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1.1 This guide covers procedures for measuring the bioac- 
,cumulation of sediment-associatid contaminants by infaunal 
.invertebrates. Marine, estuarine, and freshwater sediments are 
a major sink for chemicals that sorb preferentially to particles, 

'such as organic compounds with high octanol-water-
partitioning coefficients (KO,) (for example, polychlorinated 
,biphenyls (PCBs) and dichlorodiphenyltrichloroethane (DDT)) 
-and many heavy metals. The accumulation of chemicals into 
.whole or bedded sediments (that is, consolidated rather than 
suspended sediments) reduces their direct bioavailability to 
pelagic organisms but ikreases the exposure of benthic organ- 
isms. Feeding of pelagic organisms on benthic prey can 
reintroduce sediment-associated contaminants into pelagic 
food webs. The bioaccumulation of sediment-associated cou- 
taminants by sediment-dwelling organisms can therefore result 
ih kological impacts on benthic and pelagic communities and 
human health from the consumption of contaminated shellfish 

of measuring bioaccumulation by infauual 
marine, estuarine, and freshwater sediments 

The procedures are designed to generate 
quantitative estimates of steady-state tissue residues because 

ation tests are often used in ecological or 
k assessments. Eighty percent of steady-state 

as the general criterion. Because the results from a 
are often extrapolated to other species, 

e procedures are designed to maximize exposure to sediment- 
associated contaminants so that residues in untested species are 
not underestimated systematically. A 28-day exposure with 
8ediment-ingesting invertebrates and no supplemental food is 
"Ommended as the standard single sampling procedure. 

cedures for long-term and kinetic tests are provided for use 
en 80 % of steady-state will not be obtained within 28 days 
when more precise estimates of steady-state tissue residues 

dures are adaptable to shorter exposures 
es. Exposures shorter than 28 days 

be used to identify which compounds are bioavailable 

nee E 4 7  on Biological 
bility of Subcammiltee 

cd April 10. 2000. Published July 20W. Originally 
st previous edition E 1688 -W. 

(that is, bioaccumulation potential) or for testing species that 
do not live for 28 days in the sediment (for example, certain 
Chironomus). Non-sediment-ingestors o r  species requiring 
supplementary food may be used if the goal is to determine 
uptake in these particular species because of their importance 
in ecological or human health risk assessments. However, the 
results from such species should not be extrapolated to other 
species. 

1.3 Standard test methods are still under development, and 
much of this guide is based on techniques used in successful 
studies and expert opinion rather than experimental compari- 
sons of diierent techniques. Also, relatively few marine1 
estuarine (for example, Nereis and Macoma), freshwater (for 
example, Diporeia and Lumbriculus variegatus) species, and 
primarily neutral' organic compounds provide a substantial 
portion of the basis for the guide. Nonetheless, sufficient 
progress has been made in conducting experiments and under- 
standing the factors regulating sediment bioavailability to 
establish general guidelines for sediment bioaccumulation 
tests. 

1.4 This guide is arranged as follows: 
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1.5 Field-collected sediments may contain toxic materials, 



including pathogens, and should be treated with caution to 
minimize exposure to. workers. Worker safety must also be 
considered when using laboratory-dosed sediments containing 
toxic compounds. 

1.6 This guide may involve the use of non-indigenous test 
species. The accidental establishment of non-indigenous spe- 
cies has resulted in substantial harm .to both estuarine and 
fresbwater ecosystems. Adequate precautions must therefore 
be taken against the accidental release of any non-indigenous 
test species or associated flora or fauna. 

1.7 The values stated in SI units are to be regarded as the 
standard. 

.1.8 This standard does nor purpon to address. all of the 
safety concerns, if any, associared with its use. It is rhe 
responribili~ of the user of .this standard to establish appro- 
priate safety and health practices and determine the applica- 
bility of regulatory limitations prior to use. Specific precau- 
tionary statements are given in Section 8. 

2. Referenced Documents 
2.1 ASTM Standards: 

D 1129 Terminoloh Relating to Wate? 

D4387 Guide for Selecting Grab Sampling Devices for 


Collecting Benthic Macroinvertebra.tes3 
E 380 Practice for Use of the International System of Units 

(SI) (the Modernized Meujc Sy~tern)~  
E729 Guide for'Conducting Acute Toxicity ~ e &  with 

Fishes, Macroinvertebrates, and Amphibians3 
E 943 Terminology Relating to Biological Effects and En- 

vironmental Fate3 
E 1022 Practice f& conducting ~ioconcentration ~ e s t swith 

Pishes h d  Saltwater BivalveMolluscs3 
E 1367 Guide for Conducting 10-DayStatic Sediment Tox- 

icity Tests with Marine and EsNarine Amphipods3 
E 1383 Guide for Conducting Sediment Toxicity Tests with 

Freshwater Invertebratess 
E 1391 Guide for Collection, Storage, Characterization; and 


Manipulation of Sediments for Toxicological.Testing3 

E 1525 Guide for Designing Biological Tests with Sedi- 


ments3 
E 1706 Test Methods for Measuring the Toxicity of 

Sediment-Associated Contaminants with Fresh Water In- 
vertebrates3 

2.2 Federal Document: 
CER, Title 21, Food and Drugs, Chapter I Food and Dmg 

Administration, Depattment of Health and Human Ser- 
vices, Part 177, Indirect Food Additives: Polymers6. 

CFR, Title 49, Transportation Chapter 	 1 Research and 
Special Programs Administration, Department of Trans- 
portation Parts 10C-177, Subchapter A-Hazardous Ma-
terials Transportation, Oil Transportation and Pipeline 
Safety, Subchapter B--Oil Transportation and Subchapter 
C-Hazardous Materials Regulation6 

'Annual Book ofASTM Sto~rdards, Vol 11.01. 

'Annual Book ofASTM Srondnrds.Vol 11.05. 

4Discon1inued 1997; Replaced by IEEElASTM SI-10.

'Discanthued 1995; Replaced by E 1706. 

6Available from Superintendent of Documcnu, U.S. Govmmcnt Fiinung 


Office. Washington. DC 20402. 

3. Terminology 
3.1 Definitions: 
3.1.1 The words "must," "should," "may,"" c 

"might" have very specific meanings in this guide. "Must" is: 
used to express an absolute requirement, 
test needs to be designed to satisfy the s 
unless the purpose of the test requires a 
'Must" is used only in connection with the factors that 
directlyto.the acceptabiityof the test. "Shoul 
that the specified conditions are recommended and ought 
met in most tests. Although the violation of one "shou 
rarely a serious matter, violation of several will often 
results questionable. Terms such as "is 
desirable," and "might be desirable" are us 
with less i m p o r t ~ t  factors. "May" is used to mean "i 
allowed .to," "can" is 
"might" is used to mean "co 
distinction between "may" 
is never used as a synonym for either "may" or "can." 

3.1.2 For definiti0ns:of terms used. in this guide, refer? 
Guide E 729 andTerminologies D 1129 and E 943. For.: 
explanation. of,units and symbols, refer to Practice E 380: . 

3.2 Descriptions of TennsSpecific to This Standard: ..a 
3.2.1 alpha-see n p e  I error. 
3.2.2 apparent steady-srate-see steady-state. 
3.2.3 bedded sedimenr-seewhok sediment. 
3.2.4 bera-see ripe 11 error. 
3.2.5 bioaichnulation-the net a&umulation of 

stance by an organism as a result of uptake from all 
mental sources. 

3.2.6 bioaccumulation factor (BAF)-the ratio 
residue to s e d i t  co 

3.2.7 bioac~umulatio 
of whether acontaminant in a p 
able. 3 

3.2.8 bioconcentrarion-ihe net assimilation of a substaq 
by an aquatic organism as a result of uptake directly 
aqueous solution. 

3.2~9 bioconcentrarion factor (BCF)--the ratio 

ratio of lipid-normalized tissue residue to 
normalized sediment contaminant concentration at steady s 
withunits ofg-carboILg-lipid. 

3.2.11 block-a group of homogeneous 
3.2.12 coefficient of variation (CV)--a 

3.2.13 comparison-wise error--aQpe I error applied 
single comparison of two means. Contrast with experi 
wise error. 

3.2.14 compositing-the combining of 
sediment samples into a single sample. 

low levels of contamin 
contain only unavoidable "global" levels of 
Contrast with reference sediment. 



3.2.16 degradation-metabolic breakdown of the contami- 
nmt by a test species. 

3.2.17 depuration-loss of a substance from an organism as 
aresult of any active (for example, metabolic breakdown) or 
pessive process when the organism is placed into an uncon- 
taminated environment. Contrast with elimination. 
. 3.2.18 dichlorodiphenyltrichlomethane(DDT)- a common 

elimination-a general term .for the loss of a sub- 
ism. that occurs by any active or passive 

plicable in either a.contaminated envi- 

rtttioning bioaccumulation model-a 

making any Ty,pe I-error in a series 
ith comparison-wise error; 

experimental error-variation among experimental 
en the sarne.treatment. . . 

organism or organisms. to 
one trial of a single treatment is applied. 

tion of a sediment. 
sediment contained in the 

mphobic contaminants-low-contaminant water 
ually a strong tendency to 

cumulation tests with 
. . 

etabolism-see degradation. 

3 multiple comparisons-the statistical comparison of 
treatments simultaneonsly, such as with Analysis of 

no further degradnh'on-an approach by which a 
ncentration is deemed acceptable if it is not greater 
tissue concentration at a reference site. 
painvise comparisonr-the statistical cornpaxison of 
ments. Contrast with multiple comparisons. 
power--the probabiliry of detecting a difference 

,37 pseudoreplication-the incorrect assignment of rep- 
$1 often due to a biased assignment of replicates. 
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contaminated by the particular contaminant sourceunder smdy 
(for example, dredge material, discharge, and non-point ma-
om. A reference sediment should ideallycontain only back- 
ground levels of contaminants characteristic of .the region. 
Contrast with control sediment. 

3.2.39 replication-the assignment of a treatment to more, 
than one experimental unit. 

3.2.40 sampling unit-the fraction of the experimental unit 
that is to be used to measure the treatment effect. 

3.2.41 sfondard reference .sediment- standardized sedi- 
ment and contaminant used to estimate the variability due to 
variation in the test organisms. 

3.2.42 steady-state-a "constant" tissue residue resulting 
from thebalance of the flux of'compound into and out-of the 
organism, determined operationally by no statistical difference 
in three consecutive sampling periods. 

3.2.43 total carbon (TC)-this value includes organic and 
inorganic carbon. 

3.2.44 test sediment-the sediment or dredge material of 
. . concern. 

3.2.45 test treatment-treatment that is compared to the 
control or reference treatment. It may consist of .either a test 
sediment (compared to a reference or control' sediient) or a 
reference sediment (compared to the control.sediment). 

3.2.46 thermodynamic partitioning bioaccumulaiion 
model-see equilibrium partitioning bioaccumulation model. 

3:2.47 tissue residues-the contaminant concentration i n  
the tissues. 

3.2.48 toxicokinetic 6io'accumulation model-+ bioaccumu-
lation model based on the-feeding and ventilatory fluxes of the 
organism. . ,. .. 

3.2.49 freahnent-the procedure (type of sediment) whose 
effect is to be measured. 

3.2.50 i jpe Ierror-the rate at which Ho is rejectedfalsely. 
3.2.51 i jpe II ermr-the rate at which Ho is accepted 

. .filsely, 
.. . 

3.2.52 whoie sediment-consolidated or bedded sediment 
(that is, not suspended). Also referred to as bedded sediment. 

3.3 Symbols :' ' '' 

Ha-altemate hjrpothesis. 

Ho--null hypothesis. 

k,-uptake rate coefficient from the aqueous 


of g-water X g-tissue -'X time-'. Contrast with ks. 
in units 

k,--elimination rate constant, in units of time-'. 
K o c - o ~ ccarbon-water partitioning coefficient. 
K,,-octanol-water partitioning coefficient. 
k,sediment uptake rate coefficient from the sediment 

phase, in units of g-sediment X g-tissue -'x timee',. Contrast 
with k,. 

4. Summary of Guide 
4.1 This guide provides method descriptions for determin- 

ing the bioaccumulation of sediment-associated contaminants 
by infaunal invertebrates. The procedures focus on estimating 
steady-state tissue residues in sediment-ingesting organisms in 
a 28-day exposure. Alternative methods for estimating steady- 
state tissue residues from long-term or kinetic exposures are 
included, as are procedures for non-steady exposures. Sedi- 
ments tested may be either collected from the field or spiked 



with known compounds. Criteria for the selection of test 
organisms is provided, and several species are recommended. 
Recommendations areprovided concerning procedures to meet 
differing study objectives in sediment evaluations. These 
recommendations address the following: sediment physical and 
.chemical measurements; test organism selection, collection, 
and maintenance; construction and maintenance of exposure 
apparatus; sampling. methods and test durations; models that 
may be used to:predict bioaccumulation; and statistical design 
of testsiand analysisoftest data. 

5. ggn~eanee and Use 
5.1 Sediment exposure evaluations are a mitical component 

for both ecological and human health risk assessments. Cred- 
ible, cost-effective methods are. required to. determine therate 
and extent of bioaccumulation given the pogntial importance 
of bioaccumulatiog by benthic organisms. Sta@ardized test, 
methods to assess the bioavailability of sediment-associated 
contaminants. are required to assist in the development of 
sediment quality criteria (1,2)' and to assess the potential 
impacts of disposal of dredgematerials (3). , . . 

5.2 The extent to which sediment-associated contaminants 
are biologically available and bioaccumulated is important in 
order to assess theirdirect effects on sediment-dwelling organ- 
isms and assess their transport to higher-trophic. levels. Con- 
trolled studies, are. required to determine the potential for 
bioaccumulation that can be interpreted and modeled for 
predicting the impact of accumulated chemicals. The data 
collected .by these methods should be .  conelated with the 
current understinding of toxicity or,human. health risks to 
complete the hazard interpretation for contaminated sediments. 

6. Jnterfemnce 
6.1 State,of-the-art.sedimentquality evaluations are still in 

their infancy, due largely to methodological difliculties and the 
complex nature of sediments. The reader is cautioned that the 
area of sediment bioavailabiity is highly dynamic. Recom- 
mended methods and this guide will be updated routinely to 
reflect progress'in our un'derstanding of sediments and methods 
of studying them. The following factors should be considered 
when determining the bioaccumulation of chemicals from 
whole sediments. 

6.1.1 Maintaining the integrity of a sediment environment 
d d g  its removal, transport, and testing in the laboratory is 
extremely difficult. The sedimentenvironment is composed of 
a myriad of microenvironments, redox gradients, and other 
interacting physicochemical and biological processes. Many of 
these characteristics iduence chemical sorption and specia- 
tion, microbial degradation, and the bioavailability of 
sediment-associated contaminants. Any disruption of this en- 
vironment complicates interpretations' of treatment effects, 
causative factors, and in sim.comparisons. 

6.1.1.1 Chemical solubility, partitioning coefficients, and 
other physical and chemical characteristics will differ for 
sediments tested at temperatures other than those of their 
collection. 

T h e boldfacc numbors in pantheses refer to the list of nfmnccs st the end of 
this standard. 

6.1.2 Changes in the ratios between sediment and over1 
water may influence the partitioning and accumulation be 
ior of compounds. 

6.1.3 Interactions may occur among chemicals that may: 
present in thesediment. 

6.1.4 The use of laboratory-spiked sediment 

6.1.5 An acceptable quaiity of overlying. wa 
maintained. 

6.1.6 Addition of food to the test ~ h k b e r s  

may affect water quality. . 

6.1.8 The natural geochemical properties 
collected from the field may not be within 
of the test organisms. 

6.1:9 Field-collected sediments may c 

the sediment. This will 
mulation. , 

6.1.10 The longer 
approach steady-state 
However, long-term tests require greater resources and 
crease the analytical requirements and likelihood of 
involving the maintenance of the organisms and 
changes in sediment 

ties by absorption to sediment particles and to the test 
during the test. The dynamics of chemical partitioning 



. ... . . . 

solid and dissolved phases at the start of the test should be 
=onsidered, especially in relation to assumptions of chemical 
equilibrium. 

6.3 Flow-Through Tests-The equipment and facilities re- 
tests (with the renewal of 

tly more expensive than 
re, or salinity are more 

continuous monitoring 
ater can be produced by 

s waste may need to be monitored and 
ants or to ensure that nonindigenous 

are not released. 

ty should include separate constant 
for culturing and testing organisms. The' 
consists of replicate test chambers, any 
at hold the test chambers, the water delivery 

atement system. The test facility 
be weU ventilated and free of fumes. 
Enclosures may be needed to ventilate the test cham- 

contamination by test materials 
on and culture tanks should be 

ate area from that where the tests are conducted, stock 
or test solutions are prepared, or equipment is 

nditions should meet the re- 
ements of the study and test organisms. This may generally 

..,.,, ..
$:db~.accomplished by. means of coil-white fluorescent lights .at 

....*r. , .~~\.-,:..~.m:i~$ensityof .about 100 to 1000 lx. Other sources (incandes- 
uorescent/incandescent, and augmented photosyntheti- 

radiation) may be required for special purposes. 
v)radiation, especially W-B, is generally 

om 	artificially supplied spectra. :Although W-B 
cai~ enhance the toxicity of certain chemicals (pho- 

'ty), this should not be a major !imitation with bioaccu- 
n tests with infaunal species. 
: I  A timing device should be used, to provide a light- 

ess cycle if a photoperiod other than continuous light is 
,Practice E 1022 recommends 16 b day, 8 h night as a 
nient lightldark cycle. Schedules of 12/12 or 14/10 b 
ght are also acceptable and may be useful for delaying 

tionand spawning of some species. The experimen- 
should consider the specific requirements of the 

2.2 	A 15 to 30-min transition period (5, 6) when the 
on may be desirable to reduce the potential stress 

antaneous iilumination; a transition period when the 
0 off may also be desirable. 
Temperature-Test chambers may be placed in a 

rature-controlled recirculating water bath or a constant-
~rihve area to control the temperature. A temperature 

sponding to the average spring-summer temperature of 
study site should simulate the biologically most active 

' 2  Consrruction Materials-Materials used to construct the 
'P0sure system should not induce any reaction by the 
'ganisms or affect the contaminant concentdon or bioavail- 
bi l i~.Borosilicate glass and soft glass (soda-lime and win-

dow) have proved generally nonreactive to metals and organics 
and are the preferred materials where their fragility is not a 
major l i ta t ion .  Most rigid plastics (polyolefins, engineering 
resins, and fluoropolymers) are acceptable after conditioning, 
such as soaking in deionized water for several days. Some 
plastics, generally flexible types that contain mobile plasticiz- 
ers (phthalate esters), need to be tested for toxicity and should 
not be used if phthalate ester accumulation is studied Concrete 
and rigid plastics may be used for holding, acclimation, and 
c u l h ~ etanks and in the water-supply system, but they should 
be soaked, preferably in flowing water,.for several days before 
use (7).Stainless steel should not be used in direct contact with 
seawater because the alloy components of many stainless steels 
may react with saltwater. Cast-iron pipe should probably not be 
used in freshwater supply systems because colloidal iron will 
be added to the overlying water and strainers will be needed to 
remove rust particles. Choose another material if contaminant 
sorption to the internal surfaces of .containers is a problem. 

7.2.1 Any sealant used to construct the chambers must be 
nontoxic, such as a clear, nontoxic silicone-rubber-that meets 
FDA Regulation 21 CFR 177.2600, Office of Federal Register. 
Such materials &e usually specified for aquarium use and do 
not contain fungicides (for example, arsenic compounds). 
Exposed sealant at joints should be minimized to minimize 
contaminant sorption. Place the sealant used for mechanical 
reinforcement on tbe outside of the joint. Product literature on 
the material is helpful for determining the compatibility of a 
particular sealant to a contaminant. Allnew test chambers 
constructed shodd be soaked for at least 48 h in the overlying 
water used in the sediment bioaccumulation tests to leach 
potentially toxic compounds. 

7.3 Water Delivery System-Adequate amoimts of overly- 
ing water are required to ensure that the oxygen concentration 
is not depressed, metabolites d o  not'accumulate, 'and the 
organism's behavior is not impaired. The system should deliver 
water independently to each replicate treatment. Flow-though 
delivery systems that meet these criteria can be one of several 
designs (for example, Fig. 1). Various metering systems using 
different combinations of siphons, pumps, solenoids, valves, 
etc. have been used successfully to control the water flow rates. 
If a contaminant is added to the water supply, several dilution 
systems designs are currently available (8-10). 

7.3.1 The metering system should be calibrated before the 
test by determining the water flow rate through each test 
chamber. The metering system operation should be checked 
daily during the test. Flow rates through any two test chambers 
should not differ by more than 10 % at any paaicular time 
during the test. 

7.4 Tesr Chambers-Test chamber designs should.consider 
the conditions required to maintain an adequate environment 
for the test organisms. The designs should also consider the 
contaminant behavior, construction cost, maintenance, and 
ease of operation. The following recoinmendations are based 
on the standard 28-day exposure duration (see 12.2). Special- 
ized exposure chambers are described in Annex A6. 

7.4.1 The test chamber can consist of glass boxes, beakers, 
aquaria, or other containers 'of appropriate material. Beakers 
are an inexpensive exposure chamber for single or a few 
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Sampling Schemes 
for  Comparison-wise (a. and b.) 

vs Experiment-wise (c.) Error rates  

I a. Stra t i f ied  se lec t ion  of t e s t  s e d i m e n t s  

x - teat aite \ 
b. Select ion of t e s t  s e d i m e n t s  

along a g rad ien t  
Point source pollutant gradient 

- 3
* x x x x x x  
X - test nits 

C. 	 Selec t ion  of t e s t  s e d i m e n t s  f r o m  a 
p resumab ly  h o m o g e n o u s  s o u r c e  

/5@%c+. dredge barge -, 

X - teat aJts 

FIG. 1 ~epresentitlveSampling Schemes for Comparison-Wise 
Versus Experiment-Wise Error Rates 

. . , .  . .  ,, ~ 

individuals for many species. However, an aquarium fJled with 
suflicient sediment may be a more practical exposure chamber 
if large tissue masses composed of a composite of many 
individuals are required for analysis. The diameter of the 
exposure chamber and the sediment depth should be sufficient 
to allow the organism to bury and construct normal tubes and 
burrows. The opening of the exposure chamber should be large 
enough to allow the periodic addition of feeding sediment, if 
required (see 10.1). 

