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Conducting Static Toxicity Tests With Lemna gibba G3
This standard is issued under the fixed designation E 1415; 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 Another end point that may be calculated is the no observed

1.1 This guide describes procedures for obtaining laborator§ffect concentration (NOEC).
data concerning the adverse effects of a text material added to1-5 The sections of this guide appear as follows:
growth medium on a certain species of duckwekdngna Title Section
gibba G3) during a 7-day exposure using the static technique (. .enced bocuments

. h 2
These procedures will probably be useful for conductingrerminology 3
toxicity tests with other species of duckweed and other floatin@;ymrpaw of Gu;dﬁ g
' - H Ignificance an se
vascular plants, although_ modifications n_ught be Necessary. j.ars 6
1.2 Special needs or circumstances might also justify modiapparatus 7
fication of this standard. Although using appropriate proce- $act”i(t:iﬁs ) ;;
dures is more important than following prescribed procedures, ceamng s
results of tests conducted using unusual procedures are NOhcceptability 7.4
likely to be comparable to results of many other tests. ComG?thhMMfdi!JT g
parison of results obtained using modified and unmodified gonery o1
versions of these procedures might provide useful information stock Solution 9.2
concerning new concepts and procedures for conducting testsest Concentration(s) 9.3
ith duckweed Test Organisms 10
wi ' . . . . Species 10.1
1.3 The procedures in this guide are applicable to most source 10.2
chemicals, either individually or in formulations, commercial _ Stock Culture 10.3
duct k ixtures. With appropriate modifications” ecc2ur® o
products, or known mixtures. With appropri ificati Experimental Design 1
these procedures can be used to conduct tests on temperaturemperature 1.2
and pH and on such other materials as aqueous effluents (sedumination 13
| Guide E 1192). | hat i ticulat it di Beginning the Test 11.4
also Guide ). leachates, oils, particulate matter, sedi-praion of Test 15
ments and surface waters. These procedures do not specificallyiological Data 11.6
address effluents because to date there is little experience usingther Measurements 7
. . Analytical Methodology 12
dgckwee_ds in effluent testing and s_uch tests may pose problemMS.eptapiity of Test 13
with acclimation of the test organisms to the receiving watercalculation of Results 14
Static tests might not be applicable to materials that have a higffrot 15

oxygen demand, are highly volatile, are rapidly biologically or 1.6 This standard does not purport to address all of the
chemically transformed in aqueous solution, or are removedafety concerns, if any, associated with its use. It is the
from test solutions in substantial quantities by the test chamresponsibility of the user of this standard to establish appro-
bers or organisms during the test. priate safety and health practices and to determine the
1.4 Results of toxicity tests performed using the procedureapplicability of regulatory limitations prior to useSpecific
in this guide should usually be reported in terms of the 7-dayhazard statements are given in Section 6.
IC50 based on inhibition of growth. In some situations it might
only be necessary to determine whether a specific concentrg- Referenced Documents
tion unacceptably affects the growth of the test species or 2.1 ASTM Standards:
whether the IC50 is above or below a specific concentration. E 380 Practice for Use of the International System of Units
(SI) (the Modernized Metric Systerh)
E 729 Guide for Conducting Acute Toxicity Tests with

* This guide is under the jurisdiction of ASTM Committee E-47 on Biological
Effects and Environmental Fate and is the direct responsibility of Subcommittee
E47.01 on Aquatic Assessment and Toxicology. —
Current edition approved April 15, 1991. Published June 1991. 2 Annual Book of ASTM Standardgol 14.02.

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
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Fishes, Macroinvertebrates and Amphibians 5. Significance and Use

E 943 Terminology Relating to Biological Effects and En- 5.1 The term duckweed commonly refers to members of the
vwonment_al Faté ) ) family Lemnaceae. This family has many species world-wide

E 1023 Guide for Assessing the Hazard of a Material toy 4 genera. This guide is designed for toxicity testing with one
Aquatic Organisms and Their Uses o particular clone of one species of duckweed that has been

E 1192 Guide for Conducting Acute Toxicity Texts on extensively studied.emna gibbaG3, although other species
Agqueous Effluents with Fishes, Macroinvertebrates, andy;,ch as emna minoror Spirodelaspp. can probably also be

Amphibiang _ N ~ tested using the procedures described herein.
E 1218 Guide for Conducting 96-h Toxicity Tests with 52 pyckweeds are widespread, free-floating aquatic plants,
Microalgaé ranging in the world from tropical to temperate zones. Duck-

