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Conducting Static 96-h Toxicity Tests with Microalgae
This standard is issued under the fixed designation E 1218; 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 This guide is arranged as follows:
1.1 This guide covers procedures for obtaining laboratory Section
. . ferenced Documents 2
data concerning the adverse effects of a test material added$ minology 3
growth medium on growth of certain species of freshwater an@ummary of Guide 4
saltwater microalgae during a 96-h static exposure. Thesggnifigance and Use 3
procedures will probably be useful for conducting short—termA;;::afus 6
toxicity tests with other species of algae, although modifica- Facilities 6.1
tions might be necessary. Equipment 6.2
e . . . . Test Vessels 6.3
1.2 Other modifications of these procedures might be justi- ¢, qing 6.4
fied by special needs or circumstances. Although using appro- acceptability 6.5
priate procedures is more important than following prescribe(%!?fO:N’\t/Ih i\"‘?dium g
procedures, results of tests conducted using unusual procedurég, oo o1
are not likely to be comparable to results of many other tests. stock Solution 9.2
Comparison of results obtained using modified and unmodified Test Concentration(s) 9.3
. . . . . Test Organisms 10
versions of these procedures might provide useful information g, ecies 10.1
concerning new concepts and procedures for conducting tox-source 10.2
icity tests with microalgae. Culture 10.3
1.3 Th d licable t hemicalg, Sy, o
1.3 These procedures are applicable to many chemicalg,;cequre 1
either individually or in formulations, commercial products, or Experimental Design 1.1
known mixtures. With appropriate modifications, these proce- lTﬁJTnFI’s:‘g:e Eg
dures can be used to conduct tests on temperature, dissOIVedeginning the Test na
oxygen, and pH and on such materials as aqueous effluents (seeas Exchange 115
also Guide E 1192), leachates, oils, particulate matter, sedi-Duration of Test 16
. . . Biological Data 11.7
ments, and surface waters. Statlc tests might not be appl!cablebther Measurements s
to materials that have a high oxygen demand, are highly Determination of Algistatic and Algicidal Effects 11.85
volatile, are rapidly biologically or chemically transformed in ﬁgiy;'tfii'ili"t’)'/eg;‘gcgt"gy 15
aqueous solutions, or are removed from test solutions igycylation 14
substantial quantities by the test vessels or organisms durirmgport 15
the test. However, practical flow-through test procedures witffeywerds 16
microalgae have not been developed. 1.6 This standard does not purport to address all of the

1.4 Results of tests using microalgae should usually bgafety concerns, if any, associated with its use. It is the
reported in terms of the 96-h IC50 (see 3.2.4) based omesponsibility of the user of this standard to establish appro-
reduction in growth. In some situations, it might only be priate safety and health practices and determine the applica-
necessary to determine whether a specific concentration unalgility of regulatory limitations prior to useSpecific hazard
ceptably affects the growth of the test species or whether thstatements are given in Section 7.

IC50 is above or below a specific concentration.
2. Referenced Documents
2.1 ASTM Standards:

1This guide is under the jurisdiction of ASTM Committee E47 on Biological D 1129 Terminology Relating to Water

Effects and Environmental Fateand is the direct responsibility of Subcommittee D 3731 Practice for Measurement of Chlorophyll Content

E47.01 on Aquatic Assessment and Toxicology. .
Current edition approved Oct. 10, 1997. Published March 1998. Originally of Algae in Surface Watefs

published as E 1218-90. Last previous edition E 1218-97.

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 Standardgol 11.01.
specific test, but which does not stipulate specific procedures. 4 Annual Book of ASTM Standardgol 11.05.
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D 3978 Practice for Algal Growth Potential Testing with 3.3 For definitions of other terms used in this standard, refer
Selenastrum Capricornutum to Guides E 729 and E 1023 and Terminology E 943. For
D 4447 Guide for the Disposal of Laboratory Chemicalsexplanation of units and symbols, refer to Practice E 380.
and Samples _
E 380 Practice for Use of the International System of Units* Summary of Guide
(SI) (the Modernized Metric Systefh) 4.1 In each of two or more treatments, organisms of one
E 729 Guide for Conducting Acute Toxicity Tests on Testspecies of microalgae are maintained for 96 h in replicate test
Materials with Fishes, Macroinvertebrates, and Amphib-vessels using the static technique. In each of the one or more

iang control treatments, the algae are maintained in growth medium
E 943 Terminology Relating to Biological Effects and En- to which no test material has been added in order to provide the

vironmental Faté following: a measure of the acceptability of the test by giving
E 1023 Guide for Assessing the Hazard of a Material to" indication of the quality of the algae and the suitability of

Aquatic Organisms and Their Udes the growth medium, test conditions, handling procedures, and

E 1192 Guide for Conducting Acute Toxicity Tests on SO forth, and the basis for interpreting data obtained from the
Aqueous Ambient Samples and Effluents with FishesOther treatments. In each of the one or more other treatments,
Macroinvertebrates, and Amphibidns the algae are maintained in growth medium to which test

E 1733 Guide for the Use of Lighting in Laboratory Test- material has been added to achieve a selected concentration.
ing® Specified data on population growth (increase in biomass) are

E 1847 Practice for Statistical Analysis of Toxicity Tests obtained during the test and are usually analyzed to determine
Conducted Under ASTM Guidelings the IC50 based on reduction in growth.

5. Significance and Use

. 5.1 Ninety-six hour tests with algae provide information on
3.1 Definitions: the toxicity of test materials to an important component of the
3.1.1 The words “must,” “should,” “may,™ can,” and aquatic biota and might indicate whether additional testing

“might” have very specific meanings in this guide. is desirable.
3.1.1.1 may—is used to mean “is (are) allowed to,” “can”is 52 Alage are ubiquitous in aquatic ecosystems, where they

used to mean® is (are) able to,” and “might” is used to meanncorporate solar energy into biomass, produce oxygen, func-

“could possibly”. Therefore the classic distinction betweentjon in nutrient cycling and serve as food for animals. Because

“may” and “can” is preserved, and “might” is never used as aof their ecological importance, sensitivity to many toxicants,

synonym for either “may” or “can”. ready availability, ease of culture, and fast growth rates
3.1.1.2must—is used to express an absolute requirement(rendering it possible to conduct a multi-generation test in a

that is, to state that the test ought to be designed to satisfy thehort period of time), alage are often used in toxicity testing.

specified condition, unless the purpose of the test requires a5.3 Results of algal toxicity tests might be used to compare

different design. “Must” is only used in connection with factors the sensitivities of different species of algae and the toxicities

that directly relate to the acceptability of the test (see 13.1). of different materials to algae and to study the effects of various
3.1.1.3 should—is used to state that the specified conditionenvironmental factors on results of such tests.

is recommended and ought to be met if possible. Although 5.4 Results of algal toxicity tests might be an important

violation of one “should” is rarely a serious matter, violation of consideration when assessing the hazards of materials to

several will often render the results questionable. Terms suchquatic organisms (See Guide E 1023) or deriving water
as “is desirable,” “is often desirable,” and" might be desirable”quality criteria for aquatic organisn(g).

