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This standard is issued under the fixed designation E 1924; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonef indicates an editorial change since the last revision or reapproval.

1. Scope 1.5 The values stated in Sl units are to be regarded as the

1.1 This guide covers two distinct procedures, based ogtandard.
similar principles, for obtaining data concerning the adverse 1.6 This standard does not purport to address all of the

effects of a test material (added to dilution water) on oceaniéafety concerns, if any, associated with its use. It is the
bioluminescent dinoflagellates. responsibility of the user of this standard to establish appro-

1.1.1 The endpoint for both procedures is based on Q.ri'ate safety and hgea!th .practicgs and determine the applica-
measurable reduction or inhibition in light output from the Pility of regulatory limitations prior to use.
dinoflagellates. Both procedures are similar in that when, Referenced Documents
bioluminescent dinoflagellates are exposed to toxicants, a
measurable reduction in bioluminescence is observed from 2-1 ASTM Standards: ,
their cells following mechanical stimulation when compared to D 1141 Specification for Substitute Ocean Wter
control cells. In the first procedure, cells of the bioluminescent D 5196 Guide for Biomedical Grade Water _
dinoflagellateGonyaulax polyedraan be tested over a range E 178 Practice for Dealing with Outlying Observatiéns
of up to seven days of exposure (or longer) to a toxicant. The E_729 Guide for Conducting Acute Toxicity Tests with
second procedure uses another spe@igmcystis lunulafor a Fishes, Macroinvertebrates, and Amphibfans
4 h test. E 943 Terminology Relating to Biological Effects and
1.2 Both procedures can measure the toxic effects of many _ENvironmental Fate _ ,
chemicals, various marine and freshwater effluents, antifouling E 1023 Guide for Assessing the Hazard of a Material to
coatings, leachates, and sediments to bioluminescent di- Aduatic Organisms and their Uses .
noflagellates-5).2 Compounds with low water solubility such ~ E 1192 Guide for Conducting Acute Toxicity Tests on
as large organic molecules may be solubilized with methanol, Adueous Effluents with Fishes, Macro-Invertebrates, and
ethanol, and acetone solvents for testif)g(6ee Guide E 729). Amphibiansg _ , -
1.3 An IC50 in light output (bioluminescence) is the rec- E 1193 Guide for Conducting Renewal Life-Cycle Toxicity

ommended endpointl). However, percent inhibition of biolu- Tests withDaphnia magna _ o
minescence is an appropriate endpoint in some c&es ( E 1218 Guide for Conducting Static 96-h Toxicity Tests

1.4 Other modifications of these procedures might be justi- _With Microalga€ , o
fied by special needs or circumstances. Although using appro- E 1391 Guide for Collection, Storage, Characterization, and
priate procedures is more important than following prescribed _Manipulation of Sediment for Toxicological Testihg _
procedures, results of tests conducted using unusual procedure 1525 Guide for Designing Biological Tests with Sedi-
are not likely to be comparable to results of other tests. Ments o
Comparison of results obtained using modified and unmodified E 1733 Guide for Use of Lighting in Laboratory Testing
versions_ of these procedures might provide useful info_rmatior\ng‘ Terminology
concerning new concepts and procedures for conducting acute
and chronic tests.

" ” ” u ”

3.1 Definitions: The words “must,™ should,” “may,” “can,
and “might” have very specific meanings in this guide.
3.1.1 can—is used to mean is (are) able to.

3.1.2 may—is used to mean is (are) allowed to.

1 This guide is under the jurisdiction of ASTM Committee E47 on Biological . . .
g ' 9 3.1.3 might—is used to mean could possibly.

Effects and Environmental Fate and is the direct responsibility of Subcommittee
E47.01 on Aquatic Assessment and Toxicology.

Current edition approved Dec 10, 1997. Published June 1998.

