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3.2.14 uptake rate constant—the mathematically derived
value(s) that express how rapidly test material is accumulated
by aquatic organisms during the uptake phase of a bicconcen-
tration test, in units of volume of solution per mass of organism
per time.

4, Summary of Guide

4.1 Bach of two groups of test organisms of one species is
administered a treatment, consisting of an uptake phase and a
depuration phase, using the flow-through technique. The con-
trol treatment, in which organisms are exposed during both
phases to dilution water to which no test material has been
added, provides a measure of the acceptability of the test by
_ giving an indication of the quality of the test organisms and the
suitability of the dilution water, food, test conditions, handling
procedures, eic. In the other treatment the organisms are {a)
exposed during the uptake phase to dilution water, to which a
selected concentration of test material has been intentionally
added, at least until either apparent steady-state or 28 days is
reached and () exposed during the depuration phase to
 dilution water to which no test material has been added. During
both phases of the test, representative organisms and water
samples are removed periodically from each test chamber and
analyzed for test material. Apparent steady-state-and projected
steady-state BCFs and uptake and depuration rate constants are
usually calcvlated from the measured concentrations of test
material in tissue and water samples. If it is desired to
determine whether BCFs and rate constants are dependent on
the concentration of test material in water, additional treat-
ments, utilizing different concentrations of test material during
the uptake phase, must be used.

5. Significance and Use

5.1 A bioconcentration test is. conducted to obtain informa-

tion concerning the ability of an aguatic species to accamnlate
a test materjal direcily from water. This goide provides
guidance for designing bioconcentration tests on the properties
of the test material so that each material is tested in a
cost-effective manner.

5.2 Because steady-state is usually approached from the low
side and the definition of apparent steady-state is based on a
statistical hypothesis test, the apparent steady-state BCF will
usually be lower than the steady-state BCF. With the variation
and sample sizes commonly used in bioconcentration tests, the
actua) steady-state BCF will usually be no more than twice the
apparent BCFE.

5.3 When both are deterrmncd in the same test, the projected
steady-state BCF will wsually be higher than the apparent
steady-state BCF because the models used to caiculate the
projected BCF assume that the BCF steadily increases until
infinite time.

5.4 The BCFs and rates and extents of uptake and depura-
tion will depend on temperature, water quality, the species and
its size, physiological condition. age, and other factors (1).?
Although organisms are fed during tests, uptake by means of
sorption onto food is probably negligible during tests.

5 The boldface numbers in parentheses refer to the list of references at the end of
this siandard,
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5.5 Results of bioconcentration tests are 1
concentrations likely to occur in aquatic org
situations as a result of exposure under compar
except that mobile organisms might avoid .
possible. Under the experimental conditicns, pe
is deliberately minimized compared to natural
Exposure conditions for the tests may therefore
rable for an organic chemical that has a higl
partition coefficient or for an morganic chen
substantially onto particulate matter. The amc¢
substance in solution is thereby reduced in t
therefore the material is less available to m
However, sorption might increase bioaccumule
species that ingest particulate matter (2}, or
more important source of residues in fish than -
stable neutral organic chemicals that have & L¢
4 and 6 (3).

5.6 Results of bicconcentration tests can be v
the propensity of different materials to be acct
ionizable organic chemicals can also be ranked
tration using correlations that have been rey
steady-state BCFs and physical-chemical proy
the octanol-water partition coefficient and soh
(4). However, when suchi predictions ‘are imp
the demonstrated limits of the correlation,.or 1
wise questionable (1, 5), a bioconcentratior
necessary.

5.7 Results of bioconcentration tests can a
compare the abilides of different species to act
rials. At steady-state the concentration of
organic ¢hemical in - individual organisms, s
tissues within an organism, will probably be
concentration of lipids in'the organisms and tis

5.8 Results of bioconcentration tests might &
consideration when assessing hazard (see Gui
deriving water-quality criteria because cons
might be adversely affected by ingesting aguatic
contain toxic materials. However, assessmeni
consumer organisms must take into account
quantity of material accumulated in tissues of
isms, but also the toxicity of the material to
Further, humans eat only certain’ portions of
organisms, whereas other predators often cons
tissues.

59 Bloconcentrauon tests might be usefu
structure~activity relationships between test mat
cal availability, metabolism of materials in aqw
and effects of various environmental factors on
tests.

5.10 Uptake and depuration rate constants n
for predicting environmental fate using compart

M

6. Apparatus

6.1 Faciliries—Flow-through tanks should b
cuituring, holding, and acclimaiing test organism
dilution-water tank or headbex, or both, might t
dilution water can be gravity-fed into holding &
tanks and the metering system (see 6.3}, which pi

447 6
i



ons and delivers them to the test chambers. Strainers and
m 5:should be included in the water supply system. The
,-p hers ' should be in a constant temperature area or
‘mﬁlaﬂﬁg water bath, Headboxes and holding, acclimation,
:44diltion-Watex tanks should be equipped for temperature
troland aeration (see 8.3). Air used for aeration should be
5Efumnes, oil, and water; filters 1o remove oil and water axe
16, Filtration of air through a 0.22-pm bacterial filter
shitibe’ ‘desirable, During holding, acclimation, and testing,
g eiime should-be shielded from distorbances with curtains
fipartitions- to' prevent unnecessary stress. The test facility
2 dibe well ventilated and free of fumes. To further reduce
nossibility- of the contamination of test organisms by test
ils and other substances, especially volatile ones, cul-
‘holding, and acclimation tanks should not be in a room in
‘bioconcentration or toxicity tests are conducted, stock
jfiitions- or test solutions are prepared, or equipment is
Rl - A16-h Ilght and 8-hdark photoperiod controfled by a
“‘device is often convenient, but a 12-12 or 14-10
.@FEotopenod might be desirabie to delay maturation of some
scies. A15 to 30-min transition period (12) when the lights
might be desirable to reduce the possibility of organisms
g stressed by instantaneous illumination; a transition
‘when the lights go off may also be desirable.
Construction Materigls—Equipment and facilities that
t contact stock solutions, test solutions, or any water into
i test organisms will be placed should not contain
tances' that can be leached or dissolved by aqueous
: s in amounts that can adversely affect aguatic organ-
ms: Th-addition, equipment and facilities that contact stock
ions. or test solations should be chosen to minimize the
ion of test materials from water. Glass, Type 316 stainless
‘nylon, and fluorocarbon plastics should be used when-
_possible to minimize leaching, dilution, and sorption,
ptthat stainless steel should not be used for tests on metals
t water, Concrete and rigid (nnplasticized) plastics may be
for culture, holding, and acclimation tanks and in the
ferssupply system, but they should be soaked, preferably in
g ditntion water, for several days before use (13).
agt—uon pipe should not be used with salt water and probably
uld not be used in freshwater supply systems, because
oidal iron will be added to the dilntion water, and strainers
be needed to remove rust particles. Specially designed
stems . are usually necessary to obtain salt water from a
oral water source (see Guide E 729). Copper, brass, lead,
lvanized metal, and natural yubber should not contact dilu-
n:water, stock solutions, or test solutions before or during
& 1est. Items made of neoprene rubber and other materials not
:Mentioned above should not be used unless a sensitive aquatic
~fpecies (see 8.2.3) can survive for 48 or 96 h (see Guide E 729)
“iistatic water in which the nems are soak.mg
6.3 Metering System:

“6:3.1' The metering system must be designed to accommo-
»datc the type and concentration(s) of test material and the

“ﬂBCessary flow rates of test solutions. The system must

_®producibly (see 11.10.3.2) supply the selected concentra-
-tion(s) of test material (see 9.4). A variety of metering systems,
_"5“18 various combinations of synngcs “dipping birds,” si-
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phons, pumps, solenoids, valves, etc. {see Guide £ 729), has
been used successfully. Because a bioconeentration test usualty
consists of a conirol treatment and one concentration of test
material, the metering systern ugually consists of one device for
metering a solution of the test material, two devices for

. metering dilution water, and two small chambers for mixing

{and splitting, if replicate test chambers are used) the indi-
vidual test solutions before they enter test chambers.

6.3.2 The metering system shouid be calibrated before each
test by determining the flow rate through each test chamber and
measuring either the concentration of test material in each test
chamber or the volume of solution used in each portion of the
metering system. The general operation of the metering system
should be visuaily checked each morning and afterncon
throughout the test. The metering system should be adjusted
during the test if necessary.

6.3.3 The flow rate through each test chamber should be at
least five volume additions per 24 h, but might need to be
greater depending on the loading (see 11.4). In tests with
bivaive mollusks, the minimum necessary flow rate might also
depend on the amount of food available in the dilution water
(see 11.4.3). It is usually desirable to use a fiow rate of at least
ten volume additions per 24 h, especially at the beginning of
the test when uptake is greatest, but a higher fow rate will
increase the amount of dilution water and test material used. A
higher fiow rate is also desirable if there is rapid loss of test
material due to microbial degradation, hydrolysis, oxidation,
photolysis, reduction, sorption, or volatilization. At any par-
ticular time duxing a test, the flow rates through any two test
chambers should not differ by more than 10 %. If comparable
numbers of test organisms are removed from all chambers, the
depth of solution or the flow rate, or both, in all test chambers
may be equally teduced, as long as the flow rate remains at
least five volume additions per 24 h and the loading (see 11.4)
and temperature (see 11.3) remain acceptable.

