performance standards for Puget Sound reference aress. If such standards are not
available for specific compounds, the concentrations of those compounds should be less
than the state sediment quaity stlandards.
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SEDIMENT BIOASSAYS

B The bioassay response measured for sediments from each reference station should be
less than the mean response that can be consistently discriminated as toxic in satistica
comparisons (a=0.05) with control sediments (amphipod and juvenile polychaete
bioassays), control seawater (bivave larvae and echinoderm embryo bioassays), or
solvent (anaphase aberration and Microtox bioassays).

B The physcd and chemicd characteridtics (e.g., grain size, organic content, interdtitial
sinity) of reference sediments should match the corresponding characteristics
corresponding to those of the test sediments as closdly as possible. In some cases it
may be appropriate to use the wet-seving technique (PTI, 1991; PSDDA, 1990) to
meatch reference sample grain sizesto test sediment.

B Quantitative performance standards for sediment bioassays from reference areas are
currently being developed by Ecology.

GENERAL HABITAT

B Exiging or planned development (e.g., mgor shoreline or water projects) should be
minimad in the vicinity of reference sites

B A reference area should be accessible for sampling by routine techniques.
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AMPHIPOD SEDIMENT BIOASSAY

USE AND LIMITATIONS

The amphipod (Rhepoxynius abronius, Ampelisca abdita or Eohaustorius estuarius) sediment
biocassay is used to characterize the toxicity of marine or estuarine sediments.  This bioassay may be
used aone as a screening tool in broad-scae sediment surveys, in combination with sediment chemistry
and in situ biologicd indices, and in |aboratory experiments addressing a variety of sediment and water
quaity manipulations. Mortdity isthe primary endpoint in the amphipod bioassay. Subletha endpoints,
such as emergence of amphipods from the sediment during the exposure period and fallure to rebury in
sediment a the end of the exposure period, may aso be used to assess sediment toxicity. Totd
effective mortaity, a combined endpoint representing the sum of percent mortdity and percent
nonreburia, has aso been used in this bioassay for R. abronius or E. estuarius. The basis for the
combined endpoaint is the assumption that individuds that fail to rebury in sediments at the end of the
exposure period would diein nature as aresult of predation.

The fallowing congraints goply:

B For the R abronius bioassay, an intertitid water sdinity of 3 25 ppt is necessary to
ensure that there are no Ainity effects. In generd, adjusment of intergtitia water sdinity
should not be attempted because of potentid effects of adjustment on toxicologica
properties of the sediment. However, for dredged materia that will be disposed of in
the marine environment (where in situ sediments have interditid water sdinities
>25 ppt), dinity adjustment may be dedrable. If interdtitid water sdinities of dredged
material are between 15 and 24 ppt, they may be adjusted upward for use in the R
abronius bioassay. For other testing purposes, use of the E. estuarius or A. abdita
bioassay is preferred for sediments with salinities <25 ppt.

B Gran size may have an efect on R. abronius or E. estuarius at extremes of fine and
coarse materid (DeWitt et d. 1988, 1989). If the clay and fines content of the test
sediments exceeds 20 percent or the gravel content exceeds 35 percent, controls for the
effects of particle size didribution (i.e., a reference area sediment Smilar in grain Szeto
the test sediment) are recommended for interpretation of toxicity test results when using
R abronius or E. estuarius. At the coarse end of the spectrum (greater than 20
percent gravel), agrain size reference sediment is a so recommended for Ampelisca.

B Asinadl bioassays using naturd populations, there is a possibility that relative sensitivity
of the amphipods will vary with season or other factors. Accordingly, a postive control
is recommended. This should comprise a 96-hour LCso measurement with a reference
toxicant (e.g., cadmium chloride) conducted in the absence of sediment. The dinity and
temperature of the dilution water should be equivalent to the values specified for
sediment testing (i.e., 28 ppt and 15°C, respectively).
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B |dentification of R abronius, A. abdita and E. estuarius must be confirmed by a
quaified taxonomist prior to initiation of the bioassay, and representative specimens
should be preserved and archived for future reference.

B Predators generdly are not a problem in the bioassay, but potentia problems can be
avoided by observation and predator removal (if necessary).

The R. abronius bioassay is gppropriate for sediments with interstitid water sdinity of 3 25 ppt.
The E. estuarius bioassay is appropriate for sediments with interstitial water sainity of 2-28 ppt. A.
abdita is appropriate for sediments which have greater than 60 percent clay and st (fines) and with
interdtitial water salinity < 25 ppt.

Recommended Use Matrix Sediment fines < 60% Sediment fines 3 60%
Salinity 3 25 ppt R. abronius A. abdita
Salinity < 25 ppt E. estuarius A. abdita

These guiddines have been adapted from Swartz et a. (1985) for R abronius and DeWitt et d.
(1989) for E. estuarius. A sandard guide for conducting 10-day dtatic sediment toxicity tests for
marine and estuarine amphipods has been developed by ASTM (1990).

FIELD PROCEDURES
Coallection

Test Animals—Both R. abronius and E. estuarius can be collected using benthic grabs (eg., van
Veen, Smith-Mclintyre) or small dredges. E. estuarius can also be collected by shovd & low tide. A.
abdita can be collected by grab or by shoved in shdlow areas. A. abditais an east coast species which
has also been introduced into San Francisco Bay. |If a dredge is used, a short haul (10 meters) will
minimize potertia damage to the animals during collection. R. abronius inhabits fine sands from the low
intertidal zone to a maximum depth of 60 meters. E. estuarius is generdly found in intertidal estuarine
sediments from +0.5 meters to +2.0 meters above mean lower low water (MLLW). A. abditais found
mainly in fine sediments from the low intertidd to 60 m. Approximately one-third more animas than are
required for the bioassay are collected. Surface and bottom seawater sdinity and temperature are
measured at the collection site. Sediment temperature is recorded from the first and last dredge sample.

It is recommended that bioassays be conducted within 10 days of amphipod collection.

Sediment—Control, reference, and test sediments should be stored in glass jars that have PTFE-
lined lids and have been cleaned according to the procedures described in the section entitled General
QA/QC Guiddines. Each jar should be filled completdy to exclude ar. A minimum sediment sample
gze of 0.25 liters for each bioassay chamber is recommended for each kind of sediment. Because five
replicate tests are conducted for each fiedld sample, a minimum sediment sample size of 1.25 liters is
recommended for each gation. As a generd advisory, twice the volume of sediment needed should be
collected, however, the actua amount could be project- specific.
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Processing

Test Animals—Contents of the dredge or grab sampler are gently washed into a container using
seawater of amilar temperature and sdinity to that at the collection depth. Samples that show evidence
of contamination (e.g., oil sheen) are rgected. R. abronius and E. estuarius will typicaly bury in the
sediment and if necessary can be held in the containers for severd hours (at the temperature of the
collection depth) prior to Seving. It is preferable to minimize the delay between collection and sieving.
Screens for geving sediments should be ether stainless sted or Nitex® type plagtic to avoid sediment
contamination with metals. To avoid handling dress, each dredge sample is placed in a separate
container. Amphipods are maintained and transported in clean coolers, should be held in sediment
during transport to the laboratory, and should be kept a or below the collection Ste temperature.
During a long transport, aeration may be required. Ampelisca are not as easilly removed from the
sediment and are sometimes transported to the [ab in the tube mat and seved there.

Sediment—Control, reference, and test sediments should be stored at 4°C in the dark. Holding

time should be set according to the procedures described in the section entitted General QA/QC
Guiddlines.

LABORATORY PROCEDURES

The laboratory procedures for R. abronius and E. estuarius are those described by Swartz et al.
(1985) and DeWitt et d. (1989) with the following changes incorporated:

B Thesdinity of the overlying water is adjusted to 28 ppt for R abronius

B A 1.0-mmsoreenis used to sieve out amphipods prior to initiation of testing

B Holding time for amphipods is standardized to between 2 and 10 days

B Additiond detals ae provided concerning maintenance and transportation of
amphipods, confirmation of taxonomic identifications, and freeing of amphipods trapped

by water surface tensgon during testing

B A gpecific procedure for adjustment of interdtitid water sdinity for testing dredged
materid isincluded.

The laboratory procedures for A. abdita are those described by the ASTM (1993b). The
following points should be observed when using A. abdita:

B Ampelisca are fed during the laboratory holding period before the test

B A 0.5-mm screenis used to Sieve out amphipods prior to initiation of testing
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B The Ampeliscatestisrun a 20°C instead of 15°C
B Holding time for amphipods is standardized to between 2 and 10 days

B |mmature amphipods are used in the Ampelisca test because if mature mae Ampdisca
are used, they will likely die of senescence during the 10-day test

B Theeis no reburid endpoint in the Ampelisca test. Ampelisca is not indigenous to the
West Coast (except for an introduced population in San Francisco Bay), therefore
specid care must be taken by testing laboratories not to release the animals into the
environment.

Test Animals

Sieving (R. abroniusand E. estuarius)—A 1.0-mm deve is used to remove the amphipods
from sediment and mature amphipods (3.0-5.0 mm totd length) are used in the sediment bioassay.
Gentle seving is essentid to reduce handling stress.  The Seve is placed in a large tub filled with
seawater at ambient sainity and temperature for the collection site sediments.  The entire contents of
each holding container, including water, are washed through the Seve usng seawater pumped a low
pressure through a fan spray nozzle. The sSeve can be shaken gently, but the bottom of the screen must
be beneath the water surface at dl times. Materia retained on the screen is washed into buckets for
sorting. Large pieces of detritus and obvious predators are discarded. If thereisadday of more than
1 hour before sorting begins, the buckets should contain enough Seved sediment to dlow the
amphipods to bury. The buckets must be kept at or below collection Ste temperature. Aeration may
be necessary.

Sieving (A. abdita)—A 2-mm mesh Seve nesting over a 0.5-mm mesh seve is used for ringng
the sediment containing the amphipods with a forceful stream of seawater at the collection temperature
and sdinity. The rinsing should break up the sediment materid and aso force most of the amphipods
out of their tubes. An additional 1-mm mesh seve may optionaly be used to sort the animas by sze.
Materid retained on the 0.5-mm gSeve is vigoroudy shaken and swirled so the fine sediments pass
through and the amphipods are separated from tubes, sediment, and detrital material. The Seveisthen
lifted from the water, dlowed to drain, and dowly lowered into a shalow tray of seawater so that the
Ampelisca will be caught on the water's surface tenson and can be collected with a fine mesh dip net.

Sorting—Animals should be presorted. As an example, an diquot of detritus or sediment
containing amphipods is placed in a sorting tray. Hedthy, active animas are removed with a bulb
pipette (5-mm opening) and placed in 10-cm-diameter finger bowls filled with seawater of gppropriate
sinity and a 2cm-deep layer of 0.5-mm seved collection Ste sediment. Twenty amphipods are held
in each bowl and enough bowls are prepared to provide at least one-third more specimens than are
required for the bioassay. Seawater temperature during sorting of amphipods must not exceed 18°C
(except for Ampelisca). Ampelisca is routindy tested a 20°C, and for comparison with other
Ampelisca test results, 20°C is recommended. Filled finger bowls are submerged in holding tanks
supplied with flowing water or aeration where temperature and sdinity approximate bioassay conditions.
If temperaiure and sdinity adjustments are necessary, they should be made gradudly. Hedthy
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amphipods will remain in the finger bowl sediment and can be retrieved easily when the bioassay is s&t
up. A. abdita may leave ther tubes and swim. Therefore a screened overflow should be used if this
gpecies is held in flowing seawater. Amphipods should be acclimated to laboratory conditions for a
minimum of 2 days and amaximum of 10 days before testing.

Control Sediment

R. abronius and A. estuarius typicaly inhabit well-sorted, fine sand. Suggestions for seving and
settling may have to be adjusted for other sediment types. A. abditais atube-dwelling amphipod found
mainly in protected areas and is often abundant in sediments with a high organic content. It generaly
inhabits sediments from fine sand to mud and st without shell, dthough it can dso be found in rdatively
coarser sediments with a Sizesble fine component.

Approximately 0.25 liters of control sediment should be collected for each bioassay chamber.
This sediment is Seved twice fird, to remove the test species and other macrobenthos and second, to
adjugt interdtitid water salinity. The entire contents of one or more sediment samples, including water
and suspended particulate matter, are seved through a 0.5-mm screen without dlowing overflow from
the container. After the first seving, the sediment is alowed to sdttle for at least 4 hours (preferably
12-16 hours). Overlying water is then decanted and the sediment reseved through a 0.5-mm screen
into water of the bicassay dinity (28 ppt for R abronius and A. abdita, ambient sdinity for E.
estuarius). Investigators should report methods used to determine ambient sdinity in cases where the
intergtitid sdinity of the test sediments varies over arange of sdinities. Again, the sediment isdlowed to
sdtle for a least 4 hours (preferably 12-16 hours), overlying water is decanted, and the control
sediment is held a 4°C until the bioassay chambers are prepared.

Test and Reference Area Sediment

Approximately 0.25 liters of test sediment should be collected for each bioassay chamber. Test
sediments should not be wet-seved, but if large predators or other large organisms are present, they
can be removed using forceps or by pressing the sediment through a 2.0-mm screen.  The natura
geochemica properties of test sediment collected from the fiedd must be within the tolerance limits of the
test species. R. abronius may be adversdly affected by sdinity sressif the interditid water sdinity is
below 25 ppt. For estuarine dredged materia designated for digoosal in the marine environment and for
other sediments, interdtitid water sdinities below 25 ppt may require adjustment upwards to control for
fdse pogtives. While both R. abronius and E. estuarius are tolerant of arange of sediment grain size,
particle Sze may affect test results. For these two species, controling for the effects of particle sze
digtribution with reference sediments is recommended if the silt and clay content exceeds 20 percent or
the gravel content exceeds 35 percent. For A. abdita, which can be found in rdatively coarser
sediments with a sSzeable fine component, controling for the effect of particle Sze digribution with
reference sediments is recommended if the gravel content exceeds 35 percent. (See applicable
congtraints, p. 20.)

The R. abronius tes requires a minimum water column sdinity regime of 28 ppt.  When the
interdtitid (i.e.,, pore water) sdinity is below 25 ppt, it must be raised if this test isto be used. The
following procedure is recommended. The interdtitial sdinity of the sediments is determined (eg., by
refractometer using interdtitid water collected by centrifugation) and the sediments are placed in the
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bioassay chambers with overlying water of a sdinity caculated to raise interdtitid slinitiesto aminimum
of 25 ppt. The sediments are then carefully and dowly girred by hand with a clean glass rod for
1 minute, and dlowed to settle for at least 4 hours (preferably 12-16 hours). The magority
(approximatdy 75 percent) of the overlying water isthen carefully decanted and the interdtitid sdinity in
each chamber confirmed prior to bioassay initiation. The decant water can be retained, sdinity adjusted
if necessary, and used as the overlying water in the bioassay. Alterndively, fresh seawater with the
gppropriate sainity can be used as the overlying water.  Sediments are dowly mixed with a glass rod
after adding the decant water. When the bioassays are terminated, the interdtitial sdinities are
reconfirmed (e.g., by refractometer using interdtitia water collected by centrifugation).

Bioassay Seawater

Seawater used in the bioassay is maintained at a sdinity of 28 + 1 ppt for the R. abronius and A.
abdita tests and at ambient interdtitid sainity for the sediment collection site for the E. estuarius test.
Temperature of seawater used in bioassays of either R abronius or E. estuariusis mantained a 15 +
1°C. A temperature of 20°C is recommended for A. abdita. The bioassay seawater must be
uncontaminated, which may necesstate collection of seawater a the amphipod collection ste.
Seawater in which dga blooms have occurred should not be used. Natura and recongtituted seawater
should be held & £15°C for no longer than 2 days before inoculation. The quantity of seawater
required is dependent on sieving and holding needs and on the number of bicassay chambers.