weeds are a source of food for waterfowl and small animals
] and provide food, shelter, and shade for fish. The plants also
3.1 The wordsnust should may, can andmighthave very  serve as physical support for a variety of small invertebrates.
specific meanings in this gdeust is used to express an pyckweed is fast growing and reproduces rapidly compared
absolute requirement, that is, to state that the test ought to Rgith other vascular plant&).# Under conditions favorable for
designed to sati_sfy the specified condition,_ unless the PUrPOSE growth, it can multiply quickly and form a dense mat in
of the test requires a different desigdustis only used in |akes, ponds, and canals, primarily in fresh water, but also in
connection with factors that directly relate to the acceptabilityastyaries. It also grows well in effluents of wastewater treat-
of the test (see Section 13$houldis used to state that the ment plants and has been suggested as a means of treating
specified condition is recommended and ought to be met ifyastewater¢2). A dense mat of duckweed can block sunlight
possible. Although violation of onshouldis rarely a serious gnd aeration and cause fish k().
matter, violation of several will often render the results 53 puckweed is small enough that large laboratory facili-
questionable. Terms such &sdesirable is often desirable  ties are not necessary, but large enough that effects can be
might be desirablare used in connection with less important gpserved visually.
factors.Mayis used to mean is (are) allowed t@nis used to 5.4 Because duckweed is a floating macrophyte, it might be
mean is (are) able to, amdightis used to mean could possibly. nparticularly susceptible to surface active and hydrophobic
Thus the classic distinction betwesrayandcanis preserved, chemicals that concentrate at the air-water interface. Results of
andmightis never used as a synonym for eitlneayor can  qgyckweed tests on such chemicals, therefore, might be sub-

3. Terminology

3.2 Definitions of Terms Specific to This Standard: stantially different from those obtained with other aquatic
3.2.1 frond—individual leaf-like structure on a duckweed gpecies.
plant. 5.5 Results of toxicity tests with duckweed might be used to

3.2.2 IC50—a statistically or graphically estimated Concen'):)redict effects likely to occur on duckweed in field situations as
inhibition of one or more specified biological processes (such 5 g Results of tests with duckweed might be used to
as growth or reproduction), for which the data are not dichotozompare the toxicities of different materials and to study the
mous, under specified conditions. S effects of various environmental factors on results of such tests.
3.3 For definitions of other terms used in this guide, referto 5 7 Results of tests with duckweed might be an important
Terminology E 943, and Guides E 729 and E 1023. For aRgnsideration when assessing the hazards of materials to
explanation of units and symbols, refer to Practice E 380. aquatic organism (see Guide E 1023) or when deriving water
. quality criteria for aquatic organisng).
4. Summary of Guide 5.8 Results of tests with duckweed might be useful for
4.1 In each of two or more treatments, plantsl@mna  sydying biological availability of, and structure-activity rela-
gibba G3 are maintained for 7 days in two or more testtionships between test materials.
chambers using the static technigue. In each of the one or mores g Results of tests with duckweed will depend on tempera-
control treatments, the plants are maintained in growth mediuryre, composition of the growth medium, condition of the test
to which no test material has been added in order to provide rganisms, and other factors. The growth media that are
measure of the acceptability of the test by giving an indication,syally used for tests with duckweed contain concentrations of

of the quality of the duckweed and the suitability of the growthsaits, minerals, and nutrients that greatly exceed those in most
medium, test conditions, handling procedures, and so forth, ang|;iface waters.

the basis for interpreting data obtained from the other treat-

ments. In each of the one or more other treatments, thé. Hazards

duckweed plants are maintained in growth medium to which @ .1 Many materials can affect humans adversely if precau-
selected concentration of test material has been added. Speghns are inadequate. Therefore, skin contact with all test
fied data concerning growth of duckweed in each test chamb@aterials and solutions of them should be minimized by such

are obtained during the test and are usually analyzed tgeans as wearing appropriate protective gloves (especially
determine the IC50 or NOEC based on inhibition of growth.

4 The boldface numbers in parentheses refer to the list of references at the end of
2 Annual Book of ASTM Standardgol 11.05. this guide.
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when washing equipment or putting hands in test solutions)acceptability of foam plugs should be investigated prior to use
laboratory coats, aprons, and glasses. Special precautions, sumdtause some brands have been found to be toxic.) All
as covering test chambers and ventilating the area surroundiraipambers and covers in a test must be identical.
the chambers, should be taken when conducting tests on 7.3 Cleaning—Test chambers and equipment used to pre-
volatile materials. Information on toxicity to humar(s§), pare and store growth medium, stock solutions, and test
recommended handling proceduré8), and chemical and solutions should be cleaned before use. New items should be
physical properties of the test material should be studied beforwashed with detergent and rinsed with water, a water-miscible
a test is begun. Special procedures might be necessary withrganic solvent, water, acid (such as 10 % concentrated hydro-
radio-labeled test materia() and with materials that are, or chloric acid), and at least twice with deionized or distilled
are suspected of being, carcinoge(8}. water. (Some lots of some organic solvents might leave a film
6.2 Although disposal of stock solutions, test solutions, andhat is insoluble in water.) A dichromate-sulfuric acid cleaning
test organisms poses no special problems in most cases, headtiiution may be used in place of both the organic solvent and
and safety precautions and applicable regulations should k&e acid. At the end of the test, all items that are to be used
considered before beginning a test. Removal or degradation afgain should be immediately (a) emptied, (b) rinsed with water,
test material might be desirable before disposal of stock an(t) cleaned by a procedure appropriate for removing the test
test solutions. material (for example, acid to remove metals and bases;
6.3 Cleaning of equipment with a volatile solvent such asdetergent, organic solvent, or activated carbon to remove
acetone should be performed only in a well-ventilated area irganic chemicals), (d) cleaned with a nonphosphate detergent
which no smoking is allowed and no open flame, such as a pilaising a stiff bristle brush to loosen any attached materials, and
light, is present. (e) rinsed at least twice with deionized or distilled water. Acid
6.4 Acidic solutions and hypochlorite solutions should notis often used to remove mineral deposits. Chambers should be
be mixed because hazardous fumes might be produced.  dried in an oven at 50 to 100°C, capped with appropriate
6.5 To prepare dilute acid solutions, concentrated acialosures, autoclaved for 20 min at 121°C and 1.1 kg/cFast
should be added to water, not vice versa. Opening a bottle athambers should be rinsed with growth medium just before
concentrated acid and adding concentrated acid to water shoulge.
be performed only in a fume hood. 7.4 Acceptability—Before a toxicity test is conducted with
6.6 Because growth medium and test solutions are usualljuckweed in new test facilities, it is desirable to conduct a
good conductors of electricity, use of ground fault systems andontoxicant test, in which all test chambers contain growth
leak detectors should be considered to help prevent electricatedium with no added test material, to determine before the
shocks. first toxicity test whether duckweed will grow acceptably in the
7. Apparatus new facilities, whether the growth medium, handling proce-
' dures, etc., are acceptable, whether there are any location

