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SECTI ON 14

RED ABALONE, HALI OTUS RUFESCENS
LARVAL DEVELOPMENT TEST METHOD

14.1 SCOPE AND APPLI CATI ON

14.1.1 This nethod estimates the chronic toxicity of effluents
and receiving waters to the larvae of red abalone, Haliotis
rufescens during a 48-h static non-renewal exposure. The effects
i nclude the synergistic, antagonistic, and additive effects of

all chem cal, physical, and biol ogi cal conponents which adversely
af fect the physiol ogical and biochem cal functions of the test

or gani sns.

14.1.2 Detection limts of the toxicity of an effluent or
chem cal substance are organi sm dependent.

14.1.3 Brief excursions in toxicity may not be detected using
24-h conposite sanples. Also, because of the |ong sanple
col l ection period involved in conposite sanpling and because the
test chanbers are not sealed, highly volatile and highly
degradabl e toxicants in the source may not be detected in the
test.

14.1.4 This nethod is commonly used in one of two fornms: (1) a
definitive test, consisting of a mninmmof five effluent
concentrations and a control, and (2) a receiving water test(s),
consi sting of one or nore receiving water concentrations and a
control

14.1.5 This nmethod should be restricted to use by, or under the
supervi sion of, professionals experienced in aquatic toxicity
testing. Specific experience with any toxicity test is usually
needed before acceptable results becone routine.

14.2 SUMVARY OF METHCD

14.2.1 This nmethod provides the step-by-step instructions for
perform ng a 48-h static non-renewal test using early devel opnent
of abal one larvae to determne the toxicity of substances in
marine and estuarine waters. The test endpoint is normal shel
devel opnent .
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14. 3 | NTERFERENCES

14.3.1 Toxic substances may be introduced by contam nants in
dilution water, glassware, sanple hardware, and testing equi pnent
(see Section 5, Facilities and Equi pnent, and Supplies).

14. 3.2 I nproper effluent sanpling and handling nmay adversely
affect test results (see Section 8, Effluent and Receiving Water
Sanpling, and Sanpl e Handling, and Sanple Preparation for
Toxicity Tests).

14. 4 SAFETY

14.4.1 See Section 3, Health and Safety.

14.5 APPARATUS AND EQUI PMENT

14.5.1 Tanks, trays, or aquaria -- for holding and acclimting
adult red abal one, e.g., standard salt water aquarium or |nstant
Ccean Aquarium (capabl e of nmaintaining seawater at 10-20EC), with
appropriate filtration and aeration system

14.5.2 Ar punp, air lines, and air stones -- for aerating water
cont ai ni ng broodstock or for supplying air to test solutions with
| ow di ssol ved oxygen

14.5.3 Constant tenperature chanbers or water baths -- for

mai ntai ning test solution tenperature and keeping dilution water
supply, ganetes, and enbryo stock suspensions at test tenperature
(15EC) prior to the test.

14.5.4 Water purification system-- MIIlipore Super-Q Deionized
water (D) or equivalent.

14.5.5 Refractoneter -- for determning salinity.
14.5.6 Hydroneter(s) -- for calibrating refractoneter.

14.5.7 Thernoneters, glass or electronic, |aboratory grade --
for neasuring water tenperatures.
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14.5.8 Thernoneter, National Bureau of Standards Certified (see
USEPA METHOD | 70.1, USEPA, 1979) -- to calibrate |aboratory
t her nonet ers.

14.5.9 pH and DO neters -- for routine physical and chem cal
nmeasur enent s.

14.5.10 Standard or m cro-Wnkl er apparatus -- for determ ning
DO (optional) and calibrating the DO neter.

14.5.11 Wnkler bottles -- for dissolved oxygen determ nati ons.
14.5.12 Balance -- Analytical, capable of accurately weighing to
0. 0001 g.

14.5.13 Fune hood -- to protect the analyst fromeffluent or

f or mal dehyde funes.

14.5.14 dass stirring rods -- for mxing test solutions.
14.5.15 G aduated cylinders -- Cass A borosilicate glass or
non-toxic plastic | abware, 50-1000 nL for naking test solutions.
(Note: not to be used interchangeably for ganmetes or enbryos and
test sol utions).

14.5.16 Volunetric flasks -- Cass A borosilicate glass or non-
toxic plastic | abware, 10-1000 nL for meking test sol utions.

14.5.17 Pipets, autonmatic -- adjustable, to cover a range of
delivery volunmes fromO0.010 to 1.000 m..

14.5.18 Pipet bulbs and fillers -- PROPI PET® or equival ent.
14.5.19 Wash bottles -- for reagent water, for topping off
graduated cylinders, for rinsing small glassware and i nstrunent
el ectrodes and probes.

14.5.20 Wash bottles -- for dilution water.

14.5.21 20-liter cubitainers or polycarbonate water cool er jugs
-- for making hypersaline brine.
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14.5.22 Cubitainers, beakers, or simlar chanbers of non-toxic
conposition for holding, mxing, and dispensing dilution water
and ot her general non-effluent, non-toxicant contact uses. These
shoul d be clearly | abel ed and not used for other purposes.

14.5.23 Beakers, 1,000 niL borosilicate glass -- for m xing
ganetes for fertilization of eggs.

14.5. 24 Beakers, 250 nmlL borosilicate glass -- for preparation of
test sol utions.

14.5.25 Counter, two unit, 0-999 -- for recording counts of
| arvae.

14.5.26 Inverted or conpound m croscope -- for inspecting
ganet es and nmaki ng counts of | arvae.

14.5.27 Perforated plunger -- for stirring egg solutions.

14.5.28 Supply of Macrocystis or other macroal gae (if hol ding
broodstock for |onger than 5 days) -- for feeding abal one.

14.5.29 Stainless steel butter knife, rounded snoot h-edged bl ade
(for handling adult abalone). Abalone irons and plastic putty
kni ves have al so been used successfully.

14.5.30 Sieve or screened tube, approximtely 37 pmnesh -- for
retaining larvae at the end of the test.

14.5.31 60 pm NI TEX® filter -- for filtering receiving water.
14. 6 REAGENTS AND SUPPLI ES
14.6.1 Sanple containers -- for sanple shipnent and storage (see

Section 8, Effluent and Receiving Water Sanpling, and Sanpl e
Handl i ng, and Sanple Preparation for Toxicity Tests).

14.6.2 Data sheets (one set per test) -- for data recording (See
Appendi x 1).
14.6.3 Tape, colored -- for labelling test chanbers and

cont ai ners.
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14.6.4 Markers, water-proof -- for marking containers, etc.

14.6.5 Parafilm-- to cover graduated cylinders and vessels
cont ai ni ng ganetes, enbryos.

14.6.6 d oves, disposable -- for personal protection from
cont am nati on

14.6.7 Pipets, serological -- |-10 nL, graduated.

14.6.8 Pipet tips -- for automatic pipets.

14.6.9 Coverslips -- for mcroscope slides.
14.6.10 Lens paper -- for cleaning mcroscope optics.
14.6.11 Laboratory tissue wipes -- for cleaning and drying

el ectrodes, m croscope slides, etc.

14.6.12 Disposable countertop covering -- for protection of work
surfaces and mnimzing spills and contam nati on.

14.6.13 pH buffers 4, 7, and 10 (or as per instructions of
i nstrunment manufacturer) -- for standards and calibration check
(see USEPA Met hod |50.1, USEPA, 1979).

14.6.14 Menbranes and filling solutions -- for dissolved oxygen
probe (see USEPA Met hod 360.1, USEPA, 1979), or reagents for
nodi fi ed W nkl er anal ysi s.

14.6.15 Laboratory quality assurance sanples and standards --
for the above nethods.

14.6.16 Test chanbers -- 600 nL, five chanbers per
concentration. The chanbers should be borosilicate glass (for
ef fl uents) or nontoxic disposable plastic | abware (for reference
toxicants). To avoid contam nation fromthe air and excessive
evaporation of test solutions during the test, the chanbers
shoul d be covered during the test with safety glass plates or a
pl astic sheet (6 nmmthick).

14.6.17 Fornmal dehyde, 37% (Concentrated Formalin) -- for
preserving | arvae. Note: fornmal dehyde has been identified as a
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carcinogen and is irritating to skin and nucous nenbranes. It
shoul d not be used at a concentration higher than necessary to
achi eve norphol ogi cal preservation of |arvae for counting and
only under conditions of nmaximl ventilation and m ni mal
opportunity for volatilization into roomair.

14.6.18 Tris (hydroxynethyl) am nonethane and hydrogen peroxi de
(for HO spawni ng net hod) -- for spawni ng abal one.

14.6.19 Reference toxicant solutions (see Subsection 14.10.2.4
and see Section 4, Quality Assurance).

14.6.20 Reagent water -- defined as distilled or deionized water
t hat does not contain substances which are toxic to the test
organi sns (see Section 5, Facilities, Equipnent, and Supplies and
Section 7, Dilution Water).

14.6.21 Effluent and receiving water -- see Section 8, Effluent
and Surface Water Sanpling, and Sanple Handling, and Sanple
Preparation for Toxicity Tests.

14.6.22 Dilution water and hypersaline brine -- see Section 7,
Dilution Water and Section 14.6.24, Hypersaline Brines. The
dilution water should be uncontam nated 1-uymfiltered natura
seawater. Hypersaline brine should be prepared fromdilution
wat er .

14. 6. 23 HYPERSALI NE BRI NES
14.6.23.1 Most industrial and sewage treatnment effluents

entering marine and estuarine systens have little neasurabl e
salinity. Exposure of larvae to these effluents will usually

require increasing the salinity of the test solutions. It is
inmportant to maintain an essentially constant salinity across al
treatments. In sonme applications it may be desirable to match

the test salinity with that of the receiving water (See Section
7.1). Two salt sources are available to adjust salinities --
artificial sea salts and hypersaline brine (HSB) derived from
natural seawater. Use of artificial sea salts is necessary only
when hi gh effluent concentrations preclude salinity adjustnment by
HSB al one.
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14.6.23.2 Hypersaline brine (HSB) can be made by concentrating
natural seawater by freezing or evaporation. HSB should be nmade
fromhigh quality, filtered seawater, and can be added to the
effluent or to reagent water to increase salinity. HSB has
several desirable characteristics for use in effluent toxicity
testing. Brine derived fromnatural seawater contains the
necessary trace netals, biogenic colloids, and sone of the

m crobi al conponents necessary for adequate growth, survival

and/ or reproduction of marine and estuarine organisns, and it can
be stored for prolonged periods wthout any apparent degradation.
However, even if the maximumsalinity HSB (100% is used as a

di luent, the maxi mum concentration of effluent (0% that can be
tested is 66%effluent at 34%salinity (see Table 1).

14.6.23.3 High quality (and preferably high salinity) seawater
should be filtered to at |east 10 um before placing into the
freezer or the brine generator. Water should be collected on an
incomng tide to mnimze the possibility of contam nation

14.6.23.4 Freeze Preparation of Brine

14.6.23.4.1 A convenient container for making HSB by freezing is
one that has a bottomdrain. One liter of brine can be nmade from
four liters of seawater. Brine may be collected by partially
freezing seawater at -10 to -20EC until the remaining liquid has
reached the target salinity. Freeze for approximately six hours,
t hen separate the ice (conposed nainly of fresh water) fromthe
remai ning liquid (which has now becone hypersaline).

14.6.23.4.2 It is preferable to nonitor the water until the
target salinity is achieved rather than allow ng total freezing
foll owed by partial thawing. Brine salinity should never exceed
100% It is advisable not to exceed about 70% brine salinity
unless it is necessary to test effluent concentrations greater

t han 50%

14.6.23.4.3 After the required salinity is attained, the HSB
shoul d be filtered through a 1 umfilter and poured directly into
portabl e containers (20-L cubitainers or polycarbonate water
cooler jugs are suitable). The brine storage containers should
be capped and labelled with the salinity and the date the brine
was generated. Containers of HSB should be stored in the dark at
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4EC (even room tenperature has been acceptable). HSB is usually
of acceptable quality even after several nonths in storage.