Bioassay seawater is passed through a filter with 0.45-um pore diameter. If necessary, dinity is
reduced by addition of deionized distilled water or raised by addition of clean oceanic water, sea sAts,
brine prepared by freezing or reagent grade chemicals (ASTM 1989). Seawater is prepared within
2 days of the bioassay and stored in covered, clean containers at the bioassay temperature,

Facilities and Equipment

The bioassay chamber is a standard 1-liter glass besker (10-cm interna diameter) covered with an
11.4-cm diameter glass watchglass. The beakers are placed in a shallow water bath or temperature-
controlled room with overhead aeration source. Aeration to each beaker is provided through a 1-mL
glass pipette that extends between the beaker spout and watchglass to a depth not closer than 2cm
from the sediment surface. Air is bubbled into the beskers at a rate that does not disturb the sediment.
The bioassay temperature is maintained by either the water bath or room temperature control.

All laboratory glassware is cleaned according to the procedures specified in the section entitled
General QVQC Guidelines. Large plagtic containers and plagtic Seves used for preparation and
storage of sediment and seawater are preconditioned initidly by soaking for 24 hours in seawater and
rinsed after each use with clean seawater. They are used only for bioassays and stored in a clean room.

Sieves and containers used to collect and store amphipods, seawater, and control sediment are kept
separate from those used for test sediment.

Bioassay Procedure
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The day before the bioassay is initiated, gpproximately 175 mL of test sediment are placed in the
bottom of the 1-liter bioassay chamber to create a 2-cm-deep layer. Five replicate tests are conducted
for each fidd sample. Chambers are filled to 750 mL with seaweter at 28 ppt for the R. abronius and
A. abdita teds or ambient interdtitia sdinity for the E. estuarius test, covered with a watchglass, and
placed in a water bath (15°C for R. abronius and E. estuarius, 20°C for A. abdita). Constant
illumination is provided by overhead lights. Water in the chambers is agrated without disturbing the
sediment surface. The system is dlowed to equilibrate overnight before the amphipods are added.
When the test is initiated, 20 amphipods are placed in each chamber and the seawater levd is brought
up to 950 mL. The bioassay isterminated after 10 days of exposure.

The primary endpoint is mortdity after 10 days exposure to test or control sediment. The
secondary endpoints that also can be measured are daily emergence of amphipods from sediment and
for R abronius and E. estuarius falure to rebury in sediment at the end of the exposure period. It is
recommended that the number of amphipods reburying and the number removed from the test be
recorded. Thisinformation may provide an indication of the viability of the test gock of amphipods.

Initiation—The day before the bioassay is initiated, each test sediment sample is homogenized
and an diquot of 175 mL (sufficient to make approximately a 2-cm-deep layer) is added to a bioassay
chamber. For replicate bioassay samples, the volume of sediment necessary to place 175 mL in thefirg
chamber is added to the other replicates. The same procedure applies to control and reference
sediment. Treatments are randomly assigned to prenumbered bioassay chamber.

The sediment aiquot in the chamber can be settled by smoothing with a spoon, and bubbles can be
removed by tapping the beaker againgt the palm of the hand. A disk (attached by a string for remova)
is placed on the sediment surface. This minimizes sediment disruption as bioassay seawater is added up
to the 750-mL mark on the chambers. This disk is removed and rinsed in bioassay water between
chambers and changed between treatments. The beakers are covered with watchglasses, put into the
water bath of the appropriate temperature or the temperature-controlled room, and aerated. The
chambers are dlowed to equilibrate overnight to bioassay conditions. Normd room lighting is
maintained continuoudy during the biocassay. If the experimenta design requires monitoring of sediment
chemigry [eg., metds, tota volatile solids, oxidation potentiad (Eh)], additiona chambers must be set up
for this purpose. Monitoring the qudity of seawater overlying the sediment can be accomplished in the
bioassay chambers without disturbing the sediment. Temperature is recorded from a thermometer
maintained in a separate chamber containing control sediment and bioassay water but no amphipods.

On the day the bioassay is initiated, amphipods are distributed among dl chambers so that each
receives 20 individuds. It is usudly not logitically possible to digtribute amphipods to dl chambers at
the same time, so it is necessary to select a portion of the chambers (as many as 15) to be processed
together. The exact number of chambers to receive amphipods at one time is dependent on the size and
design of the experiment. At least one replicate from each treatment, including control and reference
area sediment, is processed at atime if possible. Otherwise, selection is random.

Amphipods are removed from the holding sediment using a seve (1.0-mm for R. abronius and E.
estuarius, 0.5-mm for A. abdita), and then trandferred to sorting trays. About one-third more
fingerbowls are removed from the holding tank a one time than are required for the number of
chambers. This dlows sdection of active, apparently hedthy animals for the bioassay. Amphipods are
removed from the sorting tray and sequentidly digtributed among clean 10-cm fingerbowls each
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containing 150 mL of koassay seawater without sediment. The number of amphipods distributed to
each fingerbowl is recounted by transferring them to a separate fingerbowl.

Amphipods are added to the biocassay chambers by placing a black plastic disk on the seawater
surface and gently pouring the entire contents of the fingerbowl into the beaker. The fingerbowl is
washed with bioassay water to remove adhering amphipods. The seawater levd is brought up to
950 mL with bioassay water, and the disk is removed and rinsed between samples. Amphipods are
alowed to bury in the sediment and any that are floating on the seawater surface are pushed down with
the edge of the beaker cover or a clean glassrod. For R. abronius and E. estuarius, after 15 minutes
amphipods that have not buried are removed and replaced. Normally, lessthan 1 percent of the animas
will fall to bury in 1 hour. A. abdita should be given one hour to burrow into the sediments.

Monitoring—If samples for chemica andyss are desired, seawater and sediment samples can be
taken from chambers at the initiation of the bioassay. A smal quantity of seawater can be taken from
chambers at the initiation of the bioassay, but chemisiry beakers have to be sacrificed to obtain sediment
samples.  This is accomplished by sphoning the overlying seawater without disturbing the sediment
surface and then taking appropriate sediment diquots for chemical analyses. It is not necessary to add
amphipods to chemistry beakers that are sacrificed at the initiation of the biocassay, but amphipods are
added to those sacrificed later. Certain sediment and water qudity variables (eg., dissolved oxygen,
pH, Eh) can be monitored by inserting anaytical probes into the chemistry beskers.

During the course of the bioassay, certain observations are made daly. Temperature in the
chamber set up for this purpose is monitored. Lighting and aeration systems are checked. Each
chamber is carefully examined but not disturbed except for the temporary remova of the aeration
pipette and watchglass. Notes are made on sediment appearance and unusua conditions. The number
of amphipods that have emerged from the sediment, either floating on the water surface or lying on top
of the sediment, is recorded. Amphipods that have emerged are not removed, even if they are dead.
These data are used to document the tempora pattern of emergence. Amphipods trapped by surface
tenson a the water surface are gently pushed down with a clean instrument (e.g., pipette, glass rod,
beaker cover).

Termination—The bioassay is terminated after 10 days of exposure. After daily observations are
recorded, the contents of the bioassay chambers are seved through a 0.5-mm screen. Maerid
retained on the screen is placed in clean bioassay water in a sorting tray. The numbers of live and deed
amphipods are recorded. The sum of these numbers may not aways equal 20 because of degth and
subsequent decompodtion of amphipods. An amphipod is counted as dive if there is any sgn of life
(e.g., pleopod twitch observed under magnification, response to gentle prodding with a cdean
ingrument).

If the reburia endpoint isto be evaluated, amphipods that survive the test are transferred to dishes
containing a 2cm layer of negaive-control sediment and observed under condant illumination. The
numbers of individuas able to bury after an exposure period of 1 hour is then recorded. There is no
reburia endpoint in the Ampelisca test.
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Experimental Design

L ogistics—A typicd sediment bioassay involves about 50-60 bioassay chambers. Collection and
preparation of animals, sediment, and seawater requires at least four people for 2days. Three or four
people are required on the days experiments are initiated and terminated. One person can monitor the
experiment in progress.

Controls—Five replicates of the amphipod collection-ste control sediment are included in dl
biocassays. These comprise a negative (clean) control that alows comparisons among experiments and
among laboratories of the vdidity of the procedures used in individud investigations. In the negative
control, mean mortaity should be £10 percent and individua replicate mortaity should be £20 percent
for the test to be consdered vdid. Experiments in which contaminants are added to sediment may
require additiona solvent control replicates to determine effects of solvent addition.

A postive (toxic) contral is dso required for dl testing. This involves determining 96-hour LCso
vaues for R. abronius, E. estuarius, or A. abdita exposed to a reference toxicant in clean, filtered
seawater without sediment (following standard bioassay procedures and under the same genera test
conditions as the sediment bioassays). Such data are necessary to determine the relative senstivity of
the animds (e.g., seasond difference in sengtivity) for each test series to ensure comparability of the
daa The commonly used reference toxicant is reagent-grade cadmium chloride. For R. abronius,
Swartz et d. (1986) determined a 96-hour LCso of 1.61 mg/L for cadmium chloride. The LCsosfor R
abronius and A. abdita, using data from the Army Corps of Engineers DAIS database, are 0.79+0.48
mg/l (n=42) and 0.49+0.42 mg/l (n=9) cadmium, respectively (Army Corps of Engineers persond
communication, 1994). Acute lethality results for a reference toxicant must be reported dong with the
sediment bioassay results. Bioassays to establish an LCso involve four or five logarithmic concentration
series and a control. At least one treatment should give a partid response below the LCso and one
above the LCso. Stetigtical procedures for the LCso estimate are given in APHA (1985) and ASTM
(1989).

Reference Area Sediment—The design of fidd surveys typicaly includes a reference sediment
involving five replicate laboratory tests of samples from an area believed to be free from sediment
contamination. This provides a Ste-specific bass for comparison of potentidly toxic and nontoxic
conditions while controlling for the effects of exposing amphipods to norntnative sediments. The grain
Size compostion (as measured by percent st plus clay and percent gravel) of the reference area
sediment should be as smilar as possible to that of the test sediment. Organic carbon content of
reference area sediment should aso be matched with the test sediment as closely as possible. However,
it should be recognized that matching of organic carbon content may not be warranted in cases where
pollution (eg., from pulp mills, sawage outfals, combined sewer overflows) is respongble for high
organic content of test sediments.

DeWwitt et d. (1988) found that sediments having a high percentage of fine-grained materia could
increase the mortdity rate of Rhepoxynius abronius in the absence of gpparent chemica contamination.
DeWitt et a. (1988) developed a regresson modd to predict the relationship between amphipod
mortality and sediment grain size. In their gpproach, test results (i.e, mean mortadity vaues) thet lie
outside the 95-percent prediction limit developed from reference area data are consdered indicative of
chemicd toxicity. A smilar modd can be gpplied to the E. estuarius bioassay (DeWitt et a. 1989).
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Response Criteria—Endpoints examined in the amphipod bioassay include mortality, emergence
from sediment, and for R. abronius and E. estuarius falure to rebury in sediment a the end of the
exposure period. Data on emergence and reburia are used to monitor sublethal behaviora responses
of the amphipods during (i.e., emergence) and after (i.e., reburid) the 10-day exposure. Mortdity after
10 days of exposureis the primary criterion of toxicity. An estimate of tota effective mortaity may dso
be cdculated by summing percent mortdity and percent falure to rebury (based on the starting number
of amphipods (20), not the number aive at the end of the test). Each of these response criteria must be
monitored in a "blind" fashion; that is, the observer must have no knowledge of the trestment of the
sediment in the chambers. Thisis accomplished through randomization of beaker numbers.

DATA REPORTING REQUIREMENTS

The following data should be reported by dl laboratories performing this bioassay:

B Waer quality messurements during testing [i.e.,, dissolved oxygen, temperature, sdinity,
pH, sulfides (optiond), and ammonia (optiond)]

B Daly emergence for each chamber and the 10-day mean and standard deviation for
each treatment

B Falureof R abronius or E. estuarius to rebury (optiona) for each chamber and the
mean and standard deviation for each treatment

B 10-day mortdity and tota effective mortdity (optiond) in each chamber and the mean
and standard deviation for each treatment

B |nterdtitid water salinity for control, reference, and test sediments

B 96-hour LCso vaues with reference toxicants (results for metallic compounds should be
reported in terms of the metd ion rather than as the weight of the whole salt)Any
problems that may have influenced data quality.
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BIVALVE LARVAE SEDIMENT BIOASSAY

USE AND LIMITATIONS

The bivave larvae bioassay technique is described in Standard Methods (APHA 1985) and by
ASTM (1989) as argpid and rdigble indicator of environmenta qudity. Pacific oysters (Crassostrea
gigas) and blue mussds Mytilus edulis) are recommended for testing. During the first 48 hours of
embryonic development, fertilized oyster and mussel eggs normaly develop into free-swimming, fully
shelled larvae (prodissoconch ). Failure of the eggs to survive or the proportion of larvae developingin
an abnorma manner have been used as the primary indicators of toxicity. A combined mortdity and
abnormdity endpoint may dso be cdculated from the number of normd surviving larvee.

This sediment bioassay can be used to characterize the toxicity of marine sediments. It may be
used aone as a screening tool in broad-scae sediment surveys, in combination with sediment chemistry
and in situ biological indices, and in |aboratory experiments addressng a variety of sediment and water
qudity manipul&tions.

The two species recommended for testing may show different levels of sengtivity to various
contaminants. Therefore, the quantitative results for corresponding endpoints may not be grictly
comparable between the two species. Nevertheless, results of Satistica comparisons of test sediments
with reference area sediments based on the two bivalve species as well as the related echinoderm
embryo bioassay may be consdered interchangeable for some purposes (eg., regulatory decision-
making).

The bivave larvae bioassay probably can be used in sediments that have interditid salinities less
than 1ppt, as the sediments are mixed and equilibrated with seawater prior to testing. However,
because further testing is required to determine the validity of usng this technique with such low sinity
sediments, this bioassay is not recommended for sediments that have an interdtitid sdinity of less than
10 ppt. In addition, the following cavests apply:

B Bivave lavae such asthose of C. gigas normally reside in the water column and are not
intimately associated with sediments. Hence, this bioassay is primarily an indicator of the
relative toxicity among different samples because its direct ecologicd sgnificance with
respect to in situ sediments has not yet been established.

B Spawning of C. gigas occurs naturdly in the Puget Sound areain summer. The natura
gpawning period for M. edulisislate spring to early summer. Both of these bivaves can
be induced to spawn at other times of the year, but may show decreased viability of
ganetes. Gamete viability may adso vary depending on the brood stock used.
Accordingly, a postive control is required. This should comprise 48-hour LCso and
ECso measurements with a reference toxicant in seawater only.

B Rdaive sengtivity of the three endpoints (percent mortdlity, percent abnormdity, and
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percent combined mortdity/abnormality) to toxic chemicals, naturd chemicad factors
(e.g., tota organic carbon, pardytic shdlfish poison) and physicd factors (eg.,
suspended sediment) has not been thoroughly evaluated. However, caution should be
exerdsed in utilizing C. gigas larvae in sediments known to have a high proportion of
claysand slts (EPA 1993).

B High mortdities in the scawaer control and/or reference sediment tests may be
occasonaly observed. The cause of such mortdity is unknown, but may be related to
natura factors that reduce embryo qudity.

B |t is possble that donormdities induced during testing may be underestimated due to
poor recovery of living anormd larvae from the sediments. However, investigators have
found that recovery of abnormd larvae from sediment is not worth the effort.

FIELD PROCEDURES
Collection

Both test and reference area sediment should be collected in glass jars that have PTFE-lined lids
and have been cleaned according to the procedures described in the section titled General QA/QC
Guidelines. Each jar should be filled completdy with sediment to exclude air. A minimum sediment
sample sze of 18 grams for each bioassay chamber is recommended for both kinds of sediment.
Because five replicate tests are conducted for each fidld sample, and additional sediment is used for
water quaity monitoring, a minimum sediment sample Sze of 200 grams is recommended for each
dation.

