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_;panszbzhry of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
E ility of regulatory limitations prior to use. Specific precau-
T jionary statements are given in Section 7.

Referenced Documents

2.1.ASTM Standards:

E 380 Practice for Use of the International System of Units

-.(ST) (the Modernized Metric System)?

E 729-Guide for Conducting Acute Tox1c1ty Tests with
Fishes, Macroinvertebrates, and Amphibians®

E 943 Termmology Relating to Biological Effects and En-

vironmental Fate®

023 Guide for Assessmg the Hazard of a Material to

Aquatic Organisms and Their Uses®

‘E1191 Guide for- Conductmg Life-Cycle To;uc1ty Tests

with Saltwater Mysids>

‘E1192 Guide for Conducting Acute Toxmlty Tests on

_.Aqueous Efftuents with Fishes, Macroinvertebrates, and

Amphibians?

:1203 Practice for Using Brine Shrimp Nauplu as Food for

.8 Ammals in Aquatic Toxmology Tests®

"2-

L1 H

The :ferfns}‘ “mmust”, “should”, may”, ", and “might”

tion of one “should” is rarely a serious matter, v1olat10n of
al will often render the results questionable. Terms such
sirable”, “is often desirable”, and “might be desirable™
ed in connection with lJess l.mportant factors. -

“May” is used to mean “is (are) allowed to”, “can” is
0-mean “is (are) able to”, and “might” is used to mean
:possibly”. Thus the classic distinction between “may”

can” 'is preserved,: and might" is never used as ‘a
nym:for either may” or “can”. :
“Definitions:

:LC50~~the stat:sucally or graphically denve.d best
? -of the concentration of a toxicant added to an aqueous
°1utlon that results in the death of 50 % of the test organisms
ithinthe test period (see Definition E 943).

-2'For definitions of other terms used in this guide, refer
Guide .E 729, Terminology E 943, Guides E 1191 and

2,:and Practice E 1203. For an explanation of units and
ymbols,.refer to Practice E 380.

Summary of Guide

- The toxicity of a substance in marine or estuarine waters
an be determined through a 96-h acute static test or a

‘:;:ﬂual Book of ASTM Standards, Vol 14.02.
nual Book of ASTM Standards, Vol 11,05.

A E 1463

flow-through test. Static tests may be conducted m "glass;2-L

finger bowls or 350-mL finger bowls. Either size finger bowl
provides a large surface-to-volume ratio and ampie horizontal

space to mintmize cannibalism. The dishes should.be covered:
and .aerated. Whichever static technique is used, specific data-
on the concentration of test material are obtained and analyzed

to determine the effect(s) of the toxicant on survival, In the
fiow-through acute technique, the test solution flows through
the test chamber on a. once-through basis throughout the test.
The flow-through test is. considered to.be more representative
of actual field conditions, but not ali laboratones have the
capabilities of .conducting this type of test. -

5. Slgmﬁcance and Use

5.1 Mysids are an important component of both the pelag-w :

and epibenthic community. They are preyed upon. by many
species of fish, birds, and larger invertebrate species, and they
are predators of smaller crustaceans and larval stages of
invertebrates. In some cases, they feed upon algae. Mysids are
sensitive to both organic and inorganic toxicants (1).* The
ecological importance of mysids, their wide geographical

_distribution, ability to be cultured in the laboratory, and

sensitivity to contaminants make them appropnate acute tox-
icity test organisms. -

5.2 ‘An acute toxicity test is conducted to obtain mformatmn
concerning the immediate effects of a shori-term exposure to a
test material on a test organism under specified experimental
conditions. An acute toxicity test prov1des data on the short-

term effects that are useful for corparisons to other species but:

does not provide information on delayed effects.

5.3 Results of acute’ toxicity tests can be used to predict
acute effects likely to occur on aguatic organisms ‘in field
conditions except that mymds Imght avoid exposure when
possible.

5.4 ‘Results of acute tox1c1ty tests Imght be used to compare
the acute sensitivities of different species -and the acute
toxicities of different test materials, and to study the.effects of
various environmental factors.on results of such tests.

5.5 Results of acute toxicity tests might be an’ important
consideration when assessing the hazards -of materjals to
aquatic organisms (see Guide E 1023) or when denvmg water
quality criteria for aquatic organisms (2},

5.6 Results' of acute toxicity tests might be usefu] for
studying biological availability of, and structure activity rela-
tionships between test materials.

5.7 Results of acute toxicity tests will depend, in part, on the
temperature, quality of the food, condition of test organisms,
test procedures, and other factors.

6. Apparatus

6.1 Facilities—Aquatia or tanks contauung either clean
(uncontaminated) natural sea water or reconstituted sea water
(see 8.2) should be used for holding mysids after field
collection and prior to a test. Both static-recirculating and
flow-through holding systems have been used successfully (1).

4 The boidface numbers given in parentheses refer to a list of references at the
end of this guide.
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Cultares of Holmesimysis costata have not been reported for
media of reconstituted sea. water. The holding tanks and any
area used for manipulating live mysids should be located in a
room or space separated from that in which toxicity tests are to

- be conducted, The sea water should be monitored periodically
to ensute a constant salinity. The holding tanks, water supply,
or the room in which ‘they are kept should be equipped with
temperature control. Aeration should be provided to ensure that
the concentration of dissolved oxygen is-greater than 60 % of
saturation as well as adequate water circulation in-the tanks. A
timing device should be used to provide a 16-h light and an 8-h
dark photoperiod. A 15 to 30-min transition period (3) when
lights go on might be desirable to reduce the p0351b1]1ty of
organisms being stressed by large, sudden increases in light
intensity. A transition period when the lights go off m1ght also
be desirable. ,

6.2 Constmcnon Marenals——Eqmpment and facilities that
contact stock solutions, test solutions, or any water into which
test organisms will be placed should not contain substances
that can be leached or dissolved by agueous solutions in
amounts that adversely affect test organisms. In addition,
equipment and facilities that contact stock or test solutions
should be chosen to minimize sorption of test materials from
water, Glass, Type 316 stainless steel, nylon, and fluorocarbon
plastics should be used whenever. possible to minimize disso-
lution, leaching, and sorption, except that stainless steel should
not. be used in tests on metals in salt water. Concrete and rigid
plastics. may be used for holding tanks and in the water-supply
system, but they should be.soaked, preferably in flowing
dilution water, for a week or more before use (4). Cast iron pipe
should not be used with ;salt water and probably should not be
used in.a fresh water-supply filter system because colloidal iron
will be added to the dilution water and strainers will be needed
to.remove rust particles. A specially designed system is usually .
necessary to obtain salt water from.a natural -water source (5).
Brass, .copper, lead, galvanized metal, and ‘natural rubber
should not contact dilution water, stock solutions, or test
solutions before or during the test, Jtems made -of neoprene
rubber or other materialg not mentioned previously shouid not
be used unless it has been shown that their use will not
adversely affect either survival, growth -of reproduction -of
mysids.

6.3 Metering System:

6.3.1 For flow-through tests, the metering system should be
designed to accommodate the type and concentration(s) of the
test material and the necessary flow rates of test solutions. The
system should permit the mixing of test material with dilution
water immediately before entrance to the test chambers and
permit the supply of the selected concentration(s) of test
material (see 9.1.3 and 11.7.5) ih.a reproducible fashion.
Various metering systems, using different combinations of
syringes,” dipping birds”, siphons, pumps, saturators, sole-
noids, valves, etc., have been used successfully to control the
concentrations of test material in, and the flow rates of, test
solutions (6). Proportianal dituters (7) use an intermittent flow
design and various devices for metering the test materiat (8).
Continuous-flow metering systems are also available, as are

' construct the metering system so that it can provide at'le:

‘test, the flow rates through any two test chambers should ng

-" gluing sl:rong window glass with clear silicone adhesi}

~ should be placed on the outside of the chamber rather thany

. young mysids.

Systems that prepare the different test solutions independently;
of each other (6).
6.3.2 The metering system should be calibrated before:a
after the test by determining the flow rate through each:
chamber and‘by measuring either the concentration of
material in each test chamber or the volume of solution us
each portion of the metenng system. The general operati
the metering system should be visually checked daily. in
morning and afterncon throughout the test. The meters
system should be adjusted during the test if necessary..
- 6.3.3 The flow rate through each test chamber should be
least five-volume additions per 24 h. It is usually desirab

ten-volume additions per 24 h in case the loading is high (s
11.4) or thete is rapid loss of test’ matenal due to microb
degradation, ‘hydrolysis, oxidation, photolysis, reductio
sorption, or volaiilization. At any particular time during -

differ by more than 10 %.

6.4 Test Chambers:

6.4.1 In a toxicity- test with aquatic orgamsrns, test chamb
are defined as the smallest physical units between which the
are no water connections. Screens and cups may be used:
create two or more compartments within each chambe:
such compartments are not replicate experimental units. The;
fore, the. test solution can be in contact with the test orgams
in the compartments within a test chamber, but, by defini
cannot flow from one chamber to another. Because the solutig
can flow from one compartment to another in the. same
chambgr, the temperature, concentration. of test materi
types of pathogens and exiraneous contaminants are like
be more similar between compartments in the same
chamber than between compartments in different test chamb
in the same treatment..Chambers should be covered to kee)
extraneous contaminants and to reduce evaporation of g
solution and test material. All chambers and compartments i
test must be identical. ‘

6.4.2 At least two test chambers (in which compartmen
may be placed) should ke used for each concentration and ¢
consist .of standard 57-L aquaria or can be constructed:

Because adhesives can sorb some organochlorine or organ
phosphorus pesticides, as little adhesive as possible shoul
used. If extra beads of adhesive are needed. for strength,

the ingide. .

