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SUMMARY AJ\,'D OVERVIEW OF THE MARINE BIOASSAY PROJECT 

The goal of the Marine Bioassay Project, authorized by the State Water Resources 
Control Board in l 985. :s to protect California's ocean resources by determining the 
impacts of toxic waste dis,:·::argcs on marine waters. The Project's primary objective 
is deveiopment of sensitive short-term bioassay protocols for use in performing 
toxicity tests on these discharges. Most bioassay tests currently used are relatively 
insensitive because they measure lethal effects on adult organisms. In colloquial 
terms. those are referred to as the "Kill them and count them" variety of bioassay 
test. In contrast, a newer generation of tests is being developed by the Marine 
Bioassay Project and other groups. These are designed to estimate more subtle, 
chronic (long-term) effects of waste discharges. The new tests generally make use of 
sensitive. early life stages of aquatic organisms and measure sub-lethal effects such as 
abnormal development or reproductive failure. In addition, because the tests will 
measure discharges to ocean waters. the bioassay protocols being developed by the 
Marine Bioassay Project have emphasized the use of marine species native to 
California. 

Regulatorv Framework: 

The development of these bioassay protocols to measure the long-term effects of waste 
discharges is consistent with both federal and state requirements. In J984, the United 
States Environmental Protection Agency (EPA) issued a national "Policy for the 
Development of Water Quality-based Limitations for Toxic Pollutants" (49 CFR, No.48, 
:r-.farch 9, 1984). This policy outlined a technical approach for controlling discharge 
of toxic substances through the federal system of discharge permits. In addition to 
meeting numerical standards for individual chemicals, the policy requires EPA and 
the States to use biological testing to complement chemical testing. Biological testing 
is especially useful for assessing the toxicity of complex discharges where it may be 
virtually impossible to characterize toxicity solely by chemical analysis. Biological 
testing also provides information not available from chemical testing. For example, it 
incorporates measurement of bioavailability and interactions in complicated mixtures ... 
of toxic materials. 

In l 986, AB 3500 added Section l 3170.2 to the California Water Code. In addition to 
mandating triennial review of the California Ocean Plan, Section 13170.2 requires the 
State Board to dnelop and adopt bioassay protocols by January I, 1990. Ocean 
dischargers of over JOO million gallons per day will be required in their permits to 
use these bio::issay protocols for monitoring complex effluents by January I, 1991. 
The same requirement will be applied to smaller dischargers effective January 1, 1992. 
Section 3 of AB 3500 expressed legislative intent that the organisms used in testing be 
representative marine species: 

"If the State Water Resources Control Board determines through its Marine 
Bioassay Project that a multispecies toxicity testing program with 
representative marine species for monitoring complex ocean effluent 
discharges is appropriate, the board shall use the multispecies toxicity testing 
program with representative marine species in adopting the bioassay protocols 
specified in Section 13170.2 of the Water Code." 

On March 19, 1987 the State Board adopted a workplan for triennial review of the 
California Ocean Plan. based on public hearings held in October 1986. The workplan 
listed 26 issues raised during the hearings and identified seven as being high priority 
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for Ocean Plan review. Refinement of bioassay protocols and implementation of their 
use was one of the high priority issues. 

Implementation of these marine bioassay techniques will be used in regulatory 
programs of the State Water Resources Control Board and six coastal .Regional Water 
Quality Con_trol Boards.. For example, ocean discharge permits may incorporate 
biological and chemical "no observable effect concentrations" (NOEC's) that arc 
derived from tests on sensitive life stages of native marine species. Thus a given 
discharger might have a requirement that a one percent dilution of effluent show no 
observable effect in the bioassay tests. 

Alternatively, a discharge permit could be expressed in toxicity units (TU). A TU is 
defined as 100 divided by the no observed effect concentration: 

TU = 100 
NOEC 

The NOEC is defined as the maximum percent effluent, or any water being tested. 
that docs nor result in any observable effect on test organisms. In the example of ::i 
requirement that no toxicity be observed in effluent diluted to one percent, the 
discharge permit would require that the effluent toxicity limit be 100 toxicity units 
or less. 

TU = 100 100 

Phase One (Pre\ ious Worl, ): 

The Marine Bioass::iy Project has been designed as a four phase program to develop 
and implement use of short-term bioassay tests for toxicity testing of complex 
effluents discharged to the ocean. Actual laboratory work has been conducted ar the 
California Department of Fish and Game's (DFG) Marine Pollution Laboratory located 
south of Monterey. 

The first two reports issued by the Marine Bioassay Project described the Project's 
first phase and provided recommend::itions for continuing phases. Phase I involved 
three major preparatory tasks: 

I. Extensive refurbishment of a Department of Fish and Game laboratory for 
animal culture and rearing of marine species, and development of methods for 
maintaining and spawning selected species. 

....., 
Purchase and initial use of mobile laboratory specifically designed to conduct 
aquatic toxicity bioassays. 

3. Development of range-finding and definitive acute bioassays on three indigenous 
marine species. Performing and validating acute tests is a preliminary, but 
necessary. step in development of short-term tests to estimate chronic toxicity. 

V 11 I 



Ph:ise Two (Current Work): 

This report, the third in a series. describes work performed during the period from 
March 1986 to October 1987. Three new short-term bioassay protocols were developed 
after repeated testing using zinc as a reference :oxicant. These. protocols, designed to 
estimate chronic toxicity of discharges to ocean waters, utilize sensitive-life stages of 
three marine species: the red abalone (Haliotis rufescens), a rnysid shrimp 
(Holmesimvsis (= Acanthomysis) costata, and the giant kelp (Macrocystis pyrifera). 
After some refinement, preliminary testing with the three protocols was performed on 
two representative complex effluents, a primary and a secondary municipal 
wastewater. In addition, longer term reference toxicant tests were used with each 
species to caiibrate the reiative sensitivity of the short-term test prorocois. 

All three short-term protocols are static tests; that is, the test solutions are not 
changed or renewed during the bioassay. Each protocol measures a different effect, 
or endpoint. A summary of test results is given in the accompanying table. 

The short-term larval abalone bioassay protocol is a 48-hour test in which abnormal 
shell development is the endpoint used as the measured effect of toxicity. The 
11verage 110 observed effect concentration for zinc based on three repetitive tests was 
39 parts per billion (ppb). ln preliminary tests on two municipal wastewater 
treatment plants, an NOEC of 10 percent was determined for the secondary treatment 
plant and 3.2 percent for the primary treatment system. 

The short-term giant kelp bioassay is a 48-hour test that measures two different 
endpoints: zoospore germination and growth of the germination tube. Because kelp 
are relatively insensitive to zinc, the tests also were conducted with the pesticide 
sodium pentachlorophenate. For the pesticide, the NOEC for zoospore germination 
was less than 32 ppb. With preliminary wastewater tests, the NOEC was 0.56 percent 
for primary treatment effluent and 18 percent for secondary treatment. 

The short-term mysid bioassay is a 96-hour test with an endpoint of lethality in 
juvenile mysids. Primary and secondary effluents had NOECs of I percent and 32 --
percent respective!) in preliminary testing. 

ln addition, as described in Section 5 of this report, preliminary work was done with 
other organisms including mussels, squid, fish, and another species of mysid shrimp. 

Appendix 1 describes the selection or zinc as a reference toxicant. The evolving 
preliminary bioassay protocols for abalone, kelp, and mysids are presented in three 
separate appendices. In addition to work performed at the DFG laboratory during 
Phase 2, a preliminary validation of the evolving procedures was conducted by the 
Southern California Coast-al Water Resource Project (SCCWRP) to identify problems 
and omissions in the bioassa y protocols. 

Phases Three and Four (Future Work): 

Phase 3 of the Marine Bioassay Project will modify, as necessary, the protocols 
developed in Phase 2 for testing seawater dilutions of complex effluent from 
municipal ocean dischargers. Two representative municipal complex effluents will 
each be tested twice during 1988. Project staff will work closely with laboratory 
personnel from the two dischargers. At its conclusion, Phase 3 will provide 
laboratory specifications and requirements for chronic marine bioassay systems that 
can be used by ocean dischargers. 
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SUMMARY OF NO OBSERVED EFFECT CONCENTRATIONS 
FOR ABALONE, KELP, AND M'r"SJD TOXICITY TESTS 

TEST NUMBER 

l 2. J_ 

A. Zinc Reference Toxicant 
Tests (ppb) 

Abalone 48-Hour Repetitive Tests 40 41 37 
Abalone 9-Day Calibration Test 19 

Mysid 48-Hour Repetitive Tests 182 175 320 
Mys id 96-Hour Test I00 
Mysid 21-D:iy Calibration Test 45 

Kelp 48-Hour Repetitive Tests 
(germination) 2033 5495 1732 
(length) <1090 <589 <553 

Kelp 16-Day Calibration Test 1071 

') 

B. Interlaboratory Zinc Tests SCCWRP-
(ppb) 

Abalone 48-Hour Test 37 18 

Mysid 96-Hour Test 89 66 

3Kelp (germination) 957 
(length) <538 <559 

C. Effluent Tests (percent) Primarv Secondarv 

Abalone 48-Hour Test 3.2 JO 

Mysid 96-Hour Test 1.0 32 

Kelp (germination) 
(length) 

0.565 
n.d. 

2 

3 

4 

5 

MBP = Marine Bioassa y Project 

SCCWRP = Southern California Coastal Water Research Project 

No significant difference due to poor germination in controls 

NOEC derived by comparison with dilution water control because 
comparisons with brine controls gave no significant difference. 

n.d. = not determined 
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Phase 4 is the phased implementation of biological testing of complex effluents 
discharged to marine waters. Implementation includes the following activities: 

1. Develop a bioassaY protocol for a vertebrate species (a fish). 

2. Select and test an organic reference toxicant. (An inorganic reference toxicant 
was used during rrc\ ious phases.) 

3. Develop procedures manual containing the necessary protocols to conduct 
bioassays on marine organisms. 

4. Train Regional Board and discharger personnel to conduct marine bioassays. 
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RECOMMENDATIONS FOR PHASES THREE AND FOUR (FUTURE WORK) 

The Marine Bioassay Project was established to develop and implement better methods 
to regulate ocean discharges of materials that are toxic to marine life. The major 
objective of the Project is the development of sensitive biological tests that evaluate 
effluent toxicity. Section 13170.2 of the California Water Code requires the State 
Water Resources' Control Board to approve and adopt suitable bioassay protocols to• 
evaluate effects of discharges to marine waters by January I, 1990. To develop 
reliable and sensitive tests by this date, the following recommendations have been 
made by the Marine Bioassay Project and members of the Scientific Review 
Committee: 

I. CONTINUE EFFLUENT TESTING. Complex municipal effluents arc highly 
variable in their physical and chemical composition. Bioassays used for toxicity 
testing must perform reliably with all types of effluents. Continued effluent 
testing to verify test performance is recommended. 

2. ASSESS THE FEASIBILITY OF COMPLIANCE. As more sensitive tests arc used 
to determine Ocean Plan toxicity limits, ocean dischargers will need to know 
what must be done to comply with changes in discharge permit limitations. 
Testing a variety of effluents will indicate the level of treatment necessary to 
achieve compliance. As a first step, testing two types of effluent is 
recommended: one from a well-run secondary treatment plant that can meet 
new permit requirements, and another from a plant producing a more toxic 
effluent. This testing can be incorporated into the effluent testing work 
described above. 

3. CONDCCT QUARTERLY REFERENCE TOXICANT TESTING. Quarterly 
testing with a stable reference toxicant is recommended to assess seasonal 
variability in the toxic responses of new test organisms. The variable toxicity 
of effluents precludes their use in studies of seasonality. Conducting reference 
toxicant tests concurrently with effluent tests is recommended to distinguish 
seasonal effects from effluent toxicity variability. 

4. CO?\'TlNUE TEST DEVELOPMENT. The program should use the best tests 
available to detect effluent toxicity. The following work to improYe the tests 
presented in this report is recommended. 

a. The existing mysid short-term test measures lethality in juvenile organisms 
(Holmesimvsis). The project should investigate sublethal effects on this 
species or another indigenous mysid. Growth inhibition in. Holmesimvsis 
and reproductive tests with other mysid species are possible variations. 

b. Compare relative sensitivities of larval mysids of different ages. Tests 
presented in this report used mysids of identical age. If mysids of various 
ages are similarly sensitive to toxicants, they can be used interchangeably, 
and it will be easier to supply testing laboratories with suitable test 
organisms. 
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c. Jnycstigatc the sensitivity and variability of the short term kelp test using a 
different reference toxicant. Kelp is very tolerant to zinc, making data on 
sensitivity and variability difficult to interpret. A reference toxicant to 
which kelp is more sensitive 1s nectssary to determine the sensitivity and 
reliability of the kelp tests. 

5. DEVELOP TESTS THAT USE OTHER SPECIES. Coastal ecosystems contain a 
diversity of organ isms wit\1 widely varying tolerances to toxic substances. 
Possible effects on th,~ entire biological community can only be assessed by 
testing with a variny of species from different phyla. Tests using an alga, 
mollusc. and crustacean arc described in this report. Bioassay development 
using an indigenous marine fish species is recommended. Freshwater fish have: 
been used in acute bioassays for several years, and there is widespread public 
recognition of the need to protect fish populations. Although several fish 
species have been proposed, no standardized tests using marine fish are ready 
for use in California. 

6. CONDUCT INTERLABORATORY TESTING FOR VERIFICATION OF 
PROTOCOLS. Tests must be suitable for use by a number of people in a 
variety of monitoring laboratories. To insure wide applicability, the tests 
developed by the Marine Bioassay Project should be conducted concurrently by 
qualified laboratories to determine interlaboratory variability. Through 
interlaboratory testing, the requirements and constraints of the part1c1pating 
laboratories can be recognized, and necessary modifications of test protocols can 
be made. 

7. COMPARE l\1ARJJ\:E BIOASSA Y PROJECT PROTOCOLS TO ESTABLISHED 
TESTS. Existing tests de\ eloped by the U.S. EPA and others should be 
conducted alongside the abalone, mysid, and kelp tests. This comparison will 
help determine the relati\C sensitivities of several toxicity tests and will allow 
the Marine Bio:is,:1y Project staff to evaluate the suitability of these tes-cs for 
use in CaliL,rn1a. 

8. PROVIDE A RELIABLE SUPPLY OF TEST ORGANISMS. A reliable supply of 
test organisms from clean reference sites will be necessary to support a large 
scale testing program. A central culture laboratory should be established to 
supply organisms to the participating bioassay laboratories. 

9. PROVIDE ADEQUATE TRAINING OF TECHNICIANS. A comprehensive 
program should be developed to ensure that laboratory technicians have 
adequate training to conduct effluent testing. 

10. PREPARE FOR IMPLEMENTATION OF TOXICITY TESTING. Several steps 
are necessary to implement the ·tests developed by the Marine Bioassay Project 
and other groups such as the U.S. EPA. First, the dialogue with the discharger 
community must be expanded to include demonstrations of the evolving test 
protocols. Second, the staff and others associated with the Marine Bioassav 
Project need to continue and accelerate efforts to inform dischargers, · 
consultants, and other interested parties of progress in test development. 
Finally, after it has been verified that the protocols can be used sucessfully by 
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independent laboratories for testing complex effluents, the bioassays need to be 
implemented by the appropriate regulatory agencies. Implementation of 
bioassays includes (1) incorporation into the California Ocean Plan by the State 
Board and (2) placement in marine discharge permits by the affected regional 
water quality control boards. The early implementation steps should begin in 
1988 and be accelerated in 1989. Marine bioassay ·protocols will be required in 
the permits of large marine dischargers by January 1, 1991. 
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SECTION l 

INTRODUCTION 

Two billion gallons of wastewater are discharged into the coastal waters of California every day. 

Many wastewater constituents arc toxic to li-,ing marine resources. Because these resources are valued by 

Californians and play an important role in the state's economy, their protection is a major priority. The 

Water Quality Control Plan for the Coastal Waters of California (S\VRCB Ocean Plan, 1983) states that 

'"marine communities, including vertebrate, invertebrate, and plant species, shall not be degraded." 

A number of studies have indicated, however, that marine communities have not been protccw:l 

from pollution (see reviews by Reish, et al., 1984, 1985). Municipal effluents contain sewage, trace 

metals, and hundreds of synthetic organic contaminants. The fate of these materials in the ocean is the 

subject of ongoing research and debate. Many contaminants are toxic substances that accumulate in 

marine sediments. The flux of lead, zinc, copper, cadmium, silver and chromium into sediments of 

offshore marine basins is measurably greater today than in historic times prior to the existence of 

municipal waste outfalls (Bruland et al., 1974). At least some of these elements reach the se<limcnts by 

way of incorporation in marine plankton (Martin and Broenkow, 1975). Accumulation by plankton and 

macroalgae makes pollutants available to other members of marine food webs (Stewart and Schulz-Balde,, 

1976), and higher organisms may also absorb contaminants directly (:tvlartin et al., 1977). Some toxic 

substances bioaccumulate, others apparently do not (Young and Mearns, 1978); but a number of studies 

have shown increased levels of heavy metals (Young and Moore, 1978; Jan et al., 1977; Alexander and 

Young, 1976) and synthetic organic contaminants (Brown et al., 1984; Ladd et al., 1984) in a variety of 

marine organisms exposed to emuent discharges. Marine mammals, which generally occupy positions 

near the top of the trophic P)Tarnid, have shown increased body burdens of synthetic halogenated 

hydrocarbons (Schafer et al., 1984), and increased levels of mercury in feces (Flegal et al., 1981). 

Toxic substances appear throughout exposed marine ecosystems, and there is evidence that they 

affect organisms and community structure. Long term surveys of benthic communities have shown 

marked decreases in species diversity and abundance near outfalls (Grigg, 1978). Fish populations have 

declined from a combination of causes, and there is evidence that effluent discharges play a role in this 

decline. Tumors in Dover sole are significantly more common in fish collected near outfalls (Cross, 

1984), and white croakers in contaminated waters off Los Angeles have exhibited reduced reproduction 

rates (Cross and Hose, 1986). Reduced reproductive capacity, fecundity, and gametic viability in striped 

bass have been correlated with the presence of toxic pollutants (Whipple et al., 1983). Where chemical 



contaminant concentrations in effluent discharges have been reduced, there has been a corresponding 

recovery observed in affened biological communities (Swam e1 al., 1986). 

To protect marine life, effons have been made to reduce or remove toxic constituents from 

wastewater effluents. This has been an evolving process. Traditionally, engineering and economic 

considerations were the basis for a strategy of treating wastewater using the best teehnology available. 

The U.S. Environmental Proteetion Agency has recently emphasized a water quality-based approach that 

evaluates biological impacts to determine the amount of treatment necessary. But the evaluation of 

efOuem toxicity to exposed biological communities is a difficult task. One approach has been to develop 

discharge limits based on toxicological information for each tox.ic constituent, and then to monitor the 

effluent concentrations of each constituent individually (Branson et al., 1981). Effluents, however, 

contain hundreds of substances, many of them toxic. For many contaminants there is no toxicity 

inform;:ition, and chemical analysis, especially for synthetic organic compounds, can be difficult and 

expensive. Reliance on chemical monitoring alone has the additional disadvantage that additive, 

synergistic and antagonistic interactions between the effluent constituents cannot be measured (Livingston 

cl al., 1974) 

An appro:ich that circumvents many of these problems uses biological toxicity testing to 

directly measure the toxic effect of whole complex effluents (Sprague and McLeese, 1968; Woelke, 

1972). Risebrough el al. (1974) discussed the need for biological tests to determine the ecological 

effects of synthetic organic contaminants, but Oshida and Goochey (1980) observed that no standardized 

bioassays were available for testing effluent discharges to California waters. Many types of marine 

toxicity experiments have be.en designed (see reviews by Reish et al., 1984, 1985; and Eagle, 

1981), but Eagle (1981) described the general lack of standardization in previous bioassay testing. He 

suggested that future tests include information on temperature, salinity, pH, dissolved oxygen, season. 

age and general health of the test organisms. 

The present work is designed to help fill the need for a series of standardized biological toxicity 

tests for routine examination of whole effluent toxicity. To estimate effluent impacts on biological 

communities, sensitive, reliable bioassay tests must be avail.able that use ecologically imponant species 

indiginous to the impacted areas. Established tests of this kind using California marine species include 

the mussel larval development test (Dimick and Breese, 1965), the sea urchin embryo test (Oshida and 

Goochey, 1980), and the echinoderm sperm cell test (Dinnell et al., 1987). Species vary in their 

tolerances to effluent constituents, and no single species is most sensitive to the variety of effluents 

discharged to coastal waters. To accurately assess toxicity, tests using a number of different species 

must be employed. The tests described here include species from three major groups (molluscs, 

crustaceans, and algae). The selection of species used by the Marine Bioassay Project is described by 

Linfield et al. (1985), and early test development using the pesticides endosulfan and sodium 
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pcntachlorophenate is described by }.1anin et al. (1986). 

This report is comprised of three main sections. each dealing with work on one of the test 

species: the red abalone H.a!ioris rufescens. ilie my5,id. !Jo!mesimysis (==Acanzhomysis) costata and the 

giant kelp, M acrocystis pyriferra, plus a shon discussion of preliminary work with additional test species. 

Each section contains an introduction to that species, materials and methods, test results, and discussion. 

This fonnat is intended to give a complete description of each of the toxicity tests, but causes some 

overlap in the discussion of topics relevant to all three. A short tenn test to estimate chronic effluent 

toxicity is presented for each sp---..,cies; t.1-iese are Lhe tests designed for regulatory applications. Detailed 

protocols for conducting the short tenn tests are found in the appendix. In addition, a long tenn test is 

presented for each species. Long and short tenn toxicity is compared to evaluate the relative sensitivity 

of each short tenn tesL All procedures described are considered preliminary, and incorporation of these 

tests into waste discharge pcnnits is subju:t lO approval by the State Water Resources Control Board. 

Further testing and the coordinatc,d implementation of tests developed by the Marine Bioassay Proju:t are 

planned for the project's next phase. 
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INTRODUCTION TO RED ABALONE TESTS 

The red abalone, Halioris rufescens (Swainson 1822), has been studied extensively because of its 

economic value. Much of the information on abalone ecology (Cox, 1962; Sakai, 1962), life history 

(Boolootian er al., 1962; Leighton, 1967, 1974; Morse er al., 1979) and culture (Morse er al., 1977; Morse, 

1984; Eben and Houk, 1984) has been directed toward enhancing its production for the seafood industry. 

Recently, however, the red abalone hasbeen used as a bioassay organism in studies investigating the effects of 

toxic pollutants on marine life (Martin er al., 1977; Morse et al., 1979). The work presented here is pan of 

an effon by the California State Water Resources Control Board to develop sensitive biological toxicity tests 

for routine monitoring of complex effluents discharged into California's coastal waters. 

The red abalone is important to the ecology and economy of the California coast. It is the largest of 

the west coast marine gastropods, and is an important food for the threatened sea oner. In areas of suit.able 

habit.at it constitutes a large fraction of theinvertebrate biomass and production (Hines and Pearse, 1982 ). 

Commercial landings of red abalones in California peaked in 1957 at about 5 million pounds, then declined to 

just over 800,000 pounds (v-.orth S2.4 million) in 1985. The annual spon harvest exceeds 1.5 million pounds, 

and ranks as the most important recreational fishery in nonhern California (Cal. Dept. of Fish and Game, 

unpublished data). 

There is evidence that abalones arc exposed to and assimilate tox.ic substances from eff1uent discharges. 

Concentrations of silver, chromium. nickel, and zinc were 2 to 10 times greater in the edible tissues of 

abalone collected near large southern California municipal outfalls than in edible tissues of abalone from 

control sites (Jan er al., 1977) .The distribution of abalones has been affected by eff1uem discharges, with 

abundance declining near outfalls (Grigg, 1978). High abalone mortality was associated with high copper 

concentrations in cooling water discharged from the Diablo Canyon nuclear power plant (Martin el al., 1977 ). 

A number of other molluscs have been used in marine toxicity studies. Among these are various 

species of clams (Calabrese and r--;e!son, 1974; Calabrese el al., 1977), oysters (Woelke, 1972; Connor, 1972; 

Calabrese et al., 1973; Martin el al., 1981), mussels (Dimick and Breese, 1965; Martin e1 al., 1981), and 

scallops (Nelson e1 al., 1976). The red abalone was chosen as a potential molluscan bioassay species in the 

St.ate Water Resources Control Board's Marine Bioassay Project because it has a combination of characteristics 

that make it exceptionally well suited for toxicity testing. It is ecologically and economically imponant, it 

has been affected by effiuent discharges, it is easily manipulated in the laboratory to reliably produce 

spawnable broodstock and fenilized eggs for testing year-round, it has free swimming larvae that are visible to 

the naked eye, it is sensitive to a variety of toxicants (Martin e1 al., 1977; Morse et al., 1979; Martin et al., 

1986), and it is distributed throughout California coastal waters. 
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This report describes a short tenn sub-lethal bioassay test that estimates the chronic toxicity of 

complex effluents to the red abalone, and presents the results of toxicity tests using zinc sulfate and samples 

of primary and secondary treated effluenL~. Also presented are the results of a nine-day metamorphosis test 

used to calibrate the sensitivity of the short tenn test. 

MATERI ALS AND METHODS 

Two tests are described here: a short tenn test designed for routine use by dischargers and regulatory 

agencies, and a long term test used to calibrate the sensitivity of tt'!e short tenn test In the short tenn test, 

we exposed abalone embryos to toxicant solutions immediately after fertilization. After 48 hours, we 

examined the veliger larvae for shell abnormalities. In the long tenn test, the exposure continued for 9 days, 

allowing the larvae to pass through their entire larval stage and metamorphose into the adult fonn (Figure 1). 

Failure to undergo metamorphosis was the indication of long tenn toxic effect 

The following are brief descriptions of the two toxicity tests. Included are methods for culturing 

broodstock, obtaining embryos, conducting toxicity tests, evaluating larval abnormalities, and analyzing the 

results statistically to detennine the toxicity of emuent samples. Step by step instructions for conducting 

the short term test are presented in the abalone test protocol appended to this report. 

Facilities 

All of the work was done at the Marine Pollution Studies Laboratory at Granite Canyon, located on the 

exposed rocky coast of central C:.ilifom1a, 20 km south of the Monterey penninsula. Seawater for culturing 

abalones and for dilution water in toxicity tests was drawn directly from the ocean and flowed continuously 

through the laboratory in a system using stainless steel pump impellers and PVC pipes. The laboratory is 

remote from sources of pollurion. Culture facilities were physically separated from the mobile bioassay 

laboratory to prevent conL'.lminaLion of organisms prior to testing. 

Abalone Culturt 

We cultured the. ab:dcmc brnodstock in 15 iiter opaque plastic containers and fed them ad libitum with 

fronds of giant kelp (Macrocystis pynfera). The nocturnally foraging animals were kept in 24 hour darkness 

to enhance feeding (Ebert and Houk, 1984). Water flowed continuously through the broodstock containers at 

a rate of about 2 to 3 liters per minute. Each container held 10 to 20 abalones averaging 8 cm in length. 

To obtain eggs and larvae, we routinely induced spawning of ripe broodstock using the ultraviolet 

irradiation technique developed b:1 Kikuchi and ill..i (1974). We assessed the sexual maturity of potential 

spawners by examining the gonad, which is easily visible under the right posterior edge of the shell. Two 

days before spawning induction, three ripe males and !hree ripe females were placed in separate, clean 15 liter 
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polyethylene buckets with continuously flowing filtered se.awater. These animals were kept for two days 

without food to allow acclimation and the elimination of feces. Two to three hours prior to spawning, the 

buckets were emptied, "·i;.,cd clean of accumulated wastes, and refilled slowly (150 mVmin) with one micron 

filtered seawater from the l)\' s1,criliz.aLion Lr,'. Tnis f1ow rau:: was maintained until the UV irradiated 

seawater triggered the spawning r.:spon.sc (ahnut 2.5 hours). Spawni..-ig induction was successful in 15 of 16 

trials (94 o/c) 

Following spawning by both groups, we siphoned the eggs into a Ll-iird clean polyethylene bucket and 

added 300 ml of spenn suspension to allow fertilization. Fertilized eggs were rinsed and concentrated. Five l 

ml samples of the concentrated egg suspension were counted to estimate embryo density (see Appendix 2 for 

details). 

Short Term Toxicity Test 

One thousand eggs were pipetted into each toxicity test container. Polypropylene 250 ml beakers were 

used a, test containers in zinc tests, and 600 ml borosilicate glass beakers were used in efOuent tests. Each 

short term test used 5 toxicant concentrations and a control, each replicated. 5 times, for a total of 30 test 

containers (efOuent tests included 5 more containers for brine controls). All containers were arranged 

randomly in a water bath prior to addition of the embryos. 

The embryos incubated in the test solutions for 48 hours. During this time they developed into 

trochophore larvae, hatched from the egg membrane, and transformed into veliger larvae (Figure 1). Vv'c 

measured. the dissolved oxygen concentration, pH, salinity, and temperature daily in one randomly 

selected test container from each concentration. 

After 48 hours, we poured the entire contents of each test container through a 37 micron mesh Nytex 

sieve that retained the larvae. Larvae were then washed with a squin bottle from the sieve, through a funnel, 

and into 10 ml glass vials, where they were fixed in 5% buffered formalin. We pipetted all larvae from the 

vials onto a Sedgewick-Raftcr counting slide, and examined 200 larvae at 100x under a compound light 

microscope (Figure 2). Larvae with smooth snail-shaped shells were scored as "normal". Larval shells with 

severe deviations from the snail shape or large indentations were scored as "abnormal" (Figure 3). We 

compared marginally deformed shells with a series of photographs to eliminate as much subjectivity as 

possible. Comparisons between analysts for all replicates were made using a paired sample T-test. There 

were no significant differences in the interpretation of this endpoint in three trial tests (p > .05; Hunt and 

Anderson, unpublished data). 
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FIGURE 2. ABALONE TOXICITY TEST PROTOCOL 
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NORMAL VEUGER LARVA 

Figure 3A. "Normal" 48-hour old red abalone veligcr Jarva (100 x magnification) 
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ABNORMAL VELIGER LARVA 

Figure 3B. "Abnormal" 48-hour old red abalone veliger larva (lOOx magnification). 
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Statistical Analysis 

For each replicate of each concentration we determined the percentage of normal larvae out of the 200 

counted. Trjs percentage was t.;ar1sformed to the arcsine of its square root to normalize the distribution of the 

percent.age data. The transformcc: c..2:t1 were !.hen analyzed using an Analysis of Variance and a Dunnett's 

multiple comparison test to compare each concentration to the control (Zar, 1980; Glass, 1972; Sokal and 

Rohlf, 1969). The highest concentration not significantly different from the control was defined as the No 

Observed Effect Concentration CT\OEC). 

Long Term Toxicity Test 

The long term test was not designed as a test for routine toxicity evaluation, but was used to .calibrate 

the sensitivity of the shon term test. A stable reference toxicant (zinc sulfate) was used to provide verifiable 

test concentrations for comparisons with short term tests using the same toxicant. We used a proportional 

diluter system (Brun gs and Lemke, 1978) to continuously replenish the toxicam at the desired concentration. 

Six concentrations and a control were used, each replicated 4 times. The concentrations were O(control), 5.6 

l 0, 18, 32, 56 and 100 ug/1 zinc. These nominal concentrations were verified by chemical analysis (sec 

discussion of toxicants, below). 

Broodstock, spawning, fenilization, counting and delivery of abalones into the test containers were as 

described for the shon term tests. The test containers were of two parts, designed for use in a flow-through 

system. A polycarbonate cup with a 90 micron mesh Nytex screen bottom was placed half-way into a 250 

ml polypropylene beaker. A 1/4 inch diameter plastic tube delivered test solution from the diluter system into 

the cup, where the abalones were retained above the screen in water 4 cm deep. Test solution gradually flowed 

through the screen and out the beaker pour spouts. 