3. Terminology

are used in connection with less important factors. 5.5 Results of algal toxicity tests might be useful for
3.2 Definitions of Terms Specific to This Standard: studying biological availability of, and structure-activity rela-
3.2.1 algicidal—having the propeerty of killing algae tionships between, test materials.
3.2.2 algistatic—having the property of inhibiting algal 5.6 Results of algal toxicity tests will depend on the
growth. temperature, composition of the growth medium, and other

3.2.3 growth rate—the increase in biomass per unit of time. factors. These tests are conducted in solutions that contain
3.2.4 IC50—a statistically or graphically estimated concen- concentrations of salts, minerals, and nutrients that greatly
tration that is expected to cause a 50 % inhibition of one oexceed those in most surface waters. These conditions may
more specified biological processes (such as growth or repr@ver- or under-estimate the effects of the test material if
duction) for which the data are not dichotomous, underdischarged to surface waters.
specified conditions.

3.2.5 standing crop—the algal biomass (dry weight, mg/L 6. Appara.t.u.s )
or cell concentration, cells/mL) at the end of the test. 6.1 Facilities—Cultures and test vessels should be main-

tained in rooms, incubators, or environmental chambers with

5 Annual Book of ASTM Standardgol 11.04. 7 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.
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constant temperatures (see 11.2) and appropriate illuminatioggent and rinsed with water, a water-miscible organic solvent,
(see 11.3). A water bath is generally not acceptable becausevitater, acid (such as 10 % concentrated hydrochloric acid), and
prevents proper illumination of the test vessels. The facilityat least twice with deionized or distilled water. (Some lots of
should be well ventilated and free of fumes. To further reducesome organic solvents might leave a film that is insoluble in
the possibility of contamination by test materials and othemwater.) At the end of the test, all items that are to be used again
substances, especially volatile ones, algae should not k#hould be immediately emptied, rinsed with water, cleaned by
cultured in a room in which toxicity tests are conducted, stocka procedure appropriate for removing the test material (for
solutions or test solutions are prepared, or equipment isxample, acid to remove metals and bases; detergent, organic

cleaned. solvent, or activated carbon to remove organic chemicals),
6.2 Equipment—Some or all of the following will be cleaned with a non-phosphate detergent using a stiff bristle
needed: brush to loosen any attached materials and rinsed at least twice
6.2.1 Centrifuge with deionized or distilled water. Acid is often used to remove
6.2.2 Centrifuge Tubesglass or polycarbonate with screw- mineral deposits.
cap lids, 6.4.2 If an electronic particle counter is to be used to count
6.2.3 Rotary or Oscillation Shakerwith variable speed algal cells, the final rinse should be with water that has been
control to exceed 100 r/min (or oscillations per minute), filtered through a 0.22-um membrane filter.
6.2.4 Erlenmeyer Flasksborosilicate glass, or polycarbon-  6.4.3 Vessels may be dried in an oven at 50 to 100°C and
ate capped with either stainless steel, foam or glass caps, or

6.2.5 Stainless Steel Caps, Shimatsu Enclosures, Foarthimatsu closures. Glassware should be sterilized by autoclav-
Plugs, Glass Capor Standard Screw Capg¢plastic/bakelite)  ing for 20 min at 121°C and 1.1 kg/cror by microwaving 7).

(all closures should be loose-fitting), Hand-made cotton plugs should not be used. The acceptability
6.2.6 Pipets Eppendorf or equivalent, of foam plugs should be investigated prior to use because some
6.2.7 Filtration Apparatus brands have been reported to be toxic.

6.2.8 Membrane Filterswith 0.45 and 0.22-um pore size 6.5 Acceptability—Before a toxicity test is conducted with
6.2.9 Analytical Balance " algae in new test facilities, it is desirable to conduct a

6.2.10 Autoclave “nog.—toxice}rg" testa(;n dwhich all te_stI veszels cqntaig ?rovvtﬂ
6.2.11 pH Meter medium with no added test material, to determine before the

. , N o1 first test whether algae will grow acceptably in the new
Iur?]iezﬁiz Calibrated Light Metey reading in pmol s or facilities, whether the growth medium handling procedures,

: I and so forth, are acceptable, whether there are any location
6.2.13 Microscope capable of 100 to 400 magnification, ’ P
6.2.14 Hemacytometer Counting Chamber Plankton effects on growth, and the magnitude of the between vessel

Counting Chambeand Ocular Micrometer vanance.
6.2.15 Particle Countey with 70- or 100-um aperture tube, 7. Hazards

and (optional) mean cell volume computer, or 7.1 Many materials can affect humans adversely if precau-
6.2.16 Fluorometey equipped to measure chlorophglior  tions are inadequate. Therefore, skin contact with all test
6.2.17 Spectrophotometeto measure cell densities in 109 materials and solutions of them should be minimized by such
phase cultures. means as wearing appropriate protective gloves (especially
6.3 Test Vessels when washing equipment or putting hands in test solutions),
6.3.1 In atoxicity test with aquatic organisms, test chambersaboratory coats, aprons, and glasses. Special precautions, such
(also referred to as test vessels) are defined as the smallegi covering test vessels and ventilating the area surrounding the
physical units between which there are no water connectionsessels, should be taken when conducting tests on volatile
Vessels should be covered to keep out extraneous contantaterials. Information on toxicity to human@), recom-
nants, especially bacteria and undesirable algae. Because algaended handling procedur¢s), and chemical and physical
consume carbon dioxide, the covers used for algal tests mugtoperties of the test material, as available on the material
not prevent the passage of air. All vessels and covers in a teghfety data sheet, should be studied before a test is begun.
must be identical. Special procedures might be necessary with radiolabeled test
6.3.2 Sterile Erlenmeyer flasks of borosilicate glass omaterials(5) and with test materials that are, or are suspected
polycarbonate are usually used as test and culture vessels. Apy being, carcinogeni¢6).
size flask can be used as long as the test solution volume does7.2 Although disposal of stock solutions, test solutions, and
not exceed 50 % of the flask volume for tests conducted on gst organisms poses no special problems in most cases, health
shaker, and not more than 20 % of the flask volume for testand safety precautions and applicable regulations should be
not conducted on a shaker. The proper solution/volume ratigonsidered before beginning a test. Removal or degradation of
should be determined for each test species in each laboratofy'st material might be desirable before disposal of stock and
because the ratio is dependent on the species and conditiongst solutions.
6.4 Cleaning 7.3 Cleaning of equipment with a volatile solvent such as
6.4.1 Test vessels and equipment used to prepare and staeetone should be performed only in a well-ventilated area in
growth medium, stock solutions, and test solutions should b&hich no smoking is allowed and no open flame, such as a pilot
cleaned before use. New items should be washed with detelight, is present.
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7.4 An acidic solution should not be mixed with a hypochlo-9. Test Material

rite solution because hazardous fumes might be produced. 9.1 GeneratThe test material should be reagent-gfaoie

7.5 To prepare dilute acid solutions, concentrated acidetter, unless a test on a formulation, commercial product, or
should be added to water, not vice versa. Opening a bottle déchnical-grade or use-grade material is specifically needed.
concentrated acid and adding concentrated acid to water shouRkfore a test is begun, the following should be known about
be performed only in a fume hood. the test material:

7.6 Because growth medium and test solutions are usually 9..1.1. Iden.ti_ties and concentra_tions p_f major in.gre.dients and
good conductors of electricity, use of ground fault systems anfhajor impurities, for example, impurities constituting more
leak detectors should be considered to help prevent electriciian about 1 % of the material.

shocks. 9.1.2 Solubility, stability, and volatility in the growth me-
dium.
8. Growth Medium 9.1.3 Measured or estimated toxicity to the test species or a

similar species. (If nothing is known about the toxicity to the
8.1 Growth medium for tests with freshwater algae istest species, a range-finding test is suggested).
prepared by adding appropriate amounts of specified chemicals9.1.4 Precision and bias of the analytical method at the
(see Al.1) to filtered deionized or distilled water. Alternatively, planned concentration(s) of the test material, if the test con-
depending upon the purpose of the toxicity test, a natural watetentration(s) are to be measured.
can be used as the basis for preparing the medium. 9.1.5 Estimate of toxicity to humans.