7.1 Facilities—Culture and test chambers should be main-effects on growth, and the magnitudes of the within-chamber
tained in an environmental chamber, incubator, or room withhynd between-chamber variances.

constant temperature (see 11.2) and appropriate illumination
(see 11.3). A water bath is generally not acceptable becausegt Growth Medium
prevents proper illumination of the test chambers. The facility

should be well-ventilated and free of fumes. To further reduce 8.1 Growth medium is prepared by adding appropriate

the possibility of contamination by test materials and othera.mounts of specified reagent-gradkemicals to deionized or

substances, especially volatile ones, the culture Chambe%smkad water. Recommended growth media are given in

should not be in a room in which toxicity tests are conducted, ppendix X1.
z}ggﬁ:&lutlons or test solutions are prepared, or equipment 5 Test Material
7.2 Test Chambers-In a toxicity test with aquatic organ- 9.1 General—The test material should be reagent-gFagie

isms, test chambers are defined as the smallest physical unstter, unless a test on a formulation, commercial product, or

between which no water connections exist. Glass 250-mitechnical-grade or use-grade material is specifically needed.

beakers, 200-mL flat-bottomed test tubes, 250-mL fruit jarsBefore a test is begun, the following should be known about

and 250 or 500-mL Erlenmeyer flasks have been used succedbe test material:

fully (9-11). The ratio of the size of the test chamber to the 9.1.1 Identities and concentrations of major ingredients and

volume of test solution should be 5 to 2 (that is, 100 mL in amajor impurities, for example, impurities constituting more

250-mL Erlenmeyer flask, 200 mL in a 500-mL Erlenmeyerthan about 1 % of the material,

flask). Plastic chambers may be used only if duckweed does 9.1.2 Solubility, stability, photodegradability, and volatility

not adhere to the walls and the test material does not sorb onto the growth medium,

the plastic more than it does to glass. Chambers should be

covered to keep out extraneous contaminants and to reduce

evaporation of test solution and test material. Beakers shou

be covered with a clear watch glass and flasks should be °“Reagent Chemicals, American Chemical Society Specifications,” Am. Chemi-
cal Soc., Washington, DC. For suggestions on the testing of reagents not listed by

covered with !Oose'fitting caps such as foam plugs, stainlesge american Chemical Society, see “Analar Standards for Laboratory U.K.
steel caps, Shimadzu enclosures, glass caps or screw caps. (Tihemicals,” BDH Ltd., Poole, Dorset, and the “United States Pharmacopeia.”
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9.1.3 Measured or estimated toxicity to duckweed (if noth- 9.2.3.1 If a solvent control is required and the concentration
ing is known about the toxicity to duckweed, a range-findingof solvent is the same in all test solutions that contain test
test is suggested), material, the solvent control must contain the same concentra-

9.1.4 Precision and bias of the analytical method at thdion of solvent.

planned concentration(s) of test material, if the test concentra- 9-2.3.2 If a solvent control is required and the concentration
tion(s) are to be measured of solvent is not the same in all test solutions that contain test

9.1.5 Estimate of toxicity to humans, and materiql, either (a) a solvent test must _be conducted to
o ] ' determine whether growth of duckweed is related to the
9.1.6 Recommended handling procedures (see 6.1). concentration of the solvent over the range used in the toxicity
9.2 Stock Solutior-In some cases the test material can betest or (b) such a solvent test must have already been conducted
added directly to the growth medium, but usually it is dissolvedusing the same growth medium. If growth is found to be related
in a solvent to form a stock solution that is then added tdo the concentration of solvent, a toxicity test in that medium is
growth medium. If a stock solution is prepared, the concentratnacceptable if any treatment contained a concentration of
tion and stability of the test material in it should be determinedsolvent in that range. If growth is not found to be related to the
before the beginning of the test. If the test material is subject t§oncentration of solvent, a toxicity test in that same medium

photolysis, the stock solution should be shielded from light. May contain solvent concentrations within the tested range, but

. - the solvent control must contain the highest concentration of
9.2.1 Except possibly for tests on hydrolyzable, Ox'd'zableSolvent present in all of the other treatments.

and reducible materials, the preferred solvent is growth me- 9.2.3.3 If the test contains both a growth medium control

dium. Distilled or deionized water may also be used as a .
) and a solvent control, the growth of the duckweed in the two
solvent, but the amount of water added to growth medium t

. ontrols should be compared using-gest. Adjustments for
prepare the test solutions should be kept to less than 10 % %ﬁamber-to-chamber heterogeneity might be necessary. The
the total volume to avoid dilution of the growth medium.

