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Standard Guide for
Conducting Renewal Phytotoxicity Tests With Freshwater
1
Emergent Macrophytes
This standard is issued under the fixed designation E 1841; 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 Recommended Species 1.1
. . . : . : Alternate Species 11.2
1.1 'I_'h|s test guide is designed to give general guidance for Culturing 113
assessing the potential phytotoxicity of water soluble teSkrocedure 12
material to freshwater emergent macrophytes. Experimental Design 12.1
1.2 This renewal test continuously exposes selected plant2e9ning of Test 122
= . 8 . _y p - p Evaluation of Test 12.3
species, growing in sediment, to various concentrations of tegtaiculation 13

material, dissolved in a nutrient solution.

Acceptability of Test 14

1.3 This test guide is based on the Toxic Substances Contr§f>r b
Act (TSCA) guidelines for conducting toxicity tests with keywords 17

terrestrial plantg1)? and is applicable to most water soluble Appendix X1

chemicals, either individually or in formulations, commercial

References

products, or known mixtures (see Guides E 1193 and E 1598). 1.6 This standard does not purport to address all of the
With slight modifications the procedure also might be used fosafety concerns, if any, associated with its use. It is the

effluents (see Guide E 1192).

responsibility of the user of this standard to establish appro-

1.4 Results from this toxicity test can be used to report arp_ri_ate safety and he_alt_h practice_s and determin_e_ the applica-
EC50 or NOEC (see Section 3) based on the concentration &flity of regulatory limitations prior to useSpecific hazard
chlorophyll extracted from the plants (see Guides D 3731 angtatements are given in Section 7.

E 1218). In some situations, it might be necessary to only tes
at one concentration to determine whether or not that specifit’

concentration is toxic to the plants.
1.5 This test method is arranged as follows:
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Summary of Guide 4
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Hazards 7
Apparatus and Reagents 6
Facilities 6.1
Test Chambers 6.2
Cleaning 6.3
HPLC 6.4
Reagents 6.5
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General 9.1
Test Concentrations 9.2
Stock Solution 9.3
Controls 9.4
Sediments 10
Test Organisms 11

* This guide is under the jurisdiction of ASTM Committee E47 on Biological

Effects and Environmental Fate and is the direct responsibility of Subcommittee

E47.01 on Aquatic Assessment and Toxicology.
Current edition approved Nov. 10, 1996. Published January 1997.
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E 943 Terminology Relating to Biological Effects and En-
vironmental Faté

E 1023 Guide for Assessing the Hazard of a Material to
Aquatic Organisms and Their Uses

E 1192 Guide for Conducting Acute Toxicity Test on Aque-
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Sediment-Associated Contaminants with Fresh Water Ineritical as long as there is a continuous supply. The test
vertebrated solutions including the control are renewed three times a week

E 1733 Guide for Use of Lighting in Laboratory Testihg (see Guide E 1193).

) 4.4 Following a two-week exposure to the test solution, the
3. Terminology plants are harvested by cutting the stems at the soil level.

3.1 The words “must,” “should,™ may,” “can,” and “might” 4.5 To determine treatment differences, it is recommended
have very specific meanings in this guide. “Must” is used tothat chlorophyll be extracted from the leaf mater(d) and
express an absolute requirement, that is, to state that the testalyzed using High-Performance Liquid Chromatograph
ought to be designed to satisfy the specified condition, unlesgiPLC). A spectrophotometer or fluorometer also may be used
the purpose of the test requires a different design. “Must” igo determine treatment differencés5).
only used in connection with factors that directly relate to the 4.6 A variety of procedures can be used to calculate the
acceptability of the test (see Section 14). “Should” is used taesults of a growth test. Means comparison procedure can be
state that the specified condition is recommended and ought tgsed to determine if treatments are different from the control
be met if possible. Although violation of one “should” is rarely while regression may be used to determine EC50s and NOEC.
a serious matter, violation of several will often render the o
results questionable. Terms such as “is desirable,” is ofteR- Significance and Use
“desirable,” and “might be desirable” are used in connection 5.1 Increased emphasis is being placed on protecting wet-
with less important factors. “May” is used to mean “is (are)lands(6) and several agencies including U.S. Environmental
allowed to,”™ can” is used to mean “is (are) able to,” and Protection Agency and Environment Canada are beginning to
“might” is used to mean “could possibly.” Thus, the classicrequire, for the registration of pesticides, data regarding
distinction between “may” and “can” is preserved, and “might” toxicity of test materials to aquatic vascular pla(s 8).
is never used as a synonym for either “may” or “can.” 5.2 Much research is being conducted with vascular plants,