7.5 Exposure Systems: 
7.5.1 Static Exposure-In static exposure systems, test or- 

ganisms are exposed to sediment without flow-through over- 
lying water, although the overlying water many be exchanged 
on a periodic basis. The test chambers may be individual 
aquaria or beakers (for example, Ref (11)). A common design 
for bioaccumulation tests is sets of beakers submerged in 
aquaria in which overlying water is aerated and replaced with 
newly prepared water on a regular schedule (for example, Ref 
(12)). A more recent design places the experimental beakers in 
a water bath for temperature control and permits water renewal 
to each beaker independently (10). This improves the indepen- 
dence of each beaker as an experimental unit while maintaining 
the water quality. 

7.5.1.1 The beakers or aquaria in a static system should be 
covered to reduce evaporation and aerated gently to maintain 
dissolved oxygen levels at 40 to 100 90of oxygen saturation 
(Guide E 729). 

7.5.2 Flow-Through Exposure Systems- Chambers may be 
sets of beakers maintained in aquaria or entire aquaria for 

flow-through systems. Flow-through systems have theadv 

being tested, it is possible to place multiple species 
exposure chamber, which may reduce space re 
However, mixing multiple species tests has th 
both negative and positive interactions among species that c 
alter behavior andcould have unknown and varying effects. 
contaminant accumulation. Multiple species tes 

(15.4) should be used when comparing 
species kept in the same chambers becau 
not independent. . .' 

distilled water,' a water-miscible organi 
hydrochloric or nitric %id, and finally 
(16-18). Glassware for metal analyses should be 
wrapped in polytetrafluoroethylene 
wrap, whereas glassware for organic 
wrapped in PTFE or aluminum foil. 

8. Safety Precautions 
8.1 Personnel involved in bioacc 

of personnel protection must be 

paaicular type of protection re 

responsibility to know and c 
tions for the state in which y 
for citations of the Federal 

9. Overlying Water 
9.1 Requirements-Used 



bioaccumulation tests, overlying water should .be available in 
,dequate supply and unifonn quality. The acceptability of the 

er for test organisms is determined by satisfactory survival 
:growth without signs of disease or apparent stress. 

9.2.1 Source-NaTura- overlying water should be uncon- 
f constant quality to ensure that test organisms 
during holding, acclimation, and testing (see 
r additional details). Water quality should meet 

ing specifications as established in Guide E 729: 
ParUculate matter 4 mgl l  
Total organic carbon (TOC) <5 mgA 
Chemlcal oxygen demand (COD) e5 mgll  
Residual chlorlne ', 4 1  D e n  

. 9.3 Seawater: 
. :':9.3:1 Siurce-Seawater should be uncontaminated and of 
~::c&stantquality (See Guide E 1367 for additional details). If a 

le, collected seawater 

behaviorofithe test species is not altered by using artificial 
8:iPrepare'artificial water with deionized water or distilled 

:3:2 Salinity-Practice El022 recommends that the over- 
g:water salinity for marine systems should vary less than 2 
.or:.ZO:% of the average, whichever is higher. Where the 

varies (as in water drawn from esmaries with season- 
*river contributions), high-salinity water should be 
ufficient.quantity to supply the test system during the 

, . 

s (that is, ammonia) can build up i n  static 
the pH value. Maintain the pH between 6.5 
E 1022y. Aeration will help maintain the pH, 
ic replacement of water. . . ' . 

ortant t o  filter the water to remove 
p)for testing. 

Constant water quality should be 
water of the holdig aquaria, 
above 2.5 mg/L (Guide E 729) 

centrations 4 0  pg/L (Practice 

e biomass in each holding 
g water with a minimum flow 

ommended as a means of 

table system) and free of 

above the surface to 

E 1688 

any salt crystals or encrustations forming at the orifices. If air 
is provided from a compressed air tank, specify that the 
composition includes about 0.3 to 1.0 % CO, to help control 
the pH. 

9.7 Essue Load-For a flow-through system, Practice 
E 1022 recommends not more than one filter-feeding bivalve 
(40 to 60 mm from umbo to edge of distal valve) per litre per 
hour. This woad be equivalent to a minimum tlow of 1 Lm/g 
wet tissue for an oyster. However, this requirement is based on 
feeding and does not account forthe sediment oxygen demand. 
In addition to the flow rate per gram tissue, flow-through 
systems should be designed to achieve five turnovers per day 
(Practice E 1022). 

9.7.1 In static systems, the water volume to loading ratio 
should be sufficient to maintain the oxygen levels at 
22.5 mg/L of saturation. A gentle aeration helps maintain the 
oxygen level as does changing the water two or three times per 
week. 

9.7.2 It is important to take into account the total sediment 
oxygen d e b d  when d e t e t h h g  the oxygen demand for the 
system. In most cases, the sediment microbial demandwillbe 
several fold greater thanthe oxygen used by the test. species. 
The total oxygen demand of sediments ranges from el to over 
100 mL O,/mz/h (for example, Refs (25-27)). $.general, the 
total oxygen demand will increase with temperature and 
organically rich sediments. To maintain appropriate water 
quality, eithet increased flow or aeration can account for this 
increased demand and flow, and aeration should: be the same 
among treatments. 

9.8 Temperature?-The temperature shouldnot vary by more 
than 1°C in a 12-h ,period (Practice E 1022) and 3'C over a 
short. period. A storagetank within the laboratory will help 
ameliorate natural fluctuations in temperaturein flow-through 
systems. . . 

9.9 Background Contamination-Regardless of whether 
flow-through .or static systems. are used, the water..should be 
analyzed for background levels of contaminants, especially if it 
is collected from an urbanized area. If a contaminant i s  
detected in the water, its potential uptake can be estimated by 
multiplying the water concentration by the bioconcentration 
factor (BCF) for that compound. A different water supply 
should be used if the calculated tissue residue i s  greater than 
that acceptable for a control organism (see Table 1). BCF 
values and methods for estimating BCFs can be found in Ref 
(28). 

10. Sediment . , 
10.1 SedimentAmounts-Sediment serves as the habitat and 

source of food and contaminants for the test organisms. 
Adequate amounts of sediment are required. to ensure that 
supplies of food and contaminants are not depleted subsfan- 
tially and that the organism's feeding behavior is not impaired. 
Deposit-feeding organisms may reingest the same particles if 
insufficient sediment is added. Alternatively, there may be a 
reduction in the appropriately sized particles if the fecal pellets 
are resistant to breakdown, especially for the more selective 
deposit-feeders: Bothof these processes could reduce the mass 
of bioavailable chemical. Although both reingestion and pel- 
letization of sedimentsoccurs in the field (see Ref (29)), the 



TABLE IRearesentatlve Contml Oraanlsm Tissue Resldues 

OrganicsA Various Puget Yaqulna Bay. 
(ppb wet welght) East Coast Sltese SoundC ORo 

CB 4.0-70 

i ( i b k ) ~  

BaP 

ODT 
HCB 0.024.17 4 3 0  

Naph d . W . 1  ~0.05 

PAH 0.02-7.2 4-17€ 

PCB 10-70 4.0-10 

Pe~cidss  4.03-0.8 


Melds" Various Pugst Yaqulna Bay, 
(ppm wet weight) East Coaat Sitese SoundC ORD 

AB 0.2-2.8 
As 1.5-3.9 
Cd <0.06-4.0 <0.005 
Cr 0.28-2.5 . 
Cu 0.1-7.2 4 . 5  
He <0.05-1 .2 1.0 
Ni 4.4-7.0 
Pb <O.E-2.6 
Zn 2.4-30 Q.0 

A CB = chlometed benzenes, B(lbk)F n benzo(l,b.k)fiuoranthene. BaP = 
benzo(a)pyrene, HCB -hexachlorobenzene, Naph -naphthalene. PAH = polycy-
cllcaromatlo hydrnoahons, and PCB - paiychlorlnated biphenyls. 

SBB RE^. (ao). 
See Ref. (31). 


DUnpubllshed data. 

Esee Refs (30,31). 


rates may be exaggerated in laboratory systems. 
10.1.1 The initial amount of sediment placed in each expo- 

sure chamber will depend on test species requirements. If 
sediment is added periodically to the test chambers during the 
bioaccumulation test, the amount of sediment added initially 
needs to be deep enough to allow normal buying and feeding 
and should equal or exceed the consumption requirements for 
the exposure period. As selective deposit-feeders ingest the fine 
grain fraction of a sediment selectively, it is important to obtain 
an accurate estimate of the sediment processing rates of the 
size fraction ingested by that species. Compilations of sedi- 
ment processing rates (for example, Ref (29)) can be used to 
estimate 'these requirements. 

10.1.1.1 Assuming periodic sediment additions to the expo- 
sure chambers (see Section 13),.at least 50 g of wet sediment 
for each 1 g of wet flesh tissue (excluding shell) should, be 
added initially for surface deposit-feeding bivalves and many 
larger marine deposit-feeders. For funnel-feeders such as 
arenicolid worms, at least 200 g of wet sediment to each 1 g of 
wet flesh tissue may be required for conshuction of a normal 
feeding burrow. The initial depth for the deposit-feeding clam 
Macoma should be at least 2 cm and preferably 3 to 5 cm, 
whereas a large lugworm may require 5 to 10 cm of sediment. 

10.1J.2 For Lumbriculus variegatus.. the tissue loading rate 
has been demonstrated to influence the bioaccumulation of 
contaminants (32). The loading is thus suggested to be no less 
t h e  50 g organic carbon in the sediment per gram dry weight 
of worms. This will provide sufficient food and aontaminint for 
a 28-day test without the depletion of resources. 

10.1.2 If periodic sediment additions are not made, the 
initial amount added should exceed the total amount processed 
over the duration of the experiment by at least two-fold and 
preferably five-fold. Thus, for the organism with a 2 glg-tissue1 
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day -sediment processing rate, approximately 
sediment should be added per gram of tiss 
organism can deplete the food or contaminants 
specific feeding zone in a laboratory, especially by 
deposit-feeders, regardless of the amount of sediment 

inorganic carbon, oil and grease, and interstitial w 
Acid volatile sulfides (AVSs) may prove helpful 
mining the bioavailable fraction of c 

10.3 C O N  and Reference S 
tween control and reference sediments is critical 
tion of the results. 

10.3.1 A control sediment c o n k s  no.or very 

bioaccumulation from the test sediment. Comp 

or exposure system has occurred. Grain size, TOC, ando 
key ~hysicochemical characteristics of the control se . - .  
should resemble closely those of the test sediment to the &k 
possible. . . . . ... 

,::* 
!? 

10.3.2 Incomoarison. a reference.is.sedient collecte 
the same region as the site of co 

of the.speci6c contaminant studied. The reference 
should resemble the test material closely 
and other physicochemical characteristics.. 

10.3.3 Bioaccumulation in a test sediment can be co 
to that in a reference sediment to determine whether 
cantly more accumulatio 
designated site. This ap 

10.3.4 The use.of a reference site is 
further degradation" approach is used 
ability of an industrial or municipal discharge or 
operation. The reference sediment should not co 

the tissue residues in organisms exp 
may not differ significantly from those in the test 
even though the organism expo 
accumulated an unacceptable tissue:residue. 

10.3.5 Criteria for Control and Reference' S 
There are no simple criteria available for judging 
abiity of a sediment as a control or reference sediment. 
the concentration of every anthropogenic 
example, PCBs and DDT) in acontrol se 
significantly indistinguishable fro 
tions of naiurally occuning comp 

these criteria in practice. Sediment. with contaminant con 
trations similar to the concentrations given in Table 2 rep 



? TABLE 2 Represenletlve Control Sedlment Coneentratlons 
Southern Fresh 

, - & w o u n d  CallfomiaA LzB 0regonC watero 

qulna and Alsea Bays, NewpoR and Waldpon.OR (unpublished data). 

undlslurued agricultural sol1 collected from Florissanf MO (38). 


nzo(l,b,k).fluoranmene. 

unpublished data, U.S. EPA, Newport. OR. 

matic hydrocarbons. 


asured compounds. Altema- 
concentrations at a putative control site can be 

trations (normalized by the 
. This document, presents 
s for approximately 200 

ted States, with the 
st ten stations. Sedi- 

Is. Neither sediment 
in Table 2 nor the 

The acceptability of a reference sediment depends 

or site of collection. The extent of this variation should 
sessed especially if the results will be compared from tests 
Wed a t  different seasons or from tests using organisms 

d constant contaminant (organic 
erimental treatment that uses 
positive control and may be 

d in addition to the normal (negative) control. Differ- 
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reflect the variation associated with other test parameters 
example, overlying water, nutritional quality of the sediment, 
and analytical variability). Using a standard reference sediment 
would also help standardize .the results from different labora- 
tories or. different species. 

sediment toxicity tests (for example, Ref,(40)), they havenot 
been used adequately in 'sediment bioaccumulation tests. Pan 
of the problemis the absence of a standard.sediment suitable 
for bioaccumulation tests. An interim solution is for each 
laboratory tomake its own in the absence of such a national 
standard. 

10.X6.3 A laboratory-dosed sediment is recommended for 
use as a standaid because of potential spatia 'and temporal 
variations in the chemical concentrations of field sediments. 
Dosing methods are discussed in.Guide E.1391.Sediment used 
for the standard reference can be collected at the site at which 
the test organisms are collected or areknown to exist in nature 
for laboratory-cultured organisms. If that is impractical, the 
physical characteristics (for example, grain size and TOC) 
should match those at thecollection or natural habitation site 
closely. Indigenous organismswill have to berremoved before 
use of the sediment. The undosed sediment can be stored for 
long periods, by either freezing or drying for the purpose. of 
providing a constant exposure regime. Before either.of these 
storage techniques are used, toxicity tests shouldbe conducted 
on previously frozen or dried uncontaminated sediment to 
ensure that the technique -does not affect the test species 
adversely. The sediment would be dosed in a standard manner, 
and the holding time between dosing and the,initiation of 
organism exposure should be held constant. 

10.3.6.4 Thestandard reference sediment will ideally be 
dosed with a suite of compounds ranging in chemical proper- 
ties. Alternatively, a single organic or a single metal could be 
chosen as a representative compound(s). A specific PCB 
congener, not an Aroclor, is a good candidate for the organic 
compounds because of the wealth of information on PCBs, 
their: high bioaccumulation potential, and their resistance to 
metdbolism. A good choice for this congener'2, 2'$4,4'. 5, 5' 
hexachlorobiphenyl W A C  No. 153), which is the most 
frequently occurring PCB congener in environmental samples 
(41) and is bioaccumulated by marine worms and clams readily 
(15,42, 43). It would beuseful to include compounds from a 
second class of chemicals, such as a polycyclic aromatic 
hydrocarbon (PAH) congener, since PAH congeners exhibit 
behavior substantially different from the PCB congeners o f  
similar octanol-water partition coefficients (44,45). Cadmium 
i s  suggested as a general reference metal. The bioaccumulation 
of sediment-associated cadmium has been studied in a number 
of organisms (46) and has been suggested as the reference 
toxicant for Neanthes growth tests 40). However, because toxic 
compounds may alter the behavior of organisms, changes in 
behavior can alter the bioaccumulation. Thus, metals such as 
zinc that are much less toxic than cadmium and have been wen 
studied may be better for reference tests. 
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10.4 Field-Collected Test Sediment-Bioaccumulation tests 
use sediients collected in the field and brought back to the 
laboratory or manipulated experimentally in the laboratory. 
The handling can result in both cases in the loss of h e  
sediments, interstitial water, and water-soluble compounds; 
oxidation of compounds; or contamination by metals and 
organic compounds. This disruption can change physicochemi- 
cal properties such as grain size distributions, chemical con- 
ceniations, sorption equilibria, speciation, and complexation, 
thereby affecting chemical bioavailab'ity (16, 47, 48). Al-
though some changes are unavoidable, they can be minimized 
with appropriate techniques. The specific techniques used will 
depend on the goal of the experiment and chemicals of 
concern. In particular, techniques suited, optimally to study 
metals may not be suitable for organic compounds (see Guide 
E 1391 and Ref (16)). The sediment manipulation methods 
presented in Guide E 1391 and Classification D 4387 should be 
followed when possible. 

10.4.1 The depths from which sediments are collected can 
affect bioaccumulation test results; a consistent depth should 
therefore be used in all collections. Sediments are spatially and 
temporally variable. Replicate samples should be collected to 
determine variance in sediment characteristics. Sediment 
should be collected with as little disruption as possible; 
however, subsampling, compositing, or homogenization of 
sediment samples may be necessary for someexperimeutal 
designs. Sampling may cause loss of sediment integrity, change 
in.chemical speciation, or disruption of chemical equilibrium 
(Guide E 1391). A benthic grab or core should be used rather 
than a dredge to minimize disruption of the sediment sample. 
Sediment should be collected from adepth that will represent 
expected exposure. Forexample, oligochaetes may burrow 4 to 
15 c m  into sediment, 

.10.4.2 Marine intertidal sediments may be hand collected 
using shovels, scoops, spatulas, or coring tubes. To maintain 
the sample layers intact, deposit the sediment sample into an 
appropriate container or, plug the top and bottom of the tube if 
a corer is used. Core samples may be sectioned later at specific 
depth-intervals for analytical and. bioaccumulation tests. (16, 
34, 48). 

10.4.3 Box corers and benthic grabs are used commonly to 
collect subtidal and fresh water sediments: The sampler choice 
will vary according to the firmness of substrate, volume of 
sediment needed, and type of ship available. Box corers are the 
preferred collection device because they disturb sediment 
layers the least and retain fine particles. Although more 
disruptive to sediment layers, a Smith-McIntyre or modified 
Van Veen grab is acceptable. Compared to the box corer, these 
grabs operate in sandier bottoms, are easier.to handle,require 
fewer personnel, and operate .in heavier seas (16, 34, 48). 
Scrape surficial sediment from the grab or box corer samples 
and store immediately in appropriate containers (Guide 
E 1391). Flocculent material should be considered to be part of 
the sample (17). 

10.4.3.1 The original sediment layering needs to bepre- 
served if depth profiles are of interest. Take core samples from 
the center of the grab sample once on shipboard, and section 
them vertically at specific depth intervals (16). To minimize 

oxidation and changes in other chemical properties, plac 
plastic or FIX3bags or containers of appropriate compositio 
and diameter over the ends of core tubes, and extrude th 
samplesto specified depths. 

10.4.4 Construct all collecting equipment with appropria 
materials and clean equipment to reduce the possibility 
contamination. (See 7.2 for general contaminant-materi 
inteIBctions.) 

water between stations should suffice in most studies, al 

However, acetoneis preferable if only one org 
used to clean equipment. 

10.4.6 Specifics of the field s'ampling desi 
number of sites and number of samples per site, depend on: 
goals of the study and type of spatial reso 
Guidance for designing field sampling pro 
in Refs (17, 51, 52); 

location in appropriate coordinate units) and should 
additiod information such as the replicate number, 
sampler description, numbers and khds 
ment characteristics, temperature, sali 
depth, sieve size, date and time, we 
chief scientist and team members, 

10.6 Field Storage =ndTranspo 

10.6.1 Store the sediment sample in a bag or jar 
ately after collection to diminish these effects..FTFE c 
or brown bornsilicate glass jars with PTFE-lined 

need. to be cleaned completely and stored in a 
container to avoid contamination. Cleaning protocols 
the exposure system 
storage containers (7.6). 

10.6.1.1 illj jars and bags completely with sedimen 
eliminate airspace and retard the oxidation of metals, butq 
as much of the interstitial water as possible (3,17). Re 
sample containers in insulated cartons or ice chests 

contamination and freezing of the sample. 



. . 	 overnight or 24-h canier to the laboratory after the completion 
of sampling. Refrigerate the samples at 4°C upon arrival. 
.Guidance for shipping hazardous materials can be found in 
::CFR49, Parts 100-177 (O5ce of Federal Register). 

: , i 10.7' Loboratory Sediment Storage-Keep the time between 
' .sediment collection and use in bioassays to a minimum. Store 

.sediments polluted with either metals or organic com- 
ds, although high-densitypolyethyleneand PTFEcontain-

also acceptable. Remove large organisms and extrane- 

after collection in the dark at 4°C. Tradi- 
s held that sediment tests should be started 

following collection from the field, al-
ended storage times range from two 
o less than eight weeks (231). Discrep- 
storage times reflected a lack of data 

long-term storage on the physical, 
al characteristics of the sediment; 
s have recently been conducted to 
sediment storage (213-219). The 
ndations offered by these studies 
ear to depend primarily upon the 
) present. Considered collectively, 
the recommended guidance that 

between the time of collection 
ropriate. Additional guidance is 
1391 and Test Method E 1706. 
sediments that contain high 
als, for example, ammonia, 

lead to a loss of these 
tion in toxicity or bio- 
,the sediment should be 

exhibit considerable 

14,215,217). For 

low toxicity. DeFoe and Ankley (215) hypothesized that this 
variability partially reflected the presence of indigenous preda- 
tors that remained alive during this relatively short storage 
~eriod; thus, if predatory species are known to exist, and the 
sediment does not contain labile chemicals, it may be desirable 
to store the sediment for a short period before testing, -for 
example, two weeks, to reduce potentiabfor interferences from 
indigenous organisms. Sediments that contain .comparatively 
stable compounds, for example, high molecular weight com- 
pounds, suchas PCBs, or which exhibit a moderate-to-high 
level of toxicity, typically do not vary appreciably. in toxicity in 
relation to storage duration (215, 217). For these sediments, 
long-term storage, for example, greater than eight yeeks, can 
be undertaken. 

10.8 Sediment Preparation and Homogenization-Before 
using afield sediment, remove any extraneous materials (for 
example, macroalgae, wigs, rocks, and large organisms). 
Disturb the sediment as little as possible during this process. 
This can be accomplished by.gently spreading the material out 
in a glass pan and removing large -objects with forceps. 
However, keep contact with air to a minimum and use plastic 
tools if metals are the primary focus. . . 

10.8.1 While seiving is not recommended, it may be neces- 
sary to sieve field sediments to remove predatory organisms or 
large amounts of extraneous materials. This could be accom- 
plished by sieving the sediments through a 1 t o  2-mm mesh 
sieve. The sieve size should be as large as is reasonable to 
minimize sediment disturbance. Using as small a volume of 
water as possible, sieve *e.sediment over a large container (for 
example, a garbage pail) to allow for the retention of sediment 
fines. After letting. the suspended fines settle for 6 to 24 h, 
siphon off or .&antthe overlying watercarefully, and mix the 
settled fine particles back into the sediment. The characteristics 
of the sediment should be determined before and after sieving 
(see 10.2 of Test Method E 1706). 