Larvae were kept in these containers until day six, when they had developed four lobes on the cephalic 

tenticles and sensory cilia around the margin of the foot, characteristics that indicate their competence for 

settlement. On day six the abalones were transferred to polycarbonate cups that had been prepared as suitable 

substrate for settlement. The settling cups were prepared by growing films of naturally occurring benthic 

diatoms in them, then allowing 1 cm long juvenile red abalones to graze the diatoms. Substrates prepared in 

this way have been shown to induce settlement of larval abalones, who arc chemotactically attracted to the 

mucus trails left by the grazing juveniles (Seki, 1980). The abalones were left to settle in these cups for the 

remaining 3 days of the test. On day nine we immersed the cups for l minute in 5% buffered formalin to fix 

the abalones, then washed them from the cups into vials where they were kept in 5% formalin. The abalones 

were examined microscopically as described above, and were scored as either metamorphosed or 

non-metamorphosed. Metamorphosis is indicated by the existence of the juvenile shell, with its characteristic 

radiating lines (Morse, et al., 1979; Figure 4). 
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METAMORPHOSED JUVENILE ABALONE 

Figure 4. Nine day old juvenile red abalone, 2 days post-metamorphosis. Note the juvenile shell 

with its characteristic radiating lines. Note also that the remnant larval shell is densely 

striated and free of ar.::, indentations. 
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For each replicate of each concentration we counted 200 abalones, and calculated the percentage that had 

successfully undergone metamorphosis. These data were then treated as above to calculate the NOEC value. 

Toxicants Used 

Zinc sulfate was used as a reference toxicant in developing this toxicity tesl We used zinc because it is 

stable in solution (see Table 8 in Appendix 1 ), easy to analyze chemically, relatively non-hazardous, and 

found in high concentrations in target effiuents (Schafer, 1986). The reference toxicant was used for making 

comparisons among replicate tests, between iong and shon tenn tests, between iaborawries, with i.esl.S using 

other organisms, and with the literature. 

All zinc concentrations were verified by chemical analysis on a Perkin Elmer 5000 atomic absorbtion 

spectrometer. One random replicate of each concentration was sampled at the beginning and end of each test. 

Samples were stored in 30 ml polyethylene vials with l % by volume of 14 N double quartz-distilled nitric 

acid. Unless othern,·ise noted, all zinc concentrations reponed in figures, tables, and text are chemically 

verified concentrations. 

Effluents used in the experiments were samples of primary and secondary treated municipal effluents 

from publicly owned treatment plants discharging to California coastal waters. Primary effluent was from a 

single grab sample collected prior to chlorination, secondary effluent was from a 24 hour composite sample 

collected after chlorination and dechlorination. 

Effluent salinities ranged from O to 2 ppth, and required additions of hypersalinc brine to achieve the 

test salinity of 34 ppth. Brine was made by heating 1 micron filtered seawater to between 40° and 100°C 

with constant aeration to produce a brine salinity of 75 to 85 ppth. The higher temperatures were used only 

because of logistical necessity, and produced brines with elevated pH levels that were measurably toxic to the 

young abalones. Brines produced at temperatures above 40°C are not recommended for salinity adjustments 

in toxicity tests. 

Effluent ammonia concentrations were not measured during testing. Ammonia levels are measured 

quarterly by the treatment plants. Total ammonia concent..ralions for the primary effluent had an annual range 

of 20 to 49 mg/I. The annual range of total ammonia concentration for the secondary effluent was from 18 to 

22 mg/1. We have no data for unionized ammonia concentration. 

We also tested samples from inside and outside the zone of initial dilution (ZID) above the secondary 

plant outfall. One sample was collected at low tide in the boil directly above the outfall, and another was 

collected nearby but outside of the discharge boil. Both had salinities of 32 ppth and did not need salinity 

adjustment 
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Cleaning of Test Equipment 

All sample vials, pipets, test containers, and mixing flasks were cleaned by sequential 24 hour soaks in 

detergent, 3N hydrochloric acid, and deionized water prior to use. Equipment was rinsed 3 times with 

deionized water bet,veen each soak. Containers used with effluents were triple rinsed with fresh reagent grade 

acetone before soaking. 

Interlaboratory Calibration 

The shon tenn test was conducted by two different laooratories to detennine if similar results would be 

produced by different investigators at another facility using the written test protocols developed at the Marine 

Pollution Studies Laooratory (MPSL). 

We transponed adult broodstock abalones from ?--1PSL to the Southern California Coastal Water 

Research Project (SCCWRP) laboratory in Long Beach, California. Three ripe male and three ripe female 

abalones were packed in moist sponges in bags filled with oxygen, and placed in an ice chest with two blue 

ice blocks wrapped in newsp::iper. Within 12 hours they were put in seawater aquaria at SCCWRP. :t--1PSL 

broodstock were packed in the same way in another ice chest, and kept at ?--1PSL for 12 hours to simulate the 

ad\entures of the transponed abalone. 

All test containers, mixing flasks, culture equipm(.;nt, and zinc sulfate was brought to SCCWRP from 

MPSL. Both labs used SCCWRP's seawater, which was originally pumped from the head of the Redondo 

submarine canyon in Santa Monica Bay. Test temperatures were 15° ± 1°C at both laboratories. We 

conducted the test at MPSL one week after it was done at SCCWRP. The panicipat.ing investigators at 

SCCWRP were experienced bioanalysts who have developed similar tests with other species, although 

none had previously conducted the abalone test. Test d.3ta were analysed with the same statistical tests at the 

same significance level (alpha =.05). 

Species Comparisons with Secondar)' Efnuent 

A study coordinated by the San Francisco Regional Water Quality Control Board gave us the 

opponunity to compare the effluent sensitivity of the red abalone test with that of the 48 hour mussel test 

(Dimick and Breese, 1965) and the 1 hour echinoderm spenn cell test (Dinnell tl..£1, 1987). A sample of 

secondary effluent was split, with subsamples given to MPSL and to investigators from the EPA 

Environmental Research Laboratory at Nev.'J)On, Oregon. We conducted the red abalone test at MPSL, and 

EPA investigators conducted the mussel and echinoderm tests at temporary facilities near the outfall. All 

samples were transported in ice chests with blue ice, and all tests were initiated on the day of effluent 

colic.ct.ion. No Observed Effect Concentrations (NOECs) derived with the same statistical methods (A..1'\!0V A 

and Dunnett's) were used to compare results between test species. 
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RESULTS 

The results of 9 toxicity tests using the red abalone are presented here. Three are replicate short tenn 

tesi.s with zinc that are compared to ex2..Toi.ne Lest vari2:bihiy. One is a long term exposure used to calibrate 

the sensitivity of the shoITT ien:n ~SL Two are interlaboratory tests using zinc, and three are effluent tests: one 

primary, one secondary, and one from the zone of initial dilution above a secondary plant outfall. All No 

Observed Effect Concentrations (NOECs) derived from these tests are summarized in Table 1. 

TABLE L NO OBSERVED EFFECT CONCENTRATIONS FOR ABALONE TESTS 

Zinc Sulfate Tests (µg/1) TEST NUMBER 

l 

Abalone 48 Hour Repetitive Tests 
Abalone 9 Day Test 

40 
19 

41 37 

Interlaboratory Zinc Tests (µg/l) MPSL SCCWRP 

Abalone 48 Hour Test 37 18 

Effluent Tests (percent) PRIMARY SECONDARY 

Abalone 48 Hour Test 3.2 

MPSL = Marine Pollution Studies Laboratory; SCC\VRP = Southern California Coastal Water Research Project. 
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Water Quality Measurements of Test Solutions 

Measurements of dissolved oxygen, pH, temperature, and salinity for all test solutions from all abalone 

tests reported here are presented in Table 2. All values are within normal ranges, except for pH values for 

brine controls in the secondary effluent teSL 

TABLE 2. "\YATER Ql'ALITY RA~GES FOR ABALONE TESTS 

Test Dissolved Oxygen pH Salinity Tempera true 

mm.(Hg. ppt. degrees C. 

Shon-term #1 -- 8.55 -- -- 36.0 -- -- 13.0 --

Short-term #2 145-155 -- 8.55 -- -- 33.0 -- -- 14.5 --

Shon-term #3 112-141 8.55 - 8.60 33 - 35 14.5 - 16.0 

Long-tcnn 138-162 8.50 - 8.60 33 - 36 14.0 - 17.5 

lntrr-Lat 152-158 8.50 - 8.60 -- 35 -- 14.8 - 16.5 

Primary 149 - 161 8.30 - 8.60 35 - 36 14.5 - 15.0 

Sccond:lr) 148-157 8.55 - 8.70* 34 - 36 -- 15.0 --

ZID 151 - 154 8.55 - 8.60 32 - 33 -- 15.0 --

* Brine control pH was 8.90 

Replicate Short Term Tests 

There was very close agreement between the three replicate short term tests with zinc (Figures 5, 6, 

and 7J. Graphs of the data show negligible variability for all concentrations except the intermediate (56 µg./1 

nominal) concentration. in which there was a 47% difference in abalone response between tests I and 2 

(Figures 5-7). The No Observed Effect Concentrations (NOECs) for the three tests were the same nominal 

concentration, and the verified zinc concentrations for these NOEC values were 40, 41, and 37 µg/l. The mean 

NOEC was 39 µg/l, and the coefficient of variation was 5.3%. This level of test variability indicates a stable 

toxic response to zinc by abalone larvae from different parents spawned at different times. 

Variability among replicates within tests was also low, with standard deviations ranging from Oat 

some of the highest and lowest toxicant concentrations to 11 % at the most variable intermediate 

concentration (Figure 5). 
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Abalone Lan·ai Development in Zinc #1 
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Figure 5. Mean pcrcenl3ge of normally dc,·eloped abalone veliger larvae (± 1 standard deviation) for each zinc 
concentration in short-term test# 1. N = 5 replicates per concentration. 

Abalone Larval Development in Zinc #2 
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Figure 6. Mean percentage of normally developed abalone veliger larvae (± 1 standard deviation) for 
each zinc concentration in short-term test# 2. N = 5 replicates per concentration. 
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Abalone Larval Development in Zinc #3 
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Figure 7. Mc.an percentage of normally developed abalone veliger larvae ( + 1 standard devi.:nion) for 
each zinc concentration in short-tenn test# 3. N = 5 replicates per concentration. 
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Long Term Test 

Larval success at metamorphosis was about twice as sensitive to zinc exposure as was larval shell 

development. The 9 day metamorph,:>:;s 1est h3d a NOEC value of J9 µg_/l zinc (Figure 8), about half that of 

the me.an short term NOEC of 39 µg;i zinc. Control meta.rnorphosis was about 85%. 

Abalone 9 Day Zinc Test 
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Figure 8. Mc.an pcrcemagc of successfully metamorphosed abalone larvae(± 1 standard deviation) for 
each zinc concentration in the 9 day flow-through test. N = 4 replicates per concentration. 

Interlaboratory Tests 

The short term tests conducted at two different laboratories produced similar data (Figures 9 and 10). 

The mean difference octween laboratories at each concentration was 4.2%. The largest difference (12.2%) is at 

the intermediate (32 µg/1 nominal) concentration, and this difference is responsible for the difference in 

NOECs between the two tests (Figures 9 and 10). SCCWRP reported an NOEC of 18 µg/1 (nominal 

concentration) and MPSL reported an NOEC of 37 µg/l. The presence or interpretation of fragmented 

preserved larvae in the 32 µg/1 nominal concentration probably caused the disparity (Steven M. Bay, 

SCC\VRP, personal communication). 
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Figure 9. Mean percent.:Jge of nonnally developed abalone veliger larvae (± l standard deviation) for 
each zinc concentration in the interlaboratory test conducted at the Marine Pollution Studies 
Laboratory. :'\ = 5. 
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Figure 10. Mean percentage of normally developed abalone veliger larvae (± standard deviation) for 
each zinc concentration in the interlaboratory test conducted at the Southern California Coastal Water 
Research Project Laboratory. N =5. 
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Primary Efnuent 

Primary emuent caused the same type of larval shell abnormality as zinc. Particulates in the emucnt 

did not alter the performance or ir:terpretation of the tesL There was. however, an additional abnonnality 

found only in L~e highest effluent concentration. Ve!iger la.rvae were found fully encased in the egg 

membrane 24 hours after they would normally have hatched as trochophores (Figure 1). Because this 

abnormality was not the same as the shell development abnonnality upon which this standardized test is 

based, these encased larvae were counted separately. An average of 18.4% of the larvae counted in the i Oo/c 

effluent concentration were encased in egg membranes. Of the remaining larvae in I.his highest effluent 

concentration, an average of 95.3% had developed abnonnal shells similar to those seen in other tests (Figure 

11). The appearance of encased larvae had no effect on the end result of the test. The NOEC value for this 

primary effluent sample was 3.2%. 

Brine used in this test was not heated to more than 40°C, and pH values were within normal ranges. 

1'0 brine controls were used in this test. 

Abalone Larval Development nn Primary Effluent 
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Figure 11. Mean percentage of normally developed abalone veliger larvae (± 1 standard deviation) for 
each primary effluent concentration. N = 5. 

25 



Secondar_y Effiuent 

Secondary effluent concentrations above 10% significantly inhibited larval shell development (Figure 

12). Effluent concentrations of 18, 32, and 56% had significantly more abnormal larvae than did controls or 

brine controls. 

Brine used in tests with secondary effluent had a noticable effect on the larval abalones (Figure 12). 

This brine had been boiled, and had a pH of 9.3. Brine controls had the same amount of brine (400 ml per 

liter) as did the highest efOuent concentration (56o/c). 

Abalone Secondary Effluent Test 
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Fi£ure 12. !-.lean percentage of normally developed abalone veliger larvae(± 1 standard deviation) for 
e.Jch secondary effluent concentration. N = 5. "C" represents dilution water control, "BC" represents 
brine control. 
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AbaJonc embryos exposed to sarnples collected inside and outside the rone of initial dilution (ZID) 

zibove the same secondary plarii's ouuali de,·dopcj into normal veliger larvae. There was no significant 

difference from the controls in th, K,: ;r::igwe :3). zm sample salinities were 32 ppt., indicating at least 

an 8 to 1 dilution in the receiving wz.ter (salinity s 34 ppt), ZID samples did not need bri--:e additions. 

Abalone ZID Test 
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Figure 13. Mean percentage of nom1ally developed abaJone veliger larvae(± 1 standard deviation) in 
eff1uent receiving water. N = 5. "C'' represents control water from the Marine Pollution Studies Laboratory, 
"OZ" represents water collected outside the zone of initial dilution (ZID), and "IZ" represents water collected 
inside the ZID above a secondary waste treatment plant outfaJl. 

Species Comparisons with Secondary Effluent 

The NOEC value for secondary effluent derived using the 48 hour red abalone test was 10%. The same 

NOEC was obtained for the same effluent sample using the 48 hour mussel larval development test, and the 

NOEC value obtained for the same effluent sample using the echinoderm spenn cell test was 3.2% (Gary 

Chapman, U.S. EPA, Newport, personal communication). 
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DISCUSSION 

Direct biological toxicity testing is being used increasingly to evaluate the potential impact of complex 

effluents on the marine environment. The red abalone toxicity test is being evaluated for this purpose. By 

describing the variability and sensitivity of this new sublethal toxicity test, the results presented here give an 

initial indication of the test's suitability for effluent toxicity monitoring. 

The reliability of a test is indicated by its inherent variability. In a large scale routine monitoring 

program, biological tests must detect comparable toxicity levels in different effluents with minimal 

variability. The results of reference toxicant testing of the 48 hour abalone test indicate low inherent 

variability both among replicates and between repeated tests. Standard deviations among replicates ranged 

from O to J l o/r: (Figures 5-7), and all tests produced the same nominal No Observed Effect Concentration 

(NOEC), with chemically verified )'.;QECs varying by 5.3% (coefficient of variation). 

Estimations of test variability with complex effluents are more difficult because effluent composistion 

and toxicity change constantly. However, the low between-replicate variability within the effluent tests 

suggest that larval sheU devclopmen, responds reliably to effluent exposure (Figures 11 and 12). 

The ecological implication~ of atwmnal larval shell development are unknown. The planktonic larval 

stage is import.ant to abalone populations a~ a means of dispersal (Tegner and Butler, 1985), and the physical 

and biological stresses on abalone larvae in the planktonic community suggest that this life stage is 

vulncrabk ecologically. Visibly obvious abnormalities at this stage can be expected to have a significant 

impact on the animals· ability to survive and reproduce. Nevertheless, the ecological importance of toxic ant 

exposure at concentrations causing shell deformities is more clearly established by determining the effect that 

those concentrations have on metamorphosis of the larval abalones. Failure at metamorphosis cause~ 

extended existence in the plankton, delayed initiation of feeding, and possible loss of opportunities to scttk 

on habitable substrates (Morse et al., I 979). Larvae that never undergo metamorphosis will never reproduce. 

Zinc concentrations half as great as those causing abnonnal shell development were capable of 

significantly reducing successful metamorphosis (Figure 8). No successfully metamorphosed juveniles were 

observed with deformities in their larval shells, indicating that shell deformity precludes survival past the 

planktonic stage. 

The fact that the NOEC values for the 48 hour test (39 µg/1) were only about twice that of the NOEC 

for the 9 day test (19 µg/1) indicates that the short term test gives a reasonable estimation of chronic toxicity. 

The results of interlaboratory testing suggest that the short tenn test can be successfully conducted by 

different technicians at different facilities with minimal effect on test performance. The mean difference 

between laboratories at each concentration was 4.2%, with a maximum of 12.2% in the intermediate 

concentration (Figures 9 and 10). This 12.2% difference, however, was enough to affect statistical 

significance and cause a difference in NOEC values. The NOEC for the fvWSL test was 37 µg/1 (verified 
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concentration). while the NOEC for the SCC\VRP test was 18 µg/! (nominal concentration: chemical 

analyses of SCCWRP zinc concentrations were unsuccessful. All other concentration, were analyzed as 

discussed in the Method, section). 

The sensitivity of the sh0n terni rest can be assessed by comparisons with published values for zinc 

toxicity to other organisms. Forty eight hour zinc LC 50 values for other larval molluscs include: 340 µg/! 

for eastern oysters Crassostrea virginica (Calabrese et al., 1973); l l 9 µg/! for pacific oysters Crassostrea 

gigas, and 175 µg/! for mussels Afyri/us edulis (Martin et al., 1981). A graphically estimated EC 50 value 

for the present 48 hour abalone test is about 55 µg/1 zinc (Figures 5-7), less than half that of the other 

reported values. Growth of adult mussels M. edulis may be the most sensitive indicator of toxicity to 

molluscs, with a 48 hour NOEC of 10 µg/1 zinc (Stromgren, 1982), lower than the 39 µg/1 NOEC level 

reported here. Reported zinc toxicity values for species from other phyla are generally higher, with 96 hour 

LC 50s ranging from 499 µg/1 for mysids (Lussier et al., 1985) to 10700 µg/1 for the polychaete Capi1e/la 

capita/a (Reish, 1978). Other sensitive tests exist that do not have reported values for zinc and are not 

mentioned here, although some comparisons have been made using split samples of complex effluent, as 

dcscribc<l below. 

The 48 hour abalone test worked well with samples of whole complex efnuents. No changes in 

methods or endpoint determination were necessary, despite the difference in physical and chemical 

composistion between efnuent and the reference toxicant. Abalone were more sensitive to primary efnuent 

than to secondary effluent; but because these two effluents came from different sources, and because of the 

variable nature of complex emucnL~ in general, no comparison based on treatment can be made. 

Based on comparisons using replicate samples of secondary effluent, the 48 hour abalone test was as 

sensitive to secondary effluent as the 48 hour mussel test of Dimick and Breese (1965), and less sensitive than 

the echinoderm sperm cell test of Dinnell et al. (1987) (Gary Chapman, personal communication). Both of 

the 13ttcr tesLS have been recommended for routine use in effluent toxicity evaluations (APHA Standard 

Methods, 1985; Peltier and Weber, 1985). 

The 48 hour abalone test is a simple and sensitive bioassay. Broodstock conditioning and spawning can 

be accomplished year-round (Morse et al .. 1977, Ebert and Houk, 1984), and this is an important advantage in 

a routine monitoring program. The relatively low variability and low NOEC values in this study 

demonstrate the potential reliabilty and sensitivity of the test, while comparisons with the long term test 

suggest that the short term abnormalities are indicative of ecologically significant effects. Information on 

effluent toxicity obtained using the abalone test is useful both for discharge monitoring and for protection of 

an economically and ecologically important species in California. 
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Introduction To Kelp Tests 

The giant kelp, Macrocystis pynfera is the dominant canopy-fanning alga in southern and ccn!Ial 

California. Giant kelp forms extensive submarine forests along the coast and these arc home to a rich diversity of 

marine life. M acrocystis forests are among the largest and most complex ecosystems on earth, and provide the state of 

California with a valuable economic and ecological resource. Because of the proximity of kelp forest ecosystems to 

near shore pollution sources, there is increasing concern over the effects of waste discharge on Afacrocys1is and its 

associated marine communities. 

There is rcasorwble indirect evidence that sewage has contributed to declines in kelp forests in Southern 

California. Wilson (I 980,i dc~cril:'>cd a correlation between increased solids discharged by the City of Los Angek, ::it 

the Whnes Point scawge outfall, 3.Ild the disappearance of kelp forests on the Palos Verdes Penninsula. This decline 

was followed by a reappC;1rance of kelp with the concurrent decrease in suspended solids discharged (sec also \kistrcll 

and \lonwgne 1983, Figure 7). Explanations for the dis::ippcarance of kelp forests in Southern California arc 

confounded by the inf1uer.ce of other factors such as warm water temperatures, and sea urchin grazing. Declines in 

the Point Loma kelp fore,t h::i\e been attribute.d to these factors (North, 1976). 

Several factors rcla1cd 10 wa.:;tcwatcr discharge have been suggested to have adverse effects on A!a::rocvs1i.1. 

These include decreased irradiancc due t0 the presence of suspended solids, increased sedimen12tion, and poisoning by 

toxic chemicals. \Vhik nm demonstJating a direct effe.ct on kelp, Eppley et al. (1972) showed that there was increase 

sedimentation and decr~e.d irradiance around oce::J.J1 outfalls. Devinney and Volse (1978) demonstr,:n-:d in l:.lbor..nory 

experiments th:n suspended solids can kill Macrocys1is reproductive stages. Others (Luning and l'scushul 1978: 

Dcyshcr and Dean 1984, 1986a, and 1986b; De::J.J1 and Jacobson 1984) have shown that light is imporunt for kelp 

reproduction and sporophyte growth, and Grigg (1978) suggests that the potential area for growth of M. pyrifcra off 

Palos Verdes ha.:; hccn suppressed by low light levels associated with the Whites Point sewage outfall. l\o dire.ct 

correlations have been demonstrated between levels of toxicants associated with seawage discharge and dc.:::lines in 

Macrocys1is field populations. Clendcnning (1958, 1959, 1960) used laboratory experiments to show that elevated 

levels of sewage effluents and various chemical compounds associated with them inhibit photosynthesis in 

Macrocys1is blades. Smith (1979) found that copper inhibits the growth of Macrocys1is gametophytes in the 

laboratory; copper is found in high concentrations in some sewage effluents (Schafer l 980, 1982, I 984 ). Because 

effluents constituents have a demonstrated effect on kelp, it is possible that declines in kelp beds near outfalls may be 

due to waste discharges. 

We selected Macrocysris as a macroalgal bioassay test species because of its economic and ecological 

importance, and its amenability to laboratory culture. Macrocystis h:i.s been cultured extensively in the laboratory and 

its life history has been well described (North l 971, Luning and Neushal 1978, Dcyshcr and Dean 198..\, see review 
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by Foster and Schiel 1985). Its use in bioassay tests has be.en limited to the above mentioned studies (Clcndcnning 

1958-1960, and Smith 1979), and studies on the trace mew reljuiremenLS of early life st.2ges of kelp by Kuwabara 

(1980), and Kuwabara and North (1981)_ 

This paper prcscnL, methods and results of bioassays being developed at the State Water Resources 

Control Boards' l'v1arine Bioassay Project. Results are presented on the effects of sewage eftluenl,, and org:rnic and 

inorganic toxic ants on germination. growth, and fertilization of early life stages of Afacrocysris. 

METHODS 

Facilities 

All of the experimcnL, were done between June, 1986 and July, 1987 at the California Depmment of 

Fish and Game's Marine Pollution Studies Laboratory G,1PSL) at Granite Canyon_ The laboratory is located on the 

Big Sur coast in Monterey County_ The MPSL s~watcr intake is located at least 4 km from any known pollution 

source. 

Lifecycle 

These experiments used the e:1rly life stages of Macrocysris pyrifera. Like all Laminarian algae, 

Afauocysrsis has an alt.cm:ition of generations life cycle that alternates between a haploid microscopic garnetophytc 

stage and a diploid macroscopic sporophyte stage (Figure 14)_ It is the sporophyte stage that fonns the giant kelp 

forests. These plants produce reproductive blades, called sporophylls, at their base. The sporophylls develop patches 

(sori) in which biflagcllate spores are produced. The SJXlres are called zoospores because they swim. The zoospores 

arc released into the water column and eventually settle onto the bottom and germinate. The spores are either male or 

female_ The male spores develop into m:ilc gamctophytes and the females develop into female gametophytes. The 

male garnctophytcs produce flagellated sperm which swim through the water and fertilize eggs produced by the female 

gametophytes_ The fertilized eggs develop into sporophytcs, completing the Jifecycle. The entire process from 

zoospore release to sp0rophy1c production can be completed on a microscope slide in the laboratory in approximately 

12-l6days. 

Toxicity Tests 

The two bioassay protocols developed for Macrocystis at MPSL focus on three endpoints: germination 

and growth of the settled zoosporcs, and sporophytc production through fertilization of female gametophytes. The 

germination and growth endpoints arc used in a short-term 48 hour bioassay. The sporophyte production endpoint is 

used in a long-term, 16 day, bioassay that focuses on reproduction. The short-term Macrocysris test is intended for 
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use in routinc: monitorin,; of cr!luents. The long-term kelp test was designed to C-3.librate the sensitivity, and 

dcn1onstr:i.tc t.hc ccologicJI ,1i:nii"ic:.1J1cc of the shon-term test endpoints. A schemJLic di:i.gr~ showing t.hc t\VO 

bi11:1s,:1y prot0,.-ols is '.,'.i\ er. 1,: i ·<.:_"; i i 5. Dct.1ikd instructions for conducLing the short-tem1 test arc given in 

Appendix 3. Giant Kcl;, B111:1"JY Protocol. A mere dc8ibl discussion of the lor.g term protocol is given in lvfartin 

Cl ,ii.. ](JS6. 

Short-term test meihods 

Macrocys1is repmdu--·Live bbdes (sporophylls) were collcned by skindi\·crs from adult pbnL, located off 

Gr;.in1te Cinyon m off \!on;.istc'rv nc::ich, Monterey County, C:i.lifomi::i. The blades were brought back to the lab anri 

rin,:-.'.d ·.\ ith 0.2 µ t"iltcr ..:J. L:. V. 1rr:1di:itcd scaw::itcr to remove epiphytic organisms. To induce zoospore release. we 

hlottcu the ,porophylls with r:1pc·r towels, kt t.hem sit in the air for 1 hour, then placed them in 15 °C filtered 

scaw:1tcr. Zoo,pores \\ere rL'k:1,,·d usu:.illy \liithin :.in hour. Swimming zoospores were used for all tests. Th-: 

zoospor..:: ~2:is1tic'S were i''.C:N11,·d wiL'l J hemocytomctcr. Four hundred and fifty thousJJ1d spores were adJed to each 

test con:.:.iir:cr. For evc1; 1c,t. \\C cilcubtcd the volume of spore solut.ion necess:rry to give t.he required density of 

spore,;, then randomly distribuL·d 1..his volume to the test cont.'.lincrs via pipet. To avoid test water dilution, we tried 

to oht:J.in high densities ci zc,, 1 --1:, 11,·--; by u,ing ~C\cr:J.l ripe sporophylls in 11 of filtered seawater. No more than 10 

milliliters of wopor.:'. sr.\;uon \U, :1slded to c:i.ch cont.'.liner. A glass microscope slide was placed on the bottom of 

c:ic h ,2 st c en wi :icr. and this ,c'\"\ c'd :1s J su bstr:itc on which t.hc spores settled :.ind developed. At the end of the test the 

slide w::is rcm,J\CU ::incl obs..::rwd umL·r --:(1():,; on J light micro,cope. 

For all tesL, we us,·d six test concentr::nions (5 wxicant diluLions and 1 control) each replic:.ited five 

times. The test conccn:JJtions ,\ere assigned in a logarithmic sequence: 0, 10, 18, 32, 56. 100, at an order of 

m:i.gnitude depending on t.hc to:-:icity of the toxieant. The dilution water for the short-term tesLS was 1 µ filtered, 

C .V. irr::idi:J.tcd seJ\\ater. We u,c·d 250 ml of test solution for all tests. Water quality (dissolved oxygen, pH, 

temperature, and salinity) w:1., rn,lnitorcd dJi!y. Although we did not monitor the ammonia levels in the test 

conuincr< during the efnue11t np,·rimc:nb, their yearly ranges :.ire presented in T:.ible 3. The lights used in the 

short-term 12,L, were cool whit,· ilmm'.Sccnt lighL, adjusted to give 150 µE/meter sq./second at the test solution 

surface. Th::se h:wc been slimrn 11) he optimal light conditions for sporophyte production (Lur.ing and Neushul, 

1978; Dcyshcr and Dean, l 9X-l 1. :\II tests received conLinuous light. The test dt:rat.ion was 48 hours; the solut.ions 

were not renewed. 

The test cont.aincrs wl·rc either 350 ml c:.ipacity polyethylene plasLic food containers (for met.al bioassays) 

or G--00 ml capacity borosilic:llc' !~Liss beakers (for complex emuent and organic toxicant bioassays). Plastic test 

cont.aincrs were clc:rncd by rinsing v. ith hot t.ap water followed by 24 hour sequential soaks in solutions of mild 

detcrgcr.t. 3N HCL. and dcim1i1c·d w;ltcr. Gl::iss test cont.'.liners were cleaned by triple rinsing with hot tap water and 
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FIGURE 15. KELP TOXICITY TEST PROTOCOLS 
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reagent grade acetone, followed hy 24 hour soJ..ks in 3N HCL, and deionized water. 

The enJpoims mc:L''..:rcd after 4B hours were germinal.ion and germ-tube length (sec Figure 16). 

Germination v-.·as consick,cd lO b:: z.:...,successful if no germ tube was visible. To differemiate between germinated and 

non-germinated spores we cietcrminc.d whet.her they were circular (non-germinate.cl) or had a protuberance of at le.a.st 1 

spore radius ( at least 3 µ=germinated). 11,e first 100 spores encountered while moving across the microscope slide 

were counted for each replicate of each treatment. The growth endpoint was the measurement of the total length of 

the spore and germination tube. For this endpoint only germinated spores were mc.asured. The spores to be measure.cl 

were randomly selected by moving the microscope slide to a new field without looking through the ocular lens, 

spinning the ocular lens, then measuring the length of the spore that was touching the micrometer. If more than one 

spore was; touching the micrometer, both (or all) were measured. A total of 10 spores for e::ich replicate of each 

conccnu-ation were measured. 

lnterlaboratory tests 

To assess the ::ibility of contr:.ict Iabor::itories to use the Macrocystis short-term protocol, we conducted an 

intcrbbor::itory test of the short-tenn (48 hour) kelp protocol with the Southern California Coast.11 Water Rese::irch 

Project (SCCWRP) bioassay laboratory, using zinc (0 - 5,600 µg/1) as the toxicanL For this exercise we collected 

M acrocys1is sporophylls at Monastery Beach and held them in a refrigerator (5 ° C) for 12 hours, then transported 

them in an ice chest (- 8 °C) to the SCCWRP lab. The total holding time of the sporophylls was 36 hours. The 

SCCWRP personnel then conducted a 48 hour short-term kelp bioassay. Within the same week a second 48 hour 

kelp test was done at 't\1PSL with a scpar::ite set ofsporophylls held under the same conditions for the same amount of 

time. We attempted to duplicate the experimental conditions for both tests by adhering to the written protocols, and 

by using the same zinc, test containers, lighting, and temperature. To control for any variation caused by using 

different dilution waters, we r::in a duplicate control for the MPSL intcrlab test with SCCWRP dilution water. 

Long-term test methods 

The test conditions were the same for the short-term and long-term tests except for the following 

modifications. The dilution water used was 0.2 µ filtered, autoclaved seawater. The long-tenn tests were sixteen day 

static renewal bioassays with media renewals at 4 day intervals. For supplemental nutrients we addc.d full strength 

PES (Provasoli 1968) enriched growth solution to the test media (minus EDTA chelated iron; 20 mL PES /I test 

solution). One hundred thousand spores were added to each test container at the st.art of the test. The lights used in the 

Iong-tenn tests were Duro-Iite® Vitalights, a full spcctrum light suitable for inducing gametogenesis. These were 

adjusted to give 150 µE/ meter sq./ second. 