14.6.23.5 Heat Preparation of Brine
TABLE 1. MNMAXI MUM EFFLUENT CONCENTRATI ON (% THAT CAN BE TESTED

AT 34% W THOUT THE ADDI TI ON OF DRY SALTS G VEN THE
| NDI CATED EFFLUENT AND BRI NE SALI NI Tl ES.

Ef f | uent Bri ne Bri ne Bri ne Bri ne Bri ne

Salinity 60 70 80 90 100
%00 %00 %00 %00 %00 %00
0 43. 33 51. 43 57. 50 62. 22 66. 00
1 44. 07 52. 17 58. 23 62. 92 66. 67
2 44. 83 52.94 58. 97 63. 64 67.35
3 45. 61 53. 73 59. 74 64. 37 68. 04
4 46. 43 54. 55 60. 53 65. 12 68. 75
5 47. 27 55. 38 61. 33 65. 88 69. 47
10 52. 00 60. 00 65. 71 70. 00 73. 33
15 57.78 65. 45 70. 77 74. 67 77.65
20 65. 00 72.00 76. 67 80. 00 82. 50
25 74. 29 80. 00 83. 64 86. 15 88. 00

14.6.23.5.1 The ideal container for nmaking brine using heat-
assi sted evaporation of natural seawater is one that (1) has a
hi gh surface to volune ratio, (2) is nmade of a non-corrosive
material, and (3) is easily cleaned (fiberglass containers are
ideal). Special care should be used to prevent any toxic
materials fromcomng in contact with the seawater being used to
generate the brine. |If a heater is imersed directly into the
seawat er, ensure that the heater materials do not corrode or

| each any substances that woul d contam nate the brine. One
successful nmethod is to use a thernostatically controll ed heat
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exchanger nmade fromfiberglass. |f aeration is needed, use only
oil-free air conpressors to prevent contam nation

14.6.23.5.2 Before adding seawater to the brine generator,

t horoughly cl ean the generator, aeration supply tube, heater, and
any other materials that will be in direct contact wth the
brine. A good quality biodegradabl e detergent should be used,
foll owed by several (at |east three) thorough reagent water
rinses.

14.6.23.5.3 Seawater should be filtered to at | east 10 um before
being put into the brine generator. The tenperature of the
seawater is increased slowy to 40EC. The water should be
aerated to prevent tenperature stratification and to increase

wat er evaporation. The brine should be checked daily (depending
on the volunme being generated) to ensure that the salinity does
not exceed 100% and that the tenperature does not exceed 40EC
Addi ti onal seawater may be added to the brine to obtain the

vol une of brine required.

14.6.23.5.4 After the required salinity is attained, the HSB
should be filtered through a 1 uymfilter and poured directly into
portabl e containers (20-L cubitainers or polycarbonate water
cooler jugs are suitable). The brine storage containers should
be capped and | abelled with the salinity and the date the brine
was generated. Containers of HSB should be stored in the dark at
4EC (even room tenperature has been acceptable). HSB is usually
of acceptable quality even after several nonths in storage.

14.6.23.6 Artificial Sea Salts

14.6.23.6.1 No data fromred abal one tests using sea salts or
artificial seawater (e.g., GP2) are available for evaluation at
this time, and their use nust be consi dered provisional.

14.6.23.7 Dilution Water Preparation from Brine

14.6.23.7.1 Although salinity adjustment with brine is the
preferred nmethod, the use of high salinity brines and/or reagent
wat er has sonetinmes been associated with discernible adverse
effects on test organisns. For this reason, it is recommended
that only the m ni mum necessary volunme of brine and reagent water
be used to offset the low salinity of the effluent, and that
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brine controls be included in the test. The remaining dilution
wat er shoul d be natural seawater. Salinity may be adjusted in
one of two ways. First, the salinity of the highest effluent
test concentration may be adjusted to an acceptable salinity, and
then serially diluted. Alternatively, each effl uent
concentration can be prepared individually with appropriate

vol umes of effluent and brine.

14.6.23.7.2 When HSB and reagent water are used, thoroughly

m X together the reagent water and HSB before m xing in the
effluent. Divide the salinity of the HSB by the expected test
salinity to determ ne the proportion of reagent water to brine.
For exanple, if the salinity of the brine is 100%and the test is
to be conducted at 34% 100%.divided by 34% = 2.94. The
proportion of brine is 1 part plus 1.94 parts reagent water. To
make 1 L of dilution water at 34%.salinity froma HSB of 100%
340 nL of brine and 660 nL of reagent water are required. Verify
the salinity of the resulting m xture using a refractoneter.

14.6.23.8 Test Solution Salinity Adjustnment

14.6.23.8.1 Table 2 illustrates the preparation of test
solutions (up to 50% effluent) at 34%.by conbining effluent, HSB
and dilution water. Note: if the highest effluent concentration
does not exceed 50% effluent, it is convenient to prepare brine
so that the sumof the effluent salinity and brine salinity
equals 68% the required brine volunme is then always equal to the
ef fluent vol une needed for each effluent concentration as in the
exanple in Table 2.

14.6.23.8.2 Check the pH of all test solutions and adjust to
within 0.2 units of dilution water pH by addi ng, dropw se, dilute
hydrochl oric acid or sodi um hydroxi de (see Section 8.8.9,

Ef fl uent and Receiving Water Sanpling, Sanple Handling, and
Sanpl e Preparation for Toxicity Tests).

14.6.23.8.3 To calculate the anbunt of brine to add to each
effluent dilution, determne the following quantities: salinity
of the brine (SB, in %, the salinity of the effluent (SE, in %,
and volunme of the effluent to be added (VE, in ni). Then

use the following formula to cal cul ate the volune of brine (VB,
in n) to be added:
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VB = VE x (34 - SE)/(SB - 34)

14.6.23.8.4 This calculation assunes that dilution water
salinity is 34 £ 2%o

14.6.23.9 Preparing Test Sol utions

14.6.23.9.1 Two hundred nL of test solution are needed for each
test chanber. To prepare test solutions at | ow effluent
concentrations (<6%, effluents may be added directly to dilution
water. For exanple, to prepare 1% effluent, add 10 nlL of
effluent to a 1-liter volunetric flask using a volunetric pipet
or calibrated automatic pipet. Fill the volunetric flask to the
1-L mark with dilution water, stopper it, and shake to m x.
Distribute equal volunmes into the replicate test chanbers.

14.6.23.9.2 To prepare a test solution at higher effluent
concentrations, hypersaline brine nust usually be used. For
exanple, to prepare 40% effluent, add 400 nL of effluent to a 1-
liter volunetric flask. Then, assum ng an effluent salinity of
2% and a brine salinity of 66% add 400 nL of brine (see equation
above and Table 2) and top off the flask with dilution water.

St opper the flask and shake well. Distribute equal volunes into
the replicate test chanbers.

14.6.23.10 Brine Controls

14.6.23.10.1 Use brine controls in all tests where brine is
used. Brine controls contain the sanme volune of brine as does

t he hi ghest effluent concentration using brine, plus the vol une
of reagent water needed to reproduce the hyposalinity of the
effluent in the highest concentration, plus dilution water.

Cal cul ate the amount of reagent water to add to brine controls by
rearrangi ng the above equation, (See, 16.6.23.8.3) setting SE =
0, and solving for VE.

VE = VB x (SB - 34)/(34 - SE)

If effluent salinity is essentially 0% the reagent water vol une
needed in the brine control wll equal the effluent volune at the
hi ghest test concentration. However, as effluent salinity and

ef fl uent concentration increase, |ess reagent water volune is
needed.
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14.6.24 TEST ORGANI SNV

14.6.24.1 The test organisnms used for this test are red abal one,
Haliotis rufescens. This |arge gastropod nollusc is harvested
commercially in southern California and supports a popul ar
recreational fishery throughout the state. It consunes a variety
of seaweeds and small incidental organisnms, and is an inportant
food source for sea otters, |obsters, and octopods (H nes and
Pearse 1892). Abal one are "broadcast" spawners that reproduce by
equi valent.ejecting | arge nunbers of ganetes into the water
colum, where fertilization takes place externally. Free-

swi nmi ng | arvae hatch as trochophores, then undergo torsion while
passi ng through a veliger stage. Abalone |arvae do not feed
during their one to three weeks in the plankton, but exist on
energy stored in the yol k sack, supplenented perhaps by the

upt ake of dissolved am no acids. Once |larvae cone into contact
with suitable substrate, they nmetanorphose and begin to consune
bent hi c al gae using a rasp-li ke tongue (the radula). Red abal one
becone reproductive after about two years at a |l ength of about 7
cm and can live for at |least 25 years, growing to 30 cmin

l ength. Refer to Hahn (1989) for a review of abalone |ife history
and culture to Martin et al. (1977), Mirse et al (1979) and Hunt
and Anderson (1989 and 1993) for previous toxicity studies.

14.6.24.2 Species ldentification

14.6.24.2.1 Broodstock should be positively identified to

speci es. Epi podal characteristics provide the best neans of
identification. Al California haliotids have a | acey epi podi al
fringe, except for the red and bl ack abal one, which have snoot h,

| obed epi podia. The red abal one can be distinguished fromthe

bl ack by shell coloration and by the nunmber of respiratory pores
in the shell (reds have 3 to 4, blacks have 5 to 8). For further
i nformati on on abal one taxonony consult Onen et al. (1971), and
Mrris et al. (1980).

14.6.24.3 (Obtaining Broodstock

14.6.24.3.1 WMature red abal one broodstock can be collected from
rocky substrates fromthe intertidal to depths exceeding 30
nmeters. They are found nost conmonly in crevices in areas where
there is an abundance of macroal gae. State collection permts
are usually required for collecting abal one. Collection of
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TABLE 2.

EFFLUENT (X%,

LI TER OF EACH TEST SOLUTI ON.

FI RST STEP:

bri ne of 68-x%.and,

bri ne-based dil ution water

SERI AL Di LUTI ON:

Step 1.
equal
wat er .

of 34%o

Conbine brine with reagent water or

unl ess natural seawater

nat ur al
is used for

seawat er
dilution water,

EXAMPLES OF EFFLUENT DI LUTI ON SHOW NG VOLUMES OF
BRI NE, AND DI LUTI ON WATER NEEDED FOR ONE

Prepare the highest effluent concentration to be tested by adding
vol umes of effluent and brine to the appropriate volune of dilution
An exanpl e using 40%is shown.

to achi eve a
al so a

Ef fl uent Conc. Ef f 1 uent X% | Brine Di lution VWater*
(% (68- X) %o 34%0
40 800 nmL 800 L 400 nmL
Step 2. Use either serially prepared dilutions of the highest test
concentration or individual dilutions of 100% effl uent.
Ef fl uent Conc. (% Ef f | uent Source Dilution Water* (34%)
20 1000 niL of 40% 1000 nmL
10 1000 nL of 20% 1000 nmL
5 1000 nL of 10% 1000 nmL
2.5 1000 nlL of 5% 1000 nmL
Cont r ol none 1000 L
NDI VI DUAL PREPARATI ON
Ef f | uent Conc. Ef fl uent x%o Brine (68-Xx) %o Dilution Water*
(% 34%o
40 400 niL 400 nL 200 nL
20 200 nL 200 nL 600 nL
10 100 nL 100 nL 800 nlL
5 50 nL 50 nL 900 niL
2.5 25 L 25 nL 950 niL
Cont r ol none none 1000 nL
*May be natural seawater or brine-reagent water.
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abal one is regulated by California law. Collectors nust obtain a
scientific collectors permit fromthe California Departnent of
Fish and Gane and observe any regul ati ons regardi ng coll ection,
transfer, and mai ntenance of abal one broodstock.