6.4.3 Two metbods have been used for conductmg stal
acute toxicity tests with mysids (1). The methods have us
finger bowls as the test chamber, one measuring 2 L, the oth
350 mL. Twenty animals are placed within the 2-L bow}, 24
ten animals in the 350-mL bowl; each bowl consututes
replicate. ;

6.4.4 A flow-through test chamber can be a 2.5-L wid
mouth glass jar with a central stand-pipe. The test soluti
enters the compartment directly and flows through the stan!
pipe into a drain. The stand-pipe should be covered with a 2U2%
to 235-pm mesh nytex or nylon screen to avoid escapage of th "3




other glassware, and equipment used to store and prepare
" dijution water, stock solutions, and test sediments should be
jeaned: before use, New iitems should be cleaned before each
¢ by washing with laboratory detergent, rinsing with water, a
‘ 'ater-nusmble organic solvent, water, and acid (10 % hydro-
' '-chlonc acid), and rinsed twice with distilled water, deionized,
‘dﬂuuon water. A dichromate-suifuric acid cleaning solution
ay -be used in place of both the organic solvent and acid

s, but it might attack silicone adhesives. At the end of each
st,.all items that are to be used again should be immediately
~emptied, rinsed with water, cleaned by a procedure appropriate
“for: removmg the test material (for example, acid to remove
ta]s :and solvents to remove organics), and rinsed at least
with deionized, distilled, or dilution water. Acid is often
sed to remove mineral deposits, and 200 mg of hypochloride
C10") ‘per litre is ofter used to remove organic matter and for
infection. (A solution containing about 200 mg of ClO' may
. prepared by adding 6 mL of liquid household chlorine
fleach to 1 L of water. However, C10'is quite toxic to many
qu ¢ -animals (9) and is difficult to .remove from some

adium: thiosulfate, sodium sulﬁte, ot sodium bisulfite solution,
y—autoclavmg in distilled water for 20 min, or by drying the
m:and letting it sit for at least 24 h before use. An item
a_ned or disinfected with hypochlorite should not be used
ess it has been demonstrated at least once that unfed
wdividuals of a sensitive aquatic species do not show more

ath, when held for at least 48 h in static dilution water:in
h1ch the item is soaking than when held in static dilution
ater. conta1mng a stmilar item that was not treated with C10’.

n water just before use. Glassware used only for live
s, not-'exposed to-toxicants, may be cleaned using-only

mes detrimental to live organisms.

Acceptability—The  acceptability -of new holdmg or
facilities should be demonstrated by conducting a*
~toxicant” test in which all test chambers contain dilution
Survival of the test species will demonstrate whether
agilities, water, control, and bandling techniques are adequate

bsence of toxicants.

, Precautlons

Many materials can.affect humans. adversely if -precau-
ons.are inadequate. Therefore, skin contact with all test
als and solutions should be minimized by such means as
~Wearing appropriate protective gloves-(especially when wash-
- Mg equipment or putting hands into test solutions), laboratory
“0ats, aprons, and safety glasses. Special precantions, such as
®vering test chambers and ventilating the area surrounding the
: Bambers, should be taken when conducting tests-on volatile

k. Mended handling procedures (11), and chemical and phys1ca]
- - Ploperties of test ‘material should be studied before a test is
" _°8Un. Special precautions might be necessary with radiola-
- beled test materials (12) and with test materials that are, or are

4.5 Cleaning—The metering system, test chambers, and’

s of stress, such as discoloration, unusual behavior, or
etering system and test chambers should be rinsed with

distilled. or dilution water, since the use of detergents is.

Tesult in -acceptable (90 %) control Jevel survival in the'

‘Materials, Information on toxicity to humans (10), recom-’
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. suspected of being, carcinogenic.

1.2 Use of ground fault interrupter systems and leak detec-
tors is strongly recommended to-help prevent electrical shocks
because salt water is a good conductor of electricity, -

7.3 Although disposal of stock solutions, test: solaticns; and -
test organisms poses no special problems in most cases, health
and safety precantions and applicable regulations shouid be -
considered before beginning a test. Removal or degradations of
test material ‘might be desirable before disposal of stock. and'
test solutions.

7.4 Cleaning of -equipment W1th a volatile soIvent such as
acetone :should be performed only in a well-ventilated: area in
which no smolcmg is allowed and no open ﬂamc suchasa pllOl'.
light, is present..

7.5 An-acidic solutlon should not be m:xed w1th a hypochlo—
rite solution because hazardous fumes might be produced. -

7.6 To prepare “dilute ‘acid solutions, concentrated.-acid
should be added to water; not vice versa. Opening a bottle of
concentrated acid and adding concenu:atcd acid to water. should
be-performed only ma fumc hood

8. Dilution Water

8.1 Requzrements—The d11ut10n water should be avaﬂable
in adequate supply, be acceptable to test organisms, be uniform
in quality, and not unnecessarily affect results of the test. -

. 8.1.1 The minimum requirement for acceptable water: for
use in acute toxicity tests is that healthy test organisms survive
in it for the. duration of holding and testing without showing

signs of stress such as unusual behavior, changes in-appear-

ance; or.death. The water. in which the test organisms are held
prior to the test should be uniform in. that-the .range. of
temperature and salinity-encountered during the holding period
do not adversely affect the survival:of the, test organisms..A
better criterion for.an acceptable dilution water is that in which
the test species wﬂl survwe grow and.- reproduce sausfactonly
in it

8.1.2 The quahty of the d11ut10n water should bc umform s0
that the test organisms are cultured or acclimated, .and :the test
conducted in water of the-same quality. In fresh water, :the
range of hardness should be less than .5 mg/L or.10-% of the
average, whichever is higher. In salt water, the range of salinity
should be less than 2 g/kg ot 20.% of the averagc, wmchever
is. higher.

8.1.3 The dilution water should not unneccssarﬂy affect

results of an acute test because of such things as sorption or

compiexation :of {est material. Therefore, except as in accor-
dance with 8.1.4, the concentration of both total organic carbon
(TOC). and particulate matter should be less:than 5 mg/L.

8.1.4 If it is desired to study the effect of an environmental
factor such as TOC, particulate matter, or dissolved oxygen on
the results of an acute test, it will be necessary to use a water
that is naturally orartificially high in TOC or particulate matter
or low in dissolved oxygen. If such a water is used, it is
important that adequate analyses be performed to characterize
the water and that a comparable- test be available to be
conducted in a more usual dilution water to facilitate interpre-
tation of the results in the special water.

8.2 Source: .

8.2.1 Reconstituted Water—If a reconstituted water is used

4614
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for tests, the reconstituted waters described in Table 1 -and
Table 2 should be used whenever possible. Neomysis mercedis
cultures have not been reported for media of reconstituted fresh
waters. If desired, salinity can be adjusted with a sea sait or
reconstituted sea water (see Table 3). A salinity of 1 to 3 g/kg
and .pH = 7.7 is needed for cultures with Neomysis mercedis.
Holmesimysis costata cultures have mot been reported for
‘media of reconstituted sea water. Other salinities may. be. used
for studying the effects of water quality on results of toxicity
test. Reconstituted water is prepared by adding.a sea salt .or
specified amounts of reagent-grade chemicals (13) to high-
quality ‘water with conductivity less than 1:p{¥/cm and TOC
less than 5:mg/L. Acceptable water can usually be prepared
using properly operated deionizations, distillation, or reverse
osmosis units, Conduetivity should be-measured on.each batch
and TOC or COD should be measured at lzast twice a year and

whenever substantial changes might be expected. If the water

is prepared from a surface water source, TOC or COD shouid
be measured on each batch. The reconstituted water should be
intensively aerated before use. Problems have been encoun-
tered with some species of fish and invertebrates in some fresh
and salt reconstimted waters, but sometimes these problems
have been overcome by aging the reconsututed water for one or
more . weeks. - - -

822 Narural Dilution. Water'

:8,2.2.1 If ‘a natural dilution water is used it shouid be
obtamed from ap vncontaminated, uniforin quality source. The
quality-of water from a well or. spring is usually more uniform
than-that of water from a surface water. If -a-surface water-is
used as a‘source of fresh or salt water, the intdkeshould be
positioned -(for example, about 1 m below thesurface} to
minimize flucmations in quality and the possibility of contami-
hation, and to maximize'the concentration of dissolved exygen
to help ensure low concentrations- of sulfide and irori. T

8.2.2.2 'The hardness, salinity, pH, etc. of a water may be
adjusted, if desired, by addition of appropriate reagent-grade
chemicals, sea salt, acid, base, distilled or deionized water, etc.
‘When necessary, sea salt may-be-added to salt water to adjust
salinity, if the salt ‘has been shown to:cause no adverse effects
on the test species.at the concentration vsed. :

"8.2.3 - Chlorinated water must never be used i in the prepara-
tion of water for toxicity tests because residual.chiorifie and
chlorine-produced oxidants are highly toxic to many-aquatic
animals (9). Dechlorinated water should not be used because
dechlorination is -often incomplete: Sodium ‘bisulfite is prob-
ably better for dechlorinating water than sodium sulfite and
both are more reliable than carbon filters, especially for
removmg chloramines (14) Somc orgamc chloramines, how-

{From Guide E 729).