_ " use of a large alpha level (for example, 0.25) will make it more
Several techniques have been specifically developed for prejsicult to accept the null hypothesis when it should not be

paring aqueous stock solutions of slightly soluble materialgccepted. The test statistic, its significance level, the minimum
(12). The minimum necessary amount of a strong acid or basgetectable difference, and the power of the test should be
may be used in the preparation of an aqueous stock solutiopgported.

but such reagents might affect the pH of test solutions 9.2.3.4 If a statistically significant difference in growth is
appreciably. Use of a more soluble form of the test materialdetected between the two controls, only the solvent control can
such as chloride or sulfate salts of organic amines, sodium dse used for meeting the requirements of 13.1.3 and as the basis
potassium salts of phenols and organic acids, and chloride dor calculation of results. If no statistically significant differ-
nitrate salts of metals, might affect the pH even more than thence is detected, the data from both controls should be used for
use of the minimum necessary amount of a strong acid or basmeeting the requirements of 13.1.3 and as the basis for

9.2.2 If a solvent other than growth medium is used, itsc@lculation of results. _ .
concentration in test solutions should be kept to a minimum 9.2.4 If a solvent other than growth medium or water is used
and should be low enough that it does not affect growth of© Prepare a stock solution, it might be desirable to conduct
duckweed. Because of its low toxicity to aquatic Organisms,&multaneous tests on the Fest material using two chemically
low volatility, and high ability to dissolve many organic unrelated solvents or two different concentrations of the same

chemicals, triethylene glycol is often a good organic SolVemsolvent to obtain information concerning possible effects of the

for preparing stock solutions. Other water-miscible organicSOIVent on the resuilts of the test.

solvents such as methanol, ethanol, and acetone may also bed-3 Test Concentration(s)

used, but they might stimulate undesirable growths of micro- 9.3.1 Ifthe testis intended to allow calculation of the 7-day
organisms; acetone is also quite volatile. If an organic solve 50, the test concentrations (see 11.1.1.1) should bracket the

is used, it should be reagent-gride better and its concen- predicted IC50. A prediction might be based on the results of a
tration i,n any test solution should not exceed 0.5 mL/L ateston the same or a similar material with the same or a similar

surfactant should not be used in the preparation of a Stocgpeues. If a useful prediction is not available, it is usually

: o o esirable to conduct a range-finding test in which the test
solution because it might affect the form and toxicity of the teStspecies is exposed to a control and three to five concentrations

mate_rial in t_he test solutiqns. (These Iimit_ations do not apply 't the test material that differ by a factor of 10. The greater the

any ingredient of a mixture, formulation, or comme_rmal similarity between the range-finding test and the actual test, the

product unless an extra amount of solvent is used in the,q.« \,seful the range-finding test will be.

preparation of the stock solution.) 9.3.1.1 If necessary, concentrations above solubility should
9.2.3 If a solvent other than growth medium or water ispe ysed because organisms in the real world are sometimes

used, at least one solvent control, using solvent from the Saﬂ'@(posed to concentrations above 50|ub|||ty and because solu-

batch used to make the stock solution, must be included in theility is often not well known. The use of concentrations that

test, and a growth medium control should be included in theare more than ten times greater than solubility is probably not

test. If no solvent other than growth medium or water is usedworthwhile. With some test materials it might be found that

a growth medium control must be included in the test. concentrations above solubility do not affect growth any more
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than does the concentration that is the solubility limit; suchhigh or too low. If the estimate of toxicity is particularly

information is certainly worth knowing. nebulous (see 9.3.1), six or seven concentrations might be
9.3.2 In some (usually regulatory) situations, it is only desirable.

necessary to determine whether a specific concentration of test11.1.1.2 If it is only necessary to determine whether a

material unacceptably affects growth of the test species O$pecific concentration unacceptably affects growth or whether
whether the IC50 is above or below a specific concentrationthe IC50 is above or below a specific concentration (see 9.3.2),
For example, the specific concentration might be the concerpnly that concentration and the control(s) are necessary. Two
tration occurring in a surface water, the concentration resultingidditional concentrations at about one-half and two times the

from the direct application of the material to a body of water,specific concentration of concern are desirable to increase
or the solubility limit of the material in water. When there is confidence in the results.