The endpoint for the Iong-tenn test was sporophyte production (see Figure 17). After 16 days the 
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KELP SHORT-TERM ENDPOINT 

9 
1 

Figure 16. Germinated (upper two) and non-germinated (lower) spores of Macrocysris after 48 hours 
(400x magnification) 
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KELP LONG-TERM ENDPOINT 

Figure 17. Sporophytes of Macrocystis in 16 day old cultures. The sporophytcs are the mult.icellular 
structures (upper right and lower left). The other structures are non-reproductive m:ile and 
female gametophytes. 
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microscope slide was removed from the test conl.3iner and observed under lO0x magnification on a Jight microscop::. 

We counted the number of sporophytes visible in three 18mm vertical swaths on each replicate, then took 3 mean of 

the 3 swaths to give us the replicate mean. Only sporophytes with at least 3 or more cell divisions were counted. 

The long-term test protocol was modified for the secondary effluent tesL For this test we cultured the 

gametophytes in clean (control) seawater for 8 days then exposed them to the effluent. These gametophytes were just 

at the stage when they were beginning to produce gametes. After a 4 day exposure to the effluent, we transferred the 

slides back into clean seawater and let them continue to develop for 4 more days. By exposing the reproductive 

gametophytes to the effluent for 4 days instead of the usual 16 day chronic exposure, we hoped to focus on the eff~t 

of effluent on fertilization of the eggs. The experimental conditions of this test were otherwise unmodified from the 

aboYe proto.:ol. 

Toxicants 

\Ve tested the effc.cts of four different toxicants on the early life stages of Macrocyszis. \Ve tested cr:e 

metal salt, one organic toxicant, and two sewage treatment plant effluents: one from a primary treatment facility. and 

one from a se-::ondary facility. The meL:J.I salt tested was zinc sulfate (see Appendix 1 for a discussion of the criteria 

used 10 select zinc sulfate as a reference toxic:rnt). We conducted 3 short-term zinc tests(@ 0 - 10,000 µg/1 zin;:) to 

assess between-test variability. and 1 long-term zinc test (0 - 3,200 µg/1 zinc) to calibrate the short-term tests. Z::K 

was also used as the toxicant in the short-term interlaboraory tests. Zinc concentrations were verified using a Perkin 

Elmer model 603 atomic absorption spectrometer at the California SL:J.te Mussel Watch analytical facility. Tk: zinc 

solutions were sampled from l replicate of each treatment concentration at the st.an and end of each experiment. 

Unless other.vise noted, all reported zinc values arc analytically verified concentrations. 

To assess the toxicity of an orgarnc toxicant to Macrocystis we conducted 1 short-term and I long-term 

test with sodium pcnt'.lchlorophcnatc (0 - 320 µg/1). 

In addition, we did one short-term test each with a primary and a sccond:rry effluent, and I long-tem1 test 

with the secondary effluent (all@ 0 - 56% effluent) . The primary effluent was from a single grab sample. The 

seconcbry eftluent was from a 24 hour composite sample of chlotinatcd-dechlorin::ned eff1uent. 

Statistics 

All of the dal.3 were analyzed using analysis of variance (ANOVA) followed by Dunnett's multiple 

comparison test to compare each concentration to the control (Zar, 1974; Sokal and Rohlf, 1969). The percentage 

data (germination and sporophyte production) were first tr.J.nsformed to the arcsine of their square root before the 

ANO\' A. The kngth data were not transformed. For each test, the No Observed Effect Concentration rNOEC1 w:l\ 

c:.1lcul:.ited a, the: highest conccntr:nion not significantly different from the control ~t p = .05. 
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RESL'LTS 

The rcsuits of aii oC the tox1city tests with kelp arc summarized in Table 3. The :t--:OECs for the zinc and 

NaPCP tests arc given as µg/1. The 1\.;QECs for the complex cfnucnt tests arc given as percent effluent. 

Table 3. :\0 013SERYED EFFECT CONCENTRATIONS FOR PHASE 2 KELP TESTS 

Short-Term Zinc Tests (µg/l) TEST NUMBER 

3_l 

48 Hour Rcpetiti\'C Tests - Gcm1in:ition 2033 5495 1732 
- Length <1090 <589 <553 

Xnterlaboratory Zinc Tests (µg/lJ MPSL SCC\VRP 

Short-term (48 hour) - Gennin:ition 957 § 
- Length <538 <559 

Long-Term Zinc Test /µg/1) 

16 D:iy - Sporophytc Production 1071 

Sodium Pentachlorophenate Tests (µg/1) 

Short-Term (48 hour) - Germination <32 

Long-Term (15 day) - Sporophyte Production <32 

Effluent Tests (percent) PRIMARY SECONDARY 

Short-Term (germin:ition) 0.56 18** 
(length) n.d. 32** 

MPSL =Marine Pollution Studies Labmatory; SCCWRP =Southern California Coastal Water Research Project 
§ No significant difference due LO poor germination in controls. 
** NOEC derived by comparison with dilution water control because comparisons with brine controls gave no 
signific:.mt difference due to brine toxicity. 
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\Vater Qu:1lity 

The water d:.lc:1 for :.ilJ of !..he cxpcri:ncnts :.i.rc presented in T::iblc 4. In gcner:.u, the w:.itcr q,d:::, 
p:ir3.metcrs for all of r.hc tests were wi,hin norm:.u ranges. The exception was a ce:uin dc_grcc of vari:.1bili:y in tl:c rh 
and tempcr:.iturc v:ilues in some of !..he tests. in p:.inicular r.hc long-term zinc test ::rnd r.he effluent tests. 

TABLE-t. \\'ATER QLALITY RA:\GES FOR KELP TESTS 

Test Dissolved Oxygen pH Salinity 

mm.H;. ppt. 

Sbo:-t-te:-:-:1.::; l 136 - 159 8.--+0 - 8.55 34 - 35 16.0 - 1; .0 

Shor:-term ='2 1-1-S - 161 8.50 - 8.60 34 - 35 11.5 - 15.5 

Shon-term #3 150 - 161 8.50 - 8.60 34 - 36 13.0 - 14.5 

Inte.:--L::.b 156 - 161 8.40 - 8.55 33 - 37 14.S - 16.4 

Long-te:-m 1-1-7 - l ).,-o 8.55 - 8.90 32 - 39 11.5 - l!.O 

Prim:rry 1-1-0 - 153 8.50 - 8.85 35 - 36 11.0- l 2.5 

Second~"- S.T. 1-1-8 - 158 8.50 - 8.60* 35 - 37 1-1-.S - 15.5 

Secor.d:1ry LT. 150 - 158 8.35 - 8.70-;- 32 - 36 13.S - 16.5 

* Brine cor:u-ol 8.65 - 9.10 

t Brine cor:.rrol 8.15- 9.15 
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h:elp \lultiple Zinc Tests 

Tnc results of the mult.iplc sho:-i-term kelp tests show U1Jl zinc sulfate h3.S less of :in inhibitor;; effect on 

gcrmin:ition of .\facrocysris spores !.h:in it d:>.:s on the elong:ition of spore gcnn tubes (Figures 18 - 23). Gcrmin::i,ion 

of Macrocys,is spores w::i.s significantly inhibited at concentr:itions above 2033 µg/1 zinc in test #1, 5-495 µg/1 in test 

#2, and 1732 µgfl zinc in test ;,;3 (fig.s 18 - 20 respectively). These v::tlues represent tJ1e No Observed Effect 

Concenrr::it.ions C',"OECs) for tesrs 1 - 3 respectively (mCJn = 3087 ± 2091 µg;1 (s.d. for 3 tests). The rc::i.son for 

!.he rci:J.Li\-ely hgh vari:ibility in gcrmin:ition ~OECs between the 3 tests is unknown, and could be rcbtcd to sevcr:ll 

factors (see discussion). Tests= 1 and #3 were had the s:ime nominal (not :rnalytic::illy verified) NOEC. 

Germination of Kelp in Zinc #1 
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Figure 18. Germination of ,\facrocystis zoospores after 48 hours in zinc, test #1. MCJn ± 1 st:indJJd devi:ition. 

N =5. 
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Germination of Kelp In Zinc #2 
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Figure. 19. Gcm1ination of Macrocysiis zoosporcs after 48 hours in zinc, test #2. t.lean ± 1 S[J.Jld:ml deviation. 

l\= 5. 

Although the 560 µg/l treatment (nominal concentration) was significantly different from the contrnl 

treo.tmcnt in test #3 (Fig. 20), subse4uent concentrations were not. The NOEC was therefore set at 173'.: µg,11 (= 

1800 µg/1 nomin::i.1 concentrat.ion) bccau,e all concentrations gre::itcr than this were significantly di fL::renl from 1L· 

control. 
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Germination of Kelp In Zinc #3 
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Figure. 20. Germination of Macrocys1is zoosporcs after 48 hours in zinc, test #3. Mean± l stand:ird de\i::it.ion. 

]'; = 5. 

Elongat.ion of the Afacrocystis spore genninat.ion tubes was significantly inhibited at the lowest zinc 

concentrations for all three tests (Figures 21 - 23). The gcnninat.ion tube length NOECs were <1090. <589, and 

<553 µg/1 for tests #1 - #3 respectively (mean=< 571 ± 25.5 µg/1; Note that this is the mean of tests 2 and 3. 

Test #1 did not include a 560 µg/1 nominal conccntr:.Jtion). 
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Length of Kelp Germ Tube in Zinc #1 

NOEC < 1090 

0 2000 4000 6000 8000 10000 

Concentration (ug/1) 

Length of Macrocystis germin::ition tubes after 48 hours in zinc, test# l. Mean± 1 stand:ird de\'i:11..:on. 

i\ = S. *J\ote: 1090 µg/1 was the lowest zinc concentration in this tesL 

Length of Kelp Germ Tube in Zinc #2 

NOEC < 589 

0 2000 4000 6000 8000 10000 
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Length of Macrocys1is gennin::ition tubes after 48 hours in zinc, test #2. Mean± 1. standJrd deviation. 

N = 5. 
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Length of Ger.:-:, Tube in Zinc #3 
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Figure 23. Length of J!acrocys1is gcnnin:ition tubes :ifter 48 hours in zinc, test #3. Mean± 1. sUlndJ.rd devi:ition. 

Kelp Interiaboratory Zinc Tests 

TI1c rc,ulL, of the interbhor:itory zinc tests indicate th:it the short-term kelp protocol c:in be conducted by 

other l:.ihorat0ries. Germination of kelp in the short-term interlabor:llory test at MPSL was sii_cnifil"antly inhibited 

ahri\·C <))7 µg/1 ,irll' (= '.'OfC, ril!ur,· 24). There was no significant difference in germin:it.ion in the SCCWRP 

short-term kelp test due to unusually low germination in all tre:itmems (< 25%, Figure 25, sec discussion for 

possible reasons for the low gennin:ition success in the SCCWRP test). 

49 

https://sUlndJ.rd


Kelp Germination in Zinc: 
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Gcrmin:.1Lion of .\facrocysris zoospores after 48 hours in the zinc- interbbor:nory test at \1PSL. 

Me:rn ± standard dcviJLion. N = 5. 

Germination of Kelp in Zinc: 
Interlab-SCCWRP 

No significant diilerence 
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GerminJtion of MJcrocystis zoosporcs after 48 hours in the zinc- interlaborJtory test Jt SCC\\'RP. 

McJn ± standard deviation. N = 5. 



Elongation of the spore germinaticn tubes were inhibited by relatively low concentrations of zinc in both 

the \1PSL and SCCWRP interlab tests despite the low germination success in the SCCWRP test (Figures 26 and 

27). Germ tube lengths were inhibited at less than 538 µg/1 zinc in the t-APSL test, and at less Ll-ian 559 µg/1 zinc in 

the SCC\\'RP test. The lengths of the germination tubes were similar in both tests. 

length of Kelp Germ Tube in Zinc: 
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Figure 26. Length of Afacrocyscis germination tubes after 48 hours in the zinc- intcrlaboratory test at Granite 

Canyon. Mean length in microns± sL'.mdard deviation. N = 5. 
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Length of Kelp Germ Tube in Zinc: lnterlab
SCCWRP 
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F1~ur-2 21. Length of .\fuuot:ys1i.1 t'.'2rmm:ition tulx~ :iftcr48 hours in the zinc- int.crbbor:itory kSt ell SCC\\"RP. 

\k:m lcnc'.tll in minon~ ± st.Jm.brd deviation. N = 5. 

Lon°-Term Zinc Test,., 

The production of .'.fuJOC\.IUS sporophytes in Lhc long-term test was significantly inhibited at 

conccntr::uions ahovc the ~OEC v::uuc of 1071 µg/1 zinc (Figure 28). This long-term test NOEC was lower th:1n the 

short-term germination ~OEC (l 071 µg;1 for sporophyte production vs 3087±2091 µg/1 for germination) but 

higher than short-term germ tube length NOEC (]071 vs <571 ± 25.5 µg/1). Although the lowest zinc tre-atmcnt 

(320 µg/1 = nomin:.ilJ was signific::mtly different from the control treatment, subsequent treatments were not. The· 

NOEC was therefore set at 1071 µg/1 bec:.iu~e. as discussed for the third short-term germin::ition test, all of the 

treatments grc::ncr thJ.n this were significantly different from the control. 
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Production of Sporophytes by Kelp In Zinc 

100 ~ 
II) 90 
Q) 

.r:.>- 801 
C. 
0... 70~0 
C. 60 ..II) 
Q) 50-j

.t:J 
E 40 
c 
C: 30 
(I) 
Q) 20:: 

10 

0 

"" I 
~ I T 

NOEC ::: 1071"¥f1 
(J 1000 2000 3000 4000 

Concentration (ug/1) 

Fi.gurc 2S. Production of sporophytcs by Macrocysiis gamctophytes exposed to zinc for 16 days. Mc;ir..:::. 

s~lbrd dc\·i:ition. N = 5. 

help :\aPCP Tests 

The organic toxicant sodium penw.chlorophen:ite (NaPCP) significantly inhibited germin:ition of 

Ma,:rocys1is zoo~porcs in the shon-tcrm test, and sporophyte product.ion in the long term-test at conccnrr:1t.ions much 

lower th:m those of zinc. Th-? NOE Cs for both tests were less than 32 µg/1 NaPCP. The KOECs for both NaPCP 

tcsL, (Figures 29 and 30) arc from nomin:il, not :in:ilytically verified, concentrations. 
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Kelp Germination In NaPCP 
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Figure 29. Germir.Jt.ion of .H,1cro.:ys1is zoospores after 48 hours in sodium pcnwchlorophcmtc. \!2::m =sw.ndJr,l 

dc\iJtion. ;---. == 3. 
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Figure 30. Production of sporophytes by Mar:rocystis after 15 days in sodium pentachlorophenate. Mc.;m ± sL1ndard 

deviation. N = 5. 
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Kelp Hnuent Tests 

Prim:iry trc:ncd scw:igc emu.:nt signific:mtly inhibited the genninaLion of Macrocystis zoospores at 

concentrations atxwe 0.56'} cfllucnt after 48 hours (Figure 31). No length data were taken during this experiment. 

Primary efnuent concentrations greater than 1 % effluent had salinities adjusted to 34 µg/1 using a 

hypcrs::uine brine. The brine was prepared by aerating and heating !v1PSL seawater to no more th:m 40 °C (as 

recommended hy the US EPA). No brine control was used in the primary effluent test. 

Although the ammoni:i levels in the cmuent tests were not measured, th~ yearly total arnrnoni:i levels 

r:mgcd between 20-49 mg/1 in the prim:11) emuent (as communicated by the treatment plant stafO 

Germination of Kelp in Primary Effluent 
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Figure 31. Germin:ition of Macrocysris zoospores :iftcr 48 hours in primary effluent. Mean± standard deviation. 

N = 5. 

Because of toxicity prohkms in the brine controls, we cannot distinguish between effect, caused by the 

effluent and those caused by the brine. Brine wa, used to adjust the salinity in all of the secondary cfnucnt 

concentrations, and a brine control w::is u,cd in these tests. The brine controls were prepared by diluting the maximum 
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amount of brine used at the highest concentration (56~c eff1uent = 400 mL/1 brine) to 34 ppth with distilled water. 

Because of logist.ical constraints, the: brine for the secondary eff1uent tests was aer.:ited and heated at J00 cc for several 

days to r::ipidly increase its salinity (to 85ppth). Apparently heating the brine at this temperature drove off the carbon 

dioxide, increasing the pH. The pH values for the brine and brine conrrols were above nonnal ranges (Table 4), and 

this may have caused a toxic effect. 

The NOEC values reported here for the secondary effluent tests are based on comparisons with the 

dilution water conrrols. Because of brine problems these tests are not valid. Based on comparisons with the dilution 

water controls, scconcbr1· eff1uent (or the brine) inhibited zoospore germin::ition at concentrations above 32':c eff1ucnt 

(Fi;ure 321. The same effluent (or brine) inhibited germ tube elongation at concenuations above 18Sl; eff1uent 

(Figure ?31. Rego.rdkss or the: bri nc: probkms, the seconcbry treated sewage eff1ucnt w:is app:1rentJy less toxic tu 

Macr,,, _\S:!s zoospores th::rn was the primary effluent. 

The yearly lot.11 an1moni:i levels ranged between 18 to 22 mg/I in the secondary eff1uent (:.is 

cc)rnmuni-::itcd by the trc:::uncr.t pbnt ~t::iff). 

Kelp Germination in Secondary Effluent 
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Figure 32. Germination of A1acrocysris zoospores after 48hrs in secondary effluent. Mean± s.d .. N = 5. 
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Kelp Germ Tube length In Secondary Effluent 
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Figure 33. Length of Macrocysiis germination tubes after 48 hours in secondary eff1uent. Mean± sL'.lild:rrd 

deviation. N = 5. 

Sporophyte production was app:rrcntly not siginificantly inhibited by the secondary eff1ucnt b:.ised on 

AJ\:0\'A sl.'.ltistics (Figure 3-4). Although the average number of sporophytes was highest in the controb, problems 

with the brine controls, and high vJ.ri.'.!bility in sporophyte production within replicates of each treatment 

concentration make any interpretation of these results speculative. As in the 16 day sporophyte test with zinc sulfate, 

the within replicate variability w:.is relatively high in the secondary effluent test, and was probably a reflection of an 

insufficient number of swaths counted per rep\icne slide (sc.c discussion). As described in the methods section, this 

test was a 4 day exposure of 8 day old pre-reproductive kelp gamctophytes; after 4 days the gametophytes were 

transferred to control water and cultured for an additional 4 days before terminating the test (see discussion for 

implications of this variation in the long-term kelp test methods). 
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Kelp Sporophyte Production in Secondary Effluent 
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Figure 34. Production of sporophytes by 8 day old Macrocystis gametophytes after 4 days in second:lr)· effluent. 

!\lean± standard devi:.Hion. N = 5. C = dilution water control; BC= brine control. 
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Discussion 

The results of Lhc cxperimcnL, pr~scnLed here indicate that the early life stages of Macrocysiis pyrifera arc 

suit.able for use in bioassay test.ing, and vary in their sensitivity to different toxicants (Table 3). Zinc sulfate is 

apparently less toxic to kelp zoosporcs and gametophytes than is the organic toxicant sodium pcntachlorophenate. 

Complex sewage efnuents vary in toxicity to kelp depending on the level of waste trc::itment. It was not possible to 

conclusively interpret the resu!Ls of the seconcbry effluent tests because high variability and problems with the 

hypersalinc brine confounded the results of these experiments. 

Zinc Toxicit_\ 

The resulL, of the multiple short-term (48 hour) zinc tests indicate thal the two cndpoinL,, zoospore 

gcrm111atio11 and germ tuhc elont':llion. arc significantly inhibited at different concentrations of zinc. Although 

bctwcc:n replicate: vari:,iblity w:,i.-; low fur Lhc pcrc,'.nt germination d:.ita (Fig.s 18-20), between test variability for the: 3 

tcsb was relatively high. The t'-,;OECs for the 3 tests ranged between 1732 and 5495 µg/1 zinc (2033, 5495 and 1732 

µg/1 zinc for tests# 1-3 respectively). The NOECs for the first and third tests were similar; both had the SJ.me 

nominal NOEC (] 800 µg/1). The ~OEC for test# 2, however, was more than twice this value (nominal NOEC = 

5600 µg/1). The rc:i.son(s) for this variability arc nol known. All 3 tests were done within one month, so season:i.l 

effects arc unlikely. It is possible that there is variability in tolerance to zinc among reproducive stages of different 

adult kelp plants, but this is an unlikely cause of between-test variability because the sporophylls used in each test 

came from several different adult plants. Another possible explanat.ion is variability in test methods or test condit.ions. 

In particular, the timing of spore release and test duration were slightly different for the 3 tests. It is not clear whether 

these slight changes affected the resulLS of the experiments. Although the water quality data for the 3 tesL, were all 

within normal ranges (Table 4), there was some vari::ibility between the tests, especially in temperature. In addition, 

variability in all of the kelp tc.-;ts with zinc m:,iy simply be a renection of the insensit.ivity of Macrocystis to this 

trace met:.il. 

App:irently it is the free ion form of trace mcL'.l!s (in this case the divalent cation of zinc) that are 

biologically more avaibblc and therefore toxic to m:uine algae (Sunda and Guilliard ,1976; Anderson and Morel, 

1978; Kuwabara and North,1981). However, free ion concentrations of zinc vary by as much as an order of magnitude 

from total concentrations (Kuwabara and North 1981 ). This might explain some of the variability in the 

germination data. Differences in complexation of zinc ions might have occurred in Ll-ie three tests because of different 

organic ligands present in the dilution water or possible zinc percipitates due to high concentartions of zinc. 

It is also uncertain what physiological effect high concentrat.ions of zinc might be having on zoospore 
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germination. Zinc is an important micronutrient for kelp. Kuwabara (1980) suggesL~ that the primary biochemical 

role of zinc is in auxin mcL'.lbolism, and that zinc is a cofactor in numerous enzyme systems. Whether high levels of 

zinc affect these biochemical processes is not known. The results of the first two short-term zinc tests indicate th:it 

germination of kelp zoospores increased initially with increasing zinc concentrations, before declining at higher 

concentrations (Figures 18 and 19). Although this indicates that zinc, an important micronutrient, was limiting in 

the dilution/control water, this type of initial increase in response to a toxicam followed by a decline is typical of 

dose-response curves. 

Germ tube elongation is apparently a more sensitive and less variable endpoint than germination. The 

NOECs for length in all of the zinc tests were lower than the lowest concentrations tested (Figures 21-23). Even 

though germ tube length is a mort sensitive and less variable endpoint than zoosporc germination. length may not be 

as relc\·ant as zoospore germination from an ecological perspective. Germination is obviously relevant because if the 

spore does not germinate it will not develop. The relevance of germ tube elongation is less clear. The elongation of 

the germination tube precedes the process of cytoplasm extrusion, in which the contents of the spore arc transferred 10 

the first gametophytic cell. The length of the germination tubes in the control spores were noticeably longer, but it 

is not clear if this means they were more "healthy" than spores with shorter genn tubes. Growth is an integration of a 

number of physiological proce~ses, and for many organisms it has been considered an important indication of toxic 

effect and nurrient deficiency. Growth has been used as an endpoint in previous experiments involving Afacrocystis. 

KuwJbarJ and North (1981) used g:unetophyte growth as an indicJtor of trace met.'.l.l depletion and toxicity. They 

found significant decreases in gam.::tophytic growth at 250 nMol (16.35 µg/1) zinc chloride. In addition, Smith (1979) 

used elong::ition of developing g::unetophytes as an indicator of coppn toxicity. She found that vegetative growth of 

kelp gani--:wphytcs w;:i, siginificJntly inhibited at 50 µg/1 copper. 

lnterlaboratory Tests 

The results of the interl3boratory zinc tests between the Marine Pollution Studies Laboratory and 

Southern Califomi:1 Coast.:J.l Water Research Project demonstrate that the shon-tenn Macrocystis test can be conducted 

by other laboratories. The written short-term protocol was apparently easy to follow, and the endpoint for the test 

was relatively srraight forward (personal communication, :t-.1r. Steven Bay, SCCWRP ). The NOEC for the 

germination test at Granite Canyon wa<; 957 µg/1. Germination in the SCCWRP test was too low to detect a toxic 

effect. Germination was low probably because of temperature shock to the sporophylls due to low holding 

tempcrJtures. Macrocystis sporophylls are apparently sensitive to long or adverse holding conditions, so a better 

transport method needs to be devised for future intcrlab tests. 

The NOECs for the length endpoint was less than 559 µg/1 for both tests (MPSL NOEC < 538 µg/1; 

SCCWRP NOEC < 559 µg/1). The NOEC values for the interlab tests were close to those calculated for the 3 
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short-term length tests (Fig.s 21-23. anJ 26-27). The lengths of the germination tubes were similar in both tests. 

The control germ tube lengths were approximately 20 µ in both tests, and the germ tube lengths in the highest (SWO 

µg/1 = nominal) zinc concentration dcelined to approximately 11 or 12 µ in both tests (Fig.s 26-27). 

Long-Term Zinc Test 

Sporophyte production in the lcmr-"crm test was significantly reduced above the NOEC of 1071 µg/1 

zinc. Reproduction in the Jong-term test was apparently more sensitive to zinc than zoosporc germination, but less 

sensitive than germ tube elongation. The mean NOEC for the germination endpoint in the 3 short-term zinc tests was 

3087 ± 2091 µg/1. The mean NOEC for the germ tube length endpoint in short-term tests #2 and 3 was <571 ± 26 

µg/1. Chung and Brinkhuis (1986) found that sporophytc production by Laminaria saccharina was more sensitive to 

copper than was meiOSIXJrC settlement and germination. 

It is possible that the variability in the long-term test resulted in a higher apparent tolerance to zinc (Fig. 

28). This variability resulted from differences in sporophyte density among swaths on individual slides. The number 

of vertical swaths counted on each replicate slide was probably insufficient to eliminate within replicate variability, 

and this may h::ive reduced the apparent sensitivity (increasing the NOEC) in the long-term test. If this was the case, 

it might be that the short-term germ tube elongation NOECs would more closely correspond to the long-term NOEC 

in the absence of this variation. Conversely, the short-term effect of germ tube elongation might not lead to a 

long-term effect in reproduction and sporophyte production. A more thorough long-term test with a greater number of 

sw:iths read per replicate is planned. By reducing within replicate variability in the long-term test, we hope to answer 

this question. 

As in the short-term test, it is not clear whJt toxic effect high levels of zinc have on the reproduction 

process. One hypothesis for the mechanism of toxicity in Macrocystis reproduction is that toxicants interfere with 

fertilization of the female egg hy the male sperm. Maier and Mueller (1986) have shown that in another larninarian 

alga (Lam.J.naria digiwra) the sperm is attracted to the egg by a pheromone. It is possible toxicants somehow interfere 

with the ability of the sperm to find the egg. This might be true especially for organic toxicants (person:il 

communication, Dr. R. Steele, U.S. EPA, Narragansett R.l.). However, it is not known if zinc interferes with 

fertilization by disrupting chcmoL'.lxis of the sperm to the egg. 

Sodium Pentachlorophenate Toxicity 

Macrocystis is more sensitive to sodium pentachlorophcnate than it is to zinc sulfate. Germination in 

the short-tenn test was significantly inhibited at or below 32 µg/l NaPCP, the lowest test concentration. Germ tube 

length was not measured in this test because this endpoint had not yet been developed at this point. Clendenning 

(1959) also found NaPCP to be more toxic to kelp bl::tdcs than zinc sulfate; he found a significant reduction in 
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Macrocystis photosynthetic activity after a 48 hour exposure to I mg/I NaPCP. 

Sporophyte production w::i.s also significantly inhibited at or below 32 µg/1 in our 15 day Jong-term kelp 

test. RepliC3te short-term tests with :in organic toxicant are now being planned to further examine between-test 

variability, and the sensitivity of germ tube elongation to an organic toxicanL Germination and sporophyte 

production exhibited similar sensitivities to NuPCP, suggesting the short-tcnn test is a good indicator of the chronic 

toxicity of this compound. 

Effluent Toxicity 

The results of the kelp bioussays with complex effluents indicate that the short-term bioassay protocol 

using Macrocystis zoospores c:in be successfully used for effluent monitoring. Germination of settled zoospores was 

signific::imly inhibited by prim:rry effluent at less th::i.n 1';'.~ effluent (NOEC = 0.56':'c effluent, Fig.31). The length of 

the germin::ition tubes were not mCJsured in this test be.cause this endpoint h::i.d not yet been developed at the time of 

this experiment. The settled zoospores were clearly visible in all but the highest concentration of effluent. At 569c 

effluent however, particulates in the test solution covered the slides and obstructed the spores. Because the toxicity 

of this effluent was well below this concentration, particulates were not a problem in this test. 

No brine control was us-:d in this test because it was preliminary, and our interest was prim:irily in 

evalu::i.ting the effects of effluent particulates on the kelp zoospores. Because no brine was needed to adjust the 

s3.linity in the lower concentr::itions (including the lowest effect concentration, 1% effluent), the lack of a brine contrc 

did not effect the test rcsu!L,. 

It is not clc::i.r ·Jch:.it cornponent(s) of tJ1c effluent were toxic to the zoospores. Total ammonia levels in 

this efOuent ranged between 20 and 49mg/L (20,000-49,000 µgll). Based on this range, the ammoni:.i. level in the 

effluent concentration that was inhibiting zoospore germination (1 %) could have been between 200 and 500 µg/1. 

The concentration of unionized ammonia is not known but was certainly far less. Salinity, temperature, pH, and 

dissolved oxygen were within normal ranges in this test. 

The brine controls appeared to be toxic in the secondary effluent experiments. Note that the pH levels in 

the brine controls were much higher th:m in the dilution water and higher effluent concentrations (Table 4). The brine 

in this test was heated to 100 °C to quickly raise its salinity. This apparently drove off the carbon dioxide, r::i.ising the 

pH to 9.35. In addition, the distilled water that was used to adjust the salinity of the brine controls had a relatively 

high pH value (9.1) which contributed to the pH problem. It is likely that a high pH contributed to the brine's 

toxicity. Because the brine itself appeared to be toxic, we cannot say that the toxicity of the effluent was due to the 

effluent itself or to the brine. 

However, the secondary effluent was less toxic to kelp than the primary effluent (Figures 32-33). 

Zoospore germination was significantly reduced in 56S'c secondary effluent (NOEC == 32%). Zoospore germ tube 
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elongation wa, significantly inhibited in 32% secondary effluent (NOEC = 1817c). Again, these NOEC values are 

based on statistical comparisons with the dilution water controls. 2nd are thcrfore not valid. 

As in the 16 day zinc test, the variability i.n spomphyLC product.ion within the replicates of each treatment 

was relatively high in the long-icrm secondary cffluct tcsL This was probably due to an insufficient number of 

swaths counted per replicate slide (see previous discussion of 16 day zinc test). Because of this, the apparent difference 

in sporophyte numbers between the controls, brine controls, and higher concentrations (Fig. 3-~) was masked, 

preventing detection of any st.atistica.i significance. in addition, the brine controls appeared to be toxic for the same 

reasons described for the short-term secondary effluent test. This negates any intepretation of toxicity in this 

experiment. Thus, it is impossible to say whether the secondary effluent was toxic to the reproductive stages of 

Macrocystis (Fig. 34); there was no significant difference in sporophytc production between the controls and effluent 

treatments. Another possible expbnation for the lack of effect in this experiment \vas the length of exposure of the 

gametoph) tcs to the effluent. The gametophyLCs used in this test had been cultured in control water for 8 days prior 

to the test, exposed to the eff1ucnt for 4 days, and placed back in control water to develop for 4 more d:iys. At the 

time the garnetophytes were exposed to the effluent they had not yet produced gametes. It is possible th:it fertilization 

of the eggs and sporophyte production occurred after the cultures were returned to clean seawater. 