6.4 Test Chambers:

64.1 In a toxicity test with aquatic orgamisms, a test
chamber is defined as the smallest physical unit between which
there are no water connections. However, screens and cups
may be nsed to create two or more compartments within each
chamber. Test solution can therefore flow from one compart-

" ment to another within a test chamber but, by definition, cannot

flow from one chamber to another. Because solution can flow
from one compartment to another in the same test chamber, the
temperature, concentration of test materials, and levels of
pathogens and extrapecus contaminants are likely to be more
similar betwesn compartments in the same test chamber than
between compartments in different test chambers in the same
treatment. Chambers should be covered to keep out extraneous
contaminants and to reduce the evaporation of test solution and
test material. All of the chambers and compartments in a test
must be identical.

6.4.2 Test chambers are usually constructed by welding (not
soldering) stainless steel or by gluing double-strength or
stronger window glass with clear silicone adhesive. Stoppers
and silicone adhesive sorbs some organochlorine and organc-
phosphorus pesticides that are then difficult to remove. There-
fore, as few stoppers and ag little adhesive ag possible should

4477
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be in contact with the test solution. If extra beads of adhesive
are needed for strength, they should be on .the outside of
chambers rather than on the inside.

6.4.3 The minimum dimensions of test chambers and the
minimum depth of test solution depend on the size of the
individual test organisms (see 10.2) and the loading (see 11.4).
The smallest horizontal dimension of test chambers should be
at least 1.5 times the largest horizontal dimension of the largest
test organism. For fish the depth-of test solution should be at
least 3 times the height of the largest test organism; in addition,
the test solution should be at least 150 mm deep for fish over
0.5 g (wet weight) each, and at least 50 mm deep for smaller
fish. Chambers filled to within 150 mm of the top sometimes
need to be covered to prevent fish from jumping out. With

- bivalve mollusks, the test solution should completely submerge
the organisms throughout the test. Tests with bivalve mollusks
for which the distance from the tip of the umbo to the distal
valve edge is less than 60 mm and tests with small fish, for
example, less than 10 g, are often conducted in 300 by 600 by
300-mm deep all-glass' test chambers containing 30 L of
solution. Use of excessively large volumes of solution in test
chambers will unnecessarily increase the amount of dilution
water and test material used or the average. retenuon tirpe, OF
both.

6.4.4 Cleaning—The metering system, test chambers, and
equipment used to prepare and store dilution water, stock
solutions, and test solutions should be cleaned before use. New
items should be washed with detergent and rinsed with water,

~a water-miscible organic selvent, water, acid (such as 10 %
concentrated hydrochloric acid), and at least twice w1th dis-
tilled, dejonized, or dilution water. (Some lots of some organic
solvents may leave a film that is insoluble ‘in’ water) A
dichromate-sulfuric acid cleaning solution rmay be used ‘in
place of both the organic solvent and the acid, but it might
attack silicone adhesive and requires special disposal tech-
nigques. At the end of every test, all items that are to be used
again should be immediately (g) emptied, (b) rinsed with
water, (c) cleaned by a procedure appropriate for removing the
test material (for example, acid to Temove metals and bases;
‘detergent, organic solvent, or activated carbon to remove
organic chernicals), and (d) rinsed at least twice with distilled,
deionized, or dilution water. Aéid is useful for removing
mineral deposits, and 200 mg of hypochlorite/L is often usefil
for removing organic matter and for disinfection.” (A solution
containing about 200 mg of OCY /L is conveniently prepared
by adding 6 mL of Jignid household chlorine bieach to 1 L of
water. Hypochlorite is quite toxic to most aguatic animals (14)
and is difficult to rinse from some construction materials. It is
often removed by reaction with sodivm thiosulfate, sodium
sulfite, or sodium bisulfite or by autoclaving in distilled water
for 20 min or by drying the item and letting it sit for at Jeast 24
li before use.) The metering system and test chambers should
be rinsed with dilution water just before use.

6.5 Acceptability--New holding, ‘acclimation, and testing
facilities should be tested for toxicity before use (see 6.2 and
8.1.1).

7. Safety Precautions

7.1 Many materials can affect humans adversely if precau-

-adequate supply; (b) be acceptable to the test organisms; (0)1

tions are inadequate. Therefore, skin contact with all te
materials and solutions of them should be minimized t
wearing appropriate protective gloves (especially when wag)
ing equipment or putting hands in test solutions), laborato
coats, aprons, and glasses, and by using dip nets or forceps:
remove organisms from test splutions,

7.1.1 Special precautions, such as covering test chambex
ventilating the area surrounding the chambers, and use of fux
hoods, should be taken when conducting tests on volatj
materials. - Information concerning toxicity to humans - (3
recommended handling procedures (9), and chemical .ap
physica] properties of the test material should be studied befo
a test is begun. Special procedures may be.necessary wir
radiolabeled test materials (10} and with materials that are, (

* are suspected of being, carcinogenic (11). R

7.2 Although disposal of stock solutions, test solutions, an
test organisms poses no Special problems in most cases, heall
and safety precautions and applicabie regulations shouldh
considered before beginning a test. Removal or degradauon;
test material might be desirable before disposal of stock ‘an
test solutions.

7.3 Cleaning eqmpment with a volatile solvent such 2
acetone should be perforined only in a well-ventilated arcaJ
which no smoking is allowed and no open flame, such as a pﬂc
light, is present.

7.4 An acidic solution should not bé mixed with a hypochlo
rite solution because hazardous fures might be produced, 3

7.5 To protect hands from being cut by sharp edges'é
shells, cotton work gloves should be worn (over appropna't
protective gloves (see 7.1) if necessary) when bivalve molliis
are handled. =

7.6 Because dilution water and test solutions are usq:i!}f
good conductors of electricity, use of ground fault systems ail
leak detectors should be considered to help avoid electn o
shocks. Salt water is such a good conductor that protec
devices, are strongly recommended.

7.7 To prepare dilute acid solutions, concentrated: aé’ff
shounld be added to water, not vice versa. Opening a botﬂ
concentrated acid and adding concentrated acid to water shof g

.....

be performed only in a fume hood.

8. Dilution Water
8.1 Requirements—The dilution water should (a) be

e:f“

of uniform quality; and (4) except as stated in 8.1.4, not
the results of the test unnecessarity. b
8.1.1 The dilution water should not adversely affect thei
organisms. For bioconcentration tests, the minimal cnterlon
acceptability of dilution water to test organisms is that heallll
test organisms will survive in it during acclimation and te4!
without showing signs of stress, such ‘as discoloratiofif
unusual behavior. In addition, the water should not affect; :
ability of organisms to sorb and depurate test material. Th"%
fore, a better criterion for acceptability of dilution water 10
organisms is that at least ome aquatic animal species
survive, grow, and reproduce satisfactorily in it. Unless acel
ability of the dilution water has been demonstrated durlﬂg‘;
previous year, it should be demonstrated during the te-’a_v
showing that either (a) at Jeast one species will survive, &1 '
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.and reproduce acceptably in a laboratory culture or a life-cycle
‘oxicity test (see Guides E 1191, E 1193, and E 1295} or (b) at
Jeast one species of fish will perform acceptably in a partial
fife-cycle or early life-stage toxicity test (see Guide E 1241).
8.1.2 The dilution water should not unnecessarily affect the
results of 2 bioconceniration test becawse of such things as
sorption or complexation of test material. Therefore, except as
stated in 8.1.4, concentrations of both total organic carbon
(TOC) and .particulate matter should be less shan 5 mg/L for
tests with fish and less than 20 mg/L for tests with saltwater
‘bivalve mollusks (see 10.5.3).
.8.1.3 The quality of the dilution water should be uniform
" during the ‘test. During a test in fresh water the range of
‘hardness should be less than 5 mg/L or 10 % of the average,
whichever is higher. During a test in salt water the range -of
salinity should be less than 2 g/kg or 20 % of the average,
whichever is higher. -
~8:1.4 If it is desired to study the effect of an environmental
‘factor.such as TOC, particulate matter, or dissolved oxygen on
the results of a bioconcentration test, it will be necessary 10 use
.a-water .that is naturally or artificially high in TOC or
“particulate matter or low in dissolved oxygen. If such-a water
~is-used, it is important that adequate analyses be performed to

" characterize the water and that a comparable 1est be available’

-or -conducted in a more usual dilution water to facilitate
interpretation of the results io the special water.
8.2 Source: '

_-8.2.1 ‘Although reconstituted water (see Guide E 729) may
“be used, its use generally is not practical for bioconcentration
“tests because large volumes are necessary. In addition, it may
<be difficult to provide saltwater bivatve mollusks with adequate
:amounts of acceptable food (see 10.5.3)-when reconstituted
water is used, '

‘82,2 -If a natural water is used, it should be obtained from
‘&N wacontaminated, uniform quality source. For fresh water, a
well'or spring ‘is usually preferable to a surface water. If a
surface water is used for fresh or salt waters, the intake shouid
be ‘positioned to minimize fluctuations in quality and the
‘possibility of contamination and to ‘maximize the concentra-
"wons of sulfide and iron.