Processing
Both test sediment and reference area sediment should be stored at 4°C inthe dark.  Holding time

should be st according to the procedures described in the section entitted General QA/QC
Guidelines.
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LABORATORY PROCEDURES

The following procedures gpply equdly to larvae of both C. gigas and M. edulis, and are as
described by Chapman and Morgan (1983) with the following changes incorporated:

The sdinity of test water is adjusted to 28 ppt

B Exposure time can range from 48 to 60 hours and depends on larva development in the
negative controls

B Replication isincreased from two to five to alow adequate statistical comparisons
B | avaeof M. edulis areincluded in the bioassay protocol

B Sediment holding time should be set according to the procedures described in the section
entitted General QA/QC Guidelines.

B Seawater holding time prior to testing is set a a maximum of 2 days for fidd-collected and

reconstituted seawater. |If the seawater is not filtered or UV-treated, it should be used within
8 hours.

B Sediment resuspension in the test chambers is adequately accomplished by vigorous shaking
for 10 seconds; there is no need to rotate the chambers for 3 hours at 10 rpm

B FEighteen grams of sediment is suspended in 900 mL of seawaer rather than 15 gramsin
750 mL

B Sadiments are dlowed to settle in the bioassay chamber for 4 hours prior to inoculation
with embryos

B pH isnot adjusted before the bioassay starts and is only monitored

B An interim oyser-specific threshold vaue for ammonia of 0.13 mg/L unionized ammonia has

been proposed EPA 1993); data should be qudified as possble fdse pogtives if this
threshold value is exceeded

B Aeaion is generdly recommended and is specified for test chambers in which dissolved

oxygen concertrations decline below 60 percent of saturation or when ammonia or sulfides
are suspected or have been measured; al chambers should be aerated if agration is necessary

B A positive control (reference toxicant) is required.
B Additiona seawater controls are added for monitoring the stage of larva development

B For test termination, three 10-mL diquots should be taken; one is counted and two are
preserved in buffered formadin for possble later use.

B Additiond detals provided by ASTM (1989) for conditioning and spawning adults are
included.

Bioassay Species
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The species selected for testing depends on the availability of brood stock and spawning success
during recent bioassays or pilot tests. For a given test or series of related tests, adult bivalves (brood
gtock) should be obtained from the same source:  either commercid rearing facilities (oysters) or a
chemicdly uncontaminated area (mussals). If brood stock is obtained from a commercid source, the
origind collection area should preferably beidentified. For collection of mussels, it is recommended that
the bissd threads be clipped rather than pulled loose from the native subgirate, as mussdls are likely to
die if the bissd gland is pulled out during brood stock collection. Brood stock should be sexudly
meature individuas with norma, well-developed shells. Within 24 hours of collection or purchase, adults
should be transported to the test |aboratory and placed into flowing seawater Smilar in character to that
from which they were taken. Rough handling, extended periods of desiccation, and abrupt changes in
temperature, sdinity, or other water qudity variables must be avoided as these may induce premature
gpawning or render the stock usdless for later controlled spawning or both. Upon receipt, adults should
be cleaned of fouling organisms and detritus and placed in flowing seaweter for conditioning.

Adult bivalves are hed a recommended conditioning temperatures to dimulae find maturation of
the gametes. The desired conditioning temperature (20 £ 1°C for oysters and 16 £ 1°C for mussels)
and <dinity (28+ 1 ppt) should be attained gradudly a increments not exceeding 2°C/day and
5 ppt/day. Conditioning may extend from a few days to severa weeks depending on the physiologica
and gametogenic datus of the adults. The length of the conditioning period is determined empiricaly by
periodic sacrificid examination and spawning of representative individuas. Aduts should be spawned
or discarded within 2-3weeks after ataining acceptable maturity because gamete qudity will
deteriorate rgpidly with excessive conditioning. Adults should be provided with an adequate supply of
natura or cultured phytoplankton. Natural seawater flow should be about 28 liters/hour per individud
adult. ASTM (1989) describes procedures for maintaining holding tanks. Procedures for inducing
spawning in bivaves, enhancing the quality of gametes, and preparing embryos are described in ASTM
(1989).

Refer ence Sediment

The bivalve larvae bioassay is conducted with reference area sediment in addition to seawater
controls. Reference area sediment typicaly conssts of materid collected from an area documented to
be free of chemica contamination and nontoxic to bivalve larvae. The reference sediment grain sze
should be as smilar as possible to the test sediment (see section on Puget Sound Reference Aress).

Bioassay Seawater

Seawater used in the bioassay is maintained at a sdinity of 28 + 1 ppt and temperature of 20 +
1°C for oysters and 16 + 1°C for mussals. Seawater should be collected from uncontaminated areas
(e.g., deep or offshore waters) to avoid contamination and should be held a £20°C for no longer than
2 days before inoculation. Recondtituted seawater (ASTM 1989) should be held at £20°C for no
longer than 2 days before use. The bioassay seawater must be uncontaminated and of acceptably low
toxicity. The biologica criterion of acceptability is that the larvae, spawned by adults in the dilution
water, must attain aminimum of 70% normaly developed larvae.
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Bioassay seawater is passed through an ultraviolet Serilizer or afilter with 0.45-pum pore diameter.

If necessary, sdinity of the bioassay water is reduced by addition of delonized digtilled water or raised

by addition of clean oceanic water, sea sdt, brine prepared by freezing, or reagent grade chemicas

(ASTM 1989). Artificid seawater is prepared within 2days of use and is stored in clean, covered
containers at the requisite temperature.

Facilities and Equipment

All laboratory glassware is cleaned according to the procedures specified in the section entitled
General QA/QC Guidelines. The bioassay chamber is a Xliter glass bottle with a screw-top lid.
Bioassays are conducted at 20 + 1°C for oysters and 16 + 1°C for mussels, with the bottlesin shalow
water baths, incubators, or temperature-controlled rooms.

If adults are to be conditioned for spawning out of season, a continuous supply of temperature-
controlled, aerated seawater is needed. Laboratory fecilities should be well-ventilated and free of
organic vapors. Holding and conditioning chambers preferably should not be in aroom in which toxicity
tests are conducted, stock or test solutions are prepared, or equipment is cleaned. Air used for aeration
should be free of organic vapors, oil, and water. Raw seawater can be used for holding and
conditioning, but feeding the adults a naturd or cultivated dgais necessary to deter sarvation. The flow
rates used for adult conditioning must be high enough (typicaly >28 liters’hour/individud) to prevent
water quaity degradation and provide as much food as possible to the adults.

Tanks and trays are necessary for holding the adults, and a water bath, incubator, or temperature-
controlled room is necessary during the bioassay. Adult holding and conditioning tanks should ke
cleaned severd times each week to prevent accumulation of organic matter and bacteria. Dead
specimens should be removed immediately and the tanks cleaned. The tanks should be cleaned with
detergent and rinsed with clean seawater, and if microbid growth is present, rinsed with 200 mg/L of
hypochlorite and then seawater. With enriched waters and eevated conditioning temperatures, more
frequent cleaning may be required.

Bioassay Procedure

I nitiation—Adult bivalves, conditioned as necessary in the laboratory, are induced to spawn with
selected therma and biologica (i.e,, soerm) simulation. Selected densities of the resulting embryos are
exposed to the test or reference area sediments for 48 hours, during which the embryos normdly will
develop into prodissoconchl| larvae. A dightly longer exposure period may be used if necessary to
achieve adequate development of larvae in seawater controls. Exposure time should not exceed
60 hours for an acceptable test. Data from tests with longer exposures (>48 hours) may not be
comparable to those from tests conducted using the standard 48-hour exposure. Toxicity test endpoints
are based on abnormal shell development and larval degth.

The bivaves are spawned by rapidly raising the water temperature to 5-10°C above the

conditioning temperature. Individuds are additiondly stimulated to spawn by the addition of sperm from
asacrificed or naturaly spawned mae.
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Spawning is conducted by placing the bivaves in individua, cean PyrexQ dishes containing
filtered, ultraviolet (UV)-treated seawater. Fertilization is accomplished within 1 hour of spawning by
combining eggs and sperm (i.e, at a concentration of 10°—10" spermVmL) in a 1-liter Nalgene besker.
The fertilized eggs are then washed through a 0.25-mm Nitex screen to remove excess gonadad materia
and suspended in 2 liters of filtered, UV-treated seawater a incubating temperature. The embryos are
kept suspended by frequent agitation using a perforated plunger, and used in the bioassay within 2 hours
of fertilization. When microscopic examination of fertilized eggs reveds the formation of polar bodies,
egg dendty is determined from triplicate counts of the number of eggs in 1.0-mL samples of a 1:99
dilution of homogeneous egg suspension.

Sediment bioassays are conducted in clean, 1-liter glass bottles. Five replicate tests are conducted
for each fidd sample. An additiond bioassay chamber is prepared for water qudity monitoring.
Eighteen grams (wet weight) of the appropriate sediment is added to each bottle and a volume of 900
ml filtered or UV-treated seawater (28 £ 1 ppt sdinity) is added to al containers. The reference area
sediment chambers each contain 18 grams of clean sediment. In addition, negative and positive controls
for determination of LCso and ECso are prepared consisting of clean seawater without sediment.

The sediments are suspended by vigorous shaking for 10 seconds and the suspended sediments
are dlowed to settle for 4 hours prior to addition of larvae. No additiona agitation is provided. The
seawater controls are trested sSmilarly except for the lack of sediments.

Within 2 hours of fertilizetion, each container is inoculated with 20,000-40,000 developing
embryos to give a concentration of about 2040/mL. The containers are covered and incubated for
48 hours (or longer if required) a 20 = 1°C for oysters and 16 + 1°C for mussals under a 14-hour
light:10-hour dark photoperiod. Aeraion of test chambers generaly is recommended during the
bicassay. Moreover, if the dissolved oxygen concentration in any test chamber declines below 60
percent of saturation or if high levels of ammonia or sulfides are suspected or measured, the water in
that chamber should be aerated gently for the remainder of the test. If aeraion is necessary, dl
chambers should be aerated and a a rate of approximately 100 bubbles per minute. A random
numbering method should be used to digtribute the chambers in the water bath (or incubator or cold
room).

The mean embryo concentration a 0O hours should be determined by collecting five replicate
10-mL samples from control containers and preserving them in 5percent buffered formain. This
method of determining the initid embryo concentration is one of three methods recommended by ASTM
(1989) for larval bioassays of water and e utriates. Because the method recommended for the present
bioassay does not rely on direct assessments of embryo dengties in the test chambers, the resulting
dendty egimates have an unquantified error component associated with them. This error reduces the
reliability of larval mortdity esimates and may thereby influence the results of datisical andyses.
However, it does not affect larval abnormdity estimates because they are based on known numbers of
survivors.

M onitoring—Temperature, pH, sdinity, and dissolved oxygen are messured daily in the replicates
prepared specifically for monitoring water quality. Measurements are taken just prior to introduction of
the embryos to the bioassay chambers a the same time each day until the conclusion of the bioassay.
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Measurements of convertiond water qudity variables (e.g., sulfides, anmonia) should be made & the
gart and termination of the bioassay and additionaly monitored if high levels are found (EPA 1993).

Termination—The bioassay is terminated when greater than 95 percent of the embryos in the
duplicate seawater control have reached the prodissoconch| stage (approximately 48-60 hours).
Once this stage has been achieved in the control chambers, find water quality measurements are
recorded and the test isterminated. The bioassay is terminated in the following manner. The water and
larvae overlying the settled sediment in each container are carefully poured into a clean 1-liter beaker.
This water is then mixed with a perforated plunger, and 10-mL diquots of the wel-mixed sample are
removed by pipette and placed in 10-mL screw-cap vids. The contents of each vid are preserved in 5-
percent buffered formdin.

Preserved samples (equd in volume to those containing 200400 larvae in controls) are examined
in Sedgewick-Rafter cels. Norma and abnormd larvae are enumerated to determine percent surviva
and percent abnormdity. A minimum sample sze of 20 living larvae in each of the five replicate bioassay
chambers for test sediment and reference area sediment and 100 larvae in each replicate chamber for
the seawater control should be scored for abnormalities. Percent surviva for each replicate bioassay
chamber is based on the number of normd larvae surviving rdative to the mean number of norma
aurvivors in the seawater controls.  Larvae that fail to transform to the fully shelled, straight-hinged,
D-shaped prodissoconch| stage are consdered abnorma. Percent abnormal for each replicate
biocassay chamber is based on the number of survivors that are aonorma. Definitions of normd
development specified a the PSDDA larval bioassay workshop should be followed. These definitions
include the following:

B Anuninterrupted shell must be formed around the margin; any indication that the shell cannot close
(eg., chips or knobs) condtitutes an anormality. Classfication of open shells or shdls seen in
other than side view should be made on best professond judgment. Empty shells that are
complete count as normal, because they developed successtully to the shelled stage, no matter
what happened theredfter.

B | avee dassfied as norma must have a sraight hinge by termination of experiment. I
larvae have not reached D or prodissoconch | stage by the end of the exposure time (set
by the duplicate sacrificia control vessdl) they are considered abnormd.

Contrals

Five replicates of the seawater control are included in al bioassays. These comprise negative
(clean) controls that alow comparison among experiments and among laboratories of the vaidity of the
procedures used in individud investigations. At least 70 percent of the larvae must the 48-hour
exposure with seawater done.  Experiments in which contaminants are added to sediment may require
control replicates to determine effects of solvent addition.

36



Laboratory Sediment Bioassays
Bivalve Larvae Bioassay
Revised July 1995

A podgtive (toxic) control isaso required. Thisinvolves determining 48-hour (or longer if required)
LCso and ECso vaues for bivave larvae exposed to reference toxicants in clean, filtered or UV-treated
seawater without sediment [following standard ASTM (1989) bioassay procedures and under the same
genera test conditions as the sediment bioassays]. Such data are necessary to determine the relative
sengtivity of the larvae. Two commonly used reference toxicants are reegent-grade cadmium chloride
and sodium dodecyl sulfate. Either of these reference toxicants may be used, but the results must be
reported dong with the sediment bioassay results.  Bioassays to establish an LCso or an ECso involve
four or five logarithmic concentration series and a control. At least one treatment should give a partid
response below the LCso and ECso and one above the LCso and ECso. Statistical procedures for the
LCso and ECso estimates are given in APHA (1985) and ASTM (1989).

Reference Area Sediment

The design of fidd surveys may include a reference sediment from an area known to be free from
chemicd contamination. This provides a bass for comparison of potentidly toxic and nontoxic
conditions.

DATA REPORTING REQUIREMENTS

The following data should be reported by al laboratories performing this bioassay:
B Source, qualitative condition, and holding time of brood stock
B |nformation on how the brood stock were collected

B All wae qudity measurements [eg., dissolved oxygen, temperaure, sdinity, pH,
aulfides (optiond), ammonia (optiona)]

B |ndividud replicate and mean and standard deviation data for larva percent mortdity
after 48-hour exposure

B |ndividud replicate and mean and standard deviation data for larva percent abnormdity
after 48-hour exposure

B |ndividud replicate and mean and standard deviation data for larval percent combined
mortaity and abnormality after 48-hour exposure (optiona)

B 48-hour LCsp and ECso vdues for reference toxicants (with results for metdlic
compounds reported in terms of the meta ion, not as weight of the whole salt)

B Data on stocking dendity (number/ml), stocking diquot size (ml), and initid count data
for seawater controls
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B Any problemsthat may have influenced data qudlity.

Mortality =100x (1 - (no. of surviving test larvae / no. of control larvae))
Abnormality = 100 x (1 - (no. of abnormd larvae/ no. of norma and abnormal survivors))

Combined larva mortdity/abnormdity = 100 x (1 - (no. of surviving norma larvae / no. of embryos
inoculated))

38



Laboratory Sediment Bioassays
Echinoderm Embryo Bioassay
Revised July 1995

ECHINODERM EMBRYO SEDIMENT BIOASSAY

USE AND LIMITATIONS

The echinoderm embryo bioassay is described by Dinneg and Stober (1985) as a rapid and
sengtive technique for assessng the toxicity of marine sediments Sand dollars (Dendraster
excentricus), purple sea urchins (Strongylocentrotus purpuratus), and green sea urchins (S
droebachiensis) are the recommended species for testing. During the first 48-96 hours of embryonic
development, fertilized echinoderm eggs normdly develop into the pluteus stage. Failure of the eggs to
survive and the proportion of larvae developing in an anorma manner are used as indicators of toxicity.
A combined mortdity and abnormdity endpoint is calculated from the number of normd pluteuslarvae.
Unlike the bivave larvad test, a "mortaity” endpoint cannot be used because dead embryos rarely
disintegrate during the test as do oyster or mussdl embryos.