2 This standard Guide is a document developed using the consensus mechanisms—————
of ASTM, that provides guidance for the selection of procedures to accomplish a *Annual Book of ASTM Standardéol 11.02.

specific test but which does not stipulate specific procedures. 5 Annual Book of ASTM Standagdgol 11.01.
2 The boldface numbers given in parentheses refer to a list of references at the © Annual Book of ASTM Standardgol 14.02.
end of the text. 7 Annual Book of ASTM Standardéol 11.05.
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3.1.4 must—is used to express an absolute requirement, thahe test is to study the effect of light or temperature. Prior to the
is, to state that the test ought to be designed to satisfy thiest replicates are usually arranged into rows. Placement of the
specified condition, unless the purpose of the test requires @uvettes must be randomized.

different design. 4.1.3 The minimum desirable number of test chambers and
3.1.5 should—is used to state that the specified condition iscell density per treatment should be calculated from the

recommended and ought to be met if possible. expected variance among test cuvettes and either the maximum
3.2 Definitions of Terms Specific to This Standard: acceptable width of the confidence interval on a point estimate
3.2.1 bioluminescence-production of light by living organ-  or the minimum difference that is desired to be detectable using

isms due to an enzyme-catalyzed chemical reaction. hypothesis testing7j. A coefficient of variation of 10 % or less

3.2.2 dark phase-that part of the daily cycle (night) when in light production between cuvettes is desirable, however,
dinoflagellates are not being exposed to ambient light andeliable toxicity trends can be observed with a coefficient of
produce the greatest levels of bioluminescence when stimuwariation as high as 30 %.
lated. 4.2 Summary-If the sample has a salinity of less than=83

3.2.3 dinoflagellate—unicellular, eukaryotic, flagellated 2 g/Kg (parts-per-thousand), commercial grade aquarium sea
fresh or marine organisms that have photosynthetic and norsalt may be added directly to the water sample to bring it into
photosynthetic species. Dinoflagellates have brownish plastidéis range. Testing of the dinoflagellates is accomplished by
containing chlorophylla, chlorophyll ¢, and a mixture of placing individual cuvettes containing the test material, me-
carotenoid pigments, including peridinin that is unique to thisdium, and cells into a darkened test chamber which is attached
phylum. to a photomultiplier tube (PMT). The top of the test chamber

3.3 IC50—a statistically or graphically estimated concen- must be removable and house a small motor that drives a steel
tration of test material that, under specified conditions, isshaft terminating in a propeller. The propeller is seated into
expected to cause a 50 % inhibition of a biological procesgach cuvette and, as the contents are stirred at a constant
(such as growth, reproduction, or bioluminescence) for whicholtage, bioluminescence is generated and measured by the
the data are not dichotomous. PMT. At the end of each stir period, the accumulated “PMT

3.4 lux—a unit of illumination equal to the direct illumina- counts” are shown on an LED display. Each test period is
tion that is everywher 1 m from a uniform point source of one completed at preset intervals thereafter until completion of the

candle intensity or equal to Mmz . toxicity test. Pyrocystis lunulamutant can be used to conduct
3.5 Pyrocystis lunula mutart-a mutant that produces 30 % a 4 h acute testGonyaulax polyedrecan be used in tests
greater light than its progenitor. conducted for four to seven days or longer depending on the

. purpose of the test. Mean light output (stimulated biolumines-
4. Summary of Guide .
. . ) ) cence expressed as PMT counts) is calculated for each treat-
4.1 Experimental Desigr-A dinoflagellate test intended to  ment and control. Light output means (as percent of controls)

allow calculation of an IC50 usually consists of one or moregre plotted against time. An IC50 can be estimated for each
control treatments and a geometric series of at least fivgays of the test1).

concentrations of test material. In the medium or solvent
control(s), or both, dinoflagellates are exposed to medium 1@ sjgnificance and Use
which no test material has been added. Samples are usually

diluted from the highest tested concentration through a series 5.1 Protection of aquatic species requires prevention .Of
unacceptable effects on populations in natural habitats. Toxic-

of dilutions to 6.25 % of the highest tested concentration. . .
Except for the controls and the highest concentration eacﬁy tests are conducted to provide data to predict what changes
' viable numbers of individual species might result from

concentration should be at least 50 % of the next higher ont!