TABLE 2 Quantities of Reagent-Grade® Chemicals to Be Addeq’
to Aerated Soft Reconstituted Fresh Water to Buffer pH
(From Guide E729)

Note 1—The solutmns should not be acrated after adclmon of . the
chemicals,

Millilitres -of Sciution to Add to 186 L of Soﬂ Water

pH* 1,0 N NaOH 1.0 MKHgPO,
Solution Solution®?
8.0 1.3 80.0
65 50. 0.0
7.0 19.0 30.0
75 .
8.0, 19.0 200 ...
8.5 65
9.0 8.8
‘85 1.0
100 16.0

AApproximate equillorium pH with fish in water. :

BBuffers containing long such as phosphate and borate should nat bs
when conducting tests an metals unless it has been shown that the buffa
affect the tox:clty of tha mela.ls 10 the test species.

TABLE 3 Reconstltuted Salt Water

Nore 1—-Add the followmg reagent-g'rade chcxmcals in the am
and order listed to 890 mL of water. Eachi chemical must be disg
before the next is added* (from Guide E 729). "

Chemical Amount
NaF 3mg .
3rCl,6H,0 20mg -

" HyBO, 30 mg -
“KBr - 100 mg
Kal . .700 mg
CaCly: 2H20 : o © 147 g
Na,S0, v oo ) '4.00.g
MgClz-6H0 . C 1078 g.
NaC!. | 23.50 g
Na;S1059H,0 ‘2omg
‘Na,EDTA® ~img
NaHCO4 200 mg

A1t the resulting solution is diluted to 1 L, the salinity should be-34 * 0.5:9/k
tha pH should be 8 = 0.2. The desired !est sallnity is altalned by dilutios
use.

FTatrasodium ethylenedlaminstetraacetate, This should be omitted wheni
iests-are conducted on metals. When tests are conductad with fist.or
mollugc larvas, zooplankton, or crustaceans, the EDTA should be omltted.
reconstituted salt water s’mppad of trace matais (1 5) '

ever, react slowly with sodium bisulfite (15). -In -additic
residual chlorine, municipal drinking water often co
unacceptably high concentrations of metals, and. qualif
highly variable. Excessive concentrations of most metal
usually bc removed with chelatmg resin (16), but ‘use’d

Salts Requirad, mg/L

MName pHA pH# " Hardness® °
e NaHCO; CaS0,2MH0- - MaSQ, - Kl . .
‘Very soft 12 75 7.5 0.6 6.7-6.8 6.4-6.9 1013
Soft a8 30.0 a0.0 2.0 7.3=7.5 7.2-7.6 40-48
Hard 182 120.0 120.0 4.0 7.8-8.0 7.6-8.0 160-180
Very hard 384 240.0 240.0 16.0 8.0-8.2 8.0-8.4 280-320

Aapproximate equilibrium pH after aeration. :
Bapproximate equilloium pH after aeration and with fish in water.
CExpressed as mg CaCog/L. .




- - tast either it must be shown that a sensitive aquatic species will
" gurvive, grow, and reproduce acceptably in it, or it must be
© - ghown at least three times each week on nonconsecutive days
.-* that fresh samples of dilution water either mysids (less than
©* - geven days postrelease from brood sac) do not show raore signs
...of stress, such as discoloration, unusual behavior, or death,
 when held in the water for, at Jeast 48 h without food than when
- gimilarly. held in a water that was not chlorinated and dechlo-
inated,-or the concentration of residual chlorine in fresh water
ess:than 11 pg/L or the concentration of chlorine-produced
xidants in salt water is less than 7.5 pg/L (9).
3 -Treatment:
:3.1 Dilution water should be well aerated by using air
tones, surface aerators, or colurmn aerators before addition of
“4est:material. Adequate aeration will bring the concentration of
4'ssolved oxygen and other gases into equilibrium with "air,
miinimize oxygen demand and concentrations of volatiles, and
tabilize pH, The concentration of dissoived oxygen in the
dilution water should be between 90 and 100°% of saturation
7) 1o help ensure that dissolved oxygen concentrations in the
“chambers - are acceptable. Supersaturation by dissolved
ases; that might be caused by heating the dilution water,
hould be avoided to prevent gas bubble disease (18).
2"Salt water from a surface water source should be
sed through a filtet effective to 15 um or less to remove
rasites and larval stages of mysid predators.
. Characterization-—The following items should be mea-
ed at least twice each year or more often if such measure-
*have not been made semi-afnually for at least twa, yedrs
surface. water is used.
1 All Waters—pH, paruculate matter, TOC organophos-
15 pesticides, organic chlorine (or organochlorine pesti-
des) and polychlorinated biphenyls (PCBs), chlorinated
xy herbicides, ammonia, cyanide, sulfide, fluoride, io-
,‘mtrate, phosphate, sulfate, calcium, chromium, cobalt,
per, ‘iron, lead, manganese, mercury, molybdenum, nickel,
enium, silver, tributyltin, and zinc.
1.1 For the purposes of 8.4.1, the term organophospho—
esticides” refers .to but is not Limited to chloropyrifos,
etron, diazinon, disulfoton, fenitrothion, malathion, methyl
Bratblon and parathion; the term “organochiorine pesticides™
t5. to aldrin, chlordane, DDD, DDE, DDT, dieldrin, en-
uifan, endrin, heptachlor, heptachlor epoxide, lindane,
ethoxychlor, mirex, and toxaphene; and the term “chlorinated
CN0XyY herbicides” refers to the free acids, salts, and esters of
4*D dicambra, silvex, and 2,4,5-T. The term” organic chlo-
& refers to chlorine that would be detected if, when samples
-Prepared for gas chromatographic analysis for PCBs and
,Qrganochlonne pesticides as listed, a chlorine detector.is
Used instead of an electron capture detector to measure
Mpounds that elute just before lindane to just after mirex.
“1ganic chlorine does not refer only to chlorine associated with
“Organochilorine pesticides and PCBs; it refers to all chlorine
8t elutes within the specified period.

%842 Estuarine Water—Hardness, alkalinity, conductivity,
Sodium, and chloride,

43 Salr Water—Salinity or chlorinity.
844 The methods used should either be accurate and
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precise enough to adequately characterize the dilution water or
have detection.limits below concentrations that have been
shown to adversely affect estuarine and. marine mysids (19).

9. Test Material

9.1 General—The test material should be reaoent-vrade or
better unless a test of formulation, commercial product, or
techmcal-grade or use-grade material is specifically needed.
Before a test is begun,.the fo]lowmg should be known about
the test material; :

9.1.1 Identities and concentrations of major mgredxents and
major impurities, for example, impurities constimting more
than about 1 % of the material,

9.1.2 Solubility and stability in dilution water,

9.1.3 Precision and bias of the analytical method at the
planned concentration(s) of the test material,

'6.1.4 Estimate of toxicity to humans, ‘

9.1.5 Recommended handling procedures (see sectxon 6. 11),
and .

9.1.6 Estimate of acute toxicity to test species.

9.2 Stock Solution:. |

9.2.1 In some cases the.test solution can be added dx:ectly to
the dilution water, but usually it is dissolved in a solvent'to
form a stock solunon that is then added to dilution water. If a
stock solution is used, the concentratmn and stability of the test
material in it and dilution water should be determined before
beginning the test. If the test material is subject to photolyms
the stock solution'should be slnelded from light. .

'9.2.2 Except possibly for tésts on hyd.rolyzable oxxdlzablc,
and reducible materials, the preferred solvent i§ dilution water,
although filtration or sterilization, or both, might be pecessary.
If the salinity of the diliition water will not be affected,
deionized or distilled water may be used. Several techniques
have been specifically developed for preparing aqueous stock
solutions of slightly soluble materials (20). The minimum
necessary amount of strong acid or base may be used in the
preparation of an aqueous stock solution, but such acid or base
might affect the pH of test solutions appreciably. Use of more
soluble form of the test material, such as a chloride or sulfate
salts of organic amines, sodinm or potassinm salts of phenols
and organic acids, and chloride or nitrate salts of metals, might
affect the pH more’ than the use of the minimum nccessary
amounts of strong acids and bages.

9.2.3 If a solvent other than dilution water is uscd its
concentration in the test solutions should be kept to a minimum
and should be low encugh that it does not affect the survival of
the mysids. Triethylene glycol is often a good organic solvent
for preparing stock -solutions because of ‘its Jow :toxicity to
aquatic animals (21), low volatility, and high ability to dissolve
many organic chemicals. Other water-miscible organic sol-
vents such as methanol, ethancl, and acetone may also be used,
but they might stimmlate undesirable growths of microorgan-
isms, and acetone is also quite volatile. If an organic solvent is
used, it should be reagent-grade’ or better and its concentration

* “Reagent Chemicals, American Chemical Society Specifications,” Am. Chemi-
cal Soc., Washington, D.C. For suggestions on the testing of reagents not listed by
e American Chemical Society, see “Analar Standmds for Laboratory UK.
Chernicals,” BDH Ltd., Pocle, Dorset, and the “United States Pharrnacopeia.”
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in any test solution should not exceed 0.5 mL/L. A surfactant
should not be used in the preparation of a stock solution
because it might affect the form and toxicity of the test material
in the test solutions. (These limitations do not apply to any

ingredient of a mixture, formulation, or commercial product
unless 4n extra amount of solvent is used in the preparatlon of
the stock solution.)

9.2:4 If no solvent othier than water is used then a dilution
water control must be included in the test and the percentage of
organisms in the control that show signs of disease or stress
such as discoloration, unusual behavior, or death must be 10 %
or less.

9.2.5 If a solvent other than water is used and the concen- .

tration of solvent is the same in all test s'olution_s that contain
test material, at ledst one solvent control, containing the same

.. concentration of solvent and using solvent from the same batch _

used to make the stock solution, must be included in the’test,
and a dilution water control should be included in the test. The
percentage of organisms that show signs of disease or stress,

such as discoloration, unusual behavior, or death, mustbe 10 %

or less in the solvent contyol and should be 10 % or less in the
dilution water control, if one is included in the test.