'8.221 For bioconcentration tests with saltwater bivalve

. allusks, it might also be desirable to position the intake 10

Taaximize the amount of
Survivai (see 8.32),
“8.2.3 Chlorinated water should not be used as, or in the
Meparation of, dilution water because total residual chlorine
A1d chiorine-produced oxidants are quite toxic to ‘aguatic
‘Rumals (14). Dechlorinated water should be used only as a Iast
;‘i:(m because dechjorination is ofter incomplete. Sodium
-sul‘allﬁte should be better for_ dechlorinating water than sod_ium
for x and.both are more reliable than carbon filters, especially
:_howreemovmg chloramines (15), Some organic chloramines,
resid VEI.Ieact_s]owly with sodium b_isulﬁte (16}, In addition to
unac:;m Chlorine, -municipal drinking water often contains
. uoﬂ;pwbly high concentrations of copper, lead, zinc, and
e ®, 2nd quality is often rather variable. When necessary,
“531ve concentrations of most metals can usually be re-

oved with 5 chelating resin (17), If dechlorinated water is

plankton that will support growth and

29

used a5 dilution water or in its preparation, either (J} the
acceptability of the dilution water must be demonstrated (see
8.1.1) during the test or (2) i must be shown three times eéach
week on nonconsecutive days that in fresh sampies of dilution
water either (@) Acartia tonsa, mysids (not more tban 30-h post
retease of a species that can live for 48 h without food), bivalve
mollusk larvae, or first-instar daphnids can survive for 48 h
without food, or (&) the concentration of total residual chlotine
in fresh water or chlorine-produced oxidants in salt water is
less than 8 pg/L (34). .

8.3 Treatmenr

8.3.1 Dilution water should be aerated intensively by using
air stones, surface aerators, or column aeratorg (18, 19) before
addition of test material, Adequate aeration will bring the pH
and concentrations of dissolved oxygen and other gases into
equilibrium with air and minimize oxygen demand and con-
centrations of volatles, The concentration of dissolved oxygen
in dilution water should be between 90 and 100 % saturation
(20) to help ensure that dissolved oxXygen concentrations in the
test chambers .are acceptable. Supersaturation by dissolved
gases, which can occur when dilution water is heated, should
be avoided to prevent gas bubble disease (18, 21).

8.3.2 For tests with bivalve mollusks, unfiltered, unsteril-
ized natural salt water is often used 1o provide as much natural
plaoktonic food as possible (see 10.5.3).

8.3.3 Except possibly for tests with bivalve mollusks (see
8.3.2), filtration through sand, sock, bag, or depth-type car-
tridge filters may be used to keep ‘the concentration of
pariiculate matter acceptably low (see 8.1.2) and as a pretreat-
ment before ultraviolet sterilization or filtration through a finer
filter, or both. :

8.3.4 Except possibly for tests with bivalve mollusks .(see
8.3.2), it might be desjrable to pass salt water from a surface
water source through a filier effective to 15 pm or less io
remove parasites.

8.3.5 Except possibly for tests with bivalve moliusks (see
8.3.2), dilution water that might be contaminated with unde-
sirable microorganisms may be passed through a properly
maintained ultraviolet sterilizer (22) equipped with an intensity
meter and flow: controls or passed through a filter with a pore
size of 0.22 pm or Jess.

8.3.6 Hardness, salinjty, and pH may be adjusted by the
addition of appropriate reagent grade chemicals,® sea salt, acid,
base, and deionized or distilled water if it has been shown that
the addition will not adversely affect the test organisms.

8.4 Characterization—_The following items should be mea-
sured at least twice each year and more often if such measure-
ments have not been made semiannnally for at least two years
or if a surface water is used:

8.4.1 All Warers—Alkalinity, pH, conductvity, particulate
matter, TOC, total organophosphorus pesticides, organic chlo-
rine (or total organochlorine pesticides plus PCBs), chlorinated

& Reagent Chemicals, American Chemical Sociery Specificarions, American
Chemical Sociery, Washingion, DC. For suggestions on the testing of reagems not
listed by the American Chernical Society, see Reagens Chemicals and Standards. by
Joseph Rosen, D, Van Nostrand Co., Inc., New York, NY, and the Unired Stares
FPharmacopeia. . -
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phenoxy herbicides, ammonia, cyanide, sulfide, bromide, fluo-
ride, jodide, mitrate, phosphate, sulfate, calcium, magnesium,
potassium, aluminum, arsenic, beryllium, borom, cadmium,
chromium, cobalt, copper, iron, lead, manganese, mercury,
molybdenum, nickel, selenium, silver, and zinc.

8.4,2 Fresh Water—Hardness, chloride, and sodium.

8.4.3 Salt Water-—Salinity.

8.4.4 For each method used (see 12.3), the detection limit
should be below either (a) the concentration in the dilution
water or (b) the lowest concentration that has been shown to
adversely affect the test organisms (23).

9. Test Material

9.1 General—The test material should be reagent-grade® or
bettey, uniess a test-on a formulation, commercial product, or
technical-grade or use-grade material is specifically needed.
Before a test is begun, the following should be known about
the test material:

9.1.1 Identities and concentrations of major ingredients and
major impurities, -for example, impurities constituting more
than approximately 1% of the material.

9.1.2 Solubility and stability in dilutions with water.

9.1.3 Expected steady-state BCF. This might be obtained
from the results of tests on the same or a similar material with
the same or a different species. For organic chemicals, this
might be obtained from correlations that have been reported
between steady-state BCFs and such physical-chemical prop-
erties as the octanol-water partition coefficient and solubility in
water (4).

.9.1.4 Estimated time to apparent steady-state (see 11.1.2.1).
. 9.1.5 Acute toxicity to the test organisms (a measurement or
estimate of chronic toxicity is desirable).

9.1.6 Precision and bias of the analytical methods at
planned water concentration(s), the expected steady-siate ts-
sue concentration, and one-tenth the expscted steady-state
tissue concentration.

9.2 Radiolabeled Test Materials—Radiolabeled test materi-
als have been used occasionally in an effort to simplify the
analyses of test solutions and test organisms. Their usefulness
is limited greatly by two serjous complications: (@) Many
radiolabeled materials contain more than | % radiolabeled
impurities; a small amount of an impurity with a high BCF can
greatly affect the apparent BCF of a chemical with a much
lower BCF; and (b) if the radiolabeled chemical is metabolized
substantially in the test organisms and one or mnore of the
metabolites are radiclabeled, the apparent BCF of the chemical
will be too high. The only way to overcome these two problems
is to verify that the radioactivity in the tissue and water is
" associated with the parent chemical. Such techniques as thin
layer chromatography are more useful for demonstrating that
the radioactivity is not associated with the parent chemical than
verifying that it is associated with the parent chemical. Verifi-
cation usually requires gas chromatography, which means that
the use of radiolabeled test material does not save resources in
the determination of the BCF in the long run. Because of these
complications, radiolabeled test materials are more useful for
demonstrating the presence of metabolites than for measuring
BCFs.

9.3 Stock Saluuan—The test matcnal can be added directly

to dilution water in the metering system in some cases, by
usually it is dissclved in a solvent to form a stock solution the
is then added to dilution water in-the metering system.’If -
stock solution is used, the concentration and stability of the te;
material in the solvent should be determined before th
beginning of the test. If the tsst material is subject to photoly
sis, the stock solution should be shiglded from light.

9.3.1 Except possibly for tests on hydrolyzable, oxidizabl
and reducible materials, the preferred solvent is dilution wate
although filtration or sterilization (or both) might be necessary
If the hardness or salinity of the dilution water will notb
affected, distilied and deionized water may ‘be used. Severs
techniques have been developed specifically for preparis,
agueous stock solutions of slightly soluble materials (24). Thi
minimum amount of a strong acid and base may be used inthi
preparation of an aqueous stock solution, but such reagent

" might affect the pH of test solutions appreciably. The use. ofs

more soluble form of the test material, such as chloride.¢
sulfate sajts of crganic amines, sodium or potassium saltsig
phenols and -organic acids, and chlotide or nitrate (rather thi
carbonate or hydroxide) salts of metals, might affect the:pt
more than the uwse of the minimum necessary amount of”
strong acid or base. i

9.3.2 If a solvent other than dilution water is used, _m
concentration in test solutions should be kept to a nummuu
and should not decrease the survival or growth of the es
species. Triethylene glycol is often a good organic solvent:fo:
preparing stock solutions becanse of its low toxicity 1o aquam
animals (25), low volatility, and strong ability to dissolve man
organic chemicals. Other water-miscible organic solvents su
as methanol, ethanol, and acetone may also be used, but the)
might stimulate undesirable growths of mlcmorgamsms, aﬂgﬂ&
acetone is also quite volatile. If.an organic solvent is used;
should be reagent-grade or better, and its concentratjon in a“liﬁ
test solution should not exceed 0.1 mL/L. Surfactants should
not be used in the preparation of a stock solution because tl1
might affect the form of the test material in test soluuon.i
(These limitations do not apply to any ingredient of a mixtug
formulation, or commercial product unless an extra amount® .
solvent js used in preparation of the stock solution.) é}

9.3.3 If a solvent other than water is used, it mights!
desirable to conduct simultaneous tests using two chemicdllf
unrelated solvents or two different concentrations of the. sane
solvent to obtain information concerning possible effects of ﬂﬁ
solvent on results of the test. 2

9.4 Test Concentration(s)—Several factors might mﬂuwﬁ
selection of the test concentration(s):

9.4.1 The concentration of test material in a test solul:lﬂIt
must not stress, irritate, or otherwise adversely affect organ:
isms during the test. The highest acceptable test concenﬂ’ﬂﬂﬁ
can often be estimated by dividing, for fish, the 96-h LC50,% ks
for bivalve mollusks, the 48-h EC50 based on -survival'd
development of embryos and larvae, by an appropriate. acy
chronic ratio. Appropriate ratios for some materials.are abOu
but a few are above 100. by

9.4.2 The test concentraticn must be h;gh enough so thﬂt. 4
test material can be accurately measured in the test solutil
during the uptake phase and in the test organisms after 90_, :

pﬁi
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dgpu]'ation. Therefore, the test concentration should be equal to
or higher than the highest of (a) three times the background in
dilution water; (b) three times the detection limit of -the
analytical method in dilution water; (c) thirty times the
‘packground in the test organisms divide;l by the expected
sieady-state BCF; and (d) thirty times the detection limit of the
_analytical method in tissue divided by the expected steady-state

CF.
JB59.4.5! The test material should be dissolved in the test
solution; it should not be in some other form, such as coligidal,
‘-paniculate, or emulsified except when these are inherent
properties of the test material. Because of problems often
. encountered with nearly saturated solutions, the test concen-

* yratiop Should usually be no more than one half the solubility
of the test material in the dilution water.