3.2 Definitions—For definitions of other terms used in this both terrestrial and aquat{®), however, protocols for phyto-
standard, refer to Terminology E 943 and Practice E 1598. toxicity testing with freshwater emergent macrophytes still are

3.3 Definitions of Terms Specific to This Standard: not well defined.

3.3.1 EC5Q n—a statistically or graphically estimated con- 5.3 This guide is designed to assess potential detrimental
centration of test material that, under specified conditions, ieffects of water soluble chemical substances on selected
expected to cause one or more specified effects in 50 % of surrogate species of freshwater emergent macrophytes.
group of organisms, for which the data are not dichotomous. 5.4 This guide focuses on diminishment of chlorophyll

3.3.2 emergent macrophytevascular plant that typically content in leaves as the measurable endpoint, however, not all
has a well defined root system that anchors the plant ithemicals affect chlorophyll production. Dry weight can be
sediments and long linear erect leaves that emerge above theed as the endpoint f@. sativg however, exposure times
water surface. may need to be extended to detect treatment differences. Dry

3.3.3 NOEC n—the statistically or graphically estimated weight is not a recommended endpoint for any of the test
highest concentration of test material that, under specifiedpecies started as rhizomes or tubers. Other endpoints, such as
conditions, is expected to cause no observable effects of peroxidase activity10) could possibly be used.
biological process, such as growth or reproduction, for which 5.5 This guide could be used to provide early indication of

” o " ” o

the data are not dichotomous. potential problems, identify hazardous substances before con-
3.3.4 rhizome n—underground horizontal stems from tamination of wetlands occurs, and establish “margins of
which leaves and roots can develop. safety” for specific chemicals within wetlands (see Guide

3.3.5 surrogate speciegr+—plant species that may be used E 1023).
to gage or measure a response that might be demonstrated by5.6 This guide is not designed to replace field assessments

another plant species exposed to similar conditions. or other aquatic testing procedures. It is designed to compli-
3.3.6 tuber, n—short, thickened, fleshy part of an under- ment such testing, so that a more complete assessment is

ground stem, used for photosynthate storage. possible.

4. Summary of Guide 6. Apparatus and Reagents

4.1 Tubers, rhizomes or seeds of selected freshwater emer-6.1 Facilities—Plants are cultured and tests are conducted
gent macrophytes are planted in pots containing sediment. in areas where light and temperature can be controlled. A

4.2 The sediment is kept saturated constantly by placing thgreenhouse or culture room is preferable. Light can be pro-
pots in trays that are kept filled with water so that the watewided either by natural sunlight, fluorescent/incandescent lights
level is below the rim of the pots. The plants are allowed toor a mixture of both (see Guide E 1733). With the design of the
grow, and once firmly established, the phytotoxicity test maytest chambers having open water, humidity around the plants
begin. Depending on the species and culture conditions thishould be adequate for plant growth. To minimize interference,
time period may be two to six weeks. such as drafts, the plants can be shielded with curtains or

4.3 Pots containing the actively growing plants are placed impartitions. Testing facilities should be kept separate from
individual trays. This constitutes the test chamber. Each tragulturing facilities to prevent cross contamination.
will contain a selected concentration of the test material 6.2 Test Chambers-Plastic pots with drainage holes in the
dissolved in a nutrient solution. The amount of solution is notbottom are used for culturing and exposing the plants in the
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phytotoxicity test. Pots should be large enough to prevent th8. Nutrient Solution

plants from becoming root bound. Each pot is placed in an g1 The nutrient solution is one-half strength Hoagland’s
individual test tray that_ is larger in diameter than the pot andg|,tion (Appendix X1) and is prepared by adding specified
can hold the test solution. stock solutions to dilution water.