8.2 Growth medium water for tests with saltwater algae is 9.1.6 Recommended handling procedures (see 7.1).
prepared by adding appropriate amounts of specified chemicals 9.2 Stock Solution
to natural or artificial saltwater (see Annex A2; “Enriched” 9.2.1 In some cases the test material can be added directly to
medium) or to deionized or distilled water (see Annex A3;the growth medium, but usually it is dissolved in a solvent to
“Comp|ete" medium)_ A Variety of salt waters are acceptab|e,f0rm a stock solution that is then added to the grOWth medium.
for example, various reconstituted waters prepared withsaltdf @ stock solution is used, the concentration and stability of the
or filtered (0.22-um membrane filter) natural seawater. SalinitySt material in it should be determined before the beginning of
should be between 24 and 35 g/kg. Salinity may be adjusted pi€ test. If the test material is subject to photolysis, the stock
adding deionized or distilled water, NaCl, or sea salts. Solution should be shielded from light. If the test material is

8.3 If using a natural water to prepare the medium, indig_sub]ect to hydrolysis, preservation by adjustment of pH may be

enous plankton should be removed from the water before ygeecessary, and, in this Instance, it may be deswable_to Invest-
: X . . ; ate the influence of any pH adjustments on the medium or the
especially if the test is used to determine the quality of

: . est organism.
surface water. Two methods are available. First, the water can 9.2.2 Except possibly for tests on hydrolyzable, oxidizable,

betflltered ;hr?::gh ;tg.zz-im r8e4r2brane f||tebr. Secfc_)l?d, th%nd reducible materials, the preferred solvent is growth me-
water can be Tiitere rougn a 9.4o-lm membrane Wer ang; ., - pistilled or deionized water may also be used as a

ghoeorg:for Za:ctwa;ter '? Igate th? wate:rr] shoutld bi helztgdﬂczat'l. olvent, but the amount of water added to growth medium to
» and for fresnwater aigae, the water should be steri Izearepare the test solutions should be kept to less than 10 % of

bY microwaving or a_utoclaving atll kg/@r_and 121°C fqr_20 the total volume to avoid dilution of the growth medium.
min. (Autoclaving might cause the formation of a preC|p|tate.)Severa| techniques have been specifically developed for pre-

Filtration through a 0.22-um membrane filter will remove i 2queous stock solutions of slightly soluble matetB)is
|nd|genous organisms. After f||tre_1t|on, microwaving, or auto-The minimum necessary amount of a strong acid or base, or
claving, the water should be equilibrated by letting the water sif i, may be used in the preparation of an aqueous stock

in a loosely capped vessel or aerating with sterile air for 110 Zqytion, but such reagents might affect the pH of test solutions
h. Air used for aeration should be sterile (filtered through ao'z%lppreciably. Use of a more soluble form of the test material,
um bacterial filter) and free of fumes, oil and water; filters togych as chloride or sulfate salts of organic amines, sodium or
remove oil and water are desirable. potassium salts of phenols and organic acids, and chloride or
8.4 It may be desirable to omit EDTA from the medium in nitrate salts of metals, might affect the pH less than the use of
toxicity testing if it is suspected that the chelator will interactthe minimum necessary amount of a strong acid or base.
with the test material. However, the amount of EDTA in the 9.2.3 If a solvent other than growth medium is used, its
freshwater medium is minimal and is necessary to obtairtoncentration in test solutions should be kept to a minimum
consistent and acceptable algal growth. If EDTA is omittedand should be low enough that it does not affect growth of the
from the freshwater medium, two sets of controls should bdest species. Because of its low volatility and high ability to
used, one of medium with EDTA and one of medium without
EDTA. These controls should be evaluated according to the
discussion in 9.2.4.3 and 9.2.4.4

°Reagent Chemicals, American Chemical Society Specificatiymerican
Chemical Society, Washington, DC. For suggestions on the testing of reagents not
listed by the American Chemical Society, sAealar Standards for Laboratory
Chemicals BDH Ltd., Poole, Dorset, U.K., and thénited States Pharmacopeial
8 Salts such as Instant Ocean, available from Aquarium Systems, 8141 Tyleand National FormularyU.S. Pharamceutical Convention, Inc. (USPC), Rockville,
Blvd., Mentor, OH have been found suitable for this purpose. MD.
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dissolve many organic chemicals, N,N-dimethylformamide is 9.2.5 If an organic solvent is used to prepare a stock
often a good organic solvent for preparing stock solutionssolution, it might be desirable to conduct simultaneous tests
Other water-miscible organic solvents such as ethanol andsing two chemically unrelated solvents or two different

acetone may also be used, but they might stimulate undesirabd®ncentrations of the same solvent to obtain information
growth of microorganisms, and acetone is also quite volatile. Itoncerning possible effects of the solvent on the results of the
an organic solvent is used, it should be reagent-gradbetter  test.

and its concentration in any test solution should not exceed 0.5 9.3 Test Concentration(s)

mL/L. A surfactant should not be used in the preparation of a 9.3.1 Depending on the nature of the test material, test

stock solution because it might affect the form and toxicity of | ions are prepared by one of two methods. In the first

the test mate_nal n j[he test SO“_J“O”S' (These I.|m|tat|ons do noltnethod, technical materials (solids or liquids) are tested by
apply to any ingredients of a mixture, formulation, or commer-

. ; ) weight/volume concentration. The material may be added
cial prod.uct unless an extra gmount of solvent is used in th(airectly by weight to the growth medium or a stock solution
preparation of the stock solution.)

o may be prepared (see 9.2) and aliquots added to each test
9.2.4 If a solvent othen than growth medium is used, at leas{y| tion or test vessel. If it is not possible to prepare a