‘9,44 If an expected concentration in natural water can be

estimated, it should be nsed as the test concentration if it meets
the -above conditions. ’

- 945 If it is destred to determine whether uptake, depura-
ion,-and BCF are independent of the concentration in water,
‘hioconcentration tests should be conducted at test concentra-
“ ‘tions which cover a range of at least a factor of 10.

10, Test Organisms_

] Species—Whenever possible and appropriate, tests
‘houlld ‘be-conducted with a species listed in Table 1. These
. mpecies were selected on the basis of availability, commercial,

- ‘tecreational, and ecological importance; past successful use;

“&nd ease of handling in the laboratory. Their use is encouraged

10 increase ‘comparability of results and availability of much

. /information about a few species rather than a little information

.. ‘ibout many species. If a desired species is unavailable, a

. species from a listed genus should be used. A specific strajn
- ghould be used only when it is of special concern. The scientific
~ mame of the species used should be verified using an appro-
. Miste saxonomic key. If results are available for a material with
- freshwater fish and results are desired with a saltwater
“inimal, & test with a saltwater bivalve moliusk is -usually
- Preferabile 1o a test with a saltwater fish, because BCFs will
- .Probably be more similar between freshwater and saltwater fish

 Tthan between bivalve mollusks and either kind of fish.

TABLE 1 Spscies and Test Tempsratures

———

A Test tem-
. : Spectes perature,” C
- Frashwater: . ‘
p ._"jﬂ]nbow trow, Saimo galrdner! Richardson 12
B c?]mﬂﬂd minnow, Pimephales promelas Refinesqua 17, 22
o "Bl annef catfish, Jotalurus punctaius (Refinesque) 17,22
m 1"°9|"- Lepomis macroehirus Refinesque 17, 22
_ Wiwaler;
, g':e] Mussel, Mytitus aufls Linnaeus amivient
olop, Pacten spp., ' ambient
;Sr{:':f- Crassosirea giges Thunberg C, virginica Gmelin amblent
- ,5Mumf:i";9~d minnow, Cyprincdon varlegatus Lacepeds 22
o “cm"nm‘: °0, Fundulus heterocitss (Linnaeus) 22
i ol in kittifish, Funguiue parvipinniz Girard 17
: Finilshpim Stickieback, Gasterostous aculaatus Linnaeus i7
“Sppl, ‘L'e.lagadm fhomboides (Linnasus) 22
. hin'ar Ostomus xenthurus Lacapede 22
. ~-JiPereh, Cymatopgaster aggrepara Glbbans 12

-
T -
o he Scientific name should be verlfied using an appropriate taxonomic key.
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10.2 Size—All organisms in a test should be uniform in size
and age.

10.2.1 Fish—Unless data on another life stage are specifi-
cally desired, tests should be conducted with juvenile fish, that
is, past-larval or older and actively feeding, but not sexually
mature, spawning, or recently spent. In any single test all fish
should be from the same year class, and the standard length (tip
of snont to end of caudal peduncle) of the longest fish should
be no more than twice that of the shortest fish. It is advanta-
geous to use relatively small fish (less than 10 g each) in order
to accommeodate the numbers required in usual-sized test
chambers. Minimum acceptable size of individual test organ-
isms is determined by the ability to measure test material in
tissue, because fish should be large enough to allow for
measurement of test material in each organism and its muscle
tissue if necessary.

10.2.1.1 Mature male and female fish of the same specieg
sometimes . contain different concentrations of lipids. There-
fore, in tests with organic chemicals either () the fish should
not be sexually mature a¢.any time during the test or (b) at the
timne of analysis, the sex of each fish should be determined and
recorded and the concentration of lipids (see 11.9.7) in both
males apd females should be measured separately. Maturation
usually can be prevented by employing a low-temperature or &
short day-length photoperiod (see 6.1}, or both.

10.2.2 Bivalve Mollusks—Use of relatively large molusks
(distance from the tip of the umbo to the dista} valve edge
greater than 60 mm) makes it difficult to accommodate -the
large number required in usual-sized test chambers, However,
mollusks should be large enough (distance from the tip of the
umbo to the distal valve edge more than 40 mm) that test
material can be measured in individual organisms and in
adductor muscle of scallops if necessary. In any single test, al)

‘mollusks should be from the same year class, and the distance

from the tip of the umbo to the distal valve edge of the largest
mollusk should be no more than 1.5 times that of the smallest
molusk.

Nore 1—The distance from the tip of the umbo to the distal valve edge
is the most objectively defined, easily performed measurement that
uscfully characterizes the size of live bivalve mollusks of species that are
commeonly vsed in bioconcentration tests. Al three-dimensional measure-
ments may be degirable for. some species. The weight of all soft tissne is
the most desirable measurement, but it cannot be measured before a test;
this measurement should be performed at the end of a test (see 11,9.5).

10.2.2.1 Spawning of bivalve mollusks should be inhibited
during tests. Use of sexually immature animals and a test
teraperature (see 11.3.2) that is known to inhibit spawning are
acceptable preventative measures. Bottoms of test chambers
should be checked daily for evidence of spawning, such as a
white film of embryos.

10.3 Source—All organisms used in a test should be from
the same source. Laboratory cultures of such species as the
fathead minnow and sheepshead minnow usually can provide
organisms whose history, age, size, and guality are known and
are similar at all times of the year in all laboratories. Usual
sources of other freshwater fish are private, state, and federal
hatcheries. Whenever salmen or trout are to be used, they
should be obtained from a hatchery that has been certified
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disense-free, for example, free of infectious pancreatic necro-
sis, Furunculosis, kidney diseases, enteric redmouth, and
whirling disease. Requirements for certification vary from state
to state and from species to species. Other suggested species
usually are obtained directly from wild populations in rela-
tively unpolluted areas. Importing and collecting permits may
be required by jocal and state agencies.

10.4 Care and Handling—Organisms should be cared for
and handled properly (26) so that they are not unnecessarily
stressed.

10.4.1 Whenever aquaue animals are brought into a facility,
they should be guarantined for 14 days or until they appear to
be disease-free, whichever is longer. No dip nets, cleaning
supplies, other equipment, organisms, or water should be

_ransferred from a quarantined tank to any other tank.

1042 To maintain aquatic animals in good condition and -

avoid unnecessary stregs, they should not be crowded or
subjected to’ rapid changes in temperature or wates quality. In
general, organisms should not be subjected to more than a 3°C
-change in water tetnperature in any 12-h period and preferably
not more than 3°C within 72-h. The concentration of dissolved
oxygen should be maintained between 60 and 100 % saturation
(20) and continuous gentle aeration is usually desirable. The
concentration of total dissolved gas should be less than 105%
saturation (19, 21). Except possibly for bivalve mollusks (see
10.5.3), water that might be contaminated with undesirabie
microorganisms may be passed through a propesly maintained
ultraviolet sterilizer (22) equipped with an intensity meter and
flow controls or passed through a filter with a pore size of 0.22
mm or less. The un-ionized ammonia concentration in holding
and acclimation tanks should be less than 20 pg/L.

10.4.3 Holding and acclimation tanks should be scraped or
brushed as needed. Between use with-different groups of test
organisms, tanks shouid be sterilized with an iodophor (27) or
with 200 mg of hypochlorite/L. for ! h, brushed well once
during the hour, and then rinsed well (see 6.5).

10.4.4 Organisms should be handled as little as possible.
When handling is necessary, it should be done gently, carefully,
and quickly so that organisms are not unnecessary stressed.
Organisms that are injured or dropped during handling and fish
that touch dry surfaces should be discarded. Dip nets are best
for handling fish over 0.5 g each. Such nets are commercially
available, or can be made from small-mesh nylon netting,
nylon or silk bolting cloth, plankton netting, or similar knotiess
material. Nets coated with urethane resin are best for handling
catfish. Equipment used to handle fish should be sterilized
between uses by autoclaving or by treatment with an iodophor
(27) or 200 mg hypochlorite/L (see 6.5). Hands should be
washed before such handling or feeding fish.

10.4.5 Organisms should be carefully observed daily during
guarantine, holding, and acclimation for signs of stress, physi-
cal damage, mortality, disease, and extemal parasites. Dain-
aged, dead, and abnormal individuals should be discarded.
Open bivalve mollusks that do not close when touched with a
probe should be discarded. Bivalve mollusks that never open or
do not deposit feces or psendofeces also should be discarded.
If visual examination of the behavior and external appearance

of fish indicates that they are mnot eating or are fiipping,

flashing, -swimming erratically, emaciated, gasping at
surface, hyperventilating, hemorthaging, producing excessiyd
mucus, or showmg abnormal color, the cause should , i
eliminated, If organisms show any sign of disease or extemj
parasites, appropriate action should be taken (see 10.6).