only interest in a specific concentration, it is often only 17 11 3 |f an IC near the extremes of toxicity, such as an
necessary to test that specific concentration (see 11.1.1.2), apdls or |95, is to be calculated, at least one concentration of
it is not necessary to actually determine the IC50. test material should have inhibited growth by a percentage,
other than 0 or 100 %, near the percentage for which the IC is
to be calculated. This requirement might be met in a test
10.1 Species-The test species isemna gibbaG3° It is  designed to determine an IC50, but a special test with appro-
widely distributed, easily handled in the laboratory, and has @riate concentrations of test material will usually be necessary.
history.qf succ_essful use. The.identity of thg organism ghould 11.1.2 The primary focus of the physical and experimental
,be verified using an appropriate taxonom|c keg). It is design of the test and the statistical analysis of the data is the
important to identify the clon€l), because it has been shown o e rimental unit, which is defined as the smallest physical
that different clones of the same species can have differentyiiry 1 which treatments can be independently assigned. Thus

sensitivities(14). . . . the test chamber, as defined in 7.2, is the experimental unit. As
10.2 Stock Culture—Plants used in testing must be obtalnedthe number of test chambers (that is, experimental units) per

from laboratory stock cultures that have been actively grOWi”Qreatment increases, the number of degrees of freedom in-
!Irll gr_ovvt_h m?dlum u_nder lconstant Warfm-wh|te ﬂuoresciemcreases, and, therefore, the width of the confidence interval on
illumination of approximately 580 to 620 fc (6200 to 6700 IX) 5 qint estimate decreases and the power of a significant test

and temperature of 2% 2°C for at least the eight weeks ;- aases With respect to factors that might affect results

immediately preceding the start of the test. Maintenance of;ithin test chambers and, therefore, results of the test, all test
axenic stock cultures is recommended. Plants should be aS(iQ1

. . nambers in the test should be treated as similarly as possible.
tically transferred on a regular schedule (weekly is suggestediy, example, the temperature in all test chambers should be as
into fresh growth medium.

similar as possible unless the purpose of the test is to study the
effect of temperature. Test chambers are usually arranged in
) . one or more rows. Treatments must be randomly assigned to
11.1 Experimental Design _ individual test chamber locations and may be randomly reas-
11.1.1 Decisions concerning such aspects of experimentajgned during the test. A randomized block design (with each
design as the dilution factor, number of treatments, andreatment being present in each block, which may be a row or
numbers of test chambers and fronds per treatment should *Péctangle) is preferable to a completely randomized design.

hased on the purpose of the test and the type of procedure that11.1.3 The minimum desirable number of test chambers per

Is to b_e I re_sults (see S_ectioq 14). One of the, o yment should be calculated from (a) the expected variance
following two types of experimental design will probably be

appropriate in most cases between test chambers within a treatment, and (b) either the
. ) . maximum acceptable confidence interval on a point estimate or
11'”1'1'1 A_t$5t |fntended to allow CTCTI?“OQ of ?n ICgothe minimum difference that is desired to be detectable using
usually consists of oné or more control treatments and ﬂypothesis testingl15). If such calculations are not made, at
geometric series of at least five concentrations of test mater|a1least three test chambers must be used for each treatment (test
In the medium or solvent controls, or both, (see 9.2.3)

duck di qt th di t0 which ; 'concentration and control). If each test concentration is more
uckweed Is exposed to growth medium to which no test, ., g0 o4 of the next higher one and the results are to be

material has been added. Except for the control(s) and thg : : :
. . : nalyzed using regression analysis, fewer test chambers ma
highest concentration, each concentration should be at le y g reg y y

60 % of th t hiah | inf i ) tﬁﬁ& used for each treatment that contains test material, but not
o of the next higher one, uniess information conceming g, 1pe conro| treatment(s). Replicate test chambers (that is,
concentration-effect curve indicates that a different dilution

. . " - 'experimental units) within a treatment are necessary in order to
factor is more appropriate. At a dilution factor of 0.6, five P ) y

. .allow estimation of experimental err¢t5).
properly chosen concentrations are a reasonable compromise

. - ; : 11.2 Temperature-Tests withLemna gibbaG3 should be
between cost and the risk of all concentrations being either too
9 conducted at 25- 2°C. Temperature should be controlled by

placing the test chambers in an environmental chamber, incu-
- . . _ bator, or constant-temperature room. Other temperatures may
There is currently no commercial source bémna gibbaG3. It may be  ha sed to study the effect of temperature on duckweed or to
available from: Dr. Elaine Tobin, UCLA, Biology Department, Los Angeles, CA .. .
90024, and from Dr. Janet Slovin, USDA, BARC-West, Bldg. 050 HH-4, Belisville, StUdy the effect of temperature on the toxicity of a material to
MD 20705. duckweed.

10. Test Organisms

11. Procedure
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11.3 lllumination—Continuous warm-white fluorescent of fronds. In order to minimize subjective decisions on frond
lighting should be used to provide a light intensity selectedmaturity, every frond that visibly projects beyond the edge of
from the range of between 6200 and 6700 Ix (580 and 620 fc)the parent frond should be counted as a separate frond. Fronds
as measured adjacent to each test chamber at the surface of that have lost their pigmentation should not be counted. Frond
test solution. The light intensity at each position in thenumber, plant number, root number, dry biomass and total root
incubation area should be measured and should not differ bgngth are highly related to each other, but dry biomass
more than 15 % from the selected light intensity. (constant at 60°C) is the most objective and reproducible of the