9.2.6 If a solvent other than ‘water 15 used and.the conCen-
tration of solvent is not the same in all test solutions that
contain test materfal, both a soivent control, containing the
hlghest concentration of solvent present in any other treatment
and using solvent from the.same batch used to make the stock
solution, and a dilution water control must be included in the
test. The percentage of organisins that show signs of disease or
stress, such as dxscolorauon, unusual behavmr, or.death, must
be 10.% or less in'the solvenc comrol and in the dﬂuuon water
control

927 ¥a solvent other than water is used to prepare a stock
solution, it might be desirable to conduet simultaneous tests on _

the test.material using two chemically unrelated solvents or
two different concentrations of the same. solvent to obtain
information concerning poss1b1e effects. of solvent on the
results of the test,

0.3 Test Concemratzon(s)

9.3.1 If the test is intended to aliow calcula.tlon of an LC50,
the test concentrations: (see 11.1.1.1) should. bracket the pre-
dicted LC50. The prediction might be based on the results of a
test on the same or a similar test material with the same or a
similar species. If a useful prediction i3 -nat available, it is
usuaily desirable to conduct a range-finding test in which
groups of five or more organisms. are exposed for 24,10 96 ki to
a control and three to five concentrations of the test material
that differ by a factor of ten. The greater the similarity between
the range-finding test and the actual test, the more useful the
range-finding-test will be.

9.3.1.1 If necessary, concentrations' above solubility should
be used because organisms in the real world are sometimes
exposed to concentrations above solubility and because solu-
bility in dilution water is often not well known. The use of
‘concentrations that are more than ten times greater than
solubility are probably not worthwhile. With some test mate-
rials it might be found that concentrations above solubility do

- not kill or affect a greater percentage of test organisms than

: gentle aeration at each corner that provides adequate d1 ol

will the concentration at the solubility limit; such informatiog
is certainly worth knowing. 5

9.3.2 In some (usually regulatory) situations, it is onlys
necessary to determine whether a specific concentration of e
material is acutely toxic to the fest species, or whether
LC50 is above or below a specific concentration. For exampl
the specific concentration might be the concentration occeurrin
in surface water, the concentration resulting from the dis
application of the material to a body of water, or the solubili
limit of the material in water. When thére is interest only-in
specific concentration it is often necessary only to test:tha
concentration (see 11. 1 1.2}, and it is not necessary 10 actual}
determine the LC50.

10. Test Orgamsms

10.1 Spec:es—Test spec:es are usually selected on. th
of geographical distribution, availability, ease of handling:
the Iahoratory and past successful use. Both Holmeszmy
costata and Neomysis mercedis have been successfully ma
tained and cultured in the laboratory and tested usin,
following procedures (1).-These species should be identifig
using the information summanzed m Appendix X1 ‘A
pendix X2. i

10.2 Age—-*My31ds used in acute tox1c1ty tests should
three to seven and one to five days postrelease from the. br
sac for Holmeszmys:s cosrara and Neomysis mercedzs res
tively. . | ]

10. 3 Source—All mysids used ina test must be from
same brood stock, either batched and raised in the laborato
brought into the laboratory The mysid neonates used i 111 [
must have been released in the laboratory. These species sh
be collected and handled using the information sumimari
Apperidix X1 and Appendix X2. Neonates from the first type
brood stock are preferable because the mysids are accli
to laboratory conditions for one or more generations an
acceptability of the food, water, and ‘handling proce
before the test is begun w111 be demonstrated

10.4 Brood Stock:

10.4.1 Brood stock may be obtained from another 1B
tory or a wild population from an unpolluted area, When b
stock is brought into the laboratory, it should be place
tank along with the water in which it ‘was transport
tempeérature should then be changed at a rate not to excee
within 12 h (preferably not more that 3°C within 72 h)
salinity should be changed at a rate not to exceed 3 glk
12 h.

10.4.2 West coast species of mysids have been culture
filtered sea water (1). Holmesimysis costata cultures ha
maintained for several generations under static condi
113.5-L (30-gal) aquaria containing natural, filtered sea &
Each aquarium is provided with under-gravel filters, a layg
substrate (medivm grade oyster shell) 2 cm in thickn

cloth and placed on top of the substrate. A 4-L egg crat
with legs, covered with a2 500-um nylon mesh cloth, is -plé




within the aquarium, Brood stock is placed within this box that
-.allows the young to fall tbrough the:mesh covering and live in
the main body of the aquarium. Neomysis mercedis cultures
ave been maintained for several generations in circular tanks
. gnder. flow-through conditions. Gravid females of both species
gf mysids are removed and isolated when neonates. are needed.
0:4.3 To maintain mysids in good condition -and -avoid
necessary stress, brood stock should not be subjected to
pid changes in temperature, photoperied, or water quality.
ysids should not be subjected to more-than a 3°C change in
mperature or 2 3 g/kg change in salinity in any.12-h period.
e.concentration of dissolved oxygen should always be above
0:%.0f saturation. ,

0"4 4 Reproduction will be depressed when the culture

aintamed at densities of 10 mysuis/L or less Therefore, when
altures.. are not being ‘used for supplying test organisms,
ough adults should be removed at least every two-weeks to
imulate reproduction. It is desixable to keep neonates, juve-
les, and adults of both species of mysids in separate tanks.
0:4.5 Brood stock tanks should be kept free of other
animals, such as hydroids and worms. If an outbreak of these
4 "animals or others occurs, all mysids should be removed and the
: g:;fgnk.thoroughly cleaned. The substrate should either be washed
; dried, autoclaved or discarded. Sahmty and temperamre
ld be. appropriate for the particular species and’ consxstent
with the specified test conditions (see 11.3 and 11.5).

1.5 Food—At least once daily, mysids in brood stock tanks
ni' test chambers should be fed live brine shrimp nauplii
ge Practice E 1203) in excéss, it order to majntain live
‘ph1 in the chambers at all times to prevent cannibalism and
poit “adequate survival, growth, and reproduction in the
od:stock, The ration should be adjusted in accordance with
mber. ‘of mysids in the stock colony. A ration of 150
lii per'mysid per day has been used successfully (1). A
gune 'of 75 nauplii per mysid twice a day or 50 nauplii three
ef°d day might improve growth and reproduction In-the
d Stock. It is-desirable to add 2 piece of fresh, carefully
ashied frond of the giant’kelp Macrocystis to the brood stock
“Holmesimysis costata that provides additional substrate and
od for-the mysids. The kelp ‘should be analyzed for any
ntaminant that might reasonably be expected to occur in the
IIP_ bed. It is desirable to supplement the diet of Neoniysis
Teediy with commercmﬂy available food having micronutri-
and vitamins®; supplement of rotifers or algae may also be
eSirable;

11(_) 6 ‘Handling—Mysids should be handled as httle as pos-
€ When handling is necessary, it should'be done gently,
Brefully, -and qulckly so that the mys:d is not necessarily
Tessed. Dip nets are best for removing gravid female mysids
fiLthe brood stock tanks. Such nets are commercially
ilﬂflble the mesh opening should not be greater than 250 um.
J’mds that touch dry surfaces, dropped, injured, or have a

.‘I'.cmm gource of supply of the spparatus known (o the committee at this time
ol arin, a product of TetraWerke Germany. If you are aware of alternative
P r:‘ Please provide this information to ASTM Headquarters. Your comments
i eive careful consideration at a meeting of the responmble technical
tee; which you may attend. ‘
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marine leech attached (an external paras1te) should be dxs-
carded.
10.7 Harvesting Young—As young leave the marsupmm of o
the female, they fall through the openings of the mysid
generator (see Guide E 1191) into the main part of the -
aquatium or tank (see 10.4.2). Young mysids may then be
picked up with a 5-mm bore pipette and transferred 10:a
container for separation prior.to beginning a test. s o
10.8 Quality—Mysids three to seven. days (Holmeszmys:s
costatay or one to five days-(Neomysis mercedis) postreiease
are satisfactory for use in an acute toxicity test. Representative
mysids from the brood stock should be analyzed for the test
material, if it might be present in the environment. .

11. Procedure

11.1 Experzmental Design: . :

11.1.1 Decisions concerning aspects of expenmemal design,
such as the dilution factor, number of treatments, and numbers
of specimens and replicates, should be based on. the purpose of
the test and the type of procedure that is béing used to calculate
the results (see Section 14).

11.1.1.1 An dcute test mtended to a]low calculatlon of a
LC50 usua]ly consists of one or more control treatments and a
geometric series of at Jeast five concentrations of test material.
In the dilution water or solvent control(s), or both, (see 9.2.3,
9.2.4, 9.2.5) mysids are not exposed to test material. Except for
the control(s) and the highest concentration, each concentration
should be at least 60 % of the néxt higher one, unless
information concerning the concentration-effect curve indi- -
cates that a different dilution factor is more appropnate “At a
dilution factor of 0.6, five properly chosen concentrations will
often provide an LC50 for several durations (s=e 11.10. 3} and
are a reasonable.compromise between cost and the nsk of all
concentrations being either too high or too low. -

11.1.1.2 Although most acnie toxicity tests use five test
concentrations plus- control(s), in ‘some instances it might be
necessary only to determine whether a specific concentration
affects survival, If this is the case, then only that concentration

-and the control(s) are necessary. Two-additional concentrations

at about one half and two times the specific concentration .of
concern are desirable to increase confidence in-the results. -
11.1.2 The primary focus of the physical and expetimental
design of the test and the statistical analysis of the data is the
experimental unit, that is defined as the smallest physical entity
to which treatments can be independently assigned (22). In
general, as the number of test chambers (that'is; experimental
units) per treatment increases, the number .of degrees of
freedom per treatment increases, and, therefore, the width of
the confidence interval on a point estimate decreases, and the
power of a hypothesis test increases. With respect to factors
that might affect results within test chambers and, therefore, the
results of the test, all chambers ini the test should be treated as

_similarly as possible. For example, the temperature in all test

chambers should be as 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 individual test chamber locations. and
may be randomly. reassigned during the test, A randomized-
block design (with each treatment being present in each block,
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that may be in a row or a rectangle) is preferable to a
completely randomized design.