10.8.2 After settling or storing the sediments, mix them well 
immediately before taking aliquots for chemical analysis, 
spiking, or bioaccumulation tests. This helps ensure homoge- 
neity and.mix any separated interstitial water back into the 
sediment. If grab samples were divided into several containers, 
mix the respective sediment samples together before sampling 
or using themin biological tests. Large sediment masses ca i  be 
mixed manually in an appropriately cleaned glass tray or 
plastic tub or rotated in jars on a rolling mill. Homogenize 
control and reference sediments in the same nianner as 'test 
sediments. 

10.8.2.1 Inspect the sediment visually to judge the extent of 
homogeneity. Excess water on the surface of the sediment can 
indicate the separation of solid and liquid components. If a 
quantitative measure of homogeneity is required, take replicate 
subsamples (see 12.3) from the sediment batch and'analyze for 
TOC, chemical concentrations, and particle size. 

10.8.2.2 Some changes in the sediment are anticipated with 
mixing. Prolonged stirring can abrade flocs and change the 
sediment's physicochemical properties, such as dissolved or- 
ganic matter (DOM) (49). 

10.9 Sediment Spiking-The addition or spiking of chemi- 
cals to sediments is a frequent sediment manipulation. Other 



manipulations include the addition of inert substances to 
produce a less polluted sediment and alteratton of the sediment 
characteristics, for example, organic content or particle size. 
Sediment manipulation techniques have not been standardized, 
so exercise cautlon when comparing results from merent  
techniques until standard methods are developed or techniques 
are intercalibrated. Prepare and marupulate control sediments 
in the same manner as test sediments because manipulations 
can alter sediment properties (see Guide E 1391 and Test 
Method E 1706 for additional details on spiking sediment.) 
Limited studies have been conducting comparing appropriate 
methods for spiking chemicals in sediment. Additional re- 
search is needed before more definitive recommendattons for 
spiking of sediment can be outlined in this standard. The 
guidance provided in the following sections has been devel- 
oped from a variety of sources. Spiking procedures that have 
been developed using one sediment or test o r g a s m  may not 
be applicable to other sediments or test organisms. See USEPA 
(1997) and Guide El391 for additional detail regarding sedi- 
ment spiking techniques. 

10.9.1 Test sediment can be prepared by manipulating the 
properties of a control sediment. Additional research is needed 
before formulated sediments are used routinely for sediment 
spiking procedures, for example, identifying standardized and 
representative sources of organic carbon. (see Test Method 
E 1706). Mixing time (220) and aging (221, 222) of spiked 
sediment can aEect bioavailability of chemicals in sediment. 
Many studies with spiked sediment often are started only a few 
days after the chemical has been aiided to the sediment. This 
short time period may not be long enough for sediments to 
equilibrate wlth the spiked chemicals (see 10.9.3.3). Consistent 
spiking procedures should be followed in order to make 
interlaboratory compadsons. It is recommended that spiked 
sediment be aged at least one month before staning a test; 
however equilibration for some chemicals may not be achieved 
for long periods of time. See (W3), Guide E 1391, and Test 
Method E 1706 for additional detail regarding sediment spik- 
ing. 

10.9.2 The test material(s) should be at least reagent grade, 
unless a test using a formulated commercial product, technical- 
grade, or use-grade material is specifically needed. Before a 
test is started, the following should be laown about the test 
material: the identity and concentration of major ingredients 
and impurities; water solubility in test water; log K.,,, BCE 
(from other test species), persistence, hydrolysis, and photoly- 
sis rates of the test substance; estimated toxicity to the test 
organism and to humans; if the test concentration(s) are to be 
measured, the precision and bias of the analytical method at the 
planned concentration(s) of the test material; and, recom-
mended handling and disposal procedures. Addition of test 
material@) to sediment may be accomplished using various 
methods, such as a rolling mill, feed mixer, or hand m&ng (see 
Guide E 1391; (223)). Modifications of the mixing techniques 
might be necessary to allow time for a test material to 
equilibrate with the sediment. Mixing time of spiked sediment 
should be limited from minutes to a few h o w  and temperature 
should be kept low to minimize potential changes in the 
physico-chemical and microbial characteristics of the sediment 

(see Guide E 1391). Duration of contact betw 

subsamples is advisabl 
homogeneity.(224). Moreover, results 
studies should be compared with the re 

the same way, including solvent addition and evaporation, b 
contain no added chemical) should .& testedin addition; 
regular negative controls. 

10.9.2.2 Organic bolvents such astriethylene g 
nol, ethanol, or acetone may be used, but they 

bioavailability, form, or toxicity of 'the test material... .': 
10.9.2.3 S&cient time should be allowed after spiking: 

the spiked chemical to equilibrate with sediment 
For organic compounds, it is recommended that the se 
be aged at least one month before starfing a test. Rvo .m 
or more may be necessary for chemicals with a high log 

aging :is recommended highly as a means 
equilibration of the spiked sediments. Monitori 

solvents may influence dramatically the concentration of 
solved organic carbon in pore water. If an organic solvent i 
be used, the solvent should be at a concenmtion that does 
afFect the test organism. The solvent control must contain' 
highest concentration of solvent present 

11. Test Organisms 

because of natural fluctuations (54), 
or succession during recolonization (56), the species selec 
for testing may not be closely re1 
ecologically to the species at the i 



.11.1.1 Many common indigenous species do not meet the 
..cfiteriafor use as a bioaccumulation test species, negating any 

fusing a native species. Even when an indigenous 
ecies is acceptable, established surrogate test species offer 
veral advantages. There is considerable information on the 

ce and biology-of the recommended test species. 
re, an available accumulation database for standard 

species will permit comparisons of bioaccumulation under 
rent environmental conditions. 
,1.2 Surrogate species are recommended for routine 
toring of sediments. Local species that meet the various 

eria discussed as follows can be tested along with the 
commended bioaccumulation species. The local species 

be substituted in fun~retestsif they prove acceptableand 
sults intercalibrate with those from the standard species. 
species that da not meet the criteria but are of special 

m (for example, lobster) can be tested in addition to 
te species but should not be substituted for them. 
Selection Criteria-The choice of test species can 
influence the success,. ecological significance, and 

tability of a .bioaccumulation test. No one species is 
for a l l  conditions given the potential range in 

tal characteristics. However, two characteristics, 
ent mgestion and contaminant resistance, are required of 

accumulation test species, as well as a number of other 
characteristics. These characteristics are summarized 
s, and in Table 3. 
First, test species must ingest sediment because 
ingestion is themajor uptake route for higher K, 
ds for some species (45, 57-59). Many benthic 

invertebratescan vary their feeding mode, and this requirement 
does not preclude the use ,of facultative filter-feeders (for 
example, Macoma) as long .as the primary exposure route 
during the experiment is whole sediment (that is, no resus-
pended particles or phytoplankton). Obligate filter feeders and 
obligate predators should not be used as bioaccumulation test 
species since the sediment ingestion route may beavoided. 

11.2.2 The second attribute for bioaccumulation test species 
is contaminant resistencexo survive the exposure with a 
minimum level of mortality. This requirement precludes the 
species used routinely in sediment toxicity testing (for ex-
ample, Rhepoxynius and Hyalella), atleast for more highly 
polluted sediments. 

11.2.3 Environmentally collected sediments display a wide 
range of toxicities. Organisms that are very pollutant tolerant 
.may thus be required to produce an acceptable test. In general, 
mortality greater than 10 % is not acceptable for a bioaccumu-
lation test. However, the response of the organism can be 
altered ifsignificant mortality occurs: Organisms exposed to 
high concentrations can exhibii accumulation kinetics different 
from those at lowerdoses. These alterations can result in either 
enhanced (60,' 61) or reduced (32) bioaccumulation. The 
reduced accumulation is often observed with overt avoidance 

. .of sediment. . . 

11.3 ~es i rableCriteria-In addition to the required criteria, 
there are a number of desirable characteristicsthat either make 
the tests easier to perform and the interpretation more strai~ht 
forward or allow the results to be applikd to a wider rangeof 
hab~tats. 

:.*.. . . ..,..,..,.),: . . , TABLE 3 Test Soecies CharacteristicsA . . . 

Bloaccumulatlon, 

+ -
- . - t +  

.++ " + - .  - + + 

++  - + + + 
+ + + - + 
+ + + _ i - + 

+ . . + + + + 
FFISDF? + c5 - + + ++ 
SSDF - $20" + - - + + 

+ + + 
SSDF - 515 + + +  + + + 

+ + + - + 
umbriculus varigafus SSDF - ? + +  + +  + + +-IIQochaetes(earthworms) SSDF + + ? ? + + -

.. .4 
: s+ +=veiy good, + = good. - = poor or Insufllcient, and '= recommended species. 
:. cFUN = funnel feeder. 

. , . o  SSDF = subsurlace deposlt-feeder. 
, . E  SDF - surface deposit-feeder. 
.0 =omnivore. 

= filter feeder. 
,,Tolerance to 28 h. 

Col= co~ieotssmace pa~ l~c~es .  



11.3.1 The ease of obtaining test species in suflicient num- 
bers at the correct season is of concern when planning repeated 
tests. Collection ease is determined by a species' abundance, 
habitat (intertidal versus subtidal versus offshore), robustness 
to collection techniques, depth in the sediment, and seasonaliW. 
The time required to collect s a c i e n t  numbers of healthy 
individuals for testing can be substantial. In general, it is 
pmdent to collect twice the number required, especially with 
organisms that are susceptible to damage during collection or 
transport. Alternatively, test organisms may be purchased from 
biological supply houses or local collectors. Local bait suppli- 
ers may sell marine species such as Nereis and Callianassa and 
freshwater species such as Hexagenia. The health, age, and 
contaminant history of these organisms must be considered, as 
they may be variable from supply hopses (see 11.6.1 and Table 
1). 

11.3.2 Culturing of test organisms may be cost effective~if a 
large numberof bioaccumulation tests will be conducted over 
an extended time period. Culturing will provide a ready supply 
of organisms of known history. A few sediment-ingesting 
marine polychaetes (for example, Capitellacapitata and Nean- 
thes arenaceodentata) can be cultured with..relatively simple 
equipment (62-65), as can Pa&monetes (66, 67). For fresh- 
water, Lumbriculus varieganrs can be cultured readily in large 
numbers for bioaccumulation tests (see Ref (68) and Annex 
A8). Although these organisms are generally suitable, test 
species, most of the species are small. Groups of organisms are 
thus required to a'ttainsufficient biomass for analysis. 'Cultures 
of bivalves, larger polychgtes, and 'most crustaceans are 
impractical at this time except for experimental studies. 

11.3.3 Regardless of how the test species are obtained, they 
should be amenable to laboragy conditions and not require 
elaborate holding facilities. Fortqmitely, most contaminant- 
resistant species are relatively hardy and adaptable to labora-
tory conditions. Most of the bioaccumulation test species listed 
in Table 3' are reasonably easy to maintain and do not require 
flowing water. 

11.3.4 Whether field-collected or laboratory-cultured speci- 
mens are used, gravid individuals or individuals that are likely 
to become gravid during a test should be avoided if possible. 
The reduction intissue lipids often occurs with spawning (69, 
70) and can result in a corresponding reduction in conpminant 
accumulation. Spawning may also result in unacceptable mor- 
tality. Certain species, such as Macom~asuta in Oregon, have 
a reasonably well-defined spawning cycle and size at repro- 
ductive maturity, making it possible to minimize the collection 
of reproductive individuals. Other species, such as Neanthes 
virens, change appearance when reproductively mahlre. In 
extended tests, it may be impossible to avoid gravid individuals 
completely, although occurrence of the reproductive state 
should be noted. For Lumbriculus vanegatus, most reproduc- 
tion is through budding, so reproduction may not impact the 
contaminant concentration or lipid content to the extent ob- 
served for sexual reproduction. 

11.3.5 A very important characteristic is organism size. Test 
species need to be small enough to be maintained easily, yet 
large enough to supply s&cient biomass either as individuals 
or groups of individuals for chemical analysis. The amount of 

biomass required dep 

analysis on individu 
be impossible to conduct both m 

larger individuals (for example, Nereis) than dozens or:e 
hundreds of smaller specimens (for example, Capitella 
Lurnbriculus varieganrs). 

direct comparison of sedimen 
environments or biogeograp 
maintaining a few adaptable 
techniques for a 1arger:nu 
approximate environmental conditions of potential bioac 
lation species are given'in Table 3. The ranges for en 
mental conditionsare estimates in which the organisms 
be used in a bioaccumulati 
limits. The ranges are b 
discussions with other researchers rather than 
mentation; A preliminary survival test is 
initiating a large bioac 
physiological limits and toxic reswnses. - .  -

11:3.7 It is important to choose species with high bio 
mulation potential. Unfortunately, insufficient number 
multi-species tests have been conducted to compare ade 
the bioaccumulation potential of a .  range of species. 
range of 'compounds. In general, tissue residues will be 

contaminants that are metaboli 
study PAHs, at least one 'test species should have 
biotransformation capability, such as a .biv 
environment (71) 
Pontoporeia hoyi (72)) or 

11.3.8 Infaunal species 
feeders because the latter 
interstitial water. Because interstitial water 
uptake route, both for compounds with a 
mately 5 (75) and for metals (46), upt 
deposit-feeder may be underestimated. 

(40, 76). Some nereids 

11.4 Recommended Species-An 
ity of potential test species is summarized in Table 3,'; 



evaluation is not based on extensive comparative studies and 
Should be. considered a guide rather than a definitive charac- 
&ation of the species. 
.11.4.1 Marine Species-Fivc recommended bioaccumula- 

test species and another eight "secondary" taxa .are 
'identified inTable 3. The recommended species meet all or 

the bivalves Macoma nasuta, Macoma balthica, and 
atula. These species have beenused in a substantial 
experimental bioaccumulation studies and in regu- 
toring. They should serve as suitable test species 
tolerance levels. Using at least one of thesespecies 
recommended, at least until the suitability of other 

e secondary marine bioaccumulation species 
ired ~haracteristics but are deficient in one or 
important desired characteristics. Insufficient 

exists for making a final evaluation. How- 
e secondary taxa offer potential advantages, 
(arenicolid worms), additional phylogenetic 
mstaceans), adaptability to culturing (for 

arenaceodentata), and high-pollution tol- 

. .  . . 

Diporeia spp.. (see the annex 
d Lumbriculus variegatus. 

d have high lipid content 
potential. Diporeia .are 
of all appropriate routes 
gestion. Diporeia do not 

insensitive to contami- 

e ,exposure conditions 
bioaccumulation and 

q:igl?i
tion between laboratory studies and field conditions have been ,$3 
performed (89). (.;I;, .. 

11.4.2.2 The secondary freshwater species meet.many of the 
:.'.:,!I>
.:9 

important criteria for bioaccumulation but a% deficient in one 
or more aspects. Freshwater clamsprovide an adequatetiksue 
mass, are easily handled, and can' be used in long-term 
exposures. .However, few freshwater species are availablefor 
testing. The exposure of clams is uncertain because of valve 
closure. Furthermore, clams are filter feeders and may accu- 
mulate lower concentrations of contaminants compared to 
detritivores (43). Chironomids can be cultured readily, are easy 
to handle, and reflect appropriate exposure routes. However, 
their rapid life-cycle makes it dif6cult to perform long-term 
exposures with hydrophobic compounds, and chironomids can 
biotransfonn organic compounds such as benzo[a]pyrene 
readily (74). Larval mayflies reflect appropriate exposure 
routes, have adequate tissue mass for residue analysis, and can 
be used in long-term tests. Mayflies cannot be cultured 
continuously in the laboratory and consequently are not always 
available for testing. They are also sensitive to sediment- 
associated contaminants. The background concentrations of 
contaminants and heaith of field-collected nymphs of mayflies 
may be uncertain. Hyalella azreca can be cultured in the 
laboratory, are easy to handle, can tolerate 15% salinity, and 
reflect appropriate exposure routes. However, their size &ay be 1,$r 1' 

insufficient for residue analysis, and H. azreca are sensitive to ..;t.:-, 
contaminants in sediment. Because .of exposiure routes, sensi- 
tivity, and short life spans, these secondary freshwater species 
are useful as bioaccumulation test species only under special. 
conditions. 

11.4.3 Multiple Species Tests--Species and larger phyloge- 
netic groups vary in their tendencies to bioaccumulate con- 
taminants in response to both their modes of exposure and their 
metabolic 'characteristics. The extent of these interspecific 
variations are not well understood, and both the magnitude and 
direction of ~~ecies'differences can vary with contaminant (for 
example, metals versus organics) and perhaps with sediment 
type. The use of two or more species from differentmajor taxa 
thus increases the.probability of assessing the maximum field 
tissue. residues accurately. 

11.4.3.1 The actual number of species and taxa used de- 
pen* on the goals and scale of the project and the range of 
contaminants in the sediment. .In general, a single species 
should be adequate for a general area survey or for assessing a 
small discharge or volume of dredge material. The data from a 
single species test should not be interpreted as the likely 
maximum for all contaminants. Multiple species, atleast two, 
from different major taxa are recommended to assess. a 
moderate to large-sized discharge or dredging operation. 

11.4.3.2 A polychaete and a bivalve are recommended for 
marine tests. It is especially important to include a bivalve if 
PAH contamination is of concern since bivalves have a reduced 
capabiity to metabolize PAHs compared to amphipods or 
polychaetes (71). The addition of an arthropod species or 
additional polychaete or bivalve species may be justified when 
assessing a large discharge or dred,&g operation, especially if 
there is a wide range of contaminants. 



11.4.3.3 Only tests with L. variegalus are currently stan- 
dardized for testing for freshwater bioaccumulation (Annex 
AS). However, other test species such as Diporeia or C h i m -  
mus may be useful for particular applications. 

11.5 Age-The organisms should be as uniform as possible 
in age and size class. The age or size class chosen should not 
be overly sensitive to contaminants; nor should 0rganisms:that 
are reproductively ripe or recently spawned be used. For 
biocoucentration tests Practice E 1022 stipulates that the length 
(umbo M distai valve) of the largest clam should be no greater 
than 1.5 times larger than the smallest clam. 

11.6 Test Organism Acceptability-The specimens selected 
for a test should be able to tolerate the physico-chemical 
conditions (for example, TOC content and interstitial salinity) 
of the test substrate and should not show signs of disease Or  
stress from capture or handling. Field-collected specimens 
should be collected from the same site andpreferably at the 
same time. It is important to identify the test species correctly, 
and voucher specimens should be kept from each collection. 

11.6.1 High-contaminant background levels. in the test 
specimens may confound the results, making it &cult to 
detect diierences between treatments. Tissue residues .inthe 
test organisms should therefore be no greater than those 
expected in organismsliving in control sedi in t .  Approximate 
background tissue concen@tions for test species are given in 
Table 1. These concentrations are from organisms collected 
from sites that appeared to meet the criteria for a control site. 
The Practice E 1022 criterion of the background tissue residue 
not exceeding 10 % of the expected steady-state can be applied 
fot compounds not listed in Table 1. First-order estimates of 
steady-state tissue residues can be obtained from data on other 
species or from the thermodynamic-based bioaicumulation 
model for neutral organics (see Annex Al). 

11.6.2 Culture Acceptability-Organisms obtained' from 
cultures should meet performance-based acceptance criteria, 
such & those described, before use in bioaccumulation testing. 
Laboratories should examine culture organisms routinely for 
concentrations of contaminants before testing. Cultured organ- 
isms should be tested periodically in water only, 96-h toxicity 
tests, to assess culture sensitivity (see Test Method E 1706). 
Laboratories should monitor and record the frequency of 
population doubling, particularly for L. variegam, under the 
culture conditions as criteria forpopulation health. The food 
and paper 'towels substrates used to culture organisms should 
be analyzed for compounds to beevaluated inthe bioaccumu- 
lation test before the test start The following water quality 
characteristics of cultures should be measured and recorded at 
least quarterly and the day before the start of the test: pH, 
hardness. alhlinity, and ammonia. Dissolved oxygen should 
be measured weekly. Temperature should be recorded daily. 
Physiological measurement such as lipid content might provide 
useful information regarding the health of the cultures. 

11.7 Source of Test Organisms: 
11.7.1 Field Collection-The logistics of collecting inter- 

tidal marine specimens are usually much simpler than tho& of 
collecting deeper water specimens; intertidal collection is 
recommended when possible. Infaunal organisms can be col- 
lected by turning the sediment over with a shovel and picking 

be collected. The collection equipment should not hav 

adequately. 
11.7.1.1 Freshwater and subtidal m 

collected by grabs, dredges, or suc 
Dredges sample a larger area than 
proficient at collecting shallow-b 
there is a possibility of damaging 
recommended for collecting more 
tion lifts are also useful for coll 

'isms inthe laboratory before use 
org&sms. El&tro-shocking, chemical poisons, and 
harsh collection methods are not recommended. 

as soon as possible, and submerge them in ambient w 
sediment contained in ice chests or uncontaminated 
buckets. Avoid overcrowding the 
ers. Discard organisms with sign 
(for example, bivalves with dracked shells). 

pennits or ban' collection from 

nou-indigenousspecies. Check 
ing local regulations befoe coll 

1117.1.4 ~r&s~ort-Prac 
than a 3'C change in water 
and .anoxygen concentration of between 60 and 
saturation. Simple precautions should meet these req 
if the time between collection and return tothe labor 
short (less than 1 to 2 h) 
extreme. If possible, colle 

vehicles. Water in the 
c d y  while collecting and immediately befo 
an aerator to maintain oxygen concentrations 

( I )  Successful long-distance transport of org 
whether in a vehicle or through the mail, requires pa 

in a sealed container 

example, Zostera) and surrounded by layers of 



containers with packets of, jelled 
t placed at or taped to the inside of the top of the 
.Jelled refrigerants are preferred over ice to avoid 

of insulating material should be 
and animals. Add s a c i e n t  
temperature in the containers 

tain a low center of gravity, 
package upright. Every 

ght or 24-b delivery. If 
,monitor the tempera- 

are not provided y this guide since these species can 
--..;be.used for bioaccumulation tests only under special condi- C..;'pions. Other freshwater organisms for use will need to be field 

7.3 Purchasing Test Organismr4ome test .organisms 
*purchased h m  biological supply houses, local collec- 
niversities, or bait shops. There are several companies 
ecialize in supplying bioassay organisms, although most 
presently supply appropriate benthic bioaccumulation 

aaisms (on a routine basis. Check with a supplier even if 

.1 Maintain purchased organisms in the laboratory for 
week to acclimate them to the local conditions and 
their health. Before beginning the bioaccumulation 
ze the purchased organisms for background con- 
els to de t edne  whether they meet the criteria for 

st bioaccumulation 
table to laboratory conditions, so elaborate 
usually required for maintenance of the 

ation on the maintenance of marhe 
e found in Refs (65,92-94). Permits 
or local authorities when maintain-
es. This may require fail-safe pre- 

cautions against the accidental release of such organisms into 
the local environment (that is, double containment, diked water 
drains, siphon breaks, etc.). Equipment, water, wastes, and 
dead animals may require sterilization beforedisposal. 