The echinoderm embryo bioassay can be used to characterize the toxicity of marine sediments. It
may be used done as a screening tool in broad-scae sediment surveys, in combination with sediment
chemigtry and in situ biologica indices, and in laboratory experiments addressing a variety of sediment
and water quaity manipulations.

The three species recommended for testing may show different levels of sengtivity to various
contaminants. Therefore, the quantitative results for corresponding endpoints may not be srictly
comparable between the three species. Neverthdess, results of statistical comparisons of test sediments
with reference area sediments based on the three echinoderm species, as well as the related bivave
larvee bioassay, may be consdered interchangegble for some purposes (e.g., regulatory decison
making).

The echinoderm bioassay probably can be used in sediments that have interdtitial sdinities less than
1 ppt, as the sediments are mixed and equilibrated with seawater prior to testing. However, because
further testing is required to determine the vdidity of using this technique with such low sdinity
sediments, this biocassay is not recommended for sediments that have an interditid sdinity of less than
10 ppt. In addition the following cavests apply:

B Echinoderm larvae normaly reside in the water column and are not intimately associated
with sediments. Hence, this bioassay is primarily an indicator of the relative toxicity among
different samples because its direct ecologica significance with respect to in situ sediments
has not yet been established.

B Spawning of Srongylocentrotus spp. occurs naturdly in the Puget Sound region from
December to April. The natural spawning period for D. excentricus is from April to
October. Echinoderms can be induced to spawn at other times of the year, but may show
decreased viahility of gametes. Gamete viability may dso vary depending on the brood
stock used. Accordingly, a postive control is required. This should comprise 48-hour LCso
and ECso messurements with a reference toxicant in seawater only.
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B Rdaive sengtivity of the two endpoints (percent abnormality and percent combined
mortaity/abnormality) to toxic chemicals, naturd chemica factors (eg., totad organic
carbon, paraytic shellfish poison) and physicd factors (e.g., suspended sediment) has
not been thoroughly evaluated. It has been shown that larvae of D. excentricus do not
show an adverse response to increasing st and clay fractions, and under conditions of
expected high slts and clay, the sand dollar test is preferable to the oyster larvae test
(EPA 1993).

B High mortdities in the scawaer control and/or reference sediment tests may be
observed occasiondly. The cause of such mortdity is unknown, but may be related to
natura factors that reduce embryo qudity.

B |t is possble that abnormdlities induced during testing may be underestimated due to
poor recovery of living larvae from the sediments.  However investigators have found
that recovery of abnorma larvae from sediment is not worth the effort.

FIELD PROCEDURES

Coallection

Test Animals—All recommended echinoderm species can be collected off the coast of
Washington. Purple sea urchins can be found in the intertidd zone (or the shdlow subtidd zone in the
Strait of Juan de Fuca) and are usudly ripe from December through March in Washington waters.
Green sea urchins occur in the shalow subtidd zone and are usudly ripe from January through April.
Sea urchins should be collected with care to avoid injury from the sharp spines. Sand dallars are the
preferred test species during the summer months as they are in spawning condition from about April
through October. Sand dollars can be collected by hand on many Puget Sound beaches during low
tide. All animas should be collected from uncontaminated aress.

Sediment—Both reference area and test sediment should be collected in glass jars that have
PTFE-lined lids and have been cleaned according to the procedures described in the section entitled
General QA/QC Guidelines. Each jar should be filled completdly with sediment to exclude air. A
minimum sediment sample Sze of 18 grams for each bioassay chamber is recommended for both kinds
of sediment. Because five replicate tests are conducted for each fidld sample and additional sediment is
used for water qudity monitoring, a minimum sediment sample size of 200 grams is recommended for
each gtation.
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Processing

Sediment—Both control and test sediment should be stored at 4 C in the dark. Holding time
should be st according to the procedures described in the section entitted General QA/QC
Guidelines.

LABORATORY PROCEDURES

The following procedures are synthesized primarily from Dinnd and Stober (1985) and ASTM
(1994). The following changes were incorporated:

The dinity of test water is adjusted to 28 ppt
B Seawater temperature during the bioassay is maintained at 15 + 1°C for dl test species

B Exposure time can range from 48 to 96 hours and depends on larva development in the
negative controls

B Replicationisincreased from threeto five to alow adequate statistical comparisons

B Sediment holding time should be set according to the procedures described in the section
entitted General QA/QC Guidelines.

B Seawaer holding time prior to testing is set a a maximum of 2 days for fidd-collected and
recongtituted seawater

B Sediment isincluded in each test chamber

B Sediment resuspension in each test chamber is adequately accomplished by vigorous shaking
for 10 seconds

B Sadimentisdlowed to settle in test chambers for 4 hours before addition of fertilized eggs
B pH isnot adjusted before the bioassay starts and is only monitored

B Agaion is specified for test chambers in which dissolved oxygen concentrations decline

below 60 percent of saturation or if sulfides or ammonia are present. If aeration is required,
al test chambers should be aerated at arate of gpproximately 100 bubbles per minute

B A postive control (reference toxicant) is required
B Additiond seawater controls are added for monitoring the stage of embryo development

B A sngle endpoint of combined mortdity and aonormdlity should be calculated and reported
(both should be measured)

B An ammonia testing criterion of 0.014 mg/L unionized ammonia has been proposed for the
echinoderm test (EPA 1993); data may be qudified as a possible fase positive response if
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unionized ammonia vaues are greater than or equa to 0.04 mg/L

B For test termination, three 10-mL aiquots should be taken; one is counted and two are
preserved in buffered formain for possble later use.

Bioassay Species

The species selected for testing depends on the availability of brood stock and spawning success
during recent bioassays or pilot tests. For a given test or series of related tests, adult echinoderms
(brood stock) should be obtained from the same source: either commercid harvesters or a chemicaly
uncontaminated area. If brood stock is obtained from a commercid source, the origind collection area
should be identified. Within 24 hours of collection or purchase, adults should be transported to the test
laboratory and placed into flowing seawater amilar in character to that from which they were taken.
Because epidemic spawning can occur when echinoderms are transported in seawater, test animals can
be transported in ice chests containing only kelp or other moist materia, and kept cool. Rough
handling, extended periods of desiccation, and abrupt changes in temperature, sdinity, or other water
quadlity variables must be avoided as these induce premature spawning or render the stock useless for
later controlled spawning or both. Upon receipt, adults should be cleaned of detritus and placed in
flowing seawater. Sand dollars are best held on abed of sand in flowing or well-aerated seawater.

Reference Sediment

The echinoderm embryo bioassay is conducted with reference area sediment in addition to
seawater controls.  Reference area sediment typically conssts of materid collected from an area
documented to be free of chemica contamination and nontoxic to echinoderm embryos.

Bioassay Seawater

Seawater used in the bioassay is maintained at a sdinity of 28 + 1 ppt. Water temperature should
be maintained at 15 + 1°C for al test species. Seawater should be collected from uncontaminated
aress (e.g., deep or offshore waters) to avoid contamination and should be held at £15°C for no longer
than 2 days before inoculation. Recondtituted seawater (ASTM 1994) should be held at £15°C for no
longer than 2 days before use. The bioassay seawater must be uncontaminated and of acceptable low
toxicity. The recommended biologica criterion of acceptability is that the larvae, spawned by adultsin
the dilution water, must not incur more than 30-percent combined mortdity/abnormdity during 48-96
hours of exposure to the bioassay seawater.

Bioassay seawater is passed through an ultraviolet Sterilizer or a filter with a 0.45-pum pore
diameter. If necessary, sdinity is reduced by addition of deionized digtilled water or raised by addition
of clean oceanic water, sea sdt, brine prepared by freezing or reagent-grade chemicas (ASTM 1994).

Facilitiesand Equipment
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All laboratory glassware is cleaned according to the procedures specified in the section entitled
General QA/QC Guidelines. The bioassay chamber is a standard 1-liter glass jar or besker (10-cm
internd diameter) covered with an 11.4-cm-diameter watchglass. The bioassay chambers are
maintained a 15 + 1°C in a shalow water bath, incubator, or temperature-controlled room with an
overhead aeration source. Generd recommendations of ASTM (1994) should be followed for
materials used for test equipment, cleaning procedures, and good laboratory practices.

If adults are to be conditioned for spawning out of season, a continuous supply of temperature-
controlled, aerated seawater is needed. Laboratory facilities $ould be well ventilated and free of
organic vapors. Holding and conditioning chambers preferably should not be in aroom in which toxicity
tests are conducted, stock or test solutions are prepared, or equipment is cleaned. Air used for aeration
should be free of organic vapors, oil, and water. Raw seawaer can be used for holding and
conditioning, but feeding the adults anaturd or cultivated dgais necessary to deter Sarvation. The flow
rates used for adult conditioning must be high enough (typicaly >28 liters’hour/individud) to prevent
water quality degradation and provide as much food as possible to the adults.

Tanks and trays are necessary for holding adults. These are placed in awater bath, incubator, or
temperature-controlled room to maintain proper temperature. Adult holding tanks should be cleaned
severd times each week to prevent accumulation of organic matter and bacteria. Dead specimens
should be removed immediately and the tanks cleaned. The tanks should be cleaned with detergent and
rinsed with cleen seawater, and if microbid contamination is present, rinsed with 200 mg/L of
hypochlorite and then seawater. With enriched waters and elevated conditioning temperatures, more
frequent cleaning may be required.

Bioassay Procedure

I nitiation—Adult echinoderms, conditioned as necessary in the laboratory, are induced to spawn
with chemicd dimulation. Selected densties of the resulting embryos are exposed to the test or
reference area sdiments for 48 to 96 hours, during which the embryos normdly will develop into the
four-armed pluteus stage. Data from tests with longer exposures (>48 hours) may not be comparable
to those from tests conducted using the standard 48-hour exposure. The toxicity test endpoint is based
on failure to develop normd pluteus larvae.

Adult sea urchins are spawned by injecting 1 mL of 0.5-molar potassum chloride (KCl) through
the perisoma membrane into the codomic cavity. Sand dallars are injected with 0.5 mL of 0.5-molar
KCI through the ora opening, with the syringe held at an angle. Animas are rinsed with clean seawater
and inverted over individud 150-250 mL beekers filled with seawater for about 30 minutes until
gpawning is completed. As many as 12 females may need to be spawned to ensure an adequate
quantity of eggs. The spawning beakers should be placed in a water bath or temperature-controlled
room to maintain temperature a acclimation levels.
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Eggs from femdes discharging rdativdy smdl numbers of eggs (e.g., <100,000) are discarded.
The retained eggs are examined microscopicaly for viability and ripeness.  Ripe, viable eggs are
normaly round, uniform in Sze, free of excessve debris, and appear dightly granular.  Immeature eggs
contain alarge, clear spot (the germind vesicle) in the cytoplasm; overripe eggs are usudly less circular,
have incongstent granularity of the cytoplasm, and are often associated with increased debris. I the
proportion of underripe or overripe eggs in a beaker exceeds 10 percent, the eggs are discarded. Eggs
that are accepted are pooled together into a Eliter besker and washed three times by repeatedly
decanting the water above the eggs and adding 500-1,000 mL new seawater (allow the eggs to settle to
the bottom of the beaker between washes). Small subsamples of eggs are counted using a dissecting
microscope to determine the number of eggs per milliliter.

The solutions of sperm from males producing thick, viscous discharges are combined to provide a
stock solution. Sperm dengity is determined by immobilizing the sperm (i.e., by heat shock or exposure
to 10-percent glacid acetic acid) and counting on a hemocytometer.  Fertilization should be initiated
within 1hour of spawning by adding sperm to the beaker containing the eggs, at a sperm:egg ratio of
£2,000:1. A perforated plastic plunger is used to gently mix the contents of the besker. Care should be
taken that excessive amounts of sperm are not used. Fertilization is monitored by examining successve
1-mL diquots microscopicaly and determining the percentage of eggs with a raised fertilization
membrane.  When greater than 90 percent of the eggs show membrane formation (about
10-15 minutes), the developing eggs are counted and the dendity is adjusted to 20,000-30,000 per mL,
either by diluting with seawater to decrease dendty or decanting excess surficid water to increase
density.

Test chambers should be prepared prior to spawning of the adult echinoderms to alow enough
time for sediments to settle in the chambers before inoculation with the fertilized eggs. Five replicate
tests are conducted for each field sample. An additiond bioassay chamber is prepared for water qudity
monitoring. Eighteen grams of reference or test sediment is added to each chamber. Filtered or UV-
treated seawater (28 ppt sdinity) is added to each chamber up to 1 liter to make afina concentration in
al containers of 18 grams (wet weight) of sediment per 900 ml of seawater. Each reference area
sediment chamber aso contains 18 grams/900ml of clean sediment. In addition, two control series are
prepared conssting of clean seawater without sediment (one series is used as a duplicate, sacrificid
control to monitor embryo development).

The sediments are suspended by vigorous shaking for 10 seconds and then allowed to settle for
4 hours prior to addition of the embryos. No additiona agitation is provided. The seawater control
chambers are trested Smilarly.

Within 2hours of fertilization, a -mL diquot of the solution of embryos (about 25,000 embryos) is
added to each bioassay chamber using an automatic pipette.  The containers are covered with a
watchglass and incubated for 48 hours (or longer if required) at 15 + 1°C under a 14-hour light:10-hour
dark photoperiod. Test chambers generdly are not aerated during the biocassay. However, if the
dissolved oxygen concentration in any test chamber declines below 60 percent of saturation, the water
in adl chambers should be aerated gently for the remainder of thetest. A random numbering method
should be used to digtribute the chambers in the water bath (or incubator or cold room).

The mean embryo concentration a 0 hours should be determined by collecting five replicate 10-
mL samples from thoroughly mixed control cultures and preserving them in 5-percent buffered formalin.
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This method of determining the initidl embryo concentration is one of three methods recommended by
ASTM (1994) for larva bioassays of water and eutriates. The other two methods include 1) direct
subsampling of each test chamber after inoculation and 2) direct subsampling of the stock solution.
According to ASTM (1994), the preferred method is direct subsampling of test chambers after
inoculation. This method provides the best estimate of embryo densties within each chamber and the
variability of dengties among chambers. However, this method cannot be easly used for the present
bioassay because the sediment present in each test chamber prevents the contents of each chamber
from being homogenized adequately for representative subsampling.  Because the method
recommended for the present bioassay does not rely on direct assessments of embryo denstiesin the
test chambers, the resulting dengity estimates have an unquantified error component associated with
them. This error reduces the rdiability of larvad mortdity etimates. However, it does not affect larval
abnormality estimates because they are based on known numbers of survivors.

M onitoring— Temperature, pH, sainity, and dissolved oxygen are measured daily in the replicates
prepared specifically for monitoring water quality. Measurements are taken just prior to introduction of
the embryos to the test chambers, then a the same time each day until the conclusion of the bioassay.
Measurements of convertiond water qudity variables (e.g., sulfides, anmonia) should be made & the
dart and termination of the bioassay.

Termination—The bioassay is terminated at 48 hours or when greater than approximately 90
percent of the ambryos in the duplicate seawater control have reached the four-armed pluteus stage
with deeply invaginated presura arms (whichever is later and within 48-96 hours). Once this stage has
been achieved in the control chambers, find water quality measuremerts are recorded and the test is
terminated.