The ecological and economic importance of Macrocystis pyrifcra m:lkcs it a valuable resource to the state 

of California. The proximity of Macrocystis forests to pollution sources, the ability to routinely culture Macrocystis 

in the labor:itory, and its sensitivity to effluent toxicity ma.kc it an appropriate algal species for bioassay testing of 

complex emuents. The results of the experiments presented here show that bioassays being developed with early life 

sl.'.lges of giant kelp can be used for evaluating emucnt toxicity. Although the long-terrn, 16 cby reproductive 

bioassay may not be practical for the routine testing of complex effluents, it can be used to calibrate the short-terrn 

test. Some questions need to be answered before the short-tcrrn test is implemented on a wide-spread basis. The 

question of between-test vari..'.lhility of the germination endpoint can hopefully be resolved by doing multiple 

short-term tests with a more toxic, organic compound. The question of ecological relevance of the gerrn tube 

elongation endpoint can be resolved by calibrating this endpoint with a conclusive long-term reproduction bioassay 

that focuses on sporophyte production. We recommend that both endpoints continue to be measured in the short-term 

bioassay. 
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Il\TRODUCTION TO MYSID TESTS 

The opposum shrimp ffolmesimysis (=Acanthomysis*) costata (Holmes 1900) occurs in the surface canopy 

of the giant kelp M acrocystis pyrifera. H. costata ranges the lcngLl-i of California where it is one of the most 

numerous near shore mysid species (Clutter 1967, Clarke 1971, Hobson and Chess 1976). Mysids in general are an 

important component of estuarine and marine trophic webs (Nimmo et al. 1977; I\trnchline 1980). Holmesimysis is 

ecologically import.'.l.nt in kelp forest ecosystems as a food source to kelp forest fishes, particularly juvenile kelp 

canopy species (Clarke 197 l, Hobson and Chess i 976, Mauch line I 980). Their ecological importance, amenability to 

labor::nory culture, and relative scnsit.ivity to a variety of toxicants, make mysids logical candidates for use in bioassay 

tests ( Nimmo et al. I 977; Gcmik ct al. 1982). 

Holme simysis costaw was chosen as a potential bioassay test species for use in the State Water Resources 

Control Board's Marine B ioassay Project. The Projc.ct is developing routine bioassay tests for monitoring the 

toxicity of municipal sewage effluents discharged into California waters (Linfield et al. l 985 J. The biology of this 

species has not been well described (Holmquist 1979; Clutter 1967, 1969, Green I 970), and there have been no 

published reports on its use in toxicity tcst.ing. However, mysids in general arc considered to be excellent test 

organisms for bioassays, and some spc.cies have been used extensively for this purpose (Benfield and Buikema 1980). 

One cx:unple is the eastern estuarine mysid Mysidapsis bahia, which is a key species in several toxicity test.ing 

programs (Nimmo et al. 1977; Gent.i le et al. 1982; Bretcler et al. 1982; Lussier et al. 1985). 

Little is known of the effect of marine pollution on the ecology of H. costata, or mysid popubtions in 

general. The predicted effects of thermal discharge from the San Onofre nuclear power plant in southern Californi:i. 

include a reduction of mysid shrimp in and around kelp forests (Murdoch et al., 1980). Declines in Macrocystis 

forests attributed to factors associ:Jtcrl wirh sewage pollut.ion (Wilson 1982) would presumably impact mysid 

popubt.ions by, at the very least, eliminating habit.at. Other mysid species have been shown to be susceptible to 

whole effluent constituents (Nimmo et al., 1977). Because H. costata occurs near shore, there is concern that 

populations are threatened by m::irine pollution. 

This paper presents bioassay tests being developed for the juvenile stages of llolmesimysis costata. Results 

are presented on preliminary testing of the effects of zinc sulfate and sewage effluents on the survival of juvenile 

Holmesimysis. 

* Note: There are questions concerning the taxonomy of Ilolmcsimysis!Acanthomysis species. We arc considering 

Holmquist's (1981) interpretation to be definitive, and arc considering previous references to A. sculpta in Californi::i 

to be synonymous with II. costata. (sec also Mauchlinc 1980). 
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METHODS 

Facilities 

All of the cxperimenl5 were done between June, 1986 and July, 1987 al Lhe California Department of Fish 

and Game's Marine Pollution Studies Laboratory (MPSL) at Granite Canyon. The laboratory is located on the Big 

Sur Coast in Jvlontcrey County, California. The r-..1PSL sCJwatcr intake is at least 4 km from any known pollution 

source. 

Lifecycle 

These experimenL~ used Juvenile Ilolmcsimysis co.11ata. Adult female JI. coswia carry lx:tween 30 and 40 

embryos in an ::ibdomin:.il broodpOLkh (the m:irsupium) and these develop in vi1-·o ::ind h:uch as ju\·eniles (Figure 35). 

The generation time for thi~ species is 60 - 70 d:.iys, depending on feeding rates and water tcmper:i.tures. Bec:i.use of il, 

long gener::ition time, !ifccycle tests with 1/olmesimysis are not practical for routine effluent testing. The following 

experiments arc based on two short-tem1 and one long-tcnn protocol. The short-term protocols arc 48 and 96 hours 

long. The long-term protocol is 2 I days long. All protocols focus on mysid monality as the indication of toxicity, 

although growth w:i.s considered as a possible endpoint in the long-term zinc tesL For detailed instructions on how to 

conduct the short-term protocol see Appendix 4. 

Short-term test method~ 

Adult Holmcsimysi~ were collected from the kelp forest canopy at Pacific Grove, Monterey County. 

Califomi:i.. The mysids were collected by pulling a small mesh net just under the surface canopy blades of the gi:.int 

kelp Macrocys:is pynfcra. The :nysids were !Jansported back to the lab in plastic buckets and pbccd in 20 liter 

acrylic aquaria th:i.t v.·crc provided flowing seawater at approximately 1 I per minute. Water temperatures fluctu;.ited 

between 11 - 15 °C. All brood,tock mys ids were fed ad libitum a diet of newly hatched Anemia nauplii (San 

Francisco Brand®) supplemented with Tct.ramin® fish focxl. 

All of the experimenl~ began with 3 day old juvenile mysids (Figure 36). To obtain mysids of this age, 

brooding female mysids were isolated from the others and placed in their own "hatching" aquarium. Gravid female 

Holmesimysis are identified by their large, extended marsupia filled with eyed larvae. The marsupia of females that 

are close to hatching are grey in color. Three hundred juvenile mysids were needed per experiment, so approximately 

50 gravid females were isolated for each. After the gravid females were transferred, the hatching aquarium was kept 

free of incidenLal hatches ( < 300 juveniles) by siphoning. When a hatch sufficiently large enough to conduct an 

experiment occurred (2c 300 juveniles) these animals were siphoned into their own holding tank. This resulted in the 

combination of juveniles from several females to give enough animals for one test. These juveniles were fed a diet 

of flake food (Tctramin ®) until tl1ey wc:-re old enough to effectively cat Artcrrzia (- 2-3 days), at which time they 

were fed brine shrimp ex.elusively. 
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FIGURE 36. l\1YSID TOXICITY TEST PROTOCOL 
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Three day old juveniles were used in these experiments because this is the youngest age able to eat Artemia. a 

preferable food for use in bioassoys, and because we have found control survival to be better than for mys ids less than 

3 days old. 

For all tests we used six test cor.::entratil~ns (5 dilutions and 1 control) e.:ich replicated five times. Effluent 

tests had an additional 5 conL'.lincrs for brine controls. The test concentrations were assigned in a logarithmic 

sequence: 0, 0.1, 0.18, 0.32, 0.56, 1.0, at an order of magnitude depending on the toxicity of the toxicant. The 

dilution water was Iµ filtered, U.V. irradiated natural seawater. For all tests dissolved oxygen, pH, temperature, and 

salinity were monitored daily. The short-term tests were static bioass.:iys with two hundred and fifty milliliters of test 

solution in each test container. 

For the 48 hour short-term tests, five 3 day old juveniles were exposed in each replicate test cont.1iner. For all 

other tests 10 juveniles were exposed. The mysids were randomly transferred to the test containers with a wide bore 

10 ml pi pet. The test animals were randomized by pipcting them 2 at a Lime into 30 randomization cups. \Vhen each 

of the 30 cups conL'.l.ined 2 animals, 2 more were pipetcd. This process was repeated until each cup had 10 animals in 

it. The mysids were then randomly transferred to the test conw.iners with a minimum volume of water. The test 

animals were fed 24 hour old Anemia n:rnplii ad libiwm. 

The endpoint for all tests was death. To asccrL'.lin whether or not a mysid was dead, we sucked the animal up 

into a pi pct ::md observed its appendages with a magnifying lens. Death was defined as the total lack of appendage 

movement. The number of living and dead mysids were recorded daily for each test, and dead anim::i.ls was remo\·ed 

daily to prevent fouling. 

The test conL'.l.iners were either 350 ml polyethylene plast..ic food containers (for metal bioassays) or 650 ml 

borosilicate glass stacking dishes (for complex effluent and organic toxicant bioassays). Plast..ic test containers were 

cleaned by rinsing with hot tap water followed by 24 hour sequent..ial soaks in solutions of mild detergent, 3N HCL, 

and deionized water. Glass test conL'.liners were cleaned by rinsing with hot tap water then reagent grade acetone, 

followed by 24 hour soaks in 3N HCL and deionized water. 

Lon~-term test methods 

To calibrate the sensitivity of the short term test, a long term test wa~ conducted using mysid growth and 

survival as indicators of toxic effect. The long-term test methods were exactly the same as those used in the 

short-term tests except for the following modifications. The long-term test was a flow-through bioassay that used a 

proportional diluter system (Brungs and Lemke 1978) to continuously supply the toxicant to the test containers. The 

dilut..ion water was 1µ filtered seawater. Six concentrations and a control were tested, each replicated 4 times. The 

volume of test solution was 250 ml, and the diluter replaced 50% of this volume every 20 minutes. 

We used photography to monitor mysid growth. Pictures were taken weekly with a Ricoh® 35mm SLR 

camera equipped with a l 05mm zoom/macro lens. We constructed a small acrylic chamber into which all of the 

mysids from a test container could be poured. A ruler was glued to the bottom for reference. Each replicate was 
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poured into the chamber and photographed. The test containers were cleaned weekly during each photographic session 

Toxicants and Tests 

We tested the effects of three different toxicants on juvenile Holmesimysis: one trace mel.:11 salt. one 

municipal sewage effluent from a primary trc.::itment facility, and one effluent from a secondary facility. 

The trace met.al salt tested was zinc sulfate (sec section 6 for a discussion of tile criteria used to se!cct zinc 

sulfate as a reference toxic::mt). We conducted 3 short-term, 48 hour, zinc tests (0 - 1,000 µg/J zinc) to assess 

between test variability. \Ve also did one short-term, 96 hour, zinc test (0 - 1,000 µg/J zinc) to compare survival af:er 

4 days of exposure to survival ;.ifter '.: d:1ys. Zinc concentrations were verified using a Perkin Elmer mode:! 603 

atomic absorption spectrometer at the C.llifomia State t-.lussel Watch analytical facility. The zinc solutions were 

sampled from one replicate of c:ich treatment concentration at the beginning and end of each experiment. All zinc ~o 

Observed Effcu Concentrations 1::-,;0ECs) arc expressed as verified analytical concenrr-Jtions. 

The primary sewage plant effluent was from a grab sample taken prior to chlorination, and the secondary 

effluent was from a 2-+ hour composite sample collected after chloination and dechlorination. 

Interlaborator:y Calibration 

To assess the ability of contract IJboratories to use the 1 Jolmesimysis short-term protocol, we conducted an 

intcrbborJtory test of the 96 hour short-term protocol with the Southern California Coastal Water Research Project 

(SCCWRP) bioassay bboratory. using zinc i,O - 1,000 µg/1) as the toxicant. For this exercise we collected adult 

f Iolmesimysis at Pacific Gro\'e and brought them back to our bboratory. We then isolated juvenile mysids using the 

above methods and transport.Cd these to the SCCWRP laboratory. The mysids were transported in plastic bags 

containing seawater which had been saturated with oxygen by bubbling. The mysids were u-ansport.cd in coolers (- 8 

°C). The transporting was timed so that the SCC\VRP personnel could conduct a 96 hour shon-t.cnn mysid bioassay 

on 3 day old mysids. The following week a second 96 hour mysid test was done at MPSL with a separate set of 

mysids held under the same conditions for the s.ame amount of time. We attempted to duplicate the experimental 

conditions for both tests by adhering to the written protocols, and by using the same zinc, test containers, and 

temperature. To control for any variation caused by using different dilution waters, we ran the tests at both 

laboratories with seawater supplied by the SCCWRP laboratory. 

Statistics 

The percentage survival data were tallied at the end of each experiment. These data were transfonned to the 

arcsine of their square root, then analyzed using analysis of variance (ANOVA) followed by a Dunnett's multiple 

comparison test to compare each concentration to the control (Zar, 1974; Sokal and Rohlf, 1969). For each test, the 

No Observed Effect Concentration (NOEC) was calcubted as the highest concenu-al.ion not significanlly different from 

the control at p =0.05. 
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RESLLTS 

The results of ali of the toxicity tests with mysids are summarized in Table 5. All of the results are given as 

No Observed Effect Concentrations. The NOEC's for the zinc sulfate tests are given as µg/1; the NOEC's for the 

complex eff1uent tests arc given as percent effluent. 

Table 5. NO OBSERVED EFFECT CONCENTRATIONS FOR PHASE 2 )\1YSID TESTS 

Zinc Sulfate Tests (µg/1) TEST NUMBER 

l 

Mysid 48 Hour Repetitive Tests 182 175 320 
Mysid 96 Hour Test JOO 
Mysid 21 Day Test 45 

Mysid Interlaboatory Tests (µg/1) l\IPSL SCCWRP 

l'v!ysid 96 Hour Test 89 66 

Efnuent Test, (percent) PRIMARY SEC01\'DARY 

Mysid 96 Hour Test 1.0 32 

MPSL = Marine Pollution Studies L'.!boratory; SCCWRP = Southern California Coastal Water Research Project. 
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Water Quality 

The water quality data for all of the experiments are represented in Table 6. All of the water qu::ility p3.rametcrs 
for all of the zinc tests were within norrnaJ ranges, except the brine control. 

TABLE 6. WATER QUALITY RANGES FOR MYSID TESTS 

Test Dissolved Oxv2en pH Salinity Temperature
(mm./Hg.), ~ (ppt.) (degrees C.) 

48 Hr. #1 146 - 157 8.50 - 8.55 34 - 36 13.5 - 15.5 
48 Hr. #2 146 - 157 8.50 - 8.55 34 - 35 -- 14.5 --
48 Hr. #3 143-150 8.50 - 8.55 -- 36 -- 13.0 - 13.5 
96 Hr. 149 - 160 8.35 - 8.65 -- 35 -- 12.0 - 16.0 
Long-tem1 134 - 166 8.30 - 8.55 34 - 36 13.1 - 17.9 
Inter-Lab 145 - 161 8.45 - 8.70 34 - 36 14.5 - 15.5 
Primary 146 - 160 8.40 - 8.75 34 - 35 12.5 - 15.0 
Secondary 146-158 7.85 - 8.65* 31 - 37 14.1-14.7 

* Brine control 8.15 - 8.90. 

l\1ysid Zinc Tests 

Juvenile mysid survival was significantly inhibited after 48 hours at concentrations of 320 µg/1 zinc and 

greater in tests 1 and 2, and at 560 µg/1 and greater in test #3 (Figures 37-39). The No Observed Effect 

Concentrations (NOECs) for the 3 tests were 182, 175, and 320 µg/1 zinc, respectively. 
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Surviv:u of juvenile mysids after 48 hours in zinc sulfate, test #1. Mcan ± standard dcvi::ition. N = 5. 

Five animals in cach rcplic:ue. 
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Figure 38. Survival of juvenile mysids after 48 hours in zinc sulfate, test #2. Mean± standard deviation. N = 5. 

Five animals in each replicate. 
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Mysid Sunhal in Zinc: 48 hr #3 
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Figure 39. Sur.·i\·;i] of ju\'-:nilc mys ids :iftcr 48 hours in zinc sulfate. test #3. Mc:m ± sL'.lnd.J.rd de\·i:.ition. I\= 5. 

Five anim::ih in e::ich replicate. 

Juvenile mysid su,\ iv:.11 wa.s inhibited at lower zinc concentrations after a 96 hour exposure (Fig. 40). 

r--tysiJ sur.·iv:.i.! afts::r 96 hour~ w:b si;nifiGvitly reduced at concentrations of 180 µg/1 zinc and greater. 
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Figure 40. Survival of juvenile mysid, after 96 hours in zinc sulfate. Mean± st.:.md:.ird deviation. I'-= 5. Ten 

animals in each rcplic:1tc. 

Mysid long-Term Zinc Test 

Because of low conuol survival the results of the long-term mysid test are tcntative. Juvenile mysid 

sw-vival after a chronic (2i day) exposure to zinc sulfate was significantiy reduced at tested concentrations of 100 µg;1 

and greater (Figure 41 ). The NOEC for the long-term exposure to zinc is given as 45 µg;1. However, this test will 

have to be rcpe;itcd before this NOEC can be considered definitive. In addition, the photographic chamber used for 

monitoring mysid growth was poorly designed, and most of the mysids hid in the shadows along the edge of the 

container. The projections of these photographs proved inadequate, so these data are not presented. 
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Figure 41. Survival of juvenile mysids after a 21 day chronic exposure to zinc sulfate. Mean± standard deviation. 

N = 5. Ten animals in each replicate. 



Mysid Interlaboratory Tests ·with Zinc Sulfate 

The results of the inter!Jboratory mysid tcsts with the Marine Pollution Studies Laboratory and the 

Southern California Coastal Water Rcsc.'.lrch Project bio:issay laboratory indicate that the 96 hour mysid bioassay 

protocol is relatively straight fow:.ird and amenable for use by laboratories new to the test. Mysid survival was 

significantly reduced after 96 hours at concentrations of 100 µg/1 zinc and gre:lter in the Jv1PSL and SCCWRP tests 

(\1PSL NOEC =89 µg/1; SCC\VRP NOEC =66 µg/1, Figures 42 and 43). The :t\OECs for both tests were the 

s~nc nornin:il concentration (56 µg/1). Note that the X axis in this and all other zinc figures is given in nominal zinc 

conccntr:itions. 
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Figure 42. Mysid survival after 96 hours in zinc sulfate- interlaboratory test at :t-.1PSL. Mean_± 1 standard deviation. 

N = 5. Ten animals in each replicate. 
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Survival of Mysids in Zinc: lntedab - SCCWRP 
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Figure 43. Survival of juvenile my~ids after 96 hours in zinc sulfate- interlabor..1tory test at SCC\VRP. Mean± 1 

st:.mcbrd dcvi:i.tion. J\: = 5 (- 8 animals in each replicate). 

l\lysid Ef"lluent Tests 

PrimJry sew:igc trcJtmcnt plant effluent greater th:in 3.29c effluent signifirnntly inhibited mysid survival 

after 96 hours (NOEC = 1%, Figure 44). 

All primary effluent concentrartions greater than 1% effluent had salinities adjusted to 34 ppt using a 

hypersaline brine. The brine was prepared by aerating and heating :MPSL seawater to not more than 40 °C (as 

recommended by the L'S EPA). No brine control was used in the primary effluent test (sec discussion). 

Although the ammoni:i levels were not measured during testing, the yearly total ammoni:i levels ranged 

from 20-49mg/L for the prim:iry efnucnt (as communicated by the treatment plant st:1ff). 
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Figure 44. Survival of rnysiJ, :iit-::r CJ6 hours in prirn:i.ry effluent. !-.1e:i.n ± s.d.; 1':=5. Ten animals per repli::::ite. 

Juvenile mysid sun·iv:i.l in sixondary sew::ige effluent was signific::intly inhibited at 56S°i; effluent ~OEC 

= 32%). Brine was used to ::idJust the salinity of all of the effluent concentrations in the sccond:.u-y effluent test. Brine 

controls ·were used in the scco!llbry eff1uent tests and were prepared by diluting the maximum amount of brine used at 

the highest concentration (56Sc effluent; ---400 ml per liter of brine) to 34 ppt with distilled waier. Bix:1use of 

logistical constr:iints, the brine for the secondary effluenl test was aerated and boiled at 100 °C for several cbys 10 

rapidly increase its salinity (to 85ppt). Apparently heating the brine above this temperature drove off the carbon 

dioxide, incrc:ising the pH above the normal range (Table 6, see discussion). Additionally, poor mixing of effluent 

and brine in the 569c effluent concentration resulted in salinities as high as 40 ppL This was not discovered until 

after the animals were placed into the test containers, and all of the mysids in the initial 56% treatment died rnpidly. 

This treatment was duplicated on the second day of the test with new 3 d.3y old juvenile mysids and effluent from the 

same sample. The data from this duplic:i.tc 56% treatment are presented in the secondary effluent test results (Fig. 

45). The relatively high standard deviation in the 5.6% effluent treatment was caused by unusually high mortality in 

one of the replicates. 

The yearly tol.Jl ammonia kvcls ranged between 18-22 mg/1 in the secondary effluent (:.is communic:.itcd 

by the trcaiment plant st:1f1). 

82 

https://duplic:i.tc
https://prirn:i.ry


Mysid Sunival in Secondary Effluent 

100 

90 

80 
C':l 
;.. 70·;:: 
I-

= 60 
rJJ 

--:::: 50 
l\OEC = 32 llc 

u 
<:.J 40 
I-

-"' <:.J 

30 

20 

10 

0 
0 10 20 30 40 so 60 70 80 90 100 

PERCENT EFFLUENT 

Figure 45. Survival of juvenile mysids after 96 hours in secondary effluent. Mean± standJ.rd deviation. N = S. Ten 

animals per replicate. B= brine control; C= dilution water control 
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DISCUSSION 

Although the long generation time of Holmesimysis costata makes lifecycle toxicity tests with this 

species logistically impractical for use in routine monitoring, juvenile I/. costata arc amenable to short-term toxicity 

testing. This combined with thei; reLHive sensitivity to a variety of toxicants make them an appropriate species for 

use in routine bioa.ss:::iy wsting. The short-term bio:::iss:::iy protocol developed for this species with zinc sulfate 

performs equally well testing the toxicity of complex effluents. 

The rcsulL\ of the 48 and 96 liour shon-tc:rm tesL, with zinc sulfate show that both exposure time and the 

number of animals per replicate affect the results of toxicity tcsts with fl. costata Mysid survi\'al in the three 48 hour 

zinc tests was significantly inhibited above 175 µg/1 zinc (Figures 37-39). There was some between- test variability 

in the the 48 hour tests. The NOEC's for tests 1 and 2 were 182 and 175 µg/1, respectively ( the same nominal 

concentration: 180 µg/1); the NOEC for test 3 was 3:0 µg/1. This was due, in pan, LD the fact that only five mys ids 

were exposed in each replicate. We hod originally developed this prowcol with five animals per replicate because the 

mobility of mysids m::ikes it difficult LD accurotely count them. However, with 5 animals per replic:.ite, 1 death 

represents :.1 20% declme in survival, and one or two deaths in a replicate can significantly affect the results. The low 

number of animals per replic:.ite aho affected the between-replicate variability in the 3 tests. This is illustr:.ited by the 

relatively high st3.nda.rd deviations, especi:::illy in the mid- and higher concentrations (Figures 38-40). 

The short, 48 hour exposure period may also have contributed to the between-test variability. The 48 

hour mysid tests were originally developed to fit easily into a five day work week. However, be.cause of the kinetics 

of t.oxicam uptake by mysids, it takes longer than 48 hours for I.hem to reliably demonstrate the toxic effect (personal 

communication, Howard Bailey, UC Davis). Many of the animals were scored as alive even though it was obvious 

lO us lhat they were near death. We therefore decided to extend I.he exposure period 10 96 hours: lhis also allowed 

comparison of our data wilh published mysid toxicity data. In addition, we increased the number of animals per 

replicate to ten in an attempt lO reduce between-replicate variability. 

Mysid survival was significantly inhibited at zinc concentrations above 100 µg/1 after a 96 hour 

exposure, a lower NOEC than in the 48 hour tests. The between-replicate variability was relatively low in this test 

(Figure 40), probably because we used 10 animals in each replicate. 

Mys id survival wa, significantly inhibited at test concentrations of l 00 µg/1 zinc and gre;.:ter zinc after 21 

days (NOEC = 45 µg/1, Figure 4 l ). Howe\'cr, the resulL, of this test should not be considered definitive because we 
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experienced several technical difficulties during the course of this experiment. We originally intended to incorpor:.ite 

both growth and survival :.i.s endpoints by taking weekly pictures of each replicate. Technical problems with this 

technique produced unusable dat.:.i on growth (::i_c: dc:,::.ribcd in the results section). Another difficulty in the 21 day test 

was conL'.lmin::nion of some of the rc;,lic:ttcs. Tne di!uters were equipped wiL11 a poor grade of stainless steel (304) 

originaliy designed for fresh water bio::issays. The steel corroded after prolonged contact with seawater and 

contaminated some of the cont.Jiners. This affected mysid survival and explains much of the high replicate variability 

in this test, particularly in the comrol, 18 and 32 µg/1 replicates (Figure 41 ). Because of high control mortality, 

these results should be considered tentative. We intend to refit our diluter system with non-corrodible materials, and 

repeat this test. 

The results of the interlabor::itory zinc tests with SCCWRP indicate that the 96 hour mysid test can be 

conducted by other laboratories h::iving limited familiarity with the protocol. The NOEC was 89 µg/1 for the MPSL 

test (Figure 42), and 66 µg/1 for the SCCWRP test (Figure 43); both tests had the same nominal (not analytically 

verified) NOEC of 56 µg/1. However, the response curves on the two graphs have marked differences (Figures 42 and 

43). For example, in the r-..1PSL test, all of the mysids were killed at the two highest concentrations, while there w::is 

20 to 30'7c survival at these concentrations in the SCC\VRP test. The reasons for this are not certain. Note that 

mysid survival w::is also low at the higher zinc concentrations in the other 96 hour mysid test at r-..1PSL (Figure 40). 

One problem noted by the SCCWRP personnel wa, the relative subjectivity of the criteria for determining mysid 

death (personal communication, Steven B::iy, SCCWRP). A more easily defined procedure for determining toxic 

response is needed before this test is implemented in any permitting process. 

The acute and chronic sensitivities of 1/o/mcsimysis to zinc are comparable to values reported for other 

mysid species. Lussier et al. ( 1985, her Table III) reported a 96 hour acute LC50 for Mysidopsis bahia of 499 µg/1 

zinc. A 96 hour LC50 for I lolmcsimysis (estimated graphically from Figure 40) was 205 µg/1. In a 35 d::iy flow

through bioassay that focused on survival, reproduction, and fecudity, the same authors reported a LOEC (Lowest 

Observed Effect Concentration) of 166 µg/1 for Mysicwpsis. The LOEC in the long-term test presented here was 

lO0ppb zinc (Figure 41). For other crustacca, Martin cl al. (1981 Table I) reported a 96 hour EC50 of 456 µg/1 zinc 

for Dungeness crab (Cancer magister) zoca, and Ahsanullah et al. (1981) reported a 96 hour LC50 of 10,200 µg/1 

zinc for adult marine shrimp Cal/ianassa australiensis. 

The mysid bioassay protocol needed no modification for testing the toxicity of complex effluents. The 

results of the whole effluent bioassays indicate that mysids have variable sensitivities to sewage effluents depending 

on the level of sewage treatment. Mysid survival was inhibited by primary treated effluent at concentrations of 3.2% 

and greater (NOEC =I%, Figure 44). The primary effluent test was the first complex effluent bioassay preformed 

with the MPSL protocol for 11. costata. No brine control was used in this test because it was preliminary, and our 

interest was primarily in evaluating the effects of effluent particulates on the juvenile mysids. Despite the lack of a 

proper control for the effccL, of brine, the water qu::ility p::u-ameters for this test were within normal ranges (Table 6). 

Mysid survival in secondary treated effluent was inhibited at 56% effluent (NOEC = 32%). For reasons 
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discussed above, the 56S} conccnLJ:ition was duplicated on day 2 of the test with the same cfOuent used for the at.her 

trc.at.mcms. Because this effluent w:is a cby older. and presumably equally or less toxic, we feel that the NOEC 

derived for this test is probably correct. The variability in the 5.6% effluent was due to unexplainably high monality 

in one replicate. 

It is not clear what component(s) of the effluent were toxic to the mysids. Tot.a.l ammonia levels in this 

effluent ranged between 20 and 49mg/L (20,000-49,000 µg/1). Based on this range, the ammonia level in the effluent 

concentration that was inhibiting mysid survival (32%) could have been between 6,400 and 15.680 µg/1. The 

concentration of unionized ammonia is not known but was certainly far less. Salinity, temper.:i.ture, pH, and dissolved 

oxygen were wiL'lin normal ranges in this test. 

Overall, the result.s indicate that Hofmcsimysis costarn is an appropriate mysid species for use in routine 

bioassay monitoring of complex cffluent.s. However, some modifications would improve the short-term test protocol. 

The endpoint needs to be better defined so that technicians with minimal prior experience can easily and accurately 

determine if the mysids are affected. Another long term test needs to be run with a refitted diluter system t.o accurately 

assess chronic toxicity. Age dependent toxicant sensitivity needs t.o be investigated. By determining agc-dcpencJcnt 

sensitivity, we can improve the test by making it simpler (if no differences exist) by allowing use of mysids from a 

broader age range. 
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Preliminary Work With Additional Test Species 

Although the emphasis in Phase 2 of the Marine Bioassay Project was on further developing the bio:issay test 

protocois for abalone, mysids, and kcip, some preliminary culture work and test development was explored with 

aiternative species. Some of these species are ones that have previously been used in bioassay tests, others are new. 

This section contains results and observations on work with vertebrates and invencbrates being considered for the 

future. 

Mussels- Mytilus californianu.s and Mytilu.s edulis 

Bioassay protocols arc available for the mussels Mytilus cal1fornianus and Mytilus edulis, and these species 

have been used extensively for toxicity testing. The 48 hour mussel bioassay focusing on larval shell development 

(Dimick and Breese, 1965; APHA SL'.lndard Methods. 1986) is almost identical to the red abalone protocol described in 

this report. The red abalone protocol was developed as an alternative to the short-term mussel bioassay because, 

unlike mussels, laborJtory cultured abalone arc consistently spawnablc year round. Our intention was to make sure 

we could spawn mussels first, and later do a zinc sulfate bio:issay with mussels to compare the sensitivity of this test 

to the short-tenn abalone test. 

We collected M. californianus on the rocks adjacent to the Granite Canyon Laboratory in August, 1987. We 

scrubbed their shells clean, and pl:J.ced them in moist paper towels in the refrigerator (6° C) overnight. The next 

morning we put them in individu:.il plastic cups and fed them 100 ml of phytoplankton (Tetraselmus suicceca, 3 x 

106 cells/ml). We then placed the cups in a water b:.ith at 23° C for 2 hours. No spawning occured. We attempted a 

second spawning later but only one female spawned. Apparently L'1ese animals had recently spawned in the field. 

Sampled mussels had empty gonads. We will attempt this test again next winter after the field populations have had 

a chance LO ripen. 

We also attempted a spawning of bay mussels (M. edulis) in August. These we collected from S:rndholt 

Bridge in Moss Landing Harbor. Sampled mussels from this group had well developed gonads. To induce spawning 

we fed phytoplankton to the mussels then placed them in a wann (23° C) water bath for 1 hour. After l hour we 

transferred the mussels to 15° C water. Several females spawned immediately. Because no males spawned, we 

stripped sperm from one of the ripe males and added this to the eggs. We then placed the fertilized eggs in a 37 µ 

screen tube and supplied them with ambient lµ-filtcrcd seawater at a low flow rate. After 2 days the mussels had 

developed into normal veliger larvae. Although no bioassay was attempted, we feel confident that if fertilized eggs 

can be obtained, we can conduct a 48 hour mussel bioassay with either M. edulis or M. californianu.s in Phase 3 of 

the Project. 
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Squid- Lolii;o opalcscens 

We obtJined gravid female market squid from a local trawler for display during our public open house. The 

squid laid eggs in one of the display tanks and these were close to hatching after about 2 weeks. We took this 

opportunily to do a short-term zinc bioassay on squid juveniles. We used the same experimental design as for all of 

our other short-tenn static bioassays except that each concentration was replicated 3 times instead of the usual 5. We 

tested 1 control and 6 concentrations (0, 10, 18, 32, 56, 100, and 180 µg/J zinc). This range included zinc 

concentrations that we have shown to inhibil larval abalone development (56 µg/J) and juvenile mysid survival (180 

µg/1). One squid egg case wa., placed in each test container. The developing embryos were easily visible through the 

cases and we were able to count their numbers in each egg case. We intended to monitor percent hatching success and 

survival after a 96 hour exposure period. The squid began hatching in the containers after 1 day, and by day 2 almost 

all had hatched. We fed each container approximately 500 Artemia nauplii at this time. After 96 hours there was good 

sur.:ival in all replicates. On the fifth day there was a drastic decline in survival in all of the containers. Young squid 

arc known to be highly selective feeders, and they did not appear to be feeding on the Anemia. Allhough the water 

quality parameters (disolved oxygen, pH, temperature, and salinity) were within normal ranges, we did not mc:i.sure 

the ammonia levels, and these may have been high due to the large number of juvenile squid and food organisms. 