10.5 Feeding:

10.5.1 The concentration of test material in the food shoiij
be determined. :

10.5.2 Atleast once a day, fish should be fed a food that wifig
support survival, growth, and reproduction. A batch of fogg
should not be used unless it has been shown that (a) the batd
will support survival, growth, and reproduction of at least ci¢s
species of aguatic animal, or (#) the concentration of orgamé
chlorine does not exceed (.15 pg/g (wet weight), or the to_'-“-

concentration of organochlorine pesticides plus PCBs does ngj

exceed 0.3 pglg (wet weight). fﬁq

10.5.3 Bivalve mollusks should be provided enough wate'r?
containing sufficient food to support survival and growth: iﬁ
unsterilized and unfiltered natural salt water is used w1thouf
adding algae, at least one litre per hovr per individual is usnall§
a minimum for mollusks for which the distance from the tip'gk
the umbo to the distal valve edge is 40 to 60 mm. If the flo
rate or the concentration of food, or both, is toolow, a sa!twatég
chlorophyte, such as Monochrysis lutheri or Isochrysis gdl"
bana, or a diatom, such as Thalasiosira, may be added to me
dilution water.

10.6 Disease Trearment—Fish may be chemically treated ro
cure or prevent some diseases nsing appropriate freatments. (
(28) and Guide E 729). If they are severely diseased, howi\ég

it is often better to destroy the entire lot immediately. Fishi w
other diseases and all other diseased animald should}
discarded immediate]y, because systemic bacterial infection
usually cannot be treated efficiently, internal parasites csmniﬁ
be removed without extensive treatment, viral diseases caan
be treated, and invertebrates can rarely be treated eﬂ’ecuvely
Tests must not be begun with treated organisms for at Jeast: JA
days after meatment, and organisms mnst not be treated dnrn%}
a test.-Generally, organisms shouid not be treated during: thu
first 16 h after arrival at a facility becauss of possible stress Q
drug treatment during collection or transportation. Howev&’
immediate prophylaxis is necessary in some situations, suchﬂ
treatment of bluegills for columnaris disease dunng hf
weather.

10.7 Holdmg—Te.st organisms should be held in unool
taminated, aerated water of constant temperature and quallty i
a flow-through system with a flow rate of at least two volud
additions per day for fish and 1 L/h per organism for bival
_ molhasks for which the distance from the tip of the umbo toll
dista) valve edge is 40 to 60 mm: higher flow rates are oft
desirable. Organisms should be held in the dilution water &
at the temperature at which they will be tested. Ternperatit
listed in Table 1 are generally good temperatures at which;
hold the regpective species. For long holding periods, howe¥
it is generally easier and safer to hold fish at temperat
Jower than those Iisted in Table 1 becanse metabolic rate 2
the number and severity of disease outbreaks are reduced..

10.8 Acclimation—To prevent test organisms from bel
stressed by an instantaneous change in -water gquality
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. gemperature wh‘en'placed in the test chambm:s, several days
pefore the beginnitg of the test an appropriate number. of
&milar-sized individuals should be transferred from 2 hoiding
.gnk to an acclimation tank with a flow rate of at least two
—yolume additions per day for fish and 1 L/ per organism for
pivalve-mollusks for which the distance from the tip of the
_umbo to the distal valve edge is 40 to 60 mm. The water in'the
.gcclimation tank should be gradually changed from 100 %
-polding water to 100 % dilution water over a period of two or
-more days. Similarly, the water temperature should be chenged
" giarate not to exceed 3°C within 72 h until the test temperature
g reached. All organisms must be maintained in dilution water
.gt.the-test temperatre for at lsast the last 48 h before they are
placed'in test chambers. Compiete acclimation, which has not
been adequately experimentally defined, may take consider-

" gbly longer; therefore; acclimation times longer than the
‘minimura specified should be used when possible.

* 10.9 Qualiry—All organisms used in a test should be of
‘aceeptable quality, '

© °10.9.1 Damaged, dead, abnormal, and diseased organisms
ghould be dealt with in accordance with 10.4.5 and 10.6.
©27109.2 Organisms should have been either (a) reared using

" water .and ‘food that support acceptable survival, growth, and

~ “reproduction of at least one aquatic species and meet the
:specifications of 8.1 and 10.5, respectively; (5) obtained from

-a-body of water that does not receive a discharge or chemical
‘reatment and maintained using water and food as above; or (¢)
analyzed “to show that (J) they do not contain elevated

“‘concentrations of chemiicals to which they are probably ex-
-poked and (2) either the concentration of organic chlorine does
notexceed 0.15 pg/g (wet weight) or the total concentration of
organcctilorine pesticides plus PCBs:does not exceed 0.3 ug/g
“(wet weight). For (c), analysis of a few representatives from a
bach is sufficient; analysis of organisms from each shipment or
before each test is not necessary.

. #10.9.3 ‘A few 1epresentative organisms should be analyzed
for test material. If the concentration of test material is more
'!Ihan 10 % of the expected steady-state concentration (se€ .13,
1tmightbe desirable to hold the organisms in dilution water for
2 while or obtain other test organisms.

- 10.9:4 ‘Mollusks should not be used for a test for at least 4
“lays, and fish for at least 14 days, after arrival at the test

Tacility,
- 1’_9.9.5 A group of organisms should not be used for a test if
the individuals appear to be diseased or otherwise stressed or if
More than 3 % die during the 48 h immediately preceding the
test. I a group fails to meet these critetia, all individuals should
be-gither discarded or treated, held an additional 10 days, and
Teacclimated if necessary.

1. Procedyre

111 Experimental Design—The important aspects of the
EXperimental design of bioconcentration tests are the number
_gf;:lest c_hambers per treatment, the durations of the uptake and
- Puration phases, the number and spacing of sampling points
zul::]ng each phase, and the number of samples taken and
n Yzed at each sampling point. The most desirable experi-

enal design would provide good estimates (see sections 5.2,

3, and 11.1.2.2) of the appatent and projected steady-state

BCFs, the uptake and depuration rate constants, and confidence
limits on all four for the least cost. The most desirable
experimental design usuvally can only be devised after a
preliminary test, but the optimal design is rarely necessary to
make practical decisions concerning bioconcentration of a
material. Cost-effective experimental designs, using appropri-
ate sampling schedules or lengths of the' phases, usually
provide adequate data and can be devised before testing for
many materials (see the following sections and Table 2).
However, it is usually wise to anticipate the possibility that
either or both phases might have to be extended and that more
than the minimum number of sampling points might be

" necessary. In addition, data obtained during a test might
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suggest revision of initial estimates if samples are analyzed
quickly enough.

11.1.1 The primary focus of the physical-and experimental
design of the test and statistical analysis of the data is the
experimental -unit, which is defined as the smallest physical
entity to which treatments can be assigned independentiy.
Because test solution can flow from one compartment to
another, but not from one test chamber to another, the test
charober is the experimental unit. As the number of test
chambers (that is, experimental units) per treatment increases,
the width of the confidence interval on a point estimate
decreases and the power of a hypothesis test increases. With
respect to factors that might affect the results within test
chambers and, therefore, the results of the test, all chambers in
the test should be treated as similarly as possible. For example,
the test temperatre in all test chambers should be as similar as
possible unless the purpose of the test is to study the effect of -
temperature on the BCE. Test chambers are usually arranged in
one or morfe rows. Treatments must be assigned randomly to
individual test chamber locations. A randomized block design
{with each treatment being represented in each block, which

TABLE 2 ‘Minimum Organism Sampling Schedule

Matarial 1 2 3 4
Log K2 313 50 573 5.8%°
8¢ (days) 2 12 24 28

Uptake phase” .

Inttial 0 0 o] ¢
S1é 013 Q75 15 1.8
S8 0.25 15 3 3.5
574 0.5 3 6 7
52 1 6 12 14
Additional= 18 2%
8§ 2 12 24 28
S+ 71Fors+8/2% 3 13 26 wh
U=5+2For 5+ 88° 4 4 28 i

Depuration phase’ .

U+ Dy 4.5 17 34 35
v+ 5 20 40 42
U+ 3Ddr 5.5 23 45 49/
U+D 6 26 52 56

4 Ko = Dotanol-water pariition coefficient.

B.0r higher.

€ 8§ = estimated number of days to apparent sleady-state {in thege examples, &
Is estimatad from Log K,,).

2 /= length of uptake phase, -

£ Additional midterm sampling poim o that no two conseculive paints are more
than 7 days aparl.

Fwhen & is less than 12 days.

S When S is between 12 and 24 days.

H Uptake phase nesed not last ionger than 28 days,

! D =length of depuration phase = 5.

YD=8= /=28 days.
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may be a row or a rectangle) is preferable to a completely
randomized design.

11.1.2 Length of Uptake Phase—The uptake phase must
continue until either apparent steady-state or 28 days is reached
(see 11.1.2.2). The criterion for attainment of apparent steady-
state is that three sets of BCFs based on samples (whoie body
for fish and total soft tissue for bivalve mollusks) taken at
appropriate intervals are not significantly (o = 0.05) different
when tested, using such techniques as analysis of variance or
orthogonal polynomial coefficients (29). If S, the estimated
number of days to apparent steady-state, is 12 days or less, the
intervals between the three sets of samples should be 24 h or
longer. If § is between 12 and 24 days, samples shouid be taken
at intervals of §/12 days or longer. Thus, the minimum length
of the uptake phase, U, would be U = § + 2 days if § is less
than 12 days, and U = § + §/6 if S is between 12 and 14 days.