6.3 Cleaning—The pots and test trays containing the plants g 2 A constant source of dilution water, acceptable to the
should be disposable. All other equipment, except plastic, thakst organisms and available in adequate supply, should be used
will come in contact with the test solutions should be washedg make the Hoagland’s solution. The minimal requirement for
with a mild detergent and rinsed with water, a water-misciblean acceptable dilution water is that healthy test species survive
organic solvent, water, acid, such as 10 % concentrated hydrgnrough germination, growth, and testing without showing
chloric acid, and at least twice with deionized, distilled, orsjgns of stress.
dilution water. o 8.3 The quality of water from a well or spring usually is

6.4 HPLC—A system capable of performing binary or more uniform than surface water. Distilled or deionized water
ternary linear gradients at a constant flow rate and capable @fiso is acceptable. Chlorinated water should not be used as the
injecting 50 to 200 L aliquots is recommended. The systemyjjution water because it may be toxic to the plants. Dechlo-
should have a stainless steel HPLC column, packed with 5-Uifinated, municipal drinking water should be used only as a last
C-18 reverse-phase packing and a column flow rate of 15@esort because the dechlorination process often is incomplete,
HL/min for a 250-mm long by 4.6-mm inside diameter column.ang because the water may contain unacceptably high concen-
For columns with different dimensions, the flow rate should beyations of copper, lead, zinc, and fluoride.
adjusted appropriately. The absorbance detector should beg 4 The water source should be analyzed several times a
capable of detecting light in the visible region (400-700 nm).year (see Guide E 729) for physical and chemical factors
A data system or integrator for measuring peak areas ifcluding metals and other inorganic chemicals, and organic

recommended as well. chemicals including pesticides. The concentrations in the
6.5 Reagents . dilution water should be below detection limit or the lowest
6.5.1 Dimethylsulfoxide (DMSQ)solvent grade. concentration that has been shown to adversely affect the test

6.5.2 Chlorophyll Standaré-Chlorophyll A from spinach  specieg20).
prepared in DMSO (see 12.3.10).

6.5.3 Water for HPLC AnalysissHPLC grade or obtained 9. Test Material
from a water purification system capable of producing water
with a resistivity > 12 nf)/cm. Filter and degas (by vacuum or b
helium purging) before use.

9.1 General—The test material should be reagent-grade or
etter, unless a test on a formulation, commercial product, or
) technical-grade material specifically is needed. Before a test is

6.5.4 Ethyl Acetate HPLC grade. Filter and degas (by jnjtiated, the following information should be obtained about
vacuum or helium purging) before use. the test material:

6.5.5 Methano| HPLC grade. Filter and degas (by vacuum = g 1 1 |dentities and concentrations of major ingredients and

or helium purging) before use. major impurities, that is, impurities constituting more than 1 %
of the material.
7. Hazards 9.1.2 Solubility and stability in dilution water.

7.1 1t is recommended that the material safety data sheet 9.1.3 Potential for microbial degradation, transformation,
(MSDS) be reviewed for safety, storage, and disposal precawsorption etc., of the test substance within the sediment matrix
tions for each test substance. (see Test Method E 1706).

7.2 Many materials can affect humans adversely if precau- 9.1.4 An estimate of toxicity to the test species. A range-
tions are inadequate. Contact with all test materials andinding study may be required.
solutions, therefore, should be minimized by wearing protec- 9.1.5 Precision and bias of the analytical method at the
tive gloves, especially when washing equipment or puttingplanned concentration(s) of the test material.
hands in test solutions, laboratory coats, aprons, glasses, and.1.6 Estimate of toxicity to humans and other organisms.
respirators if necessary. Information on toxicity to humans 9.1.7 Recommended handling procedures (see Section 7).

(11-15) recommended handling proceduré$6-19) and 9.2 Test Concentrations
chemicals and physical properties of the test material should be 9.2.1 Chemical concentration are expressed by weight of
studied before a test is started. test material per volume of nutrient solution. It is preferable to

7.3 Although disposal of stock solutions, test solutions, andadd the test material directly by weight to the nutrient solution;
test organisms poses no special problems in most cases, hedithwever, a stock solution, with or without a solvent, may be
and safety precautions and applicable regulations should h@epared (see 9.3) and appropriate aliquots added to each test
considered before beginning a test. Removal or degradation gblution.
test material might be desirable before disposal of stock and 9.2.2 To minimize variation, it is recommended the test
test solutions. solutions be made in batch, then equally distributed to indi-

7.4 Cleaning of equipment with a volatile solvent, such asvidual test chambers.
acetone, should be performed only in a well-ventilated area 9.2.3 The concentration of test material in each treatment
where no smoking, open flame, such as a pilot light, orshould be measured at least at the beginning of the test and in
sparking electrical equipment are present. the fresh renewal solutions. It is preferable also to measure the