unless information concerning the concentration-effect curvéimilar exposure in the natural habit. Information might also be

indicates that a different dilution factor is more appropriate. Atobtamed on the effects of the material on the health of other

a dilution factor of 0.5, five properly chosen concentrations arec,pecies. .Bioluminesqent dinoﬂggellatgs _represc_ant an important
a reasonable comprise between cost and the risk of afucaryotic group which are widely distributed in the oceanic

concentrations being either too high or too low. environment.
4.1.1 The primary focus of the physical and experimental
design and the statistical analysis of the data is the experimed: Hazards
tal unit, which is defined as the smallest physical entity to 6.1 Many materials can affect humans adversely if precau-
which treatments can be independently assigi®dAs the tions are inadequate. Therefore, skin contact with all test
number of test cuvettes (experimental units) increases, theaterials, solutions, and leachates should be minimized by
number of degrees of freedom increases, and, therefore, tis¢ich means as wearing appropriate protective gloves (espe-
width of the confidence interval on a point estimate decreasesially when washing equipment or putting hands in test
and the power of an hypothesis test increases. solutions), laboratory coats, aprons, and safety glasses. Infor-
4.1.2 With respect to factors that might affect results withinmation on toxicity to humans8f, recommended handling
the test chamber and the results of the test, all cuvettes in thgrocedures), and the chemical and physical properties of the
test should be treated as similarly as possible. For examplégst material should be studied before a test is begun.
within the test chamber, the temperature affecting each test 6.2 Disposal of stock solutions and test solutions might pose
cuvette should be as similar as possible unless the purpose gfpecial problems in some cases. Theﬁmmgfety
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precautions and applicable regulations should be considergdastic propeller. The propeller is seated into the cuvette and, as
before beginning a test. the contents are stirred, bioluminescence is generated and

6.3 To prepare dilute acid solutions, concentrated aciadneasured by the PMT. At the end of each stir period, the
should be added to water, not vice versa. Opening a bottle aiccumulated PMT counts are shown in an LED display. Each
concentrated acid and mixing with water should be performedest period is conducted at preset intervals (either at 4 or 24 h)
only in a well-ventilated area or under a fume hood. until completion of the toxicity test.

7. Laboratory Equipment 8. Medium

7.1 Facilities—The culture trays for the dinoflagellates, a 8.1 Either synthetic seawater or seawater that is enriched are
microscope for estimating the cell stock density, the preparaappropriate media for culture and dilution purposes. Natural
tion of test materials, leachate preparation, pipetting of the cellgseawater by itself is not adequate to maintain high densities of
into cuvettes, and the testing of the dinoflagellates with arjinoflagellates in culture. Seawater with added nutrients (En-
appropriate test chamber-PMT combination. Sufficient laborariched Seawater Medium-ESM; see Guide E 1218) or Syn-
tory counter space should accomodate “wet” preparation of alhetic Dinoflagellate Medium (SDM)10) are used to ensure
stock solutions, cell counting, and culture of the dinoflagel-growth in control replicates and cultures. Either ESM or SDM
lates. The glassware should be clean rinsed with a high qualitg recommended for use in these tests.
water such as deionized or distilled. The dinoflagellates must g8.1.1 Purity of Reagents-Reagent grade chemicals should
be maintained in a temperature incubator of 18 to 20°C age used for the preparation of enriched seawater medium
abrupt changes in their temperature could effect the viability ofESM) and synthetic dinoflagellate medium (SDM). Unless
the cells and their light output. The incubator must be fittedotherwise indicated, it is intended that all reagents conform to
with cool white fluorescent bulbs (40 watts each) to providethe specifications of the Committee on Analytical Reagents of
illumination of approximately 1075 lux t®yrocystis lunula  the American Chemical Society, where such specifications are
and 4000 lux taGonyaulax polyedrg4000 lux is the approxi-  available (see Guide E 1218)Other grades may be used,
mate equivalent of 6 to 10 wfnsee Guide E 1733) for the provided it is first ascertained that the reagent is of sufficiently
growth of the photosynthetic dinoflagellates. The light fluencenigh purity to permit its use without lessening the accuracy of
should be monitored adjacent to various test chambers at thRe determination.
height of the surface of the test solutions. Light fluence must 8.2 Preparation of Enriched Seawater Medium (ESM) and
not deviate by more than 10 % from the desired level. LayerSynthetic Dinoflagellate Medium (SDMESM is recom-
of cheese cloth or screen material may be used to attenuaggended both for the culture of the stock cells and all test
light incident upon flasks and test chambers, if necessary. filutions prepared for a toxicity test using. polyedra(2)
timer should be provided to turn the lights on and off in awhile SDM is recommended for preparing the culture and all
prescribed 12:12 h (light:dark) cycle. For convenience oftest dilutions ofP. lunula(4) (refer to Annex Al and Annex A2
testing in the laboratory, the cells can be exposed to lightor details). Comparable seawater media may be substituted so
during the hours from 2200 to 1000. The cells would then bqug as the f0||owing requirements are met.
in their dark phase from 1000 to 2200. The cells are most 8.3 Requirements
stimulable 3 6 5 h into their dark phase and consequently 8.3.1 The medium must allow satisfactory growth of the
produce maximum levels of light (bioluminescence) duringcells. A culture ofG. polyedraor P. lunulashould reach cell
this period. Cells must be shielded from ambient room lightjensities of at least 2000 cells/mL. Starter culturesGof
during their dark phase and during testing. A black cloth mayyolyedramay take several weeks before adequate cell densities
be used for this purpose. The operator may conduct tests inge attainedP. lunularequires a substantially longer period of
darkened Iaboratory with a red |Ight for ease of Operation. Th|$|me because cell division occurs approximate|y every four
practice can prevent unnecessary exposure of the test orgagflays in contrast to daily division d&. polyedra A culture of
isms to light, which could cause unpredictable bioluminesmg less than 2000 cells/mL is recommended in both tests for
cence. use in inoculating test replicates.