11.8.1 Sedimenr Qualityfor Holding Organisms-Maintain 
animals in :a sufficient amount of sediment toallow them to 
burrow naturally. This sediment should be analyzed for con- 
taminant concenaations, which should not exceed the level 
acceptable for a control sediment (Table 2). Periodically add 
fresh sediment of the same type to maintain an adequate food 
supply (that is, .detritus .and associated microbes). For.large 
marine deposit-feeders (for example, Macoma) add .approxi- 
mately 2 mm of fresh control sediment to the sediment surface 
one to three times per week. This .sediment replenishment 
should be sufficient if the organisms are not overcrowded. 
Remove the organisms and replace the sediment if the sedi- 
ments become heavily loaded with fecal material. The addition 
of 'other types of food is not recommended except in special 
cases of long-term maintenance.These foods include detritus 
(for example, decaying seaweeds); cultured phytoplankton and 
zooplankton, micro-encapsulated diets, formulated feeds such 
as fish flakes, or,small bits of tissue for omnivors (95). Check 

' the background contaminant levels of all foods. 
11.8.2 Handling of Test Organisms-Field-collected and 

shipped organisms should be held in the laboratory for at least 
four days before, starting an exposure, and purchased organ- 
isms should be held for at least one week. The longer holding 
timi for purchased' orgdsms is nec&ky because of ,,the 
beater uncertainty of the:org@snk' health to control by 
the laboratory performing the test. Discard any organism if 
injured or behaving abnormally. Field-collected w  s  should 
generally dot be held longer than two weeks before tesring. If 
longer maintenance periods are needed, the investigators 
should have experience, with the species and should monitor for 
any signs of stress (for example, a reduced sediment processing 
rate and unusual tube construction). A flow-through system for 
delivering overlying water is advised if long-term maintenance 
is planned: 

11.8.2.1 TO prevent the spread of diseases, organisms col- 
lected more than one week apart should be maintained in 
separate aquaria, each with an independent, water supply. The 
organisms should be checked daily, and any diseased, dying, 
and dead organisms should be removed promptly. Black spots 
on the surface of the sediment can mark the location of dead 
organisms. Should a question arise concerning the health of the 
animals, a behavioral test such as time to rebury or analysis of 
lipid content is recommended. 

11.8.2.2 If the holding and experimental conditions are 
dierent, acclimate the test organisms gradually to the experi- 
mental conditions. This transition may be accomplished using 
serial water dilutions until the proper temperature, salinity, and 
pH are reached. Acclimation for temperature should proceed 
no faster than 3°C in 72 h (Practice E 1022). Maintain the 
animals at the test temperature and salinity for at least twO.day6' 
before the commencement of an experiment. No more than 3 % 
mortality is permitted within 48 h before the test (Practice 
E 1022). 



12. Experimental Design 
12.1 Statistical Considerations-The experimental objec- 

tives are to quantify the contaminant bioaccumulation by 
organisms exposed to sediments or dredge materials and 
determine whether this accumulation is statistically greater 
than that occurring in a control or reference sediment. Each 
experiment consists of at least two treatments: the control and 
one or more test treatment(s). The test treatment(s) consist(s) of 
the contaminated or potentially contaminated sediment(s). A 
control sediment is always required .soensure that there is no 
contamination from the experimental setup, and some designs 
will.also require a reference sediment. Uptake from.the control 
sediment or reference sediment (when appropriate) is used to 
provide baseline values to compare with accumulation from the 
test sediment. The reference sediment thus functions as the 
"control" during comparisons with test sediiment but also 
functions as a test treatment during comparisons with the 
control sediment. The combined descriptor control-reference 
will be used when referring to the sediment used as the 
"control" since the statistical term "control" could be confused 
with the control sediment. 

12.1.1 Erperimental Unit-The organism(s) to which a 
single application of treatment is applied is the experimental 
unit. This will be either a single organism or group of 
organisms exposed to an aliquot of a phcu la r  type of 
sediment. The specific type of sediment constihltes the treat- 
ment. If a clam is placed in a beaker containing sediment, the 
clam is the experimental unit and the beaker is the exposure 
chamber. If severalworms have to be composited to supply 
suEcient biomass for chemical analysis, the group of w o r n  
would constitute the experimental unit, and the beaker or 
aquarium containing them would constitute the exposure 
chamber. The important concept is that'the treatment (sedi- 
ment) is applied to the experimentaI unit as a discrete unit. 
Experimental units must be independent, for example, there is 
no flow of water between replicates 'and they do not differ 
systematically. 

12.1.2 Replication-Replication is .the assignment of a 
treatment to more than one experimental unit, which in the 
bioaccumulation experiment is the organism (or composite of 
organisms) to which a single treatment (for 'example, test or 
controllreference sediment) is applied. The variation among 
replicates is a measure of the within-treatment variation and 
provides an estimate of within-treabrient error for assessing the 
significance of observed diierences between treatments (see 
12.1.4). 

12.1.2.1 Minimum Detectable D@erence- The smaller the 
minimum detectable diierence between treatments, the greater 
the number of kplicates rquired for a given significance level, 
power, and extent of. variance. Although there is no consensus 
concerningwhat constitutes an acceptable minimum diier- 
euce, it is suggested .that the bioaccumulation experiment be 
designed to detect a-two-fold diierence between tissue resi- 
dues in the test and control sediments or the test andreference 
sediments. A two-fold diierence should provide a sufficiently 
precise result to address the ecological and human health 
concerns in most cases. 

12.1.2.2 Minimum Number of Replicates-The risk of a 

Type Il e m r  must 

replicates for bioaccumulation tests. 

used in some cases, for example, 

diierence between the control or 

or less power is required. It is pmdent t o  include an 

replicate or two for each treatment in case of mortality. o 

loss of samples during chemical analysis. 


12.1.3 Randomization-Randomization is the unbiased:, 
signment of treatments to the 
organisms or composites of o 
treatment is favored and that obs 

manner. 


treatments to experimental 


though the treatments are not replicated or the replicates. 

statistically .independent (96). 


subsamples of the exp 

example, two aquaria are prepared, one with 


in each aquarium. Even 

ally, the five organisms 

and donot replicate the treatment (that is, the 

The experimental unit in this case is the five 

each organism is a subsample. 


results for one set of 

of the experimental units is necessary to prevent this,, 

pseudoreplication. 


12.1.4.3 A more c 
the use of separate 
segregation would occur if all of the control exp 
chambers (for example, beakers) are placed in one 
and all of the test experimental chambers are in 
aquarium. Any effects due to temperatures or different 
conditions could bias the results for one of the tre 
Replicate aquaria are necessary in this case. 



& ~ 

12.1.4.4 an do mi zed spatial interspersion does not neces- 
' sarily preclude pseudoreplication. If the replicates are physi-
.cdy interdependent, spurious effects can bias one treatment 
.overanother. This can occur if all of the aquaria replicates of 

.' {be controlare serviced by the same.water supply system while 
. 	 'allofthe treatment aquaria replicates are serviced by another 

'watersupply system. Any differences betweensupply systems 
,$ay,potentially bias one set of aquaria over another. Thus, the 

treatment, and applying the treatments to each 
t in a manner that includes interspersion and 

plest design that prevents pseudoreplica- 
ly randomized design. Treatments are 
the experimental units independent of 
, and each experimental unit'is main- 
osure ,chamber with ;separate water 

d block design is also appropriate. A 

treatments are assigned randomly 
multiple blocks.For example, if 
d one wishes t o  contain the 

design, however, is that since 
sms are in one aquarium, the 

exists for the cross contamination of controls by test 
with organisms that eject 
oma during the production 

ates the experimental 
case, the beakers 

mended with design to enable the comparison of results 

between aquaria within a given treament using a nested 

ANOVA. The data fTom one or more aquaria may be consid- 

ered invalid if aquaria effects are apparent. The organism(s) 

within each beaker may be the experimentalunit 

and each beaker a replicate if no significant aquaria effects are 

detected. The analysis is then as if the beakers were 

not segregated into aquaria. 


12.1.6 Cornpositing . ~ ~ ~ ~ l r s - ~ o m ~ ~ " t i n g  consists of 
combining samples (fbr example, organisms and sediment) and 

chemically' analyzing the mix rather than the 'individual 

samples (97). The chemical analysis of the mix provides an 

estimate of the average concentration.~f the individual samples 

comprising the .composite, comqositing will be used m bioac-

cumulation pimanly when the biomass of an 

individual organism.is ins&icient for chemical analysis. Sev- 

eral individuals can be composited into a single experimental 

unit with s-cient biomass and the analysis performed on the 

composite. cornpositing is also used when the cost of analysis 

is high. 


12.1.6.1 hdividu& must be assigned randomly to the 

various treatments for the tissue composite to beunbiased. 

Each organism, group.of organisms, or sediment sample added 

to the composite mustbe of *ual size (thatis. wet weight), and 

the composite must be homogenized completel~ before taking 

a sample for chemical analysis. If c~mpositing isperfomed in 

this manner, the value obtained from the analysis of the 

composite is the same as the average.obtained from analyzing 

each individual sample mY sampling and ..analflcd 

errors). ~f replicate compositei are made, the variance of the 

replicates \ u i ~be less than the variance of the individual 

samples, providing amore precise estimate of themem value. 

This increases the power of a test between means of cqmpos- 

ites over a test between meansof individuals or samples for a 

given number of samples analyzed. 


12.1.6.2 ~fcompositesare made of individualsor samples 

varying in size or quality (for example, a dis~roportionate 

number of gravid females in one composite), the value of the 

composite the mean of the individual organisms or 

sediment samples are no longer equivalent. The variance of the 
replicate composites increase, decreasing the power of any 
test between means. nevariance of the composites can exceed 
the population variance in extreme cases (98). It is therefore 
important to keep the individuals 01sediment samples com- 
prising the composite equivalent i" Sue and quality. If sample 
sues vary, consult the tables in Ref (99) to 'determine whether 
replicate composite variances will be higher than individual 
sample variances, which wouldmake compositing inappro~ri- 
ate. 

12.1.6.3 ~tisnot advisable to composite samples if either an 
estimate of the popula~on variance is required 01information 
concerning the range concentrations obtained for individuals 
is needed. ~  ~ ~ ~ ~ ~ ialso requires more. individuals (assum- 
ing that individuals can be analyzed). SO it is not advised when 
space or cost keeps the number of individuals at a minimum. 
m e n  there is sedimento r .  tissue, archive individual 
samples in case a of the population variance or the 
concentration in a particular exp sure chamber is desired latter. 



12.2 Test Duration-Ideally, the duration of a bioaccurnu- steady-state than a 10-day bioaccumulation test (Table 
lation test should be su5icient for the organisms to reach which has been used previously in the evaluation of dre 
steady-state tissue residues, where steady-state is defined materials (100). Because of the recognized limitations of 
operationally as the absence of any significant ditference 10-day exposures, updated procedures for evaluating dre 
(ANOVA, alpha = 0.05) among tissue residues taken at three materials require a 28-day exposure if organic compound 
consecutive sampling intervals (Practice E 1022). The time to present (3). Additionally, a 28-day duration test is the re 
reach or approach steady-state varies drastically among differ- mended standard length for conducting bioconcentratious tes 
ent compounds, but the tests should generally be designed to (Practice E 1022). See Annex A3 for details com 
generate environmentally relevant data on high KO, organic adequacy of 10 and 28-day bioaccumulation te  
compounds (for example, PCBs and DDT) and heavy metals. steady-state is not approached within 28 days, tissue resi 
A 28-day exposure is considered the standard duration because of organic compounds usually appear to be within two-;
the 28-day exposure will result in tissue residues generally four-fold of steady-state concentrations (Table 4), which';
within 80 % of the steady-state tissue residues for most cases. considered acceptable for the ASTNI bioconcentration t 4
A 28-day exposure provides inherently better estimates of :a 

TABLE 4 percent'of Steady-State Tissue Residues of Neutral Organics and Metals Obtained After 
10 and 2&Dey Exposuras to Whole Sedfment 

Organlc Compound 
Steady-State* nesue Resldue, % Species Esllmate by IO-OBY 28-Dav 

PCB. 

Aroclor 1242 Nerels virens 

Amclor 1242 Cerarrmdema edule 

Aroclor 1254 Mamma balfhlca 

AmClor 1254 Neree virens 

Amclor 1254 Cerastcdema edule 

Arodor 1280 Cemsmdema edule 

Amclor 1280 Mamma baIVI~ca 

Hexachloroblphenyl Hexegsnia llmbata 

Hexachloroblphenyl Ponwpomla hoyi 

Total PCBs Nerels virens 

Total PCBs Macoma nasm 

Total PCBs Mamma nedm 

PAWS 

Benzofa~owene Ponmwrela hovi 


: Benzoiajirene '45 75 amm ma lnqulriata 

Bemo(a)pyrnne : 100 Hexagania llmbeta 

Benzo(bk)lluor 100 " Macoma nasura 

Chryeene '43 87 Mamma bqulnera 

Fluoranthene 1W 100 Macoma nasm 
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ctice E 1022). However, if steady-state cannot. be docu- 
ted from the experimental results, the tissue residue is ody  

.estimate of steady-state andcan be a substantial underesti- 
o f  the true value for some compounds. A longer-tern 

test (>28 days) or an approach that uses a 
ode1 should be considered for.cases inwhich 

accurate estimates of the steady-state tissue residues are 
, If long-term bioaccumulation tests are considered, the 
should address their inherent problems of changing 

nt contaminant concentrations and characteristics, as 
11 as possible changes in the physiology of the test organism 

xample, the loss oftissue lipids). An exposure duration of 
1 4  days may be s a c i e n t  to achieve steady state for many 
ounds in sediment bioaccumulation tests with the oli- 
aete Lumbriculus variegatus (see A8.5.2). 
.3 Biotic Sampling schedule-Biological samples are 

d to determine the amount of chemicals accumulated from 
ediment and to compare these values statistically to 
nt of chemicals accumulated from control and refer- 

Bioassay organisms should be analyzed for 
and lipid content immediately before the start of the 

(tosamples) to set the baseline cor~ditioiu for these 
s. Eight replicates is assumed to be the numb.er 

to achieve sufficient statistical power. Therefore, eight 
ate organisms or composites (that is, experimental units) 

analyzed at to (see 12.I.2.2). The replicates sampled 
uld be chosen randomly from, the same "set of 
used in the various sediment, rreamrents. The same 

rig scheme should be used for all :sampling periods 
ut the experiment if compositing of individuals is 

to' obtain sujicient biomass. Eight replicate organ- 
mposites should be takenfrom each of the trehmrents 
zed for chemicals and lipids at the end of the 28-day 

The simplest design for comparing test and 
results in 24 tissue samples (8  controls at to 

lsat t 28 and 8 test samplesnf tZ8)  It is recommended 

is considered the minimum data set needed to 

s samples may be taken duling the 28-day 
uptakekinetics and steady state. This 
be very helpful, even if it is necessary 
ad by taking only a single sample or, 
osite at 'each sampling period. HOW- 
cdmpared statistically to determine 
een attained, replicates are required 

The sampling interval for these 
a geometric progression with sam- 
than one week (for example, day 0, 

d chemical Drover- . . 
~ ~ ~ F ' each test, cD"tro< and rrieience sediment should have ~ , " f 

*;:::; 

been characterized immediately after collection (see 
Depending on the length of storage, it may be necess 
remeasure these physical and chemical 
possible exception of grain size distri 
before the start of the . bioaccumulation 
Additionally, if these to samples will be co 
to samples taken at the end of the 
replicate samples are suggested (see 

12.4.1 At the end of the bioaccumulation 
sediment samples from each exposure 
ments of contaminant concentrations,. TOC, and moisture 
content. It is usually not necessary to remeasure grain size. 
These analyses should preferably be conducted on the.sediment 
from each beaker or aquarium (that is, experimental unit). '8 

Measurements on individual experimental units may .help 
expliin any unexpected variation among the replicates. If eight 
replicates are used per treatment, this would result in a total of ~ 
32 sediment samples (8 controls and 8 tests at to, 8 controls, 
and 8 tests samples at tz8). . . 

12.4.2 An alternative sampling scheme could be used to 
reduce:analytical loads. This would be conducted by making a : 
composite ;sample for each experimental unit composed of 
equal aliquots of sediment from each beaker or aquarium 
within the treatment. Additionally, a sediment sample from 
each beaker or aquarium should be taken and: archived. %,the 
tissue residue data are more variable than expected,,or.if there : 

a? "unusual" data points, these individual sediment samples 
should be analyzed. Additionally;individual sediment samples 
should be analyzed. if the dierences in contayinait concen-' 
trations in the to and tz8 sediment samples are greater than 
would be expected from analytical variation alone. ' '  

12.5 Long-Term Uptake Tests-In sonie cases. body dur- 
dens will not approach steady-state body biudens in a 28-day 
test (see Table 4). Organic compounds exhibiting these kinetics 
will probably have a log K,  > 5, be metabolically refractory 
(for example, highly chlorinated PCBs and dioxins), or have 
low depuration rates. Additionally, tissue residues of several 
heavy metals may increase gradually over timeso that 28 days 
is inadequate to approach steady-state. Depending on the goals 
of the study and the adaptability of the test species to long-term 
testing, it may be necessary to conduct an exposure longer than 
28 days (or a kinetic study) to obtain a saciently accurate 
estimate of the steady-state tissue residues of these compounds. 

12.5.1 Biotic Sampling-In long-term studies, the exposure 
should continue until steady-state body burdens are attained 
(see 12.2). Practice E 1022 recommends a minimum of five 
sampling periods (plus to)when conducting water exposures to 
generate BCFs. For bioconcentration tests, Practice E 1022 
recommends sampling in a geometric progression with sam- 
pling times reasonably close to Sl16, SI8, Sl4, Sl2,and S, where 
S = the time to steady-state. This sampling design presupposes 
a fairly accurate estimate of time to steady-state, which is often 
not the case with sediment exposures. 

12.5.1.1 Placing a greater number of samples at and beyond 
the predicted time tosteady-state is r&mmended to document 
steady-state from sediment exposures. With a contaminant 
expected to reach steady-state within 28 to 50 days, Samples 
should be taken at days 0, 7, 14, 21, 28, 42, 56, and 70. If the 
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time to steady-state is much greater than 42 days, additional nant uptake frod sediment. To avoid confusing up 
sampling periods at two-week intervals should be added (for water versus sediment, k,, the sediment uptake rate 
example, Day 84). Slight deviations from this schedule (for is used instead of k1(116). The ks coefficient has also b 
example, Day 45 versus Day 42) are not critical, although referred to as the uptake clearance rate (45). Fo 
samples should be @en at t,, for comparative purposes. An 
estimate of time to -steady-state may be obtained from the 
literature or approximated from structure-activity relationships 
(Annex AS), although these values should be considered the 
minimum times to steady-state. 

12.5;1.2 Compared to the ASTM bioconcentration sampling 
schedule, this schedule increases the likelihood of document- 
ing statistically that steady-state has been obtained, although it 
does not document the initial uptake phase as. well. Add 
samplingperiods during the initial uptake phase (for example, 
Days 0, 2, 4, 7, 10, and 14) if accurate estimates of the 
sediment uptake rate coefficient (KJare required. 

12.5.1.3 The loss of replicates due to mortality and spawn- 
ing can be a problem with long-term exposures. However, 
increasing the total number of replicates by an additional 10 to 
20 % should suffice in most cases.If not needed, archive these 
extra individuals at the end of the test as replacement samples 
.in case of analytical failures, or analyze them to increase the 
statistical power of the final sampling period. 

12.5.1.4 ~voldance of the sediment can occur, particularly 
at high doses. The exposure will decrease if this occurs, and the 
expected ldnetics and overall steady state will be altered. 

12.5.2 Abiotic Samples-The bioavailable fraction of the 
contaminants =,well as the nutritional quality of the sediment 
are more prone to depletion iq these extended tests than in 
28-day exposures. To document statistically whether such 
depletions have occurred, eight replicate sediment samples are 
ideally required for physical and chemical analysis from each 
sediment type at the beginning and end of the exposure. 
Additionally, archiving sediment samplesfrom every biologi- 
cal sampling period is recommended 

12.5.2.1 To minimize the depletion of sediment contami- 
nants or nutrients, sediment can be completely replacedstored 
sediment or freshly dosed sediment on a regular basis (for 
example, monthly). sediment must be renewed carefully to 
avoid damaging the test organisms, especially polychaete 
worms. Another way of minimizing the depletion of contami- 
nants is by periodically adding fresh sediment (see '13.3.1). 
However, over a long experiment the exposwe container may 
be filled entirely, necessitating replacement of the sediment 
anyway. Replenishment sediment should be sampled and 
charactetized completely for the recommended characteristics 
(see 10.2). Test organisms should not be given a supplemental 
food source (for example, fish flakes) since this will reduce 
exposure to ingested sediment and may result in an underesti- 
mation of the sediment bioavailability and steady-state tissue 
residues (113). 

12.6 Estimating Steady State-It may be possible to esti- 
mate steady-state levels in tests in which steady-state cannot be 
documented (see 12.2). Several methods have been published 
that can be used to predict steady-state contaminant levels from 
uptake and depuration kinetics (114-US). All of these methods 
were derived from fish exposures, and most use a linear uptake, 
first-order depuration model that can be modified for contami- 

recommendation of Stehly, et al(117), the gram s 
gram tissue units are retained in the following 

c,(t)= k, x C/k,X (1 - e -'>Xi) {m

where: 

C, = contaminant concentration in tissue at 

C, = contaminant concentration in sediment, 

ks = uptake rate coefficient in tissue, g sed 

k, = depuration constant, day-', and 

t = time, days. 