11.1.3 The effect of the test material on survival cannot be

- determined accurately if any factor that affects survival is too

dissimilar between experimental units. Since three to' seven

days (Holmesimysis costata) and one to five days (Neomysis

mercedis) postrelease neonates are used in the experiment, and

since the sex of the mysid cannot be determined at this age, it

is impossible to determine if there is any sexual difference in
the effect of a particular toxicant.

11.1.4 The minimum desirable number of test chambers and
organisms per treatment should be calculated from the ex-
pected variance within test chambers, the expected variance
between test charabers within a treatment, and the maximum’
acceptable width of confidence interval on the LS50 (22). If

each test concentration is more than 60 % of the next higher
- levels, concentrations of metabolic products do not ex

one, fewer organisms per concentration of test material, but not
the conirol treatment(s), may be used, If such calculations are
pot made, at léast ten organisms should be exposed to each
treatment in static and renewal tests, and at least 20 organisms
in flow-through tests. Organisms in a treatment should be
divided between two or more test chambers to allow estimation
of cxpenmental exror (23). If the controls are important in the
calculation of results, such as correcting for spontaneous
mortality using Abbott’s formula, it might be desirable to use
more test chambers. and test organisms. for the control treat-
ment(s) than for each of the other treatments. =~

11.1,5 It is desirable to repeat the test at a later time to
obtain information concemmg the reproduclblhty of the re-
sults, .

11.2 Dissolved Oxygen

'11.2.1 The concentration. of dissolved Oxygen in each test
chamber must be from 60 t0:100 % of saturation (17) dunng
thie entire test..

11.2.2 Test solutxons may be gently aerated durmg static and
renewal tests if the concentration of test material in the aerated
test chamber at the end of the test is not more than 20 % lower
than .that in a comparablé unaerated test chamber. Test solu-
tions may be gently aerated during Aow-through tests if the
concentrations of test material are measured according to
11.11.1.2. Turbulence, however, should be avoided because it
might stress test organisms, resuspend fecal matter, and greatly
increase volatilization. Because aeration readily occurs at the
surface, efficient aeration can be achieved with minimum
turbulence by using an air lift to transfer solution from the
bottom to the surface. Aeration should be the same in all test
chambers, including-the control(s), -throughout the test, If
aeration is used, it might be desirable to conduct a simulta-
neous test without aeration to determine if aeration affects the
result of the test.

11.3 Temperature: -

11.3.1 Tests ‘with Holmesimysis costata should be con-
ducted -at a temperature tange from 13 to 19°C and Neomysis
mercedis at a {emperature range from 15 to 19°C. It may be
necessary to conduct tests with Holmesimysis costata at a
temperature resembling its geographical distribution (17 and
15 2°C for south and north of point conceptmn Tespec-
tively). ,

perature at the end of the test should be within 1°C of

" one test chamber, the highest and lowest temperatures must;

11.3.2 For each individual test chamber in which tempers
ture is measured, the time-weighted average measured tem

selected test temperature. The difference between the high
and lowest time-weighted averages for the individual
chambers must not be greater than 1°C. Temperatures mu
within 3°C of -the mean of the time-weighted averag
Whenever temperature-is measured concurrently in more thaf

differ by more than-2°C.
‘114 Loading: : R
11.4.1 The grams of- orgamsms (whole body, wet wei
blotted dry) per litre of solution in the test chamibers should ngg
be so high that it affects the results of the test. ‘Therefore,*
Joading should be'limited to ensure that the concentration’
dissolved oxygen and test material do not fail below acceptab

acceptable levels, and the test orgamsms are mot stre
because of aggression or crowdmg '

11.4.2 A lower number of test orgamsms should be used
aggressmn oceurs.’

11.5 Saltmty—-—The sahmty in the tox1c1ty tests i
within the tolerance range of the selected spec:es of mysid
optimum salinity for Holmesimysis costata is 30 to 35 g/kg &
1to 3 glkg for Neomyszs mercedis (1) If a test salinity oth
than the optimum salinity is used, then an addltwnal conlm“l
the optimum salinity must be employed. .

11,6 Light—The light in the Iaboratory should be 1
tained at 16-h light-8-h dark photopenod
ll 7 Begmnmg the Tese: ... .

11.7.1 The toxicity test begms when test orgamsms _are
placed in test chambers containing test matenal

11.7.2 A representative sample of the test organism must;
either randomly distributed among the test chambers by add
to each chamber no more than 20 % of the number
organisms to be placed in each chamber and repeatin
process until each chamber contains the desired number o
organisms, or assigned by random assignment of one or;
to each chamber, random assignment of a second organis
each chamber, or by total randomization. It might be co
nient 1o assign orgamisms to other containess, -and then
them to.the-test chamber all at once.

11.7.3 On the day that the t0x1c1ty test is mmat
sufficient number. of mysids should be removed from
holding facility at one time to provide about one thir
animals than are needed.-Select a set of test chambers (on
chamber from ‘each test concentration plus control(s}) :!
processed together to avoid possible selective bias d
loading. The mysids should be transferred using a wide.|
(larger than the largest mysid) glass pipette with.a smooth
Mysids should be handled gently to avoid injuries:

" 11.7.4 Static tests should begin by placing test orgams
the chambers within 30 min after the test material was add
the dilution water. If the test material forms a film oo
surface of the test solution, static and renewal tests ma),
begun by placing test material in the test chambers 18104
after the test organisms were added. In an alternative pro:
dure, the dilution water with organisms in it may be gl




acrated in the chammbers, but aeration must be stopped before -
addition of test material except in accordance with 11.2.2.
"::11.7.5 Flow-through tests should be begun by either placing
et orgamsms in the chambers after the test'solutions have
- peen fiowing through the chambers long enough for the
+ concentrations of test material to have reached steady state, or
qctivating the metering device in the metering system several
days -after Organisms were placed in test chambers that ‘had
‘dilutiop: water flowing through them. This second alternative
‘requires - the addition of a “spike”, that is, an aliquot-of test
aterial sufficient to establish the desired test concentration in
e test chamber at the time of activation of the metering
: device. The first alternative allows the investigator to study the
erties of the test material (se¢ 11.11.2) and the operation of
metering system immediately prior-to the test, whereas the
econd: alternative allows the organisms to partialty adgust to
s ghambers before the beginning of the test. .
Feeding—In static tests'mysids should be fed live brine
linmp nauplii to excess once each day (see 10.5). In flow-
onghitests mysids are fed brine shrimp nauplii three times a
.a rate of 30 nauplii- per mysid. Dead nauplii-should be
oved daily from each: chamber to prevent the build ‘up-of
ogenous -material.
11:9 ‘Duration of Test—The 96-h duration of the test is
orii ‘initiation of the experiment. At the end of the test
ght be desirable to place the live test organisms in dilution
that ‘does not contain any added test material for two to
ys and feed them to determine whether delayed effects

:alogtcal Data:

The criteria for death of mys1ds are opaque white
'unmobmty (especially .absence of movement of
8§ atory and feeding appendages), and lack of reaction to
; prodding. Dead mysids must be counted, recorded, and
&d daily, Live animals must be counted at the beginning
expenment and daily to account for cannibalism or death
from impingement on the sides of test compmments
ing or impinged animals should be recorded.

1.1 10.2 Live test organisms should not be stressed in an
At pt to determine whether they are dead, immobilized, or
Stherwise affected. Prodding of organisms and.movement of
lest chambers during test should be done very gently. Some
Organisms exposed to some organophosphorus compounds
3eem to be very sensitive to sudden changes in light intensity.
4:11:10.3 The number of dead organisms in each test chamber
#hould'be counted every 24 h after the beginning of the test. If
hape of the toxicity curve is to be defined, counts should
rformed more often; a suggested schedule is to count the
Tumbper of dead organisms in each chamber, 3, 6, 12, and 24 b
afterthe beginning of the test and twice a day thereafter to-the
®0d of :the test. If test solutions are opaque, it might be
Cessary- to insert 2 partition into the test chamber at the
‘Observation periods to move the test organisms to one end
Whore they can be seen. If such a procedure is necessary, great
‘%are:should be taken not to stress or damage live organisms or
™-cross-contaminate treatments. In some cases, for example,
der.conditions of extreme turbidity, the only way to obtain
Curate counts before .the end of the test is to terminate

4y E 1463

separate replicate test chambers each time counts are desn'ed .
but such a procedure is usuaily not worth the effort. '

11.10.4 If it can be done without stressing live organisms,
dead organisms should be removed at least once every 24 h: . -

11.10.5 All mysids used should be destroyed at. the end of

the test.
11.11 Other Measuremenrs
11.11.1 Water Quality: ST
11.11.1.1 - Sratic Tesrs—lf dilution water is: used its. hard-'

ness, alkalinity, conductivity, and pH should be measured, and

the measurement of .calcium, magnesium, sodium, potassiiim,
chloride, and sulfate is desirable. If a saltwater dilution water
is used, its-salinity and pH should be measured. In both waters,
measurements of ammonia, particulate matter, total dissolved
gas, and TOC are desirable. The dissolved oxygen concentra-
tion must be' measured at'the. beginning and end of the test and

at least every 48 h in between'in the control and the high,

medium, and-low test concentrations as long as live organisms

‘are present. The pH should be measured at the beginning and
" end of the test in the control and the. hlgh medlum and Iow

concentrations-of test material. .