14.6.24.3.2 Wile abalone captured in the wild can be induced to
spawn, those grown or conditioned in the | aboratory have been
nore dependable. Comrercial mariculture facilities in California
produce | arge nunbers of abal one, and distribution systens exi st
to supply live spawners to a nunber of market areas. In any
case, broodstock should be obtained from sources free of

contam nation by toxic substances to avoid genetic or
physi ol ogi cal preadaptation to pollutants.

14. 6. 24. 3.3 Abal one broodstock can be transported for short tine
periods fromthe field or supply facility in clean covered

pl astic buckets filled with seawater. Use conpressed air, or
battery powered punps to supply aeration. Conpressed oxygen is
not recomended because bubbl ed oxygen may i nduce uni ntended
spawni ng (Morse et al., 1977). Mintain water tenperatures

wi thin 3EC of the tenperature at the collecting site. Four
abalone in a 15-liter bucket should remain healthy for up to four
hours under these conditions.

14.6.24.3.4 Abalone can be transported for up to 30 hours in
seal ed, oxygen-filled plastic bags containing noist (seawater)
pol yf oam sponges (Hahn, 1989). Cut the polyfoaminto sections
(about 20 X 40 cn) and allow themto soak in clean seawater for a
few m nutes. New sponges should be | eached in seawater for at

| east 24 hours. Rinse the sponges in fresh seawater and wring
themout well. Place the polyfoaminside double plastic trash
bags, then place the abal one on the noist foam It is inportant
that there is no standing water in the bags. Put the abal one
bags into an ice chest (10 to 15 liter), fill the bags with pure
oxygen, squeeze the bags to purge out all the air, then refill

w th oxygen (approximately three liters of oxygen gas w ||
support eight abalone). Seal the bags (air-tight) with a tie or
rubber band. Wap two small (one-liter) blue ice blocks in
sections of newspaper (about 15 pages thick) for insulation, and
pl ace the wapped blue ice in a sealed plastic bag in the chest
on top of the abalone bags. Fill any remaining space with
packi ng and seal the box for shipping. Avoid transporting the
ice chest in tenperatures bel ow freezing or above 30EC.
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14.6.24.4 Broodstock Cul ture and Handling

14.6.24.4.1 At the testing facility, place the abalone in
aerated tanks with flow ng seawater (1 to 2 liter/mn). Wth
hi gh water quality, water flow, and aeration, abalone 8 to 10 cm
| ong can be kept at a density of one per liter of tank space or
one per 100 cnt of tank surface area, whichever provides the

| ower density. Density should be cut to a maxi mumof 0.5 per
liter in recirculating systens and to a maxi num of 0.25 per liter
in static tanks. Tanks should be covered for shade and to
prevent escape. Drain and rinse culture tanks twice weekly to
prevent build-up of detritus. Renove any dead abal one

i mredi ately, and drain and scrub its tank.

14.6.24.4.2 I|deal maintenance tenperature is 15 = 1EC, the
toxicity test tenperature (see al so Leighton, 1974). |If
broodstock are to be held for longer than 5 days at the testing
facility, feed broodstock with bl ades of the giant kelp,
Macrocystis. Feed to slight excess; |arge anmounts of uneaten
algae will foul culture water. |[If Macrocystis is unavail able,
ot her brown al gae (Nereocystis, Egregia, Eisenia) or any fleshy
red al gae can be substituted (Hahn, 1989).

14.6.24.4.3 Recircul ating tanks should be equi pped with

bi ol ogi cal or activated carbon filtration systens and oyster
shell beds to maintain water quality. Measure the ammoni a
content of static or recirculating seawater daily to nonitor the
effectiveness of the filtration system Un-ionized amoni a
concentrations should not exceed 20 pg/liter and total anmonia
concentrations should not exceed 1.0 ng/liter. Supply constant
aeration and tenperature control. Add only a few bl ades of al gal
food at each cleaning to prevent its accunul ati on and decay.

14.6.24. 4.4 \Wen handl i ng abal one, use a rounded, dull-bladed
stai nl ess-steel butter knife, abalone iron, or plastic putty
knife to release the animal's grip on the substrate. GCently
slide the flat dull blade under the foot at the posterior end
near the beginning of the shell whorl, and slide it under about
two-thirds of the foot. Apply constant pressure to keep the
front edge of the bl ade agai nst the substrate and not up into the
foot. Quickly and gently lift the foot off the substrate. A
snooth deliberate notion is nore effective and | ess damagi ng than
repeated prying.
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14.6.24.4.5 Assess the reproductive condition of the broodstock
by exam ning the gonads, |ocated under the right posterior edge
of the shell. An abal one placed upside down on a flat surface

wi |l soon relax and begin noving the foot trying to right itself.
Take advantage of this novenent and use the dull blade to bend
the foot away fromthe gonad area for inspection. The female
ovary is jade green, the nale testes are creamcolored. Wen the
gonad fully envel opes the dark blue-gray conical digestive gland
and is bulky along its entire length, the abalone is ready for
spawni ng (Hahn, 1989). R pe (recrudescent) spawners have a
distinct color difference between the gray digestive gland and
the green or creamcol ored gonad. Less devel oped gonads appear
gray (in females) or brown (in nales).

14.6.24.4.6 Abalone 7 to 10 cmin shell length are recommended
in broodstock. They are easier to handle than | arger ones, and
can be spawned nore often (approximately every four nonths under
suitable culture conditions; Ault, 1985). Though spawni ng fewer
eggs than | arger abal one, 10 cm abal one will produce over 100, 000
eggs at a tinme (Ault, 1985). Twenty to thirty-five thousand eggs
are needed for a single toxicant test, depending on test design.
For further information of red abal one culture, see Ebert and
Houk (1984) or Hahn (1989).

14.6.24.5 Culture Materials

14.6.24.5.1 See Section 4, Quality Assurance Section for a

di scussion of suitable materials to be used in |aboratory culture
of abalone. Be sure all new materials are properly |eached in
seawat er before use. After use, all culture materials should be
washed in soap and water, then rinsed with seawater before reuse.

14. 7 EFFLUENT AND RECEI VI NG WATER CCLLECTI ON, PRESERVATI QN, AND
STORAGE

14.7.1 See Section 8, Effluent and Receiving Water Sanpli ng,
Sanpl e Handling, and Sanple Preparation for Toxicity Tests.

14. 8 CALI BRATI ON AND STANDARDI ZATI ON
14.8.1 See Section 4, Quality Assurance.

14.9 QUALITY CONTROL
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14.9.1 See Section 4, Quality Assurance.
14.10 TEST PROCEDURES
14.10.1 TEST DESI GN

14.10.1.1 The test consists of at least five effluent
concentrations plus a dilution water control. Tests that use
brine to adjust salinity nust also contain five replicates of a
brine control.

14.10.1.2 Effluent concentrations are expressed as percent
ef fl uent.

14.10.2 TEST SOLUTI ONS
14.10.2.1 Receiving waters

14.10.2.1.1 The sanpling point is determ ned by the objectives
of the test. At estuarine and marine sites, sanples are usually
collected at m d-depth. Receiving water toxicity is determ ned
with sanples used directly as collected or with sanpl es passed
through a 60 um NI TEX® filter and conpared wi thout dil ution,
against a control. Using five replicate chanbers per test, each
containing 200 nL would require approximtely 1 L of sanple per
test.

14.10.2.2 Effluents

14.10.2.2.1 The selection of the effluent test concentrations
shoul d be based on the objectives of the study. A dilution
factor of at least 0.5 is comonly used. A dilution factor of
0.5 provides hypothesis test discrimnation of + 100% and
testing of a 16 fold range of concentrations. Hypothesis test

di scrimnation shows little inprovenent as dilution factors are

i ncreased beyond 0.5 and declines rapidly if smaller dilution
factors are used. USEPA recommends that one of the five effluent
treatnments nust be a concentration of effluent mxed with
dilution water which corresponds to the permttee's instream
waste concentration (IW). At least two of the effl uent
treatments nust be of |esser effluent concentration than the |WC,
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wi th one being at |east one-half the concentration of the |IWC
I f 100%HSB is used as a diluent, the maxi mum concentration of
effluent that can be tested will be 66% at 34%.salinity.

14.10.2.2.2 If the effluent is known or suspected to be highly
toxic, a lower range of effluent concentrations should be used
(such as 25% 12.5% 6.25% 3.12% and 1.56% .

14.10.2.2.3 The volunme in each test chanmber is 200 niL.

14.10.2.2.4 Effluent dilutions should be prepared for al
replicates in each treatnent in one container to mnimze
variability anmong the replicates. D spense into the appropriate
ef fl uent test chanbers.

14.10.2.3 Dilution Water

14.10.2.3.1 Dilution water should be uncontam nated 1-um
filtered natural seawater or hypersaline brine prepared from
uncontam nated natural seawater plus reagent water (see Section
7, Dilution Water). Natural seawater nmay be uncontam nated
receiving water. This water is used in all dilution steps and as
the control water.

14.10. 2.4 Reference Toxi cant Test

14.10.2. 4.1 Reference toxicant tests should be conducted as
described in Quality Assurance (see Section 4.7).

14.10.2.4.2 The preferred reference toxicant for red abalone is
zinc sulfate (ZnSO,0cH,0 . Reference toxicant tests provide an

i ndication of the sensitivity of the test organisns and the
suitability of the testing | aboratory (see Section 4 Quality
Assur ance) . Anot her toxicant nay be specified by the
appropriate regul atory agency. Prepare a 10,000 pg/L zinc stock
sol ution by adding 0.0440 g of zinc sulfate (ZnSQcH,0O to one
liter of reagent water in a polyethylene volunetric fl ask.

Al ternatively, certified standard sol utions can be ordered from
comer ci al conpani es.

14.10.2.4.3 Reference toxicant solutions should be five

replicates each of 0 (control), 10, 18, 32, and 56, and 100 pg/L
total zinc. Prepare one liter of each concentration by adding O,
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1.0, 1.8, 3.2, 5.6, and 10.0 nL of stock solution, respectively,
to one-liter volunetric flasks and fill with dilution water.
Start with control solutions and progress to the highest
concentration to mnimnm ze contam nation

14.10.2.4.4 |1f the effluent and reference toxicant tests are to
be run concurrently, then the tests nust use enbryos fromthe
same spawn. The tests nust be handled in the same way and test
solutions delivered to the test chanbers at the sane tine.

Ref erence toxicant tests nust be conducted at 34 + 2%

14.10.3 COLLECTI ON OF GAMETES FOR THE TEST
14.10. 3.1 Spawni ng I nduction

14.10.3.1.1 Note: Before beginning the spawni ng i nduction
process, be sure that test solutions wll be m xed, sanpled, and
tenperature equilibrated in tine to receive the newy fertilized
eggs. Spawni ng i nduction generally takes about three hours, but
if enbryos are ready before test solutions are at the proper
tenperature, the delay nay all ow enbryos to devel op past the one-
cell stage before transfer to the toxicant. Transfer can then
damage the enbryos, |eading to unacceptable test results.

14.10.3.1.2 Culture work (spawning, etc.) and toxicant work
shoul d be done in separate | aboratory roonms, and care shoul d be
taken to avoid contam nating organisns prior to testing.

14.10.3.1.3 Ripe abal one can be induced to spawn by stimulating
t he synthesis of prostogl andi n-endoperoxide in the reproductive
ti ssues (Morse et al., 1977). This can be done in tw ways:

addi tion of hydrogen peroxide to seawater buffered with Tris
(Morse et al., 1977), or irradiation of seawater with ul traviol et
light (Kikuchi and Uki, 1974). The first nethod is preferable
for small | aboratories because it avoids the cost and nai nt enance
requi renents of a UV system If a UV systemis available, this
met hod may be preferable because it is sinple, does not use

chem cals that could accidentally harmlarvae, and is considered
to be less likely to force ganmetes fromunripe adults.

14.10.3.1.4 |f brood stock are shipped to the | aboratory by a

supplier, it is inportant to allow two days or nore for
| aboratory acclimtion before spawni ng induction; this should
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i ncrease the probability of achieving a successful spawn of
vi abl e ganetes. Al ways bring brood stock up to acclimation
tenperature slowy to avoid premature spawni ng.