A0y £ 1841 — 96
“afl

concentrations at the end of each renewal period. Test solutiom®ncentration in any test solution should not exceed 0.1 mL/L.
may be pooled across replicates for each treatment. These limitations do not apply to any ingredients of a mixture,
9.2.4 Within each treatment, the highest measured concefiermulation, or commercial product unless an extra amount of
tration, in fresh test solutions, divided by the lowest concensolvent is used in the preparation of the stock solution.
tration must be less than two. The variability of the sampling 9.3.3 If the concentration of solvent is not the same in all
and analytical procedures should be determined before thest solutions that contain test material or has unknown toxicity
beginning of the test to determine how may samples should b® the test organisms, a solvent test must be conducted to
taken and analyses performed at each sampling point to ensudletermine whether either survival or growth of the test species
that this requirement is not violated just because of sampling os related to the concentration of solvent over the range used in
analytical variability. the phytotoxicity test, or a solvent test already must have been
9.2.5 The number of selected concentrations should bgonducted using the same dilution water and test species. If
based on the goal of the study (see Section 12). Multipleeither survival or growth is found to be related to the
concentrations can be used to calculate EC50 or NOEC valuegoncentration of solvent, a test with that species in that water
In some situations testing at a single concentration may bis unacceptable if any treatment contained a concentration of
desirable (see Section 9.2.8). solvent in that range. If neither survival nor growth is found to
9.2.6 Ifthe test is intended to allow calculation of a EC50 orP€ related to the concentration of solvent, a toxicity test with
NOEC value (see Section 12), the test concentrations shouf}at same species in that same water may contain solvent
bracket the predicted EC50 or NOEC value. The predictiorfoncentrations within the testeq range,.but the nutrlent—splvent
might be based on the results of a test on the same or a simil§PNtrol (see 9.4.3) must contain the highest concentration of
test material with the same or similar test organism. If aSClvent presentin any of the other treatments.
prediction is not available, it usually is desirable to conduct a 9-4 Controls .
range-finding test in which the test species is exposed to a 9-4-1 If no solvent other than water is used, then only a
control and three to five concentrations of the test material thatutrient solution control must be included in the test.

differ by a factor of ten. The greater the similarity between the 9-4-2 If @ solvent other than water is used, at least two
range-finding test and the actual test, the more useful th80Ntrols mustbe included in the test. One would be the nutrient

range-finding test will be. solution alone, and the second would be the nutrient solution to
9.2.7 Concentrations exceeding water solubility should bdvnich the solvent, from the same batch used to make the stock

considered for the test because aquatic macrophytes m&pution, would be added. . .
sometimes be exposed to concentrations above water solubili 9.4.3 The concentration O.f the solvent n the nutrient-
and because solubility in dilution water often is not well known Se!vent control should be equivalent to the highest concentra-
(see 9.3). The use of concentrations that are more than tdfpn used in the test chemical solutions. .

times greater than water solubility may not be worthwhile. 9.4.4 The percentage qf organisms that show signs of stress,
With some test materials it might be found that concentration§UCh @s chlorosis, necrosis, etc., must be 10 % or less for each
above water solubility do not affect survival or growth any type of contrql. , . .

more than does the concentration that is at the water solubility 9.4.5 At this time, no reference toxicants or positive con-
limit. rols are recommended.

9.2.8 When the object of the test is to determine the effect 0of 9. Sediment

a specific concentration of test material on the growth of the . .
test species or whether or not the EC50 or NOEC value i 2io.zlz)A standardized formulated sediment should be used

above or below a specific concentration, only that one concen- 10.2 A natural sediment may be used: however, it first
tration (ser? 12.1) far;]d the cor:trgls (she N %43 need to bz J_[eSthe&Iould be determined if plant growth and response to selected
19.2.9 The pH of the test solution should be measured in thepemicals is similar in both the natural sediment and an
highest, middle, and lowest test concentrations and in th?ormulated sediment.

controls at the beginning of the test and in both the fresh and 15 3 The sediment should not have been exposed to any

used solutions at renewal. Other physical parameters, such 8§, yreatments and should be free of any contamination that

water hardness, conductivity, dissolved oxygen, and salinit¥nay impact plant growth

also may be measured. Parameters should be adjusted only & 4 '|nformation should be known about the sediment, such
the request of the researcher. as particle size distribution, pH, percent total organic carbon,