7.2 Culture and Test ChambersOptical grade disposable  8.3.2 The medium should have a salinity of 332 g/Kg
spectrophotometric cuvettes or clear, borosilicate sample vialgnd have a pH in the range of 7.8 to 8@. (polyedrd or 7.6
should be used as test chambers. Cultures should be maintaingdg.o @. lunula).
in borosilicate Erlenmeyer flasks. All vials and flasks should be 8.4 Stock Solutions of ESMStock solutions to enrich the
seawater-aged for several days prior to first time use. Disposeawater are prepared by dissolving reagents into 1 L of
able cuvettes should be soaked in deionized water for severgkionized or distilled water. A specific volume of stock solution
hours prior to use in a test. Disposable cuvettes should big then added to natural seawater. The pH of the enriched

discarded following the test. _ seawater may have to be adjusted by addingN0MaOH or

7.3 Bioluminescence Measurement Syste@ne possible
configuration for a toxicity test system uses a 2-in. diameter
RCA 8575 photomultiplier tube (PMT) with an S-20 response @ Reagent Chemicals, American Chemical Society Specificatiomgrican
(300 to 820 nm; peak sensitivity 428 nnﬁ)(Another system IChe(rj‘nik():al ﬁociety, Washinﬁton, DIC. For Suggestitljns on tl;e t;st;ng of kI;eagel’lts not

_ fai isted by the American Chemical Societyee Analar Standards for Laboratory

uses a 931B or H957-06 miniature PNB)'(The top of the t.eSt bihemicals BDH Ltd., Poole, Dorset, U.K., and thenited Stated Pharmacopeia
chamber _mUSt .be removgble and house a SmQH a.-dlus_ta 8d National FormularyU.S. Pharmaccutical Convention, Inc. (USPC), Rockville,
motor which drives a stainless steel shaft terminating in avp. Documents
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HCI. Sterilize (see A1.3.3) the medium and let cool to 19°CNext, using this calculated volume, determine how much of the
before adding the dinoflagellate cells. Sodium silicate may beriginal stock culture ) will be added to each treatment
omitted from the complete seawater medium as dinoflagellatesolution to get the desired cell concentration in each treatment
do not require silicates for growth. (Cy) using the following formula:

9. Procedure GV = GV (1)

9.1 Salinity Adjustment of Sampldf an effluent is being  where:
tested, the salinity may need to be adjusted ta=38g/Kg with C. = concentration of original cell stock culture,
a commercially available aquarium sea salt to provide theV, = volume of original cell stock culture needed to be
proper environment for the cells. The salinity of the sample added to test solutions,
should match the seawater control salinity prior to testing.C; final cell concentration of test solutions (recom-
Using a temperature-compensated hand-held refractometer, the mended 200 cells/mL), and
salinity of the sample and that of the ambient seawater sourc&; = final volume of solution needed for each test solution
should be tested. The difference between the two measure- (mL).
ments is used to determine the amount of sea salt to be added9.5 Test Solutions-Dilutions for a sample toxicity test are
to the sample. Multiply the salinity difference by 1.2 to usually 100, 50, 25, 12.5, and 6.25 %, with no sample added to
calculate the grams of sea salt to be added to each litre ahe control. Use pipets and graduated cylinders to deliver
sample for the desired salinity (332 g/Kg). Test the salinity  volumes. ESM or SDM may be used as the dilution medium in
of the adjusted sample to ascertain that the proper salinity wasombination with the test sample. For example, if 100 mL of
achieved. Filter the adjusted sample with a 0.45 um membrangedium, sample, and cell stock volume is prepared for each of
filter or centrifuge the sample to remove particulates that mighthe five test solutions and a control, the control would contain
interfere with the bioluminescence measurements. If a comgg mL of medium and 4 mL of cell stock. The 6.25 % test
mercial sea salt is added to an effluent sample, a sea salt contigd|ution would contain 6.25 mL of sample, 4 mL of cell stock,
must be tested to detect any potential bioluminescence inhibgnd 89.75 mL of medium. Once these test solutions are
tion. Because ESM and SDM contain added nutrients and thgrepared, they are well mixed by swirling the flasks (as in 9.2)