14.10. 3.2 Hydrogen Peroxi de Mt hod

14.10.3.2.1 Select four ripe male abal one and four ripe fenal es.
Clean their shells of any |oose debris. Place the nales in one
cl ean pol yet hyl ene bucket and the females in another. Cover the
buckets with a tight fitting perforated |lid, supply the chanbers
with flowing or recirculating (1 liter/mnute) 20-pmfiltered
seawat er (15EC), and | eave the animals wi thout food for 24 to 48
hours to acclimate and elimnate wastes. |If flow ng seawater is
unavai l abl e, keep the spawners in larger (>30 liter) aquaria with
aeration at 15 += 1EC for 24 hours without food to elimnate
wastes. Three hours prior to the desired spawning tinme, drain

t he buckets, w pe and rinse out nucus and debris, and refill wth
6 liters of 1 umfiltered seawater. |f abal one have been kept in
| arger aquaria, put themin the buckets at this time. Check the
abal one fromtinme to tine to make sure they remai n underwater.
Add air stones to the buckets and keep them aerated until
spawni ng begi ns.

14.10.3.2.1 Dissolve 12.1 g of Tris into 50 nL of reagent water.
When the Tris has dissolved conpletely, m x the hydrogen peroxide
(H,G) solution in a separate flask by pouring 10 nL of fresh*
refrigerated HO, (30% into 40 nmL of refrigerated reagent water
(1:5 dilution). Pour 25 nL of Tris solution and 25 nL of HO
solution into each of the spawni ng buckets (male and fenale).

Stir well to mx; the final concentration in the spawni ng buckets
will be approximately 6 nM Tris (pH = 9.1) and 5 mHO. Allow
the abalone to remain in contact with the chemcals for 2.5 hours
at 15 £ 1EC. The chem cal reaction is tenperature dependent
(three hours of contact with H,O, woul d be necessary at 11EC).
Tenper atures hi gher than 15EC are not recomended for spawni ng.
Mai ntai n constant aeration. Since fenales often begin spawni ng
after the males, it may be useful to induce mal e spawni ng 15-30
m nutes |ater, however egg quality should not be conprom sed if
femal es spawn first (See 14.10.3.3.2 bel ow).

*Not e: Hydrogen peroxide | oses potency over time. Purchase
reagent or certified grade HO, in small containers (100

279



m.). Store unopened containers for no nore than one year,
and di scard open containers after one nonth. Mark the

pur chase date and opening date on all containers, and keep
all containers refrigerated.

14.10.3.2.3 After 2.5 hours, enpty the spawni ng buckets, rinse
themwell, and refill themto the top with fresh dilution water
seawat er at the same tenperature (15 = 1EC). Keep the containers
cl ean by siphoning away nucus and debris. Maintain constant
aeration until spawni ng begins, then renove the air stones. The
abal one begi n spawni ng about three hours after the introduction
of the chemcals (at 15 £ 1EC). Eggs are dark green and are
visible individually to the naked eye, sperm appear as white

cl ouds emanating fromthe respiratory pores.

14.10.3.2.4 |If spawni ng begins before the chem cals have been
renmoved, drain the buckets inmedi ately, discarding any ganetes.
Ri nse the buckets thoroughly and refill with clean, dilution
wat er seawater (15 + 1EC). Use only the gametes subsequently
spawned in clean water for testing.

14.10.3.3 WV Irradiati on Method

14.10.3.3.1 Select four ripe male abal one and four ripe fenales.
Clean their shells of any debris. Place the nales in one clean
pol yet hyl ene bucket and the fermales in another. Cover the
buckets with a tight fitting perforated |id, supply the
containers wwth flowing or recirculating (1 liter/ mnute) 20-pum
filtered seawater (15 = 1EC), and | eave the animals w t hout food
for 24 to 48 hours to acclimate and elimnate wastes. |If flow ng
seawat er i s unavail able, keep the spawners in larger (>30 liter)
aquaria with aeration at 15 + 1EC for 24 hours. Three hours
prior to the desired spawning tinme, drain the buckets, w pe and

rinse out nmucus and debris, and refill with just enough water to
cover the abal one (which should all be placed in the bottom of
the bucket). Begin slowy filling the buckets with dilution

wat er seawater (15 + 1EC) that has passed through the W
sterilization unit. Flowrates to each of the buckets should be
150 mb/mn. Alowtotal flowrate (300 niL/mnute) in the UV unit
IS necessary to permt sufficient seawater irradiation. (The
sterilization unit should be cleaned and the UV bulb replaced at
| east once annually). Place the buckets in a water bath at 15 %
1EC to counter the tenperature increase caused by the slow
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passage of the water past the UV | anp. Check the containers
periodically, and keep them cl ean by siphoning out any debris.
After three hours (£ about 1/2 hour), abal one should begin
spawni ng by ejecting clouds of ganetes into the water. [Eggs are
dark green and are visible individually to the naked eye, sperm
appear as white clouds emanating fromthe respiratory pores.

14.10.3.3.2 Note: |If past experience or other factors indicate
difficulties in achieving synchronous spawning, it may be hel pful
to induce a second group of fenales about an hour after the
first. This will increase the chances of providing fresh eggs
(less than one hour old) for fertilization if males spawn | ate
(see below). Senescence of spermis seldom a probl em because

mal es continue spawni ng over a |onger period of tinme.

14.10.3.4 Pooling Ganetes

14.10.3.4.1 Although it is not necessary, it is preferable to
have nore than one abal one of each sex spawn. To increase the
probability of multiple spawners w thout risking senescence of
the ganetes, allow one-half hour after the first individual of

t he second sex begins to spawn before initiating fertilization.
For exanple, if males spawn first, wait one-half hour after the
first fenmal e spawns before fertilizing eggs. |In nost cases this
will provide tine for nore than one of each sex to spawn. More
i nportant than multiple spawni ng, however, is avoiding delay of
fertilization. Eggs should be fertilized within one hour of

rel ease (ki and Ki kuchi 1974). Al sperm should be pool ed, and
all eggs should be pooled prior to fertilization. This can be
acconplished by gentle swirling within the spawni ng buckets.
Note: Take care to avoid contam nating eggs with spermprior to
the intended fertilization time. It is inportant that

devel opnment is synchronous anong all test enbryos.

14.10.3.5 Fertilization

14.10.3.5.1 As the femal es spawn, allow the eggs to settle to
the bottom |If necessary, gently stir to evenly distribute the
eggs. Siphon out and discard any eggs that appear cl unped
together. Eggs are ready to transfer to a third (fertilization)
bucket when either: (1) one-half hour has passed since the first
i ndi vi dual of the second sex has spawned (2) multiple individuals
of each sex have spawned, or 3) there are too many eggs on the
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bott om of the bucket to allow evenly distributed eggs to avoid
each other. Slowy siphon eggs into a third clean pol yet hyl ene
bucket containing one or two liters of dilution water seawater
(15 £ 1EC). Siphon carefully to avoid damagi ng the eggs and to
avoi d collecting any debris fromthe spawni ng container. Siphon
about 100, 000 eggs, enough to make a single even |ayer on the
contai ner bottom Each egg should be individually

di stingui shabl e, and not touching other eggs. |f excess eggs are
avai |l abl e, siphon theminto a second fertilization bucket to be
used as a reserve. Keep all containers at 15 + 1EC. Make sure
that water tenperatures differ by no nore than 1EC when
transferring eggs or spermfromone container to another.

14.10.3.5.2 As the mal es spawn, siphon spermfromdirectly above
the respiratory pore and collect this in a 500 nL flask with
filtered seawater. Keep the flask at 15 + 1EC, and use it as a
back-up in case the males stop spawning. |f spawning continues
renew this reserve every 15 mnutes. Usually the males will
continue spawni ng, turning the water in the bucket mlky white.
As long as the mal es continue spawni ng, partially drain and
refill the bucket every 15 m nutes, replacing old sperml aden
water with fresh seawater (15 + 1EC). Use the freshest sperm
possible for fertilization.

14.10.3.5.3 Make sure eggs are fertilized wthin one hour of

rel ease (Wki and Ki kuchi, 1974, see note after Section 14.8.5.2).
To fertilize the eggs, collect about 200 nL of sperml| aden water
in a small beaker. The spermconcentration in the beaker does
not have to be exact, just enough to give a slightly cloudy
appearance (approximately 1 to 10 X 10° cells/nL in the
fertilization bucket). See Hahn (1989) for further information
on sperm concentrations and the nethod for fertilization. Pour
the spermsolution into the fertilization bucket containing the
clean isolated eggs. Using a hose fitted with a clean gl ass
tube, add dilution water seawater to the fertilization bucket at
alowflowrate (<1 liter/mn; 15 + 1EC). Use the water flowto
gently roil the eggs to allow themto mx with the sperm and
fertilize. Wen the bucket is about half-full and eggs are
evenly m xed, stop the water flow and allow the eggs to settle to
the bottom of the bucket (about 15 mnutes). Fertilization is
then conpl et e.
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14.10.3.5.4 Note: Once fertilized eggs have settled to the
bottom of the bucket (15 mnutes after addition of spern), the
foll owi ng steps (rinsing, concentrating, and counting the
enbryos) nust proceed wthout delay to assure that enbryos are
transferred into the test solutions wthin about one hour.
Enbryos must be delivered to the test chanbers before the first
cell division takes place. (Milticellular enbryos are nore
susceptible to damage in handling, and test endpoint analysis
assunes that the first cell division takes place in the toxicant
sol ution).

14.10.3.5.5 After enbryos have settled, carefully pour or siphon
off the water from above the settled enbryos to renove as nuch of
the sperm | aden water as possible wthout |osing substantial
nunbers of enbryos. Slowy refill the bucket with dilution water
seawater (15 £ 1EC). Allow the enbryos to settle, and siphon
theminto a tall 1000 nL beaker for counting. Siphon at a slow
flowrate, and nove the siphon along the bottom of the bucket

qui ckly to pick up a | arge nunber of enbryos in the short anount
of tinme it takes to fill the beaker. Exam ne a sanple of the
enbryos at 100X magnification. One to one hundred sperm shoul d
be visible around the circunference of each enbryo, 15 sperm per
egg is optimal. |If spermare so dense that the enbryos appear
fuzzy (>>100 sperniegg), the abal one may devel op abnormally and
shoul d not be used.

14.10.4 START OF THE TEST
14.10.4.1 Prior to Beginning the Test

14.10.4.1.1 The test should begin as soon as possi bl e,
preferably within 24 h of sanple collection. The maxi num hol di ng
time followng retrieval of the sanple fromthe sanpling device
shoul d not exceed 36 h for off-site toxicity tests unless

perm ssion is granted by the permtting authority. |In no case
shoul d the sanple be used in a test nore than 72 h after sanple
collection (see Section 8 Effluent and Receiving Water Sanpli ng,
Sanpl e Handling, and Sanple Preparation for Toxicity Test).

14.10.4.1.2 Just prior to test initiation (approximtely 1 h),
the tenperature of a sufficient quantity of the sanple to nmake
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the test solutions should be adjusted to the test tenperature (15
+ 1EC) and mai ntained at that tenperature during the addition of
di lution water.

14.10.4.1.3 Increase the tenperature of the water bath, room or
i ncubator to the required test tenperature (15 + 1EC).

14.10.4.1.4 Random ze the placenent of test chanbers in the
tenperature-controll ed water bath, room or incubator at the
begi nning of the test, using a position chart. Assign nunbers
for the position of each test chanber using a random nunbers or
simlar process (see Appendix A for an exanple of

random zation). Mintain the chanbers in this configuration

t hroughout the test, using a position chart. Record these
nunbers on a separate data sheet together with the concentration
and replicate nunbers to which they correspond. Identify this
sheet with the date, test organism test nunber, |aboratory, and
investigator's name, and safely store it away until after the
abal one have been exami ned at the end of the test.