one solvent control, using solvent from the same batch used {qymogeneous solution of the test material, it must be added
make the stock solution, must be included in the test, and gjrectly to each test solution or test vessel. In the second
growth medium control should be included in the test. If 4method, aqueous effluents are tested by percent volume
solvent control is not required, a growth medium control musyq|yme/volume). Nutrients are added in the same quantities as
be included in the test. in the medium (see Annex A1-Annex A3) to 1 L of the effluent.
9.2.4.1 If a solvent control is required and the concentratiorhjs mixture, without sterilization by filtration or any other
of solvent is the same in all test solutions that contain tesiteration, is used as the 100 % test material concentration. The
material, the solvent control must contain the same concentrather test solutions are prepared on a volume-percent basis by
tion of solvent. diluting the 100 % effluent solution with growth medium. If the
9.2.4.2 If a solvent control is required and the concentratioreffluent itself contained nutrient(s), the treatments that contain
of solvent is not the same in all test solutions that contain tesiest material will contain more of the nutrient(s) than will the
material, either a solvent test must be conducted to determinentrol treatment. However, in most cases this is not critical for
whether growth of the test species is related to the concentrahort-term tests. Weber et é0) describe a method for testing
tion of solvent over the range used in the toxicity test, or suchihe effects of effluents on algae.
a solvent test must have already been conducted using the same 3.2 |f the test is intended to allow calculation of the 96-h
growth medium and test species. If growth is found to beiC50, the test concentrations (see 11.1.1.1) should bracket the
related to the concentration of solvent, an algal test with thagredicted IC50. The prediction might be based on the results of
species in that medium is unacceptable if any treatmeng test on the same or a similar test material with the same or a
contained a concentration of solvent in that range. If growth issimilar algal species. If a useful prediction is not available, it is
not found to be related to the concentration of solvent, an algajsually desirable to conduct a range-finding test in which the
test with that species in that medium may contain solventest species is exposed to a control and three to five concen-
concentrations within the tested range, but the solvent contratations of the test material that differ by a factor of ten. The
must contain the highest concentration of solvent present igreater the similarity between the range-finding test and the
any of the other treatments. actual test, the more useful the range-finding test will be.

9.2.4.3 If the test contains both a growth medium control 9.3.2.1 Testing materials at levels above their water solubil-
and a solvent control, the growth in the two controls should bety presents several difficulties. At test material loadings above
compared using a t-test. Adjustments for vessel-to-vessghe solubility (note a true concentration cannot exist above
heterogeneity might be necessary if more than one vessel &|ubility and a term such as “loading” is used), test materials
used. The use of a large alpha level (for example, 0.25) wilkxist in a variety of aggregate forms (for example, particulates,
make it more difficult to accept the null hypothesis when itcrystals, liquid crystals, etc.) Relatively little is known about
should not be accepted. The test statistic, its significance levehe uptake of aggregated compounds into biological mem-
the minimum detectable difference, and the power of the tesfranes and the expression of toxicity as a result. In fact,
should be reported. toxicity may be due to certain physical effects (reduction in

9.2.4.4 If a statistical difference in growth is detectedlight penetration and interference with nutrient uptake by test
between the two controls, only the solvent control may be usedhaterial particulates, or flocculation of algae onto test material
for meeting the requirements of 13.1.7 and as the basis fgrarticles). For materials tested at loadings in excess of solu-
calculation of results. If a t-test indicates that the solventility, the use of data in risk assessments or for comparison
control and the control are different and if the concentration ofwith other test materials, is complicated by the lack of
solvent at each test material concentration is not equal, the usmowledge as to whether the effect is due to a physical effect or
of hypothesis testing statistics for comparison of treatments ttrue toxicity. These difficulties suggest that toxicity testing at
each other or to the solvent control is not appropriate. If ndoadings above solubility should be discouraged. To ensure that
statistically significant difference is detected, the data fronsolubility has been achieved in the toxicity test, it may be
both controls should be used for meeting the requirements afppropriate to test up to approximately twice the solubility
13.1.7 and as the basis for calculation of results. limit in the medium being used. However, in this case toxicity
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should be expressed as the solubility limit (that is, no effect aminimum visual lag period in growth (for example, 1.0 mL
the solubility limit, or 20% reduction in cell numbers at the culture added to 50 mL medium in a 125-mL flask). Extreme
solubility limit). Analytical verification of the solubility under care should be exercised to avoid contamination of stock
the test conditions can be critical for test materials of limitedcultures. If tests are conducted infrequently, long-term main-
aqueous solubility. tenance of the test species using a solid medium containing
9.3.3 In some (usually regulatory) situations, it is only 1 % agar in sterile Petri plates or test tubes might be desirable.
necessary to determine whether a specific concentration of test10.4 Quality—A culture should not be used for starting a
material affects growth of the test species or whether the IC5€@est if it is not in log growth phase, if visual examination at
is above or below a specific concentration. For example, thd00X shows it is contaminated by fungi or other algae, or if the
specific concentration might be the concentration occurring irmealth of the culture is doubtful in any respect. In order to
a surface water, the concentration resulting from the direcassess culture health, sufficient experience with the test species
application of the material to a body of water, or the solubility should be developed prior to use in testing. When a testing
limit of the material in water. When there is only interest in afacility receives a culture of a species that has not been
specific concentration, it is often only necessary to test thapreviously maintained in that facility, the species should be
concentration (see 11.1.1.2), and it is not necessary to actualultured over a period of at least six weeks to establish the

determine the 1C50. ability to successfully maintain a healthy, reproducibly-
_ growing culture. Once experience has been obtained with a
10. Test Organisms particular species from a particular source, subsequent cultures

10.1 Species-The suggested test species were selecteghould be maintained for at least two weeks after receipt prior
because they are readily available, easy to culture in thto use in testing.
laboratory, and have been successfully used; however, theﬁ

: : o ; : . Procedure
species might not be the most sensitive. Their use is encour- ) )
aged to increase comparability of results. 11.1 Experimental Design . .

10.1.1 Fresh WaterThe species most widely used for 11.1.1 For detailed guidance of experimental design and
testing is the green algSelenastrum capricornuturRrintz ~ Statistical analyses, refer to Practice E 1847. Decisions con-
(Raphidocelis subcapitaf and the culture and test proce- Cerning such aspects of experimental design as the dilution
dures described here are most applicable t¢1@). Other  factor, number of treatments, and number of test vessels per
species that have been successfully used inchmmedesmus treatment, should be based on the purpose of the test and the
subspicatus and Chlorella vulgariBeijerinck. Freshwater type of procedure that is to be used to calculate results (see
algae from other phyla can be used, such as the blue-greétection 14). One of the following two types of experimental
algae, Microcystis aeruginosaKutzing and Anabaena flos- design will probably be appropriate in most cases.

aquae (Lyngb.) De Brebisson, and the diatonNavicula 11.1.1.1 An algal test intended to allow calculation of an

pelliculosa IC50 usually consists of one or more control treatments and a
10.1.2 Salt Water—The species most widely used for testing 9eometric series of at least five concentrations of test material.

is the diatom Skeletonema costaturtGreville) Clevel.,(11).  In the growth medium or solvent control(s), or both, (see

Other species that have been successfully used are the centfi@-3). algae are exposed to growth medium to which no test
diatom, Thalassiosira pseudonanaasle and Heimdal, the Material has been added. Except for the control(s) and the
flagellate,Dunaliella tertiolecta Butcher(12) and the golden- highest concentration, each concentration should be at least
brown alga,Phaeodactylum tricornutum 60 % of the next higher one, unless information concerning the
10.1.3 Because the sensitivities of a|ga| Species often diﬁeﬁoncentration'EﬁeCt curve indicates that a different dilution
substantially, it is usually desirable to conduct tests with two offactor is more appropriate. At a dilution factor of 0.6, five
more species from different phyla. Different strains of the samdroperly chosen concentrations are a reasonable compromise
species may differ also in sensitivity. between cost and the risk of all concentrations being either too
10.2 Source_Many Species can be obtained from the h|gh or too low. If the estimate of tOXiCity is particulaﬂy
American Type Culture Collection, the University of Texas Uncertain, six or seven concentrations might b_e desirable.
Collection and Carolina Biological Suppl. 11.1.1.2 If it is only necessary to determine whether a
10.3 Culture—Key references for culturing algae are thoseSPecific concentration unacceptably affects growth or whether
of Stein and Provasol{13). Aseptic stock transfer should be the IC50 is above or below a specific concentration (see 9.3.3),
performed weekly to maintain a continuous supply of cells inonly that concentration and the control(s) are necessary. Two
or near logarithmic growth phase. The volume transferred igdditional concentrations at about one half and two times the