9.3 Stock Solution cation exchange capacity (see Guide E 1391).
9.3.1 For test materials with low water solubility, a solvent

can be used to make a stock solution that can be added to tAd. Test Organisms

nutrient solution. 11.1 Recommended Speciell is recommended that a
9.3.2 If a solvent is necessary, its concentration in tessurrogate test specie®ryza sativa(domestic rice) be used.

solutions should be kept to a minimum and should be lowOryza sativais readily available and can be cultured easily to

enough that it does not adversely affect either survival ogive uniform plants within a two-week time period.

growth of the test organisms. When a solvent is used, a solvent 11.2 Alternative Species-Other test species may be tested,

control must be employed in the test (see 9.4). If an organibut more research is needed to confirm their usefulness. Other

solvent is used, it should be reagent-grade or better, and itpecies that are recommended for further study because they
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are readily available have been cultured successfully in th&2. Procedure

laboratory and are important wetland sped3, 24)include: 12.1 Experimental Desiga-Decisions concerning aspects

11.2.1 Dicotyledonae—Polygonum muhlenbergh  of experimental design, such as the dilution factor, number of
(nodding smartweed) grows well in wet soils or shallowtreatments, and number of test chambers should depend pri-
waters. marily on the purpose of the test and the type of procedure that

11.2.2 Monocotyledonae—Phalaris arundinacéeeed ca- is to be used to calculate results. One of the following two
nary grass) grows best on moist lowlandcirpus acutus types of experimental designs probably will be appropriate in
(hardstem bulrush) grows in either wet soils or shallow watersmost cases.

Spartina pectinatgprairie cordgrass) grows in damp soil. 12.1.1 A growth test intended for the calculation of treat-

11.2.3 Although the above species may not be the mognent differences (EC50 or NOEC) based on a measurable

sensitive species, their use is encouraged to increase compagidpoint usually consists of one or more controls and a
bility of results. geometric series of at least five concentrations of test material.

11.2.4 Because the sensitivities of these species may différ@ntrols, in which the plants are not exposed to the test

substantially depending on the type of chemical and the naturghemicals, must g:onsist of a nutrient solution control and if
of the exposure, it is desirable to conduct tests with two of'€C€Ssary, a nutrient-solvent control (see 9.4). Except for the
more species from different families control(s) and highest concentration, each test concentration

11.3 Culturing: ;hould pe at Ieast_ 50 % of the nex_t higher one, unle;s
: o ) _ information concerning the concentration-effect curve indi-
11.3.1 Oryza sativa (O. sativajre obtained as seeds and cates that a different dilution factor is more appropriate. At a

can be kept in a cool area for one year. Seed germination caf)jution factor of 0.5, five properly chosen concentrations are a

decrease with time and should be checked. reasonable compromise between cost and the risk of all
11.3.2 Alternate test species are often received as fieldoncentrations being either too high or too low. If the estimate

collected root stock in the form of tubers or rhizomes andof toxicity is particularly nebulous (see 9.2.5), six or seven
should be planted as soon as possible. They could be held feoncentrations might be desirable.

one to two weeks in a cool, moist environment. Some alternate 12.1.2 If it is necessary only to determine whether a specific

test species can and should be obtained as seed. concentration reduces survival or growth and the determination
11.3.3 Plants started from seed (thaOssativg must be of an EC50 or NOEC value is not required (see 9.2.8), then

the same age and from the same source. For field collected temtly that concentration and the control(s) are necessary. Two

organisms, care should be taken to collect plants that aradditional concentrations, at about one-half and two times the

approximately the same age and from the same area. specific concentration of concern, however, are desirable for
11.3.4 Plastic pots, containing equivalent amounts of sediincreased confidence in the results.

ment are used for growing and testing the plants. Pots should 12.1.3 The minimum number of test chambers should be

be large enough to prevent the plants from becoming rootbased on the expected variance between test chambers, and

bound. ForO. sativa the recommended pot size is a minimum either the maximum acceptable confidence interval on a point

of 5 cm in diameter. estimate or the minimum difference that is desired to be
11.3.5 Seed or root stock are planted in moist sedimenfletectable using hypothesis testing. N . _
following the instructions from the supplier. WitB. sativg 12.1.4 It is recommended that a minimum of five replicate

several seeds (up to 20) are sown, then later thinned to fothambers be used. Because of the importance of the controls in
plants/pot. When tubers and rhizomes are used, one to fodire calculation of results, it might be desirable to use more test
plants, depending on their initial size, are placed into each poghambers for the control treatment(s) than for each of the other