14.10.4.1.5 Note: Loss of the random zation sheet would
invalidate the test by making it inpossible to analyze the data
afterwards. Make a copy of the random zati on sheet and store
separately. Take care to follow the nunbering system exactly
while filling chanbers with the test sol utions.

14.10.4.1.6 Arrange the test chanbers randomy in the water bath
or controlled tenperature room Once chanbers have been | abel ed
randomy and filled with test solutions, they can be arranged in
nuneri cal order for convenience, since this will also ensure
random pl acenment of treatnents.

14.10.4.2 Estimation of Enbryo Density

14.10.4.2.1 Evenly m x the enbryos in the 1000 nL beaker by
gentle vertical stirring with a clean perforated plunger. Never
all ow enbryos to settle densely in the bottom of the beaker, and
take care not to crush enbryos while stirring. Take a sanple of
the evenly suspended enbryos using a 1 nL w de bore graduated
pipet. Hold the pipet up to the Iight and count the individual
enbryos using a hand counter. Alternatively, enpty the contents
of the pipet onto a Sedgew ck-Rafter slide and count enbryos
under | ow magnification on a conpound scope. Discard the sanpled
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enbryos after counting. Density of enbryos in the beaker shoul d
be between 200 and 300 enmbryos/nL. Dilute if the concentration
is too high, let enbryos settle and pour off excess water if
concentration is too low. Take the nean of five sanples from
this solution to estimte the nunber of enbryos per milliliter.

14.10.4.3 Delivery of Fertilized Enbryos

14.10.4.3.1 Using the estinated enbryo density in the 1000 nL
beaker, calculate the volunme of water that contains 1000 enbryos.
Renove 1000 enbryos (or |less for smaller vol unmes, see Section
14.10.1.3) by drawing the appropriate volune of water fromthe
wel | - m xed beaker using a 10 nL wi de bore pipet. Deliver the
enbryos into the test chanbers directly fromthe pipet making
sure not to touch the pipet to the test solution. Stir the
enbryo beaker with the plunger before taking aliquots. The
tenperature of the enbryo suspension nust be within 1EC of the
tenperature of the test solution. (As above, all solutions are
kept at 15 + 1EC). Record the volunme of water delivered into the
test chanbers with the enbryos. Enbryos nust be delivered into
the test solutions within one hour of fertilization. Imrediately
after the enbryos have been delivered, take a sanple fromthe
enbryo beaker and exam ne it under 100X nmagnification. Al
enbryos should still be in the one-cell stage; record any
observations to the contrary on the data sheet.

14.10. 4.4 | ncubation

14.10.4.4.1 Incubate test organisns for 48 hours in the test
chanbers at 15 = 1EC under low lighting (approximately 10

ME/ n?/s) with 16L: 8D photoperiod. Fertilized enbryos becone
trochophore | arvae, hatch, and develop into veliger |larvae in the
test solutions during the exposure period.

14.10.5 LI GHT, PHOTOPERI OD, SALINITY AND TEMPERATURE

14.10.5.1 The light quality and intensity should be at anbient

| aboratory conditions. Light intensity should be 10-20 uE/ n¥/s,

or 50 to 100 foot candles (ft-c), with a 16 h light and 8 h dark
cycl e.

14.10.5.2 The water tenperature in the test chanbers shoul d be
mai ntained at 15 £ 1EC. |If a water bath is used to maintain the
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test tenperature, the water depth surrounding the test cups
shoul d be as deep as possible without floating the chanbers.

14.10.5.3 The test salinity should be in the range of 34 = 2%o
The salinity should vary by no nore than +2%.anong the chanbers
on a given day. |If effluent and receiving water tests are
conducted concurrently, the salinities of these tests should be
simlar.

14.10.5.4 Roons or incubators with high volune ventilation
shoul d be used with caution because the volatilization of the
test solutions and evaporation of dilution water nmay cause w de
fluctuations in salinity. Covering the test chanbers with clean
pol yet hyl ene pl astic may hel p prevent volatilization and
evaporation of the test sol utions.

14.10.6 DI SSOLVED OXYCEN (DO CONCENTRATI ON

14.10.6.1 Aeration may affect the toxicity of effluent and
shoul d be used only as a last resort to maintain a satisfactory
DO. The DO concentration should be neasured on new sol utions at
the start of the test (Day 0). The DO should not fall below 4.0
ng/ L (see Section 8, Effluent and Receiving Water Sanpli ng,
Sanpl e Handling, and Sanple Preparation for Toxicity Tests). |If
it is necessary to aerate, all treatnents and the control should
be aerated. The aeration rate should not exceed that necessary
to maintain a mni mum accept abl e DO and under no circunstances
should it exceed 100 bubbles/m nute, using a pipet wwth a 1-2 mm
orifice, such as a 1 nL KI MAX® serol ogi cal pipet No. 37033, or
equi val ent.

14.10. 7 OBSERVATI ONS DURI NG THE TEST

14.10.7.1 Routine Chem cal and Physical Observations
14.10.7.1.1 DO is neasured at the begi nning of the exposure
period in one test chanber at each test concentration and in the
control

14.10.7.1.2 Tenperature, pH, and salinity are neasured at the
begi nning of the exposure period in one test chanber at each

concentration and in the control. Tenperature should al so be
nmoni t ored continuously or observed and recorded daily for at
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| east two locations in the environnmental control systemor the
sanpl es. Tenperature should be neasured in a sufficient nunber
of test chanmbers at the end of the test to determ ne tenperature
variation in the environnental chanber.

14.10.7.1.3 Record all the nmeasurenents on the data sheet.
14.10.8 TERM NATI ON OF THE TEST

14.10.8.1 Ending the Test

14.10.8.1.1 Record the tine the test is term nated.

14.10.8.1.2 Tenperature, pH, dissolved oxygen, and salinity are
measured at the end of the exposure period in one test chanber at
each concentration and in the control.

14.10.8.2 Sanple Preservation

14.10.8.2.1 After 48 hours exposure, the abal one |arvae are
fixed in formalin or glutaral dehyde. The two nethods for sanple
preservation are described. Be sure that sanples for

physi cochem cal neasurenents have been taken before further
processi ng of test sol utions.

14.10.8.2.2 At the end of the 48-hour incubation period, renove
each test chanber, swirl the solution to suspend all the |arvae,
and pour the entire contents through a 37 pum nesh screen. The
test solution is discarded and the |arvae are retained on the
screen. Using streanms of filtered seawater from a squeeze
bottle, rinse the |arvae fromthe screen through a funnel into 25
m. screw cap vials. Be careful not to hit the larvae directly
with the streans of water; rough handling during transfer may
cause fragnentation of the |arvae, making counting nore difficult
and | ess accurate. Add enough buffered formalin to preserve

| arvae in a 5% solution (sone |aboratories have successfully
preserved |arvae with |ower formalin concentrations. Under-
preserved | arvae disintegrate quickly, however, and whole tests
may have to be rejected if | arvae have not been adequately
fixed). Addition of formalin is nore accurate if the vials are
premarked with Iines show ng the volunme of sanple and the vol une
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of formalin to be added. Alternatively, a 0.05%fina
gl ut ar al dehyde sol uti on may be substituted. Larvae should be
counted within two weeks.

14.10.8.2.3 Note: Formal dehyde has been identified as a

carci nogen and both gl utaral dehyde and fornal dehyde are
irritating to skin and nmucus nenbranes. Neither should be used
at higher concentrations than needed to achi eve norphol ogi cal
preservation and only under conditions of maximal ventilation and
m ni mal opportunity for volatilization into roomair.

14.10.8.3 Counting

14.10.8.3.1 To count the |arvae using a standard conpound

m croscope, pipet all the larvae fromthe bottom of the
preservation vial onto a Sedgew ck-Rafter counting cell. Exam ne
100 |l arvae from each vial under 100X magnification. To best
characterize the sanple and to avoi d bias, select groups of

| arvae one field of vision at a tinme, noving to the next field

wi t hout | ooking through the lens. Be careful to work across the
slide in one direction to avoid recounting the sane areas. Count
t he nunber of normal and abnornal | arvae using hand counters.

The percent normal |arvae is cal culated as the nunber nornal

di vided by the total nunber counted. After counting, use a
funnel to return the larvae to the vial for future reference.

14.10. 8.4 Endpoint
14.10.8.4.1 Exam ne the shape of the larval shell to distinguish

normal from abnormal |arvae. Count veliger |arvae as normal if
t hey have snmoothly curved larval shells that are striated with

cal careous deposits and are sonmewhat opaque. It is comon for
normal | arvae to have a slight curved indentation near the
| eadi ng edge of the shell. A single indentation is this area is

counted as nor nal .

14.10.8.4.2 Larvae with both nultiple indentations and an
obvious lack of calcification (i.e. clear appearance in at |east
part of the shell) are counted as abnormal. The conbination of
these two features indicates inhibition of a biological process
(lack of calcification) and actual damage to the organi sm
(indentations) allowed by the thin shell. Refer to the
acconpanyi ng phot ographs (Figure 1) for classification of
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margi nally deforned | arvae. The followi ng types of |arvae are

al so counted as abnormal: (1) |arvae that have arrested

devel opment (from one cell through trochophore stage), (2) |larvae
w th obvious severe deformations, (3) larvae with broken shells,
(4) larval shells separated fromthe rest of the animal, and (5)

| arvae found remaining in the egg nmenbrane (however, take care to
di stinguish these fromlarvae that may have conme in contact with
| oose egg cases). Record all counts and the test chanber nunber
on the data sheet.

14.11 SUMVARY OF TEST CONDI TI ONS AND TEST ACCEPTABI LI TY CRI TERI A

14.14.1 A sunmary of test conditions and test acceptability
criteriais listed in Table 3.

14.12 ACCEPTABI LITY OF TEST RESULTS

14.12.1 Test results are acceptable only if all the follow ng
requi renents are net:

(1) the nean larval normality nust be at |east 80%in the
control s.

(2) the response from56 pg/L zinc treatnment nust be
significantly different fromthe control response.

(3) the mnimumsignificant difference (%BD) is <20%
relative to the control for the reference toxicant.

14.13 DATA ANALYSI S

14.13.1 CENERAL

14.13.1.1 Tabulate and sunmarize the data. Calculate the
proportion of larvae with normally devel oped shells for each
replicate. A sanple set of test data is listed in Table 4.
14.13.1.2 The statistical tests described here nust be used with
a know edge of the assunptions upon which the tests are

contingent. The assistance of a statistician is reconmended for
anal ysts who are not proficient in statistics.
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FI GURE 1. 48- HOUR- OLD ABALONE VELI GER LARVAE

Figures 1A -D Provided by John Hunt, Institute of
Mari ne Sci ences. Photocopied from

“Mari ne Bi oassay Project Procedures Manual of Cctober, 1990."
California State Water Resources Control Board.

The foll ow ng three pages show 12 phot ographs of 48-hour-old
abal one veliger larvae fromeffluent toxicity tests. Al |arvae
were taken frominternediate effluent concentrations and were
chosen to represent "borderline" cases (i.e. |larvae that were
slightly affected and are therefore, difficult to categorize as
normal or abnormal). In nost cases, |arvae fromlower and hi gher
ef fl uent concentrations are nore easily categorized than those
shown here; in the | ower concentrations they are obviously

w t hout shell abnormalities and in the higher concentrations they
are severely defornmed. These photographs are presented as a
visual reference to help standardi ze test analysis and elimnate
bias in the interpretation of marginally deformed | arvae. Al

| arvae on the left-hand side of these pages were counted as
normal, all larvae on the right-hand side were counted as

abnor nmal .
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TABLE 3.