not critical, but enough cells should be transferred to ensure gpecified concentration are desirable to increase confidence in
the results.
11.1.1.3 If an IC near the extremes of toxicity, such as an
19Renamed by Gunnar Nygaard, Jirf Koméarek, Jergen Kristiansen and Olav M!CS or ICQ_S' is to be calculated, at least one concentration of
Skulberg, 1986. Taxonomic designations of the bioassay alga NIVA-CHL1 (‘sel-test material should have reduced growth by a percentage,
enastrum capricomutum”) and some related strains. Opera Botanica 90:5-46.  other than 0 or 100 %, near the percentage for which the IC is
11 Algal species are available from American Type Culture Collection 12301 ; R B ;
Parklawn Dr., Rockville, MD 20852, from the University of Texas Algal Collection, to k?e calculated. ThIS requirement mlght .be met !n a test
Botany Department, Austin, TX 78712, and from Carolina Biological Supply designed to determine an IC50, but a special test with appro-

Company, 2700 York Road, Burlington, NC, 27215. priate concentrations of test material will usually be necessary.
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11.1.2 The primary focus of the physical and experimental 11.4.1 A large enough batch of the growth medium should
design of the test and the statistical analysis of the data is tHee prepared so that the desired volume can be placed in each
experimental unit, that is defined as the smallest physical entitgontrol test vessel, the necessary volume of each test solution
to which treatments can be independently assigned. Thus, tlg@n be prepared, and the desired analyses can be performed
test vessel is the experimental unit. As the number of testsee 11.8). Enough test solution should be prepared for each
vessels (that is, experimental units) per treatment increases, tHgatment so that the desired volume can be placed in each test
number of degrees of freedom increases, and therefore, th@ssel and any desired analyses of water quality, test material,
width of the confidence interval on a point estimate decrease&{C. (see 11.8) can be performed.
and the power of a significance test increases. With respect to 11.4.2 Each test vessel should be inoculated at at an initial
factors that might affect results within test vessels and, thergPopulation density to allow sufficient growth under the test
fore, the results of the test, all vessels in the test should beonditions without resulting in nutrient or carbon dioxide
treated as similarly as possible. For example, the temperatufénitation. Recommended concentrations are as follows:

in all test vessels should be as similar as possible unless the Se/fenasffum CapffCOff:ufum and other 1-2 X 10° cells/mL
. reshwater green algae

purpose of the test is to study the effect of temperature. Test . ic/z peicuiosa 1.2 X 10% cells/mL

vessels are usually arranged in one or more rows. Treatments Microcystis aeruginosa 5 x 10* cells/mL

must be randomly assigned to individual test vessel locations Anabaena flos-aquae 1-2 X 107 cells/mL

Saltwater Species 1-2 X 10* cells/mL

and may be randomly reassigned during testing. A randomized
block design (with each treatment being present in each block, The primary criterion for an inoculum concentration is that

which may be a row or a rectangle) is preferable to adccurate biomass estimates can be obtained with the chosen
completely randomized design. method of measurement during the test, if necessary, and at the

11.1.3 The minimum desirable number of test vessels pel‘?nd of the test. Lower concentrations may be practical for some

treatment should be calculated from the expected varianc@borator'es' Higher concentrations might be desirable if there

between test vessels within a treatment, and either the maxi--c _indications th_at logarithmic growth will not be attained
' ithin 4 days or if results are to be based on measurements

mum tabl nfidence interval on int estimate or th . o )
um acceptable confidence interval on a point estimate o %ade during the test. However, the upper limit of the inoculum

minimum difference that is desired to be detectable usm%hould be no more than i@ells/mL. After determining the
hypothesis testingl4). If such calculations are not made, at concentration of algal cells in a logarithmically-growing stock

least three test vessels must be used for each treatment (t€s he followi . b d lcul h

concentration and control). If each test concentration is morg.. ture, the following equation can be used to calculate the
.' fotal volume of culture required for inoculation of all test

than 60 % of the next higher one and the results are to beesseIS'

analyzed using regression analysis, proportionately fewer test '

vessels may be used for each treatment that contains test A=(BXCXDXBEJF @

material, but not for the control treatment(s). Replicate test

vessels (that is, experimental units) within a treatment areyhere:

necessary in order to allow estimation of experimental errorA = volume of stock culture required to prepare the

(15). Because of the importance of the controls in the calcu- inoculum, mL,

lation of results, it might be desirable to use more test vessel8 = desired initial concentration of cells in test vessel,
for the control treatment(s) than for each of the other treat- cells/mL,

ments. C volume of solution in one test chamber, mL,

D number of test vessels,

11.2 Temperature-Tests with the recommended freshwater factor of 1.2 t id | f | d
microalgae should be conducted at24£°C and tests with the actor of L. 10 provide a Surpius ot Inocuium, an

E
recommended saltwater microalgae should be conducted at 2'6 concentration of cells in the stock culture, ceIIs/mL..
+ 20C. 11.5 Gas Exchange-Gas exchange through closures is