As time approaches infinity, the maximum 
concentration within the organism (Ct,,) bec 

Ct- = C, x kJ!+ 

Correspondingly, the bioaccumulation fa -compound may be estimated from 

concentrations in the 
the model. Furthermore, the rate coeffici 
the environment and health of the test organisms. Changes 
envirompental condi 
physiology such as reproduction will 
model. The model can provide estim 
residues despite these potential limitations. ' . ' ' 

12.6.1 The kinetic approach requires an estimate of k 
!+, which. are determined from the changes in tissue resi 

suspect that the route of exposure will affect the 
rate. The durations of the uptake and depuration e 
will vary with animal species, compound, contaminant con 

see Practice E 1022 and 

accumulation of sediment-associated contaminants by 

13. Procedure 
13.1 Preexperimental 

tion and acclimation of 
sediments so that the e 
delay. The glassware, 
water, as well as s 



hould be ready. Beakers and other containers should 
led work schedule, showing daily tasks 
onsible for accomplishing them, should 

prepared before the sediment arrives. A prearranged num- 
b g  scheme should be agreed upon by the analytical 
emists. It is critical to keep the analytical chemists well 

schedule so they canprepare for the 
maintenance personnel to look for 

and other accidents. Provide 
onnel responsible for mainte- 

of the experiment in a prominent location (for example, 
door of the laboratory). , h y  safety warnings should also 

osted at entry points. . . 

s.toair. In cases in which it is 
died.aquatic organisms with- 

an average population weight should be deter- 

s for wet-to-dry weight 

for a particular sediment type. During the process of 

. . 

chambers, stir the sediment gently after adding the 
and to remove bubbles. As with the beakers, a plastic 

as the polychaetes or oligochaetes, should be observed for -a 
Sufficient period to ensure that they bury in the correct chamber 
and do not swim into another chamber. For mobile animals, it 

may be necessary to place screens on the tops of beakers to 
keep them fromswimming out. It is also important to ensure 
that sediment samples are not toxic to the test organisms (see 
13.5) or that the organisms do not exhibit significant sediment 
avoidance to ensure appropriate exposure (see Table A8.5). 

13.3 Experiment Maintenance-Re~lace animals whose -...hp---
havior is abnormal (failure to bury in t ie  sedime~t, etc.) within 
the first 24 h if possible. Observe the chambers dailv. and note-<. -----
any signs of abhormal activity (for example, reduced produc- 
tion of fecal pellets and avoidanceof the sediment). Remove 
beakers with dead. organisms. I t  is especially important to 
check fordeadorganisms in a statit system. (Note that the 
previous reconmiendations may not be practical for the smaller 
test organisms.) Record the temperature and other water- 
quality characteristics on a weekly basis. Replenish the water 
in water renewal experiments according to a preplanned 
schedule, and dispose of drained water in accordance with the 
applicable rules for hazardous waste. 

13.3.1 Sediment Renewal-It is recommended for some test 
organisms (for example, Macoma) that periodic additions of 
small amounts of the appropriate sediment type be made to 
each exposure chamber. Because the bioavailable fraction may 
constitute a small portion of the total sediment chemical (see 
Ref (44)), sediment-ingesting organisms may deplete the 
available fraction, especially if they have a restrictive feeding 
zone. Accordingly, depletion of the bioavailable fraction may 
be the reason that tissue residues of 35 of 37 compounds 
declined between Day 39 and Day 79'in Oliver's study (118)of 
uptake by oligochaetes. Also, without .organic input from 
settling phytoplankton and-with low light levels inhibiting 
benthic microalgae, it is possiblethat the nutrient quality of the 
sediment could decline over the course of a long-term experi- 
ment. Periodic sedimentrenewal should reduce these potential 
laboratory artifacts and help maintain a more constant.chemical 
concentration and food supply. The amount of sediment added 
daily should equal or exceed the daily sediment processing rate 
of the organism. Sediment-ingesting clams such as Macoma 
require about 1 g of :wet sediment per gram of wet tissue mass 
per day, :and arenicolid worms (2 to 6 g wet weight) require 
about 10 g of sediment per day. It is sufficient to add-the 
sediment two or three times per week (for example, about 3.5 
g twice per week for a 1-g Macoma). 

13.3.1.1 Periodically replacing all of the sediment in the 
chambers is recommended for long-term exposures (>28 days). 
Replacement of the sediment reduces the possibility of deple- 
tion of the bioavailable fraction of the chemicals or food and 
prevents excessive pelletization of the sediment. Additionally, 
the periodic addition of surface sediments will overfill most 
chambers within a few weeks. Replacement on a monthly 
schedule should sufiice, and it coordinates with the long-term 
sampling schedule. All of the sediment should be collected at 
the same time and the renewal sediment stored until needed if 
a field sediment is tested. It may be preferable to dose new 
sediment for replacement if a dosed sediment is tested. All 
added or replacement sediments need to be analyzed for 
physical and chemical characteristics (see 10.2). 

13.3.2 Test organisms should not be fed a supplemental 
source of food in either 28-day or long-term experiments. 



Studies on long-term maintenance (9.8 days) of deposit- 
feeding bivalves (for example, Ref (llg)), polychaetes (for 
example, Ref (42)). add crustaceans (for example, Ref (44)) 
have shown that an kificial food was not necessary. By 
ingesting added food, the organisms presumably ingest less 
sediment, resulting in less uptake of the sediient-associated 
contaminants. Supplemental food may also enhance the rate of 
loss by passing uncontaminated material though theintestinal. 
track. 

13.4 Contaminant Samples-Samples of sediment, water, 
and biota should be taken for chemical analysis before, during, 
and after testing (see 12.3-12.5). The sampling techniques and 
apparatus will vary with the nature of the sediment, species of 
test organism, and compound(s) of interest. Consistency in 
sampling for any given characteristic is essential .since the 
manner in which the samples are taken may sect the analysis. 

13.4.1 Overlying Water-Although no contaminants are 
intentionally added to overlying water in sediment bioaccumu- 
lation tests, contaminants may be introduced from the water 
supply system, leached from the sediment, or present on 
resuspended particulates. The activities of some species (for 
example, Yoldia) can resuspend considerable amounts of fine- 
grain material directly into the water column. Depending on 
the design of the exposure system, this bioturbation may lead 
to cross-contamination :hetween treatments. This potential 
uptake from the water needs to be quantified to Merentiate it 
from uptake from the whole sediment and to check for possible 
cross-contamination among treatments. 

13.4.1.1 At a minimum, overlying water should be sampled 
for contaminants from each treatment .atthe beginning, middle, 
and end of the test period (that is, T, T,,, and TZ8).A sample 
from each aquarium should be analyzed if statistical compari- 
sons are planned, although it would be acceptable to composite 
water samples from aquaria of the same treatment in many 
cases. If samples are composited, individual samples from each 
aquarium should be archived in case a more &tailed.analysis 
is required. Samples should also be taken during periods of 
high turbidity or other unusual water quality. 

13.4.1.2 Overlying water should be sampled at mid-depth 
from each exposure unit. Overlying water should be sampled 
from mid-depth of the entire container. Care should be taken to 
avoid disturbing the flocculent material at the sediment-water 
interface. Sampling apparatus (pipettes and sample vials) 
should be made of materials that do not absorb or leach 
contaminants appreciably. Rinse the sampling apparatus after 
each use to guard against cross-contamination. Sample vol- 
umes will depend on the analytical technique used but may 
range from about 1 to 100 mL. 

13.4.2 Sediment. and Interstitial Water- Sample all test, 
control, and referewe sediments before the addition of organ- 
isms (to sample) and at the end of the exposure (typically t28). 
These sediment samples should be .analyzed for chemical 
concentrations, TOC, and moisture content. It is adequate to 
conduct the grain size analysis only on the initial sample in 
most cases. 

13.4.2.1 One procedure for sampling sediment for mganic. 
compounds from exposure chambers is as follows: 

(1)Remove overlying water from the exposure chamber by 

siphoning or decanting, taking care not to disturb the s 
floc. Use PTFE or glass tubing for siphoning or decan 
metals are alsoto be analyzed. Depending on the proce 
interstitial water samples may be taken at this stage (see G 
E 1391 and Test Method E 1706 for guidance on samp 
interstitial water). 

exposure chambers. 
(3) Homogenize the test sediment from e 

chamber by stirring with a FIFE-coated spoon or glass 
Take a sediment sample from each exposure chamber, p 
in a labeled sample glass or plastic (for metals) vial, and 
it leaving a head space abovethe sample. Th 
samples will be either analyzed or archived if composites.: 
analyzed. 

(4) If composites are going to be taken, the composi 
strategy will depend on how the exposure 
allocated among aquaria. Composite all of the beake 
an aquarium if only one treatment type is placed 
aquarium. If the exposure chambers are allo 
among aquaria, combine all of the sediment 
ment (that is, sediment type) regardless of 
both cases, homogenize,the sediment, take 
from each composite; and freeze until analyzed 

13.4.2.2 Extra, sediment samples should be taken 

power is required. . . . 

13.4.3 Tissue Samples-Test org 
carefully from the sediment by g 

benthos. Use seawater or freshw 
should generally be placed in 
theirgut contents before chemical analysis. 

13.4.3.1 Gut Purging 
is conducted on a depo 
with the mineral partic 
Depending on the m 
taminant concen 

-
type and extent of the error will depend on many 



nature of the contaminant, feeding behavior. of 
, and ability of the organism to metabolize and 
contaminant. Factors influencing the errors asso- 
urging are summarized in Table 5. Purging in 

d water or sediment have both been used. 
g in clean sediment can enhance the depura- 

from the organism and add uncontaminated 
anism weight, which will result in concen-

120). While complete evacuation of the 
orgamsm's gut contents may not occur in water-only purging, 

error of dilution bv the addition of uncontarmnated gut ~u"---- --8..;dents will probably 'be greater than the contribution from 

bi ,@en for organic, metal, and lipid 
sesand archiving; The type of homogenization technique 

on the size and tissue consistency of the organism, 

sms to defecate the majority of their 
cing substantial errors from con- 

olism. If therate of compound 

quire the ingestion of 
letely, and organisms 
to ensure complete 

Gut sedhnent lntroduoes greatest error: 
(a) In organisms that ingea high-organlo Paniclee selectivehr 
lb) In organisms with a large gut capacw. 
(C) Durino the early stages of uptake when Ussus residues are 
10,". 
(d) For compounds not extensively bioaccumuiated, especially 
hlah Kh 

chpounds wlth sterlc hindrance to uplake. 
Purging Introduces greatest error: 
(8) For rapldly depurated1rnataboIl2ed compound^. 
(bl Pumlno in councontarnlnated sedlmem can illtroduce a 

The experimental conditions (for example, temperature^. and 
salinity) should be maintained. An estimate of the gut content 
mass must be made to correct for dilution by the uncontami- 
nated material. If metals are to be measured, the uncontami- 
nated sediment may contain as high a mineral metals concen- 
tration as the test sediment. The organisms in the control. and' 
reference sediment(s) should undergo the same purging treat- 
ment as individuals exposed to the test sediment. Organisms 
from different treatments should be kept in separate containers 
to prevent any possibilityof cross-contamination. Obs&vations 
should be made on whether feces.were produced during the^ 
purging period and on the general health of the org&sms. 

13.4.4.2 Whether to purge organisms in water only or an 
uncontaminated sediment depends on the expected extent of 
the bias. Oliver (118) indicated that no bias existed fo r  
chlorinated hydrocarbons and that purging did not have to be 
performed. For the oligochaete, Lumbriculus variegaths, purg- 
ing in water only results in rapid gut content elimination, and 
back extrapolation along ' the elimination curve suggests a 
contribution of approximately 10 92 of the total concentration. 
to be atebuted to gut contents for both pyrene and benzo(a)py- 
rene (32,120). The depuration rate will bemuchgreater if the 
purging is performed in clean sediment; it is thus critical to 
correct for depuration losses. Furthermore, a negative bias due 
to dilution by uncontaminated sediment exists,and reduces the 
expected concentration by an additional 10 to 15% when the 
elimination curve is back extrapolated,(32;120). This is almost 
exactly tbe fractional mass of material eliminated by the 
oligochaetes.'Purging the organisms in sediment will thus 
require a coriection for -dilution (Annex A7). The decision to 
purge needs to consider the potential bias from remaining gut 
contents if ,the purge is water only, the potential bias from 
depuration and metabolism during the purging ~er iod ,  and the 
potential bias from e m  in estimating the dilutionmass if . . 
purging in u n c o n d a t e d  sediment. , . 

13.4.413 When Not to purge--Gut durgingmay idtroduce 
error in some situations .that is greater thanhat associated with 
retaining .gut sediment. If the ,purpose of the study is to 
compare laboratory and field organisms, it is often impractical 
to purge field-collected organisms. Therefore, to ensure that the 
laboratory and field results are directly comparable, laboratory 
organisms should uotbe purged. If the purpose of the study is 
to determine contaminant trophic tramport, do not purge 
because predators usually ingest the entire :prey .item. If the 
compounds of concern are lower molecular weight PAHs, 
purging is not recommended since these compounds may be 
depurated andmetabolized rapidly (see Table 6), so that a 24-h 
purge can result in a greater error than leaving the gUt 
sediment. 

13.5 Acceptable Levels of Morta1it)~- According to Prac- 
tice E 1022 guidelines for bioconcentration tests, a test is 
unacceptable if "more than 10 5% of the organisms in any 
treatment died or showed signs of disease, stress, or,other 
adverse effects." This criterion is applicable to studies of dosed 
sediments in which it is possible to adjust contaminant Con- 
centrations. Repeat any 28-day spiking.experiment at a lower 
contaminant concentration if 10 % or more of the organisms in 
any treatment die or show overt signs of stress. Signs of Stress 



Compound OrgBnl8m 
24 72 


PCB Crangon aeptmsapinoaa 3 
.HCB M a m  nasuhl 
BaP Pontopomla hoyi 4 z 3  , 12'8 
Phe Poniopomla hoyi 11f7 33219 
BaP Hemgenie Umbam 14-28 42-90 
Phe Hexegenie llmbsta 77-1 00 
HCBP Hmganla Wmbahl 12-41 3-0 

A PCB = Aroclor 1254, HCB - hexachlorobenzene. BaP -benro(a)pyrone, 
Phe = phenanthrene, and HCBP - hexaohlomblphenyl. 

. . 

include avoidance of the sediment, non-burial, casting off of 
siphons, abnormal Nbe construction, and reduced ventilation 
or sediment processing rates. 

. , 
13.5.1 Many of the field sediments or dredge materials of 

environmental concern will have moderate to high toxicity, in 

resulting from a particular sediment. The mortality in the 
laboratory would presumably mimic the response in the field 
and so represent the actual effect of the sediment. 

been observed when sediment-associated c 
duced a toxic res 
associated with altered exposure and accumulation. 

13.5.1.1 Because testsconducted on field and dosed sedi- 
menishave different purposes, it may not be 

the tests when .mortality in the test se 


replicates to obtain suffici'ent statistical power and consider- 
ation of the potential for altered exposure. The test should be 
considered invalid if overt sediment avoidance is observed. 
The experiment should be repeated if the statistical power is 
insufficient. Also, mortality or srress at greater than 10 % in the 
control or reference sediment could indicate that the organisms 
were stressed initially, the system was contaminated, or the 
control or reference sediment was unacceptable. The cause of 
the problem should be determined and the experiment re-
peated. Consider using a more contaminant-resistant species in 
any f~N1e  tests if the mortality in the test sediment exceeds 
25 %. 

13.5.1.2 High mortality in field sediments may be a moot 
problem because a sediment sufficiently toxic to kill a substan-
tial proportion of the recommended test species would presum- 
ably be unacceptable based on toxicity. Even in cases inwhich 
a sediient is rejected on the basis of toxicity, a bioaccumula- 
tion test conducted on the diluted sediment may help identlfy 
the compounds resp 

a sediment with ulcontaminatc 
contaminant bioavaiiability. 

ners need to be identified,A thorough review of PCB 
ners, including which to analyze, can be found in Mc 
and Clarke (41). 

sediments, 

TABLE 7 U.S. EPA ry Program Quant 
LImlts for Water h Estimates for Ti 

Cadmium 0.5-10 

Copper 5-100 

~ e s d  5-1 00 




.Al). However, the d icul ty  in using this approach is 
each lipid method generates ditferent lipid concentrations. 

in lipid concentration translate directly to a similar 
the lipid-normalized contaminant concenaations or 

. . 

0.1 0.1 0.01 

0.2 0.01 0.01 
1 0.1 0.02 
0.2 0.1 0.01 
1 0.2 0.20 

solvent systems and the use of Bligh-Dyer (or the same solvent 
system) in numerous biological and toxicological studies (for 
example, Refs (44, 130, 131)). Because the techmque is 
independent of any particular analytical extraction procedure, 
it will not change when the extraction technique is changed. 
Additionally, the method can be modified for smaU tissue 
sample sizes as long as the solvent ratios are maintained (135, 
136). . , 

14.2.1.2 A disadvaniage ofthe Bligh-Dyer is that, 
by extracting many of lipids not extracted by other techniques, 
the method may extract lipids that are not important to the 
storage of neutral organic contaminants. Solvents used in the 
Bligh-Dyer method are not commonly used 'in analytical 
methodologies used to quantify nonpolar organic coitami- 
nants, and as a result it may be necessary to quantify lipids on 
a subsample of the tissue used to quanhfy the tissue residues. 

14.2.1.3 Compare the chosen lipid method with Bligh-Dyer 
for each tissue type if the Bligh-Dyer method is not the primary 
lipid method used. The chosen lipid method can then be 
converted to "B1igh:Dyer'' equivalents and the lipid-
normalized tissue residues reported in "Bligh-Dyer equiva- 
lents.".In the interim, it is suggested that extra tissue of each 
species be frozen for future lipid analysis inthe.event that a 
ditferent technique proves more advantageous; , ,  .. .. 

14.3 Sample Storage-FOr 0rganics;the U.S. EPA Contract 
Laboratory Program (21) requires that the samples be protected 
from light .and refrigerated at 4°C (22'C) from the time-of 
receipt until they extracted and analyzed. Water samples 
shall be extracted within five days of receipt of thesample. 
Sedimentsamples shall be extracted within ten days ofreceipt 
of the sample, and the extraction of water samples shall be 
started within five days of receipt of the sample if continuous 
extraction procedures areused. . . 

14.3.1 For inorganics, the U.S. EPA Contract Laboratory 
Program (126)' requires that soil and sediment samples be 
maintained at 4OC (22°C) until analyzed. Samples for mercury 
shall be analyzed within .26 days of receipt of the sample. 
Samples for metals shall be analyzed within 180 days of receipt 
of the sample. 

14.3.2 If.other.priorities.interferewith the requirements set 
by the Contract Laboratory Program, it is suggested that in 
those cases the samples either be frozen (-20°C) in airtight 
containers or dried, depending on the type of sample and 
analyses required. Purging the container with nitrogen before 
sealing will delay -the degradation of some contaminants as 
well as lipids. Sample containers should be as full & practical 
to prevent moisture loss from the sample. Sediment samples so 
presewed are stable for at least six months, if not longer (123). 
Tissue and water samples are expected to be at least as stnble 
as sediments. 

14.4 Repom'ng of Results-Investigators have reported re- 
sults on either a dry or wet basis, usually without a conversion 
factor between the two and sometimes without any indication 
of which was used. This makes it difficult, or impossible, to 
compare the' results from diierent studies. A dry-weight basis 
is generally preferred for both sediment and tissue contaminant 
concentrations. However, certain analytical techniques use wet 



tissue or wet sediment, necessitating the calculation of wet- 
weight concentrations. The wet-to-dry weight ratios should be 
reported for each tissue and sediment type to allow compari- 
sons among studies. As previously mentioned, lipid values 
should be reported in "Bligh-Dyer equivalents," along with any 
conversion factor(s) between lipid methods. 

15. Data Interpretation 
15.1 Objective-The main objective of statistical testing is 

to determine whether the mean tissue residues in animals 
exposed to the test sediment are significantly greater than those 
in the control or reference sediments, or greater than a specified 
criterion value such as a Food and Drug Administration W A )  
action limit. Additional statistical tests comparing the means of 
other tissue residues (for example, control versus reference) or 
sediment characteristics will also be conducted, but the same 
principles and methods apply. A summary of the standard 
statistical tests and their interpretation are presented in Table 9 
and Table 10. 
15.2 Requirements for Statistical Testing-To perform sta- 

tistical testing, replicate samples must have been taken to 
provide an estimate of variability. Non-replicated samples (that 
is, a coucen~tiou from a single composite sample) cannot be 
compared using these methods. The concentration of each 
chemical in a tissue or sediment sample is considered statisti- 
cally independent in these tests and is compared separately. 
Comparisons of tissue residues of Merent chemicals within 
the same organisms require the use of "repeated measures." 
15.2.1 The standard deviations (SDs) or standard e m s  

(SEs) and number of replicates (n) should always be reported 
in addition to the mean values. When composited values are 
used, report the number of organisms per composite (if the 
composite comprises the experimental unit) or the number of 
experimental units per composite, as well as the number of 
replicate composites sampled. 
15.2.1.1 It is necessary to decide whether the comparisons 

between means are to be multiple or painvise before conduct- 

TABLE 9 Summaw of Statlatical Analvses 

PBlmlea Comparlsona 
Hypomesle Test(s)", Comments 

Nomallty Chl-square or Kolmogomv- try transtonatlons If not 
Smlrnov normal 

Esuallty of variancns Ftest tly transtorrnatlons If not 
equal 

Ewallty of mems &test one-failed wiih a mri 
knowledge, omemlss 
Iwo.talled 

Equality of a means modlfled f-test If varianons are not equal 
Equallty of a mean and t-teat onawled wilh a prlori 

a constant knowledge, othelwlse 
IWc-tailed 

Equality of means nonparametrlc teats if norrnallty Is not 
established 

M u l ~ l eComDarlMns 
~amalny ChLsquare or Kolmogomv-fly transfomanons If not 

Smlrnov nomd 
Equality of variances Bartlen's test try transfomatlons If not 

equal 
Equallty of means ANOVA nomalhy is established 
Equalliy of means nonparametrlc tests if nomallty Is not 

establ~shsd 

'More than one test can olten be used for the same hypothssls. Each test w~ll 
have different asswnpllons. WMose the test with the assumptions most dossly 
matching your speclflo condltlons and requirements. 
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Ha: TOC. =\TOC, 
Ho: TOC. -TOC, 

Ha: TOC. =\TOG, 
Ho: TOC. =TOC. =TOC, ANOVA TOC of one or mom 

= ... =TOG 
Ha: TOC. =\TOC. =\TOC, 

= ...=\TOC. 