SUMVARY OF TEST CONDI TI ONS AND TEST ACCEPTABI LI TY

CRI TERI A FOR, HALI OTl S RUFESCENS, LARVAL DEVELOPMENT
TEST W TH EFFLUENTS AND RECEI VI NG WATERS

1. Test type: Static non-renewal

2. Salinity: 34 + 2%0

3. Tenper at ur e: 15 £ 1EC

4. Li ght quality: Anmbi ent | aboratory I|ight

5. Li ght intensity: 10 pE/ n¥/s
(Ambi ent | aboratory | evels)

6. Phot operi od: 16 h light, 8 h darkness

7. Test chanber si ze: 600 nL

8. Test sol ution vol une: 200 nmL/replicate

9. Larvae density per 5-10 per nL

chanber:

10. No. replicate chanbers 5

per concentration:

11. Dilution water: Uncontam nated 1-pmfiltered
natural seawater or hypersaline
bri ne plus reagent water

12. Test concentrations: Effluents: Mnimumof 5 and a
control
Recei ving waters: 100%
receiving water and a control

13. Dilution factor: Ef fl uents: $0.5
Recei ving waters: None or $0.5

14. Test duration: 48 h

15. Endpoint: Nor nal shell devel opnent
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16. Test acceptability $80% nor mal shel |l devel opnent
criteria: in the controls; must have
statistical significant effect
at 56 pg/L zinc; nust achieve a

%vBD of <20%

17. Sanpling requirenents: One sanple collected at test
initiation, and preferably used
within 24 h of the time it is
removed fromthe sanpling
device (see Section 8,

Ef fl uent and Receiving Water
Sanpl i ng, Sanple Handling, and
Sanpl e Preparation for Toxicity
Test s)

18. Sanple volune required: | 2 L per test

14.13.1.3 The endpoints of toxicity tests using the red abal one
are based on the reduction in proportion of normal shel

devel opnment. The 1 C25 is cal cul ated using the Linear

| nt er pol ati on Method (see Section 9, Chronic Toxicity Test

Endpoi nts and Data Anal ysis). LOCEC and NCEC val ues for | arval
devel opnent are obtained using a hypothesis testing approach such
as Dunnett's Procedure (Dunnett, 1955) or Steel's Many-one Rank
Test (Steel, 1959; MIler, 1981) (see Section 9). Separate

anal yses are perforned for the estimation of the LOEC and NCEC
endpoints and for the estimation of the I C25. See the Appendi ces
for exanpl es of the manual conputations, and exanpl es of data

i nput and program out put .

14.13. 2 EXAMPLE OF ANALYSI S OF RED ABALONE, HALI OTUS RUFESCENS
LARVAL DEVELCPMENT DATA

14.13.2.1 Formal statistical analysis of the |arval devel opnent
is outlined in Figure 2. The response used in the analysis is
the proportion of larvae with normally devel oped shells in each
test or control chanmber. Separate anal yses are performed for the
estimation of the NOEC and LCEC endpoints and for the estinmation
of the 1C25 endpoint. Concentrations at which there is no nornal
shel | devel opnent in any of the test chanbers are excluded from
statistical analysis of the NOEC and LOEC, but included in the
estimation of the |IC25.
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TABLE 4. DATA FROM RED ABALONE, HALI OTUS RUFESCENS,
DEVELOPMENT TEST

2233333333333133333333133333331333313313131313331313131331313131131))))

Ef fl uent

Concentration No. Larvae Nurber Proportion

(%9 Replicate Count ed Nor mal Nor mal
223113331313331313331313331313313131331313131131331131331131313113133111331131311113111131111111111))D)

Bri ne A 100 100 1.00

Cont r ol B 100 98 0.98

C 100 100 1.00

D 100 99 0. 99

E 100 99 0. 99

Dilution A 100 99 0.99

Cont r ol B 100 99 0.99

C 100 99 0. 99

D 100 100 1.00

0. 56 A 100 99 0.99

B 100 99 0.99

C 100 98 0.98

D 100 100 1.00

E 100 100 1.00

1.00 A 100 99 0.99

B 100 100 1.00

C 100 99 0. 99

D 100 99 0.99

E 100 100 1.00

1.80 A 100 99 0. 99

B 100 99 0. 99

C 100 99 0.99

D 100 98 0.98

E 100 97 0. 97

3.20 A 100 39 0. 39

B 100 57 0. 57

C 100 61 0.61

D 100 65 0. 65

E 100 80 0. 80

5.60 A 100 0 0. 00

B 100 0 0. 00

C 100 0 0. 00

D 100 0 0. 00

E 100 0 0. 00

10. 00 A 100 0 0. 00

B 100 0 0. 00

C 100 0 0. 00

D 100 0 0. 00

E 100 0 0. 00

23333333333333333133333333331333133333333131331313313133131331313331331313313133133131)))
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14.13.2.2 For the case of equal nunbers of replicates across al
concentrations and the control, the evaluation of the NOEC and
LCEC endpoints is made via a paranetric test, Dunnett's
Procedure, or a nonparanetric test, Steel's Many-one Rank Test,
on the arc sine square root transforned data. Underlying
assunptions of Dunnett's Procedure, normality and honogeneity of
vari ance, are formally tested. The test for normality is the
Shapiro-WIlk's Test, and Bartlett's Test is used to test for
honmogeneity of variance. |If either of these tests fails, the
nonparanetric test, Steel's Many-one Rank Test, is used to
determ ne the NCEC and LCEC endpoints. If the assunptions of
Dunnett's Procedure are net, the endpoints are estinated by the
paranetric procedure.

14.13.2.3 |If unequal nunbers of replicates occur anong the
concentration levels tested, there are paranetric and
nonparanetric alternative anal yses. The paranetric analysis is a
t test wwth the Bonferroni adjustnment (see Appendix D). The

W | coxon Rank Sum Test with the Bonferroni adjustnment is the
nonparanetric alternative.

14.13. 2.4 Conparison of Brine and Dilution Controls

14.13.2.4.1 This exanple uses toxicity data froma red abal one,
Hal i ot us rufescens, |arval devel opnent test perfornmed with
effluent. The response of interest is the proportion of |arvae
with normally devel oped shells, thus each replicate nust first be
transforned by the arc sine square root transformation procedure
described in Appendi x B. Because the exanple test was run using
both brine and dilution controls, the two controls nust first be
tested for significant differences in the normal shel

devel opnment proportions. The raw and transfornmed data, neans and
vari ances of the transformed observations for the two controls
are listed in Table 5.

14.13.2.4.2 Tests for Normality

14.13.2.4.2.1 1In the two sanple situation, the distributional
assunption is that each sanple comes froma nornmally distributed
popul ation. Thus in conparing the brine and dilution controls,
the data for each concentration nust be separately checked for
normality. Wen the two response groups are tested separately,
it is not necessary to center the data.
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STATISTICAL ANALYSIS OF RED ABALONE

LARVAL DEVELOPMENT TEST
DEVELOPNVENT DATA
PROPORTION OF NORMAL LARVAE
l Y
POINT ESTIMATION HYPOTHESIS TESTING
ENDPOINT ESTIVATE ARC SINE SQUARE ROOT
Ic25 TRANSFORMATION
‘ NON-NORMAL DISTRIBUTION
SHAPIROWILK'S TEST
NORVAL DISTRIBUTION ¢
. HETEROGENEOUS
HOMOGENEOUS VARIANCE VARIANCE
NO Y NO
EQUAL NUVBER OF EQUAL NUVBER OF
REPLICATES? REPLICATES?
l YES
t TESTWITH DUNNETT'S STEEL'S MANY-ONE VMLCOXON RANK SUM
BONFERRON| AL A TESTWTH
ADJUSTVENT BONFERRONI ADJUSTVENT

v

ENDPOINT ESTIMATES
NOEC,LOEC

Figure 2. Flowhart for statistical analysis of red abal one,

Hal i ot us ruf escens,

devel opnent dat a.
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TABLE 5. RED ABALONE, HALI OTUS RUFESCENS, LARVAL
DEVELOPMENT DATA FROM BRI NE AND DI LUTI ON

CONTROLS
23333333131333333333333133131313131331313313333333333333333333333333))))
Bri ne Di | ution
Repl i cate Cont r ol Contr ol
2333333333333333333333333313131313131313131333333333333333333333))))))
RAW A 1.00 0.99
B 0.98 0.99
C 1.00 0.99
D 0.99 1.00
E 0.99
)2%%)%')’)\l%))))))))))))))))))))))))))))))))))))))))))))))))))))
SQUARE ROOT B 1.429 1.471
TRANSFORVED C 1.521 1.471
D 1.471 1.521
E 1.471
R/g)))()%)))))))))))))))))))))))))))))))))))))))))))))))))))))))
an
S? 0. 00152 0. 000625
[ 1 2

i
233333333333333333333133333313331313131333131331333131331313131131))))

14.13.2.4.2.2 Calculate the denom nator, D, of the statistic
for each control group:

n _
D" = (X &X)?

i"1
Wher e: Xi = the ith centered observation
X = the overall nean of the centered observations
n = the total number of centered observations

14.13.2.4.2.3 For the brine control data,

n =25
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% = 1 (7.413) = 1.483
5

D = 0.00609

For the dilution control data,

n =14

& = _1 (5.934) = 1.484
4

D = 0.00191

14.13.2.4.2.4 O der the observations for each control group from
smal l est to | argest

XD g X2 # o .. # X0
where X() denotes the ith ordered observation. The ordered

observations for the two groups in this exanple are listed in
Tabl e 6.

TABLE 6. ORDERED CENTERED OBSERVATI ONS FOR SHAPI RO-W LK' S

EXAMPLE
22I3233333133313313311331133313133133113311331133113311311331331131))))))
Bri ne Control Dilution Control
))))))))))))))))) ))))))))))))))))))
i i
))))))))))))))))))))))))))))))))))))))))))))))2)))))))))2%2)))
2 1.471 2 1.471
3 1.471 3 1.471
4 1.521 4 1.521
5 1.521

2233333333333333333333333333133313133313331313313331313313331313311))))
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14.13.2.4.2.5 From Table 4, Appendix B, for the nunber of
observations, n, obtain the coefficients a;,, a,, ... a, where k is
n/2 if nis even and (n-1)/2 if nis odd. For the datasets in
this exanple, n =5 and k = 2 for the brine control group, and n
=4 and k = 2 for the dilution control group. The a, values are
listed in Table 7.

TABLE 7. CCEFFI Cl ENTS AND DI FFERENCES FOR SHAPI RO-W LK' S
EXAMPLE
2333333333333333333331333313313133133313133133313133133131331131))))

X(n-i+D) _ x()

[ a
23333333333333333333131133313131313121331313131311333313131313113331131311111111011))))))
Brine Control G oup

22313333333333313333333331333133313331333133313313331333133313313))))
1 0. 6646 0. 092 X . X
2 0. 2413 0. 050 X4 . X3

Dilution Control G oup
2331333333313322233331313133313133131133331313131133313131311333311))))
1 0. 6872 0. 050 X4 - X

2 0. 1667 0. 000 X3 . X3

2333333333333333333333333331333133313331333133313313133313331333133313331331331311)))

14.13.2.4.2.6 Conpute the test statistic, W for each group as
foll ows:

k ) 2
W " i[ - ai(x(n&l%l)&x(l))]
D=1
The differences, X(™i*h - X)) are listed in Table 7. For the
data in the brine exanple:

W= 1 (0.07321)2 = 0.880
0. 00609
For the data in the dilution exanpl e:
W = 1 (0.03436)2 = 0.618
0. 00191

14.13.2.4.2.7 The decision rule for this test is to conpare Was
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cal cul ated in Subsection 2.6 to a critical value found in

Tabl e 6, Appendix B. |If the conputed Wis less than the critical
val ue, conclude that the data are not normally distributed. For
the data in the brine control, the critical value at a
significance level of 0.01 and n = 5 observations is 0.686.

Since W= 0.880 is greater than the critical value, conclude that
the brine control data are nornmally distributed. For the data in
the dilution control, the critical value at a significance |eve
of 0.01 and n = 4 observations is 0.687. Since W= 0.618 is |ess
than the critical value, conclude that the dilution control data
are not normal |y distributed.

14.13.2.4.2.8 Since the dilution control data does not neet the
normal ity assunption, the WIcoxon Rank Sum Test will be used to
conpare the responses in the two control groups.