L . . o facilitated by continuous shaking at 16010 oscillations per
_ 11.3 lllumination—Continuous “cool-white ﬂylorescent minute or periodic hand shaking. The rate of oscillation should
I|ght|r21g should be used to provide 60 pmol ™ (4300  po getermined at the start of the test. Closures must be
Im/m?) for the reco_mrplended freshwater diatoms and greefy,gse fitting or porous. Because continuous shaking of certain
algae and 30 umol (2150 Im/nf) for the recommended  giatoms (that isSkeletonemjamay cause clumping or retard
fr(ish_\ivater blue-green algaeor Thalassiosira80 to 90 pmol  growth, they should be hand shaken once or twice daily. (It has
m>s . (5900 to 6500 Im/rf) is recommended and 60 pumol peen reported by at least one laboratory, however, that con-
ms™ (4300 Im/nf) for Skeletonem4l1). The light fluence  tinuous shaking ofS. costatumwill result in acceptable
rate at each test vessel position should be measured and Shoﬁ%wth).Thalassiosirashould be hand shaken once a day.
not differ by more than 15% from the selected fluence rate. For 11 g puration of Test—The test must last 96 hours (approxi-
further information on the use of lighting in laboratory testing, mately) unless it has been shown that at some shorter duration
especially with regard to using other spectral regions (such age piomass in the control(s) is at least 90 % of that at 96 h.
ultraviolet radiation), see Guide E 1733. A photoperiod shoultBjomass will reflect time passed, algal clone, incubation
be used wittSkeletonemghat is, 14 h light: 10 h dark, or 16 conditions, and medium employed. If desired, an optional
h light: 8 h dark). recovery phase may follow the 96-hour exposure phase (see
11.4 Beginning the Test 11.8.5).
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11.7 Biological Data—Results of algal toxicity tests should tative samples of cells also should be microscopically exam-
be calculated based on one or more measurements of biomadagd for morphological abnormalities at test termination.
in each test vessel. A variety of methods can be used to 11.7.4 Other measurements that have been used to estimate
measure or estimate biomass. biomass include adenosinetriphosphate (ATE), carbon 14
11.7.1 Dry weight actually measures biomass, whereas thassimilation(19), optical density, and deoxyribonucleic acid
other techniques only estimate biomass. However, dry weigh®NA) content(20).
is difficult to measure accurately. In addition, an estimate of 11.7.5 Regardless of which method(s) is used to measure
biomass that correlates well with the dry weight of a particulatbiomass, the number of times that measurements must be made
species under some conditions might not correlate well wheon each test vessel depends on the method used to calculate the
the growth of that same species of algae is affected by a te$C50 (see Section 14). If the IC50 is to be calculated based on
material. Because test materials can affect algae in differerstanding crop, biomass must be measured in each test vessel
ways, if dry weight is not measured, it may be desirable toonly at the end of the test (see 11.6). However, if an IC50 is to
estimate biomass using two different techniques. Cell countbe calculated based on either growth rate or area under the
and chlorophylla are the more commonly used measurementscurve, or both, the biomass must be measured at least daily
11.7.2 Cell Counts—Microscopic counting of cells can be during the test in each test vessel.
performed using a hemocytometer or an inverted microscope 11.8 Other Measurements
with settling chamberg¢16). Precision is proportional to the  11.8.1 The pH in the control and the high, medium, and low
square root of the number of the cells counted. The precisiotest concentrations should be measured at the beginning and
decreases substantially when cell densities are less thamd of each test.
1 X 10 cells/mL. For microscopic counting, two samples 11.8.2 Because test vessels are placed in a constant tem-
should be taken from each flask and two counts made of eac@erature room, environmental chamber, or incubator, measure-
Sample. Whenever feasible, at least 400 cells per flask shou ent of the air temperature at least hour|y, or da||y measure-
be counted in order to obtaift 10 % accuracy at the 95 % ment of the maximum and minimum air temperature, may be
confidence level. Counting is relatively time-consuming, butmade instead of any measurements in any test vessels because
less so than determining dry weight. the temperature of the air will probably fluctuate more than the
11.7.2.1 An alternative method that is able to enumeratéemperature of the test solutions. It is impractical to measure
large numbers of cells very rapidly is to use an electronicemperature in the test vessels when axenic conditions are to be
particle counte(10). If a particle counter is used, representa- maintained. Alternatively, one or two extra test vessels may be
tive samples of cells should be also microscopically examinegrepared for the purpose of measuring water temperature
for morphological abnormalities at test termination. Automatedduring the test.
particle counting, although the most rapid and sensitive 11.8.3 Prior to the start of the test, the light fluence rate
method, has limitation§l7), some related to particle interfer- should be measured at each test vessel position. Light fluence
ences. If the test solution does not have a low background ipate should not deviate by more than 15% from the selected
the particle size range of the test species, masking errors wilkvel. Layers of cheesecloth can be used to shade flask
result. A fourth test vessel at each concentration containing teglositions if necessary. Random repositioning of the test vessels
material and growth medium, but no algae, will allow mea-during the test may be useful to minimize spatial differences.
surement of particle interferences. The other methods are not 11 8 4 Measurements of the concentration of the test mate-
affected by particulate material in the growth medium. rial in the test solutions at the beginning and end of the test are
11.7.2.2 Cell chains of filamentous species, suctAaa-  desirable. Measurements before and after centrifugation or
baena flos-aqugemust be broken up prior to counting, filtration can determine what percentage of the test material is
regardless of the counting method selected. An effectivanot associated with the algae. If the concentrations are mea-
method for reducing the length of the filaments withoutsured, results should be calculated based upon the initial
rupturing the cells is sonication. Subsamples from the testoncentrations and may also be calculated based upon the
vessels should be sonicated for a sufficient duration to reducaverage concentrations. Refer to Guides E 729 and E 1192 for
the filaments to a length that is consistent between sampletformation on the collection of samples of test solutions.
The total volume of subsamples that will be required should be 11.8.5 Determination of Algistatic and Algicidal
determined before the start of the test to allow sufficient teskffects—As defined by Payne and Halll) the algistatic
solution volume to avoid significant changes in the liquidconcentration is the concentration that allows no net growth of
surface-to-volume ratio, which can affect growth. the population of test organisms during exposure to the test
11.7.3 Chlorophyll a—This pigment can be measured spec-material but permits regrowth when the organisms are placed
trophotometricallyin vitro or fluorometricallyin vivo andin in test material-free medium; the algicidal concentration is the
vitro (16). Both methods are fairly rapid, but the spectropho-lowest concentration tested which allows no net increase in
tometric method lacks sensitivity at low cell densities, whereapopulation density during either the recovery or exposure
thein vivo fluorometric method is very sensitive and requiresperiod, that is, the organisms do not recover when transferred
only a very small sample volume. Relative fluorescencdo test material-free medium. If it is desirable to distinguish
readings can be used to estimate relative biomass or a moadgistatic from algicidal effects, a recovery phase may be
definitive estimate can be made using chloroplayltontent initiated at the end of the 96—h exposure period. The lowest test
(see Practice D 3731). If only a fluorometer is used, represerconcentration with 96—h cell counts similar to or less than the
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initial inoculum level is subjected to the recovery phase. (If 13.1.11 Exceptions to these requirements are, for example,
algal growth was not completely inhibited, the highest testf temperature was measured numerous times, a difference of
concentration causing inhibition of algal growth is used). Anmore than 4°C might be inconsequential (see 13.1.8). How-
aliquot of 0.5 mL from each of the replicate flasks of theever, if temperature was measured only a minimal number of
selected test concentration is removed and combined in a singlenes, one difference of more than 4°C might indicate that
clean flask containing sufficient fresh growth medium to dilutemore such differences would have been found if temperature
the test material to an insignificant concentration. Aliquotshad been measured more often.

from the control flasks are also transferred to clean medium. 13.2 Other Indications of Test Acceptabilityit may be
These flasks are incubated under the same conditions describggsirable to conduct periodic reference toxicant tests with
for the exposure phase for a period of up to nine days. Biomasgicroalgae. Potassium chloride, zinc chloride, potassium
measurements are performed periodically during the recovergichromate, 3,5-dichlorophenol, or boron have been sug-
phase. The recovery phase may be discontinued as soon gésted. Each testing facility should maintain control charts for

growth has occurred. each algal species routinely tested to allow assessment of
acceptable growth in controls and solvent controls under the
12. Analytical Methodology test conditions.