The biocassay is terminated in the following manner. The water and larvae overlying the sdttled
sediment in each chamber are carefully and gently stirred to insure the larvae are suspended in the water
without disturbing the sediment; and then carefully decanting up to 98 percent of the water, leaving the
sediment remaining in the test chamber. The water is then mixed thoroughly using a perforated plunger
and three 10-mL diquots of the sample are removed by pipette and placed in 10-mL screw-cap vids.
The contents of each vid are preserved in 5percent buffered formain. One 10-mL diquat is then
counted, while the other two are archived until counts are assured to be adequate for characterizing test
replicates.

Preserved samples (equd in volume to those containing 200400 larvae in controls) are examined
in Sedgewick-Rafter cdls. Norma and abnorma larvae are enumerated to determine percent failing to
achieve a normd pluteus larva. Percent surviva for each replicate bioassay chamber is based on the
number of larvae surviving in each test container relative to the initid number. Percent mortdlity is then
cdculated, including correction for mortdity in the seawater control. Larvae that fail to trandform into
clearly defined pluteus with two well-developed arms and the second pair of arms budding are
considered abnormal.

Contrals

Five replicates of the seawater control are included in al bioassays. These comprise negative
(clean) controls that alow comparison among experiments and among laboratories of the vaidity of the

45



Laboratory Sediment Bioassays
Echinoderm Embryo Bioassay
Revised July 1995

procedures used in individud investigations. At least 70 percent of the larvae must achieve a norma
pluteus sage. Experiments in which contaminants are added to sediment may require control replicates
to determine effects of solvent addition.

A postive (toxic) control isdso required. This involves determining 48 to 96 hour ECso vauesfor
echinoderm larvae exposed to reference toxicants in clean, filtered or UV-treated seawater without
sediment [following standard ASTM (1994) bioassay procedures and under the same generd test
conditions as the sediment bioassays]. Such data are necessary to determine the relaive sengtivity of
the larvae. Two commonly used reference toxicants are reagent-grade cadmium chloride and sodium
dodecyl sulfate. Either of these reference toxicants may be used, but the results must be reported aong
with the sediment bioassay results.  Sodium dodecyl sulfate has a short shdlf life, and should be made
up fresh every severd days. Bioassays to establish an ECs involve dilution series and a control. At
least one treatment should give a partid response below the ECso and one above the ECso. Statistical
procedures for ECso estimates are given in APHA (1985) and ASTM (1994). The ECso for the D.
excentricus combined endpoint, using data in the Army Corps of Engineers DAIS database, is 10.1 +
6.5 mg/L cadmium (n=32) (Army Corps of Engineers personnd communication, 1994).

Reference Area Sediment

The design of field surveys may include a reference sediment from an area known to be free from
chemicd contamination. This provides a bass for comparison of potentidly toxic and nontoxic
conditions. Additionaly, to further ensure the integrity of reference test samples, investigators should use
experienced sampling personnd and sample from the biologicdly active zone, avoiding anoxic
sediments.  The wet-geving method (PTI, 1991; PSDDA, 1990) should be used to match reference
sediments with test sediments.
DATA REPORTING REQUIREMENTS

The following data should be reported by dl laboratories performing this assay:
B Source, qualitative condition, and holding time of brood stock

B Socking dendty (number/ml), stocking diquot size (ml), and initid count data for
seawater control

B All waer qudity measurements [eg., dissolved oxygen, temperaure, sdinity, pH,
aulfides (optiond), and ammonia (optiond)]
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B |ndividud replicate and mean and standard deviation data for combined larva

mortdity/abnormdity a termination of bioassay (should also report separate data for
mortdity and aonormality for comparison to previous data endpoints)

B |ndividud replicate and mean and standard deviation data for larva percent combined
mortality plus abnormdlities a termination of bioassay

B ECs vaues for reference toxicants (with results for metalic compounds reported in
terms of the metd ion, not as weight of the whole sdlt)

B Any problemsthat may have influenced data qudlity.
Mortdity =100x (1 - (no. of surviving test larvae / no. of control larvae))
Abnormality = 100 x (1 - (no. of anorma larvae / no. of norma and abnormal survivors))

Combined larvd mortdity/abnormdity = 100 x (1 - (no. of surviving normd larvae / no. of embryos
inoculated))
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GENOTOXICITY: ANAPHASE ABERRATION SEDIMENT BIOASSAY

USE AND LIMITATIONS

This sediment bioassay is 1sed to characterize the genotoxicity of marine sediments. It may be
used done as a screening tool in broad-scale sediment surveys, in combination with sediment chemistry
and in situ biologicd indices, and in laboratory experiments addressng a variety of sediment and water
quaity manipulations.

This biocassay can be used with any type of sediment, regardiess of the intertitid sdinity or grain
Sze characterisics. However, the following caveats apply:

B The bioassay depends on a chemica extraction procedure that is specific for neutrd,
nonionic organic compounds. Other classes of contaminants such as metals and highly
acidic and basic organic compounds are not efficiently extracted. Thus, characterization
of ssdiment toxicity is directed towards neutrd compounds such as aromatic and
chlorinated hydrocarbons.

B "Naturd" genotoxicity may occur in marine sediments due to the decomposition of plant
Species containing genotoxic substances that evolved as a means of protecting plants
from parasites and predators. Thus, positive genotoxic responses may be noted in areas
generdly regarded as pristine.

FIELD PROCEDURES

Collection

Sediment should be collected in solvent-rinsed glass jars that have PTFE-lined lids and have been
cleaned according to the procedures described in the section entitted General QA/QC Guidelines.
Each jar should be filled completely to exclude ar. A minimum sediment sample sze of 200 gramsis
recommended for each test.

Processing

Sediment samples should be stored frozen a -20°C within 8hours of collection. Holding time
should not exceed 6 months,
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LABORATORY PROCEDURES

As previoudy mentioned, this technique depends on a chemica extraction procedure. Extraction
procedures recommended are those presently used by the Nationa Marine Fisheries Service, Nationd
Oceanic and Atmospheric Administration in Puget Sound (MacLeod et d. 1984).

The following procedure is adapted from Kocan et a. (1982), Chapman et d. (1982a,b), Kocan
and Powdl (1985), and Kocan et a. (1985). Accordingly, this procedure supersedes previous
published methods.

Cdl Cultures

Although any cdl type can be used in this tedt, the rainbow trout gonad cdl (RTG-2) is
recommended because it has been used extensively for this purpose, is readily obtainable, and is easy to
cultivate. It has numerous mitatic figures when growing exponentialy and the mitatic cdls are large in
comparison to those of other species, thereby making it easy to count the damaged anaphase cdlls. This
cdl type is sendtive to a wide range of organic chemica compounds (Kocan et a. 1982) as well as
complex mixtures of chemicals that may occur in marine sediments (Kocan and Powell 1985; Kocan et
a. 1985). Other cdlsused for this purpose are the bluegill-sunfish line, humean foreskin fibroblasts, newt
cdls, and severd plant cdls (in vivo). Generdly these cdls can be obtained from any dtate or federd
fish disease diagnogtic |aboratory, from investigators at both university and federd [aboratories, or from
the American Type Culture Collection (Rockville, Maryland).

Sediment Extraction

Test materids must condst of substances that are compatible with the growth of cdls in culture.
Genedly this can be accomplished using organic extracts of environmental materid such as marine
sediments.

Extractions should be made using pesticide-grade reagents that have been tested for toxicity to the
cdls prior to ther use for extraction. Thisinitid toxicity testing can be done by evaporating avolume of
the reagent equivaent to that which would be used for the actud extraction, and adding this to the
cultures in varying amounts dissolved in the solvent [eg., dimethyl sulfoxide (DM SO)] to be used for
cdl exposure. If the maximum anticipated amount of the solvent blank to be used in the find test does
not sgnificantly affect the cell cultures, the extraction can proceed without concern about the possible
toxic effect of the solvents. Once the extracts have been made, gravimetric determinations of thelr
absolute organic content must be made so that comparable organic concentrations from each site can be
used in cdll cultures exposed to extracts from different locations. This is accomplished by first weighing
the tube to be used for extract storage to the nearest 0.001 gram, adding the extract in the solvent,
evgporaing the solvent with nitrogen, and reweighing the tubes. The difference between the origina
tube weight and the find tube weight is the weight of the sample extract. The sample extract is then
redissolved n spectral-grade DMSO s0 that each sample contains the same weight/volume ratio of
extract (eg., mg/mL). In this way it is possble to expose each set of cultures to exactly the same
amount of organic extract, thereby

making comparisons possible on an organic content basis. If relative toxicities from dte to Ste are
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needed, one can extrapolate back to the origind organic content of each sample and compare Sites
based on tota amounts of organic compounds present. The following detailed procedures for the
preparation of sediment extracts follow those of Chapman et d. (1982a,b) and MacLeod et d. (1984).

Sediment samples are frozen and stored until just prior to extraction. Each sample is then thawed
and rehomogenized by thorough dirring.  An diquot of approximatey 20 grams wet weight is
transferred to a clean, tared beaker, dried to congtant weight (80°C), desiccated, and reweighed to
determine the percent water. A second adiquot (gpproximeately 150 grams wet weight) istransferred to a
tared, 315-mL stainless sed centrifuge bottle with a PTFE-lined screw-cap, and weighed. The sample
is then seridly extracted with pesticide-grade solvents.

Methanol (50 mL) is added to each centrifuge bottle. The bottle is tightly capped, shaken
vigoroudy for 2 minutes, and centrifuged at 2,000 rpm for 5 minutes. The clean solvent is decanted into
a l-liter separatory funnd. The procedure is performed twice more and the methanol extracts are
combined in the separatory funnel, which is then closed and covered with duminum fail.

Next, 100 mL of a dichloromethane/methanol (2:1 v/v) solution is added to the centrifuge bottle,
the cap is closed tightly, and the bottle is shaken vigoroudy for 2 minutes to ensure complete mixing.
The bottle is then placed in a shaker table overnight (gpproximately 18 hours), following which the
sediment is settled by centrifuging at 2,000 rpm for 5 minutes and the solvent decanted into the
separatory funnel with the methanol. A second 100-mL diquot of the dichloromethane/methanol (2:1)
solution is added, the bottle is shaken vigoroudly, and the bottle is then placed on the shaker table for
6 hours. The sediments are again settled by centrifuging and the solvents are decanted.

The remaning sample is sheken vigoroudy for 2 minutes with approximatdy 30mL of
dichloromethane. It is then centrifuged and the solvent is decanted into the separatory funnel. Another
100 mL of dichloromethane is added to the bottle, the cap is secured, the bottle is shaken vigoroudy,
and the bottle is placed on the shaker table overnight. The sediments are again settled by centrifuging
and the solvent is decanted into the separatory funnd. A fina 30-mL rinse of dichloromethane is added,
the bottle is shaken vigoroudy, centrifuged, and decanted. The sediment is then discarded.

Approximately 500 mL of clean, digtilled water is added to the combined solvents in the
separatory funnd. The funnd is carefully swirled and inverted (with frequent venting) for 2 minutes. The
liquid phases ae adlowed to separate and the dichloromethane (lower) layer is drained into a 500-mL
separatory funnd.  The agueous layer is re-extracted twice with 20 mL of dichloromethane and the
remainder is discarded. The dichloromethane fractions are combined in the 500-mL funnd, transferred
with ringng, back to the Z-liter funnd, and re-extracted with another 500 mL of digtilled weter. The
dichloromethane is drained into the 500-mL funnel and the aqueous layer is extracted once more with
20 mL of dichloromethane. The latter solvent is added to the 500-mL funnd and the aqueous layer is
discarded.

The dichloromethane is drained from the 500-mL separatory funnel through agpproximatdy
20 grams of combusted and washed anhydrous sodium sulfate that is held in a 3-mL glass conicd
centrifuge tube with the tip cut off. The effluent from this mini-column is discharged into a 500-mL
Kuderna-Danish flask with a15-mL receiver. When empty, the 500-mL separatory funnd isrinsed with
20 mL of dichloromethane, which is drained through the sodium sulfate column into the flask. The
column is washed afind time with 10 mL of dichloromethane and drained into the flask.
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Boailing chips are added to the Kuderna-Danish flask and a three-bal Snyder column is placed on
top. The solvent volume is reduced to about 5mL using a hot water bath. \When cooled, the sides of
the flask are rinsed into the receiver with dichloromethane. The recaiver is removed and the contents
are quantitatively transferred to a tared conica centrifuge tube with a ground glass stopper. The sample
is taken amogt to dryness using the hot water bath, and stored wrapped in duminum foil in a desiccator
with the stopper open dightly until a congtant weight is achieved upon reweighing the tube. This weight
is the amount of extractable organic materia. Samples should never be taken completely to dryness,
because low molecular weight volatile compounds could be lost in the process.

After weighing, the tube is dosed and wrapped fully in duminum fail, ready for anaphase
aberration testing. Extracts are treated with 1 mL of spectrophotometric-grade DM SO for 24 hours
with frequent stirring on avortex mixer. The DMSO is then removed to aglass vid and used as "stock"
solution. Because al extracted materid is not dissolved in the DM SO during testing, the centrifuge
tubes are dried and reweighed to determine the exact amount used in testing (fraction soluble). Both
stock and extract solutions are stored in the dark under nitrogen until gpplied to the cdll cultures.

Culture Conditions

RTG-2 cdlsaswell as most fish cell lines grow in avariety of commercidly available culture media
The Lebovitz L-15 medium was found to be most consggtent in terms of ease of preparation, use
without speciad buffers or carbon dioxide incubators, and long-term storage cagpability. This medium can
be obtained from any scientific supply house that carried cdl/tissue culture materids. The medium
comes as a dry powder that is added to didtilled water, autoclaved or filter-sterilized, and stored in a
refrigerator at 4°C until it isused. Full ingructions are available with the medium when it is purchased.
Generdly, heet-deactivated fetal caf serum is added to any culture medium at 10-percent concentration
to ensure that the proper growth factors are present. This serum can dso be purchased in 100-mL to
1-liter lots dready Serilized from the scientific suppliers. Before the cells are placed in the medium, pH
should be adjusted to 7.1-7.3 using either sodium bicarbonate or HCI. Some laboratories use HEPES
buffer (either acid or base in a commercidly available product) in place of the bicarbonate or HCl. This
culture system differs from that origindly described by Kocan et d. (1982) only because it has been
modified to Smplify the laboratory procedures.
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Bioassay Procedure

Cdls are grown and tested a 18°C on standard, clean microscope didesor on 1° 5-cm coverdips
in Leighton tubes, depending on the amount of test materid available. The cdls are placed into the
culture system 1 day prior to the actua exposure to ensure that they have had a chance to attach to the
glass subgtrate and begin growing. On the following day (18-24 hours laer), the culture medium is
removed and the test materid is added. This should consst of norma L-15 medium dissolved in
DM SO, to which the organic extract has been added. The DM SO should be from a pretested lot to
ensure that it s nontoxic to the system and should not exceed 0.5 percent (v/v) of the culture medium
(e.g., 5pL/mL). This can be reduced to 0.1-percent DMSO if toxicity is a problem or if minima
DMSO is required for conservation of extract. Exposure time should be 48 hours from the time of
addition of the treated medium until fixation. Damaged cells can be observed for longer periods even
after the toxic substance has been removed, but the maximum response does not increase beyond
48 hours.

An initid screening test must be conducted to determine the actud extract dilutions to be used for
this bioassay. Idedly, dilutions tested for anaphase aberrations comprise both the highest concentration
of extract (mg/L) that permits continued cell proliferation (i.e., is rontoxic) and a second concentration
one dilution lower. This method ensures that a sufficient number of mitotic figures are present to score
for chromosome damage. Based on previous experience in Puget Sound, the following six extract
dilutions should be prepared: 50, 25, 15, 5, 2, and 1ug/mL. Cdls are first exposed to these
concentrations for each sediment extract tested, and then the concentrations thet inhibit mitoss are
determined.  Although identical extract dilutions may not be used to test each sediment sample, all
results are normalized to organic content which has been previoudy determined.