Apparcmly the newly hatched L. opalescens juveniles are not as sensitive to a short-term exposure to zinc 

sulfate as are larval abalone and juvenile mysids. This suggests that our short-term bioassays are sensitive enough to 

protect an early life stage of at least one other species. This statement must be qualified however, because the squid 

embryos were exposed after they h::id developed for 2 weeks. It m::iy be that exposure at an earlier stage of 

development or a long-term exposure of newly laid squid embryos would result in a greater sensitivity to zinc. 

Fish- A1ranoscion nobilis, Paralabrax c/a1hrarus, and Engru.ulis mordax. 

In addition to work with invertebrate species, we also began preliminary work with 3 fish species, white sea 

bass Atractoscion nobilis, kelp b~s Paralabrax clathratus, and northern anchovy Engraulis mordax. 

We obtained 24 hour old white sea bass larvae from Donald Kent at Hubbs Research in San Diego (with 

appreciation). Our intention was to assess the feasibility of shipping sea bass larvae by air, and if possible, conduct J 

short-term bioass::iy using zinc sulfate. The sea bass larvae survived the shipping, but be.:ause of a scheduling 

problem at the airport, the larvae sat for 48 hours at another laboratory with lower salinity and poor water quality. 

This resulted in poor survival. The remaining larvae were set up in flowing, heated seawater at Granite Canyon and 

survived for one week on a diet of rotifcrs Brachionu.s plicma and Anemia nauplii. White sea bass are apparently 

tolerant to shipping and may possibly become a useful test species in the future. Other researchers are contemplating 

developing a bioassay protocol with this species, so we intend to focus on exploring other possibilities rather than 

duplicating effort. 

In addition to white sea. bass, we conducted preliminary experiments with the kelp bass Paralabrax clathratus 

in collaboration with Jo Ellen Hose and her staff from the Vantuna Research Group in Los Angeles. Dr. Hose 

provided fertilized kelp bass eggs and these were transported to Granite Canyon in plastic bags held in ice chests (-16c 

C). The eggs appeared to survive the trip well and Wi.:re immediately transferred to 15 liter polyethylene buckets set 
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in a water b:ith at 19c C. The bioass:iy protocol developed by Dr. Hose involves exposing 2-4 hour post-fertilization 

kelp bass eggs to a toxicant, then monitoring hatching success, survival, and developmenL'.ll abnormalities after 3. 96 

hour exposure period We comluctcd two bimss:i.ys with kelp bass: one with zinc sulfate (0 - 1000 µg/1), and one with 

a secondary tre:ited complex efnucnt (0 - 56St ). Unfortunately, control survival was poor in both tests, preventing 

any evaluation of 10:,jcity. The poc·: , : :,,;oI sc;n (val was probably due to trauma suffered during egg transportation. 

Dr. Hose has offered to supply us with kelp b:lss broodstock so that we can have a ready supply of eggs at our 

laboratory. We hope to devote some research time to this species during the next phase of the Project. We extend 

our gr:nitude to Jo Ellen Hose for her cooperation. 

The third fish spc.cies th:it we have been working with is the nonhem anchovy Engraulis mordax. We have 

held anchovy broodstock at our lab for over 18 months now, and survival has been remarkably good. We have 

attempted one spawning from these fish using the hormone injection techniques of Roger Leong of the National 

Marine Fisheries Service blxiratory in La Jolla. W c obtained a few eggs from this trial, but most of the fish appeared 

to be imm:iturc. We h:i.vc since modified our holding tank conditions and feeding regime, and the fish th:1t we have 

sampled since then arc developing s:itisi:1ctorily. We will :ittempt another sp:iv.ning with this spc.cies somnimc 

during the next plusc. 

J\.lysids- .Hctamysid()psis clongaws 

Mcramysidopsis e/ongaru . .s is :i.n epibcnthic mysid that occurs in large numbers over s:indy bottom h:ibitats in 

Southern California. Bec:iuse this sp.xies h:.i.s a relatively short life cycle (-28 d.3.ys), development of lifccycle and/or 

rcproducti\'e toxicity tcsL, m;;y be possible. With the help of Steven M. Bay at SCCWRP, we obtained a small 

numhc:r of these mysids at Gr:inite Canyon. These animals are apparently quite sensitive to temperature extremes, and 

most of the animals did not survive the trip because of cold temperatures in the transport container. Those that did 

survive were set up in a flowing seawater aquarium at 18° C. These animals survived well on a diet of Anemia 

nauplii, but after a week our heat exch:inger failed (for the first time in years), and they succumbed to the drop in 

temperature. Because other rcsc.1rchcrs are working with this species, we have elected to discontinue working with 

them to avoid duplicating effort. 
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1.0 INTRODUCTION 

Jn order t,i further slcrndardi7-e the shorl-term and lon~-terni hioassay 
prolcc:,,ls de\'el<J[ler' for red abalone, r.:ysids, and kelp, an inorganic r2ference 
lrn:jcant ,.;z1s chuse:: hcf,,r'.' :'-:,- i:,;lic<ior r:~ toxicit\· teslin,z in p:.ase 11 of 
the .'larine Eio,7ssa\· Fnjvcl. Tiic r,:::·fe:·ence loxicanl. was used lo co~1pare the 
resui:s of the s::,Jr~-ter;~ a~"i•:: .2c•t~g-~erm toxicj_ty Lests, 2;-;d t.o standardize the 
hioass~v lest □ l' h~~s i~Lcn~vJ for impJernenLation in phase Ill of the project. 
Thv reference toxic~n\ ~as also used for inter-lahoralory toxicity tests, and 
intra-lahoratorv qualiLv assurance lests designed to look at variability 
hel,.,een multiple rtJ:ls ,:f th, hi,iassa\· tests, anrl variahilitv between test 
a n a I \' s t r es t: I t s . Th i s r e po r t desc r i hes l h e s e l e ct ·i o n o f t h i s i no r g an i c ( t r a c e 
r.ieLaJ) reference tu,:i.urnl. 

2.0 lNJTIAL SCREENING 

SPver2l criteria were used tu evaluate the potential trace eJe~ent 
ca:1d1dates. Tr1c princjpal criteria used in the initial screeninf.?. process ,,ere: 
Lo:-:1cjt\" Lo m:ninc organisms, ease of analyses in sea1,'ater at toxic 
co nc e ri L r a t ·j ,1 n s , c1 ,, rl pn \ e n 1 i n I hea l L h h i1 :-: a r cl t o 1a h() r a t or \" per son n e l. ] n t h e 
jniliul screeni:,::, 10 t,ixic trace clements (A:;, As, Ccl, Cr, Cu, H'.;, '.\:i, Ph, Sc, 
Zn) .,,rore consiclcrc,'.. These 10 trace eler1ents are roulinel y moni t fJred at si,: 
mai,n· ~:,1uthr•rn C:lif,,:·nio r11Jnicipc:l 1,;as1e1,:ater outfalls [see Sectin;-i 3.2 (pa:_;e 
2 ) f Or I i s l Or r) u I rcl 1 I s l . s i X \ r a Ce el e r.l f_' n L s we r C in it i a 11 y e l:i m i n A l p cl ( As ' 
Cr, 1:~. \i, Ph, S(-) and f(1t1r \,ere crrnsiclerecl in furtl:er dcla.il (Ag, Cd, Cu, 
Zn). Ti:,, f,,1101,in;, S/H•(·i:i, f;i,·tors 1,crc used Lo elir1iria1e the six elcmront::: as 
rcf"1·rL'il1,· L<"Jxir:1::t:< ,\s - difficult tu i1n:1l:,·1.e; Ct - J,Jh' to:--:icii\', difficult to 
,7n,:ly,:,·; 11-, - dif1 i,1:l1 \11 ,111,1ly1c', ditficult \fJ rer::(1\'(' frorc l,1l1,,:,:'.nr1· 
h'8:C:i(".,,;1cr, h,11:!ril,Ju:-; t" \;1horc1:o.ry rersurinel, e:1sc of vnlotili1.:1\inn; Pb -
dit"rirtrlt t,1 an,il1·1c, clifficult \(J rPmove froro, "'3S1e\,Dl.Pr, ha;::arrl,,·,s lo 
Jahnra\ (Jr1· perso1111,,]; Sc - djfficult to anuly;::c. 

3.0 SELECTION CRITERIA 

The criteri:, u,.; 1,'11 i:, t'H"• screening of the rernajnjn~; four trace elelilenls 
were: t,1::jcilv \r, m:1r,11c orJ_ani.srns, concentrolinn in discharge effluent, 
h i na< c u :1 u l at 1 r, n p,) L c n L i al , s µcc i ::it .i on , an :1 1y 7- 2 h :i l i t y / l reat ah i .1 i l y , pre vi ous use 
i11 hi 1 ,;1,,;,.;,1ys, p,1t<•n1i,1l h0c1l1h h:11,7rd to lnhor;:i\ory rwr-sonne1, and 
,,,(·,,,:,111 1 ·11d,1t i,ll1 l1\' tl1(' S,·i('11tiCic R,·view Cor1rn·itlv<'. Tlwsc critcri,1 ,1rl' 
d isc11ss(•d i11 111,11 dc:1.1i I i11 tliv l,il !(1wi11g sect i,>11.1 • 

3.1 Toxicil\' Lo Marine Organisms. 

Tiiv t n:, i cit\' nf t l1,· r('ir'rcncc mc:Uil .is of pr-im:,ry concern becc1usc of its 
effe<I on 1c;irinc.,-hio1,7. Tn:cicitv is also a cnnccrn heuiuse, if 101>·, it 1,ilL 
require higher concentril1 ions Lo elicit effects or responses, and these may he 
al concenlrat iu11s that are rarely found in coastal waters. The aculc LCSO anrl 
chronic ECSU values for Ag, Cd, Cu, and Zn were compiled and evaluated (Table 
1). An attempt was made to colilpore values from toxicity tests on the same 
species under similar experimental conditions. The references for the values 
h'ere co:npilcd fu:m the reviPhS hy Bryan (1984) anrl Reish ~ ~(1982). 
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Toxicity values from Mvsidoosis hahia were taken from Lussier el al. (1925). 
finally, an O\·eraJ l acute and chronic toxicity value for each metar-1,as taken 
from the Stale Water Quality Control Plan (Ocean Plan, State ~ater Resourc 
Control Board, 1983). The latter reference incorporates toxicjty data den 
from n modification of the data base compiled in 1976 (Klapo~ an1! Le~is, 
1979). Toxicity data for marine speci.es were combined to gi\·e ger,eral 
acute/chronic toxicity values for each metal. A general summary of relative 
t.oxicilies of each metal hv Bryan (1984) is provided in Table 2. 

Bryan (1984) c,Jnsicll'rs the r.iore rapidly absorbed m0tals (\~, Cu) t() he 
genercdly the more t,,xit. 0lthnu;2h th,~ toxicities are variable ctepcr1di11;.: on tlw 
rcrml'clhility of th,· ;r,,,1,1! to tl:v ()l"::n11ism, arici the ability nf tlir·· nrµ,11,ism t,, 
detoxify the mr't;i!. l"lw fi,lln·.,in:~ nr(· cri11sid0rr•rl ir.,p,irt,1111 f,1rtr11·s r.:,Hi1•r;iti11;.: 
toxicity of ,l fl,1rti,:1!,n mrot;1]: 

a. Form of the r;H_otc1l in tile e:1\·ironi:1pnt; this affects i\s polPnt i,1I tn 
b·ioaccumuL.Jt e; 
b. Prespnce of <JtlH·r r;ctclls 1.hjLh c,,n he ,Hlditive (1r antc1;"'i1isti< . ' its 
\ O>: i C ! t y; 
c. En,:iron!;:ent,;l L-1r:,,rs (tem;1erature, pH, dissrJlved oxyge:1, Jish:) ca;-; chant,e 
Lhe metal species or the degree of plnsiological stress on the orgarns~ and 
j n f J U en C e l OX i C i l \" ; 

d. The condition of t'.1t.: 11rga:1isrr. (life cycle phase, sex, a~ce, s17c, 

nutri.tiunal stale); 
e . :,_ hi l j t i. t. o a \' c• i d cuntan (e.g. s'.!ell closure); 
f . a\ h j l i.L ,_. '.. () a ci d pt tu rrk',a!s (0.I-'. detoxify, tolerate ti1r,,..,c:h 

!·(1r thi~ 1rit1~-r·i 1)i1, tlJr• fr-cr r~r~tc~ls \·.'{'fC• ev<1l11~t_('ll f()r tt1elr ~··rc,sf•::r:fl 1·11 

t!1,· rn i:,1,1n· efflu,'!,: ot tli,· six so11th,_,,n Cul iforni.a rr,u11ic·ipal ciis,hc.2r;:::e:--;: 
Join, h'ater Fol Jut •r;,1 Cr,11t rol Pic111t (h"hil es Pojnt ), Hyperion 5 r.:; an.\ Hq;(•riun 
7 mi (Santa :1onica hd\'), Oxnarc;, PoinL Lomd (San Diego), anc Sanjt2tio7 
Districts of Orange· County. The nverage concentrations for the yea,s 1')78-FJ'-\3 
and 1985 were tabulated (Tahle 3) and an civerall ranking for each metal 1.as 
derived. The sourr~~ of this information was the Southern California Coastal 
\•:dter Pt.:search Pr,iject (F,ienr1idl Reports 1979-1984, S. Bc1y, pers. cos;,,. lCJ,C:S 
fat a). 

3.3 Bioaccumulation. 

The hioaccur.wlc1t ion potenti;il of the four metals \,'as also considered 
important because lhe accumulation of metals in commercial species could have 
public health implications, as well as affecting other food weh organisms in 
marine and estuarine areas (Bryan, 1984). The metal concentrations in tissues 
of some representative marine species are listed in Table 4. In general, the 
hioaccumulaLion of the four metals under consideration for final selection is 
directly relaled to the concentrations of exposure. Evidence from most 
phylogenetic groups suggests that uptake of metals from water is a passive 
process, and, therefore, is related to concenlrations of exposure (Bry~n, 
1984). 
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3 . 4 s pe C j i1 l I (. l1 111 s (_' :1 '' cl l C' r . 

p,. , , a 11 :c r · l hr_• \' :n- i , i us s p(' c i l' :--, n f e ;_, c h mf' l ?. l m::i \. re;1 c l d i f fer e fl '. ]\· i n 
::-•·-~•.\'11r•r, t:, 1 · Lr:,,:i, !I\' \·:il11( 1 ~· ()l c;Hh spc(iCs rr.;Jy d'!f"c,r. The irl(';_1 f('ferc,~:rr,1 

l,;::ici-:,1! 1-,·c,::lci lH· 1 1 , r,!,l' Lhd\ r,;is tl1e: lea::l nurr,her nf spr:cies. FiJr e.•r\. r,r 
l!ie four ~c-Lals, 1 ,, ,;,!:,: i\'C pc·rcent,,;:.es o:· lhc knO\-.T, species i11 se2ht1\Pr are 
; : s \ e J .i r, ''. c ! c S ( (; ,1 ! cher :, , 1 9 7 S ) . S111 c e f e ,., dat a a re a \' a i 1a h I e 0 n t he 
t ox i c i t y of j il d i v j d 11 a ! " el a J so e c j es . except i n the c 2 s e of c opp e r , a more 
det;:iiled r1 1scussior: r,f coppt"r anc: its aprhcation jn 1n:-:icily testing is 
C(Jil~iri('rrr.l in sc'c Jr>~7 l.'~.9. 

! ; ,l !, i I i l y. 

The ,1n:Jl\'7i-l~·ili'.\' nnd treilLah·iliLy of the meLa: in sea1-:ater i;-; another 

impnr\c111t prc1ctir2I ronsidercltion, hccause all tnxiuint tesl solutions require 
cher11cal verifirc1Li,1r1 for quality assurar!re purpnscs, and heCi1use it 1,ill he 
necess,iry to re::'.'1\T lhr:- :n(•tal fr()fil the wasteh·a\er gcr,erated jn Lhe tnxicit1· 
t. Pst s . The s, u r c c· s f, 1 r i rif u r ,n ri l i u rI re po r l e d i n l h i s s v c l i () n 1,· ere .SL an d i.l r r1 

'lcthod:-c r,,r th, [>:a:,ii'1iJl 11Jn r;f h',iter rJrHI 1,·aste1,ater (lLJHS), c()r;1n,w1icotions 1,ith 

LJ:1,,r2tor1· rc•sn,.Jnsihl,.: f,ir 1 rzir e meLcd ronf:irmc1tion (CDfC Mussel \·':o.tch 
La!Joralon·, 'iuss l.,-1nc:i,1;,: ~1arine Lab,Jralories), cummunication 1,it:1 a sec1'.,d\er
trace rr.etal chrcrrisl (.\.R. Fkg;,I, Univf'rsily of California, Sanlii Cnv, pers. 
cor:ini.), disr11ssin11S 1-.iti1 h:ir,andl1·sts fariiliar ,;ith the four rretalc (D. Snilh, 
CUFC >i11ssr:I '/;11,i, i!:1d .J. O:ikc:en, M,1ss Lrndini:_,_ M,-irine Lihoratnries). 

'·i, \,1I· -,,. r 111k,·,: in 11rd"r ,,f pr01·iri1:,, 11sr· i11 n.e\DI hi1,;,~.s1!:,,;, ],,,, -Iu,;c of 
th,· r,li1i,,us ,.1d1·;111l11•..:r•,c ,,r \1;i'.·r· :1 !il.'tt,·r rLit,1 ha.sf' \1Jr comp,irison ;,nrl 1hf• 
r·xpr,!1r··11r1 ,,: h1J•:,:1·.· prr·1·i1;11si\' tr•,;\r•ri f'XJ)Pri1nenl;1I procedures ;,n,: \,:rl1:1iq110s. 
,\ 1h,r,,1:·_, I,, liIcr:1!1nc· rr,,ic•'-: 1,ill Ji,, r.,Jmplc-lcd for \hP metal 1,'hich is selecleri 

as tl1c rPlE'rc':v_c ~,r<cil f,ir lhi.s prCJgro1,;. A parlial hlerature list fnr each 
metcil is in: l11dc-,\ in Tnh\r• o. 

B( ·, 1 , : , , · , 1 : , l \ 11 i , , u ~ pr, Jh I ems 1, i 1 h h ,HI d I i n ::'. on rl sh i pp i ng ha 1/. c1 r ri nu s 
Stlil"I 1111 r'. ·,11 r-1·:, I ·.,,1'. ;,,:, of thr' s:11cLy ln L=ihor,Jt<Jr\ rwrsor;nel 1,·21s rr..1dc'. The 
n,c1jl1r s" I11,,> f,,r l!,i,-, idorn:atio11 w,1s lhi? ~latC'rial S,ifcty lldla Sher_•\c; (.J.T. 
Bd,r, 197.';) ;1,1il ti,,· ;-,;l(JSrl/OS!L\ PockPt Cuicie lo C!wr:1ircJl lla;:arcis (1c17k). 

Ti1(" Scientific RL·\-i(•·..: C:01:1mi\lr.'c· initiaJ.ly sug;;estcd further e\·aJuntion and 
ronsideralinn of t1'1> mPt,il:-o as <111 i11organic rcfere11re toxicnnl: Zn and Cci. 

4.0 EVALUAT10N OF INDIVIDUAL TRACE METALS 

4. I Si l \('r 

4.1.l. Toxiritv 

Thr' reluli\·c tflxicity of silver to a varje\y of mdrine org:rn·isms js 
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crir.,p.1rvil 1,.ith tfH' ,,,11,•r 1t1r,,,. lfl(•!:1ls in Tnhl,.• l. 111 ;.:(•11,•1·;1I, .c,i)\(•r i:c: l,•c:.c, 
lox i, l hc111 coppl'r h:it fil<.>rT t "xi c L hiln cidm i ur1 anrl .r: i :1c. ~i I \·,·r \,:1:' 

parLjcularly loxic 1,1 oy:-;ter· (Crassost re,1 g:i<::.cis) emliryus ,-1n:1, has cu11slde·r~·d 
more acutely toxic Lha:1 thl' other three mct;,ls i:1 the Ocean Plan ln\icity 
re\·je·,, (S11'RCB, 1933). A genC'r,:!l sumr;;ary of Loxic:itv sturly rc:=;ults i:-o gin:n ir. 
Tahle 2. One reasu:1 silver mc:y he mcJre to::ic is that it i:=; n,,t ,rn essential 
Lrace e ! ement, un Ii k\' copper i."!nd zinc. 

L..1.2 Presence· in Effluent 

Sil\·er e)ncen•,r2•,ions in the effluent of southern California ,.,,aste\,ater 
dischc,rges are 101-.,·, than the other three elements (Tah1e :\). T1,o po:int :=;ource 
locatlons ~ilh rcla~:ively hjgh silver concentrat:ions in mus~0l t:i:=;sues are 
h'hites Poi.nt and Poi:1~ Lorna C,lartjn ~ al., 1984). 

4.1.:\ l:3;uacc1:::. :lcit ilrn 

SiJH,r h2s hcc·r: f,lUn(: tn a,·cucl\ll"lr' in a variety of rn2rir,e specie'." (T,1 hle 
4). SilH1 r c,,r,1..entr,.,1'.iGns are relatively Jo11·er than the other three rr.e'.nls 
possibl 1: heu,use it 1s n,,t a rnicrnnutrient, and occurs in g<?ner2lll' lo·.-:er 
(Oncc1tratjons in the en\·ir,lnmen\ (T;-ihle 3). Cahhrese et al(l984) f,)u,1d th:,t 
s i l v <:' r iJ c c: um, i I ii l e d i 1 , 'h t i I u s e c'. 1, I L s n n l y a t L h c h i gl1c s-t-t es l c on c e n l r ci l i , J n ( I () 
pptJ) cJfter L' r.ionths, hu1 at JS ,rnd 21 :;11>11ths signific;Jnl lc\·el:, 1,er·e 
accumulated i;-i decre2sed concenLrc1ti,ir~s (1 and 5 pph). Youn 0 and ~lo0re (1078) 
sl,,i•.-.ed thnl r•1rk c:,., 1 inr,;-; (Hir1r,i:cs) al h'hlte':=; Puint 1-·erc 2ccur;1,1lalir1;' 
si~;;ifi,:.:1,·.1 l· r..,)r,: ::,:'.\·Pr tr'.;:::·, Ch,:I,;,,,J Island control a;1ir.1als. 

4.1.4. S:KcicJI i,·•r. 

·1:,t' ciff,.·rr:1 111 :-:;.•- 1 i(':- ,:i ::;; l1·er kn<J'.·.r, tu occur in sea1,atcr 2rc ] jstf'd :i 
Tc': lt.· S. :::;j 1\.·,~·\r ,)~·rt~r_c:. d~: ::Ct.'C: diff(•re:1t ch1uricle hnl:rHi src•c·i,~s, s\J~· cu:i1;:.n:. 

Silver is con::-;i(!,·red rc1ati\·f'ly e,3:,,,. tu analyze and t,, re:-;1,1\·e rr";;: 
\·,' ,, s t (' ',, ;j t (' I' • 

Sj]ver h2s beer. usnd Jess in loxi.city tesling thcin the other three metci.ls. 
A p:irt idl list of si her toxicity references :is givr>,1 in Tahle 6. 

4.1.7. Health Hazard~ Lahoratory Personnel 

Silver is more loxic than the other three metals. The permissible 
exposurP .limits for Ag NO is 0.01 m8/m (NIOSH/OSHA, 1g78). Jt can he caustic 
and irrit.alin:;: to the eye~, skin and mucous :nemhranes, but is safe if hanrlled 
..,,jth routjnc safety precautiuns. 

4.1.8. SciPntifjr· Re\·ie1, Cor.:i:1ittec 
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Cadrciw 

4. :.! • 1. Tu\: i c i l ,_. 

The rel;_,ti\·e t,,,: ._·it\' of cach1iL!ci lo a variet\· o~ marjne o,ganis~c is 
c om pa re c1 1, i l r: l h ,0 u t her U I rec r:i et a l s i n TZJ h 1e J. J n genera l , ca cic, i u :-:, has he en 

found L o h c m,·, r c t o :, i l l ha n 7. i n c , h u l l es s l ox j c Lhan s i 1 \'er and copper . 

Cadmiue:: is p<::rl icularl1· toxic to posL-hil.tch ju1·eni]es of Mvsidopsis hcihia, 
espui;;,lh· in chronic life cvcle lr:'sts (Lussier, 1985). Cadrc.iur:11-:as not 
particuL.Hl1· acute]\· t()::ic lo tlH0 bivalves ~!vtilus edulis anrl Crassoslrea oig_as 
(:brt 1;1 et al .• llJ-~-1) or C:rcissostre;, viroir1icn (C,1lci\irese el al., 19-3). 
H,y"c\·e,,th~itrraturL· did nr,t include many chronic stucliPs.Because caclmiu:'.l 
i c; no l r a p : d l\· a h s L , r h c ,i , i t i s pc , s s i h 1 e l h c1 L i t s l o :: i c i t \' i s o n .1 y n hs e n· e d i n 
chronic s1 udies (Bryan, 10R4; Lussier, 1985; anc S\,'RCB Ocecin Plan, 19S3). A 
general su~1rr.;n•: of t"':ici11· stllily res11lts hy Rrvan (FiS4) is gi\·Pn :in Te1h1e 2. 

4. ~:. 2. PreSC'lll';_> in Ff' J l 1!C'il \ 

Cad,;, i u~ r ,rn ks t h i r c! i rI cc; 111 (: n l r;; 1 i on in t he c r f l u e ri l s of t hc s ; >: rr. , .i (Jr 
s"1it!lc_r11 C,1 ifurni;i h;1;-;te ciisch,n;ccs (Tnlile 3). 

C:,,, 1r:,1:.1 1: 11:.i'-' ]J,,, 11 f,J11L11l t,, c1cr·11::,;il2ll' i11;, v,irir·t\· of m2rine S)Yl_i•,':-' (Ta!J],_, 
4). Hi~h (,,;1r·r•11I r;1i_ i•JJ]'-. h:11·,. t,,_,,,n f1,11nu 'i11 f<)(k SCill lops ell h'hiLC'-, )'r int, 
CJJ.if'CJrnic1 (Y,i:111r; c111il \!,,,,rr,, Jq7,S). ln general, c;,dr,iur:: cunc_Pr1tr;i 1 i,,·:,. in 
Lissu(·S r;_i:1\ 1l1ir·c! 1,f i,;,., f1,1:r n:01,11:-; s11r·ve1·/'c, hut u 1JUike r2\es f(1,- c;.id:::iu;o. 

arc slo1,er U,cin for the other three mclrils (Brya:1, 1984). 

4.2.4. 51wci;1t 11m 

T1Llr_, 'i. Cici:7iur. 1, 1_,,r,, ;1s thrr•e c!ifierer1t chluridr' srwc·ics, the f, 1r~ CciCl is 
r,,.ist cor:1m1>11l1 frnrnd i11 sc·,11,:11,-r (/1rir10 and Yamamoto, JC)7..:; Dryssvn .11:ri 
\,'erlhor~, ]Ci?:...). 

- -·--- -----------

C1r!:::i11,: is r"11,iil, r1·<l 1•;is1 lo iill,1ly1,1' ;rnd e,1s1· t" r1·1:1,,1·1· frc11: l.1lJnr;1tnrv 
1-::1 :;t c1Y:1t er. 

4.2.h. Prcvio11::-; l's(' i11 B.ionssavs 

Ci'ldmi11rn has h.:,en used extenstvely i11 toxicity studies. A partial list of 
re fl' re; 1c C' ~: is g i \'en i n To. h l c (J • 

4.2.7. Health llc11,,nd_.l_Q Lohoratory Personnel 

Cadmiuc, ranks second in toxicity of the four metals to humans hehind 
sill-er. The p!?rmissc1hle exposure limit (OSHA, lS/77) for Cd Cl is 0.2 mg/m 
Cadmiurn is an irrit,rnt Lo eyes and mucous memhrnnes (NIOSII/OSHA, 1978). 
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4. 2 .8. Scic:r1tifi, Revie1: Cnr~mittel· 

4. J. l. 

0T'•· rE:'!ali\'<• l•J\ir-it\ of (IIJJ!H'f- t,, ii v:11i<'IY ()f r.::11i11<' 11rg,!11i•-;;:, i,--;; 

cn:r:;.1r1•r! 1,ilh tlw otiwr th1·r·,· r:.r•t;1l.c.; ir1 T.ihlc· 1. Co1';><-r toxi,it1 v,1ri0s fr<Jr.: 
sp,,cic-- Lo S:1r•r_i<·s 1-:itl, \)Jr>;i',r•s: l();:ir iti1,s rccorr!r:d for Cras,;os'.reJ ni1.;,:_1,,, 
~jqjJus edu.lis, ,rnd C;:,r,C('r rnc",cis~<:.'r Ct:rtjn et al., Fl~.]), hut less toxic th2:r: 
sil1·1_,r l 1J Crass,)ili(·,, 1·ir~ir1ica (C2lahrese etar, 1973) and less acutely arid 
chrnnical ly to::ic to !·i,·sidopsis hahia than ~dmiurr, (Lussier, 1985). In other 
toxicity tests comparin,; copper, cadrniur.:, and zjnc, copper 1,as co,1sistent L· 
r.10re toxic trJ a v2rietl' of species (Arnau ancl AhsanuLlah lCJ7lJ, Ahsanullal: anci 
Arnot L l 97S, Rei sch 197':-). Cc,pper is considered 1ess acuteJ y loxj c than sj J ver 
hut rr:1,r-"' tn.':i, than c21::-,;ium a:--,c: ;;:i:1c fur Ocean Pl,in co!,siderati,)ns (S',:RCE, 
19b3). Copper is particularly toxi, to marine phytoplar,kton (Sunda a:~d 
Gujl1crd, 197h). ,\ f,C:''r,1l t,1;:iritl' sur;irr:c1ry hy Brp:i (J<).S4) is gi1c:; in L,:1!1° 
'7 

.'Li •..,,: .. ~ in c<in( :-~r!l rat i un i 1~ n:;1 _j I ir 
rl""~ 1 l1;1r:_:t.!:-: (TahlP 3). 

! { ; ·~· tI C () n C (:- n t r ;- l t i I ) - • ,-: '. I ( : \" t • hI: t.: '. f () I : n d i n !Tiu s ~ e 1s ( st Cr~ '1 Qr~ _.::; ;") n C, !_ 2 ~ . ' 1("\"( 9 ~; ' 
1s r --~ I lop:-= ( Yr HJ r~ g r: :· , ''. 11,:,rv, ](!7.\) ,,r,,; c3l1ulune (;br: i:-. ~ ~-,-1Cl71). 

"], ,r· d if f ,~ r en l s ! " ,c i , _, s , if c ,>; 1pc r a rII I I hc r c· l rl l i v c p 0 r (_' c ri t ii sc ce , 1 ; ( .z 1r h j r1 
se~,.-., 1 1cr are sh,H,r, in T,,Li,· ".i. T):e mc:1.Jority of cnp[l<..'r (21).;) ou·ur'.; i1-" C\;(Ol!) 
(l;rin,, i''::'. Yiir:z-:mnlu, ]<;7_i). D::r:,-:-;cn cine! \,,_,dlJnr~ (]<)74) founr'. tlw m,:j•lt"i'.y of 
co;,11,r (fi~/_) to occur ~s C110HCl. ll1e effect of copper S[lf:Cic1tion on t 1 ,xic.ity 
is d1scu'.-'sr•il in Sc-<ti 1 ,rt 4.1.CJ. 