11.3.6 Test pots are maintained in trays (see 6.2) that aféeatments.
kept partially filled with either dilution water or nutrient  12.2 Beginning of Test
solution (see 8.1 and 8.2). 12.2.1 The testing location should be kept separate from the
11.3.7 Plants should be maintained in a greenhouse dulturing location to prevent any cross contamination.
growth chamber with a minimum photoperiod of 16 h. Light 12.2.2 The pots containing the actively growing plants are
intensity, measured at several locations at the plant canopiransferred to new individual trays, one pot per tray. This then
should be maintained at a minimum of 30-40 W?nfabout  becomes the test chamber.
150-200 pmol m’s™) and should not vary more than 20 %.  12.2.3 The trays are kept partially filled with nutrient
Temperature should be maintained between 20° and 30°C. solution to which the appropriate amount of test material (see
11.3.8 After two weeks th®©. sativaplants are ready for Section 9) has been added. Enough nutrient solution should be
testing (plants should be approximately the same size, that ie@dded to the trays so that the sediment stays saturated, but the
8 to 10 cm tall). For the alternate species, testing should begigediment surface is not covered. This helps control algal
once adequate new growth is noted. For monocotyledonowg@ontamination on the sediment surface.
macrophytes, this may be a linear extension (greater than 1012.2.4 The test chambers are placed in a randomized com-
cm) of one to three blades. For dicotyledonous macrophyteglete block pattern (with each treatment being present in each
this may be the development of five to seven leaves. Dependiock) and maintained under conditions similar to those used to
ing on the species this may take three to six weeks to achieveulture the plants (see 11.3.6).
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12.2.5 The test solutions, including the control, should beollowing HPLC conditions: mobile phas&is 15/65/20 ethyl
renewed three times a week. At this time, trays should be rinsealcetate/methanol/water (v/v/v); and mobile phB$&60/30/10
and any excess algal, bacterial or fungal contamination on th@/v/v). See Section 4.5 for other analytical techniques.

trays removed. 12.3.15 The solvent program for the HPLC is as follows:
12.2.6 After two weeks the plants are harvested by cuttind 00 %A for 0.2 min, linear gradient to 100 ®in 8 min, hold

the stems at the soil surface. 12 min, return to 100 %A in 1.5 min. Equilibrate the column
12.2.7 All plants growing in an individual test chamber areat 100 %A for a minimum of 10 min between samples and a

combined and analyzed as one replicate. minimum of 20 min prior to the first run after a shutdown
12.3 Evaluation of Test period.

12.3.1 Grind the plants by placing the tissue in a blender 12.3.16 Plot “peak area” for the standards against the
with dry ice. The amount of dry ice is not critical, however, it concentrations of the standards. Fit the data to a linear least
is recommended that approximately 250 mL of dry ice be useg@quares model to obtain the slope and intercept.
for 2 to 3 g (wet weight) of plant tissue. Plants will grind easier 12.3.17 Using this information, calculate the concentration

if they are first cut into smaller pieces. of chlorophyll A (chl A) in the test extracts:
12.3.2 To extract the chlorophyll, four subsamples (similar y—b
in wet weight) of the homogenous, ground plant tissue from Hg chl AmL DMSO= —— @)

each replicate are measured out. The weight for each sub- _
sample does not need to be exact because the calculations apdere:

based on dry weights. y = Pleak are?j
12.3.3 Three of the subsamples are placed in Eppendo;EI - isn?ef)r%eatn
tubes to which solvent is added. DMSO is the recommende PL.

solvent, however, dimethyl formamide (DMF) could also be 12.3.18 Correct for dry weight:

used (25). Acetone is not recommended due to incomplete ug chl Aldry wt. = Hg chl A wetwt.(g) @

extraction of the chlorophyll. The mixtures are vortexed for 30 wetwt. (g)dry wt.(g)

s then centrifuged for 2 min before the supernatant is decanted 12,3.19 Mean concentrations of chlorophylg of dried

into amber vials, which can be sealed. plant material then can be used to calculate treatment differ-
12.3.4 Repeat the extraction procedure for each subsampémces (see Section 13).