To determine mitotic effects and angphase aberrations, the dides or coverdips containing the cells
are removed from the culture medium and fixed in methanol:acetic acid (3:1). The methanal is absolute
and the acetic acid is glacid (undiluted). Following 15-60 minutes in the fixative (no adverse effects
occur if they are left longer), the dides are air dried, then placed into 3-percent Gurr's R66 Geimsa stain
for 15-30 minutes. This stain is made up in Sorensen's buffer (pH 6.8). Optimum gtaining is determined
empiricdly by examining the dides with a microscope a various intervds after placing them in the ain.
Problems usualy occur because of too little staining time rather than excessve daining. If excessive
gaining does occur, the cells can be destained in Sorensen's buffer. The staining system sdectively
gtains the condensed chromosomes undergoing mitoss and has very little effect on the cytoplasm of the
cdl, which dlows good resolution of the smdl fragments of chromosome that are not associated with the
main chromosome bundles.

Once the cdlls have been stained, they are mounted on microscope dides (if on coverdips) or are
covered with coverdips (if grown on dides) to facilitate microscopic examination and scoring. Side
identification labels are covered with a piece of tgpe to prevent observer bias while scoring. Three
replicate dides are made of each exposure concentration with two concentrations for each sediment
extract. Each dide is then examined a 500X to 1,000X until a minimum of 100 angphase cdls is
observed and scored. In this way, there will be three replicates per dose with 100 anaphase cells per
replicate.

The numbers and percents of normal and abnorma anaphases are recorded. Cells are scored as
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abnormal if they contain any of the previoudy described chromosomd lesions reported for this test
(Nichols et al. 1977; Kocan et d. 1982; Chapman et al. 1982a; Kocan and Powell 1985; Kocan et d.
1985).
Controls

Controls consst of 1) untreasted cultures used as negative controls to ensure that the culture
conditions (e.g., medium, serum) are not toxic to the cdls, 2) a solvent blank to ensure that the residue
from the solvents used during the extraction procedure is not cytotoxic or genotoxic (generaly done
prior to actud testing and includes the DM SO that will be used in the final solution), and 3) a postive
control conssting of cultures exposed to severa concentrations of a known genotoxic agent to indicate
that the test system is functioning properly and does indeed respond to genotoxic substances. One
possible postive control is a 0.25-pug/mL concentration of benzo(g)pyrene. This level of exposure
should result in an angphase aberration frequency of 50-65 percent (Chapman et a. 1982a).
DATA REPORTING REQUIREMENTS

The following data should be reported by al laboratories performing this bioassay:
B |nitid screening datafor the determination of extract concentrations

B |ndividuad replicate and mean and standard deviaion data for numbers (and
percentages) of norma and abnormal anaphases observed

B Types of angphase aberrations observed
B Frequency of anaphase aberrations observed with the positive control

B Any problemsthat may have influenced data qudity.
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MICROTOX SEDIMENT BIOASSAY - ORGANIC EXTRACT

USE AND LIMITATIONS

The Microtox bioassay is arapid, senstive method of toxicity testing based on light emission by the
luminescent  bacterium Photobacterium phosphoreum in the presence and absence of agueous
toxicants. The emitted light is a product of the bacterid eectron transport system and thus directly
reflects the metabolic date of the cells. Accordingly, decreased luminescence following exposure to
chemica contaminants provides a quantitative measure of toxicity. The assay was developed for usein
freshwater habitats to assess the toxicity of waterborne pollutants (Bulich et d. 1981) and has been
adapted for use in the marine environment to assess toxicity of organic sediment extracts (Schiewe et d.
1985).

This sediment bioassay is used to characterize the toxicity of marine sediments. It may be used
aone as a screening tool in broad-scae sediment surveys, in combination with sediment chemistry and
in situ biologicd indices, and in laboratory experiments addressing a variety of sediment and water
quadity manipulations.

The Microtox bioassay can be used with any type of sediment, regardiess of intertitia sdinity or
grain Sze characterigics. However, the following cavests apply:

B The bioassay depends on a chemica extraction procedure thet is specific for neutrd,
nonionic organic compounds. Other classes of contaminants such as metds and highly
acidic and basic organic compounds are not efficiently extracted. Thus, characterization
of sediment toxicity is directed towards neutral compounds such as aromatic and
chlorinated hydrocarbons.

B Extraction by an organic solvent results in exposure of test organisms to concentrations
of contaminants much higher than those expected to occur in sediment interdtitia water.
The use of an organic extract may not mimic pore-water compodtion and naturd
eXposure routes.

B Naurdly occurring toxic substances may be present in and extracted from marine
sediments. Hence, reatively high toxicity occasonaly may be noted in areas generdly
regarded as free from chemica contamination.

B | uminescence can increase, rather than decrease, in some samples. At present, these
samples are consdered nontoxic. However, additiona research is needed to determine
the meaning of an increase in luminescence.
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FIELD PROCEDURES

Coallection

Sediment should be collected in solvent-rinsed glass jars that have PTFE-lined lids and have been
cleaned according to the procedures described in the section entitled General QA/QC Guidelines.
Each jar should be filled completly to exclude ar. A minimum sediment sample size of 500 gramsis
recommended for each Station.

Processing

Sediment samples should be stored frozen at -20°C within 8hours of collection. Holding time
should not exceed 6 months,

LABORATORY PROCEDURES

Facilities and Equipment

The bioassay is performed using a Microtox toxicity andyzer system, a emperature-regulated
photometer equipped with a photomultiplier. Freeze-dried bacteria, reconditution solution (i.e,
organic-free distilled water), diluent, and other necessary materials can be purchased from commercia
suppliers.  The test procedure s conceptudly quite sraightforward. However, the methodology
requires careful attention to detail and requires 1-2 weeks to become technicaly proficient.

Sediment Extraction

As previoudy mentioned, this technique depends on a chemical extraction procedure. Extraction
procedures recommended are those presently used by the Nationd Marine Fisheries Service, Nationa
Oceanic and Atmospheric Administration in Puget Sound (MacLeod et &. 1984).

B Thaw sediment, decant and discard excess water. Homogenize sediment with stainless stedl
spoon. Discard large pebbles, shells, seaweed, wood, crabs, etc.

B Weigh out 10 £+ 0.5 grams sediment to the nearest 0.01 gram and place in a dichloromethane-
rinsed centrifuge bottle.

B Sq aside gpproximately 10 grams of the homogenized sediment for the determination of dry
weight.

B Centrifuge sediment sample for 5 minutesat 1,000~ G and discard water. Centrifuge bottles
should be made of glass or dainless sted.

B Add 100 mL spectra-grade dichloromethane and 50 grams sodium sulfate to sediment
sample. Note that spectral-grade solvents may contain some trace contaminants that
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may be toxic to the test organism. Pesticide-grade solvents are preferred.

B Manudly shake bottle until contents are loose and free-flowing and then roll 16 hours
(overnight) on atumbler.

B Centrifuge sediment 5 minutes at 1,000~ G and save the dichloromethane extract.
B Add another 100 mL dichloromethane to sediment and tumble for 6 hours (during day).

B Centrifugefor 5minutesat 1,000~ G and save the dichloromethane extract.

B Repeat extraction a third time with 100 mL dichloromethane for 16 hours (overnight) and
collect extract by centrifugation.

B Combine the three 100-mL portions of the dichloromethane extract.

B Add three or four boiling chips to flask containing the dichloromethane extract and attach to
Snyder column.

B Concentrate extract to 10-15mL in a 60°C water bath and then transfer it to a
concentrator tube.

B Wash down the flask 2 times with 3-4 mL dichloromethane and add washings to the tube.

B Add aboailing chip to the tube and, using a tube heater, concentrate the extract to greater than
0.9 but lessthan 1.0 mL.

B Adjust volume to 1.0 mL with dichloromethane (at this point 0.1 mL may be removed
for gas chromatography/mass spectrometry analyses).

B Add 3 mL of hexaneto the remaining 0.9 mL of extract and concentrate to 2 mL.

B Remove 100 pL of extract and add to a concentrator tube containing 3mL nondenatured
ethanal.

B Pacetubein heater block and concentrate to 2 mL.

B Adjust volume to 3.0 mL with nondenatured ethanal (the standard sediment extract used in
Microtox testing).

B Extraction blanks are prepared using an identical procedure but without the sediment.

Bioassay Procedure

The approach to testing organic extracts uses the basic Microtox method described in the
Microtox Operating Manual (Beckman Instruments 1982) and by Bulich et al. (1981).

B Recondtitute lyophilized bacteria with 1-mL double-didtilled, charcod-filtered water in a
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Microtox cuvette and place in 4°C holding well. Bacterid suspensions should be used
within 2 hours of recondtitution.

B Prepare three or more widely spaced primary dilutions [e.g., 5.0-, 0.5-, and 0.05-per-
cent extract (v/V)] in double-digtilled, charcoa-filtered water.

B Adjugt concentration of each primary dilution to 2 percent NaCl by adding 0.1 mL of
22-percent NaCl per mL of diluted extract.

B Use these diluted extracts in a range-finding assay to determine an appropriate primary
dilution for the definitive assay described below. The primary dilution should cause a
65-90 percent decrease in bioluminescence in 15 minutes. Methods for the range-
finding assay are the same as those for the definitive assay except usudly only three
concentrations are tested without replication.

B For the définitive assay, two-fold serial dilutions (i.e,, 6.0, 2.5, 1.25, and 0.625 percent)
of extract are prepared in 2percent NaCl. A 2-percent NaCl blank is aso prepared
for testing to measure spontaneous decay of light production which occurs naturdly
independent of treatment.

B |neach of 10 test cuvettes, a 10-uL diquot of bacterial suspension is added to 500 pL
of diluent and incubated for 15 minutesin the incubationwells. This assures temperature
equilibration and stability of bioluminescence.

B After 15 minutes, initid levels of light emisson are messured in each of the 10 test
cuvettes,

B At 30-second intervas, 500-uL diquots of each concentration of extract are added to
two of the cuvettes (i.e., two replicates each of the four extract dilutions and the saline
blank). Timing iscritica because bioluminescence gradudly decreases over time.

B Exactly Sminutes after addition of the sediment extract, light emission is measured at
30-second intervals and in the same sequence used for extract additionsin the preceding
dep. Light emisson is measured again a 15 minutes, additional measurements are
sometimes made at 30 minutes.

B Immediady after testing each sediment extract, an ethanol-only control is assayed using
the same primary dilution sequence used in the sediment extract test. The ethanol-only
data are used to adjust the sediment extract data for the contribution of the solvent
vehide.

Controls

B Ethanol, sodium lauryl sulfate, or other suitable reference toxicants should be used as
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positive controls to assess daily bioassay performance and to determine differencesin
response among lots of bacteria

B Clean sadiment can be evauated as a negetive control

B Bioassay repeatability is evauated by duplicate testing (i.e., extraction and andysis) of
10 percent of the sediment extracts.

DATA REPORTING REQUIREMENTS

The following data should be reported by al laboratories performing this bioassay:

B Range-finding assay results.
B Raw light emission datafor each test sevries.

B Deermination of a sgnificant dose-response relationship by least-squares regression of
the naturd log of gamma values for percent decrease in luminescence on the naturd log
of extract concentration based on the 15-minute data.

B 15-minute ECso values and 95-percent confidence intervas for each test series and for
controls. Estimates of the 15-minute ECsos (i.e., the concentration of extract causng a
50-percent reduction in bioluminescence) are obtained using linear regresson analyses
[see Microtox Operating Manual (Beckman Instruments 1982)]. Briefly, the percent
inhibition of light emitted at each test concertration and time point & converted to a
gamma vaue which is defined as the ratio of light logt to light remaining. Gamma vaues
are normalized for naturd declinein light production measured over time as described by
Bulich et d. (1981) and further adjusted for the contribution of the ethanol vehicle. The
naturd log of gamma is regressed on the natural log of extract concentration and the
ECso is cdculated from the regresson equation. A dtigticd procedure based on
Fieller's theorem (Finney 1984) is used to calculated a 95-percent confidence interval.

B Any problemsthat may have influenced data qudlity.
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MICROTOX BIOASSAY - SALINE EXTRACT

USEANDLIMITATIONS

The use of sdline extracts of sediment for the Microtox bioassay has been described by Williams et
a. (1986). The organic and sdline extract approaches both use the basic Microtox method described in
the Microtox Operating Manua (Beckman Instruments 1982) and by Bulich et d. (1981). The mgor
difference isin the preparation of test samples. Each procedure is specific with regard to the classes of
contaminants that are tested for toxicity and, in genera, the results for each approach can be viewed as
complementary. Additiona variations of the Microtox test are being developed that are based on the
direct exposure of the test organismsto interdtitial water or sediments (i.e., in Microtox diluent).

The sdine extract Microtox bioassay procedure removes only the water-soluble fraction of
sediment-adsorbed trace metas and organic pollutants from the sediments.  Thus, contaminants with
extremdy low water solubilities [polychlorinated biphenyls (PCBs)] will tend to be partitioned dmost
exclugvely onto sediment particles and are unlikely to occur in high concentration in the sdine extract
usd in toxiaty tesing. This is a limitation of the tet if exposure is primarily through ingestion of
sediment, rather than contact with pore-weter. Limitations of the Microtox sdine-extract bioassay
indude the fallowing:

B A correction factor needs to be established for changes in bacteria luminescence caused
by variation among samples n sediment pore-water dinity. Although Williams et 4.
(1986) showed that salinity-induced changes in luminescence were negligible for
sediments taken from Commencement Bay, other estuarine sediments may have a
greater range of pore-water sainities and may require asdinity correction factor.

B The use of a sandardized dilution series limits the caculation of ECso in some cases.
The 100-percent dilution presently specified in the protocol consists of approximatdy
58-percent sediment extract and 42-percent Microtox diluent, thereby limiting the
sengtivity of the tes. A range-finding test could be conducted to determine the
appropriate dilution series to caculate an ECso.

B The ue of a sine extract may not mimic the actud pore-waer composition.
Alternatively, True and Heyward (1989) conducted the Microtox test on undiluted
interdtitial water and demondrated a grester sengitivity than that achieved with the saline
extract protocol. The assay requires further research to demondrate the efficiency and
precison of the extraction procedure and the stability of toxicity during the dlowable
sediment holding time (i.e, 2 weeks) and the dlowable extract holding time (i.e, 2
hours). Further research into dterndtive techniques (i.e, andyss of full-strength saline
extract or sediment pore water) is recommended.

B | uminescence can increase, rather than decrease, in some samples. At present, these
samples are considered nontoxic. however, additiona research is needed to determine
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the meaning of an increase in luminescence.

FIELD PROCEDURES
Collection

Sediment should be collected in solvent-rinsed glass jars that have PTFE-lined lids and have been
cleaned according to the procedures described in the section entitted General QA/QC Guidelines.
Each jar should be filled completdly to exclude air. A minimum sediment sample sze of 200 gramsis
recommended for each gtation.

Processing
Sediment samples should be stored a 4°C in the dark. Holding time should be set according to
the procedures described in the section entitled General QA/QC Guidelines.

LABORATORY PROCEDURES

With dight modification, sample processing follows procedures described by Williams et d.
(1986). Glass test tubes are filled with a minimum of 60 grams of sediment, sparged with high-purity
nitrogen gas, tightly seded with PTFE-lined caps, stored in the dark at 4°C, and assayed within 14 days
following collection.

Preparation of Sediment Extract

B Remove 30 grams of sediment from each test tube with a stainless-sted spatula, placein
30-mL glass containers equipped with a fitted glass cap, and add 10 mL of Microtox
diluent (2.0-percent NaCl w/v in double-didtilled, organic-free water).

B Mix the sediment-diluent durry for 24 hours in the dark at 4°C by gentle agitation (100
rpm) on arotary shaker table.

B Transer the sediment durry to 30-mL Corex tubes and centrifuge for 15 minutes at
9,000 rpm (9,770 " G) inarefrigerated (4°C) centrifuge.

B Draw the supernatant off by pipette, place it in a clean test tube, cool on ice, and use
immediately in preparation of serid dilutions for the Microtox bioassay. Supernatant
may be held at 4°C for no longer than 2 hours before use.