11,1.2.1 Although the time to apparent steady-state, S,
depends on-the species, size, physiclogical condition, and test
conditions, it seems to be reasonably simitar for most juvenile
fishes under the conditions described herein. However, § seems
to be smaller for mollusks than for fishes under comparable
conditions. Thus, a reasonable estimate of 5 can sometimes be
obtained from the results of a bioconcentration test on the same
or similar material with a different species. In addition, for
materigls whose uptake and depuration follow a two-
compartment, two-parameter model, a useful estimate of S can
often be derived from the solubility in water or the octanol-
—water partition coefficient. Persistent, nonionizable organic
chemicals often seem to fit such a model within experimentat
error, Other materjals might fit such a model well encugh for
the predictions to be useful in designing a bicconcentration
test, For the two-compartment, two-parameter model, the time
to reach 95 % of steady-state in the uptake phase is about equal
to the time to reach 95 % of depuration in the depuration phase.

Therefore, S = (r (1/(1.00~0.95)))/k, = 3.0/k;,

where!
= number of days,
1n = logarithm to base e, and
k, = first-order depuration rate constant in day™".
' For fishes, k, can be estimated (1} as follows: antilog
(1.47-0.414 log K.},

Where:
K,, = octanol-water partition coefficient, and
log = logarithm 1o base 10. .

The octanol-water partition coefficient can be measured
directly or estimated from solubility in water (30) or by means
of high-pressure liquid chromatography (31). Alternatively,
organisms can be statically exposed with no measurement of
the concentration of the test material, followed by an experi-
mental determination of X; in clean water and calculation of S.
§ may also be estimated directly by conducting a preliminary
bioconcentration test.

11.1.2.2 Rarely is there a practical necessity for § to be
longer than 28 days. If apparent steady-state is not reached in
28 days, a longer uptake phase usually will not provide
sufficient additional information to justify the additional cost
because the apparent stieady-state BCF will usually be no more
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than a factor of 2 higher than the 28-day BCF. In addition, 5
projected steady-state BCF can be calculated, but will vsually -
be no more than a factor of 4 higher than the 28-day BCF (32),
Unless a better estimate of the steady-state BCF is desired, if
the estimated time to steady-state is more than 24 days, the teg
may be designed with § = 18 days, and no samples need to be
taken between 21 and 28 days or after 28 days during the
uptake phase to determine whether or not apparent steady-stagg
is reached (Table 2).

11.1.2.3 Regardless of the estimate of S at the beginning of
the test, if samples are analyzed quickly enough during the tes’
for example, within 24 io 48 b, it may be possible to- calculate
a better estimate of § or it might be found that apparem
steady-state has been reached, allowing the termination of the
uptake phase and the beginning of the depuration phase. : *

11.1.2.4 If real-time verification of the attainment of appzii[-l“
ent steady-state is impossible or uniikely, the test must be
designed and conducted based on available information, and 1i¢
adjustments based on data obtained during the test will B¢
possible. In this situation, the best option probably is to design
the test as described, but plan to extend the -uptake anf
depuration phases past the minimum times and take additionil
samples. Data analysis will indicate whether an apparen!
steady-state BCF can be reported. Whether or not an appaiém
steady-state BCF can be reported, a projected steady-state BGF
should be calculated and reported if possible.

11.1.3 Organism Sampling Schedule During Uptake
Phase—Except for the controls, a minimum of five samplmg
points should be distributed in a geometric series, with the- ﬁﬂh
at time S. The five sampling points should be close to S/16, SIS,
S/4, 52, and S. No sampling interval should be, greater than
seven days, 80 an additional sampling point might have tohg'
inserted when the uptake phase lasts longer than 14 days (Tab#
2). Further, if § is less than 24 days, two more evenly spaceﬂ
intervals must follow S so that attainment of apparent steady
state can be evaiuated (see 11.1.2). This assumes that ﬂlb
uptake phase ends and the depuration phase begins at time
If not, additional sampling would have to occur at appropi
ately spaced intervals to the end of the uptake phase. Whenﬂ
is estimated to be less than 28 days, it is usually dlesu'e.ble10
plan for two to four additional sampling points in case S 85
been underestimated. These additional sampling points 4%

itk

steady-state in an asymptotic manner. !

11.1.4 Length of Depuration Phase—The depuration ph;ﬂsf
should continue until the concentration of test material inifhe
orgamsms is less than 10 % of the steady-state concentratloﬂ.-.-.
is below the detection limit in tissue. Because the time to rﬂaﬂh
10 % of steady-state in the depuration phase is usually shghﬂy
less than the time to reach 95 % of steady-state in the uptikt

phase, the length, D, of the depuration phase past 28 dﬂlﬁ‘"s

.. rarely justified by the additional information gained. If samplét

are analyzed quickly enough, data collected during the “P“’I‘f
phase can be used to calculate a better estimate of D.
importantly, if samples are analyzed quickly enough durmg
depuration phase, a very good estimate of the appropril
length of the depuration phase might be available at of 5000
afier the beginning of the depuration phase.
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11.1.5 Organism Sampling Schedule During Depuration
Phase—Except for the controls, a minimum of four sampling
points should be distributed in an arithmetic series during the
depuration phase, with the fourth being at time D after the
peginning of the depuration phase. The four sampling points
.ghould be close to D/4, Df2, 3D/4, and D, Tt is usually desirable
to allow for the possibility of sampling points at 50/4 and
6D/4, in case D has been underestimated or in case depuration
is not linear. Extension of the depuration phase is often
desirable because information.conceming the last portion of
depuration is often useful and can be obtained at minimal cost
pecause test material is not added to, nor frequently measured
in, test.solution during the depuration phase.

-11.1.6 At a minimurm, control organisms should be sampled
at the beginning and end of the uptake phase and 4t the end of
‘the .depuration phase. - ‘ _

11,17 Number of Samples—At each sampling point suffi-

* - «cient ;organisms should be collected to allow for at least Tour '

- analyses. If the organisms are large enough for individual

analyses, only four -organisms need be sampled. Because
- -gamples obtained close to 1.6 /k; during the uptake phase

. provide more information than other samples (33), a2 better

- ‘estimate-of the uptake rate constant will result from obtaining
Stwice as many samples at S/2 than at other sampling points
-during the uptake phase.

. Y1.1.8 Water Sampling Schedule—At least two samples of
‘he test solution must be coliected -for measurement of test
 omaterial whenever samples of the organisms are collected

. ‘luring the uptake phase. Samples of the test solution shouid
. :als0 be collected both 24 and 48 h before the beginning of the

- uptake phase (see 11.5) and at least every third day during the
. -uiptake phase. In addition, samples should be taken about one

- third and two thirds of the way through the depuration phase.

" Samples of the test solution in the contro} treatment should be

taken at the beginning and end of the uptake phase and at the

end of the depuration phase.

<. 1119 Tt might be desirable to sample test solutions and

Arganisms from two OF more test chambers so that variation in

. _ZB_CFs and rate constants within and between test chambers can
be compared (see 14.6). '

- 11.2 Dissolved Oxygen~—The dissolved oXygen concentira-
_Yon in each test chamber should be between 60 and 100 %
. ‘sstoration (20) at all times during the test. Because resules of
bioconcentration tests are based on measured rather than
“alculated concentrations of test material, some loss of matetial
by aeration i not detrimental and test soutions may be aerated
‘Bently. Vigorous aeration, however, should be avoided becanse

| .can siress test organisms, resuspend fecal matter, and greatly.

.. Merease volatilizarion. Because aeration readily occurs at the

“Surface, efficient aeration can be achieved with minimum
Trbuience by using an air lft to transfer solution from the
Doltom to the surface, Aeration should be the same in all test
Chambers, including the controls, at a1l times during the test.
i §1.3 Temperature:
=113, Fish-—Although any temperature that is suitable for
I teSt species is an acceptable fest temperature, investigators

: tare Sheouraged to select temperatures from the series 7, 12, 17,

2.2, and 32°C to facilitate interlaboratory comparisons. The
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temperatures listed in Table I should be used as the selected
test temperatures for the lListed species whenever possible, -
Other temperatures from the series can be used for studying the
effect of temperature on the results of bioconcentration tests.
The difference between the highest and lowest measured
temperatures during a rest should not exceed 2°C and must not
exceed 6°C.

11.3.2 Bivalve Mollusks—DBecause adjustment of the tem-
perature of large volumes of wnfiltered natural salt water (see
10.5.3) is especially difficult, bioconcentration tests with salt-
water bivalve mollusks are often conducted at ambient tem-
perature. The temperature should always be.between & and
28°C and should be low enough to inhibit spawning (see
10.22.1). The difference between the highest and lowsst
measured temperatures during a2 test roust not exceed 10°C.

11.4 Loading:

11.4.1 The grams of organism {whole body of fish, total soft
tissue of bivalve mollusks; wet weight, blotted dry) per litre of
solution in the test chambers should not be so high that it
affects the results of the test. Therefore, the loading shopld be
limited to ensure that {a} the coneenirations of dissolved
oxygen and tsst material do not fall below acceptable levels,
(b} the concentrations of metabolic products do not exceed
acceptable levels, and {¢) the organisms are not stressed
because of crowding or lack of food. : :

11.4.2 For fishes listed in Table 1, loading in the test
chambers should not exceed 1 g/L of solution passing throngh
ihe test chamber in 24 h and should not exceed 10 g/L of tast
solution in the chamber at any time at or below the lower of
17°C and the temperature(s) listed in Table 1. :At higher
temperatures, loading should not exceed 0.5 g/(L/day) or 5 g/L.
At all temperatures, a lower loading should be used if aggres-
sion occurs. .