two more times, combining the supernatant from the three

extractions. 13. Calculation
12.3.5 All extracts must be kept cool (0° to 4

°C)andinthe 131 pepending on the data to be analyzed, a variety of

dark. . o procedures can be used to calculate the results of a growth test.
12.3.6 The stability of the extracted chlorophyll is limited, " 13 2 The data also may be examined for the presence of

therefore, only extract the number of samples that can bginers through the use of scatter plots or histograms. A
analyzed in a 24 h time period. probabilistic analysis also may be performed by running a
12.3.7 To get dry weights, the forth subsample from eactiandomized complete block analysis of variance and examin-
replicate is first weighted then dried at 65°C for 4§28). A ing the studentized residua@7). The presence of outliners
wet:dry ratio is established and used to back-calculate the diyay indicate a need for nonparametric analysis.
weights for the other subsamples. 13.3 The treatments can be compared to the control using an
12.3.8 Chlorophyll standards are prepared for each batch %fppropriate means comparison procedure, such as a Dunnett’s
extracts to be analyzed. test, either one-tailed (if only low or high levels of the variable
12.3.9 Prepare stock solutions of chlorophylby adding 2 peing analyzed are of interest) or two-tailed (if both high and
mL of DMSO (or DMF) to 1 mg of commercially available |ow |evels of the variable being analyzed are of interest). The
chlorophyll A. error term used in the means-comparison procedure is derived
12.3.10 Five standards then are prepared by adding thom an appropriate analysis of variance, namely, randomized
appropriate amount of chlorophyl\ stock to DMSO (or  complete block with the test chamber (not individual plants

DMF). _ within the test chamber) as the experimental unit. The overall
12.3.11 The concentrations for the standards should brackefgnificance of thé-test from the analysis of variance is not as
the suspected test concentrations. important because the means comparison procedures (for

12.3.12 It is recommended that a matrix spike (that isexample, Dunnett's test) control the overall level of signifi-
sample from one of the highest test concentrations spiked witbance for the number and type of comparisons actually
a known standard) and blank also be prepared. performed. The 0.05 level of significance is suggested. The

12.3.13 When preparing stock solutions, standards anbighest concentration not significantly different from the con-
spikes, amber vials should be used and the preparation should| is designated the non-observed-effect-concentration
be in a darkened room. Stocks and standards can be dividéNOEC).
into small aliquots and maintained in the freezer for at least one 13.4 Parametric analysis of variance is robust against de-
week. Stocks and standards should be thawed only one timegyartures from normality and differences in the amount of

12.3.14 The extracts can be analyzed using a HPLC (seeriability within each treatment level. To check these assump-
6.4) at wavelength of either 433 nm or 668 nm with thetions for a randomized complete block model. Departures from
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normality may be investigated by computing a statistic, such as 14.1.6 Variation within the control test chambers (nutrient-
the Shapiro-Wilk test. The homogeneity of variance acrossolvent control test chambers included) for chloropiyivas
treatment groups may be tested using a statistical test, such amre than 30 % of the mean.

Levene’s(28). If the P values for the test for normality or the

test for homogeneity of variance, or both, is less than 0.0115- Report

conduct a nonparametric analysis. If neither of Ehealues is 15.1 The record of the results of an acceptable emergent
less than 0.01, conduct a parametric analysis. The results fonacrophyte phytotoxicity test should include the following
both the parametric and nonparametric analysis may be reaformation either directly or by reference to the appropriate
ported. documentation:

13.5 If concentrations corresponding to specified percentage 15.1.1 Name of test and investigator(s), name and location
inhibitions from the control mean are desired (such as am®f laboratory, and dates and time of initiation and termination
EC50), they may be obtained through use of an appropriatef test, as well as, the dates and time of the culturing of the test
regression model. The dependent variable is defined as percerganisms.
inhibition with 0 % corresponding to the control mean and 15.1.2 For the test materials, the source, lot number, CAS
100 % corresponding to a value of O for the variable beinghumber, composition (identifies and concentrations of major
analyzed, that is, percent inhibition = (160(control - test ingredients and major impurities) if applicable, and known
chamber value)/control). The control value may be either @hysio-chemical properties of the test material. The identify
mean over all blocks or the control value for the same blockand concentration(s) of any solvent used should be reported.
The percent inhibition values for each test chamber receiving a 15.1.3 For the dilution water, its source, chemical charac-
(noncontrol) treatment should be used. The type of model anteristics, such as pH, hardness, etc., and a description of any
estimation method should be described along with goodness pfetreatment to confirm the absence of pesticides, PCBs, toxic
fit statistics, such as the root mean square eRéror 95 %  metals, etc.
confidence intervals about the estimates, or a combination 15.1.4 For the test organisms, their source, scientific name,
thereof. age, size, life stage, holding and acclimation procedures