14.13.2.4.3 WI coxon Rank Sum Test

14.13.2.4.3.1 To performthe WIcoxon Rank Sumtest, conbine the
data fromthe two groups and arrange in order fromsnmallest to

| argest. Assign the rands (1, 2, ..., 9) to the ordered
observations with a rank of 1 assigned to the snall est
observation, rank of 2 assigned to the next |arger observation,
etc. |If ties occur when ranking, assign the average rank to each
tied observation. A table of the ranks is given in Table 8.

TABLE 8. ASSI GNI NG RANKS TO THE BRI NE AND DI LUTI ON CONTROLS
FOR THE W LCOXON RANK SUM TEST

233333333333333333333133333331313131333131313133313133133131331131))))

Tr ansf or ned
Proportion

Rank Nor mal Control Group
)))))))2)))))))))))))))))))))))))))))))))))))))))))))))%))))))))))

rine

4 1.471 Bri ne

4 1.471 Bri ne

4 1.471 Di | ution

4 1.471 Di | ution

4 1.471 Di | ution

8 1.521 Bri ne

8 1.521 Di | ution

8 1.521 Di |l ution

I
I
22333333333333333333333313331333133313331333133313331333133133133133131)))
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14.13.2.4.3.2 The ranks are then sumed for both of the control
groups. For this data, the sumof the ranks in the brine control
group is 25 and the sumof the ranks in the dilution control
group is 20.

14.13.2.4.3.3 For this situation, we wish to determne if the
proportions of normally devel oped larvae in the two control
groups are significantly different. To do this, conpare the rank
sumof the group with the smaller sanple size with sone "m ni nun
or critical rank sum at or bel ow which the devl opnment in the
controls would be considered significantly different. At a
significance level of 0.05 the mnimumrank sumin a test with
five replicates in one group and and four replicates in the other
is 11 (See Snedecor and Cochran, 1980).

14.13.2.4.3.4 The dilution control sanple size is smaller than
the sanple size of the brine control group so its rank sumis
conpared to the critical value. Since its rank sumof 20 is
greater than the critical value of 11, conclude that the

devel opnent proportions for the two control groups are not
significantly different.

14.13. 2.5 Exanple of Analysis of Larval Devel opnent Data

14.13.2.5.1 Since the responses in the two control groups are
not significantly different, only the dilution control group wll
be used in the analysis of the shell devel opment responses for
the effluent concentrations. As above, each replicate nmust first
be transfornmed by the arc sine square root transformation
procedure described in Appendix B. The raw and transforned data,
means and variances of the transfornmed observations at each

ef fl uent concentration and dilution control are listed in

Table 9. The data are plotted in Figure 3. Since there is 100%
abnormality in all replicates for the 5. 6% and 10. 0%
concentrations, they are not included in the statistical analysis
and are considered qualitative abnormality effects.

14.13.2.6 Test for Normality

14.13.2.6.1 The first step of the test for normality is to
center the observations by subtracting the nean of al
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observations within a concentration from each observation in that
concentration. The centered observations are summari zed in
Tabl e 10.

14.13.2.6.2 Calculate the denomi nator, D, of the statistic:

N o2
D * ~ (Xj&X)
i"1
Wher e: Xi = the ith centered observation
X% = the overall nmean of the centered observations
n = the total number of centered observations
14.13.2.6.3 For this set of data, n =24

% = 1 (-0.004) = 0.000
24

D

0. 1127

14.13.2.6.4 O der the centered observations fromsmallest to
| ar gest

XU # X2 . # X0

where X() denotes the ith ordered observation. The ordered
observations for this exanple are listed in Table 11

14.13.2.6.5 From Table 4, Appendix B, for the nunber of
observations, n, obtain the coefficients a;, a,, ... a, where k is
n/2 if nis even and (n-1)/2 if nis odd. For the data in this
exanple, n = 24 and k = 12. The a;, values are listed in

Tabl e 12.

14.13.2.5.6 Conpute the test statistic, W as foll ows:

2
k a;(x (&i%1) g 5 ()

w4
Dii=1
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TABLE 9. RED ABALONE, HALI OTUS RUFESCENS, SHELL DEVELCOPMENT
DATA
S33333133331313333131331131331113133111313311313131113133111313111131111I31)1)I))
Ef fl uent Concentration (%

Di lution )))))))))))))))))))))))))))))))))))))))))))
Replicate Contr ol 0. 56

S)))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))

RAW B o 99 o 99 1 oo o 99 0.57 o o
C 0. 99 0.98 0. 99 0. 99 0.61 0 0
D 1. 00 1. 00 0. 99 0. 98 0.65 0 0
E 1. 00 1. 00 0.97 0.80 O 0
S)))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))
ARC SI NE 1.471 1.471 1.471 0.674 -
SQUARE ROOT B 1 471 1.471 1.521 1.471 0. 856
TRANSFORVED C 1.471 1. 429 1.471 1.471 0. 896
D 1.521 1.521 1.471 1. 429 0.938
E 1.521 1.521 1. 397 1.107
S)))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))
Mean (&) 1.484 1.483 1.491 1.448 0.894
S? o 000625 0.001523 0. 000750 0.001137 0.024288 - -
i 1 2 3 4 5 6 7

i
$3333333333333333333333333333333333333133131331313331331313331333133313331333133131)))

TABLE 10. CENTERED OBSERVATI ONS FOR SHAPI RO-W LK' S
EXAMPLE

S))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))

l uent Concentration (%

S))))))))))))))))))))))))))))))))))))))))))))Q

Replicate Contro
S))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))3)%%3))
B -0.013 -0.012 0. 030 0.023 -0.038
C -0.013 -0.054 -0. 020 0.023 0. 002
D 0. 037 0.038 -0. 020 -0.019 0. 044
E 0.038 0. 030 -0.051 0. 213

$333333333333333333333333333333313333331333331313331333133313331333133133133131)))
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TABLE 11. ORDERED CENTERED OBSERVATI ONS FOR SHAPI RO-
WLK S EXAMPLE

))))))))))))))))))))))%3?))))))))))))))))))))%2%))))))))))))
I ! I !
)))))))))))))))))))))))))))))%33))))))))))))))2%))))))))))32%)))))))))))

1 0. 0.

2 -0.054 14 0. 002
3 -0.051 15 0.023
4 -0.038 16 0.023
5 -0.020 17 0.023
6 -0.020 18 0. 030
7 -0.020 19 0. 030
8 -0.019 20 0. 037
9 -0.013 21 0.038
10 -0.013 22 0.038

TABLE 12. COEFFI Cl ENTS AND DI FFERENCES FOR SHAPI RO- W LK' S
EXAMPLE

))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))
))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))

1 0. 0.

2 0.3098 0.098 XQ@ - X”)
3 0. 2554 0. 089 X2 - X(3)
4 0. 2145 0. 076 X2 - X4
5 0. 1807 0. 057 X209 - X(5)
6 0. 1512 0. 050 X9 - X(6)
7 0. 1245 0. 050 X8 - X1
8 0. 0997 0. 042 XA - X&)
9 0.0764 0. 036 X8 - X(9)
10 0. 0539 0. 036 X1 . X(10

The differences, X(™i*h . X0) agre listed in Table 12. For the
data in this exanpl e:

W= _ 1 (0.2974)2 = 0.7848
0.1127
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14.13.2.5.7 The decision rule for this test is to conpare Was
calculated in 14.13.2.5.6 to a critical value found in Table 6,
Appendix B. If the conputed Wis less than the critical val ue,
conclude that the data are not normally distributed. For the
data in this exanple, the critical value at a significance |eve
of 0.01 and n = 24 observations is 0.884. Since W= 0.7848 is
| ess than the critical value, conclude that the data are not
normal Iy distributed.

14.13.2.5.8 Since the data do not neet the assunption of
normality, the WIcoxon Rank Sum Test with the Bonferron
Adjustnent will be used to analyze the shell devel opnent dat a.

14.13.2.6 WI coxon Rank Sum Test with the Bonferroni Adjustnment

14.13.2.6.1 For each control and concentration conbi nati on,
conbi ne the data and arrange the observations in order of size
fromsmallest to largest. Assign the ranks (1, 2, ... , 9) to
the ordered observations with a rank of 1 assigned to the
smal | est observation, rank of 2 assigned to the next |arger
observation, etc. |If ties occur when ranking, assign the average
rank to each tied observation.

14.13.2.6.2 An exanple of assigning ranks to the conbi ned data
for the control and 0.56% concentration is given in Table 13.
This ranking procedure is repeated for each control/concentration
conbi nation. The conplete set of rankings is sumarized in

Tabl e 14. The ranks are then sunmed for each concentration

| evel, as shown in Table 15.

14.13.2.6.3 For this exanple, determne if the survival in any
of the concentrations is significantly lower than the survival in
the control. If this occurs, the rank sumat that concentration
woul d be significantly | ower than the rank sum of the control
Thus conpare the rank sunms for the survival at each of the
various concentration levels with some "m nimuni' or critical rank
sum at or bel ow which the survival would be considered
significantly |ower than the control. At a significance |evel of
0.05, the mninumrank sumin a test with four concentrations
(excluding the control), four control replicates and five
concentration replicates is 15 (See Table 5, Appendix F).
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TABLE 13. ASSI GNI NG RANKS TO THE CONTROL AND 0. 56%
CONCENTRATI ON LEVEL FOR THE W LCOXON RANK SUM
TEST WTH THE BONFERRONI ADJUSTMENT

)))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))

Tr ansf or med
Proportion

Rank Nor mal Concentrati on
D3203303033033330330303003303033 0300030033003 0300000003)0)))
1 1. 429 0.56 %
4 1.471 0.56 %
4 1.471 0.56 %
4 1.471 Cont r ol
4 1.471 Cont r ol
4 1.471 Cont r ol
8 1.521 0.56 %
8 1.521 0.56 %
8 1.521 Cont r ol

22333333333333333333333333313331333133313331333133313331331331331313111)))

TABLE 14. TABLE OF RANKS!

233333333333333333331331331313333333333333333333333333333333)))))
Ef fl uent Concentration (%
Repl i - D200 0000000000000 000000000000 00000000000000)))
cate Cont r ol 0. 56 1.00 1.80 3.20
23331313131313331333333333333333333333333333333333333333333333333333333333333)))

1 1.471(4,3.5,5.5,7) 1.471(4)  1.471(3.5) 1.471(5.5) 0.674(1)
2 1.471(4,3.5,5.5, 7) 1.471(4)  1.521(8) 1.471(5.5)  0.856(2)
3 1.471(4,3.5,5.5, 7) 1.429(1)  1.471(3.5) 1.471(5.5) 0.896(3)
4 1.521(8, 8, 9, 9) 1.521(8)  1.471(3.5) 1.429(2) 0. 938(4)
5 1.521(8)  1.521(8) 1.397(1) 1.107(5)

))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))
!Control ranks are given in the order of the concentration with wh

t hey were ranked.
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TABLE 15. RANK SUMS

DDDD30330303033030303003 0333030303003 3000030000003))))
Concentration

(% Ef fl uent) Rank Sum

))))))))))))))))))))3)?;%)))))))))))))))))))))5%)3))))))))

1.00 26.5
1.80 19.5
3.20 15.0

14.13.2.6.4 Since the rank sumfor the 3.20% concentration |evel
is equal to the critical value, the proportion norrmal in that
concentration is considered significantly less than that in the
control. Since no other rank sumis |less than or equal to the
critical value, no other concentration has a significantly | ower
proportion normal than the control. Hence, the NOEC and the LCEC
are 1.80% and 3.20% respectively.

14.13.2.7 Calculation of the ICp

14.13.2.7.1 The shell devel opnment data in Table 4 are utilized
in this exanple. As can be seen from Table 4 and Figure 4, the
observed nmeans are not nonotonically non-increasing with respect
to concentration (mean response for each higher concentration is
not | ess than or equal to the nmean response for the previous
concentration and the responses between concentrations do not
follow a linear trends). Therefore, the neans are snoothed prior
to calculating the IC. In the follow ng discussion, the observed
means are represented by & and the snoothed neans by M.