12.1 If samples of stock solution or test solutions cannot be _
analyzed immediately, they should be handled and stored4. Calculation

appropriately(21) to minimize loss of test material by such 141 Depending on the method used to measure or estimate
things as microbial degradation, hydrolysis, oxidation, phoyiomass (11.7), three different IC50s can be calculated. For
tolysis, reduction, sorption, and volatilization. information on the merits of different endpoints, $88) and

12.2 Chemical and physical data should be obtained usin 4).
appropriate ASTM standards whenever possible. For those 14 1 1 |f piomass is measured only at the end of the test in

measurements for which ASTM standards do not exist or argcp test vessel, an IC50 can be calculated based on the final
not sensitive enough, methods should be obtained from Othesrtanding crop.

relia;bcl),e _?ﬁgr;ﬁfégi)'on and bias of each analytical method use\g 14.1.2 If biomass is measured at least daily in each test
should be determined in the growth medium used. Whe essel, IC50s can also be calculated based on growth rate or

appropriate, reagent blanks, recoveries, and standards sho(l. under the curve, or both. Since IC50s based upon growth
pprop ’ 9 ’ ’ Yte will usually be different from IC50s based upon area under

b? included _whenever_ Specimens are analyzed._ If test SOIUt'.orflsie curve, it is important to state the basis for the calculation of
will be centrifuged or filtered to remove algae prior to analy5|s,the IC50

the method validation should include an assessment of these . . .
14.1.2.1 If growth ratel) is used, the time interval used

rocedures upon recovery. X . . ;
P ures up Very should be a period during which the appropriate control
treatment(s) is in the logarithmic phase of growth. The interval

i ) _should be either the entire test period or a shorter period that
13.1 Usually consider unacceptable a 96-h test with Miyoes not include the initial (lag) phase or final (declining

13. Acceptability of Test

croalgae if one or more of the following occurred: growth) phase of the control treatments, or both, if biomass in
13.1.1 All test vessels and covers were not identical, the control treatment(s) increases by less than a factor of two
13.1.2 Treatments were not randomly assigned to test Vegser day during these periods. The same time interval should be

sels, used for each test vessel in all treatments. The growth rate for

13.1.3 A required growth medium or solvent control waseach test vessel over the selected time interval is calculated as
not included in the test or, if the concentration of solvent wasg|jows:

not the same in all treatments that contained test material, or
the concentration of solvent in the range used affected growth
of the test species,
13.1.4 There were fewer than three replicates per treatmentyhere:
except in accordance with 11.1.3, u = growth rate,
13.1.5 The test organisms had not been cultured in theN; = biomass at the beginning of the selected time interval,
testing facility for at least the last two weeks before the test, N> = biomass at the end of the selected time interval, and

u = (logi(N/N))/t @

13.1.6 The test lasted less than 96 h, unless a shortef = €lapsed time between the measurements of biomass.
duration has been shown to be acceptable with the test speciesAlternatively, the growth rate can be calculated by convert-
conditions, etc. ing the cell counts to their logarithmic values and regressing

13.1.7 Cell counts in the controls did not increase by ahem against time; the slope of the regression line is the growth
factor of at least 16 during the test, rate.

13.1.8 Temperature and light fluence rate were not mea- 14.1.2.2 If the area under the growth curve is used, it should
sured as specified in 11.8, be calculated for each test vessel as:

13.1.9 The difference between the highest and lowest mea- N, — N, N, + N, — 2N, N, ,+ N, — 2N,
sured air temperatures was more than 4°C, and A=s—m— X+t —F— XL+ —m——

13.1.10 The light fluence rate did vary more than 15 %. (3)
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X (ty, — th_y) examined using appropriate outlier detection procedures and
tests of heterogeneity. Then a pairwise comparison technique,
contingency table test, analysis of variance, or multiple com-

time of first measurement after beginning of test, and of the test.
a time of " measurement after beginning of test. 15. R
14.2 If percent reductionl) is used, it should be calcu- 12 REPOI o _
lated for each test vessel in each treatment other than the 15.1 Include the following information on the record of the

vAvher:e area parison procedure appropriate to the experimental dgsign
N, = nominal number of cells at time, should pe used. Presentauqn _of resullts of each hypothe_5|s.t.est
Nz = measured number of cells at tirbe should include the test statistic and its corresponding signifi-
N, = measured number of cells at tirg cance level, the minimum detectable difference, and the power

~ o~
[~y

control treatment(s), as follows: results of an acceptable 96-h algal test, either directly or by
c_ reference to available documents:
%l =—s— X100 4) 15.1.1 Names of the test and investigator(s), name and
location of laboratory, and dates of initiation and termination of
where: test.
C = the average value for the control test vessels, and 15.1.2 Source of the test material, its lot number, composi-
X = the value for an individual test treatment vessel. tion (identities and concentrations of major ingredients and

14.2.1 The IC50(s) and associated 95 % confidence limitgnajor impurities), known chemical and physical properties,
are determined using appropriate statistical methodology (Sesnd the identity and concentration(s) of any solvent used,
Practice E 1847). Any or all of the following (or percent 15.1.3 Description of the preparation of the growth medium,
inhibition values based on them) may be used as the response15.1.4 Source of test species, scientific name, name of
variable: standing crop; growth rate; the area under the growtperson who identified the species and the taxonomic key used,
curves. The test vessel values should be used in fitting thend culture procedure used,
regression model, not the mean for each concentration. The 15.1.5 Description of the experimental design, test vessels
IC50 value(s) are calculated based upon the data generated fatid covers, volume of medium used in each test vessel, number
the entire 96-h exposure period: however, 24-, 48- and 72-bf test vessels per treatment, and the lighting,
values may also be calculated, if desired. The model and the 15.1.6 Average and range of the measured temperature and
methodology for estimating the model parameters should bthe methods of measuring or monitoring,
described. The results from the test of significance of the 15.1.7 Methods used for, and results (with standard devia-
regression should be reported, along with one or more indicaions or confidence limits) of, chemical analysis of concentra-
tors of goodness of fit, such as the root mean square error @on(s) of test material, impurities, and reaction and degrada-
R-squared, or both. Estimates of the model parameters, fajon products, including validation studies and reagent blanks,
example, slope, may also be reported. One commonly used 15.1.8 Method(s) used for measuring biomass, for example,
method for continuous data of this nature is weighted leastell counts, chlorophylh, or dry cell weights,
squares nonlinear regressi(zb). 15.1.9 Atable of data on biomass of algae in each test vessel

14.3 An IC near an extreme of toxicity, such as an IC5 orin the control(s) and the other treatment(s) in sufficient detail to
IC95, should not be calculated unless at least one concentrati@tiow independent statistical analysis,
of test material causes a percentage inhibition in growth, other 15.1.10 Calculated IC50s, their 95 % confidence limits and
than 0 or 100 %, near the percentage for which the IC is to bealculation method(s) used; specify whether results are based
calculated. Other ways of providing information concerningon measured concentrations; for commercial products and
the extremes of toxicity are to report the highest concentratioformulations, specify whether results are based on active
of test material that caused only a small percentage, such asgredient,

5 %, inhibition in growth, or to report the lowest concentration 15.1.11 Any stimulation found in any treatment, and

of test material that actually caused a large percentage inhibi- 15.1.12 Anything unusual about the test, any deviation from
tion in growth. These alternatives are usually more reliablehese procedures, and other relevant information.

than reporting a calculated result such as an IC5 or IC95 unless 15.2 Published reports should contain enough information
several concentrations caused percent inhibitions close to 5 to clearly identify the procedures used and the quality of the
95 %. results.

14.4 It might be desirable to perform a hypothesis test to
determine which of the tested concentrations of test materiat6. Keywords
caused a statistically significant inhibition in growth. If a 16.1 algae; algal-toxicity testing; aquatic plants; aquatic
hypothesis test is to be performed, the data should first b#xicity testing; microalgae

10
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(Mandatory Information)

Al. PREPARATION OF FRESHWATER MEDIUM (10)

Al.1 Add 1 mL of each stock solution in A1.2.1-A1.2.7to Al1.3.1 H;BO;—92.760 mg.
approximately 900 mL of deionized or distilled water and then A1.3.2 MnCl,-4H,0—207.690 mg.
dilute to 1 L. A1.3.3 ZnCL—1.635 mg.