Ho: ci. =Cl" 
Ha: Ct2 Ctu 

Treatment OlWerences 
Ha: Ct, = Ctc 

Ha: Cfp 4 1-test 
Ho: a,= 0, 

Ha: Ctp Ct, 1-test 
Ho: Ct, = C t  one-lalled slgnlflcant uptake from 

sediment above con1 
Ha: ci>Ct, 
Ha: ci.=ci,=Ct,=...= 

Ha: a,= lCtz= ...= ICt, 

Isms. 

means to be compared are homogeneous. If normality 

case of multiple comparisous. Transformations of the da 
nonparamehic statistics may be used if normality or horn 
neity of variance are not established. 
15.3 Tests for Normality and Homogeneiry of Varianc 

The data need to be checked for both normality and horn 
neity of variances before conducting parametric statistics. 



chemical or sediment characteristic are tested 
sts used commonly for testing normality are the 

v-Smimov one-sample test and the chi-square test 
ever, these tests are not very powerful, especially if 

le sizes are small (such as eight replicates). More 
but less common, tests of normality such as Shapiro- 
f? tests (138) can be used for small sample sizes. 

,3:1:Ifthe data are not distributed normally, they can 
<betransformed to achieve normality. The logarithmic and 

~ : . & etwo commonly used transformations. It may be 
diary to:apply different transformations to diierent chemi- 
3& Sediment characteristics. See Ref (137) for a more 
hdivediscussion on transformations. 

The variances of the samples to be compared should 
for homogeneity. This is performed using an F-test 

comparing two variances or BarUett's test when compar- 
than two variances. A t-test or ANOVA is appropriate 
ances are considered homogeneous. The data can be 

sformed in an attempt to achieve homogeneity if the 
Gcos.&'heteroseneous. A modied t-test for comparisons 

or approximate tests for multiple comparisons 
h d e r  conditions of variance heterogeneity 

s 'are more robust than parametric tests, since 
sumptions as to distribution. If the distribution 
ese methods are prefqred. If the assumptions 

ty can be met, then parametic tests'will be 
determining significant differences 'and 
used. See Refs (139 and l42)xor discus- 

a h i s e  comparisons are 
using a pooled variance 
eneous. A modified t-test 

ance heterogeneity (see 
established whether the 
or two-tailed test and 

e a  comparison-wise or 

Tests- In formulating 
e hypothesis can be 
(two-tailed test). The 
o values are equal. A 

m: tissue residue. In contrast, the two-tailed test is used 
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when the direction of the difference 
be assumed before testing. An ex 
two-sided hypothesis is that the reference sediment TOC is 
dierent (greater or lesser) from the control sediment TOc. 

15.4.1.1 Conducting one-tailed tests is recommended in 
most cases because control tissue residues and sediment 
contaminant concentrations are presumed lower than reference 
values, which are presumed lower than test values. For the 
same number of replicates, one-tailed tests are more likely to 
detect statistically significant ditFerencesbetween treatments 
(that is, they have a greater power). This is a critical consid- 
eration when dealing with a small number of replicates (such as 
eight per treatment). The other alternative to increasing statis- 
tical power i s  to increase the number of replicates, which 
increases the cost of the bioassay. 

15.411.2 There are' cases in which a one-tailed test is 
inappropriate. A two-tailed test should be used when no a priori 
assumption can be made concerning which treatment is higher 
than the other. For example, a two-tailed test should be used 
when comparing TOCs of the test and reference sediments. A 
two-taiiedtest should also be used when one regulatory action 
will be taken when the two treatments are equal and another 
when they are not equal, regardless of which onewas larger or 
smaller. This would be unusual for tissue residues, but it would 
apply to other benthic characteristics. For exaniple, a two- 
tailed testshould be used when comparing the benthic biomass 
at a control and test site because both enhanced and reduced 
biomass are indicators of organic enrichment (55).A two-tailed 
test should also beused when comparing tissue.residues among 
different species exposed to. the same sediment arid when 
comparing EAEs or BSAEs (see Annex Al). ' . 

15.4.2 The non-parametric Wilcoxon Rank Sum procedure 
has been recommended for paired sample data (139). Non- 
parametric tests are usually not as powerful as tests. 
However, Lehmh'suggests that the power of the Wilcoxon 
procedure is only about 5 % less than the t test under normal 
distributions, and has equivalent power under other distribu- 
tions(139). Under skewed distributions, the power of the t-test 
declines while the power of the Wilcoxon Rank Siun remains 
constant (143). The Wilcoxon test has also been recommended 
where there are unequal numbers of observations between 
experimental treatments (140,141). , . 

15.5 Comparison-Wise Versus Experiment-Wise Error 
Rates-The Type I error rate used in the tests will be chosen 
either as a comparison-wise or experiment-wise error rate, 
depending on whether one decision is made for each pairwise 
comparison or from d set of pairwise comparisons. A 
comparison-wise Type I error rate of 0.05 should be used for 
each comparison for cases in which test sediments are chosen 
in a stratified manner or along a gradient (see examples in Fig. 
1 (a) and l(b)) and any decisions will be made on a case by case 
basis. For example, a comparison-wise error would be used for 
deciding which specific stations along a gradient were accept- 
able or not acceptable. 

15.5.1 If the test sediments are selected from a supposedly 
homogeneous source (for example, multiple sediment samples 
from a dredge barge: see example in Fig. l(c)), and the 
decision to accept or reject the sediment will be made from the 



results of several pairwise comparisons, an experiment-wise 
error rate of 0.05 should be used. Each individual comparison 
is performed at a lower error rate such that the probability of 
making a Type I error in the entire series of comparisons is not 
greater than 0.05. This results in a more conservative test when 
comparing any paxticular sample to the control or reference. A 
single sediment sample from the barge that would have been 
rejected at the 0.05 level may thus not be rejected at the lower 
experiment-wise error rate, although the probability of reject- 
ing Ho for the entire set of samples is still 0.05. The use of 
experiment-wise error rates adjusts for the possibility of 
random differences when multiple samples are taken from a 
homogeneous source. (For example, if 100 samples were 
taken, a certain percentage would be greater than the controll 
reference because of random variation.) The ermr rate used in 
each comparison is a function of the number of comparisons to 
be used in the decision "experiment" and can be computed 
using the method of Durn-Sidak (137) as follows: 

alpha = 1 - (1 - alpha)'" (4) 

where: 
alpha = Type I error rate used for each pairwise compari- 

son, 
alpha, = experiment-wise Type I err& rate (0.05), and 
k = number of comparisons. 

When an .experiment-wise error is used, the power to detect 
real differences between any two means decreases as a function 
of k, the number of comparisons. 

15.6 ~ u l t i ~ l e  comparisons involving Comparisoru-For 
several means, as in the case of comparing TOC values among 
all sediment types, an ANOVA is 6rst performed to establish 
whether any of the means .are different. The ANOVA. also 
pr0vides.a "best" estimate of the variance (within-treatment 
error); If there are significant differ?ces,a series of t-tests &n 
be performed for any'planned (a priori) comparisons (such as 
between test and control) to distinguish which means are 
diff'eient. Tests such as the T-Method or Tukey Kramer prcice- 
dure (Dunned's test) are .more appropriate for unplanned (a 
posteriori) comparisons, such as between two reference tissue 
residues. See Ref (137) for unplanned multiple comparison 
tests to determine which is most suited for each case. 

15.6.1 It is important to note that an ANOVA is inherently 
for two-tailed comparisons. If the comparisons can be broken 
down into a series of one-tailed pairwise comparisons, it is 
therefore preferable to perform the analysis in this manner 
because of the increase in power. However, if the series of 
comparisons are two-tailed, an ANOVA can be performed first 
to determine whether any additional comparisons should be 
made. 

15.7 Interpretation of Comparisons of lissue Residues-If 
the mean control tissue residues at Day 28 are not significantly 
greater than the Day 0 tissue residues, it can be concluded that 
there is no significant contamination from the exposure system 
Or control sediment. If there is significant uptake, the exposure 
system or control sediment, or both, should be reevaluated for 
suitability. Even if there is a significant uptake in the controls, 
it is still possible to compare the controls and treatments as 

long as the contaminant concentrations in the test tissue. 
residues are substantially higher. However, if control values are: 

ence, or both, tiss 
determines wheth 
exists due to exposure to test sediment. Comparisons between 
control and reference tissue residues at Day 28 determine 
whether statistically significant bioaccumulation exists due.,G 

action limit), the residues must 'beconsidered e 
value even though the mean tissue residue may 
lower. 

15.8 Additional Analyses: 
15.8.1 Testing BAFs and BSAFsStatistic 

for an example of this approach. . ~. 
15.8.2 Comparing' Tissue Res 

CompouncLv-It is of interest to comp 
different compounds in some cases. For example, Rubii 
et al (15) compared the up'take of thirteen different 
congeners to test for differences in b 
values for the different compounds 
tissue, samples, they are not ind 
correlated, so standard t-tests and 

compounds are considered as a second factor. See 
for an example of the application of repeated 
bioaccumulation data. 

15.8.3 Analyses for Altern 
exposures require a test to s 
reached. An N O V A  should 
sample sets. Practice E 1022 requires that there beno 
cant difference @ > 0.05) between the means of these 
sets. If apparent steady state is reached, the mean 
samples taken during apparen 
the steady-state concentration 
based on uptake and depuration tests, see Refs (114, 
details on the nonlinear parameter estimation methods 
toestimate these rate constant 

.. .. 

16. Keywords 
16.1 bioavailability; fresh 

tebrates; sediment-associate 
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Al. ADDITIONAL METHODS FOR 

Ed species for chemical analysis. This 
most contaminated sites because smaller 
th stressed communities and the early 
n (55,56). In addition, benthic densities 
ere stress (55). Even when su5cient 

species can be collected at a given 
mpossible to collectthe same species 
s located along a pollution gradient, 
station, or at an esmarine dredge site 

cting sdc i en t  biomass iS to 

on may vary seasonally; 
it unclear whether the 

site differences (for 
d bioavailability) or 
ation (for example, 

Information) 

PREDICTING BIOACCUMULATION 

relating tissue residues to the field sediment will generate 
incorrect conclusions regarding sediment bioavailability. 

A1.1.3 Sediment Parameters-In addition to the organisms, 
sediment must be collected from the same site and character- 
ized. This characterization needs to be just as extensive as that 
previously described for sediments used in laboratory experi- 
ments (see 10.2). 

A1.1.4 With these limitations, field collections are not as 
well suited as laboratory experiments for routine predictions of 
the tissue residues resulting from sediments and contaminant 
discharges or for between-site comparisons. However, field 
collections are a powerful regulatory tool ifused in the context 
of periodic monitoring of existing sites. When comparing 
changes at the same stations over time, problems with the 
comparison of different species are reduced, although there 
may still be problems with collecting sufficient biomass. Field 
collections also complement the laboratory studies as a QA 
check and by providing data on commercially important 
species =cult to maintain in the laboratory. In some cases, 
both laboratory and field assessments of tissue residues are 
justified by the size of a discharge or dredging operation or by 
a high contaminant concentration. Guidelines on sampling 
designs for field surveys can be found in Refs (34, 51, 52). 
while Ref (48) contains information on the sampling tech- 
niques. 

A1.2 Bioaccumulation Factors (BAFs)-Several ap-
proaches have been developed for predicting benthic tissue 
residues directly h m  sediment concentrations, thereby obvi- 
ating the need for field collections or bioassays. The simplest of 
these approaches is the BAF, which is 

BAE = CJC, (Al.1) 

where: 

C, = tissue concentration, pglg, and 

C, = sediment concentration, pg/g. 


BAFs are derived empirically from either laboratory bioas- 
says or field-collected organisms. Both tissue and sediment 
concentrations are preferably given in dry weight units, but the 
units must be reported in any case. Assuming that the BAFs 
were constant among species and sediments, multiplying the 
BAF of a compound times the sediment concentration would 
predict the steady-state tissue residue. BAFs are analogous to 
the BCFs, which are used to predict tissue residues from water 
concentrations: 

where: 
C, = concentration in water, pglg. 

Although the formulas are analogous, the terms are not 
interchangeable, and BCFs should be limited to uptake from 
water. 



A1.3 Biota-Sediment Accumulation Factors (BSAFsl-
Sediment characteristics, such as TOC, have a major influence 
on the bioavailabiity of nonpolar contaminants and increase 
the among-site variation in BAPs. The BAF variability is 
reduced by normalizing the sediment concentrations to the 
TOC content (149). Normalizing tissue residues to tissue lipid 
concentrations reduces the variability in contarmnant concen- 
trations among individuals of the same species and between 
species (for example, Refs (150, 151)). These normalizations 
are combined in a simple thennodynamic-based bioaccumula- 
tion model for contaminant uptake from sediment (15, 152). 
The fundamental assumptions of this thermodynamic model 
are that the tissue concentranon is controlled by the contarni- 
nant's physical partitioning between sediment carbon and 
tissue lipids and that the organism apd the environment may 
approach thermodynamic equilibrium. The method assumes 
that lipids in different organisms and TOC in merent sedi- 
ments partition contaminants in similar manners. The key 
value in the model is the BSAF, which predicts the lipid- 
normalized tissue residue when multiplied by the TOC- 
normalized sediment contaminant concentration. 

Nme Al.l-Some previous shldies such as Refs (42, 152) reported 
Preference Factors, whlch is the inverse of the BSAF. 

A1.3.1 Jn its simplest form, the model is as follows: 
CJL= BSAF X (CJTT)C) (A1.3) 

or 
BSAF = ( C ~ L ) I ( c F o c )  (A1.4) 

where: 
L 

TOC 

BSAP 

= 

= 

= 

concentration of lipid in organism, gig dry 
weight, 
total organic carbon in sediment, g/g dry weight, 
and 
biota-sediment accumulation factor, g carbonlg 
lipid. , .. 

A1.3.2 The BSAFS should not vary with sediment typeor 
among species in theory. Based on the relationship between KO, 
and lipid-normalized BCPs; the maximum BSAF for neutral 
organic compounds has been calculated at approximately 1.7 
(153).Measured BSAFs would be lower than this maximum if 
metabolism of the compound by the organism is.,p?pid or the 
organism fails to reach steady-state body burdens due to 
l i i t e d  exposure durations or kinetic limitations to accumula- 
tion (for example, steric hindrances to uptake and slow 
desorption from sediment particulates t o  interstitial water). 
Measured BSAFs could exceed the calculated thermodynamic 
maximum if there is active uptake of the contaminant in the gut 
or if there is an increase in the contaminant's gut fugacity, 
driving the contaminant. from the.gut into the body. The 
contaminant fugacity in the gut could increase as the volume of 
food decreases during digestion or as a result of a reduction in 
lipids (154). 

A1.3.3 Laboratory and fiel'd validation of the thermody- 
namic partitioning model suggests that BSAF values do not 
exceed the maximum value for a large number of organic 
contaminants (12). However, BSAFs for some highly lipo- 
philic PCB congeners can exceed the theoretical maximum of 
1.7 by as much as an order-of-magnitude (15). Sediments with 

the lowest TOCs tend to have the highest BSAF values (12,l 
42, 431, which is not explained by the present model. 

A1.3.4 The BSAFs are also dependent on the accuracy 
the lipid measurement. A standard lipid extraction method ' 
needed since total lipids can vary s 
extraction technique used. As discu 
Bligh-Dyer lipid method is recomm 
dard method for BSAF detenninati 
tion technique is used, a conversion factor should be 
to allow the conversion of the lipid values 
methanol extraction values. 

A1.3.5 Although laboratory and field evaluations o 
BSAFs have shown that they are uoi statistically constant 
cases, BSAFs areless, variable for predicting sediment up 

their minimal data requirements. The predicte 

A1.3.5.1 For thes 
BSAFs should becollected and reported in al 

applicability of this 

Al .4  Toxicokinetic ' Bioaccumulation 
Toxicokinetic bioaccumulation. models ire ai~ 

models assume th 
feeding behaviors and physiological . characteristics 
organism as well &the physicochemical characteristics 
contaminant and sediment. Most of these to 
(for example, Ref (155)) assume that the ti 
predicted as the sum of the uptake from each individual 
(for examp1e;interstitial water and ingested sediment) 
any loss due to depuration or metabolism. 

A1.4.1'Inits simplest form, uptake from all phases 
expressed a i  follows: 

dC#t  = X (F, X CP, x EP,) - L 

where: 
dC/dt 	 = change in tissue residue.'&th time. 


= flux i f  Phase x through organism,. 

= .concentration of contaminant in 

= fraction of contaminant extracted 


the organism, 
L 	 . = summationof loss of contaminant through: 


tabolism .and depuration, and 

x = phase (W= water, F = food, and 


A1.4.1.1 For example, the uptake from water would 
product of the amount of water ventilated acro 
the contaminant concentration in the water 
efficiency with which the contaminant is extracted 
water (EPW). These kinds of models usually assu 
uptake efficiency values do not change as body 
approach steady-state and that loss (L) can be mod 
first-order process. Opposed to the thermodynamic 
toxicokinetic model assumes the uptake from each ro 



jndependent and additive, so that an organism exposed to two 
'uptake phases (for example, interstitial watq and sediment) 

have a higher steady-state tissue residue than an 
rganism exposed to one phase. 
~ 1 . 4 . 2These models have been used successfully to p d c t  
PCB,methylmercury, and, kepone levels in marine and 
hwater fish (15.5-157). This approach has been applied to 

species only recently and basbeen used to model the 
.of bexqhlorobenzene by a .marine clam (58, 59, 
0). A slightly different. toxicokinetic model has been 

d .to predict the. uptake of various PAHs by freshwater 
,73, 103). Landnun used this model to deter-

ative importance of interstitial water versus h-
ulates as an uptake route for these PAHs. 
contrastto thermodynamic approaches, toxicoki- . 

. 

. . 

, 	 netic models Can predict tissue residues under n~n-stead~-~&te 
conditions and can account for differences in organism feeding 
Or ventilatory behaviors due to toxic or namal effects (for 
example, growth-related changes). The models can also predict 
the time course of uptake and depumtion. However, the 
approach ~ WW relatively ,sophisticated laboratory experi- 

ments to measure the input parameters. This approach is not 

presently suited for the routine.prediction of bioaccumuhtion 

because of the extensive data needs and the ongoing process of 

developing the laboratory methods. The..@xicokinetic models 

are appropriate when detailed analyses of sediment or biologi-

cal effects~.m.bioaccumulation
are requiredand as a method to 
test the assumptions of various sediment assessment ap- 
poaches. 

A%. DETERMINING THE NUMBER OF REPLICATES 

dequate replication is es- 
for determining statistically significant differences be- 

atmenia with suficient power. If there is a'question 
eight replicates recommended (see 12.3) will not 

cient statistical power, the techniquesin this annex 
to determine the appropriate number. Determining 

een two means, or between a mean and a 
that needslim be distinguishable statistically. 
s a measure of Qe within-treatment variation 
as ,a standard deviation (SD) or. coefficient of 

cin be obtained from previous experiments 
s information is needed because treatments 

nirnum ~etehtableDverince-The number ' of 
to tlie'inbimum detectable differ- 

increase in tissue colicentrations 
than detecting a 100-fold 

$::ancrease. No- standards -exist for an accepca6le minimum 
' .{detectable difference; however, it is recommended that there be 
;;"Ufficient replication to detect, at a minimum, two-fold differ- 
::;=$c,?~intissue concentrations between two treatments (12.3.1). ,...~ , $ . . ,  ~ . .  

rates for Type I and  Type II errors must 
be chosen. A Q p e  I error (alpha) is the probability 
the null hypothesis when no true difference exists 
tment means and is usually giCen a value of 0.05. 

r @eta) is the probability of accepting the null 
en a true difference exists between treatment 
cussed in 12.1.2.2, a beta of 0.05 is recom- 
equivalent to a power of 0.95, where the power 
probability of rejecting the null hypothesis 

. . 

TABLE A2.1 Ranqes of CVs for Tissue Residues ReDorted for-
Benthic Oraanisms 

~ontamiGnt 

Cadmium 

' 

Mercuty . ' 

Coppei ' :  

Zinc ' . . : 

Kepme 
PCB 

HCB 
BaP 

Naplhalsne 
Phenanthrene ' 

Chrysene 

Organism 

:ModioIus :demissub ~ 

M ~ I I U Seduils 

Mya arenaria 


'	Mullnie. latereiis 
Ca/iianebsa.awfraliensis 
Modiolus demissus 
MyiiIus eduils 
Neanmesamna&oaenlate 

'Namlsdiv~~~lwIor  
Ocrolasion fymeum 
Corbicuia fluminea 
Crassosm virginice 
Octolaslon m e u r n  
Corblcuia:flumhaa 
Nereia vlrens 
Uca spp. 
Macoma nasuta . .,.. 
Amphipods 
Macoma inqulnata 
Abamiwla paclfica 
Mawma Inquineta 
Mamma inqulnala 
Abarenimla pcMca 
Mawma inquinala 
Aberenlcoia paoitica 

: 

. 

. 

. CV.46 ~ e f e r e k  

. MA 1161\. . -~. '  
4-81" (isti 


18-22 , ,  


35-49 HE21 ' '  
5 6 7  ;.. ,'(46i 
5-34" . -(I61 
6-53" (161) 

' '.&-SO ." '(163) 
42 . , (184) .. . :. 
12-30" ,(16S) 
7-8* (165) 
8-80 . (166) .. 
2 ~ 2 3 ~, (185) 
10-74A (166.167) 
5-40 (188) 
31-75 (169). 
23-33 (170) 
4-22 (170) 
.436 (1 07) 
S-24A (107) 
50-100" ( i n )  
17-56 ($07)
icwiA (107) 
1146 (107) - . 
2 4 *  I l O ' n  

* samples were wmposited resulting in (usually) lower CVs. 

A2.4 One that can be used to estimate the 
of replicates(n) required to detect a minimum detectable 
difference between two means (adapted from ~~f (137)) is as 
follows: .. 