Bioassay Procedure
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B Rehydrae a vid of freeze-dried bacteria with 1.0 mL of recongtitution solution, cover
with parafilm, store in a 4 C wdl on the Microtox andyzer, and use within 2 hours of
rehydration.

B Prepare 100-, 50-, 25-, 12.5-, and O-percent seid dilutions of the sediment
supernatant in Microtox diluent. The O-percent dilution is a reagent blank needed to
mesasure spontaneous decay in bacterid luminescence independent of any trestmen.

B |neach of 10 test cuvettes, add 10 L of the rehydrated bacteria suspension to 350 L
of diluent and incubate for 15 minutes in one of the 15°C wels on the andyzer. This
ensures temperature equilibration of the bacterid suspenson and dability of lumines-
cence.

B After 15 minutes, measureinitia luminescence in each of the 10 test cuvettes.

B At 30-second intervals, add 500-pL diquots of each supernatant dilution to two of the
cuvettes (e.g., two replicates each of the four test dilutions and the sdine blank). Timing
is critica because toxicant-induced decrease in luminescence begins as soon as the
sediment supernatant is added to the bacterid suspension.

B Exactly 15 minutes after addition of the sediment supernatants, measure luminescence at
30-second intervals and in the same sequence used for supernatant additions in the
preceding step.

B Cdculae percent decrease in luminescence relative to the reagent blank using the
formula
Percent Decrease = [(Rio —t)/(Rlo)] x 100

where:
lo = initid luminescence
It =  luminescence a the end of 15 minutes
R = blank ratio.
Theblank ratio is caculated by:
R = Bi/Bo
where:
Bo = initid luminescence of the reagent blank
Bt =  luminescence of the reagent blank after 15 minutes.
Controls

B Clean reference sediments used as negative controls

B Condruction of a cdibration cuve to determine sdinity-induced changes in bacteria
luminescence (Bechman Instruments 1982)
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B Use of a reference toxicant (i.e, phenol, sodium arsenate) to assess day-to-day
performance of the bioassay and to determine differences in toxic response among lot
number of bacteria.  The ECso for phenol using data in the Army Corps of Engineers
DAIS database is 20.1 £ 4.7 mg/L (n=56) (Army Corps of Engineers personne
communication, 1994).

B Vagification of a dose-response relaionship between bacterid luminescence and
sediment extract concentration.

DATA REPORTING REQUIREMENTS

The following data should be reported by al laboratories performing this bioassay:

B |nitid and find luminescence and percent decrease in luminescence after 15-minute
exposure for each concentration of supernatant (e.g., saline sediment extract) tested.

B Deermination of a sgnificant dose-response relationship by least- squares regression of
the naturd log of gamma vaues for percent decrease in luminescence on the natural log
of extract concentration based on the 15-minute data.

B Fifteen-minute ECso values and 95-percent confidence limits for each test series and the
reference toxicant. Estimates of the 15-minute ECso vaues (i.e,, the concentration of
extract causng a 50-percent reduction in bioluminescence) are obtained using linear
regresson analyses [see Microtox Operating Manual (Beckman Instruments 1982)].
Briefly, the percent inhibition of light emitted at each test concentration and time point is
converted to a gamma vaue which is defined as the ratio of light logt to light remaining.
Gamma vaues are normdized for naturd dedline in light production measured over time
as described by Bulich et d. (1981). The natural log of gamma is regressed on the
natural log of extract concentration and the ECso is caculated from the regresson
equation. A datigtica procedure based on Fieler's theorem (Finney 1984) is used to
caculate a 95-percent confidence interval.

B Any problemsthat may have influenced data qudlity.
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JUVENILE POLY CHAETE SEDIMENT BIOASSAY

OVERVIEW

This protocol is for conducting a bioassay in which the surviva and change in biomass of juvenile
polychaetes (Neanthes .) are determined following a 20-day exposure to test sediments. Parameters
measured to determine the effects of exposure include mortdity, tota biomass, and average individua
biomass. Sediments can be ether naturdly occurring, field-collected samples, or sediments that have
been experimentdly modified (eg., sediment mixed with other sediment to form a gradient of sediment
types or sediment to which chemicals have been added). This bioassay is conducted as a Satic renewa
exposure, and food (i.e., TetraMarin®) is provided to the test organisms during the exposure period to
promote body tissue increases. Following the 20-day exposure period, dl surviving worms are
collected, dried to a constant weight, and total and average individua biomass are determined.

INTRODUCTION

Neanthes sp., a marine nereid polychaete, is widdy distributed throughout the world, and has
been collected in New England, Horida, Cdifornia, Europe, and the centrd Pacific Ocean (Reish
1980). Laboratory cultures of Neanthes have been successfully maintained since 1964. Pesch et d.
(1988) reported a difference in chromosome numbers from two populations (collected in Connecticut
and Cdifornia, respectively) of Neanthes. In addition to the differences observed in chromosome
numbers, differences were aso noted in the morphology indicating that these populations represent
different species.  Although specimens from both populations have been used in testing, dmogt dl the
testing data are associated with experiments conducted with specimens from the Cdifornia population.
The procedures discussed in this protocol are for Neanthes originating from the Cdifornia population.

Since 1966, various life stages of Neanthes have been used as bioassay organiams for a wide
vaidy of invesigaions including evauating the effects of dissolved oxygen concentrations, nutrients,
sdinity, temperature, metals, pesticides, hydrocarbons, and contaminated sediments on surviva, growth,
and reproduction. In addition, Neanthes has adso been used to invedtigate the effects of mutagens
(Pesch et d. 1981; Pesch and Pesch 1980) and irradiation (Jones et a. 1983) on marine organisms; an
interlaboratory comparison has been conducted with a Neanthes 28-day flow-through seaweter toxicity
test (Pesch and Hoffman 1983); and a 96-hour acute sediment bioassay using Neanthes is currently
being used for dredged materia testing by the U.S. Army Corps of Engineers, Los Angeles Didtrict
(Reish and Lemay 1988).
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Species Sensitivity

Neanthes has been used to evduate the toxicity of awide variety of contaminantsincluding metas,
hydrocarbons, and multicontaminated media (i.e., sediments). Examples of the types of toxicity tests
conducted with Neanthes and pecies sengitivity are presented in Table 4.

Reish (1984) summarized data on the sengtivity of Neanthes to metds. In comparison to other
polychaetes, Neanthes appears to be moderately sensitive to most metals tested. Studies indicate that
mercury and copper are the most toxic to Neanthes, followed by duminum, cadmium, chromium, zinc,
lead, and nickel.

Ecological Importance

Neanthes is digributed on the west coast from Mexico to southern Cdifornia (Reish 1980).
Neanthes has not been collected from Puget Sound. The family Nereidae is widdly distributed and is a
dominant taxa in intertidal and subtidal habitats. In Puget Sound, the nereid Platynereis bicanaliculata
is a dominant member of the polychaete fauna a many stes (Lie 1968; PTI and Tetra Tech 1988a,b).
P. bicanaliculata is morphologicaly smilar to Neanthes in jaw structure and is also recorded to be an
omnivore, feeding on agae and other detritus (Fauchad and Jumars 1979). Both species dso build
amilar tubes of organic materid and display smilar aggressive behavior patterns (Gray 1974).

USE AND LIMITATIONS

The Neanthes sublethal bioassay is used to characterize the toxicity of marine sediments primarily
based on worm growth. Data reported by Johns and Ginn (1990b) indicate that the leve of
contamination affecting juvenile growth in Neanthes is amilar to the leved of contamination that affects
reproductive success. The bioassay may be used aone (eg., as a screening tool in broad-scade
sediment surveys), in combination with sediment chemistry and in situ biologica indices, and in
laboratory experiments to address various sediment and water quality manipulations. The following
congraints apply:

B The bioassay should be conducted with laboratory-cultured juvenile Neanthes

B Modificaion of the protocol may be required for tests conducted at sdinities (both
interdtitia and overlying water) less than 20 ppt.
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TABLE 4. SENSITIVITY OF NEANTHES TO VARIOUS CONTAMINANTS

Lowest
Concentration for
Observed Effect Test
Contaminant (mg/L) Endpoint Duration Reference
Aluminum >2.0 Mortality 4 days Petrich and Reish (1979)
Cadmium (as CdCl,) 3 Mortality 28 days Reish (1980)
1 Reproduction Life cycle Reish and Gerlinger (1984)

Chromium (as CrOs) 0.6 Mortality 28 days Reish (1980)
Hexavalent chromium 0.0125 Reproduction Life cycle Oshida (1976)
(as KoCr207)
Copper 0.1 Mortality 29 days Pesch and Morgan (1978)
Lead [as Pb(CHsCO),] 3.2 Mortality 28 days Reish (1980)

0.97 Reproduction Life cycle Reish and Gerlinger (1984)
Mercury (as HgCl,) 0.17 Mortality 28 days Reish (1980)
Nickel 49.0 Mortality 4 days Petrich and Reish (1979)
Silver (as AgNO:s) 0.165 Mortality 28 days Pesch and Hoffman (1983)
Zinc (as ZnS0Oy) 1.4 Mortality 28 days Reish (1980)

0.32 Reproduction Life cycle Reish and Gerlinger (1984)
DDT 0.1 Mortality 28 days Reish (1985)
No. 2 fuel ol 2.7 Mortality 4 days Rossi and Anderson (1976)
South Louisiana crude oil 12.5 Mortality 4 days Rossi and Anderson (1976)
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FIELD PROCEDURES

Coallection

Test Animals—Neanthes are not indigenous to Puget Sound and test organisms must be
obtained from laboratory cultures. (See Laboratory Procedures section for a discussion on culturing
and obtaining test organisms.)

Sediment—Control, reference and test sediments should be collected in solvent-cleaned glass
containers that have PTFE-lined lids and have been cleaned according to the procedures described in
the section entitled General QA/QC Guidelines. Each jar should befilled completdly to exclude air. A
minimum sediment sample collection sze of 0.25 liters for each bioassay chamber is recommended for
al sediment types. Because five replicate tests are conducted for each fidd sample, aminimum sample
gze of 1.25 litersis recommended for each station.

Processing

Test Animals—Not applicable.

Sediment—All sediments should be stored at £C in the dark. Holding time should be st
according to the procedures described in the section entitled General QA/QC Guidelines.

LABORATORY PROCEDURES

Test Animals

Culturing—Almog dl Neanthes used for laboratory tests come from laboratory cultures.
Culturing techniques have been described by Reish (1980) and Pesch and Schauer (1988). Under
laboratory conditions, the Neanthes life cycle is completed in 3-4 months at 20-22°C.

Cultures of adult Neanthes are maintained in glass aguaria under gatic (with monthly renewd) or
flow-through water conditions. After sexualy mature males and femaes pair, the pairs can be isolated in
jars and maintained until juveniles are ready to be removed and used for testing. Eggs are laid within the
worm tube, and the femae dies within 2-3 days. The zygotes are cared for by the surviving mae.
Larvae emerge from the worm tube in gpproximately 3weeks (at 20—22°C) following fertilization.
Hatched larvae feed on yolk reserves until emergence from the adult worm tube. Following emergence,
the juvenile worms are cgpable of feeding and building independent tubes. Until testing, the juvenile
worms are maintained without sediment and are provided TetraMarin® (a food source) and powdered
dga (either Enteromorpha or Ulva p.). Enough powdered dga (Seved to less than 0.3 mm) should
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be provided to cover the bottom of the aguarium. The powdered aga provides materia for tube
congtruction and increases surviva (Pesch and Schauer 1988).

Shipping and Holding—Juvenile Neanthes are obtained from laboratory cultures. If test
organisms are obtained from an outside source, enough time should be alotted to dlow the worms to
acclimate prior to starting a test. Neanthes can be shipped by overnight courier without significant
mortality. Worms are typicaly packed in plastic bags containing seawater with 50 organisms per bag.
Each bag should contain severad fronds of dried Enteromorpha. This alga can be collected, dried, and
stored for extended periods. Prior to use, the adga should be soaked in scawater. The bags are
shipped in a hard-sded container (e.g., cardboard box). When the shipment arrives a the laboratory,
the worms, 4ill in the plagtic bags, are placed in a holding aguarium containing seawater a the proper
test temperature. The worms are released from the bags after temperature equilibration. The worms
are maintained in the holding aquarium for 1-2 days prior to initiation of the bioassays. The holding time
will provide for acclimation between the culture temperature and the anticipated testing temperature and
for observation of the condition of the test organisms to ensure that the bioassay is conducted with
hedithy individuas

Neanthes juveniles should be hed in dl-glass aquaria containing clean seawater and provided with
gentle aeration [see Pesch and Schauer (1988) if flowing scawater is available]. Water temperature is
maintained at 20 + 1°C, and sdinity ismaintained a the sdinity a which the bioassay will be conducted.

Enough powdered green aga (Enteromorpha or Ulva sp.) should be provided to cover the bottom of
the holding tank.

During the holding period, organisms are provided with TetraMarin® on an every-other-day basis.
The amount of food provided should be caculated a gpproximately 8 mg (dry weight) per juvenile, but
the tank should be observed following feeding to determine if the food is being consumed. If it is not
being consumed, then the amount of food provided should be reduced in order to avoid potentia water
fouling problems. If the entire amount of food provided is being eaten, then an increase in the food
ration might be appropriate.

No water changes in the holding tank are required if the worms are being maintained in the aguaria
for less than 1 week. If the worms are to be maintained for a longer period, then the water should be
replaced with fresh seawater once every 2 weeks. Rising salinity, due to evaporative losses during the
holding period, can be compensated for by adding sufficient didtilled weter to lower the sdinity to the
desired leve.

Test Animal Sze—The Sze of juvenile worms used in the bioassays is potentialy a critical factor
to the eventual success of the bioassay. Worms should be 0.5-1.0 mg (dry weight) (i.e,, 2-3 weeks
post-emergence) to ensure that they are in a rapid growth phase during the exposure period. Under
PSDDA testing, aminimum initid sze of 0.5 mg is consdered awarning flag if not achieved. Worms of
the appropriate Sze are large enough to be easly handled to avoid errors in placing the correct number
of worms in each exposure chamber. For consstency in aging test organisms, initiation of emergence
should be considered as the point when feeding juveniles emerge from the egg case. Commencement of
feeding can be identified by the presence of food particlesin the digestive tract.
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Feeding Requirements—Severa different types of food have been used in culturing Neanthes,
induding dfdfa flour, powdered alga (Enteromorpha or Ulva sp.), TetraMarin®, and prawn flakes.
Of these foods, prawn flakes and TetraMarin® appear to provide the best and most consstent growth
throughout the life cycle. Because of potentid problems in obtaining a consstent supply of prawn
flakes, TetraMarin® should be used. TetraMain® should be provided to juveniles mantained in
holding tanks prior to testing and during the exposure period. In both cases, the worms should be fed
on an every-other-day basis. The amount of food provided should be caculated at approximately 8 mg

(dry weight) per juvenile Neanthes.

Control and Reference Sediments

Five replicates of the polychaete collection-ste control sediment are included in dl bioassays.
These compromise a negative (clean) control that alows comparisons among experiments and among
laboratories of the vaidity of the procedures used in individud investigations. For the Neanthes
bioassay, sand should be used as the control sediment.

Sand was initidly chosen as an gppropriate control sediment based on the work of Pesch and
Hoffman (1982), who used sand as a subdirate in a series of experiments with Neanthes. They
reported no sgnificant mortdity associated with maintaining the worms in sand.  For the sublethd
bioassay test demondtration study and subsequent testing (Johns and Ginn 1990a,b), sand collected
from West Beach on Whidbey Idand, Washington, was used as the control sediment. Neanthes
maintained in West Beach sand exhibited low mortdity and high percentage increases in biomass during
the exposure period, indicating that West Beach sand is a suitable materia for a control sediment. In
addition, West Beach sand was selected because it was used as a control sediment for a number of the
regulatory bioassays conducted in Puget Sound and is known to be relatively free of contaminants.
However, West Beach sand was adequate only when food was supplied.