A1.3.4 FeCl;-6H,0—79.880 mg.
Al1.3.5 CoClL-6H,0—0.714 mg.
A1.3.6 Na,M00,-2H,0—3.630 mg.
A1.3.7 CuClL-2H,0—0.006 mg.
A1.3.8 Na,EDTA-2H0O—150.000 mg.

Al.2 Macronutrient stock solutions are made by dissolving
the following into 500 mL of deionized or distilled water.
Reagents A1.2.1, A1.2.2, A1.2.3, and Al1.2.4 can be combined
into one stock solution.

Al.2.1 NaNO,—12.750 g. [Disodium (Ethylenedinitrilo) tetraacetate].

Al.2.2 MgCL,6H,0—6.082 g. A1.3.9 Na,SeQ-5H,0—0.005 mg(26) See Note Al.2.
A1.2.3 CaCl,2H,0—2.205 g.

A1.2.4 Micronutrient Stock Solutica-(see A1.3). Note Al.2—Use only in medium for stock cultures of diatom species.

Al1.2.5 MgSQ,-7H,0—7.350 g. . .
A1.2.6 K,HPO,—0.522 g. Al.4 Adjust pHto 7.5 0.1 with 0.1N or 1.0N NaOH or

A1.2.7 NaHCO,—7.500 g. HCI.

AL.2.8 Na,SI0y 9H,0—See Note AL.L Al.5 Filter the media into a sterile container through either

Note Al.1—Use for diatom test species only. May be added directlyg 0.22-um membrane filter if a particle counter is to be used or
(202.4 mg) or by way of stock solution to give 20 mg/L Si final 5 0 45-um filter if a particle counter is not to be used.
concentration in medium.

A1.3 The micronutrient stock solution is made by dissolv- Al.6 Store medium in the dark at approximately 4°C until
ing the following into 500 mL of deionized or distilled water: use.

A2. PREPARATION OF ENRICHED SALTWATER MEDIUM (27)

A2.1 Prepare Stock Solution A by adding the specific A2.3.1 Vitamin Stock Solution (C)
amount of chemicals in the order listed below to 900 mL A2.3.1.1 Thiamine Hydrochloride-500 mg.
distilled or deionized water and dilute to 1 L. A2.3.1.2 Biotin—1 mg.

A2.1.1 Metal Mix (A) A2.3.1.3 B;;—1.0 mg.
A2.1.1.1 FeCl-H,0—0.048 g
A2.1.1.2 MnCl,-4H,0—0.144 g
A2.1.1.3 ZnSQ-7H,0—0.045 g
A2.1.1.4 CuSQ-5H,0—0.157 mg
A2.1.1.5 CoCl,-6H,0—0.404 mg
A2.1.1.6 H;BO,—1.140 g
A2.1.1.7 Na,EDTA.2HO—1.0 g

A2.4 The stock solutions are added to a sterile container
containing either natural salt water that has been filtered
through a 0.22 um membrane filter or reconstituted salt water.
Add the amounts given below to prepare medium used for
toxicity testing. Add twice the amounts given to prepare
medium for use in maintenance of stock cultures.

. . ... A2.5 Add 15 mL of metal Stock Solution (A)/L of medium.
A2.2 Prepare stock solution B by adding the specific

amounts of the chemicals listed below to 900 mL distilled or A2.6 Add 10 mL of minor salt Stock Solution (B)/L of
deionized water and dilute to 1 L. medium.

A2.2.1 Minor Salt Mix (B) A2.7 Add 0.5 mL of vitamin Stock Solution (C)/L of

A2.2.1.1K;PO,—0.3 g medium. Add 1 mL of vitamin mix ifThalassiosirais used.
A2.2.1.2 NaNO—5.0 g

A2.2.1.3 NaSiO;9H,0—2.0 g A2.8 Adjust pH to 8.a- 0.1 with 0.1N or 1.0N NaOH or

. . ... HCIL.
A2.3 Prepare Stock Solution C by adding the spemﬂeJ_'
amount of chemicals in the order listed below to 900 mL A2.9 Store medium in the dark at approximately 4°C until
distilled or deionized water and dilute to 1 L. use.

11



A £ 1218 — 97a
“afl

A3. PREPARATION OF COMPLETE SALTWATER MEDIUM (26) (PROVASOLI'S ASP 12)

A3.1 Prepare individual stock solutions by dissolving the

following reagents into 1 L of deionized or distilled water.
Reagents

A3.1.1 NaC}-280 g.

A3.1.2 KCI—7 g.

A3.1.3 MgSQ,-7H,0—70 g.

A3.1.4 MgCl,-6H,0—40 g.

A3.1.5 Nitrilotriacetic Acid (NTA}—1 g (see Note A3.2).

A3.1.6 Tris—10 g.

A3.1.7 CaCl,-2H,0—14.62 g.

A3.1.8 Na, glycerophosphate-5/0—1 g.

A3.1.9 NaNO;,—10 g.

A3.1.10 K;PO,—1 g.

A3.1.11 Na,Si0O;-9H,0—5 g.

Metals (see Note A3.1)

A3.1.12 Na,EDTA—1 g.

A3.1.13 FeCL—30 mg (see Note A3.3).

A3.1.14 H;BO,—1.144 g.

A3.1.15 MnCl,-4H,0—144.08 mg.

A3.1.16 ZnCL—10.425 mg.

A3.1.17 CoCl,-6H,0—4.039 mg.

A3.1.18 NaBr—1.288 g.

A3.1.19 SrClL-6H,0—608.8 mg.

A3.1.20 RbCH28.26 mg.

A3.1.21 LiCl—22.14 mg.

A3.1.22 NaMo(Q,-2H,0—126.1 mg.

A3.1.23 KI—1.308 mg (see Note A3.1 and Note A3.2).

A3.1.24 H,SeQ—1.634 mg (see Note A3.1 and Note
A3.2).

Vitamins
A3.1.25 B;,—0.02 mg (see Note A3.2).
A3.1.26 Biotin—0.1 mg.
A3.1.27 Thiamine—1 mg.

A3.2 When assembling the medium add the following
concentrations of stock solutions, in the order listed, into a
sterile 1-L graduated cylinder: 100 mL, solutions A3.1.1-
A3.1.7; 10 mL, solutions A3.1.8-A3.1.10; 30 mL, solution
A3.1.11; 10 mL, solutions A3.1.12-A3.1.23; 2 mL, solution
A3.1.24; and, 10 mL, solutions A3.1.25-A3.1.27. Diluteto 1 L
with distilled or deionized water.

A3.3 Adjust pH of the medium to 7.& 0.1 with 0.1N
NaOH or HCI before autoclaving.

A3.4 Autoclave at 15 Ib/irf.for 25 min.

Note A3.1—These stock solutions can be made atXGfbncentra-
tions and diluted with deionized or distilled water to achieve stock
concentrations.

Note A3.2—Although not specifically included in the original me-
dium, further work by Provasoli and his students suggested the following
minimal changes:

(1) Increase in B,, concentration to 1 pg/L (26),
(2) Addition of 2 pg/L selenium (28, 29), and
(3) NTA addition, while not actually included in the original formulation of
ASP,, is suggested by Provasoli as a desirable growth additive at 100
mg/L.

Note A3.3—Dissolve in 25 mL concentrated HCI.
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