11.4 Beginning the Test endpointy14). Root length(10), fresh biomas$10, 16) C-14

11.4.1 A large enough batch of growth medium should beptake(17), chlorophyll (17), and especially for axenic cul-
prepared so that (a) the desired volume can be placed in ea8#res(16) total Kjeldahl nitrogen and chlorophyll may also be
control test chamber, (b) the necessary volume of each tegﬂeaSUI'Ed to give additional information. Observations of
solution can be prepared, and (c) all desired analyses can §8ange in color, break-up of plants, and destruction of roots
performed (see 11.7). Enough test solution should be prepar&diould be included. All plants used in a test should be
for each treatment so that the desired volume can be placed fiestroyed at the end of the test.
each test chamber and all desired analyses of water quality, test11.7 Other Measurements
material, etc. (see 11.7) can be performed. 11.7.1 pH should be measured at the beginning and end of

11.4.2 Uniform, healthy-looking plants should be removedthe test in .the controls a_nd in the high, medium, and I_ow test
from the stock culture to use in testing. Three to five plantsconcentrations. Precautions should be taken to avoid cross
each consisting of three or four fronds, should be added to eadPntamination. _
test chamber. Care should be taken to ensure that plants andll-7-2 Because test chambers are placed in a constant-
fronds are approximately the same size in each test chambdgmperature room, environmental chamber, or incubator, mea-
and the number of plants and fronds must be identical or agurement of the air temperature at least hourly, or daily
nearly identical as possible in each test chamber. (For exampl8€asurement of the maximum and minimum air temperature,
three four-frond plants and one three-frond plant, for a total of@y be made instead of any measurements in test chambers

15 fronds, could be added to each test chamber.) A total of diecause the temperature of the air will probably fluctuate more
least 12 but no more than 16 fronds is recommended. than that of the test solutions. It is impractical to measure

11.4.3 The test begins when the plants are placed in ea(g[mperature in the test chambers when axenic conditions are to

test chamber, which already contains test solution. The planf2€ Maintained. Alternatively, one or two extra test chambers
must be either: may be prepared for the purpose of measuring water tempera-

. . ture during the test.
11.4.3.1 Impartially assigned to the test chambers by plac- 11.7.3 It is desirable to determine the concentration of the

ing one plant in each test chamber, and continuing the process

until each chamber contains the desired number of plants ar]SSt material n at least the cont_rol and the h'.gh! medium, and
fronts, or Oow concentrations of test material at the beginning and end of

11.4.3.2 Assianed either by random ianment of one ol the test. If the concentrations are measured, results should be
9.2 ASSIgned elther by rancdom assignment ot o epal-galculated based upon the initial concentrations and may also

to each test chamber, random assignment of a second plant @ calculated based on the average concentrations. Refer to

each test chamber, etc., or by, total randqm|zat|on. Guides E 729 and E 1192 for information on the collection of
11.4.4 It might be convenient to assign plants to Othersamples of test solutions.

containers, and then add them to the test chambers all at once.
11.5 Duration of Test-The test ends 7 days after plants are12. Analytical Methodology

initially placed in test solutions containing test material. A 12.1 If samples of growth medium, stock solutions, or test

shorter test duration might not be sufficient for toxicity to be gpolutions cannot be analyzed immediately, they should be

demonstrated, whereas a longer test duration might allow thgandled and stored appropriaté€y8) to minimize loss of test

duckweed to adjust to the presence of the test material an@aterial by such things as microbial degradation, hydrolysis,

permit extensive growth, increasing the difficulty in enumerat-oxidation, photolysis, reduction, sorption, and volatilization.

ing fronds. 12.2 Chemical and physical data should be obtained using
11.6 Biological Data—Results of toxicity tests withemna  appropriate ASTM standards whenever possible. For those

gibbaG3 should be calculated based on one or more measureneasurements for which ASTM standards do not exist or are

ments of the biomass in each test chamber. Because the resulist sensitive enough, methods should be obtained from other

are calculated based upon growth in each treatment relative teliable source$19).

that in the control, an initial measurement or estimate of 12.3 The precision and bias of each analytical method used

biomass in each test chamber must be made. Indeed, tkfould be determined in the growth medium used. When

amount of duckweed initially placed in each test chamber musippropriate, reagent blanks, recoveries, and standards should

be identical or as nearly identical as possible. (Because growtle included whenever samples are analyzed.

occurs during the test, initial differences in biomass will be -

magnified and may obscure treatment-related effects.) A varil3- Acceptability of Test

ety of methods may be used to measure or estimate biomass.13.1 Atest should usually be considered unacceptable if one

The most common and simplest indirect measurement obr more of the following occurred, except that if, for example,

biomass is determination of the number of plants or the numbelemperature was measured numerous times, one deviation of
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more than 4°C (see 13.1.9) might be inconsequential. Howregression models will usually give nearly the same IC50 from

ever, if temperature was measured only a minimal number o& set of data. However, only the correct model, which is not

times, one deviation of more than 4°C might indicate that mor&nown to be available at this time, will appropriately take into

deviations would have been found if temperature had beeaccount the number of test chambers per treatment, the range

measured more often. of concentrations tested, and the variance within each treat-
13.1.1 All test chambers and covers were not identical, ment, especially within the control treatment(s), and give the
13.1.2 Treatments were not randomly assigned to individua¢orrect confidence limits.

test chamber locations. _ 14.2.1 Alternatively, the values fot may be plotted against
13'1'I3 dA drgqurl]red growthf r;:edlum or so_lventfcorlnrol WaSthe corresponding concentrations of test material, after trans-
not included in the test or, If the concentration of solVent Wag, ma1iqn ofX or concentration, or both, if appropriate, and the

not the same in all treatments that contained test material, th%SO determined by graphical or statistical interpolation to the
concentration of solvent in the range used affected growth 0<§oncentrati0n of test material at which a line of best fMI£2.