">2 k (sld)' x (t,,&, + tzau..3 2 . W.1). . 

where: 

d 

= 	sample size for each treatment, 
= standard deviation (often a pooled value ofithe 

two sample variances), 
= 	minimum detectable merence, 
= 	number of degrees of freedom (11 = 2 X (n - I) 

for the comparison of two means; v = (n - 1) for 
the comparison of a mean and a constant), 
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alpha = 	 experiment-wise or comparison-wise Type I of the sample, a value often dillicult to obtain. 


error (see Section 15). If a two-tailed-test is A2.5.2 Method No. 2: 

performed; each tail will consist of alphd2. If a (s t4  = [(CV/lOO)/m,]

one-tailed test i s  performed, the single tail is 

alpha, where: 


beta = Type I1 error (or 1 -power.of test), CV = coefficient of variation, %, and 
t,,,,, = critical value for alpha of Student's ml = a multiplicative factor of ul that' is the 


t-distributi0n:with v degrees of freedom. (Use a 

two-tailed 2-table for :a two-tailed test and a 


. . one-tailed table for a onetailed test), 
r,beta,v = critical value for 2 X beta: of Student's will be.five times the valueof u,). 

.I-disnibution with v degrees of freedom.(Use a 
two-tailed table. The critical value i s  beta if a 
one-tailed table is used. The critical value is the if no other information is available, although it w 
same whether the test is one- or two-tailed.) prudent to consider these values as the minimum es 

For .the comparison of one mean and a constant (for variation.
example, FDA Action Limit), the formula becomes 

A 2 5  Aniterative approach is:used to cdculate n since 
t,,,,v and t2,,v qre dependent on n through v. Thev.alues for 
talph;v; ,tZbcWv, alpha, beta, and v are either set .by  the 
investigator or found in tables. Therefore, onlythe SD andthe example, FDA action limits). 
mininium detectable difference must be estimated. Although a A2.5.3 MethodNo.3:. , . . 

miniinurn detectable difference (d).ofZ:i$.recomrnended (see 
12.3:1), an estimate of the SD will n0t:be:available in many , . , .  

cases.;However, :the ratio of the two '@hi)-can be described in 
several: ways, providing different approaches to estimating m:; = multiplicative factor 
these,,parameters. Three methods ofiestimating s/d and their 
adv&tages and.disadvantages .., , are'as follows:, . . . . . .  

A2.5.1 Method No. 1: 	 . . .  
. . , . . . . . .  


. ,. . . .. .  


where: < .. 


u, -,% = di 

2 -
. 

.: 
. meanu, and a constant.. . . . .  


A2;5.1.1 Advantages- There may be cases in which an 
absolute difference'between two numbers is of interest, as a A2.5.4 If a comparison between 
comparison of a. measured tissue :.risidue ..and a regulatory anticip+d (as in the determination o 

...action: limit. .. .. , . .  

A25.1.2 Disadvanrages-.It requires an estimate of the SD 
: ,  . . . .  

A3. ADEQUACY OF 10-DAY AND 28-DAY .EXPOSURES . . . . . 

A3.1 Organisms should ideally be exposed to test sedi- 
ments for a period suf6cient to attain steady-state tissue 
residues. However, cost considerations often prove prohibihve 
to conducting tests long enough to document that steady-state 
has been attained. Bioaccumulation tests have historically been 
conducted for a preset duration as a result. Choosing a single 
time penod is complicated by the multitude of orgamc con- 
taminants and metals found in most field sediments or dredge original intent and used as a quantitative result. 
matenals, with each having differing uptake and elimination 
kinetics. To date, a ten-day exposure to assess "bioaccumula- 
tion potential" has been the most commonly used tune period sures, it is worth assess 
for the testing of marine sediments (primarily dredge materials) measure of bioaccn 



,ethod of generating data for ecological and human health risk 
assessments. The percent of steady-state tissue residue ob- 
rained after ten days for several organic contaminants was used 

a simple measure of accuracy (Table 4). To assess bioaccu- 
rnulation potential adequately, the exposure should result in a 
s,&cient percentage of the steady-state tissue residues to 

' 

identify which sediments could be an environmental problem. 
! Also, the percentage of the steady-state tissue residue obtained 

tent for the same contaminant in 
the exposure should yield a strong 

onsistent signal. Benthic tissue residues will be used in 
uantitative risk assessments to predict the amount of 

ants transported from the sediment to higher trophic 
luding man. Alarge error at the base of the food-web 
in errors throughout the analysis, especially as some 
rs may be'multiplicative. As a preliminary measure, 
be acceptable for quantitative risk assessment, the 
ssue residues should be within 80 % of the steady- 

concentrations. An accuracy of 80 % for each 
results in the prediction of tissue residues being 
Id of the actual residues for :a three-step chain 

to benthos to demersal predator . to higher . 

r 0.8 X 0.8 X 0.8 s 0.51). 
c c ~ ~ t a m i n g t s  in these studies, only 33 % 

ached within 80 90of the steady-state 
4). Ten-day tissue residues averaged 
steady-state value, and this average 
cumulated'PAHs. assue residues of 

averaged only approximately 
and ranged from 100 % to a 
tissue residues averaged 82 % 

stimated steady-state value, with 67 %. of ,the tests 
% of the steady-statelevel (Table 4).. . 

1s- en days is also l i l y  to generate a rela- 
centage of the steady-state tissue residues for 

. For example, mercury levels in fishmay not attain 
ring the lifetime of the organism (172,173),and 
time for,lead to attain steady-state in Mytilus 

::was greater than 230 days (174). In the few studies in 
,10 and 28-day values could be compared (Table 4). only 
attained 80 % of the steadv-state value in 10-dav tests. -~ ~~, -~~~~ ~. 

of organisms exposed for 28 days attained this 

conclusions are apparent based on this pre- 
First, a ten-day exposure generates a low 

of the steady-state tissue residues for PCBs and 
other high K, organics and some heavy metals. 

s are the most likely to represent an ecological 
h risk through bioaccumulation and biornag- 
d, the percentage of the steady-state tissue 

aries several-fold even within a single 
,the amount accumulated within ten days is 
ntage of the steady-state concentration that it 
e detection limits of standard analytical 
t be significantly different from the control 
exDosure can thus result in false negatives 

the bioa~cumulation potential of a sediment. 
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Fourth, the percentage of the steady-state tissue residues 
accumulated over ten days is inadequate for a quantitative risk 
assessment. Finally, the ten-day exposure does not generate 
any additional insxghts into the bioaccumulation potential of 
neutral organics that are not generated by use of the BSWs 
(see summary in Table A3.1). 

A3.5 A28-day exposure is a practical compromise between 
cost, data accuracy, and data utility. When 28-day organic and 
metal conraminant levels were compared to observed or 
estimated steady-state levels (Table 4), steady-state tissue 
residues were approached (that is, ~ 8 0  % of steady-state) m 
69 % of the tests, and the mean steady-state contaminant tissue 
level increased to 84 % of the steady-state maximum. An 
average of 83 % of the PCB steady-state tissue residues was 
obtained after 28 days. This level of accuracy should be 
sufficient in nearly all cases to test for bioaccumulation 
potential with a reasonable level of statistical certainty. The 
data should be sufficiently accurate for quantitative risk analy-
sis in most cases. In cases in which more accurate estimates are 
required, either a long-term exposure (12.5) or an alternative 
approach (Annex Al) can be used. 

A3.6 In addition to underestimating tissue residues because 
of insW3cient duration, single-point tests can underestimate 
maximum tissue residues when a compound reaches a maxi- 
mum value before the sampling period and then declines. For 
example, phenanthrene approaches its maximum tissue residue 
in freshwater amphipods after approximately ten days and then 
declines (44). A 28-day test would generate a lower value than 
a 10-day test in this case. The decline is presumably the result 
of an increase in the metabolic degradation rate of the 
contaminant and should be most commou with the lower 

TABLE A3.1 information Gained and Requirements of Different 
Approaches to Estimating Benthic Tissue Residues 

Fats., ---
Bloaccu- Negative Estlmatee 

Amumulatlon yes . no yes? Sediment concentration, 
factors TOG, llplds 

10-Day test yes ~ 8 9  no 10 days lab~ralory time. 
tissue conoentratlon 

28-Day test Yes no approximate 18 days additional 
to yes laboratory time 

Kinetic yes no yes sddkional tissue 
models concentration, 

addltlond laboratory 
t h e ?  dsvelopment of 
techniques 

Long-term YES no yes 28 to 70 days addltlonal 
exposures laboratory time. 

~ddltlonal tissue ~~~ ~ 

concentrationA 

A Bioaccumulation potential qualitative ability to detectuptake. False negative 
bloaccumulation potential = amount accumulated Is so low that it Is concluded 
incorrectly that no uptake wilt occur. Estimates sqwiibrium residue =tissue residue 
data ~UMcIentl~ , accurate~~~.for use In ousntltatlva risk assessments. Exoerlment - ........ 7~~~~ ~ ~~~ 

techniaues = resources devoted to determinlna the correct uotake and ddounttion ~ -- ~~ ~~~~ 

periods for speclflc compiunds and organisms. ~aboratory time = laboratory tlme 
required for biological exposure. Lipids = tissue samples analyzed tor lipid content 
Sediment concentration =sediment samoies analmed for contaminants. Tissue 
con~enlration= Insue samples analyzsd for contaminants. TOC =sediment 
samples analyzed for TOC. 



molecular weight PAHs and other rapidly degraded contami- 
nants. The ability to degrade PAHs varies among taxa (71) so 
different taxa may not show the same panern. Time series 
samples should be taken before Day 28 if low-molecular-
weight PAHs or other rapidly metabolized compounds are of 
interest (see 12.3.1). 

A4.1 Short-Term Test-Some compounds (for example, 
volatiles) may attain steady-state in less than 28 days (see 
Table 4). so that a 28-day exposure may not be necessary. 
Generally, 10-day tests should be acceptable with organic 
compounds that have log K, s <3 that have been dosed into 
sediments. Even with these compounds, a 10-day test should be 
used only after it has been documented to approach steady- 
state in phylogenetically similar species in less than ten days or 
documented that the depuration rate (6)in phylogenetically 
similar species is >0.5/&y. However, when determining the 
bioaccumulation of contaminants from field sediients, a 
28-day test should be used because nearly a l l  field sediments 
contain some contaminants with slow uptake kinetics. 10-day 
test may also be appropriate when the goal of the study is to 
estimate tissue residues in insect larvae that have larval stages 
shorter than 28 days (for example, Chimmmus). Biotic and 
abiotic samples should be taken at Day 0 and Day 10 following 
the same protocol as that used for the 28-day tests. Sample on 
Days 0, 1, 3, 5, 7, and 10 if time-series biotic samples are 
desired. 

A4.2 Estimating Steady-State from Uptake Rates-In 
theory, it is possible to estimate both the uptake clearance, k, 
and elimination rate constant, &, from the uptake phase alone 
if the experiment continues past the point at which the tissue 
residues begin to "bend over," indicating that the elimination is 
sufficient to slow the net uptake. This approach obviates the 
need to run a separate elbination experiment, as is required in 
the kinetic approach (see 12.6). However, since both k, and k, 
are estimated from the fining of nonlinear mathematical 
models, this method can have more variance in parameter 
estimates than the kineuc approach, that uses independent 
measures of k, and k,. This approach nonetheless has utility 
when time or analytical support is limited, or if a long-term 
time-series uptake test is terminated before steady-state is 
attained. In this design, the sampling schedule should follow 
closely that of the uptake phase of the kinetic approach using 
both uptake and depuration rates. Refer to Refs (175,176) for 
the specifics of estimating k,(or k,) and k,. If a mathematical 
model is used for estimating k, and k, simultaneously, caution 
should be used to ensure that the model will account for 
complexities that occur with sediment exposures such as 
changes m the bioavailability of sediment compartments with 
time (44). 

A4.3 Growth Dilutron-Growth dilution, the dilution of 
contaminant concentrations in the tissues by the increase in 
tlssue mass, will occur if the test organisms grow during an 
experiment. Taking an extreme example, if an organism 
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A3.7 When Steady-State Is Not Achi 

:TESTDESIGNS 
. I .  

doubled its weight during a depuration s 

this experiment would he incorrect for an 

a different rate. Many experim 

dilution into account, which 

among measured depuration 


A4.3.1 For the larger b 

parameters for the kinetic 

overestimated. If thes 

kinetic model (@q 

conditions, both ite 


occurs when corn 

centrations and timeto steady-state will be overestim 
this case because the model does not compensate for 

used. 

where: 

C, = concentration in the organism at time t, 


A4.3.4.1 The growth rate constant (k,) can be 



ental conditions. (Eq A4.1) assumes that the k, and ic,values 
e constants and were measured under no growth conditions 

AS. CALCULATION OF ' 

ts (114). The uptake of organic contaminants from the 
d phase is modeled as follows: 

C,(r)= k, x C,,lk, x (I - e-&") (A5.1) 

constant, days-', and 

ent steady-state is therefore defined here as 95 5% of the 

ated by the following:, 

5 = ln[1/(1.00- 0.95)yk,= 3.014 	 . (A5.2) 

. . .  

2 The key information is thus the depuration rate of 
pound of interest in the test species or phylogenetically 
species. Unfortunately, little of this data has been 

no depuration rates 
e, the depuration rate constant for organic com- 
then be estimated from the relationship between 

for fish species (114): 

& = antilog [1.47 - 0.414 X log (KO,)] ('45.3) 

1.3 The relationship between Sand k, (using (Eq A5.2)) 
etween k, and KO, (using (Eq A5.3)) is summarized in 
A5.1. The estimated time (days) 10 reach 	95 % of 

and depuration rate 

o n  of tissue residue lost per day). Table A5.1 may be used 

Crm,= k, X CAk,+ k3) 	 (A4.2) 

A4.4 Kinetic coefficients determined for specific experi- 
mental designs are conditional on both the environmental and 
physiological conditions of the test. The coefficients will be 
altered if the temperature is raised or lowered. Similarly, the 
coefficients will be altered by changes in the organism's 
physiology such as changes in reproductive status or lipid 
content. Generalizing results to conditions diierent from the 
test must therefore be made with caution. 

TIME TO STEADY-STATE 

TABLE A5.1 Estimated Time to Obtaln 95 % of Steady-State 
Tlssue Residue 

to make a rough estimate of the exposure time to reach 
steady-state tissue residues if a depuration rate constant for the 
compound of interest from a phylogenetically similar species is 
available. The table may be used for estimating the Sof organic 
compounds from the KO, value if no depuration rate 1s 
available. However, since these data were developed from fish 
bioconcentration data, their applicability to the kinetics of 
uptake from sediment-associated contaminants is unknown. 
The portion of organics readily available for uptake may be 
small compared to the total sediment organic concentration 
(44). The Svalues generated by this model should therefore be 
considered to be minimum time periods. Also, (EqA5.2) does 
not account for growth dilution (see Annex A4). To correct for 
growth dilution, @q A5.3) becomes the following: 

S= ln[1/(1.00- 0.95)Y(k2+ k3)= 3.0/(k2+k3) (A5.4) 

where: 
k, = growth rate constant, days-'. 

A5.1.4 Using a linear uptake, first-order depuration model 
to estimate the exposure time to reach steady-state body burden 
for metals is problematic for a number of reasons. The kinetics 
of uptake may be dipendent on a small fraction of the total 
sediment metal load that is bioavailable (178). Depuration rates 
may be more diicult to detemine, as metals bound to proteins 
may have very low exchange rates (179). High exposure 
concentrations of 'some metals can lead to the induction of 
metal binding proteins, such as metallothionein, which 
detoxify metals. These metal-protein complexes witbin the 
organism have extremely low exchange rates with the environ- 
ment (179). The induction of metal binding proteins may thus 
result in decreased depuration rate constants in organisms 
exposed to the most polluted sediments. Additionally, 



structure-activity relationships that exist for organic contami- 
nants (for example, relationships between KO, and BCFs) are 

A6. SPECIAL PURPOSE 

A6.1 lambo on-This exposure chamber is designed to 
separate the inhalant and exhalant siphons of  sediient- 
ingesting clams having independent siphons (see Fig:A6:1). 
The technique is applicable for Macoma spp. and other 
tellinids, although the two siphons are fused together to form 
the "neck" in most bivalves. The apparatus allows isolation and 
collection of the feces from the parent sediient and ventilated 
(pumped) water from the input supply. -This permits a direct 
measure of short- and long-term ventilation' and sediment 
processing rates (the F, tenns of (EqA1.5) (119). By analyzing 
the contaminant content in the feces or ventilated water, the am 

ount of contaminant extracted by the clam (the EPx term of 
(Eq A1.5)) can be estimated. The chamber has been used to 
determine the efficiency of the uptake of dissolved hexachlo- 
robenzene (HCB) by the gills (158). HCB uptake through the 
gut from ingested sediient (159), uptake from ventilated 
interstitial water (160), and passive sorption of HCB to the 
soft-tissues (180). 

A6.2 Wonn ZLbes-These exposure chambers are tubes 
open on each end, simulating the burrow of sediment-ingesting 
polychaete such as Abarenicola pac8ca and Arenicola marina. 
The worms pump water and sediment id one direction through 
the tubes (Fig. A6.2). As with the claniboxes, the feces can be 
collected and separated from' the parent sediment, allowing 
measurement of the sediment processing rate and collection of 
the feces for chemical'analysis. These systems have been used 
to spdy the effects of crude oil on sediment processing rates 
(181) a d  on the uptake rate of cadmium as a function of the 
addition of sewage carbon- to sediment (182). Some versions 
also allow simultaneous measurement of the ventilation rate 
and oxygen consumption (183, 184). 

A6.3 Sediment Resuspension System-This flow-through 
device maintains a constant suspended sediment load in the 

~~ 
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8un.u t.n.,on b?.. 
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FIG. A6.1 Clam Exposure Chambers 
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not well developed for metals. 


:XPOSURE CHAMBERS 

Worrnfube Exposure 'Systems 

a. Worm in sediment, 1L glass b o x  
b. Worm in glass tube, 30 L aquarium 
c. Expanded view of ventilated water collecti 

and monitoring device 
FIG. A6.2 Worm Tube Exposure Chamber 

mechanism (13) that employs an airlift dosing syst 



, .  . 

, 
. . 

'0 CORRECTFOR GUT SEDIMENT 

A7.2 CalculatingCdntamiianr Mass of Gut Sediment-It 
is possible tocalculate thecontaminant mass associated'with 
the gut sediment if both the mass and the contaminant 
concentration of gut sediment tin be estimated: The con&- 
nant concenrmtion of tiie ingested sediment' for selective 
deposit-feeders may beseveral fold greater than the concen- 
tration of the bulk sediment (159). so the b u k  sediment 
concentration should not be used as an estimate of the gut 
sediment. Instead, the gut concentrations can be estimated from 
either the contaminant concentrations of the ingested sediment 
or the feces. Using the fecal pellet concentrations asthe input 
parameter, the whole body tissue residue (C,, including both 
the tissue and gut sediment contaminants) can be expressed as 
follows: 

where: 

C, = whole body tissue concentration (tissue and gut 


sediment), pdg, 
M, = mass of gut sediment, g, 
CPSf = contaminant concentration in feces, pglg, 
M, = mass of tissue, g, and 
C, = tissue concentration without gut sediment, pglg. 

A7.2.1 Expressed on a tissue residue-only basis (that is, no 
gut sediment), the formula becomes 

C,,,X (M,X M,)- (CPSfX M,)
Cl = (A7.2)

M, 

A7.2.2 If the ingested contaminant concentration (CPSi) is 



used, the formula is the same except that CPSi is substituted for 
CPSf. Use of the fecal pellet contaminant concentration under- 
estimates the average gut contaminant content because some of 
the contaminants are extracted from the sediment before 
defecation. Ingested sediment conversely overestimates the 
average gut contaminant content because some of the contami- 
nants have been extracted. These errors are not expected to be 
large, but both methods could be calculated and the results 
averaged for the most accurate estimate. Fecal pellets can be 
collected for chemical analysis by using special exposure 
chambers such as the clambox with M a c o m n  or worm tubes 
with polychaetes (see Annex A6). A method for estimating 
ingested dose is given in Ref (159). 

A7.3 Use of Conservative Trace Elements-Using the 
concentration of a conservative, non-biologically active ele- 

A8.1 General guidance for conducting 28-day bioaccumu- 
lation tests with the oligochaete Lwnbriculus variegatus is 
described in this Annex. Overlying water is renewed daily, and 
test orgaiisms are not fed during the bioaccumulation tests. 
Methods are described for determining the bioaccumulation 
kinetics of different classes of compounds during 28-day 
exposures with L.variegatus. 

A8.1.1 Lumbriculus var iegat~ is one of thebestdeveloped 
organisms for testing bioaccumulation in freshwater systems 
(Table 3 and Table A8.1). Tt meetsmost of the criteria of an 
idea1,test orgapismlisted in the guide except for size, but 
... . . , . .  

. . 

TABLE AB.l summa& o i ' ~ e s t l n ~ . ~ r n c d d u r e eUsedto  conduct 
, . . Whole-Sediment Bloaccumulatlon Tests with . . 

Lumbrlculus verleeaatus -
Reference 

Condition 
(081 (32) (001 (193) (194) 

Temperature, 'C 20 23 23 20 23 
Ught lnlensky 

ftoot-dled, -.-- - --, 
Photoperlod 

NRA NR 25-50 NR 

NR 

50-100 

18-8 
Test chamber, L 3-3.8 4-6 
Bedlment volume. L 0.3-0.35 1 Lor 

more 
Ovedying water 2.74 1 Lor 

volume. L more 
Renewal rate of 0 2 

overlying water 
(addltions/day) 

Age of organisms adult adult adult adult adult 
Loadlng (glchamber) 1 . 1:508 1 0.1-0.391 1 

L 
Number ot repiloate 3 5 

chambers/ 
trearment 

Food none none none Yes none 
Aeration 
Overlying water 

none 
naNrall 

yes 
natural 

yes
natural 

Yes 
natural 

none 
natural! 

reconsti- reoonoti-
tmed luted 

Test duratlon (day) 10-60 10-60 55 28-44 10-28 
Test acceptability NR blomass biomass NR blomass 

liold 

A NR c not reporled. 
1:50 g dry weight organlsm:sedlment organic carbon. 

ment as  a means to de 
is another approach to correcting for gut sediienr Kno 
the sediment contaminant concentration, it is theoreti 
possible to calculate the amount of contaminant assoc 
with the gut sedimen 
common in minerals but not typically found in more than 

The difiiculty with thi 
of gut sediment in s 
that of the bulk sediment, especially if the org 
organic rather than mineral particles selectively. 
this method will underestimate the gut contaminant 
unless the CPSi is used rather than the bulk sediment co 
tration. 