Because control sediments may differ greatly from the test sediments with respect to physica and
chemicd sediment characteridtics (eg., grain Sze and organic content), a reference sediment is aso
included in the bioassay series. Data from the reference sediment can be used to partition contaminant
effects associated with a test sediment from those relating to the physical and chemica characteristics of
the test sediment. Johns and Ginn (19908) evauated the influence of sediment grain Sze on Neanthes
aurvivd and growth following exposure to sediments having differing granulometry (expressed as a
percentage of the glt/clay fraction in the sediment). The results of this experiment indicate that
Neanthes are able to survive and grow in awide range of sediment types. Johns and Ginn (1990a) aso
noted that satistica differences in growth could occasionaly be detected in Neanthes exposed to
widdy differing sediment types, and cautioned that reference sediment used in Neanthes bioassays
should have asmilar grain Sze and organic contert as the test sediments to avoid potentid differencesin
organism response related to the physical characterigtics of the sediment.

Nontreatment factors such as ammonia and sulfides can affect the results of subletha bioassays
such as the Neanthes biomass test.  When such nontreatment effects occur, water quality monitoring
measurements are necessary for determining the factors contributing to the expressed effect. For the
Neanthes biomass test it is recommended that ammonia and tota sulfides be measured at the beginning
and end of the test. Further ammonia and sulfides monitoring is recommended prior to the first and
second water renewas when initid monitoring reveds greater than 0.7 mg/L unionized ammonia or
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gregter than 5 mg/L totd sulfides (Dillon et a. 1993).
Test Sediments

The naturd geochemica properties of test sediment collected from the fiedd must be within the
tolerance limits of the test species. Johns and Ginn (1990a) determined the 96-hour LCso for Neanthes
exposed to seawater of different sdinity to be 15 ppt. Caution should be used when performing and
interpreting the results of Neanthes bioassays conducted with sediments with an intergtitid sdinity of
less than 20 ppt. Modification to the test sediment (e.g., mixing the sediment with high sdlinity water to
rase interditial sdinity) or test protocol (e.g., use of high sainity seawater in the exposure chamber)
might be consdered when testing sediment collected from low sdinity areas.

Bioassay Seawater

Seawater used in the biocassay should be maintained a a sdinity of 28 £ 2 ppt and a a
temperature of 20 + 1°C. If a series of experiments is planned, then the test temperature and sdlinity
should be the same throughout the series. The bioassay seawater must be uncontaminated.

Facilities and Equipment

Bioassay chambers are 1-liter glass containers with an interna diameter of gpproximately 10 cm.
The chambers are covered with lids to reduce contamination of the contents and evaporation of the
seawater or loss of volatiles. The bioassay chambers are maintained a 20 + 1°C in e@ther a shdlow
waterbath or in a congtant-temperature room. Exposure chambers are gently aerated with air that is
free of fumes, ail, and water. This air is ddivered to the exposure chamber by nontoxic tubing with a
glass Pasteur pipette suspended 3—4 mm below the water surface. The aeration rate should be between
150 and 300 mL/minute, or approximately 100 bubbles per minute.

Prior to use, dl glassware is thoroughly cleaned, following the Generd QA/QC guidelines for
equipment cleaning procedures.

Bioassay Procedure

Overview—The bioassays are conducted using a static renewa exposure system. Five replicate
tests are conducted for each fild sample. Each exposure chamber consists of a 1-liter
jar or beaker containing 175 mL of sediment (which should be gpproximately 2 cm in depth) and
ufficient seawater to bring the level up to 950 ml (Figure 1). Prior to testing, dl exposure chambers are
cleaned and rinsed in turn with digtilled water, 10- percent nitric acid (HNOs), and ditilled weter.
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FIGURE 1. Static exposure system used for the juvenile polychaete bioassay
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At the beginning of each tedt, five juvenile worms are randomly placed into each exposure
chamber. During setup, three subsamples of worms (five worms per subsample) are randomly sdlected
to provide an estimate of initid worm biomass.

During the exposure period, each exposure chamber is provided with 40 mg of food (i.e,, 8mg
per individua) on an every-other-day bass. Every third day, one-third of the seawater in each
exposure chamber is exchanged with fresh seawater. Water qudity measurements taken during the
exposure period include dissolved oxygen concentration, sdinity, and pH. These measurements are
made for each exposure chamber just prior to the seawater exchange.

Following the exposure period, the contents of each replicate chamber are sSeved through a
0.5-mm screen and the number of living worms is recorded.  Surviving worms are then placed in avid
containing clean scawater. After dl chambers have been seved, the surviving worms in each vid are
quickly rinsed with delonized water, placed on a preweighed duminum pan, and dried a 50°C to a
congtant weight. Totd weights are then determined to the nearest 0.1 mg.

Initiation—Prior to initiation of a bioassay, dl exposure chambers are cleaned as described
above, and test organisms are acclimated. On the day before test initiation, test sediments are placed in
each of the five replicate exposure chambers. Each chamber should be filled with 175 mL of sediment
S0 that a 2-cm sediment layer isformed in the bottom of the chamber. Sediment placed in the chamber
is smoothed by tapping the jar againg the pam of the hand. Once the sediment is smoothed, the
chamber is filled with seawater to the 950 mL level by gently pouring the water down the side of the
chamber. Filled chambers are placed in a 20 = 1°C waterbath and capped. An air line is inserted
through a hole in the cap. The exposure chambers are alowed to equilibrate overnight to bioassay
conditions. The photoperiod during testing should be continuous, using ambient light of low to moderate
intengty. Although the intengity does not have to be measured, light levels should be similar to that
obtained from fluorescent or incandescent light sources that are not placed directly over the water bath.

On the day of tedt initiation, juvenile worms are collected from the holding tank for digtribution to
the exposure chambers.  The worms should be handled as little as possble. Handling should be
conducted quickly and carefully so that the worms are not unnecessarily stressed. Any worms that are
accidentally dropped onto hard surfaces or are injured during handling should be discarded. To prevent
possible damage to the worms during handling, various handling procedures can be employed. One
procedure is to use a smdl, fine-point paint brush to remove the organisms from the holding tank.
Because Neanthes produce mucus over the body surface, individud worms are easily captured and
transferred with this procedure. Another handling procedure is to use a wide-bore pipette with an
attached bulb. Individua organisms can be collected in the pipette through suction and can be removed
from the pipette using a gentle flushing action.

Individua worms, in excess of the number needed to conduct the bioassay, are transferred from
the holding tank to a shalow dish containing seawater maintained at the test temperature and sdinity.
Worms placed in the shalow dish should be as similar in Size as possible, given the size range of worms
available from the holding tank. The mean size of worms used should be no smaler than 0.5 mg.
Worms transferred to the shallow dish should be observed to determine that they represent the best
worms available for testing (eg., al appear hedthy and represent the smdlest range in sze of test
organisms).
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Individuad worms are removed from the dish and randomly placed in a plastic cup (five worms per
cup) containing seawater. Enough cups are used to equa three more than the number of exposure
chambers that will be used during the bioassay. Once this procedure has been completed, worms within
a cup are randomly transferred to an exposure chamber by pouring the contents into the chamber. A
squirt bottle containing seawater maintained at the test temperature and sdinity can be used to free any
worms adhering to the cup. During the transfer process, three of the cups containing worms are
randomly selected and st asde. Worms from these cups are used to estimate initid total biomaess. To
determine initid total biomass, worms from these three cups are quickly rinsed with an isotonic, 0.9-
percent (w/v) ammonium formate solution of distilled weter, placed on a preweighed auminum pan,

dried at 50°C to a constant weight, and weighed to the nearest 0.1 mg.

Once worms have been placed in al of the exposure chambers, each chamber is checked to
ensure that arr is flowing to the chamber and that the worms have begun to burrow into the sediment.
Following setup, food (eg., TetraMain®) is provided to each chamber. To ensure adequate
digribution of the food within the exposure chamber, a smdl volume of seawater (i.e, 5 mL) at test
temperature and sdinity is added to the cup containing the preweighed food ration. Once wetted, the
food is poured into the exposure chamber. Water from a squirt bottle is used to rinse the cup of any
remaining food.

Following placement of the worms in the exposure chamber, initid (i.e, 1 hour) observations of
burrowing should be made. If a worm, a group of worms, do not appear to be burrowing and the
observer believes that the nonburrowing behavior results from factors other than sediment toxicity (e.g.,
reduced viability or damage to test organisms), then those organisms should be replaced.

M onitoring—During the 20-day exposure period, the test chambers are observed on a daily
basis to ensure that adequate aeration is provided and to note the genera status of each chamber (e.g.,
presence of accumulated food, burrowing activity of worms, and presence of fouling on sediment
surface). On an every-other-day basis, worms in each exposure chamber are provided with food. As
discussed earlier, 40 mg of food are provided to each exposure chamber. Thisfood ration is maintained
throughout the exposure period, even though mortality may occur during the test.

Evey third day, one-third of the seawater in each exposure chamber is replaced. Water
replacement is achieved by removing the agration line, then siphoning one-third of the volume and
caefully replacing it with fresh seawater that has been maintained at 20 + 1°C and at the appropriate
test sdinity. Steps should be taken during seawater replacement to ensure that test sediments are not
disturbed. One method of replacement is to add the fresh seawater by dlowing the water to dowly
flow down the insde wall of the exposure chamber. When the chamber is filled, the agration line is
placed back in the chamber and the air flow is adjusted to the specified leve (i.e, 150 to 300
mL/minute or gpproximately 100 bubbles per minute).

Prior to seawater replacement, dissolved oxygen, sdinity, and pH are determined in one randomly
selected exposure chamber for each sample. Dissolved oxygen is determined using a dissolved oxygen
electrode. Following determination of dissolved oxygen in each chamber, the dectrode is thoroughly
rinsed with 20 £ 1°C seawater. Sdlinity is determined on a small sample of seawater using a hand-held
refractometer. The seawater sample for the sdlinity measurement is obtained with a Pasteur pipette.
The pipette should be thoroughly rinsed with seawater between samples. The pH is determined with a
portable pH meter and probe. As with the dissolved oxygen dectrode, the pH probe is rinsed between
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readings.

Termination—Following the exposure period, worms from each exposure chamber are removed
from the test sediment. Two methods can be used to collect worms from each exposure chamber. In
the firgt, surviving worms are collected by seving the sediment through a 0.5-mm sreen. The Seve
should be gently shaken in awater bath rather than sprayed with water to remove the sediment. In the
second method, the sediment is placed in a white ename pan containing seawater and searched for
surviving worms. Worms collected from sediment often remain in their tubes. A worm can be removed
from the tube by gently prodding either end of the tube to force the worm to leave. Once out, the
worms are removed using ether the tip of a smdl paint brush or a wide-bore pipette.  Following
collection, the number of worms surviving is noted on data sheets.

To determine total biomass, surviving worms are quickly rinsed in isotonic 0.9-percent (w/v)
ammonium formate or digtilled water, placed on a preweighed drying pan, and dried a 50°C until a
constant weight is atained. Totad biomass is determined to the nearest 0.1 mg as the difference in
weight of the duminum pan with and without the worms.  Prior to ringng the worms, observetions
should be made to determine if food or sediment is present in the digestive tract. Such information may
be useful in explaining changes in individua biomass occurring during the exposure period.

During the sublethd test demongtration study, a congtant dry weight was attained within 24 hours.
To determine when a congant weight has been achieved, severa auminum pans containing worm
samples are removed from the drying oven, placed in a desiccator, and alowed to reach room temp-
erature. Following cooling, each duminum pan is placed on the baance and the weight is determined.
Following dry weight determinations, all samples are placed back in the drying oven. After additiona
drying (i.e, a least 1 hour), the same samples are again removed from the drying oven, adlowed to cool
in the desiccator, and reweighed. When the dry weights for the samples are the same for consecutive
readings (i.e., within 0.1 mg of each other), a constant weight has been attained.

Experimental Design

L ogistics—A typicd Neanthes bioassay for testing 10 sediment samples involves about 50 to 60
exposure chambers. Collection and preparation of test organisms, sediment, and seawater requires at
least four people for 2 days. Three or four people are required on the days tests are initiated and
terminated. One or two people can monitor atest in progress.

Controls—A control sediment and a reference sediment should be included as part of every tes.
The control sediment provides a nontoxic sediment to evauate the condition of the test organisms being
used in the bioassay. The reference sediment provides a test reference to partition contaminant effects
associated with the treatment sediment from those relating to noncontaminant characteristics (e.g., gran
gzeand tota organic carbon).
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A postive (toxic) contral is dso required for dl testing. This involves determining 96-hour LCso
vaues for Neanthes juveniles exposed in clean, filtered seawater without sediment to reference
toxicants (following standard bioassay procedures and under the same genera test conditions as the
sediment bioassays). Such data are necessary to determine the relative sengtivity of the animals (eg.,
seasond difference in sengtivity) for each test series to ensure comparability of the data. The commonly
used reference toxicant is reagent-grade cadmium chloride. Reported 96-hour LCso vaues for
Neanthes exposed to cadmium range between 5.0 and 22.0 mg/L (Reish 1984; Johns and Ginn 1990g;
Dillon et d. 1993). The LCso cdculated usng datain the Army Corps of Engineers DAIS database is
12.5+5.4 mg/L cadmium (n=30) (Army Corps of Engineers persona communication, 1994).

The positive control should be conducted with 10 juveniles per exposure chamber. The worms
should not be fed during the 96-hour LCso exposure.

The acute lethdity results must be reported adong with the sediment bioassay results. Bioassays to
edtablish an LCso involve four or five logarithmic concentration series and a control. At leest one
trestment should give a partial response below the LCso and one above the LCso. Statistical procedures
for the LCso estimate are given in APHA (1985).

Response Criteria—Survivd, totd biomass (dry weight), average individua biomass (i.e, totd
biomass divided by the number of surviving worms), and average individua growth rate are the four
response criteria that can be determined for the Neanthes bicassay.

Of the four endpoints, data collected to date indicate that the surviva endpoint isthe least sensitive
to changesin leve of contamination. Although surviva rates of worms in each replicate have generdly
been amilar, it should be noted that varigbility in percent surviva within replicates could be high since
each worm in a replicate represents 20 percent of the replicate survival. Thetota biomass endpoint is
an edimate of the biomass produced by the group of worms in the exposure container. Total biomass
represents an integrated measurement of lethal and sublethd effects. Thus, a reduction in total biomass
could indicate that one or more worms had died during the exposure or that the growth of al worms
had been reduced. Average individua biomass is an estimate of the biomass of each surviving worm.
Unlike the surviva and total biomass endpoints, worm survivd is not integrated into the determination of
individuad biomass. Dillon et d. (1993) recommend normdizing to initid weight to edimate average
individua growth rates. Worm surviva is an important ancillary measurement and should dways be
consdered in the interpretation of either biomass endpoint. Each of these response criteria should be
monitored in a "blind" fashion; that is, the observer must have no knowledge of the treatment of the
sediment in the chambers.

DATA REPORTING REQUIREMENTS
The following data should be reported by al laboratories performing this bioassay:

B Water qudity messurements during testing [i.e., dissolved oxygen, temperature, sdinity,
pH, sulfides (optiona), ammonia (optiond)]

B 20-day surviva in each exposure chamber and the mean and standard deviation for each
trestment
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Initid total biomass (dry weight) for three groups of five worms

20-day total biomass (dry weight) in each exposure chamber and the mean and standard
deviation for each trestment

20-day average individua biomass (dry weight) in each exposure chamber and the mean
and stlandard deviation for each trestment

Average individud growth rate (dry weight/day) in each exposure chamber and the mean and
standard deviation for each treatment

Interdtitid sdinity values of control, reference, and test sediments (both initid and find)

96-hour LCso vaues with reference toxicant (results for metallic compounds should be
reported in terms of the meta ion rather than as the weight of the whole salt)

Any problems that may have influenced deata qudity.

The growth endpoint is ca culated according to the following expression:

where

G = (DW: - DW)/T

G = edimated individua growth rate (milligrams dry weight/day)
DW; = estimated individua dry weight a termination (milligrams)
DWi; = mean edimated individua dry weight at initiation (milligrams)
T = exposure time (days)
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