4 .1. 5. An u 1 \"7 a l I i I \ t 1· /Tr(' i1 t a li i l i t 1· 

Copper is considered easy lo analy;;:e and remove from sea~ater. 

4.3.6. Prevjous lsu in Bioassilvs 

Copp('r lox.icily has hcen studied more than th(' other threr, metals. A 
partial list of refere~ccs is glvcn in Table 6. 

4.3.7. 1Ic£Jlth ll;,7.::rd to Lcihor,,ton· Personnel 

Cop;.1cr ranks th.irrl of th· four m0L1ls in tuxicity Lo hunans and is 
equivalent to zLnc. Th~· pc'rr:,iss2hlc- c;q,CJsure limit for CuSO is 1 r.1~~h 
(NIOSH/OSH:\, 197":i). Co[Jpcr dus\ is a strong irrjt2nl to skin and r;iucnus 
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Cnppr:r was nul rr,,c,::o,r:11-:nrl.cd hy the Sci.enlific Re\'iC'h Cor:i:n:i1teP. 

4.3. 0 . Prohlem 0
; ',-~th C.:::lrc:r as a Reference Toxicant 

The Loxici L\' of CC1pper, like all heavy metals, depends on the 
phvsiochernical furrn of the metal. Sunda and Guillard (1976) showed that copper 
toxicity to the ffiarine phytop 1 ankton, Thalassiosira pseudonana, is 2 function 
of cupric ion acli\'ily and not the total copper concentration. Gnassi;,-BareJli 
el al. ( 1978) fcwnu t h,H organic suhst.ances (Mal. l\1l. 500-100,000) released 
T;=;'t~he culture media hy Jahoratory reared phytoplankton are able to complex 
and detoxify cupper. Ahs:rnu]luh (1984) found that 1,aler-soluhle ligands 
decrei1St.:U coppr.'r tnxi< it\ hy dec:rPasi11.: free ionic copper, whi1o lir·id-soluhlP 
ligand.cc in,·rc;iscr! coppf•:· t,)x.ir·ity, \H'<•s11:11;Jhly hy disrupting the cr•ll r1Pc1];r·crncs. 

Br,,~iluccL' the sp,, i,':::: ,if c1 ['drlicclilr mctc1l affects :its to>:icity, t::e nur.:l1er 
r,f sp0c jr,.cc 11re:--rnl dr<' i 1::p1)rtiJT1t cor1,siderntions in Lox.icily teslin~'.- This is 
p2rLicularJ1· lrue wrH11 1;c; 7 ric: ;-i r,wlal as a reference toxiciant for 
jntt'rlah·>r,ctur": c;ilihr,!liu:1. One rossHilc cause for varialion is the f2c\ that 
cifferent J2\J 1,r·c1t,Jrie.s r';n use djfferenl dilution water sources. Thie" hill he 
Jess of a prolllcm .if the Si1;;Jt' arli!'icial sea1,aler is used for dilutior: h\" 2lJ 
the partirip(!ljnL:: luh"r2tories. Also, it :is now possible to anaJ1,ze for total 
and Jahile cuppor; thi~; hill al.!1w for tighter control on the variatic,n het1,een 
Jahor;:i 1 r ics.• 

As a refer<?rH·c to::icant, copper poses some aclrli,tionul problems. 1-' 1 Jr 
ex2r.ple, hr_,causr. r·opp,·r i,s s,, uhi11uil<l1Js it can he a cnntar.ination pr(l:,Jem. 
Thjs is ;!ls<", truer,; /i::c, h1;\ ](:'SS Lruc for carlc1ium arid silver (D. Sr'.i;th, 
CDFG, pers. comm.; .I. (Jc1\(k:,, ~1,>ss Landing Marine Laboratories, pers. comm.). 
Another consideral i,,,, is lhc1t copper adsorbs to glass container v:al is. Inert 
plaslic contilincrs m;':\' reduce th,:, c1dsorption rates of copr0r (and other 
metals). 

4.4 Zinc 

4. 4. 1 . Tox i c: :it ,., 

The rcl:1ti\'C tu,:icity ur ;,_inc to a variely of mc1rinc org,rnJsms i:-: given in 
Table 1. ln generi!l, zinc is tlw Jcost Loxjc of the four metals, ancl Bryan 
(1984) cons:iders z:inc the least toxic of the four meta]s (Tahle 2). Zinc is 
more lox:i c lo Crusssn:,;l rea g igc:is emhryos and seaweed gro1,Lh rates than cadmius 
(Table 2). 

4.4.2. Presence in Effluent 

Zinc occurs jn hi~•'i(:•r c,rncc•:1lratio11,, in the effluents of the six major 
souLhern Californ:ii! w3sLc~utcr discharges than the other three metals (TahJe 
3) . 
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4.4.3. Bjoarcurr:uLst ion 

Zinc has been found to accumulate in a varielv of marine species (Tahlc 
4). High concentraLions of ?.inc have been found i~ Halintis rufesc,'nS 
(Anderlini, 1974), MvtiJus edulis (Stephenson el a1., 1979), decapod 
crustaceans (Bryan, 1976b), and the alga fucus--;esiculosus (fuge and Jar:-,es, 
1975). Young and Moore (1973) found ~ore ?.inc than lhe other three metals in 
ridgehack prawns and sea urchins near Lhe Whiles Point outfall. One reason for 
?.inc hioaccumulatins in such high concentrations is the fact lhat jt occurs in 
sea1,atPr in greater c,,ncentraLions. Zinr is also an essential tr;:ice cl?menl in 
marine organisrr:s. 

4.4.4. Speri2Linn 

Th<' species u( /!:ir· knu·.-·r; t<i oc,ur in sc:11s·at0r ilrl' listed i11T:, 11 ,_. '.',_ 

Thf' m2j1,ril1· ,,r 7-inr (-Jll .. ) <ll(111,-., iJC: L11(i)\l) (/irin,i ,111d Y:1n1;11J'.<Jt", l();:_:)_ 

Dn·s.sen :ind h'erlh11r:~ (]CJ74) Jll1111d tl1f' rn:1_jority (if zirH' Ji,iLrnd as Ir. Cl 

li:1,.· is cons:iriere~ e:,:c;·, Lo analyze iJnd rem,l\·e frorc. sea1,·aLer. 

ZinL has been used eXLensi1·el1· in toxicjly studios. A parLial list of 
refernces is given in Ta~lc G. 

He2l th f-i,:/::-: rd \ <i 1.ahr1r2t on· Personnel 

Z:inc ranks third (-,,ith C•.1p:11_,r) ir1 t,,.,:irity of the f1JL:r metals 11, r·:J~:c:'.]C, 

Th~ 1jc•r~1ssahle e::pr1---=-·:~r1• } i;.j!• i:-i l m~/r:i l.i~1r du:--=:t j_~ 8r1 P\"(• irr it2:;t c::,: 
c,1:, jrrJlalc rr",c_,iu.s rr:l'c:r1,c:;1,,s jf inh:i1!.:'d. 

5.0 Surc:nary. 

The choice of referenc~ toxicants is critical to the success and efficiency 
of Lhc ~arinc Bioassay Pr0jecl. The characteristics of a desirable reference 
loxicanl are stahilit \' in solution, ease of analysis, 101,.• potenha1 for hu::-:an 
health hazard and ease of remnval in laboratory waste treatment systens. In 
addition, lhe relative toxicity, presence in effluents, and hioaccumulation 
potential are imporlant considerations because these indicate the potential 
ha7.ard lo the marine environment posed by each toxicanl and il is the purpose 
of the hioassay testing progra~ to detect in effluents the presence of such 
hazardous substances. 

Silver, cadmiuJT,, copper, and ?.inc could all concciv:1hJy he usf:'d zi:,; 

reference toxicants, tlrn1i;c,h ;:ill_ h,11·c 1Jriiriu1' disorlv;rntn~(:s. 



Silv(•r i~~ suil~1!1ly t•JXi< and io; pn·scnl in lissues c1J m;1r·il't.' (,r ~1n1:--·~.'-' 
s2mplcd near oui1f,dls. Jt :is found i11 effluents in the 101,c,st con cntr:1',i-.",S 
of the• four trace c.lc:r.r,r1t::,; considered here. It is s•;ilahle as a re ere'."CP 
lo\ic:ant hc·ca11sc il j,: ea;-;:; to :rn;1]_1·;,c• 3;,j rcflir1\·0 fror:1 1•.zistc1-.-~:tr,·r, hu! i'. 
presc·r:ts ,, rchit i\·ely r,: 1

• hc,~:lt), :·,-::,.arri lo lahorat0r\· personnel a:,d h,,:=: hecn 
useJ in rplati\·el1 fe>., p:·e·;,,:•:., b,oassays. Its s:ahilit·; in solution is 
dificult 'cc dclermjr1e, h~1l its presence iil sea1,ater in onl1· lhree comr:,,;·. 
cheir.ical spLcies i:-- ~" t:•>ssi'":ip ad·.an'.Ef:e. 

Cad;;jur., is not as Lo:-:ic as copper or silver and '-''Oulu have lo he us<:>:: 1n 
higher concentrations lo eJ1cit an effect in hioassay tesls. Cadmium is far 
less ahunda:H ir: efflc:•··,·,s '.:-iaa1 copper or zinc, hut ha':i been found in hic:1 
concentra'cir)n:.; in ;r:c111.:,rc or~2nisr:;s near outfalls. Little is knO\,n ahou'c its 
SlahiJjt\· in tes, :-:;,,1:i\ic,ns, hut, like :"il\·er, il has only three cor:c1non 
chemical S[Wties i:1 s,_,;,·.. ,1:c•r. C7cimiurr: is reL1ti\·ely eils\· to rer:o\·e fr,c 
h'aste1,atcr, hut it pr1_'c.;c,nls a pulentja] health h8zord t 1 J hhoratory pr:rs•iHl!lC?i 
similar ln 1hc threc1L p,)scrl hv sih·cr. C:icimium has hcr,n used extensiH· 1 ·, in 
prC'vious liiuussi:J\' 1,nrl-

C,Jpj,Cr is sc:i\cJtil:. ',,·:ir tu mcorinC? Life and is found in high concent 1·atiCJns 

i:1 1,astc cf'.'luc1,: ::'- dnd i·, the tissues of marine organisr.;s. In the lahi:r: 0
: nr, 

it is eas\· lo anal\·zc, eas•; tr; remove fro1c laboratory 1vc:ste1,ater, rcJ:3 1 iu:•l\· 
sa:e to laii,,r;_;tr;r\· pc1·s•~:11H:l,and has heP:1 widely used in previous hiudsc:-:·:s. 
I ts st a hi J i t y i r1 so I u I i , J: 1 ,rn d s rv· c i al.ion ch a r a c le r i s l :i c s c1 re pot en t i c:il 
prohlems, hut 01 ttw !,J•.,r lrc1c,· cler:1e11ts cons:iderecl here copper has he,"', 1,he 
m,Js\ e:-:te11si\·c·l\· '°' ucl ir i1·, thi,; rc•g;1rd. Bccc1use coprwr ·is so 1,iciel1· u.s,•r; 11, 
p 1,u:-:•.iling w1ii 1)li1r·r ,,,1:·,:11,,11 :-1]'1'l1c<1tior1s, t\w potc11ti;1l r,Jr contaminoti,,:: ,.' 1l'.s:t 
s r ,I ll t i I) rl : ; i c, r C l ; : t I I ( . I ·, r i ;,d I • 

The last trace ('lc0 :'.1ent \() h0 discussed is ;,,jnc. Zinc is found jr, t·.r0 

higi1est cnncer1'.ratir):1s i,1 haste effluents of the four elements, hul .is E:ls,, the 
least Loxic t,1 mc,st Clr,::,:1isms. This 101,er loxjcily v1oulJ require that !,i·-'.hcr 
concentrations he uset1 i:1 ldl1ot<11on· tesL.inr::. Zinc does accumulate in m2rj:w 
org8nisms. Little is kno~n about s~ecjaLio; characteristics or zinc's 
slab i l it 1· i 11 l cs t so 1u t i n n s , h u l i t j s cons j d 0 re cl easy t o anal y7. e and E' 2 s :: t o 
remo\·e frc,:r; l:i\ir1rntr1r1· hCJStc1,ater. !'.inc has been used exte>nsivelv iri [':cvinus 
hi oassiJ\' st url i es. 

Tr10 mc1tr,riill presv:1t", 1 i:1 thic rcpllrl has h0cri drc11-:r1 frrJm a lhor,,,1:·.\1 sr.0 ..Jrc:h 
of p1d1Jishcd litcrc.Jll!U' l,J 1],•1er1:1in0 Lhr' suil,ihilitv oi· trdCP elc'iwnt,, ""' 
refcrencf_' luxi1a1•1 ,;. i11:1l selr,ct ion or the inorp,crnic trnce eJenent ln hr: usecl 
in til(• ~L1ri1H· Biu,1c;s:1\ l'r,,1"r:1n1 1-.:ill lw m:1dc, liy till' sl;1ff ,711,I Sricntifi, Ec\'iC•\, 
Cum111it l1•r• l1:1c'f'rl 1J11 1111· i11f,1r·m:it ·1,,11 co11l:1i11c'rl hrn' ,Jfl(I cl11 tl1<· CXIH?riC[l(C' Clfld 
expertise of l h1_· CiJ1:irni t I cc, mcmllcr·'.;. 

Resulls of Scientific Revie1✓ Cornmjttee Mecti.ng June 11, 198?:i: SelecL:iion 
of an Inorganic ref ere nee' Toxicant. 

The SRC ne~liers listed the four reference toxicant candidates in ordrr of 
preference: Zn> Cri >Cu> Ag. Zjnc '-''cJS chosen as the most preferred reference 
toxican\ for the fol lm,ing reiJSCJns: 
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l ) Cl f L hc 4 m1· l ,·J 1:-; , ;,: i 11 c i s t !i, · e .is i cs l L o and l 1· / e 1() r ,.._. i , h ;J l o ~: i c 

adsi)rfit inn Si~L)c: rr>1.·:1...)~ ry. 

2) hjLi2ll 1:, tr;,_, ~J,,,ject sta'f considered higher Luxjcily t0 he a desirah](-
attrihJte of the metal reference loxjcanl. However, the relatively lower 
toxici~y of zinc means that it will require higher test concentr2ticns. This 
will result i~ 2 hl~her signal to noise ratio in the test contciners therehy 
dccrecJsing the rel;:ti1c effect of hackround (ambient) concentrations of zinc. 

3) Zinc de";,?:-; n,,, s rh ont•.; cor:Lai11cr 1,al ls as e2si LI' as co;:iper, ac:,· any zinc 

th<1, does ac's,-.r:1 ,Jn:: rerna.i .. after- 1,,;:-;:,Ln~ 1,ould he less toxic, there~1· 
rlec reasing L:,c· P"" - : \ l ,_. nf c,n11 ac1 i n;,1 ion. 

4) l l ·. I: / I ill ,I \',if it·:\' ()I ~ .. \lt'( i (': 1 ~: r •' l .1 1
, 1 \'(•! \ ( r)f1 'i -~~!('fl'.•f 

t (; i 

1:\ftcr tht> ~!_,!•·' r):: r,,1· zinc· s:1]:"~1tc as th~ in,1r~ai1·ic r 1 ·frrc:1ce l()x·:c;:1 1 

r1 

h(· u~.::1:;J .1n rL.;::--,:,{, I l 1,: t :!r ;):- 1:•.11_1' L, \,-.--_, c()rJd\1Ctc<: ail (.':<p(?rf:--;c;1~ t(; ;1::--:sc:~s t 

;--; t a b : l i : 1.· u : :; : r1,,~ s, ) i : ! t i 1,; i -,.- 1 ~- t i :"'.'". t \ • :\ hr- i c f dc ::-:, (' r i ';J: i rJ ;1 ~-: :·:-,: t ~: c· r cs 1 1Lt ;-,-, .i , 
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Tahle 1. Effects of Trace Metals on Marine Organisms. 
Compiled from: Bryan 1984, Lussier 1985, Reish 
et al. 1982, and SWRCB 1983. 

Mela ls ( pph) 

Specie::,•:·, T(:SL Reference 
Ag Cd Cu Zn 

--------------------------------------------------==========================---------

Crassoslrea virginieci 4,% LCSlJ <) 380U l 2i-l 340 Calabrese et al. 1973 

Crassostrecls gj8aS 48h EC50 n ol l 5.3 l} C) '.'larlin ct. al. 1981 

i'lyLilus edulis 4.S:, rc50 14 1200 5.8 175 \1arti.n et al 198! 

Mys1 dorsj s hah i ,, (_)()! LC ')O 240 110 181 409 Lussier et al • 1%5 

\iy s i d , ) r s i s hahia c•,rontc 5<l 7. 1 104 lti(i Luss-ic,r et al. 1985 

Ca:icer n;a:;ister 9:) i 1 LC:SU 55 247 49 456 Ma rt in et al. 19Sl 

A6ropec 1 en irr2d 1:rns cJr, h Lc5r: 33 148() 310 i\e l son et al. 1976 

,\Cir l j :J siru!C'\ 24h Lc:::,r1 l 3 70 2()0 18(i0 Arnott H al . 

Pn ra ,"~ r~•1 p:-, us -,C:'' . <;,J h Lcsr~, 4<)() 170 123l) Ahsan1!: lah el a 1. 1078 

Capi.t.e1 lc1 cap ii~, La %h LCJrl 5800 200 1U70CJ Rej sh 1978 

Ocean Plan Acute' 8 200 28 210 SWRCB 1983 

Ucea11 Pl2n Ci1n,n i c 7 .(1 C.4 Sri S\•IRC:B l CJS 3 

,:- all tests 1,er12 on L1rv2I or emhryonjc Ljfe stages 
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Table 2. E~oeritental Toxicity Studies Sun~ary 
trom Bryan, 1984 

Soeci es 

Natural Phytoolankton (growth) HgllCulPb)As!Vl)Zn=Cd)Ni, Cr(Vll, Sb, Si!, As(!l!l 

Phytochnkt on: 

DitylUI briqhtwellii lgrow'chl HglAglCu)Pb>CdlZnJTl 

Sea11eeds Cgro1ethl Hg(org. llHg(ioorg. »Cu)AglZn)CdlPb 

Hydroid Eirene viridula HglCulCd)PblZn 
(~ort)ilolgical abnor ■ alities) 

Polyc-haete: 
CterlO':frilus serratus lre □ rod.) Hg=Cr(VlllCulA!lZnlNilPb)Cd 

Mollusc embryos: 
Crass~strea virpjoica (4BhLC53) Hg)Ag)Cu)ln)Ni)Pb)Cd)As(l]l))Cr(lll))Mn 

EchinC>C!er~ larvae: 
Perone)la Ja~onica (develo:i. l Hg=Cul Znl CrfVI) l Cd 

Cooe00'.J: 

N1trocra so1nipes !95~LC50l HglZnlCd=CulColNilAl)Fel~n 

(I-OLLI BAUSH and co-authors, I 98\l) 

ICANTERFORD and CANTERFORD, !98~) 

!BRYAN, 1984 l 

IKARBE, 1972l 

IREISH, 1978; rETRJCH and REIS·\ !ST;i 

!CALABR:SE and co-authors, 1'3731 

!KOBAYASHI. !979l 

(BENGTSSOh:, 19781 
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Table 3. Mean Conct!ntrations (nob! of Effluent Characteristics 
fro ■ 1978-1983 and 1985 !coaiciled frO!II SCCWRPlf 

Hycerion 
Overall 

Jlet al Rank N>CP 5 7 o.c. .P.l. I O,mard 

:r===- - -- -- -- I~----- I-------- I ========= I ===---=== I=========== ·f =========--
I I I I 

Ag ~ l l. 8 I 26. l l 697. ll I 13.3 I 13.4 !Ul 

(3. 7) (9. 7) I (44.1) (1. 7) (7.3) !10. BJ 

Cd 3 17. B 15.6 797.ll 28.1 9.3 12.2 

!B. 71 (4.2) 1267. 7) !17. l I (2.1l) (5. 71 

Cu 2 163.7 177.1 9,%1. 7 231l.0 114.11 61.-S 

(64. 8) (22.9) (2,336.9) (80. 3) (2i. 0) 137. I l 

Zn 564.4 26B. I 15,766.7 237.6 233.1 121. 6 

1226.3) (82. 9) (5011. 5) 185. 7) !101.8) (8~. 3) 

, - Stan-dard Deviation in Parentheses 
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Table 4. Metal Levels in Some Mc>.rine 5:::iecies 
coropiled from Bryan 1984 and Fuge and James 1g75_ 

r,,\et al s ( oorri dry wt. ) 
;; Sc.,J1-ceSpecies Location ----------------------------
Ag Cd Cu Zn 

~inpites rufescens 
(digestive gland) California Arider li r. i 1'374 

(muscle) 2.80 0. 17 2.50 42.00 

Mytilus edulis California ll\,18 11.2111 18.80 151.00 Steohenson tl tl- 1'3 

Various Decapod 
Crustaceans+ 

0.40 Bryan 1975 

E.!.lcus vesiculosus Bristol 
channel,U.K 

13. 81 9. 10 195.30 Fuge ar,d Jar,1es 1975 

Hinnites 

Sicyon i a 

giganteus• 

i r,gent_,i_j* 

1-Jh it es Pt. 
CR. 

Chanr,el Is. 
CA. 

Califc,rr,ic1 

2.30* 

0.25 

<. 01 

520. (Z)Qif 190. 00 

540.00 E,4.ll\0 

0.03 2. eiei 

130.00 

100.00 

9.80 

Y.::,ung 

Your,g 

Yo•Jng 

and 

c1nd 

and 

Mc,ore 

M,::,c,re 

M,:,c,re 

1978 

197B 

1978 

~ rClSCgQLIS* Cali forni c\ (. 01 0. 13 0.27 4.20 Your,g and Mc,ore 197E 

+ 
* 

-
-

geometric 
m~/Kg wet 

mean 
wt. 

of lit. values 
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Table 5. Metal Soeciation 
(from The Nature of Seawater; Goldberg, 1375 ed.) 

Metal Species Source 
-------------------------------~---------------------------------------------------------

Cua+ Cu <DH>a 93,:, CuCDJ I 1 ,C or Zi ,- i no and Yarnarnoto < 19~ 

Wedbot·y ( 1 '3,CuOHCl 65", CuCO.a 22,c, CuCl E,,<., CuOH 4,c Dyrssen and 

Zn~+ Zr.Cl+ 44,C, zn1t+ 1E,,C, ZrrCl.r 15,C or Dyrssen c1nd I-Jedbor9 C19i 

Zn COH)z 50¼, znz+ 22,c, ZnCl 8:>::, ZnC03 6Y- Zi r i nc, and Yarnc1moto C19i 

Ag AgCJ 54,:, AgCl z.- 24,C, AgClL - 171- Ahrland (1975)
1 3- 3 

Yarnar,1,:,t o ( l 97 Cdz.+ CdCh 50,:, CdCl 40,C, Cdcl E,t or Zirinc, and 
Dyrssen and Wedb1Jrg C 1 '37CdCl;z 381., CdCl 29,:, CdCl 281. 
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Group Specie& Ref1trl!nce 
---------------------------------------------------- ---------------------=------- --

Ag 

Cd 

Cu 

Oyat•r• 
Muaael ■ 
Craba 
Myaida 
Craba 
Oyatera 
Claas 
Scallops 
Snails 

Oysters 
lluaaela 
Craba 
Myaida 
Crabs 
Shriap 
Herait Crab 
Larval Crab 
Copepod 
Copepod 
Lobster 
Oyster 
Scallop 
Aaphipoda 
Aaphipoda 
Copepod 
Varioua 
Shriap 

Oyshra 
Oyatera 
Muasala 
Crabs 
Aaphipoda 
Chas 
Scallop• 
Shriap 
Kyaida 
Copepoda 
Copepode 
Copepoda 
Aaphipod 
Phytoplank. 
Phytoplank. 
Diatoa 
Abalone 

Crasaoatrea gigas 
Kytilu.a .-du.Us 
Cancer 11u1gi•ter 
Mysidopsia bahl~ 
Carcinua 111a•naa 
Craaaoatrea virginica 
Mercenaria aercenaria 
Argopecten irradi~na 
Naaaarius obsoletua 

Crassostrea gigaa 
Mytilua edulia 
Cancer aagister 
Myaidopsia bahia 
Cancer irroratus 
Palaeaonetes pugio 
Pagurus longicarpua 
Rhithropanopeus hsrrieii 
Tigriopus Japonlcus 
Peeudodiaptoaus coronatus 
Hoaarua aaericanua 
Craeaoatrea virginica 
Argop•cten irradians 
Rhepoxyniua abronus 
Eohauatoriua aencillua 
EuryraMora affinia 
various auatralian invart•brataa 
Callianaaa australienaia 

Crasaostrea gigaa 
Crasaoetrea virginica 
Mytilus @dulis 
Cancer aag!ater 
Ga ■■ arua duetzeni 
Mercenar!a ■ @rcenar!a 
Argop•ct•n irradiana 
Pandalua danae 
Nyaidopaia gahia 
Acartia tonaa 
Tigriopua J•ponicua 
3 apeciea 
Allorch•stea coapreasa 
Cricoaphaera elongata 
Thallaaaioaila p•eudonanm 
Aeterionella Japonica 
H.rufescens 
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M&rtin et al. 1981 
Kartin et al. 1981 
"artin et al. 1981 
Luaaier et al. 1985 
A ■ iard 1976 
Calabrese •t al. 1973 
Calabr••• and Nelson 1974 
Nelson et al. 1976 
Mactinnea and Thurberg 1973 

Martin et al. 1981 
Martin et al. 1981 
Martin et al. 1981 
Luasier et al. 1985 
Tucker and Matte 1980 
Peach and Steward 1980 
Pesch and Steward 1980 
Rosenberg ind Costlow 1976 
D'Agoatino and Finney 1974 
Pa!fenhofer and Knowles 1978 
Thurberg •t al. 1977 
Calabrese et al, 1973 
Nelson •t al. 1976 
Oakd•n et al. 1984 
Oakden •t al. 1984 
Sullivan •t al. 1983 
Ahaanullah 1976 
Ahaanullah 1976 

Martin et al. 1981 
Calabrese et al. 1973 
Martin et al. 1981 
Martin et al. 1981 
Moulder 1980 
Calabrese et al. 1977 
Nelaon •t al. 1976 
Young •t al. 1979 
Luasi•r •t al. 1985 
R•eve et al. 1977 
D'Agoatino and Finney 1974 
Arnott and Ahaanullah 1979 
Ahaanullah and Florence 1984 
Gnaseia-Barelli et al. 1978 
Sunda and Guillard 1976 
Fish•r et al. 1981 
Martin and Stephenson 1977 



Abalone H.cracheroclii Martin and Steph@naon 1977 

Tabl• 6. Continu•d 

Cu Anchovy 
Herring 
Oyster 
Shri ■ p 
Crab 
Lob•t•r 
Kelp 

Zn Oyatera 
Oy•t•r• 
Jluaa•ls 
Crab• 
Claaa 
l!yl!lids 
varioua 
various 
Herring 
Shriap 
Sea urchins 
Fish 
Copepoda 
Diato ■ 

Crab 
Oyatu 
Shriap 
Crab 
Lobat•r 

Engraulia ■ ordax 

Clup•a har•ngua 
Oatr•• •dulia 
Crangon crangon 
Carcinua •a•naa 
Hoaarua gaa ■ arua 

Nacrocyatia pyrif•r• 

Craaaoatr•a gig•• 
Crasaoatrea virginica 
Jlyt.ilua edulia 
Canc•r aagiater 
Jlercenaria aerc•naria 
Nyaidopaia bahia 
various auatralian invert. 
varioue estuarine invert. 
Clupea harengua 
Callian•• australienais 
Teanopleuruator•u ■ ahius 

Arbacia lixula 
3 ap•ciee 
Aaterionella Japonica 
Paragrapeua quadrid•ntatus 
Ostr•a •dulis 
Crangon crangon 
Carcinua aaenaa 
Hoaarua gaa ■ arua 

Rice et al. 1980 
Ric• and Harriaon 1978 
Connor 1972 
Connor 1972 
Connor 1972 
Connor 1972 
Saith and Harrison 1978 

ftartin •t al. 1981 
Calabr••• •t al. 1973 
Martin et al. 1981 
Martin et al. 1981 
Calabreae and Nelson 1974 
Luaaier et al. 1985 
AhHnullah 1976 
Eieler and H•nnekey 1977 
Soaaeundaraa et al. 1984 
Ahaanull•h et •l. 1981 
Lee and Xu 1984 
Caetagna et al. 1981 
Arnottand Ahaanullah 1979 
Fi•h•r and Jones 1981 
Ahaanullah and Arnott 1978 
Connor 1972 
Connor 1972 
Connor 1972 
Connor 1972 
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---

X 

iahle 7. INORGANIC REFERENCE TOXICANT SELECTION MATRIX 

Metal · 

#ic,g Cu 

Criteria 

Toxicity 2 l 

Presence in effluent 4 2 

Bioaccumulation l 1 

Speciation l 

Analyzahility/Treatahility 3 2 

Previous use in Bioassays 3 l 

Health Hazard 2 1 

SRC Recommendation 4 2 

ranking 2.5 1.4 

Ranking Legend: 1 = Most preferred 
4 = Least preferred 

* A lower toxicity ranking may be considered desirable in 
discussion, page 10. 

Cd Zn 

3 

3 

1 

1 

3 

2 

2 

3 

4* 

l 

l 

l 

1 

1 

1 

1 

2.3 1. 4 

some cases, see SRC 
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Table 8. The Stability of Zinc in Solution. 

Time 
(Hours) 

0 

2 

4 

8 

12 

16 

24 

36 

48 

72 

96 

Mean of All Time Intervals 

Standard Deviation 
Among Time Intervals 

Coefficient of Variation 
Among Time Intervals 

Concentration 1 (µg/1) Concentration 2 (µg/1) 
(Mean ± 1 SD; N =3) (Mean± 1 SD; N = 3) 

366 (61) 2161 (11) 

334 (28) 2158 (4) 

352 (29) 2146 (18) 

352 (22) 2179 (11) 

341 (44) 2182 (28) 

337 (34) 2191 (7) 

341 (33) 2170 (7) 

330 (31) 2198 (25) 

326 (39) 2182 (15) 

341 (40) 2186 (4) 

348 (52) 2191 (0) 

337 (34) 2175 (21) 

342 2176 

11 16 

3.2% 0.7% 

As part of the evaluation of zinc sulfate for use as a reference toxicant, we measured the 

zinc concentration over time in 3 replicate test containers at two zinc concentrations. Samples 

of the zinc solutions were taken from the test containers at the indicated time intervals and 

stored in polyethylene vials. Stored solutions were acidified by adding 1% by volume of 14 N 

double quartz distilled nitric acid. Samples were analyzed on a Perkin Elmer 603 atomic 

absorbtion spectrophotometer. Concentration of zinc varied by 3.2% at 342 µg/1, and by 

0.7% at 2176 ppb. Hennig and Greenwood (1981) found that zinc concentrations between 0.2 

and 3 µg/1 decreased by 4% after 50 hours in glass and polystyrene containers. 
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APPENDIX II 

RED ABALONE 

SHORT TERM BIOASSAY PROTOCOL 
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ABALONE LARVAL DEVELOPMENT 
SHORT TERM TOXICITY TEST PROTOCOL 

Marine Bioassay Project 
Coast Roule 1, Granite Canyon 

Monterey, California 93940 

This 48 hour toxicity test uses Lhf• early development of ahalone 
larvae as an indicatio11 of wastewater toxicity. Abalones develop from 
fertilized eggs into vcliger .larvae in t.lH: test soJution, and are then 
exar.1ined rn.icroscopiu.1l1y. Almorr.1al larv;:il shell devc1opr;JL'nt is the 
indicator o[ toxic effect. 