3 ~?THLUMBRICUL 

sufficient biomass can be obtained for bioaccumulation 
since this species can be cultured in large numbers; Lwnb 
lus variegafus in sediment exposures attains steady. 
rapidly (32, 120) :and does not biotran 
matic hydrocarbons (ll3). Fuahermore 
cumulation has been compared with fie1 

A8.1.2 Lumbriculus variegnms 

90 mm,diameter of 1.0 to 1.5 km, 

mg (68,90,19P),The lipid content 

(200)). Lurnbriculus variegatus 

manly,-although sexual reproduction has been re 

Newly hatched worms have not been observed in 


sediment piiysicochemical characteristics on the,r 
10-day laboratory toxicity tests with Hyalella azteca, 

without the addition of exogenous food. The s 
organisms was decreased in tests without added 
physicochemical sediment characteristics, including 

L. variegatus were similar 
field-collected oligochaetes from the same sites 
homolog patterns also were similar. to between 
exposed and field-collected 



,hlorinated PCBs tend to have greater accumulation in the 
anisms. In contrast, total PCBs in laboratory- 
18s pmmelns) and field-collected (lcraluncr 

fish revealed poor agreement in bioaccumulation rela- 
sediment concentrations at the same sites. 

concentrations measured in L varieganrs 
s to sediment in the laboratory were 

concentrations in field-collected oli- 
001s of the upper Mississippi River where 
collected (229). Chemical concentrations 
sediment and tissue concenaationsfrom 
nly polycyclic aromatichydrocarbons 

total PCBs were frequently measured above 
ts.A positive correlation was observed between 

-normalized concentrations of PAHs detected in 
atory-exposed L.variegatus and field-collected oligocha- 
across all sampling locations. Rank correlations for 

of individual compounds between. laboraiory- 
and field-collected oligochaetes were strongest for 

ene, benzo(b,k)flnoranthene, and pyrene 
corselations> 0.69). About 90 %.of the paired 
ions in laboratory-exposed and field-collected 

etes were within a factor of three of one another' 
a laboratory results could be extrapolated to the field 

Culturing Procedures forLumbriculus variegatus: 

:1 The culturing procedures described are based on 
ds described in Refs (68,90,194,203). The bioaccumu- 
,tests are started with adult organisms. 

:2 Lumbriculus'variegatus are generally cultured with 
ewal of water (57 to 80-L aquaria containing 45 to 50 

68) recommend starting a new 

er towels can be used as a substrate for culturing 
68). Substrate is prepared by cutting unbleached 
wels into strips, either with a paper shredder or 
Cut toweling is packed loosely into a blender 
er and blended for a few seconds. Small pieces 

le to the organisms. Blending too long will 
lp that will not settle in the culture tanks. 

ed towels then can be added directly to the culture tanks 
nditioning period for the substrate. The 

ed with conditioned 
in the cultures. The 

tes probably obtain nourishmentfrom in- 
aner in the substrate (204). Lwnbriculus 

re chamber are fed a 10-mL suspension 

d develop lower feeding rates spe- 
od or substrate used to culture 

ounds to be evalu- 
t studies in other 

ve indicated elevated concentra- 

tions of PCBs in substrate or food used in culturing of 
oligochaetes (194). 

A8.2.5 Oligochaetes can be isolated on the day before the 
staa of a test by transferring substrate from the cultures into a 
beaker using a fine mesh net. Additional organisms can be 
removed usmg a glass pipet (20-cm long, 5-mm inside diam- 
eter (ID); (68)). Water can be trickled slowly into the beaker. 
The oligochaetes will form a mms, and most of the remaining 
substrate will be flushed from the beaker (90). Organisms can 
be placed in glass or stainless steel pans on the day the test is 
started.A gentle stream of water from the pipet can be used to 
spread out clusters of oligochaetes. The remaining substrate 
can be siphoned from the pan by allowing the wonns to reform 
in a cluster on the bottom of the pan. For bioaccumulation tests, 
aliquots of worms to be added to each test chamber can be 
transferred using a blunt dissecting needle or dental p~ck. 
Excess water can be removed during transfer by touching the 
mass of oligochaetes to the edge of the pan. The mass of 
oligochaetes is then placed in a tared weigh boat, weighed 
quickly, and introduced immediately into the appropriate test 
chamber. Organisms should not be blotted with a paper towel 
to remove excess water. B ~ n s o n  et al. (229) recommended 
adding about 1.33X of the target stocking weight. This 
additional 33 % should account for the excess weight from 
water in the sample of nonblotted oligochaetes at the staa of 
the test (see A8.4.4.1). 

~ 8 . 2 . 6  The culture population generally doubles (the num- 
ber of organisms) in about 10 to 14 days. See Table A8.2, 
Section B for additional details on procedures for evaluating 
the health of the gultures. 

A8.3 Guidance for Conducting a 28-Day Sediment Bioac- 
cumulation Tesr withZumbriculus variegatus: . . 

A8.3.1 ~ecommended conditions for conductkg a 28-day 
sediment bioaccumulation test with L, variegatus are summa- 
rized in Table A8.3. Ageneral activity schedule is outlined in 
Table A8.4. Decisions concerning the various aspects of 
experimental design, such as the number of treatments, number 
of test chambers per treatment, and water quality characteris- 
tics should be based on the purpose of the test and methodsof 
data analysis. The number of replicates and concentrations 
tested depends partly on the significance level selected and 
type of statistical analysis. The sensitivity of a test increases as 
the number of replicates increases when variability remains 
constant. Additional research is needed on the standardization 
of bioaccumulation procedures with sediient; therefore, 
A8.3.2 describes general guidance for conducting a 28-day 
sediment bioaccumulation test with L. variegahrs. Methods 
outlined in USEPA (194) were used for developing this general 
guidance. Results of tests using procedures different from the 
procedures described in A8.3.2 may not be comparable, and 
these different procedures may alter bioavailability. Compari- 
son of results obtained using modified versions of these 
procedures might provide useful information concerning new 
concepts and procedures for conducting sediient tests with 
aquatic organisms. If tests are conducted with procedures 
different from the procedures described in this standard, 
additional tests are required to determine comparability of 
results. 



( 3  Food used to culture organisms should be analyzed before the stell of a test for compounds to be evaluated In the bloaccumulatlon test. 

recorded dally. . ' : 
(5) 	 Lshoratodes should charadedre and monnor the baokgmundcontaminaUon and nutrient qualily of food if problems are obselved In wlturing or 

testing organisms. 
(6) Physiologld meaaurementa such as llpld wntent might provlde usefullnlormatlon regarding the health of the cultures. 


(0 Addltlonal requirements: 


; 
j 

(Q lllumlnance abwt 100 to 1000 1% 
(5)Photoperiod 16L:BD " 


(6)Test chamber .. 


(1.2) Number d relrlloate 

ChambereHmatment 


, . .(13Feedlng ' ' none 

(14)AeraUon ; . None, unless dlsaolved oxygen In wedying water dmps below 2.5 mg/L 

(15)Ovedying water oultur~ water, well .water, surlaoe water. slte water, or reconstltuted water 

(16)Test chamber cleanlng If soreens bewme dogged dudng Ule test. gently brush the omids of the soreen. 


nance of about ,100to 1000lx.While a specific light regim has describe water-renewal systems that can be used with 
been suggested, no specific tests on light requirements for modifications to deliver overlying water. Overlying wate 
bioaccumulation testing have been performed to date. Test be culture water, well water, surface water, site water, o r  



- TABLE A8.4 General Actlvlty Schedule f o r  Conduct ing a 28-Day Sediment Bioaccumulat lon Test with Lumbrlculus varlegetus 

(A) Condudng a &Day ToxlW Screenlng Ted (Conducted Before the %Day Bloaccumulation Test) 

m*,, Actlvih 
-

& "-1 

n Isolate worms tor conducting toxicity screening test. Add sediment Into each lest chamber, Place chambers into exposure system, and stan rsnawln~ 
ovenying water. 

o 	 Meas~retot. water quo@ (ph, temperature. dissolved oxyoen, hardness, alhln@, ConOJctivh, ano ammonna). Measdle the weignt of a subset of 20 
organisms Jsea to sun  me test Transtar 10 worms Into eacn tam cnmDer Observe ths Dehavlor of test organ sms 

1-2 MBLUJI~ tempnrm~re snd dlaaoivso oxygen Obsewe the oenevlor of lest ongan~sms 
Same as Day 1. Measure told water qualW. 
Measure temperemre and dissolved oxygen. End the test by coiledng the oligochaetes with a sieve and determine the weight of survivors. , 

~loaccum~latlonbsts should not be mducted with L WriegafuS if a test sediment signlflcanUY reduces the number of oiigochaetes relative to the contml 

water. 
0 Measdre tola8 water qualty (pH, temperature. dIsSOlVe0 oxygen. namness. alkainlty, conouctivlty, an0 ammonia1 Sample a s~oset of worms used to stan me 

test tor resnd~e anayses. Transter appmpriale amoum 01 worms (base0 on welghtl into eacn test charnoer Observe me Dehavlor ot test organ.sms 
1 Meas~leternpera~.re ana alsso.ved oxygen. Observe me benavlor of fen organisms 

. , 

. .  . 

TABLE A8.5 Recommended Test Condl t lo 	 screening Testnary  &Day sed iment  ~ o x ~ c i t y  

hlgh-form lipless beaker 

tar volume 1 

. . 
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test sediment by L.variegahls may decrease bioaccumulation. 

A8.4 General Procedures: 
A8.4.1 Sediment into Test Chambers-The day before the 

sediment test is staned (Day - 1). each sediment should be 
mixed thoroughly andadded to the test chambers. The sedi- 
ment should be inspected visually to judge the extent of 
homogeneity. Excess water on the surface of the sediment can 
indicate separation of solid and liquid components. If a 
quantitative measure of homogeneity is required, replicate 
subsamples should be taken from the sediment batch q d  
analyzed for characteristics such as TOC, chemical concentra- 
tions, or particle size. 

A8.4.1.1 Each test chamber should contain thesame amount 
o f  sediment, determined either by ,volume or by weight. 
Overlying water is added to the chambers in a manner that 
minimizes the suspension of sediment. This can be accom- 
plished by pouring water along the sides of the chambers 
gently or by pouring water onto a ba€tle (for example, a circular 
piece of PTFE with a handle attached) placed above the 
sediment to dissipate the force of the water. Renewal of 
overlying water is started on Day - 1.A test begins when the 
organisms are added to the test chambers (Day 0). 

A8A.2 Renewal of Overlying,.Water-Renewalof overlying 
water is recommended during a test. Row rates thmugh any 
two test chambers should not differ by more than 10% at any 
particular time during the test. Mount and Brungs (8) diluters 
have been modified for sediment testing, and other automated 
water ; d e l i v e ~  systems have. also been used (9, 10, 38, 
205,230). The water-delivery system should be calibrated 
before a test is started to verify that the system is functioning 
properly. :Renewal of overlying water is started on Day - 1 
before theaddition of test organisms on Day 0. 

A8.4.2.1 In water-renewal tests with one to four volume 
addiiions of overlying waterlday, waterquality characteristics 
generally 'remain similar. to the in-flowing water (38, 200); 
however, in static tests, water quality may change profoundly 
during the exposure (206). For example, in static whole- 
sediment tests, the. w t y ,  hardness, and conductivity of 
overlying watermore than doubled in several aeatments during'. 
a four-week exposure (38). Additionally, concentrations of 
metabolic products (for example, ammonia) may also increase 
during static exposures, and these compounds can be either 
directly toxic to the test organisms or may conaibute to the 
toxicity of the contaminants in the sediment. Furthennore, 
changes in water quality characteristics such as hardness may 
influence the toxicity of many inorganic (207) and organic 
(208) contaminants. Although contaminant concentxations are 
reduced in the overlying water in water-renewal tests, organ- 
isms in direct contact with sediment generally receive a 
substantial proportion of a contaminant dose directly from 
either the whole sediment or the interstitial water. 

A8.4.3 Acclimation- Test organisms should be cultured. 
and tested at the same temperature. The test organisms should 
ideally be cultured in the same water that will be used in 
testing. However, acclimation of test organisms to the test 
water is not required. If the test organisms are to be acclimated, 
they could be held for 2 h in a 50 to 50 mixture of culture water 
to overlying water and then for 2 h in a 25 to 75 mixture of 
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culture water to overlying water, followed by a transfer in 
100% overlying water for 2 h (38). 

A8.4.4 Placing Test Organisms in Test Chamber 
Paragraph A8.2.5.describes a procedure for isolating olig 
etes for starting a test. At the start of the test, a subset 
variegafus should be sampledto determine the starting c 
centrations of :chemicals of concern. Mean group we' 
should be.measnred on a subset of at least 100 organisms 
to start the test. The ratioof ToC in sediment to drv wein 
organisms at the start of the test should be no less than abou 
50:1. 


A8.4.4.1 Oligochaetes added to each replicate should 
blotted to remove excess water. Brunson et al. 
mend adding about 1.33X of the target stocking 
additional 33- % should account for the excess ~ 

water in the sample of non-blotted oligochaetes 
the test. 

such as sediment 
the burrowing activity of test organisms may be di 
because the test organisms are often not visible during'. 

'monitored daily. : . -

A8.4.5.1 Measurement of Overlying Water Qu 
Characteristics-Conducti~ity,hardness, pH, akahity, 

and end of a test. Overlying .water should be s 
befofe watkrlenewal from about 1to 2 cm above 

should not vary by more than 50 % durin 

measured.disso1ved oxygen in the ov 
inspectetl thoroughly between s 
organisms are not attached and 
samples to minimize cross co 
to maintain dissolved oxygen in the overlying water above- 
mgL, that is, about one. 
Dissolved oxygen and pH' can be measured directly in,: 
overlying water with a probe. . . 

(2) Temperature shoul 
least one test chamber from each treatment. The tempe 

A8.4.6 Feeding-L 
during a bioaccumulation test. 

A8.4.7 .Ending a Test- Care should be taken to isola 
least the minimum amount of tissue mass from each repli 
chamber needed for analytical chemistry. 

through a fine-meshed screen sufic~ently small to retain 



alytical procedure. :To obtain meaningful results from 

4-h Purge 

6-h Purge-.-.-. 
8-h Purge-..-..-.. 
12-h Purge 

16-h Purge....,....... 
24-h Purge 

Predicted depuration of nonionic organic chemicals from tissue of Lumbriculus variegatusas a function of K, and duration 
puration, assuming no contrlbution of sediment in the gut. Shaded area represents +I0  % of tissue concentration at the 

beginning of the depurationperiod.(Mount et al., (226)). 

4678 
_ i' 



in Table ~ 8 . 6 .  Detection .limits for individual PAHs in tissue 
are listed in Table A8.7. For most chemicals, a minimum mass 
of 1 glreplicate (wet weight) and preferably 5 glreplicate (wet 
weight) should be tested Again, howevn,.to insure results will 
be meaningful, tcquired masses for analytes of interest to .the 
study should be evaluated specifically before the study is 
designed. 

A8.4.8.1 Ifan estimate of dry weight is needed, a subsample 
should be dried to a constant weight at approximately 60 to 
90°C. The sample is brought i to .room temperature in a 
desiccator and weighed to the nearest 0.01 mg. Lwnbriculus 
variegatus typically contain approximately I % lipid (dry 
weight). It may.be desirable to detennhe ash-fiee dry weight 
(AFDW) of oligochaetesiinstead of drymeight. Measurement 
of AFDW is:recommcnded overdry .weight:for..C. tentans due 
to the- contribution of .sediment ,inthe ,gut to the weight of 
midge (seeTest Method E 1706). Additional data are needed to 
determine the contribution,.:of -sediment i n  -the gut of. L. 
variegatus to body,weight before a definitive recommendation 
can.be made.to measure AFDWof oligochaetes. routinely. 

A8.4.8.2 Depeniling.onspeci6c.studyobjectives, total lipids 
can :be measured on. a subsample of  the .total:tissue inass of 
each thawed replicate sample. Gardner;iet.d/(136).descnbe 
procedures .for measuring lipids. in 1 mg of- tissue. 'Different 
methods of lipid analysis canyield ditfexent results (209). The 
analyticalmethod used for lipid analysis should.be calibrated 
against the chloroform-methanol extraction method described 
by (134, 210). The dry weightof oligochaetes can be deter- 
minehon aseparate subsamplefrom each replicate. , , . . 

- - (I)A number..of studies have demonstrated that lipids are 
the major storage site for organic compounds in a van:ety of 
organisms (130-132) . It may be desirable to normalize 

. . . . . . . .  . . . . .  


TABLE A8.6 Wet Welght (9) Tissue Required tor Various 
Analytes st Selected Lower Llmlts of Detection (208) . . 

. . Grams of Tlssue 
Analyte '1.0 ,, 5.0 2.0 . . 

Lower UmR of Deteotlon. udo ,. 

PCB (total) 0.6OD 0.300 0.120 
PCB 1-3 chlorlnes 0.025 0.0125 0.005 
PCB 4-8 chlorlnes 0.050 0.025 0.010 
PCB 7 4............ohlorinea 0.075..... 0.0376 nn15-.-.-. .  - ...... 
PCB 9-10 chlorine~ 0.125 0.0825 0.025 

~~~~~ ~ ..... 
~;P,-DDT 0.050 0.025 0.010 
0.p'-DOE 0.050 0.025 0.010 
o,p'-ODD 0.050 0.025 0.010 
o,p'-DOT 0.050 0.025 0.010 
uChlordane 0.050' 0.025 0.010 
-,Chlordane 0.050 0.025 0.010 
Dleldrln 0.050 0.025 0.010 
Endrin 0.050 0.025 0.010 
Heptaohlorepoxlde 0.050 0.025 0.010 
OxyohloMane 0.050 0.025 0.010 
Mlmx 0.050 0.025 0.010 
Trans-Nonachlor 0.050 0.026 0.010 
Toxsphene .0.800 0.300 0.120 
PAH (total) 0.012 0.006 0.002 
Dioxins 0.020 (nglo) 0.010 (nus) 0.004 (nglg) 
TCOD 0.005 (ng/g) 0.0025 (ngg) 0.001 (ne/g) 
Cadmium 0.005 0.0025 0.001 
Capper 0.005 0.0025 0.001 
Lead 0.005 0.0025 0.001 
Zinc 0.005 0.0025 0.001 
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TABLEA8.7 ~etection Limits (ng) of individual PAHS by 
HPLC-FD .1209) 

. . .  :;:;., 

bioaccumulated concentrations of nonpolar organic . c 

(2) For comparisons of lipid-normalized tiss 

tion on a singlemethod is 
ology is 0ften:intimately tied in with th 
for chemical analysis. As an interim so 

(for examp1e;'Refs (44, 130-132)). Because the 
independent of any paaicular analytical extractio 

geous. 

A8.5 Interpretation of Results: 
A8.5.1 Test Acceptabilify-For the test results to be: 

able, numbers of .L. variegam should not be reduce 

decrease bioaccumulation. 
A8.5.2 Duration of Exposure-Because the dam 

accumulation tests will often be used in ecological' 
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ments, the procedures are designed to A8.5.4 Iguence-of Indigenous Organisms 

ady-state tissue residues. Eighty sediments may include indigenous oligochaete 

as the general criterion. Because of a second oligochaetein a laboratory study a1 


single or few species will often be extrapo- mulation compared to its absence (81, 82): Phipps, 
ies, the proceduresare designed to maximize recommends testing extra chambers without the additi 

ent-associated contaminants so as not to vanegatus to check for the presence of indigenous oligoch 
sidues in untested species systematically. in field-collected sediment. 

study can be conducted to estimate A8.5.5 Sediment Toxiciry in ~ioaciumulation ~isrs-  
state concentrations instead of conducting a 28-day Toxicity or altered behavior of organisms in a sample may, not 
mulation test (for example, sample on Day 1, 3, 7, 14, preclude the use of bioaccumulation data, however, infonna- 
(3, 90, 100, 194); Section 16). A kinetic test can be tion on the adverse effects of a sample shouldbe included in . .en 80 % of stiady-state will not be obtained within 28 

estimates of steady-state tissue the &port. 

A8.5.5.1 Grain size-~umbriculus variegatus are tolerant 


.2 Dwyer, et a1 (90) reported DDT to reach90 % of of a wide range of substrates. Physicochemical characteristics 

eby Day 14 of a 56-day exposure with L vanegaw. (for example. grain size) of sediment were not correlated 

ow moleculaiweight PAHs (for example, acenaph- significantly to the growth or reproduction of L variegarus in 

orene, and phenanthrene) generally peaked at Day 3 10-day toxicity tests in which the organisms were fed (200). 

to decline to Day 56. In general, concentratio'ns of A8.5.5.2 Sediment Organic Carbon-Reduced growth of L. 


weight PAHs (for example, benzo@)fluoran- variegaw may result from exposure t o s e d i i n t s  with low 

(1,2,3-c,d)pyrene) kither organic carbon concentrations (200). For this reason, reduced 

crease. during the 56-day growth observed in bioackumulation tests could be caused by 


either direct toxicity or insacient  nutritionof thesediment. 

';3..lsolating Organism a t  the End of a Test-
ative recovery of L.vanegatus at the end of a sediment 

Testing additional replicate chambers with supplemental food 

.Laboratory personnel need to be 
could be used to help make this distinction, although the effect 

native oligochaetes and L'varie- of added food on accumulation of chemicals would need to be 
considered in the test interpretation. . ' 

. .  . 
... . . 

. 	 ... 
, 	 . 
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SUMMARY OF CHANGES 
. , ,, . , 

The primary changes from theprevioustwo versions of this guide are su&arized in this Section. 
, . 	 .., 

. . 
E 1688-99 and E1688-00: 

, . 	
(2) sediment collection (Section 10:4:1); 

The following sections were revised in 1999 and 2000 and (3) sediment (Section and 
,additional guidance has been provided on: 	 (4) sediment spiking (Section:l0.9: USEPA 2000 (194(1)bioaccumulation testing.withthe 

variegarus (Section Annex A@,; ,' 
, . . . .  . . ~. 
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