"11:11.1.2 Flow-Through Te.rrs—Certam measurements
should be performed at least at the beginning of the test; if data
are available to show that the quality of the dilution water is

 constant, and daily.if such data are not available: In tests with

Neomysis mercedis, hardness, alkalinity, conductivity, and pH
of dilution water should be measured, and measurement of
calcium, magnesium, sodium, potassium, chloride, and sulfate
is desirable. If a saltwater dilution water is used, its salinity and
pH should be measured. In both waters, measurement.: of
ammonia, particulate matter, total dissolved gas, and TOC is
desirable. The dissolved:-oxygen concentration must be ‘mea-
sured at the begioning and end of the test and at least every 48
bk in between in the control and the high, medium, and low test
concentrations as long.as live organisms are present. The pH
should be measured at the beginning and end of the test in the
control and in the. hlgh medium, and low concentrattonss of
test material. - S

11.11.2 Temperarure

.11.11.2.1 Throughout acchmanon either temperature
should be measured or monitored at least hourly or the
maximum - and - minimum temperatures shou]d be ‘measured
daily. - : :
' 11.11.2.2 In static and renewal tests e1ther in at least one
test chamber, temperature must be measured or monitored at
least hourly or the maximum and minimum temperatures must
be. measured daily, -or if the test chambers are in a water bath
or a constant-temperature room or incubator, the temperature
of the water or air.must be measured or monitored at least
hourly or the maximum and minimum temperature must be
measured at least daily. In addition, temperature must .be
measured concurrently near both the beginning and end of the
test in all test chambers-or in various parts of the water bath,
room, Or incubator.

11.11.2.3 In ﬂow-throuch tests, in at least one chamber
either temperature must be measured or monitored at least
hourly or the maximum and minimum temperatures must be
measured daily. In addition, near both beginning and end of the

4620
[




480 E 163

test, temperature must be measured concurrently in all test
chambers.

11.11.3 Test Material:

11.11.3.1 If the test material is uniformly dJSpersed through-
out the test chamber, water samples should be taken by pipette -
or siphon from a point midway between the top, bottom, and
side of the test chamber and should not include any surface
material. If test material might be lost due to sorption onto the
walls of the sample container, the container and the siphon or
pipette should be rinsed in the test solution before collecting
the sample. Water samples should be collected: directly into
appropriate-sized containers from which the test material can
be extracted or analyzed directly. If the test material is not
uniformly dispersed in the test chamber in static and renewal
tests, the whole volume of the-solution in the test chamber
should be used as a sample or treated appropriately (for

example, by adding acid, base, or surfactant and mixing .

thoroughly) to uniformly. distribute the test material before a
sample is taken, If the test material is not uniformly dispersed
in the test chamber in flow-through tests, a large volume of the
solution flowing into the test chambers should be collected and
used as the sample or treated appropriately to uniformly
distribute the test material in the sample before a subsample is
taken. o , _ L ,
-11.11.3.2 If some of the test material is not dissolved,
measurement of the concentration of dJssolved test matenal in
treatment might be desirable.

11.11.3.3 In static and renewal-tests, the concentration of
test material should be measured; if possible, in at least’the
contrtol and high, medium, and low concentrations of test
material at the beginning of the test (see. 14.1}. Mcasurement of
degradations products might be desirable.. - T

11.11.4 Flow-Through Tests: i :

11.11.4.1 The concentration of test matenal in the test
chambers should be measured as often as practical during the
test. The concentration of test material should be measured in
all chambers concurrently at least once during the test prefer-
ably near the beginning of the test, except for the comtrol
treatment, each test chamber {(especially forthose concentra-
tions closest to the LC50) at least one additional time during

the test on a schedule designed to give reasonable confidence.

in the concentration of the material in the test chambers, taking
into account the flow rate and the number of independent
metering devices, and at least one appropriate chamber when-
ever a malfunction is detected in any part of the mctenng
system.
11.11.4.2 In each treatment the hlghest measured concen-
tration obtained during the test divided by the lowest should be
less than 1.5. The varability of the sampling and analytical
procedures should be determined before the beginning of the
test to determine how many samples should be taken and
" analyses performed at each sampling point-to ensure that the
limit of 1.5 is not violated just because of sampling or
analytical variability.
11.11.4.3 If the measured concentration of test material in
any chamber is more than 30 % higher or lower than the
concentration calculated from the composition of the stock
solution and the calibration of the metering system, the cause

“handled and stored appropriately (23) to minimize loss.of

should be identified, Measurement of the concentration of:
material in the solution flowing into the test chamber wj
indicate whether the cause is in the metering system or i
test chamber. If the concentration in the test chamber i
high, the stock solution might not have been calibra
correctly. If the concentration is too low, additional possi
causes are microbial degradation, hydrolysis, oxidation,
tolysis, reduction, sorption, and volatilization. A faster fi
rate might be desirable (see 6.3.3). If the test organismis:
probably being exposed to substantial concenirations of oney
more impurities or degradation or reaction products, meas
ment-of the impurities or products is desu'able

12. Analyhcal Methodology

12.1. If samples of the dilution water stock solution, or:
solutions cannot be analyzed immediately, they shouid.

material by microbial degradation, hydrolysis, oxidation, pl
tolysis, reduction, sorption, and volatilization.

12.2 Chemical and. physical data should be obtained us:
appropriate ASTM standards whenever possible. For th
measurements for which ASTM . standards do not exist
not sensitive enough, methods should be obtained. from .ot
reliable sources (24), The concentration of nonionized amm
nia may be calculated indirectly from pH, temperature, an
concentration of total ammonia (25).. :

12.3 Methods used to anaiyze . food (see 10. 3) or
organisms .(see 10.8) should be obtained from appro
sources (26). .

12,4 The analytical method used to measure the concentrissy
tion of toxicant in test chambers must be validated beforss
beginning the test. The precision and bias of the method
appropriate matrix should be determined whenever samph
analyzed using reference samples, reagent blanks,
samples, spiked recoveries, interlaboratory comparison
alternative methods of analysis when appropriate.

12.5 In addition to measuring the total concentration 6
toxicant in the water from test chambeys, measuremen
either the* dissolved” fraction or “undissolved” fracl:lon
toxicant is desirable. The “dissolved” fraction is
defined and determined as that whmh passes through a 0 45-
membrane filter.- :

13, Acceptablhty of Test

'13.1 An acute toxicity test should usually be con
unacceptable if one or more of the following occurred, ©
for example, if temperatre was measured numerous’ tHnm
deviation of more than 3°C (see 13.1.11) in any one mea
ment might be inconsequential. However, if temperature?
only measured a minimal number of times, one deviation:
more than 3°C might indicate that more deviations would B
been found if temperature has been measured more often &0

13.1.1 All test chambers and compartments were 0o
tical, ;

13.1.2 Treatments were not randomly assigned to 1nle1d
test chamber locations,

13.13 A requ::ed dllutlon water or solvent control was
-included in the test,

13.1.4 All animals in the test population were not frO
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- .game location or culture,
' 13 1.5 Young mysids used in the test were not obtained
m animals that had been released in the laboratory,

13 1.6 Individual test organisms were not impartially or
randomly assigned to test chambers or compartients,
13.1.7 More. than 10 % of the organisms in any required
‘.cbntrol treatment showed signs of disease or stress, such as
discoloration, unusual behavior, or death, during test,
©13.1.8 Dissoived oxygen and temperature were nat mea-
sured'as specified in 11.11,
13.1.9 Any measured dissolved oxygen concemratlon was
flot. between 60 and 100 % of saturation in a test,
,1.10 The difference between the time-weighted average
sured temperatures for any two test chambers ‘was greater
fhian' 1°C,
13.1.11 Any individual measured temperature in any test
chamber was more than 3°C different from the mean of the
ime-weighted average measured temperatures for the indi-
vidual. test chambers, -
13:1.12 At any one time, the difference between the mea-
sured temperatures in any two test chambers was more than

wed in 11.5 by inclusion of another control,
13.2 The calculations of an LC50 should usually be.consid-

: for static tests, and the average measured.concentra-
f test material, if available, or. the calculated average
neentrations for renewal and flow-through tests.-
.2 Most acute toxicity tests produce quantal data; that is,
unts of the number of alive or dead. A variety of methods
(27):can be used to calculate an LC50 and its 95 % confidence
:from a set of quantal data that is binomially distributed
Ontaing two or more concentrations at which the percent
fead:is. between 0 and 100, but the most widely used are the
IObit, moving average, Spearman-Karber and Litchfield-
Alcoxon (27) methods. The method used shouid appropriately
take ‘Into account the number of test chambers per treatment
ind the number of test mysids per chamber. The binomial test
‘an usually be used to obtain statistically reliable information
fhout: the LC50 even when less than two- concentrations kill
¥tween: 0-and 100 %. The binomial method does not.provide
oint estimate of the LC50, but it does provide arrange within
Which the LC50 should lie. If desired, an interpolation proce-
fre may be used to.obtain an approximate LC50.