13.6 If the test contains more than one control, such a#cluding a description of the culturing conditions in terms of
nutrient solution and nutrient-solvent control, they should bdight and temperature.
compared and pooled if found not to be significantly different. 15.1.5 For the sediment, its source, composition, pH, par-
The same analysis of variance procedures should be used adligle size, percent organic carbon. Any sediment pretreatment
13.3 and all treatment groups should be included, as well as thesults should be reported.
two control groups. The only means comparison of interest, 15.1.6 Description of the experimental design, test cham-
however, is between the two control group’s means. Thiders (size, shape, composition), number of test chambers per
maintains the same amount of power as is present in theatment, number and types of controls, duration of test.
subsequent comparisons of treatment group means to thel5.1.7 Description of the test conditions including how
appropriate control group mean. The decision to pool controlight, temperature and humidity are controlled and measured
groups should be made by considering both whether thand the range of measured test conditions.
amount of difference between the two control groups is 15.1.8 Schedule and methods for preparing test solutions.
biologically important and interpretable, as well as whether the 15.1.9 Methods and results (with standard deviations or
difference is statistically significant. The results for compari-confidence limits) of physio-chemical analyses of water quality
sons to more than one control group may be reported. and test concentrations(s), including validation studies and

13.7 The statistical procedures and computer programs uségagent blanks.
should be described in sufficient detail so that the calculations 15.1.10 Definition(s) of the effect(s) used for calculating
can be replicated easily. The statistical assumptions of, and tHeC50 and NOEC values and a summary of general observa-

rationale for, the procedures used should be reported. tions on other effects.
. 15.1.11 Table of data on the number of test organisms
14. Acceptability of Test exposed and results after exposure for each treatment replicate,
14.1 The test is considered unacceptable if one or more dhcluding the control(s), in sufficient detail to allow indepen-
the following occur: dent statistical analyses.

14.1.1 All test chambers are not identical in size, shape, and 15.1.12 The EC50 value (along with 95 % confidence inter-
composition. vals) and NOEC value, and the methods used to calculate them.
14.1.2 Plants are not the same age (similar age for field 15.1.13 Anything unusual about the test, any deviations

collected plants) and from the same source. from these procedures, and any other relevant information.

14.1.3 A required nutrient solution control and nutrient- 15.1.14 Published reports should contain enough informa-
solvent control was not included in the test or the solvention to clearly identify the procedures used and the quality of

significantly affected the growth of the test species. the results.
14.1.4 Temperature and light were not maintained as speci- o )
fied in 11.3.6. 16. Precision and Bias

14.1.5 Ten percent or more of the control organisms dem- 16.1 The precision and bias, for the procedure in this guide
onstrated some form of stress (chlorosis, necrosis, loss @ for determining phytotoxicity using freshwater emergent
turgidity). macrophytes, are being determined.
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APPENDIX

X1.1 Stock solutions are made by dissolving the com-
pounds, listed in Table X1.1, into distilled water (or an
equivalent). Trace elements can be combined into stock solu-

tion No. 6.
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(Nonmandatory Information)

X1. HOAGLAND’S SOLUTION

TABLE X1.1 Preparation of 50 % Hoagland’s Solution

X1.2 To make one-half strength Hoagland’s solution for
use in testing, add specified amount of each of the stock
solutions, listed in Table X1.1, to approximately 900 mL of the
dilution water. Bring the volume to 1 L. Adjust to pH 6.5 with

1IN KOH or IN HCI.

Solution ) S.tOCk .
Compound Stock Solution Solution/Liter
Number
Water
1 KH,PO, 13.60 g/100 mL 0.5 mL
2 KNO4 10.10 g/100 mL 25 mL
3 Ca(NOg),-H,O 23.60 g/100 mL 2.5mL
4 MgSO,:7H,0 24.70 g/100 mL 1.0 mL
5 Na,EDTA-2H,0 1.21 g/100 mL 0.5 mL
6 FeCl, 0.60 g/100 mL 0.5 mL
7 Trace elements 0.5 mL
H3BO; 1.43 g/500 mL
MnCl,-4H,0 0.91 g/500 mL
ZnS0,-7H,O 0.11 g/500 mL
CuS0,-5H,0 0.04 g/500 mL

Na,MoO,,-2H,0

0.01 g/500 mL
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