1.0 NECESSARY EQUIP~~NT 

Constant Temperature Ruom (15° to 18° C) 
or Constant Temperature Water Buth 

Ultraviolet Water Sterilization Unit (4 to 5 foot UV bulb) 
Compound ~licroscope ( lOOx) 
Meter and prohes for Dissolved Oxygen, pH, and Ammonia 
Salinity Refracloneler 
Thermo"1et.er 
Analytiral Balance 

l L Volum~tric Flasks (2) 
VoluneLric Pipels 1 mL, 5 ml, 10 ml, 25 ml, SO ml, 100 r.1L (1 each) 
Grariuat.ed Pipets l ml, 10 ml (1 each) 
\\'ide-hore Pi pets 1 mL, 10 ml. ( 1 each) 

25 mL Scre,,-cap;-ied Lest. tulles (35 per test) 
250 ml Beakers (borosilicate glass for effluents and organics, 

polypropylene for metals, 35 per test) 
37 micron mesh sieve 
15 L Polyethylene Pails (3) 
10 L Polyethylene Water Bottle 
1000 ml. Beaker (Lall forn) 

Perforated Plunger (for stirring eggs in the 1000 mL beaker, see Section 2.6) 
Polyethylene funnel (with spout to fit into test tubes) 
Sedgewick-Rafter counting cell 
Hand Counters (2) 
Stainless Steel Butler Knife, smooth edged (for handling adult abalones) 

2 or more darkened Aquaria for hroodslock 
Supply of Macrocyslis or other brown algae (if hroodstock are to he held at 

the lab longer than 5 days) 
Flowing 20 Micron-filtered Seawater (2 L per minute, for maintaining 

broodstock prior to testing; if flowing water is not avnilahle, static 
aquaria equipped w·it h Rerat ion, LcrcperaturE:> contra], and s,rncl and c1cti vat eel 
che1rco;,J f i It crs cm bP us<}d) 
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10 L of S M:icron-fi1Lered Seav:aler (for dilulion) 
60 L of l Micron-fillercd UV-sLerilized Seawater (for sp □ wning) 
Rea~enl Grade Acetone (1 L per test) 
3N Hydroch.toric Acid ( l 'i L per test; can he reused 3 tines) 
37% Buffered Formalin (200 mL per test) 
Ethyl Alcohol (750 mL pe: test) 

Data Sheets 

2.0 TEST ORGANISM 

2.1 SPECIES lDENTIFlCATlO\ 

The species used in this test is Haliotis rufescens, the red ahalone. 
The red ahalone is recor.imended for use in California because it is 
indigenous to California waters, sensitive tci toxicants, important 
economically, and spawnahle year-round. 

Broodstock should he positively identified lo species. Epipodial 
characlerisllcs prnvlc!c the surest means of identification. All California 
~aliotids have a lacey epipodial fringe, except for the red and hlack 
2h2lo~es, which have smooth, lohed epipodia. The red ahalone can he 
distin~uished from the hlack hv shell coloration and bv the numher of open 
respir;tory pores in the shell- ( reds have 3 to 4, blacks have S to 8). For 
further inforr.iation on ahalone taxonomy consult Owen et~- (1971), and 
Morris el al. (1980). 

2. 2 COU .ECTIO\' 

Mnlure red ahalr>11L' broodstock c;-.n hr: collected fro:-;i rocky suhstrales 
fror.i the interLjdal to depths exccec!ing 30 meters. They are found most 
commonly in crevices in areas where there is an abundance of macroalgae. 
While ahalones captured in the wild can he induced to spawn, those grown or 
conditioned in the lahoratory are more dependable. A centralized culture 
facility can provide a dependahle supply of spawnahle hroodstock, and 
should he considered as an integral part of any large scale monitoring 
program. In any case, obtain hroods~ock from sources free of contamination 
by toxic substances to avoid genetic or physiological preadaptation to 
pollutants. 

2.3 BROODSTOCK CONDITIONING 

Transport hroodsLock from the field or supply facility in sealed, 
oxygen-filled plastic hags containing moist (seawater) polyfoam sponges. 

Cut sc_,,·t io11s of polyfo,lm and su;ik tlic~ni in seaw;1tcr. After 24 hours, 
remove the pol yfoam and wring it well so that it is just moist. Place the 
polyfoam in double plastic trash hags and then place the abalone on the 
moist foam. It is important that there is no standing water in the bag. 
Put the bag with the ahalones in an ice chest with two hlocks of blue ice 
wrapped in newspaper. Fill the hags with oxygen, squeeze the hags to purge 
all the air, then refill with oxygen. Inflate the bags until they fill the 
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ice chest. Monitor the temperature within the ice chest, making adiuslments 
to keep it within 3 or 4 degrees C of the source waler. Tee ch~st ~ 
temperatures usually ninse fror;i 11° Lo 13° C under these co11dit.io11s. 
Abalones can he maintained this way for 24 to 30 hours. 

At the testing facility, place the abalones in aquaria with flowing 
seawater (1-2 L/min). Waler temperature should he within 3 degrees of the 
temperature of the source water. Ideal maintenance temperature is 15° C. 
If hroodstock are to he held for longer than 5 days at the testing facility, 
feed hroodstock ..§..s!. lihitum w·ith blades of the giant kelp Macrocvstis. lf 
Macrocvstis is unavailable, other brown algae (Nereocystis, Egregia, Eisenia, 
Pelagophvcus) or any fleshy red algae can he substituted. Keep a tight 
fitting lid on the aquaria to prevent escape and desiccation. Empty and rinse 
aquaria twice weekly Lo prevent build-up of detritus. Remove any dead 
abalones immediately, and drain and scrub their aquarium. 

Broodstock can he held in static recirculating aquaria if necessary. 
Supply constant aeration and temperature control. Add only a few blades of 
algal food at each cleaning to prevent its accumulation and decav. Use 
sand and charcoal filters, and monitor the amr;ionia content of recircu1aling 
seawater to check thal filters 3re removing metabolites. 

Assess the reproductive condition of the hroodstock hy examining the 
gonads, located under the right posterior edge of the shell. The female 
ovary is jade green, male testes are cream colored. When the gonad fully 
envelopes the dark blue-gray conical digestive gland and is bulky along its 
entire length, the abalone is ready for spawning. Large (20 cm) abalones 
ripen at least once a year and provide up to 10 million viable eggs per 
spawning. SmaJler abalones (7 to 10 cm) can he spawned three or four times 
annualJy, producing 100,000 Lo 1,000,000 eggs per spawning. For further 
information on red abalone cuJture, see Ehert and Houk (1984). 

2.4 SPA~NlNG INDUCTION 

Ripe abalones can he induced to spawn using a number of techniques, 
the most reliable of which involve stimulating the synthesis of 
prostoglandin-endoperox1de in the reproductive tissues. This can he done in 
two ways: addition of hydrogen peroxide (4 mM) to seawater buffered to a pH 
of 9.1 with 6 mM Tris buffer (see Morse et al., 1977), or irradiation of 
seawater with ultra violet light (Kikuchi~ndUki, 1974). The latter 
method has been used in the development of this protocol, and is described 
briefly below. 

Select three ripe male abalones and three ripe females. Clean their 
shells of any debris. Place the males in one clean polyethylene pail and the 
females in another. Cover the pails with a tight fitting perforated lid, 
supply the containers with flowing or recirculating (1 L/min) 20 micron
filtered seawater (15°C), and leave the animals without food for 24 to 48 
hours to acclimate and eliminate wastes. Three hours prior to spawning time, 
drain the pails, wipe and rinse out mucus and debris, and refill with just 
enough water Lo cover the abalones (which should all be placed in the bottom 
of the pail). Begin slowly filJing the pails wjth 1 micron filtered seawater 
that has passed throunh an ultraviolet sterilization unit. Flow rates to each 
of Lhe pails should h; 150 mL/min. This low flow rate is necessary Lo permit 
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sufficient irradiation of the seawater in the sterilization unit. (The 
sterilization unit should he cJeaned and the UV bulb replaced al least once 
annually.) P.lare the pni J s in a 1,r1Ler hath at 15°( to counter the temperature 
incre;1se couc;ec! by the sJ()\,; pass.1gc or 1,ater past the U\' lamp. Check the 
cont2.iners periodically, anc! keep ther;-1 clean hy siphoning out any debris. 
After Lhn,e hours (+ about 1/2 h), 2hn1.ones :::huuld begin spa"ning by ejecting 
c 1oud s of gcimeles i~l o the .,_.3'. c r. Eggs are dark green and are visi hl e 
individually lo the naked eye, s;icrm appear as white clouds eminating from the 
r cs p i r :i 1 , , r y pn r cc; . 

2. 5 FERTI 1.1 Z.\l l CJ'.\ 

Slowly siph,Jn eggs into a third clean polyethylene pail containing one 
or two liters of 1 micron-filtered seawater. Siphon carefu]ly to avoid 
damaging the eggs and Lo avoid colle,li.ng any debris frnm the spa1,ning 
container. Siphun c1h<lUl 100,000 eggs, enough to make a single even la1·er 
on the cunLdifll'r hotLur:1. Keep this conL1.incr in the water h2.L11 (15° C). 
Makro surE:· LhaL tempera\ tires differ b\' 11<i more than 1° C '.vhen transferring 
eggs 01- sperm fror:i ,inc conta_i ner Lu anol her. 

L's'w::;:; srn;:iJ l hc·il,ci, col lPrl ahollt 20() r:1L of sperm laden 1,•aler frr.i:-;, 
Lhe pn1l C<lnta.ining tl1" sp;:i1,ning m,1le ;1hal0nes. The sperr:; concentraLior7 
doe:c; nc)t h:11·0 tr1 he- ex;,, t, hut thr• hl:;ikcr sh<luld appe;ir cloudy, and sperm 
concenlr:1tio1, 1:, tl1c hea\.;r 0 r should t,,_, on Lhe order of 50 million cells per 
rr,L. 

Pour· the spL·,m s,iluti,,11 j11lo the Lhircl p:1il crrntaining the cle;-in 
i s (l Lit e d e;gs . ,\ d d l ur:, f i 1le red s e ,rn ci \ er at a l ow f l O\,' ( 1 L/mi n ) t o L h j s 
fertilizaLirin paiJ using ,1 hose fit Led .,_._ilh a clean gkss tube ahout 50 en 
long. t-\3\-:.e sure incomin~ sec:\,'Dler is within 1° C of the water in the pail. 
Use the flow from the glass tuhe to gently roil lhe eggs up in the pail to 
al\01, mixing .,_·ith spcrn and complete fertilization. When the pail is about 
two- thirds full and eg:;s are evenly mixed, allow them lo settle to the 
h()t t.om of the paiJ (;-iho11t 15 min). At this time ferlilizat:ion is complete. 
Pour off thC: water ah1ivc the settler\ eggs lo remove spen:i laden water. 
S\01,ly refill the p:iil with l um fiJtered seawater of thE:' same ler:iperature. 
All01, the e:'>gs lo settle, and rlccant agoin. Repeat again if necessary to 
remove any excc•_c;,-, spenn anrl oht a in clean eggs. Aft er supernatent water has 
heen decant.eel B'-,DY, gently pollr Lhe eggs jnto a Lall 1000 mL beaker for 
counting. 

2.6 ESTIMATION OF EMBRYO DENSITY 

Evenly mix eggs in the 1000 mL beaker by gentle vertical stirring with 
a perforated plunger. The plunger is a plastic disk, slightly smaller in 
dinmPts.•r thc.111 the b0;1l,c·r, th,it is dri I led full of smc1l l (approx. 5 mr.i 
dirn11L'ler) holPs. II pl,1c;t ir· rod is fi.xPd vertically Lo lhe center of the 
disk as a handle. Take 5 snmplcs of Lhe evenly susµended eggs using al mL 
wide bore graduc1Led pipet. Hold the pipel up to the light and count the 
individual eggs using a hc1nd counter. Take the mean of five samples to 
estimate the number 11f eggs per mL. The standard deviation for five counts 
should be no more Lhiln 10% of Lhe me,rn. If it is, count five more samples 
and take the mean of the 1() s;:imples In obtain a density estimate. Density 
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3.0 TOXlr'.lTY TEST PfWC!·JJt)RI: 

3. 1 EX PER lME'.\TAL DES IGN 

This protocol is based on the use of 5 effluenl concentrations, a 
dilulion water control, and a brine control. Each of these is replicated 5 
times, so there are 35 test conlainers needed for each test. Effluent 
concentrations are usuallv assigned in a logarithmjc sequence as 0% 
(controJ ), 0.10% 0.18~, 0.32%, 0.56%, and 1.00% effluenl; or, as an example 
of a wider range, 0% (control), 0.10%, 0.32%, 1.00%, 3.2%, and 10% effluent. 
Set the range and number of concentrations to be used by consulting the 
responsible monitoring agency. A preliminary range finding test using 
concenlralions from O lo 100% effluent may be necessary when nothing is 
known about the loxicjty of the target effluent. 

Fur tests us·1ng com;;]cx effluents or organic toxiecints, use 2'iU rr:l. 
bnrosilic □ Le glass beakers as the test containers. For tests using trace 
met3l Loxicants, use 250 ml.. p1llyprop\·lene beakers. 

3. 3 TEST SOL.l1l1 U\\ 

Prepare lest solutions by dilutin~ the effluent with an appruved 
dilution water usjng volumetrjc flasks and pipets. Mix test solutions h·· 
combining effluent, hypcrs □ line hrinc (jf necessnry, see below), and 
diJution water in a 1 L volumetric flask. 

3.3.1 Dilution ~atcr 

Obtain dilution water fro~1 clean reference areas that are not 
contaminated by toxic substances, unJess the actual receiving water is 
specified as the dilutior1 water. The source for dilution water should he 
consistent and specified fur any toxicity testing program. The minimum 
requirement for acceptable dilution water is that the test organis~s 
survive, grow, and reproduce normally in it. Filter the dilution water to 
exclude particles greater than 1 um in diameter, un1ess the effects of 
dilution water particulates are being specificalJy addressed in the study. 
Dilution waler salinity should be 34 ppt ± 2 ppt. 

3.3.2 Salinjty Adjustment 

Adjust the salinity of effluent dilutions to 34 ppt by adding 
hypersaline brine. Make the brine in advance by heating dilution water to 
40° C and aerating until ab,1ut half the water has been evaporated away. Do 
not use temperatures in excess of 40° C, or concentrate the brine to 
salinities greater than IOU ppt. To calculate the amount of brine to add 
to each Lest solutions, determine the salinity of the brine (SB, in ppl), 
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lhe snlinity of lhc effl1icnt (SE, in ppt), and Lbe volu:nc of lhl' efflul';,t 
lo he added (VJ:,, i11 ml,), then use lhr~ follo\,ing formula lo calculale the 
volume of hrinC" (Vil, in mL) \() hf:' c1rlclcrl: 

(34 - SE) 
VB VE---------

( SD -· 3!.i) 

This calculalion assu:nes lhal dJlulion waler salinity is 34 ppl. If 
dilution water is other lhan 34 ppt, adjust it using distilled (not 
deionized) waler or hypcrsnline brine. 

Use brine cont.rols in all tests where hrine is used. Make hrine 
control solutions with the same amounl of brine as is used in the highest 
effluent concentration. Add distilled waler to adjust the salinity to 34 
ppt, then add dilution water Lo fill the mixing flask. To deterr.iine the 
amount of distilled waler lo add, use the ahove equation, set SE equal to 
zero, and solve for VE. 

3.3.::l E,:ar7ple Test Solution 

Two hundred mj]Jjlilers of test solution are addecl to each test 
container. Five replicates can he mixed in a 1 L volumetric flask. T11 r7~ke 
a test solutJon at a concentration of 1% effluent, add 10 mL of effluent to 
the 1 L vo]umelric flask using a volumetric pipel. Assuming an effluent 
salinity of O and a hri ne sc1 l i nit y of 100 r,pt, add 5.2 mL of brine usi n:c, ;1 5 
mL volu111c·t ric pipe! a111l u l ml, grad1wtcd pi pct. Fill the' volumetric fli.lsk 
lo Lhe 1 L m3rk 1,ilh dilulirm 1,at.er, stopper it, and shi.lke lo mix. Pour 
equal volume's int,, tlw S replicate containers. 

3. 4 RANDOMIZATl Qt, 

To randomize placement of test containers and to eliminate bias in the 
analysis of lest results, label the test containers using random numbers 
from 1 to 35 (the total number of containers). Record these numbers on a 
separate data sheet together with the concentration and replicate numbers 
to which they correspond. Identify this sheet wilh the date, test 
organism, Lest nur.iher, lahoratory, and investigator's name, and safely 
slore il away until after Lhc lest orgnnisms have been examined at the end 
of the Lest. Arrangl' the test contniners randomly in the water hath or 
control lC'd ten1pr•r;1t 11rr· r<)Orn. 

3.5 WATER Ql!ALITY ANALYSTS 

Me3surc the tempvrature, salinity, pH, dissolved o:-:ygen, and am~onia 
concentration daily in one randomly chosen replicate of each test 
concentration. Prior Lo testing, compjle a list of containers in which to 
measure water quality, so that each day one container from each 
concentration is measured. 

Pour or pipel ahnut 10 ml of test solution from the sampled test 
container into a clea11 50 rnL beaker. Use this sa~ple for measurement so 
that probes do not contaminate Lest solutions. After eggs hatch and larvae 
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begin swimming, the loss of some larvae during sampling is inevitabJe hut 
should be minimized. If loss of larvae is likely to occur, swirl the 
contents of the container before sampling so that swimmir1g and non-swimming 
larvae are equally subject to removal. 

Measure temperature using a thermometer accurate to at least 1° C. 
Measure salinity with a refractometer accurate to 1 ppt. Measure oxygen in 
mg/Lor mmHg using an oxygen probe accurate to 0.5 mg/Lor 5 mm!!g. Use a pH 
probe accurate Lo O.1 pH uni ls. Dctermi ne total ammon L:i concentration to 
the nenrest 0.1 mg/I,. 

3.G EXPOSURE 0~ TLs·r ORGANISMS 

3.6.l Delivery of Fertilized Eggs 

Based on the est i m2: ion of egg dens i Ly in the 1000 mL h02ker, remove 
1000 eggs hy dr21✓ in;( the appropriate volume of water fro;;; the 1,ell mixed 
beaker using a 10 ml wlJe bore pipet. Deliver the eggs inLo the Lest 
containers directly fr()E: the pipe:L, muking sure not to touch the pipet 
Lo the test solution. ~~ke sure Lhe temperature of the egg suspension is 
within 1° C of the te □ perature of the test solution. 

3.6.2 Incubation 

Incubate the lest org,rnisms for 48 hours in the test containers at 
15° C. Fertilized eg~s liecnme trochophore larvae, hatch, and develop into 
veliger L.,rvae in the tes~ s<>lutinns during the: exposure period. Monitor 
1,aLer quo! ity dni ly as d(?scril 1ed ar101·c•. 

3.6.3 Sampllnr, 

At the end of the 48 hour incubation period, remove each test 
container, swirl the solution to suspend alJ the larvae, and pour the 
entire contents through a 37 micron mesh screen. The test solution is 
discarded and the larvae arc retained on the screen. Using streams of 
filtered seawater from a squeeze bottle, wash the larvae from the screen 
through a funnel into 25 mL screw cap vials. Be carefu) not Lo hit the 
larvae directly with the streams of water; rough handling during transfer 
may cause fragmentation of the larvae, making counting less accurate and 
more difficult. Add enough huffered formalin to preserve larvae in a 5% 
solution. If larvae are to be preserved for longer than 48 hours, decant 
away the formalin solution after 24 hours and refill vials with 90% ethyl 
alcohol to avoid chemical deterioration of larval shells. 

3.6.4 Counting 

Decant away the supernatant solution from the 25 mL via1, leaving only 
about 5 mL of solution wjth the preserved larvae. Sh;ike the via] gen1 ly to 
suspend the larv;ie, th0n pipr'1 ;:i s;:imple from the vial to c1 Sr,dg<'wi,k-f/;1ftc•r 
counting cell. Examin<· 200 l,irvae fror:i each vial under a lUOx c.ompound 
microscope, counting the number of norma1 and abnormal larvae usi.n 6 hand 
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counters. After counting, return the larvae to the vial for future 
reference. 

3.6.5 Endpoint 

Examine Lhe shape of the larval shell Lo distinguish normal from 
ahnormal larvae. Normal ._eli2e'. !.,··:rvDc- have a smool·nly curved, sna1l-shaped 
larval shell that is stria';ed ar,d some.:hat c,paque. Larvae having clear, 
thin shells with obvio~s dents are scored as ahnormal. Refer to the 
accompanying photographs for classification of marginally deformed larvae. 

One celled eggs are not counted hecause arrested development may have 
occurred hefore exposure. An~ eggs that have stopped developing at the t~o 
or more cell stage are counted as abnormal. Some larvae are found 
remaining in the egg memhrane as veligers after 48 hours. These are not 
counted. Larvae with hroken shells or shells separated from rest of the 
animal are not counted, as these are most likely the result of physical 
damage during handling. 

Record all counts and the lest container numher on the data sheet. 

4.0 CLEA\J;,;c; PROCEDURE 

4.1 Glass Test Cnnt~iners 

All glass Lest cl1zimhers used in organirs and complex effluent 
bioassays should he cle,.rned us fo1lows: l) rjnse 3 times with hot Lap 
water, 2) rinse 3 times with new reagent grade acetone, 3) rinse 3 times 
with hot tap waler, 4) soak 24 hours in 3N HCL, 5) rinse 3 times with 
deionized water, 6) soak 24 hours in deionized water, 7) rinse 3 times wilh 
deioni;;,eci v;ater, 8) dry in cle21n oven al 50° C. 

4.2 Plastic Test Conlair1ers 

All plastic Lest chamhers used in metals hioassays should he cleaned 
as follows: 1) rinse 3 limes with hot Lap waler, 2) soak for 24 hours in a 
mild detergent, 3) rinse 3 times with deionized water, 4) soak for 24 hours 
in 3N HCL, 5) rinse 3 Limes with deionized water, 6) soak 24 hours in 
deionized waler, 7) rinse 3 times with deionized water, 8) dry in a clean 
oven at 50° C. 

5.0 DATA ANALYSTS 

Add the number of normal and abnormal larvae to gel the total numher 
counted for each replicate. Calculate the number of normal ahalone as a 
percentage of this total for each replicate. Transform the percentage data 
to the arcsine of their square root. Check the original test container 
randomization sheet (see Section 3.4), and assign the correct concentration 
and replicate numher to the transformed percentage data. Perform an 
analysis of variance (ANOVA) Lo compare concentrations. If a significant 
difference is detected, use a Dunnett's multiple comparison test to compare 
each concentration against the control (Sokal and Rohlf, 1969; Zar, 1974). 
Derive the No OhsPrved Effect Level (NOEL) as the highest concentration that 
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is nol sjgnificanUy different from the control. Use an alphc1 level of p 
0.05 lo determine slatistjcal significance. 

6.0 REFERENCES 

Eberl, E.E. and Houk, J.L., 1984. Elemenls and innovations in the 
cultivation of red abalone Haliolis rufescens. Aquaculture, 39: 375-392. 

Kikuchi, S. and Uki, N., 1974. Technical study on artificial spawning 
of abalone, genus Haliotis II. Effecl of irradiated seawater with 
ultraviolel rays on inducing Lo spawn. Bull. Tohoku Reg. Fish. Res. Lah., 
33: 79-8(). 

Morris, R., Abbott, D. and Haderlie, E., 1980. Intertidal inverte
brates of California. Stanford University Press. 690 pp. 

Morse, D.E., Duncnn, H., Hooker, N. and Morse, A., 1977. Hydrogen 
peroxide induces spa\.;ning jn molluscs, ,;ilh activation of prostaglandin 
endoperoxide synthelase. Science, lgG: 298-300. 

Owen, B., McLean, J. and Meyer, B., ]971. Hybridization in the 
easlern Pacific abalones (Halioti.s). Bui l. Los Angeles County Museum Nat. 
Hist. Sci. (9). 

Sokol, R.R. and Rohlf, F.J., 1969. Biometry. \.!.H. Freeman and 
C()r.ipany, San Francisco. 

Zar, J.H., 1974. Biostatislical Analysis. Prentice-Hall, Inc., 
lngle1,ood CJiff, N.J. 

128 



TOXICJTY TEST PROTOCOL USING RED ABALONE LARVAE 

1. Induce 3 malr and 3 fe~~:e aha!ones to spawn using seawater Lhal has 
passed through a U\' slcr i ·, l7.dl i\),·, unit al a fl01, rale of 150 mL per min t() 

each spawning container. Keep containers in 15°C water bath. 

2. Mix the eggs and 200 mL of sperm laden waler in a third container lo 
produce fertilized eggs. hash lhe fertilized eggs al least twice hy 
decanting and refilling the container with fresh filtered seawater. 
Temperatures should vary hv no more than l°C between waters used in mixing 
and refilling. 

3. Suspend Lhe eggs evenlv in a 1000 mL beaker and count S samples in a 
one r.1L pipette Lo estimate egg density. 

') -4. Fill ..J::l lest containers (S effluent concentrations, a dilution control, 
and a brine cont.roJ., al 1 replicated 5 Limes) with 200 mL of test solution 
and arrange Lhem rc)nclrimiy in,, r·onst;int tcmprrature rnorn or waler hath al 
1 'i 0 C. 

5. Pipette 1000 fertili.1.ed eg~~s into each test container. Incubate for 48 
hours. 

6. AL the end of the 4?, h<,11r period, pour t.he entire Lest solution with 
L.irvae Lhr,,u~~h a 37 micron nesl1 screen. \insh larvne fro::: the screen i.nt<> 
7 5 mL vials. Add buffered formalJn to preserve the larvae in a 5% 
olution. Replace preserv □ tive solution with 90% ethyl alcohol if larvae 

are lo he stored longer th □ n 48 hours. 

7. Pipel a sample from each vial onto a Sedgewick-Rafter counting slide 
and examine 200 larvne. Return the larvae to the vials for future 
reference. 

8. Record lhe number of nor~al and ahnormnl larvae in each count using 
larval shelJ. development as the endpoint. 

9. Calculate t.he percentage of normal abalone for each replicate, 
transform this percentag0 value to the arcsine of the square root, and do 
an analysis of variance (ANOVA) to indicate differences between 
concenlralions. 

10. Compare each concentration to the control group using a Dunnett's 
multiple comparison test. Determine the NOEL value as the highest 
concentration that is nol significantly different from the control. 
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BIOASSAY DATA SHEET 

DATE: 

ORGANISM: 

TOXICANT: 
(for effluent samples give source and date of collection) 

EXPOSURE PERIOD: 

BEAKER NOMINAL NOR:1AL ABNORMAL OTHER 
NLrmiER CONCENTRATION (alive) (dead) 

... 

ppb = ug/1 
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APPENDIX III 

GIANT KELP 

SHORT TERM BIOASSAY PROTOCOL 
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GlA~T KELP BIOASSAY PROTOCOL 

Marine Pollution Studies Laboratory 
Coast Route l, Granite Canyon 

Monterey CA, 93940 

1 .0 EQl1IP~IDT 

(35) 350 mL polyethylene plastic food containers 
(or) 

(35) 600 mL borosilicate glass beakers 
(35) microscope slides afld cover sb ps 
( 1) hemacytometer 
( l) 2 L glass heHkcr 
( 2) 1 L volumetric Pasks 

pH meter Pipels (vol. 1 ea. 1- 100 mL) 
DO meter (grad. 1 ea. 10 mL) 
Thermometer 4 cool white flourescent li2hts 
Refract0:,1eter l" PVC frame to hold lights,_:2' 
~licrusr-r)[H..' (,,,/ocular micr,Jmcl er! above test containers 
Analytlcal balance Waterhath (15°C) 
Light meter (or) 
Cleaning liquids Temperature control room 

0.2 u filtered seawater 

2.0 TEST ORGA~lSM 

2.1 Species 

The Lest organisms for this protocol are the zoospores of the giar1t kelp 
·Macrocystis pvrifera. Macrocyst.is is the dominant canopy forming alga in 
southern and central California and forms extensive suhtidal forests along the 
coast. Macrocvstis forests support a rich diversity of marine life and provide 
habitat and food for hundreds of inverlebrate and vertebrate species. Macro
cvstis is recommended as a bioassay test species because of its availability, 
economic and ecological importance, history of successful laboratory culture 
(North 1976, Dean and Deysher 1983), and previous use in toxicity testing 
(Clendenning 1958; Smith and Harrison 1978). Like all kelps, Macrocystis 
exhibits an alternation of generations life cycle that alternates between a 
microscopic gametophyte stage and a macroscopic sporophyte stage. It is the 
sporophyte stage that forms kelp forests. These plants produce reproductive 
blades ( sporophy 11) at their hase. The sporophy 11 dcve lop patches in \-:hi ch 
b:iflagcl]nte spores arc rnod11,ed .. The spores arc' e;1]]('d zoosporvs livc;111sr_· thC'y 
swim. The zoospores nrc rcl0,1sccl j111 o th<' wntcr column wlier<' thry swim ;ind 
evenlu31 ly sell le onto thv bol torn <1.nd gvrminate. The spores nre either m,1lc or 
female. The male S[HH"es develop jnto nwle gametophytcs c1ncl the females 
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develop into femaJe gametophytes. The male gametophytes produce flagellated 
gametes which swim through the water and fertilize eggs produced by the female 
gamelophytes. These fertilized eggs develop inlo sporophytes, completing the 
Jifecycle. Thjs entire process from zoospore release to sporophyte production 
can be, completed on a microscope sl icte fo the Lahoralory in approx1malely 12-16 
days. 

The hioassay proiocol desc~ibed here focuses on germination of the 
zoospores. It involves Lhe controlled release of zoospores from the sporophyll 
blades, followed by the introduction of a spore suspension of known density 
into the Lest containers. The zoospores swim through the test solution and 
eventually settle onto glass slides. Once settled, the spores germinate by 
producing a germ Lube through which the cytoplasm of the spore is extruded into 
the first gametophylic cell. The two endpoints measured after 48 hours are 
germinalion success and elongation of the germination tube. 

2. 2 COLLECTION 

Macrocystis zuospores are obtained from the reproductive blades of the 
adult plant. The reproductive blades, sporophyll, are located near the base of 
the plant. just above the conical holdfast. Sporophylls must he collected 
subLidally and should he collected from several different plants in one 
location Lo give a good genetic representation of the population. The 
sporophylls shouJd he collected from areas free of point and non-point source 
pollution to minimize the possibility of genetic or physiological adaptation to 
pollutants. Sporophyll are identified in the field by the presence of darkened 
patches called sari. The zoosporcs develop within the sori. In addition, the 
spor1iphylls are distinguished from vegetative blades hy their thinner width and 
basal location on the adult plant-::-. 

2. 3 PREPAR.-HlU\ 

Afler collect ion, th1.:· sporophyll should he kept damp. Avoid immersing the 
blades in seawater, ho1:ever, to prevent premature spore release. The 
sporophylls should he rinsed in 0.2 u filtered seawater to remove diatoms and 
other epiphytic organisms. The individual blades can be gently rubhed between 
fingers under runnj.ng filtered seawater or brushed with a soft bristled brush. 
The blades are stored in moist paper towels and refrigerated (5-6°C) until 
needed (note: the sporophylls must he used within 24 hours to insure zoospore 
viability). 

2.4 TEST CONDlTlONS 

2.4.l Light i11g 

This Lest must he done under controlled temperature and lighting. The test 
chamber should he designed to provide adequate uniform lighting and cooling and 
allow easy access to all lest containers. The lights used in this protocol are 
simple cool while fJourescenl light tubes. 

(*For information regarding sporophyll collection, contact: The Marine 
Pollution Studies Laboratory, Coast Route 1, Granite Canyon, Monterey CA, 
93940. (408) 624-0864 or 624-0947). 
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The light fixtures should he adjusted to give 100 uE/m'/s al the Lop of each 
test container. ll is imporlanl thal each test container receive the same C± 
10 uE/m'/sec.) quanta of light. Areas of increased light can he eliminated hv 
taping the outside of the light diffuser or wrapping the fluorescent bulbs h 
aluminum foil. 

2.4.2 Temperature 

Adjust the J<,vcl of the water halh for maxjmum nJnling, hut Joi, en,lU;(h to 

prevc11t floiJling tlH' t,·::-;I conL1inc'rs. The \vilter b:1th \ernpC'r:11urr' should he 
bet1vce11 l4-J6°C. Jr µrercrr0d, the test contai11ers ec:11 be placed i11 ;:i 

Lemperalure ro()m (l4-HJ°C). 