143 The precision of the toxicity test is dependent on the
Mimber of replicates, the nutnber of individuals, and the
Variability of the effect among replicates. Acute toxicity tests
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with mysids usually use five test concentrations plus control(s),.
two or three replicates of 20 mysids per replicate. Increasing
the number of replicates per test concentration might improve
the precision of the acute toxicity test. For example, four
replicates of ten mysids each rathier than two replicates of 20
mysids each might increase the precision of the test. .

14.4 An LC near an extreme- of toXicity, such as'in LCS-or
1.C95, should not be calcuiated unless: at least one concentra- .
tion of test material killed or affected a percentage of test
organisms, other than 0 or 100 %, near the percentage ‘for
which the LC is to be: calculated. Other ways of -providing -
information concemning the extremes of.toxicity are to:report
the highest concentration of test material that actually killed-no
greater-a percentage of the test organisms than did the control
treatment(s) or to report the lowest concentration of - test
material that actually killed or affected all ‘test organisms
exposed to it. These alternatives are usually more reliable than
reporting a calculated result such as an LC5 or LC95 unless
several percentage of the killed -were .obtained close to 5 or
95 %.

14,5 It might be desxrable to perform a hypothems test to
determine which of the tested concentrations of test material
killed a statistically significant number of the exposed organ-
isms. If a hypothesis test is to be performed, the data should

“first be examined using appropriate outlier detection proce-

dures and tests of heterogeneity. Then a pairwise comparison

_technique, contingency table test, analysis of variance, or

multiple comparison procedure appropriate to the experimental
design should be used. Presentation of results of each hypoth-
esis test.should mclude the test statistic and its co:respondmg'
significance level, the Immmum detectable d]ﬂ"erence and the-
power of the test. '

15, Report

15.1 The record of the results of an acccptable acute tox1c1ty
test should include the following information either dlrcctly or
by reference to other available documents:

‘15.1.1 Name of test and investigator(s), name and Jocation
of laboratory, and dates of initiation and termination of the test,

15.1.2 Source of test material, its lot number (if applicable),
composition (identities and concentrations of major ingredients
and impurities if known), "known chemical and physical prop-
erties, and the ‘identity and conccntranon(s) of any solvent
used,

'15.1.3 Source of the dilution water, its chemical character-
istics, and a description of any pretreatment, and results of any
demonstration of the acceptability of the water to an aquauc
species,

15.1.4 ‘Source of brood stock, place, and date of collection
(if obtained from a wild population) of the test organisms,
scientific name, name of person who identified the organisms,
and the taxonomic key used, observed diseases or unusual
appearance, treatments, holding and acclimation procedures,
and age and means and ranges .of weights and lengths of the
mysids at the beginning of the test,

15.1.5 Description of the experimental design, test cham-
bers and covers, the depth and volume of the solution in the
chambers, temperature, salinity, lighting, the method of begin-
ning the test, and the number of mysids and chambers used per
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treatment. If a flow-through system is used, a description of the
metering system and flow rate as volume additions per 24-h,

15.1.6 The average and range of the measured concentration
of dissolved oxygen (as percent of saturation) for each treat-
ment and a description of any aeration performed on test
solutions before or during the test,

15:1,7 The averages and ranges of the acclimation and test
temperatares and the method(s) of measuring or momtonng or
both, S
15.1.8 Schedule for obtalmng samples of test solutmns and
the methods used to obtain, prepare, and store the samples,

15.1.9 Methods used for, and results (with standard devia-
tions or confidence Hmits) of, chemical analysis- of the water
quality and concentration(s) -of test material, impurities, and
reaction with degradation products, mcludmg Vahdatlon stud-
1es on other-effects,’

15.1.10 Definition of the effect(s) used for calculatmg '

1.C505 and a summary of general observations on other effects,
15.1.11 A table of data on the number of test organisms
exposed and killed at various times throughout the test in each

APPENDIXES -
_ (Nonmandatory Informatioﬁ)

X1, HOLMESIMYSIS COSTATA

X1.1 Ecological Reqmremenr's—Holnieszmysz.'s‘ ‘costata
(= Acanthomysis sculpta) is one of five species of the genus
Holmesimysis that is present in the North Pacific Ocean.
Holmesimysis costata is the prmc1pa1 species of the genus in
California marine waters. This species can be separated from
the other species of the genus by the structuré of the dorsal

surface of the abdominal region and by the distribution of setae

on the telson (see Figs. X1.1-X1.15). H. costata has proved to
be a useful test species.for environmental studies (1, 28,.29).
The toxicity test should be conducted at 13 to 19°C using sea
water with a salinity between 30 and 35 g/kg. (Tests should be
condycted at 15 = 2°C for organisms collected north of Point

Conception and 17 £ 2°C for those collected south of Point

Conception.) Holmesimysis costata lives i in offshore kelp beds
and can be easily collected,

X12 Collecting and Handling Techniques—This. species
oceurs abundantly offshore among the fronds of the giant kelp
especially during the summer months. Collections are made
from a boat, and the mysids are captured by passing a hand net
(0.5 to 1.0 mm mesh) through the kelp canopy. Specimens
should be transferred to a 5-gal (3.79 L) bucket filled with sea
water and then transported to the Jaboratory. In the laboratory,
the contents of the bucket should be poured into one or more
pans and H. costaia are separated from the other organisms.
Any specimen that is injured or does not appear to be in goed
condition should be eliminated. Some specimens might be
paragitized externally by a marine leech; these specimens
should not be used orplaced in the laboratory stock colony.
Mysids can be picked up using a bulb pipette with a 5-mm
diameter.

treatment. Specify whether resuits are based on measured

* duce more than one brood set under laboratory conditio

test chamber in each treatment, including the control(s), in
sufficient detail to allow independent statistical analyses,

15.1.12 The 24, 48, and 96-h LC50s, and their 95 %:
confidence limits, and the method used to calculate them: the
highest concentration of test material that killed or affected
greater a percentage of the test organisms than did the contrg

unmeasured concentrations of the test material. For formula:
tions and commercial products, specify whether results
based on whole mixture or active ingredient, and o
~15.1.13 Anything unusual about the test, any deviation from
these procedures, and any other relevant information.
15.2 Published.reports should contain enough information
to clearly identify the procedures used and the quality of the
results. .

16. Keywords

16.1 acute toxicity; aquauc cuIture techmques Ho!meszmy—
sis costata;, invertebrates; mysids; Neomysis mercedis

X1.2.1 For acclimation, H. cosrata can be placed in
aquarium provided with aeration at a density of apprommately
10 to 20 specimens/L of seawater. The water should
changed if it becomes cloudy.

X1.3 Toxicity Test Specyicanam——For obtauung yo ]
mysids, the adults should be placed in a cage within af
aquarjum. The cage should be covered with nytex screemng
with a 0.25-mm mesh that allows the newborn to escape i
the main body of-the ‘aquarinm but retains the adults.
newborn can be removed from the aquarium with a fine dip nét
or glass pipette and transferzed t0 a dish where Specunens cdn
be observcd and removed for testing. '

X1.4 Life CycIe and Age Class—Holmesimysis costata ha
a short life cycle and is capable of completing three or four life5
cycles a year under laboratory conditions. Females -will p:

Animals can be cultured in the laboratory on a diet of Arten
nauplii larvae, powdered fish flake food, and fresh fronds of
giant kelp (Macrocystis).

X1.5 Identification:

X1.5.1 Systematics of Holmeszmyszs——Confusmn has ex:{8
isted concermng in which genus to place the species of mysui :
used in marine toxicity tests in California. Up to 1988 -all
authors have referred to their test mysid species as Acanthom
sis sculpta (30). Holmquist (31) established the genus Hol
esintysis- and placed all known species of the genus Acan
omysis from the Pacific Coast of North America in the ne%gg
genus. Kathman et al (32) stated that the genus Acanthomy
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FIG X1.1 Fourth Pleopod of Male Holmesimysis costata With a
. Close-Up View of the Tarminal Segment

.does not pceur in the Pacific Ocean. Consequently, references
‘to'Acanthomysis sculpta from the Pacific Coast must be treated
With-reserve. It may be H. costata or other members of this
.enus belong to-some other genus. The genera Holmesitnysis
and: Acanthomysis can be separated as follows:

X1.5.1.1 Holmesimysis—Exopad of Male Pleopod IV con-
“Sists of two segments and texminates distally with two short
\ = piny,. peg-like structures (see Fig. X1.1), Known from the
o Pacxﬁc QOcean.

-7 X1.5.1.2 Acanthomysis—Exopod of Male Pleopod IV con-
. 'sists of two segments and termtinates distally in two long setae
;:(see Fig. X1.2). Unknown: from the Pacific Ocean.

‘;?E?Clﬁc Coast of North America are separated as follows:

- X1.6,1 Holmesimysis costata (33)—Holmesimysis costata
33,34, 35), M 'vsis costata (33); Acanthomysis sculpta (36) and

", Tecent citations especially in marine bioassay reports from

. California; not Neomysis castata(30); and not Acanthomysis

Costata (37, 38).

- X1.6.1.1 Holmesimysis costata is separated from the other
Own species of the genus by the following characteristics:

“{a) Abdominal Region (see Fig. X1.3 and Fig. X1.4)—

X1.6 The five known species of Holmesimysis from the

FIG. X1.2 Fourth Pleopod of. & Member of the Genus
Acanthomysis With a Close-Up View of Two Long Setae on the
Tarminal Segment

Segments 110 3 with two dorsal trangverse folds and occa-
sionally three folds; Segments 4 and 5 with two folds; Segment
6 with angular fold; posterjor process on Segment 6.