effluent may not, an equivalent concentration must be added tgnd subsamples are pipetted to the appropriate cuvettes or vials
the effluent Sample. This would eliminate any bias in the 100 (ylfor Subsequent testing in the detector System_

efluent sample. . 9.6 Test Duratior—Decisions to be made concerning ex-
9.2 Stock Culture Cells-Each test cuvette or chamber is o mental design are the duration of the test, dilution factor,
prepared by add_|t|on of a known volum_e from a stock CUIf[urenumber of treatments, number of test cuvettes, and cell density
of the test species, samp_le, and medlum. The assumption ?Fer cuvette. Selection of these parameters should be based on
then made that the stock is well mixed so that the number Ohe purpose of the test and the type of procedure used to

organisms added to each test chamber is the same. calculate the results. Depending on the particular requirement
9.3 Estimating the Stock Culture Cell ConcentratiefSwirl for the test, testing can be conducted from an initial 4 h

the flask containing the stock culture of algal cells. RediStribUteexposure period to as long as seven days. For example, after

e Cols VA he culure s by movig e Tas i1l ar ppeted nio cuvete, hey could be tesed o
’ PP ‘Screen for potential toxicity. If a longer duration is required, the

mL aliquot of the stoqk cells into a small beaker or vqumetncIight production can be measured every day for up to seven
flask. Add 25 mL of filtered (0.45 um) seawater to the beakerda s providing an adequate number of cuvettes are prepared
and mix. From this diluted cell stock, pipet a 1.0 mL aliquot ys, P 9 9 brep

into a counting cell (that is, Sedgewick-Rafter or other settlin during the initial setup. Al testing should be conducted 3 to 5

. . into the cells’ dark phase.
chamber) for cell enumeration. Repeat 2 to 4 times and recor X : L
results. For motile cells 0. polyedraadd one to two drops of 97 Biological Data—A reduction in light produced by

full strength formalin (37 %) to the counting cell to fix the cells Pioluminescent dinoflagellates in response to exposure to a
during the counting procedure. Allow time for cells to settle foXicant present in the sample is the adverse effect. These

then count while viewing at approximately 40X magnification. efféCts may be expressed after as litiedah exposure. Some

Average the cell counts and multiply by 26 to get the stock celfoXicants may require a longer period of exposure to be
culture density (cells/mL). An electronic particle counter maydetécted and measured. The common endpoint used to measure

be used. this light reduction is the IC50.

9.4 Initial Treatment Solution CalculationsA large 9.8 Other Measurements—Bioluminescence Measurement
enough batch of medium with cells should be obtained so thabystem Noise-Before each session of data collection, a “dark
the desired volume of each control test solution can beount” should be recorded to document any ambient light or
prepared, the necessary volume of each test solution can Bgystem noise” to the phototube. The dark count of the system
prepared, and the desired analysis can be performed on tligobtained without a test cuvette in place. The duration of the
medium. Treatments are the different test concentrations of dark count should be the same as that of the actual test runs. An
chemical or dilutions of a sample. To determine the totalaverage of three dark counts should be sufficient to establish
volume of each test solutioV{) needed, use the formulg =  the background noise of the system. The dark count should be
(number of test chambers)(volume of each cuvette or sample insignificant (< 0.5 %) when compared to the amount of light
vial) X (number of tests or days that are to be conducted)detected from the control test cuvette@oeiupmn-ﬂgge
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