the test species, .
13.1.4 The test organisms had not been cultured in growth 14.2.2 An IC near an extreme of toxicity, such as an IC5 or

medium and at the same temperature and light intensity as us&g95, should not be calculated unless at least one concentration
in the test for at least the last eight weeks before the test, of test material caused a percentage inhibition in growth, other

domly assigned to the test chambers, calculated. Other ways of providing information concerning
13.1.6 The test lasted less than 7 days, the extremes of toxicity are to report the highest concentration

13.1.7 Frond number in any control test chamber at the en@f test material that caused only a small percentage, such as
of the test was not at least five times that at the beginning of thé %, inhibition in growth, or to report the lowest concentration
test, of test material that actually caused a large percentage inhibi-

13.1.8 Temperature was not measured as specified in 11.79n in growth. These alternatives are usually more reliable

13.1.9 The difference between the highest and lowest medhan reporting a calculated result such as an IC5 or IC95 unless

sured temperatures was greater than 4°C, several concentrations caused percent inhibitions close to 5 %
13.1.10 Any measured light intensity differed by more thanor 95 %.
15 % from the selected light intensity, or 14.3 To determine the NOEC (no observed effect concen-

13.1.11 The number of plants was not the same and thgation), perform a hypothesis test to determine which of the
number of fronds was not the same in each test chamber at thested concentrations of test material caused a statistically

start of the test. significant inhibition of growth. If a hypothesis test is to be
lculati d | performed, the data should first be examined using appropriate
14. Calculation and Results outlier detection procedures and tests of heterogeneity. Then a

14.1 The results should be expressed in terms of the IC5Qairwise comparison technique, contingency table test, analysis
The NOEC may also be calculated. Both of these endpointsf variance, or multiple comparison procedure appropriate to
have utility and are acceptable measures of toxicity to aquatithe experimental design should be used. Presentation of the
plants (11). It may be possible to determine both endpointsresults of each hypothesis test should include the test statistic
from a single data set. and its corresponding significance level, the minimum detect-

14.2 To determine the IC50, calculate the percent inhibitioryple difference, and the power of the test. The percent
(% 1) for each test chamber in each treatment other than thgyhipition actually observed at the concentration considered the

control treatment(s). Percent inhibition is calculated as NOEC should be calculated.
%1 =100qM — X)/M @)
15. Documentation
where: 15.1 The record of the results of an acceptable toxicity test
M = average increase in biomass in the control test chamwith duckweed should include the following information either
bers, and . directly or by reference to available documents:
X = increase in biomass in the test chamber. 15.1.1 Names of the test and investigator(s), name and

(The increase in frond number, for example, is determineggcation of laboratory, and dates of initiation and termination of
by subtracting the initial frond number from the final frond ot

number.) The % for each test chamber should be plotted 15.1.2 Source of the test material, its lot number, composi-
against the corresponding concentration of test material aft%r d it d trati ’f S d i P d
transformation of % or concentration, or both, if appropriate. lon (i ‘entities and concentrations o major ingredients an
The IC50 can then be obtained from a line of best fit bymajqr |mpur|t|es), known chem|ca| and physical properties,
determining the concentration corresponding td %50. If % and identity a”‘? c.oncentrat|0n(s) Of_ any solvent used, )

| is between 0 and 100 for fewer than two test chambers, only 15.1.3 Description of the preparation of the growth medium,
an approximate IC50 can be determined. Alternatively, if two 15.1.4 Source of test species, scientific name and clone,
or more test chambers gavel%etween 0 and 100, appropriate name of person who identified the species and the taxonomic
linear or nonlinear regression techniqu@®) can be used to key used, method used to identify the clone, and culture
calculate the IC50 and its 95 % confidence limits. A variety ofprocedures used,
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15.1.5 Description of the experimental design, test cham- 15.1.10 The IC50 (or other IC value), its 95 % confidence
bers and covers, volume of solution in the chambers, and thiémits, and calculation method(s) used; the NOEC, the percent
number of plants and fronds per test chamber at the beginnirighibition caused at this concentration, and calculation meth-
of the test. od(s) used; specify whether results are based on measured

15.1.6 Average and range of the measured temperature agdncentrations; for commercial products and formulations,
light intensity and the method of measurement or monitoring ospecify whether results are based on active ingredient,
both. _ ~ 15.1.11 Any stimulation found in any treatment, and
~15.1.7 Methods used for, and results (with standard devia- 151 12 Anything unusual about the test, any deviation from
t!ons or conﬂdence_llm!ts) of,_ chem!cal _analyse_s of concentrag,qqe procedures, and any other relevant information.
tion(s) of test material, including validation studies and reagent 15.2 Published reports should contain enough information

blanks, : . ,
15.1.8 Method(s) used for measuring or estimating biomasgrgsﬁllfsarly identify the procedures used and the quality of

for example, dry biomass or number of fronds,

15.1.9 Atable of data on the biomass at the beginning an
end of the test in each test chamber in each treatment, includi
the control(s), in sufficient detail to allow independent statis- 16.1 aquatic plants; aquatic toxicity testing; duckweed;
tical analysis. Lemna gibba

. Keywords

APPENDIX
(Nonmandatory Information)

X1. GROWTH MEDIA

X1.1 Lemna gibbaG3 has been cultured and tested This medium contains sucrose, yeast, and bacto-tryptone. In
successfully in the media described in this appendix. Otheaddition, the medium contains 9 mg/L EDTA and has a pH of
media may also be used; however, it should be demonstratet}60. The characteristics of this medium make it undesirable
that the medium supports an increase in biomass of at leagbr toxicity testing, as the addition of carbon sources and the
five-fold within 7 days in the controls. low pH may complex and alter test materials, respectively.