(b) Telson (see Fig, X1.9)—Distal spines larger and’ th1cker
than the other known species of the genus. ‘

X1.6.1.2 Ecological Notes—Found primarily in offshore
giant kelp beds. It can occur with ather species of the genus in
the Pacific northwest; intertidal to subtidal. -

X1.6.1.3 Geographical Distribution-—British Coiumbm 10
Southern California.

- X1.6.2 Holmesimysis nuda (39)—Acanthomysis sculpta var.
nuda(39); and Holmesimysis nuda (39, 34, 35, 39).

X1.6.2.1 Holmesimysis nuda is separated from the- other
species in the genus by the following characteristics:

(a) Abdominal Region (see Fig. X1.5)—Segments 1 and 2
without dorsal transverse folds; Segment 4 with one, some-
times two, dorsal folds; Segment.4 with zero, one, ar two
dorsal transverse folds; Segments 5 and 6 without dorsal folds;
posterior processes on Segment 6,

(b) Telson (see Fig. X1.10)—Fighteen to 20 lateral spines
per side but smaller than in 4. costata.

X1.6.2.2 Ecological Notes—Collected from moderately ex-
posed to protected beaches from a variety of substrates; can
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X1 3 Hoimesfmysls coslata, Dorsal View, Abdominal Region’
Wlth Telson

OCe
fewlll‘ with H. costata and H. nudensis, found to 2 depth of a
etres,

Wasll\lle .3 Geographical Dzsmbut:on—Bnush Columbla to _

gton.
Sis (é {535 gfolmeszmys:s nudensis (31)—Holmesimysis nuden-
5
oth“a1 6.3.1 Holmes:mys:s nudensis is separated from the
(q, Species in the genus by these characteristics:

Abdominal Region (see Fig. X1.6)—Segments 1 to 3
dorg Sut dorsal folds; Segments 4 and 5 occasionally have
folqy ! transverse folds; Segment 6 usually lacks transverse
Seg posterior process dorsally and occasionally laterally on

l.{\ﬂm 5, posterior process on Segment 6.
Slde 3 Teison (see Fig. X1.11)—Righteen to 23 lateral spines per
nud o nd are smaller than those present in H. costata and. H.
beyq the lateral, most posterior pair of larger spines extends
3¢y the apex of the telson.
tatey -6.3.2 Ecological Notes—None. Occurred with H cos-
Xf’lnd H. nuda.
-6.3.3 Geograph:cal Distribution—Known from 100

. other species in the genus by these characteristics:

Sy e e i e S

British Columbia.
- X1.6.4 Holmesimysis sculpta (36)—Holmeszmyszs sculpr
(31, 35, 36); Neomysis sculpta ((36).in part); and Acanthomysl
.s'culpta (36, 37, 38, 39).. _
X1.6.4.1 Holmesimysis sculpta can be separated from:the

(a) Abdominal Region (see Fig. X1.7)—Segment 1 witl
three dorsal transverse folds;. Segments 2 through 6 with:twe
dorsal transverse folds; dorsal posterior processes on Segmen
4 and 5; lateral posterior processes sometimes presents
Segment 5.

(b} Telson (see.Fig. XI 12 J—About 18 larger spines per si
but smaller than those in H. costata or H. sculptoides.

X1.6.4.2 Ecological Notes—None.

X1.6.4.3 Geographical Distribution—British Co]umbm all
questionabiy from California.

X1.6.5 Holmesimysis sculptoides (31)—Holmeszmy-9 &
sculptoides (31, 35); Neomysis sculpta ((36) in- part), - andl’
Acanthomysis sculpta ((36, 37, 38, 39) in part).

X1.6.5.1 Holmesimysis sculptoides can be separated fro!
the other species in the genus by these characteristics:

(a} Abdominal Region (see Fig. X1.8)—Segment 1 with
or three dorsal transverse folds; Segments 2 through 6 with tW
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FIG. X1.5 Holmesimysis-nuda, Abdorninal Region, Dorsal View

dorsal transverse folds; lateral processes on Segment 5; poste-
oF process on Segment 6.

b) Telson (see Fig. XI.13)—Eighteen to 20 larger spines per
‘side with the most distal ones Jarger but thinner than in H.
ostata; spines larger in the other three species.

X1.6.5.2 Ecological Notes—None. Can occur with H. cos-
itatg.

'X1.6.5.3 Geographical Distribution—British Colwmbia and

FIG. X1.6 Hoimesimysis nudansis, Abdominal Region, Dorsal
. . . View U .

Washington.
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FIG. X1.7 Holmesimysts scuipta, Abdominal Reglon, Dorsal View FiG. X1.8 Holmesimysis sculploides, Abdominal

View

830
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FIG. X1.10 Holmesimysis nuda, Telson .
FIG. X1.12 Holmesimysis sculpta, Telson
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FIG. X1,14 Neomysls mergedis, Antennal Scale and Peduncle

X2. NEOMYSIS MERCEDIS

X2.1 Ecological Requirements——Neomysis mercedis ranges
from Prince William Sound, Alaska, to south of Point Concep-
tion, California. Temperature and salinity ranges are from 6 to

22°C and fresh water to 18 g/kg, respectively (40). Sﬂli@. !
appears to control distribution as they are most abuP
between fresh water and 7.2 g/kg (41). N mercedis has b
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'FIG. X1.15 Neomysis mercedis, Telson

ised for toxicity tests’ with pesticides (42, 43). The toxicity
ssts should be conducted at 17 = 2°C using bard fresh water
(i50:to 200 mg/L. CaCO, hardness and atkalinity) with added
datural. sea water or reconstituted salt water to 1 to 3 g/kg (2

kg preferred) (1). N. mercedis lives in the Sacramento-San

i

uin Estuary and Lake Merced in the city of San Francisco
Tt can be easily collected from both locations. .

XZZ ' Collectmg and Handling Techmque.s'—N mercedis
¢ collected by hand chp nets or plankton tows in rivers and

2 ebﬁs ‘Specimens should be u'ansferred to 4 30-gal piastic
.led.wnh site water and then transported to the laboratory.

cedis is separated from the other orgamisms and any
imen injured or does not appear to bein good.condition is

=2
o
g
Z
&
-]
.
B
g.
3
(=]
g
B
%
8
&

X221 The following laboratory procedures are based
gely on the most current information available from the
aliforitia Department of Fish and Game Aquatic Toxicology
boratory.” N, mercedis .can be maintained in static 75 to
4L aquaria supplied with aeration and a subsurface filter of
lomite 3 to 5 cm.in thickness. N. mercedis is extremely
Msitive-to nitrogenous wastes and aquaria should be cleaned

tlifornia Department of Fish and Game Aguatic Toxicology Laboratory, 9300
‘ Ve Florin Road, Elk Grove, CA 95624,

daily to remove excess food A flow-through system supphed
with sufficient water for a minimurmn of two tank volumes per
day has also been successful. Successful cultures have been
maintained at a temperature of between 15 and 19°C (optimum
17°C), hard fresh water (150.to 200 mg/L CaCQ,, hardness and
alkalinity), and additional natural sea water or reconstituted sea
water to salinity of 1 to 3 g/kg (optimum 2 g/kg). Mysids
should be fed Artemia salina nauplii (see Practice E 1203)
three times a day at the rate of 50 nauplit/mysid/feeding (a total .
of -150 nauplii/mysid/day) and an artificial food -suppiement
containing vitamins and minerals (0.02 to 0.06° mg/mysid)
every other day. Supplements of rotifers and algae may also be
beneficial. Cultures have been successfully maintained at
densities of less than 10 mysids/L; densities greater than t[ns
often result in high mys;d mortality.

X2.3 Toxicity Test Specifications, Acute static or ﬂow-
through toxicity tests (see Guide E 729) are conducted prefer-
ably with young mysids in accordance with other studies with
this group-(see Guide E 1191 and Ref (45)). To collect young
mysids for testing, females carrying- embryos, that are in the
eye-development stage, are placed in brood chambers, 7 to 14
days prior. to starting the test. Brood chambers can be cages
covered with 1.5 to 2.0-mmm nytex mesh that’ allows the
neonates to escape into the main body of the aguarium but
retains the adults. Neonates are removed each day from.the
aquarium with a fine mesh dip net (0.5-mm mesh) and
transferred to-a dish where specimens can be examncd for
condition and the healthy ones removed for testing. The young
released over a two to three-day -period should be pooled ‘and’
transferred to a holding vessel until sufficient numbers are
obtained for a test. Ten to 20 specimens are transferred to each
test chamber using a pipette with a 5-mm bore. The mysids are
fed brine shrimp larvae three times a day at the rate of 30
nauplii/mysid (a total of 90 nauplii/mysid/day) during the. test
period. The test chambers are examined daily, mortality is
recorded, and all dead speciimens and debris are removed

X2.4 Life Cycle and Age Class—Neomysis mercedis has a
short life c¢ycle. Under laboratory conditions and water .tem-
peratures of 15 to 19°C, a life cycle is completed in approxi-
mately three months. A gravid female will carry an average of’

~ 20 embryos in a brood of Wh]Ch an average of seven w1]l be

released.
X2.5 Idennﬁcatwn, Systemat:cs of Neomyszs(30}—N mer-

' cedis belongs to the awatchensis group of species within the

genus. This group is distinguished from:the other mysid genera -
by the acute spiniform apex of ‘the. antennal scale (see Fig.
X1.14), by the short broad triangular telson with a truncate
apex, and by the relatively. few distally placed spines along the
lateral margins (see Fig. X1.15). Four species have been placed
in the awatchensis: N. awatchensis (1), N. intermedia (34), N.
nigra, and N. mercedis (33).
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