14.13.2.7.2 Starting with the control nean, & = 0.993 and &, =
0.992, we see that &, > &, Set M = &,. Conparing &, to &;, &< &,.

14.13.2.7.3 Calcul ate the snpot hed neans:
M=M= (& + &;)/2 = 0.993
14.13.2.7.4 Since & =0< & =0 < &

0.993, set M, = 0.993, M = 0.984, M = O.
0.

0.604 < &, = 0.984 < &,
604, M, = 0, and set M
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TABLE 16. RED ABALONE, HALI OTUS RUFESCENS, MEAN SHELL
DEVELOPMENT RESPONSE AFTER SMOOTHI NG

Response Snoot hed

Ef fl uent Means, &; Means, M
Conc. (% i (proportion) (proportion)

Cont r ol 1 0. 993 0. 993

0. 56 2 0. 992 0. 993

1.00 3 0. 994 0. 993

1.80 4 0. 984 0. 984

3.20 5 0. 604 0. 604

5. 60 6 0. 000 0. 000

10. 00 7 0. 000 0. 000

14.13.2.7.5 Table 16 contains the response neans and snoot hed
means and Figure 4 gives a plot of the snpothed response curve.

14.13.2.7.6 An I C25 can be estimated using the Linear

| nt erpol ati on Method. A 25% reduction in nmean proportion of
fertilized eggs, conpared to the controls, would result in a nean
proportion of 0.745, where M(1-p/100) = 0.993(1-25/100).

Exam ning the nmeans and their associ ated concentrations

(Tabl e 16), the response, 0.745, is bracketed by C, = 1. 80%
effluent and C = 3.20% effl uent.

14.13.2.7.7 Using the equation from Section 4.2 in Appendi x L,
the estimate of the IC25 is calcul ated as foll ows:

_ (C(j%l)&cj)
IC C;%[Mq(1&p/100)&M ] ———F——
p j [ 1( P ) J] (M(j%]_)&Mj)

|C25 = 1.8 + [0.993(1 - 25/100) - 0.984] (3.2 - 1.8)
S))OIII3)0)I))Q
(0.604 - 0.984)
= 2.68%

14.13.2.7.8 Wen the ICPIN program was used to anal yze this set
of data, requesting 80 resanples, the estimate of the I C25 was
2.6818% The enpirical 95.0% confidence interval for the true
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mean was 2.5000%to 3.1262 % The conputer program output for
the IC25 for this data set is shown in Figure 5.

14. 14 PRECI SI ON AND ACCURACY
14.14.1 PRECI SI ON
14.14.1.1 Single-Laboratory Precision

14.14.1.1.1 Data on the single |aboratory precision of the

Hal iotis rufescens | arval devel opnent nmethod using zinc sulfate
are shown in Table 17. Zinc concentrations were 18, 32, 56, and
100 pg/L. Al tests were conducted at the Marine Poll ution

St udi es Laboratory. There was good agreenent anong test ECS50s,
with a coefficient of variation of 8%

14.14.1.2 Milti-Ilaboratory Precision

14.14.1.2.1 The multi-laboratory data indicate a simlar |evel
of test precision Table 18. Data are presented for four
interlaboratory trials in which either two or three | aboratories
tested both split effluent sanples and reference toxicants. The
mean coefficient of variation between EC50 val ues fromdifferent
| aboratories was 15%

14.14. 2 ACCURACY

14.14.2.1 The accuracy of toxicity tests cannot be detern ned.
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Response 1 99 99 .99 99 39 0 0
Response 2 .99 .99 1.00 .99 .57 0 0
Response 3 .99 .98 .99 .99 .61 0 0
Response 4 1.00 1.00 99 98 65 0 0
Response 5 1.00 1.00 97 80 0 0

*** | nhibition Concentration Percentage Estimate ***
Toxi cant/Effluent: Effluent

Test Start Date: Test Endi ng Date:
Test Species: Red Abal one
Test Duration: 48 hours

DATA FI LE: abal one.icp
QUTPUT FI LE: abal one. i 25

Conc. Nunber Concentration Response St d. Pool ed
I D Repl i cat es % Means Dev. Response Means
1 4 0. 000 0.993 0. 005 0.993
2 5 0. 560 0.992 0. 008 0.993
3 5 1. 000 0.994 0. 005 0.993
4 5 1. 800 0.984 0. 009 0.984
5 5 3. 200 0. 604 0. 148 0. 604
6 5 5. 600 0. 000 0. 000 0. 000
7 5 10. 000 0. 000 0. 000 0. 000
The Linear Interpolation Estimate: 2.6818 Entered P Val ue: 25
Nunber of Resanplings: 80
The Bootstrap Estimates Mean: 2.7085 Standard Devi ation: 0. 1510
Original Confidence Limts: Lower : 2.5000 Upper: 3.1262
Expanded Confidence Limts: Lower : 2.4091 Upper: 3.3484
Resampling tinme in Seconds: 0.27 Random Seed: -770872716

Figure 5. |1 CPIN program out put for the | C25.
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TABLE 17. SI NGLE LABCORATORY PRECI SI ON DATA FOR THE RED ABALONE,
HALI OTl S RUFESCENS LARVAL DEVELOPMENT TEST W TH ZI NC
(ZN FGE@ L) SULFATE AS A REFERENCE TOXI CANT

Test Date NCEC (ug/ L) EC50 (upg/L)
March 1990 32 421

May 1990 32 39?

January 1991 18 341
February 1991 18 407

Mean 38. 4

SD 3.0

CV (9% 7.8

1 Sour ce: Hunt et al., 1991
2 Source: Anderson et al., 1994
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TABLE 18. MULTI - LABORATORY PRECI S| ON OF THE RED ABALONE, HALI OTl S
RUFESCENS LARVAL DEVELOPMENT TEST PERFORMED W TH ZI NC

(ZN FG L) SULFATE AND EFFLUENT (99 AS THE TOXI CANTS
Test Date Toxi cant Lab NOEC EC50 cv
March 1990 | Effl uent A >3. 2% nc
March 1990 | Effl uent B >3. 2% nc
March 1990 | Effl uent C 0. 32% 1.83 nc
March 1990 | Zinc A 32 41
March 1990 | Zinc B 18 28
March 1990 | Zinc C 18 31 20%
May 1990 Ef f | uent A 3. 2% 4.7
May 1990 Ef f | uent D 1.8% 3.5
May 1990 Ef f | uent C 3.2% 3.8 16%
May 1990 Zi nc A 32 39
May 1990 Zi nc D 32 46
May 1990 Zi nc C 32 37 12%
January Ef f | uent A <0. 56% 1.5
1991
January Ef f | uent C 1.25% 1.8 13%
1991
January Zinc A 18 34
1991
January Zinc C 32 48 24%
1991
January Ef f | uent A 1. 0% 2.7
1991
January Ef f | uent C 1.8% 2.8 3.0%
1991

Mean Interlaboratory CV = 15%
CV val ues could be cal cul at ed.

nc =

i ndi cates that the CV coul d not

Interl aboratory CV based on 6 tests for which

Sour ce:

Hunt et al.,

observed a 50% effect and cal cul ated an EC50.
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APPENDI X | . RED ABALONE TEST: STEP-BY- STEP SUMVARY

PREPARATI ON OF TEST SCLUTI ONS

A

Determ ne test concentrations and appropriate dilution water
based on NPDES pernmt conditions and gui dance fromthe
appropriate regul atory agency.

Prepare effluent test solutions by diluting well m xed
unfiltered effluent using volunetric flasks and pipettes.
Use hypersaline brine where necessary to maintain all test
solutions at 34 + 2% Include brine controls in tests that
use brine.

Prepare a zinc reference toxicant stock solution (10,000
pg/ L) by adding 0.0440 g of zinc sulfate (ZnSO07H,0O to 1
liter of reagent water.

Prepare zinc reference toxicant solution of 0 (control) 10,
18, 32, 56 and 100 pg/L by adding O, 1.0 1.8, 3.2, 5.6 and
10.0 nmL of stock solution, respectively, to a 1-L volunetric
flask and filling to 1-L with dilution water.

Sanpl e effluent and reference toxicant solutions for
physi cal / chem cal analysis. Measure salinity, pH and
di ssol ved oxygen from each test concentration

Random ze nunbers for test chanmbers and record the chanber
nunbers with their respective test concentrations on a
random zation data sheet. Store the data sheet safely until
after the test sanples have been anal yzed.

Pl ace test chanbers in a water bath or environnmental chanber
set to 15EC and allow tenperature to equilibrate.

Measure the tenperature daily in one randomreplicate (or
separate chanber) of each test concentration. Mnitor the
tenperature of the water bath or environnental chanber
conti nuously.

At the end of the test, neasure salinity, pH, and dissolved
oxygen concentration fromeach test concentration
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PREPARATI ON AND ANALYSI S OF TEST ORGANI SMV5

A

obtain test organisns and hold or condition as necessary for
Spawni ng.

| nduce four mal e and four fenal e abal one to spawn using
either HO, and Tris or W irradi ated seawater (300 nlL/mn
flowrate through the UV unit). Al solutions should be
mai nt ai ned at 15 = 1EC.

Si phon eggs into a fertilization bucket. Add 200 nL of
sperm | aden water to fertilize the eggs. Wsh the
fertilized eggs at least twice by slowy decanting and
refilling the chanber with fresh filtered seawater.
Tenperatures should vary by no nore than 1EC between waters
used in mxing and refilling.

Suspend the enbryos evenly in a 1000 nL beaker and count
five sanples in a 1 nL pipet to estinate enbryo density.

Pi pet 1000 fertilized enbryos into each 200 nL test chanber.
Be sure tenperatures in the enbryo beaker and the sol utions
are at 15 + 1EC. Incubate for 48 h. For smaller-sized
chanbers, use proportionately fewer enbryos.

At the end of the 48 h period, pour the entire test solution
with larvae through a 37 um neshed screen. Wash |arvae from
the screen into 25 nL vials. Add buffered formalin to
preserve the larvae in a 5% solution or glutaral dehyde for a
0.05% solution. Cap the flask and invert gently to m x.

Pi pet a sanple fromeach vial onto a Sedgw ck-Rafter
counting slide and count 100 larvae. Return the |arvae to
the vials for future reference.

Count the nunber of normal |arvae for each replicate and
divide by the total counted.

Anal yze t he dat a.

I ncl ude standard reference toxicant point estimate values in
the standard quality control charts.
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Salinity Adjustment Worksheet for Abalone

Date Sampled: Batch:
Date Adjusted: Region:
VS (TSSS SS = Sdlinity of Sample VB = Volume of Brine
(SB-T9) VS = Volume of Sample SB = Sdlinity of Brine

TS = Target Sainity (34+2%)

VDW =VBL - VBS VDW = Volume of Dilution Water (Adjusted to 34+2%)
VBL = Largest Volume of Brine added to adjust salinity
VBS = Volume of Brine added to each Sample

Total Volume =VB added + VDW added
(Total volume should be the same for all samples)

Precision and

Accuracy for

Site Code (ID Org #) Initial Voal. of Vol.Dil. Tota Fina
Refractometer

or concentration Salinity TS Brine Water Volume Salinity

3442

Initias: Double Checked:

319




Data Sheet for Mollusc Larval Development Toxicity Test

Test Start Date: Start Time: Mollusc Species:

Test End Date: End Time: Collection/Arrival Date:
Reference Broodstock Source:
Toxicant:Reference

Toxicant:

Sample Source:

Sample Type: Effluent Ref Tox Solid Elutriate Pore Water WaterSample Type: Effluent Ref Tox
Solid Elutriate Pore Water Water

Test Station After 48 hours

Cont. Code or. Sample Norma Abnormal Notes
# Concentration ID #
Larvae Larvae

[Ce] ool NI Kep] (5] AN KOV] \N] § o

35

Computer Data StorageComputer Notes
Data Storage

Disk:

File:
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