11.4.3 In bioconceniration tests with bivalve mollusks, the
maximum loading might depend mostly on the amount of food
available in the dilution water (see 10.5.3). If supplementary
saltwater algae are not added to the dilution water for bivalve
mollusks for which the distance from the tip of the umbo to the
distal valve edge is 40 ro 60 mm, the loading in the test
chambers should not exceed one orgahism per litré of solution
passing through the chamber in one hour; a lower loading is
aften desivable. :

11.4.4 For both fish and bivalve mollusks, a lower loading
or higher flow rate, .or both, should be used, if necessary, to
meet the following three criteria at all times during the test in
each test chamber: (q) the concentration of dissalved oxygen
should .be at least 60 % satration (see alse 11.2); (&) the
concentration of un-ionized ammonia should not exceed 20
png/L; and (c) after time 574, the concentration of test material
should not be lowered more than 20 % becavse of uptake by
test organisms. o

11.4.5 Comparable loadings should be used for other spe-
cies. ’

11.5 Beginning the Test:

11.5.1 After test solutions have been flowing through the
chambers long enough that the concentration(s) of test material
have probably reached steady-state, two sets of water samples
should be taken at least 24 b apart. The analyses should verify
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that the concentration(s) of test material have Teached steady-
state before organisms are placed in the test chambers,

11.5.2 The measured concentration of test material in each
treatment should be no more than 30 % higher or lower than
the nominal concentration. The cause should be jdentified if the
differsnce is more than 30 %. Measurement of the concentra-
tion of test material in the solution flowing into the test
chamber will indicate whether the cause is in the metering
system or the test chamber. If the concentration entering the
test chamber is too-high, the stock golution might have been
prepared incorrecily or the metering system aight have been
calibrated incorrectly. If the concentration is too low, additional
possible causes are-microbial degradation, hydrolysis, oxida-

' tion, photolysis, reduction, sorption, and volatilization, and a
faster flow rate is probably desirable.

11.5.3 The test begins when the test organisms are first
placed in the test solution. '

11.5.4 A representative sample of the test organisms rust
be either (a) impartially distributed among the test chambers by
adding to each test chamber no more than 20 % of the number
of test organisms:to be placed in the chamber and repeating the
process until each test chamber contains the desired: number.of
test organisms or (b) assigned either by random assignment of
ane organism to each test chamber, random assignment of a
second organism to each test chamber, etc., or by total
randomization. It might be convenient to assign organisms to
other containers and then to add them to the test chambers all
at once,

116 Care of Organums—The environment of the test
animals can'have an immediate and profound effect:on their
metabolisin and respiration and, therefore, on uptake and
depuration. Thus, disturbance and ‘handling should be mini-
mized and the animals should be provided uniform svitable
conditions. Handling and feeding of organisms and cleaning of
chambers should be done gently, carefully, and quickly.

11.7 Feeding—At least once a day fish should be fed.a food
that will support survival, growth, and reproduction (see
10.5.2). Feeding and sampling schedules shovld be coordinated
(see 11.9.4) and excess food should be removed about 30 min
after feeding. Food for bivalve mollusks should be supplied in
the dilution water (see 10.5.3). ‘

11.8 Cleaning—Test chambers should be siphoned ence a
day or as often as necessary to remove fecal mattcr, eXcess
food, algae, and bacterial growth.

11.9 Biological Data:

11.9.1 The organisms in each treatment should be observed
daily during the test for signs of disease, stress, irritation, and
other adverse effects. .

11.9.2 The saropling schedule and number of organisms to
be removed should be determined as described in 11.1.

11.9.3 The results of all tissue analyses should be based on
wet tissue weight. If results are based on dry tissue weight, the
ratio of wet to dry weight should be determined.

11.9.4 Fish should be removed in an impartial manner with
ag little disturbance as possible. A different net should be used
for each treatment. Feeding and sampling schednles should be
coordinated so that fish are obtained at least 4 k, and longer if
possible, after they are fed. After removal, fish should be rinsed

el

with dilution water if accompanied by extraneous muatter;
blotted dry, and killed by pithing the brain with a dissecti
needle or by severing the spinal cord above the operculy
region with scissors, The weight (wet weight, blotted dry) amﬁ
standard length (tip of snout to end of caudal peduncle) of each
fish should be determined within 15 min of sampling. If fish
sexually mature, the gender should be determined. The whojg
body should be either-analyzed for test material within 8 h
preserved in a manner appropriate for the test material, ;_};‘é
11.9.5 Bivalve mollusks should be removed in an unpamq?
manner and the distance from the tip of the umbo to the distal
valve edge measured. The shell should be opened by sevengg
the adductor muscle Wwithout piercing the animal, shaking th
mollusk three times to Temove excess water, and removing: 1h
top shell. The remaining adductor muscle should be severs
where it attaches to the lower shell and all soft tissue remove
‘intact. . The .total soft tissue should be weighed and. e1th‘
analyzed within 8 h or preserved in a manner appropriate-fa
the test material. o
11.9. 6 In addmon to the samples specaﬁed in 11.94 &

B

tration of lipids in males and females should bc measu?
separately. -
11.9.8 Analysis of tissue samples for h.kely ‘reaction I}
degradation products of the test material is désirable, espec
if a radiolabeled test material is used (see 9.2).
11.9.9 All organisms used in a test should be destroy
the end of the test.
11.10 Measurements on Test Solutions: g
11.10.1 Warter Quali—During tests conducted in
water, hardness, alkalinity, pH, and conductivity should;
measured at the beginning, middle, and end of the test ant
least weekly in'the control treatment. During tests conducteds
salt water, salinity should be measured daily and pH shoul
measured at the beginning, middle, and end of the test _’"
least weekly in the control treatment. During all tests, alkalinh
and pH should also be measured in the highest test concefig
tion to determine whether these are affected by thev B

behavior of the test orgamsms indicates that the dlSSO
oxygen concentration might be too low. If a measured"
solved oXygen conceniration is less than 60 % of saturaﬂ
corrective action should be taken immediately, and meast
ments must be performed at Jeast daily until 60 % is readli?
Particulate matter and total organic carbon should be meas‘lg
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weekly in the test chambers during tests with bivalve mollusks;

these measurements are desirable in tests with other organisms.

Weekly determination of un-ionized ammonia is desirable. I

the test material is a neutral organic chemical whose log X, i

i greater than 4, dissolved orgamic carbon should be measured
Y aweekly. )

11.10.2 Temperature—Throughout acclimation and the test
in-at Jeast one test chamber, either the temperature must be
measured or monitored at least hourly or the maximum and
minimum temperatures must be measured daily. In addition,

" mear the beginning, middle, and end of the test, the temperature
* .must be measured concurrently in all test chambers.
© . 11103 Test Material: )

+711.10.3.1 The concentration of test material in each treat-
" ment, including the controls, must be measured in test solutions
in:accordance with the-schedule described in 11.1.7. Water
gamples should be taken by pipetting or siphoning through
"glass..or fluorocarbon plastic twbing from a point midway
“‘hetween-the top, bottom, and sides of the test chamber and
‘should not include any surface scum or material gtitred up from
the “bottem or sides. If test material might be lost due to
orption onto the walls of the sample container, the container
and siphon or pipetie should be rinsed with test solution before
silecting the sample, Water samples showld be collected
Hireetly into appropriate-sized containers from which the test
* “:material can be extracted or analyzed directly. A second sample

. ‘hould ‘be taken and analyzed after filtration or centrifugation

' 40" determine the percentage of test material assoclated with
“particulate matter, especially if the concentration of particulate
natter present in the test solution is greater than 5 mg/L. (see
1.2). : ' '
= 11110.3.2 For each treatment, the highest of all the measured
.-concenirations obtained during the uptake phase divided by the
‘lowest must be less than 2. If it is not, the metering systemn
~#hould ‘be-checked and additional samples from ihe proper
- :Chambers-should be analyzed to determine if either the
~sampling or the analytical methods are inadequate. If the test
_{organisms ‘are probably being exposed to significant concen-
“rations-of one or more reaction or biodegradation products,
“measurement of the product(s) is desirable (see 9.2). A faster
. Blow rate may -also be desirable.

j_iz.,.mlyﬁcal Metnodology

7121 The methods used to analyze water and tissue samples
“for test material might determine the usefulness of the test
f{IFsul{s ‘becanse all results are based on measured concentra-
:?fm“'*"t.'fffor example, if the analytical method measures any
“Mpurities. or :reaction or biodegradation preducts along with
i l_hg‘-’l’ﬂretit test material, then results can be calculated only for
it ei‘tf‘fhi’}e &roup of ‘materjals, and not for parent material by
mte';Mf{asuremem of major products, in addition to parent
50 Hial, is-usually desirable in both water and tissue samples
,,.-1?29-2,‘1_1:9.8, and 11.10.3.2).
.2 Tt is usually adventageons to analyze tissue and water
Qf:‘teslzes Within 48 b of collection to prevent degradation or loss
ad g aterial and to help establish the lengths of the uptake
Qf?“mnon phases (see 11.1.2.3 and 11.1.4). If samples
be analyzed immedjately, they should be handied and

! :
m 8-appropriately (34) 1o minimize Joss of test material by
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such things as microbial degradation, hydrolysis, oxidation,
reduction, photoxidation, volatilization, and sorption.