X1.2 Hoagland’'s E+ medium (see Table X1.1) has been

historically used for culturing.emna gibbaG3 by botanists. X1.3 Hoagland's medium without EDTA or sucrose (see

Table X1.2) has been recommended by the U.S. Environmental
Protection Agency for toxicity testing withemna gibbaG3

TABLE X1.1 Preparation of Hoagland's E+ Medium (22, 23) (21). This is the same as Hoagland’s E + medium except the

Concentration of . . .
Solution  Substance Substance in Stock A’\An;?jgnr’:] mmGL;E\th sucrose, bacto—tryptong, yeast, _and EDTA are (_)mltted. This
Solution, g/L um, medium was used by Hillmaf22) in experiments with.emna
A Ca(NOs)-4H,0 59.00 20 gibba G3. The pH of this medium is 5.0, which may not be
KNO3 75.76 desirable for use with many test materials.
KH,PO, 34.00
6 mL 6N HCI ) i o
B Tartaric acid 3.00 1 X1.4 20X-AAP medium (see Table X1.3) is a modification
g EeD?/iﬁHzO g-gg i of AAP medium, the medium used for toxicity testing with
8 mL 6N KOH ' microalgae (see Guide E 1218). This medium contains the
E MgSO,-7H,0 50.00 10 same nutrients as the AAP medium but at 20 times the
F H3BO; 2.86 1
ZnSs0,-7H,0 0.22
Na,Mo0,,-2H,0 0.12
CuS0,-5H,0 0.08 TABLE X1.2 Preparation of M-Hoagland’s Medium Without
MnCl,-4H,0 3.62 Sucrose or EDTA (21) A8
G Sucrose 10.00 g/L -
H Yeast extract 0.10 g/L Chemical Amount, mg
| Bactotryptone 0.60 g/L KH,PO, 680
AUse reagent-grade chemicals. Make growth medium up to 1 L with glass KNO; 1515
distilled or deionized water. Adjust the pH to 4.60 with KOH or HCI. Autoclave 20 Ca(NOz),-4H,0 1180
min at 121°C and 1.1 kg/cm?. MgSO,-7H,0 492
Bt has been shown (14) that growth of Lemna gibba G3 is enhanced by the FeCl;-6H,0 5.40
addition of the following to the growth medium: Tartaric acid 3.00
Se 4.2 ug/L AUse reagent grade chemicals. Add the chemicals in this table to distilled or
V 25.6 pg/L deionized water (final volume to be 1 L).
Co 20.3 pg/L 5Add 1 mL of the micronutrient stock solution (solution F in Table X1.1) and bring
Sn 457 pg/L the volume to 1 L. Autoclave for 20 min at 121°C and 1.1 kg/cm?. Adjust the pH of

the cooled medium to 5.0 = 0.1 with 0.1 N KOH or HCI.
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TABLE X1.3 Preparation of 20X-AAP Medium 4

Macronutrients
. Nutrient Composition of
Stock Solutions Prepared Medium
Compound Concentration, Element Nominal
P g/L Concentration, mg/L
NaNO; 25.500 N 84.00
NaHCO,4 15.000 Na 220.02
C 42.86
K,HPO, 1.044 K 9.38
P 3.72
MgCl, 7H,O 14.700 S 38.22
MgCl, 6H,0 12.164 Mg 58.08
CacCl, 2H,0 4.410 Ca 24.04
Micronutrients
. Nutrient Composition of
Stock Solution Prepared Medium
Compound Concentration, Element Nominal
P mg/L Concentration, pg/L

H3;BO; 185.520 B 649.20
MnCl, 4H,0 415.610 Mn 2307.48
ZnCl, 3.271 Zn 31.40
CoCl, 6H,0 1.428 Co 7.08
CuCl, 2H,0 0.012 Cu 0.08
Na,MoO, 2H,0 7.260 Mo 57.56
FeCl; 6H,0 160.000 Fe 661.02

Na,EDTA 2H,0 300.000

AAdd 20 mL of each of the six macronutrient stock solutions and 20 mL of the
micronutrient stock solution, in the order listed in this table, to approximately 800
mL of deionized or distilled water with mixing after each addition. Bring the volume
to 1 L and adjust the pH to 7.5 = 0.1 with 0.1 N sodium hydroxide or hydrochloric
acid. Filter the medium through a 0.22-um pore size membrane filter into a sterile
container.

concentration. The pH of this medium is 7.5, it is entirely
inorganic (except for the EDTA) and the ionic strength is much
less than in the Hoagland’s medium.
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