12.3 Chemical and physical data should be obtained using
appropriate ASTM standards whenever possibie. For the mea-
surements for which. ASTM standards do not exist or are not
sensitive enough, methods should be obtained from other
reliable sources (35). The concentration of un-tonized .ammo-
nia can be calenlated from the pH, temperamre, and concen-
tration of total ammonia (36). o

12.4 A variety of methods are available for measuring lipids
(37). In addition, in bioconcentration tests. on ofganic chemi-
cals, “lipids” are sometimes measured by evaporating and
weighing a portion of the exiract obtained in the extraction of
the test materia] from the tissue, using an organic solvent,

12.5 The precision and bias of each analytical method used
should be determined in appropriate matrices, that is, the
tissue(s) of concern, samples taken from dilution water con-
taining test organisms, and food. When appropriate, Teagent
blanks, recoveries, and certified reference standards should be
included whenever samples are analyzed.

12.6 Analysis of Radiclabeled Materials:

12.6.1 When bioconcentration tests are conducted .using a
radiolabeled material, the tissue samples can be prepared for
counting using a tissue solubilizer. However, it is nsually easier
to prepare the samples-using an apparatus that combusts the
sample and traps the resulting radiolabéled carbon dioxide.

12.6.2 When bioconcentration tests are conducted using a
radiolabeled organic material, total radioactivity should be
measured on all samples. In addition, selected water and tissue
samples should be checked to determine the percentage of the
radioactivity associated with impurities and reaction and bio-
degradation . products (see 9.2), usually using either gas or
liquid chromatography.

13. Acceptability of the Test

13.1 A bioconceniration test shouid usvally be considered
unaceceptabie if one or more of the following occurred, except
that if, for example, the temperatire was measured numerous
times, one difference of more than 6°C (see 13.1.5) might be
inconsequential. However, if the temperatore was measured
only a minimum number of times, one diffesrence of more than
6°C might indicate that more differences would have been
detected if it had been measured more often. -

13.1.1 The test was begun with organisms within ten days
after treatment for a disease or the orgamnisms were treated
during the test,

13.1.2 The test organisms were not maintained in dilution
water at the test temperature for. at least the Jast 48 h before
they were placed in test chambers,

13.1.3 The uptake phase was terminated before either ap-
parent steady-state or 28 days was reached,

13.1.4 More than 10 % of the organisms in any treatment
died or showed signs of disease, stress, or other adverse effects,

13.1.5 The highest and lowest measured test temperature
differed by more than 6°C during the test with fish or by more
than 10°C during a test with bivalve mollusks,

13.1.6 The time-weighted average measured dissolved oxy-
gen concentration was less than 60 % of saturation in any test
chamber,
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13.1,7 The concentration of test material in the test solu-
tions was not measured as specified in 11.1.8,

13.1.8 During the uprake phase, the highest measured con-
tentration of test material in a test chamber was more than
twice the lowest in the same test chamber, or

13.1.9 The percentage of radioactivity associated with im-
purities in both water and tissue was not determined using gas
or liquid chromatography when a radiclabeled test material
was used. o

13.2 ‘An assessment should be made. of the significance of
the concentrations of test material in the organisms (see 11.1.7)
. and water (see 11.1.8) in the control treatment and in the food
{see 10.5.1). :

14, Calculation of Results

14.1 Sometimes several sefs of results can be calculated
from one test. Separate results can be calculated for different
kinds of tissue samples (whole body, muscle, etc.) if the
necessary measurernents wers performed on each kind of
sample. Also, separate results can sometimes-be calculated for
different kinds of materials (parent test material, impurities,
test material plus reaction and biodegradation products) if
appropriate measurements are performed. If pogsible, calcula-
tion of separate results for (g} parent test material and (5)
parent test material plus its reaction and biodegradation prod-
ucts that are structurally similar and are not much more soluble
in water or which have comparable or greater toxicity are
especially desirable. The reported results must reflect the kinds
of measurements actually performed. .

14,2 The concentration, C,,, of test material in water and the
concentration, C,, jn tissue should be comrected for recoveries
-of less than 90 % and should be expressed in comparable units.
For example, if C,, is in pg/L, then C, should be in ngfg or
pg/ke. Uniess the test material is man-made, C, should prob-
ably be corrected for the concentration in the control organ-

isms. If the test material was radiolabeled, C,, and C, should be -

corrected for radioactive decay and background radioactivity.

14.2.1 For neutral organic chemicals with a log X, greater
than 4, the percent of the total chemical in the water thai is
dissolved freely should be estimated (3). The first step is to
measure the percent of the total chemical in the water that is
dissolved; Rltration or centrifugation, or both, can-usuaily be
used to separate the particulate material from the dissolved
material. The percent of the dissolved chemical that is dis-
solved freely can then be estimated by using the concentration
of dissclved organic carbon in the water and the K, of the
chemical.

143 If apparent steady-state is reached during the uptake
phase (see 11.1.1), the apparent steady-state BCF should be
calcnlated as the geometric mean of the BCFs obtained during
apparent steady-state. Caiculation of 95 % confidence limits is
desirable. If apparent steady-state is not reached, the BCF at
the end of uptake phase should be calculated. In either case, if
the uptake curve does not approach steady-state in an asymp-
totic manner, sufficient BCFs should be calculated to indicate
the shape of the uptake curve and the highest measured BCF

14.4 The uptake rate constant(s), depuration rate con-
stant(s), projected steady-state BCF, and 95 % confidence

limits for each should be calculated. These can be calculated -

using an appropriate compartmental model and nonline:
parameter estimation methods (38), but such calculations wi
usually require a computer program. Aliematively, uptake tat
constant(s), depuration rate constant(s), and the projecte
steady-state- BCFs can be derived by simple -graphica]
algebraic methods, but 95 % confidence limits probably cannc
be obtained and the results might be guestionable (38). Thes
calculations do not require a computer, but are facilitated by ;
calculator that has the natural log function. .

14.5 If BCFs are available for enough appropriate times
calculation of a projected steady-state BCF might be possibi
by fitdng an equation to the data (32). o

14.6 The calculation procedure(s) and the interpretation.oj
the confidence limits should be appropriate o the experiments)
design. For example, if point estimates and confidence limis
are calculated from test organisms that were all exposed in the
same test-chamber, the confidence limits only take into account
variation within that batch of test organisms and do not take
inko account variation between batches, chambers, laboratories.
etc, ’ :

15. Documentation

15.1 A record of the results of an acceptable bioconcentrs;
tion test should include the following information eithgr
directly or by reference to available documents: i

15.1.1 Names of test and investigator(s), name and location;
of Jaboratory, and dates of initiation and termination of testd

15.1.2 Source of the test material, its lot numbex, composs
tion (identities and concentrations of major ingredients,.#ijgg
major impurities), known physical and chemical propertieg¥
identity and concentration of any cartier (solvent) used, and; g
the test material is radiofabeled, the percentage of radicactivifi
associated with impurities and how determined;

15.1.3 Source of the dilution water, its chemical charac
istics, a description of any pretreatment, and results of '
demonstration of the ability of a species to survive, grow,:
reproduce in the water; '

15.1:4 Source of the test organisms, scientific name.a
bow verified (and strain for salmonids when appropris
observed diseases, disease treatments, holding and acclimati
procedures, food, feeding method, and rate, and () for fi
age (if known), life stage, and means and ranges of the weig
(wet, blotted dry), and standard length (tip of snout to endg
caudal peduncle) at the beginning and end of the uptake ph8
and at the end of the depuration phase, or (b) for bivalled
mollusks, age (if known) and the mean and range of 4fis
distance from the tip of the umbo to the distal valve edge atll
beginning of the test and the means and ranges of the:w
(wet, shaken dry) of the total soft tissne at the beginning
end of the uptake phase and at the end of the depuration p! :

15:1.5 Source of the food, its composition, concentratifies
of the test method and other contaminants, and feetfs
frequency and ration; '

15.1.6 Description of the experimental design and
chambers, the depth and volume of solution in the cham
the number -of organisms per treatment, the loading
lighting, a description of the metering system, and the flow
as volume additions per 24 h; P
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15.1.7 Range and time-weighted average measured dis-
solved oxygen concentration (as % of saturation), and a
:description of any aeration performed on test solutions before
or during the test;

15.1.8 Averages and ranges of the acclimation temperature
and test temperature and method of measurement;

15.1.9 Percentage of test organisms in the control treatment
.and each of the other treatments that died or showed signs of
disease, stress, or other adverse effects;

15.1.10 Whether fish were sexually mature or whether
bivalve mollusks spawned during the test;

15.1.11 Description of tissne and water samples analyzed,
and methods used to obtain, prepare, and store them;

.15.1:12 Methods used for, and results (with standard devia-
tions or confidence lmits) of, chemical analyses of water
«quality -and concentrations of test material impurities and
reaction and biodegradation products in tissue and water,
including validation studies and reagent blanks;

"15.1.13 Methods used for, and results of, measurements of
lipids; : :
' 'p15.1.14 A table of data on concenirations of test maierial

(and lipids if available) in test solutions and tissue in sufficient
detail to allow independent statistical analysis;

15.1.15 Either {a) the apparent steady-state BCF or the BCF
at the end of the uptake phase, or () the projected steady-state
BCF and the uptake and depuration rate constants, or (¢) both
(a) and (b); the 95 % confidence limits for each, if available,
and a description of how all values were calculated, including
whether corrections were made for recoveries, background,
and radioactive decay; . : :

15.1.16 Ratio of wet to dry tissue weights if resuits are
based on dry tissue weights;

15.1.17 Anything unusual about the test, any deviation from
these procedures, and any other.relevant information,

15.2 Published reports should contain sufficient information
to clearly identify the procedure used and the quality of the
‘results,

16. Keywords

16.1 bicaccumulation; bioconcentration; bioconcentration
factor (BCF); ‘bivalve mollusks; depuration phase; fishes;
uptake phase
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