3.0 TOXJCJTY TEST PROCFnlJRf·: 

3.1 EXPERIMEN1AL DESIGN 

This protocol is based on Lhe use of 5 effluent concenlralions and 2 
controls. Each of these is replicated 5 times, Lhus 35 test containers are 
needed for each tesl. Effluent concentrations are usually assigned in a 
logariLhmic sequence as 0% (control), 0.10% 0.18%, 0.32%, 0.56%, and 1.00% 
effluent; or, as an example of a wider range, 0% (control), 0.10'.t, 0.32%, 
1.00%, 3.2%, and 10% effluent. The range and number of concentrations is based 
on the toxicity of the effluent being tested. A preliminary range finding lesl 
using concentrati,1ns from O Lo 100% effluent may he necessary ~hen nothing is 
knll\,n about the toxicity of Lhe target cffluenl. Because a hypersaline hrine is 
used le) ad_just th(' s,1li11ity or ttw 0ffluc·nt dilutions (sec sccti1J;1 3.'3.2), a 
brine c1rntrul ic; I1cc·dvcl ill udditi1J11 l•l ,1 dilutjon water cuntrol. 

3.:2 TEST OJ:-iJAI\ERS 

For lests using complex effluents or organic toxicants, use 6001T.L 
horosilicale glass beakers as the Lesl containers. For tests involving trace 
metal toxicanls, use 350 mL polypropylene food storage containers. 
Place one standard microscope slide in each test container to serve as 
suhslrale for the settled zoospores. 

3.3 TEST SOLUTIONS 

Prepare test solutions by diluting the effluent with an approved dilution 
waler using volumetric fl □ sks and· pipe\. Mlx test solutions by combining 
effluent, hypersaline brine (if necessary, see below), and dilution water in a 
1 L volumetric flask. 

3.3.1 Dilution Water 

Obtain dilution waler from clean reference areas that are not. contaminated 
by toxic substances, unless the actual receiving water is specified as the 
dilution water. The source for dilution water should he consistent and 
specified for any toxicity testing program. The minir.rnm requirement for 
acceptahJe rlilut"ion wi1tP.r is thal thf• trst or~nnisms s11rviv<>, grO\v, r11Hl 

reprud111<' n"rm:1lly i11 it. 1-'iltl'r tl11.• dilution wat,•r t.o (•xcl11d<' p:1rt i1 !,-~. 
greuter thc1n 0.2um in diameter, unless the effects of dilul ion w,1t er 
particulates arc being specifically oddressed in the study. Dilut i 1J11 11al 1·r 
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salinity should he 34 ppl + 2 ppt. 

Adjust the sallnilv of effluent dilutions to 34 ppl hy adding hypersaline 
hri ne. Make the hr j 11e i r1 2dvance hy healing dilution waler to 40° C and 
aeratin~ untj I ahoul 11,,:; ',~'-'2 1s•,:.;"er has bee;-; e·,aporated av:ay. Do not use 
temperatures in excess of ~u• C, o::- co~=entrate the brine Lo salinities greater 
than 100 ppt; heating sea~aler above 40°C causes pH changes. To calculate the 

.amount of brine to add Lo each Lest solutions, determine the salinity of the 
brine (SB, in ppl), the snlinity of the effluent (SE, in ppt), and the volume 
of the effluent to he added (VE, in mL), then use the following formula to 
calculate the volume of hrine (VB, in mL) lo he added: 

(34 - SE) 
VB VE 

(SB - 34) 

This calculation assumes that dilution waler salinity is 34 ppl. If dilution 
water is other than 3~ ppt, adjusl it using distilled (not deionized) water or 
hypersalinc brine. 

Use hrine conlruls in all tests where brine is used. Make brine control 
solutions hy ,Hiding ns m11ch hrinC' as is used in the highest effluent 
conn'ntration. Add di:-;tillecl welter to adjust the salinity to 34ppl, then fill 
Lhe rc·r:1ai.nder of the r1ixing flask with dilution waler. To determine the amount 
of disliJled ,~·c1ler tn add, use the ahoce equation, selling SE equal Lo zero, 
and soJvin):.'. for VE. Mix the brine control solutions thoroughly. 

3.3.3 [x □ mplc Test Solution 

Tw0 hundred mj l \j liters of test solution are added to each test container. 
five replical.es can he mixed in a 1 L volumetric flask. To make a Lest 
solution al a concenlraLion of 1% effluent, add 10 mL of effluent to the 1 L 
voluraelric flask using a volumetric pi.pet. Assuming an effluent salinity of 0 
and a brine salinity of 100 ppt, add 5.2 mL of hrine using a 5 mL volumetric 
pipet and a 1 mL grad11aled pipet. Fill the volumetric flask to the 1 L mark 
with dilution waler, stopper il, and shake Lo mix. Pour equal volumes into the 
5 rep.licate containf'rs. After the test. solutions are poured into the test 
containers, the microscope slides can he added. 

3. L1 Ri\r--:DOMlZi\T I ON 

To randomize placement of test containers and lo eliminate bias in the 
analysis of test results, l □ hel the test containers using random numbers from 1 
lo 35 (the Lot.al number of containers). Record these numbers on a separate 
data sheet together with the concentration and replicate numbers to which they 
correspond. Identify this sheet with the dale, test organism, test number, 
laboratory, and investigator's name, and safely store it away until after the 
test organisms have heen examined al the end of the test. Arrange the test 
containers r,indomly in the waler hath or controlled temperature room. 
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3.5 WATER QUALITY A~ALYSIS 

Measure the temperature, salinity, pll, dissolved oxygen, and ammonia 
concentration daily in one randomly chosen replicate of each test 
concentration. Prior to testing, compile a list of containers in which to 
measure water quality so that each day one container from each concentration is 
measured. Measure temperature using a thermometer accurate to at least l °C. 
Measure salinity with a refrartometer accurate Lo 1 ppt. Measure oxygen in 
mg/Lor mmHg using an oxygen prohe accurate to 0.5 mg/Lor 5 mmHg. Use a pH 
prohe accurate Lo 0.1 pH units. Determine ammonia concentration to the nearest 
0.1 mg/L. 

3.6 Z00SP0RE RELEASE 

Zoospore release is induced hy slight Iy desiccating the sporophyll hlades 
then placing them in filtered seawater. To desiccate the sporophyll, blot the 
blades with paper towels and let them sit exposed to the air for 1 hour. The 
number of sporophyll hlades needed depends on their maturity, usually 10-15 
hlades are sufficient. After I hour the hlades can be placed in a 2 L glass 
beaker filled wiLl1 0.2 u fillc:red sc'aw1Ler at amhient (15-lfi°C) l.emrerat11re. l1 
is important that the release water does not exceed 18°C. The release heaker 
is placed in the dark Lo prevent premature germination of the zoospores. To 
minimize the amount of mucus exuded int.cl the zoospore solution, the blades are 
placed in the jar so that the Lorn ends are drooped over the outside of the 
jar. After 1 hour, a sufficient numher of zoospores should be present Lo 
conduct the test (the presence of zoospores is indicated by a slight cloudiness 
in the \,ater. To be sure that znosrores are present, periodically sample the 
solution and observe the S,J'nple mir:ros(·opiuil Ly for the: presence of s1,:immint2-
7.ousporcs). To insure th,1t t!,,, 7"11sporcs hav0 not begun to germinate before 
they are exrosed to the to~:icint, thl- ,-:onspure release process shou1ct not he 
longer than 2 hours. If it tHkes longer than 2 hours to get an adequate 
density of zoospores (al least 1,500,000 zuospores in no more than 10 ml of 
water), repeat the release process with new sporophyll. 

3.7 Z00SP0RE COUNTS 

After the zoospores are released from the sporophyll determine their 
density using a hemacytometer. A sample of swimming zoospores is taken from 
the zoospore release beaker and placed on the hemacytometer. Take the sample 
from the Lop of the release beaker to avoid sampling the dead zoospores and 
kelp exudate that have settled Lo the bottom. Give the zoospores enough time to 
settle onto the hemacytometer (approx. 10 minutes) then count them. Use al 
least 3 replicate counts. The standard deviation of these counts should be 
less than 10% of the mean; if it is not, 3 more replicate counts should be 
made. After the density of zoospores is determined, calculate the volume of 
zoospores necessary to give 1,500,000 zoospores per test container. To prevent 
over-dilution of the test solution, this volume must not exceed 10 mL. 

3.8 EXPOSURE OF TE~l- OR~A~JSMS 

After the zoosporc dcnslty has been determined and the volume of solution 
needed to give 1,500,000 zoosp"res is calculated, add this volume of zoospore 
solution to each test contajner. Again, Lake only the viable zoospores which 
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are swimming al the Lop of the release heaker. Because this protocol is 
designed Lo expose the zoospores hefore the germination process has hegun, 
ohserve a sample of zoosp11res under magnification to insure that they are 

·immin~•. hf'fr,rr ,7ddin:'. 1h1• /rHi:~pr,rr•s tn thf' \f'St conL,inrrs. 

3.9 ENDPOlN'J' DETERMI\YJ'lON 

After 48 hours the test is terminated. The endpoinls measured for the 48 
hour Macrocystis hioassay are germjnation success and germ tuhe length. 

Germjnation is considered successful if a germ tuhe is present on the 
settled zoospore when observed under 400x magnification. Ger~ination is 
considered lo he unsuccessful if no germination tuhe is visihle. To 
differPntiate between a germinaled and non-germinated zoospore, ohserve the 
settled zoospores and delermine whether they are circular (non-germinated) or 
have a protuherance that extends at ]east 1 spore radius (ahoul 2.0 u) from the 
edge of the spore (germinated). The first 100 spores encountered while moving 
across the microscope slide are counted for each replicate of each treatment. 

The growth endpoint is the measurement of the total lenglh of the 
germination luhe. For this endpoint only the germinated spores are measured. 
The spores lo lie me~sured are randomly selected hy moving the microscope stage 
Lo a ne\,' held of vie\, v.•·ith"ul looking thrrnigh the ocuJar lens, spinnin~ th1· 
mi1rometl'r oc11l;1r l!:ns, ilrtd mc,1:-;11rir1;; the !Pngth of the germin;it·inn tuhl:' thal 
i.s louchi.ng the micromc't!·r in Ci!,h fic>ld. If mr>r0 tl1<1n 011(' spnrc is t<Juchin:'. 
tlw micrometer, hr1L.h (or ul l) ure co1inted. A total of 10 sprlres for each 
replicate of each treatment are meas11r0d. 

4.0 DATA ANALYSIS 

Add t.he numher of gerrninaLed and non-germinaled spores at 48 hours to get 
"'total numher of spores counted for e3ch repbcate. Calculate the number of 

c~rminated spores as a percentage of this Lota! for each replicate. Transform 
the percentage data to Lhe arcsine of their square root. Check the original 
lesl conlainer randomization sheet and assign the correct concentration and 
replicate number to the transformed percentage data. Perform an analysis of 
variance (ANOVA) lo compare concentrations. If a significant difference is 
detected, use a Dunnell 's multipJe comparison tesl to compare each 
concentration against the control (Zar, 1974; Sokal and Rohlf, 1969). Derive 
the No Observed Effect Level (NOEL) as the highest concentration that is not 
significantly different from the control. Use an alpha level of p = .OS to 
determine statistical significance. 

No dala transformation is necessary for the length data. Analyze the dala 
using ANOVA followed hy Dunnell 's multiple comparison test and derive the NOEL 
as ahove. 

5.0 CLEANING PROCEDURE 

Test Containers (gJass): AJ l glass test chamhers used in organics and 
complex effluent hioassays should he cleaned as follows: 1) rinse 3 times with 
hot lap waler, 2) rinse 3 timc•c; wi.lh ocelonC', 3) rinse 3 times with hot lap 
water, 4) soak 24 h<Jurs in 3N HCL, 5) rinse 3 times with deionized water, 6) 
soak 24 hours in deionized ~aler, 7) rinse 3 times in deionized waler, 7) dry 
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in clean oven al 50 °C. 

Test Containers (plastic): All plaslic Lest chambers used in metals 
hioassays should he cleaned as follows: 1) rinse 3 times with hot tap water, 2) 
soak for 24 hours in a mild detergent, 3) rinse 3 times with deionized water, 
4) soak for 24 hours in 3N HCL, 5) rinse 3 times with deionized water, 6) soak 
24 hours in deionized water, 7) rinse 3 times with deionized water, 8) dry in a 
clean oven at 50°C. 
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M.K20CYSTlS BIOASSAY PROTOCOL 

1 ) Cr d J e c t s ;L) r,; µLy i ~ d n d r i ns"' i n O . 2 l.l f j l t ere d sea 1,ate r . Refrigerate_ 
neccss,,ry (5-6°(), n, r,,,.ire th:1ri 24 h,n,rs. 

~ry and Jeavl' exposec to air for 1 hour. 

3) PLce 10-1:i s;,,,rop:-:yl1 blades jn 2 L of 0.2 u filtered sea1,ater for no more 
Lho:-1 2 huurs (kec~, i,: Lhe: dark). The presf:'nce of zoospores is indjcatec h1· a 
s1ig~1:._ c!oudir:L~s:~ i!: t::l· \,2:L~r. 

4) T:;kc· a s.:::~p!(· tt1e zocJ:-'p,;rc s,1lt1t i•)n fro"' tht:• top layer (If the henker m,r! 
dr>tcrminc thl' sprJr,· ,:r·11.sity usin 1, a h01~c1r1·t,·,,neter. IJ1•tcrminP the volume of 
1,.·:1ter necc,-;s,,r\ t,, e;:·: 1 • l,'i1ill,(J11r1 sp"r·r,,0 Thi,-; Yr,J,rc.'' sh1ll1ld n,11 cxc€:'ecl lil r,d.• 

S 1 C11, ',.; L1J r.ci;.;c• "'t1r, i;,11 t!1,, ;'.1JrJc;;i,1rc,-; a:, s1,im.~,ir./-', th<:>i1 pipet the volume· O f 

h,,,r·r ner·es:-:,,r,.· 111 (1·c 1,srI••,U()") sp,,re~: i:1',·, P:ich of the Lest containers. 
R,·::,,:-1 ~-r tn t,>,· t: ·.. :,· vr fr .. c: : 11<.· t '·j, ,,f L; 0 c relec.:se beaker sn that onJ1· 
s·•. i~"."'.:..:11:_2 /(Jti.-..;;,1;r1-::, r::~, user)_ 

6 ) :\ f l er 4 '- :: J:; r ::-- c u v~ l t rll n •:ch er of t=. er c1 i r, a t c d an c! non - germ i nate cl spores of 
t::c, f~r::l 1cc ,·11,;r·r_,::-- e~cr,;~1ter•c'I'. in C'1('ft re;,licalf.' of each concentration. 

1: I\ '"~ :-c ~~rt\ t h ( l t.<: =-' l ;-. 1(~ r 2 ~: d r , ~-. ~ \' s ("' l cc ~ e d ~ l' r r:-. -L r: Gt ·i (i :1 tu he~ . 

,r, r r l : 1 l c:.: ,_ • ,J f s 1,ures frJr each reµl icate of each1 
l r -1 r :--: :·,, r::-. th i,; p,.:,.- .>nt a~e \'21 ue tn the arcsine of the square 

r: i ,_ < , d nd ct /:-: rl 1
• 1(. l 2 n :-: l \' ~ : :-o of" 1·ar 1 ;1,1ce ( ~. \()\" -\ ) t r., d is c err. d i f fer enc esa ~I 

:Jc.-t'.•. 1.··,.-· cur·t r;~r.;ti• C,1r;.;, :>• e.,,-1, c·,r1r·er.t re:: i,rn tc, tht' control u:=oing a 
D·. ~ · , ~ 1e ·~ ~ r:: · : l '. ; P ( ,r::--: r,,-:1,. [J,.',·,•r:i:i;,r tl1e \Cl~:l. vulue d:,; the hi.ghet :--: 

[1111 :,; , · .. i : i d r , ; ·. rl i ; f l · ; c: rI t f r () c: t h c c o r1 1 , , 1 ( ;, t p ( 
(:1·,:. r _,::--;:: "n::v,: ': lcns:t 11 iidti'J ar,rl dr•terr.;iri,, the- \(J~L 
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BIOASSAY DATA SHEET 

r,•TE: 

\NISM: 
'lvXICANT: 
EXPOSURE PERIOD: 

JNTAlNER CONC. NUMBER 
N1TMRFR ( 110 / 1 ) f:rRM 

-

NUMBER I 
NnT (:FR:•L, Ll I 2 L3 

' ' 

LENGTH MEASUREMENTS % Germ. 
L4 LS L6 L7 LS L9 LlO 

-

-
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APPENDIX IV 

l\1YSID 

SHORT TERl\i IHOASSA Y PROTOCOL 
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MYSJ D BlOASS:\ Y PROTOCOL 

~i:Jrjne F,i,,:issc1y Project 
~-iziri:1c :'olJulion SLudies Lahorat0ry 

C,c1,-;\ R()ut.e l, Granite Canyon 
Mor; l erey, Ca 9"3940 

14(.Ju ~1lex screcr1 tube pH meter 
~1a g r1 i f y i n g 1e n s DO meter 
350 ~1. glass stacking djshes (35) Refraclnmeler 

( ( )[ ) Thermur:ieler 
250 mL pulvclhylene food st.or3ge containers 15°C 1,2.Ler hath 
lu filLercd sca1,,,\cr ( 0 r ) 
\rJlUr.,clrir f Lisks lOUO mL Temp. con Lrol r,Jnm 
\'olumetric pipns: 1, =.i, 1(1, 25, /, 1rIrJ rr.L Graduated pi pet:=:: 1 & l O mL 
',\'i de bore p: ;1c•t: 1n 1r. . Spectrophotomclcr 

2.Cl TEST ORC\\J~'-' 

Th,, l est. , )r g 111 i :-; ::1 s for t l I i s pro t o c, >l arc t hc> ,i u\'en i le s l ages o f Lhe r;, 1· s i cl 
s 1ir 1r:,p !!"lr;-,esim1,sis <= :\c:111Lil()in1·si~;-::-) costat<1 (Holmes 1900). A!Lr:uugh t:1er-t· 
l!:J\l' hc•r•n r1u puhlis:,ecd n_•pnrls on t.he use of this species in Loxicj\1· testing, 
mys1ds i11 general Arc considered Lo hr:' excellent hioassay Lesl organi.sr:is 
hecausc of their hidespread availability, ecological importance, sensitivity to 
Lox:icants,and ac1c11:1hility to lahoratory culture (Nimmo et al., 19Ti; Mauchline, 
1g8CJ; Gentile et al., 1982; Lussier el al., 1984 & 1985). Holmesir.:\·sis costata 
occurs in the surfdce canopy of the giant kelp Macrocvstis pvrifera. Little is 
knOh'n of the ecol""' of this mysid species (Holmquist, 1979; Clutter, 1967 & 
1%0; Gr,-1,:, lCJhi). 

Adult f,_,m,1lc ll. c(,s\oto carry heth·een thirty and forty emhryr,s in an 
abdominal hruodpP',1,·h (the m;irsup.iur:i) and these develop jn vivo arid hatch as 
jU\'Cnile,,. Th(';-'.' :1-·ral j,·,n Limc· for Holrnesimvsis costataisapproximately 60 -
7U cL1ys, dc•;Jr'11d L :,:: 011 feed i ni-; rat es and waler temperature (Anderson and Hunt, 
unpuhl ishcd clc1t;1). Lif<:>cycle tests arc impractical with Holmsimvsis because of 
jt,;' rvl:11 ivc'h 1011,~ g(•ncrclt ion 1 imc'. The fol lowing protocol is ci simple 96 
hour mortal i Ly hi 1 >cJSsc1y designed for tesU ng Lhe toxicity of sing] e chemicals 
and complex e(flur'11ls. 

( -"-" There are quesL:ions concerning the taxonomy of Holmesimvsis/Acanthomvsis 
species. ~e arc considering Holmquisls (1981) interpretation to he definitive 
and are considering previous references to!:_ sculpla in Ca}ifornia to he 
synonc,~nus 1-itl1 Ii. costalc1 (see also MauchJine 1960). 
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.3 

2. 2 COLL EC! I U\ 

For an1· ~ive;; sc1·ies of Lests, all juvenj\es should h(c dcsc01KLints fnJr:: 
hror)ding adult mysicb collected from Lhe same locotion a,:d ha\·ing tht :.~:c 
condiLioning and handling. Broodstock should come from wat.ers free of poi1,. and 
non-poinL source pol]uLion lo minimize the possibility of geneLic or 
physiological adapLalion lo Loxicants. Brooding adul L mysids rnn usually be 
obtained by pulling a small mesh net through the water just under the surface 
canopy blades of Macrocvslis'~-. Mysids can he transported s:iurt distances(< 
hours) in lidded 12 L plastic buckets. They should he well aerated in transport 
and handled gently lo reduce morLalily. For longer transport tines the mysids 
can he ship;,ed in sea 1,aLer in se2led plastic hc;;s. The fol lohing transport 
procedure his hcc•n .successf11l: 1) fill the plast ir hc1g \,ith IL of sea 1,,dcr, 
2) s2Lurate Lhc.: SL'i'lhatcr 1,.·ith pure oxygen, 3) pla<e 25-3() nysids in e;:ich ha~, 
4) top off Lhe 1-:,ller tn eliminate air space, 5) seol the hac, c;;ccurely lhrcn 
place iL in an ice cl1est. The ice chesL should he cooled tn a;pr0ximately lS"C 
\,'ith Blue Ice ( 2 ran:;c of 12 -17°C is tolerable). Use a L11·er of ne1,Jspa;1ers 
to jnsuL-J.l(' thr· pl.1st ic h:1:.2s fr,m the ice. Spf:rir.1cr1s shn11!il \i,· posjti1·c·l\ 
ide::t !iLed h1,· u l,::.•ir1<,r::isL p1·iur l<) testing; fnr c1 rcvie'-' of t:w u,x0r1or.:, <>! 
this genus (1);1sult tl,,l:;,quisL (l'J79, 1981). 

2. 3 BRCJUDSTOU: 1:::ouTlO\ 

,\fLcr C'Jiler:1,;;,, hr,,,)dciL()c)..; should he tronsporLec; c:,1ickl\· to the, 
L.d1,.rc:\or1,· a:,,; r,L,,·c,,; i!1 l(i L aquilria eciujpped 1,•iLh fJ01,i.ng sec1•.,2ter 1,·i,l1 i.o 

fln·,. r:,\c· ,1: app1 1 :xj!0:1trol'. 1 L p1~r mjnute. The 1-:ci.0r ter.pera:.ure shiJulci he 
helcl'., 17°(. :\ fp,, kelp fr<111ds Ci.ln he added t<.1 the aquarj:1 tr, s, 0 rve as 
:-:,1hstrate 2:'"j :-,:,1;1!,!,,: .. ,:!,::l ,,ud fnr Lhe nr,imaJs. The: aquaria used ;11. the ~ic:rinc 
P,illu'..ion Studies L-1h 1 1rc3t•:n· ,in' r.iade of acrylic plastic SCJc::: \-; x 8tJcr:, L x 5lk:-:i 
!1 • T:1c ac;:.::rL, ,;;i,· i it tc,; \·,ith fl 1/2" PVC infln·., l)i, the tr~-r, e:;tl ,,:· (,ji( I,, 

and 2 1/:!" u:1tf]1o•... ,.,, 1:1,· ~-' i,,im enr! of the opp,isite side. Tiw n•.1,f.l,i-.,~.. ·.·c· 

l\,O drninripcs 1-:!,ir:, arc lcns.Lhs of 1/2" P\'C i,..·ith 3/lG" holes alor1~· th(:ir 
lengLh. These dr:1in pircs are at.t.ar:hcd to a 1/2" P\'C Lee on the inside·• of tlk 
aqu2.ricJ. This arranGemcriL gives LI,<) lengths of drc1in pipe a!on~ the b 1.1lLOIT: of 
the aquaria 1,hjch scrl'e tu diffuse Lhe suction over the entire bct.t:n:c of the 
aquarium. A L1ye:r of pListic mesh is pJaced on pl,1st.ic light diffuser panel 
O\ er the drain pj pe:-;, T•.-:,, layers of substrate are lave red on top of the me.sh. 
Thf' f.irsl layc•r (dirert!y on toµ of the' mesh) is a layer of pr>:, gr;:ncl, the 
second .Layer, 0:1 l•>jl nf tl1c· pe>.:, gravel, is a lay0r of co;:irse ri\·c·r s,rnd. The 
sand and gra,.·el J;i,,·r,rs filler the 1✓ 2ter and prevent the mysids fr0:,: escapin:,.:. 
Mysids can also he ~ainla.ined under static seawat.er conditi1ins if necessar~. 
lf static conditions are required, cool (15 °C) 1>aLer te:-::pcrat,1n! must !H., 
maintained, and SO"' of the culture water should he rcrl;::iced 1-ieekll-. lt js nn' 
necessary Lo include s;rnd and gravel layers in static seawater aoucric1. 

_.,_ For niorr~ i~1ror~.:itlon regarrling mysjd hroodst r)ck, cnnt :-1r· ! T!1e Md r in€' 
Pol lu1 illll S111<\ i<'~; L:1hnrnl0ry, rn:.st Rrlllte 1, 1,r;1ni t ,, C1n\'r1n, , \'I• r· l (' t~ey (.\, 
9:J<j!,(!_ (4()h) (JJ.!.-0."(i/. r;r (;2!.i-U'J47. 
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Ne,.,lr coptured mysids shouJd be· accliGated grndcJally l(, the holding 
aqu,nia t,1 prevent temperature shock. Once in the .l2:wr2:on. hrc•,•~ins fec:2les 
sho:ild be isoL,tcr\ frnr; thr• other animols and pLJ1ed in a sc·r,;1r,:1-e aquariwr.. 
Thi:-, fc i.]1, l1:1trl1i!i:.:. cJ,;11 irii.t:~~ d\>(1 :-; n,)t need a s;1nd/<. 1 r;:\·r,J lill"r s·:~\1'r.: hcc?.usc 

0it jc; ,1 tr·1:,;,,)r:1·\· ],,J],Ji11~, \,11:k. B:<10di11g rc:.:;ilc myc;iil:-: ( ,Jll hr· (_';'}Sil\ identified 
by throir lar:._:r•, r-,c::r'.1•il m,:;·,;·i;1i;i filled h'ilh e\·ec' _111\'C"nilc,s. The ;-:;,:rsu;;la of 
fcc;;i!c•<..; t!:u' ,J,, c ,,_. grey jn col,ir. Fur l'~i:-c !:·,1t•1ru1 35(1 
ju\·eniles a:·c· nr•cdc:.:. ,;1 ;">:(~,1,•l\· (/) hroodinc•. adulls shuulc he isoluled lo 
providt· cn,Jc:c.;h J11\·e11i iPs f,ir onP t~sl. The purpose of a separcJtC:' hatching 
c1qu2rLu::, 1:-; L« pr;\ icJc u :,,rtching hah·itaL tc1 is,1ialc juve:1i le ril\·sicis fro:; 
cc1nniL:J' isl ir ;11!:1!!;-,. C:ir1;,.,1,,,ljsm c;in ;,l:=r1 he srr·c1l ly rl.'duced h1 l-;e<:pLng th<· 
grcn·id fer.:;;Jp hrorJi!q:,c! \,'ell fed (2;-Jprox. 100 Arte:'.'.ia nau;:ihi per adult r:i·:sicl 
f)er da\·; :\rter.:.i;: (·;::1 he s 1J1)pJe;.~cntt,\l \-:jlh additin;1s nf Tc~L;-~1~~ir1 f1a~e food, see 
SccLior1 '.'..5). l',r,,,,·_1sr, sc1c1-Jl kelp c;;r,cip:,· rnvsjc!s C(l-occur anc arc sir;1ilc1r i11 

clppe:irancc, c;,rc s!·,ould he Lc1kcn Ui isol;-;Le hronciing fer.121es of the correct 
spec i es . ,\!' l c r t he g r ,3\' i d fem a Les r c l ease the i r hr rli 1d t ne \' c 2 n he t r;, nsf er re cl 

hack t.o ll1c ,:c11er;il hr·,rndstnck aquoriur;1. 

:2.4 !S()'. \Tl()', (Ji TISf ,\\l:L\l~. 

'l'i,r• fll'.·. l ·; 11:1:, i1<•1I y,,1111:.·. 1 :111 Ii,· scp:,r:1l r'ii lr•ll~ th•.· l,r-,H1dst "' ! :1du ! ts h\· 
sipl1•,:1i11:,. li.,t,':i11: ,_,,,,1,·r.1I I\·"" 111 ,11 nq·I,!, s" 11:r· !Jr·,111,l:-:t,1,·: t::,1, sl1()•1l11 [1(' 
ci1,,r·].;e_,d e,)1'11 ri:11r11i1, ..· f,1r tJi,, 1nr_•sr'11r,· of rH·hl\' 11:Jtrh,·il .Jil'."E'r1ilr' :<id,;. The 
h:11, li111'.2 ;11111 !!'ill' <,,,11!,t hr• kt·pl rr,,,, (Ii i11('idr•11L1l 11,:\chc,c: ( ·i-1 1 , )1!\(_'lli les). 

u:it ii ;i sufi-i, icntJ-.- l::1-:. 1 r' c:1011;..;h h:1\ch (,·.?,':,() _ju\·cnilo:-;) occur.~. This 1,il] 
ir1:-:;11r1 1:1,J\ :Ji I 1,f th,, j111·1,:1i lc·s used in tlw lest are the s;,~,. ~1:..'c. The 
h. ! \ C ii I n :a'. cl 1j 'J, Jr .i I11 1 l :", S i phr J f1 Cd t O H' fl1 ll \' C i n C id (' 'l uil hD l Ch C 5 3 t l h (' l' fl d Of L h C 

d,,1·. ']he next cHJrnj11g jt is checked for ju\·enilC:'s. Jt is mon:t 1nr'd until 
cni-)u:.J: (>'Y>1_1) j1:·.,•;1iic·s h:1\'C' hatched for cl tc•sL. \\'hen J;:i;-,_,:,· n1,c1her:=: of 
_j:1\·c11i lcs or" 1,rrsr 1,·, tr10\· urn 1>0 siflhllned ir1t,1 there· O\sr, !i,,lciirL c1rnlcJincr. 
Ti1l' _j11\1,:il,- r::':si,I h,Jldin,,. contni11er used al thc· ~brine l\1llul::i11 Studies 
La\1,)rDl,1n is c1 1:.:" cl idr,11'lC'r PVC screen Lube 1,itl1 14nu Nile:-: srrcP!i. This 
screen tube s·its in"idc r,f s plastic pail so lh,11 ;:;p;,,.,.,tcr fl,,.:c: 'intc, lhe 

scrce,1 luhc (r;.~':J I /c:-,jn11\e), throuµl1 the screen, then o:1l O\·er thc-· top of the 
p3jl, This arr;1n:.2cr:cnt kE'C:'flS the juvenile mrsids jn a reL1ti\c ly clean0 

er11·ir,1nmcnl ,rnd m:1\-:1,c: .ii CiJS\' t() con.srJlidcJle the:1: i.nt() ,1 sr0,nller c0ritainer 1-:hen 

jt is time t" rlr,lj\r•r tll<'rti t" the' ll'S\ ch;1mhcrs. This prot,icnl req11 re.s the use 
of three• Jc1\· oJr; jti\'.:'rii 11· r:··, :r::-:, sr, tlw nc1s·l\' h~1lclwd m·sjcs arr i<,·;,: i:1 lhr,:ir 
r.'c.,;·1 sep:1rnt0 scr1·c•11 t:::., fc,r ll1r(·,· cLiys. 

2.S FLEDJ\C 

1\Jl hriJodsu,ck mysjds should he fed ad l:ihitu::1 a diet of ne'.,ly hatched 
Artef,]ia nauplit (approximately 100, 24 hour post-h;itch nauplii/:.1;•sid/d.sy), 
supplernented 1--·i\h flak<? food(/\ pct store flake fish food 1--1 ith > 5% lipid 

content). The ,1rn,Ju11t or supp1emental fl2ke food depends on the density of 
nnirn,1\s in \Irr' hr()1J<l aq1i:1rium. Jr1 g('ncra] the r:iy.c;id hrooclslilCk at the Marine 
]',,ll11ti,lll St11ili1•,; l .. 1l111r;1t,1r·\, <ii(' f'f,d nppr<Jxim;itcly (l.1 gr,irns or finc-ly grrJ[!flcl 

fl;ikr• Iollll/2(J I. :1q11:11 i,1111 :11 Lite' f'rlll or LIH' dav. Nc11lv h,itclwrl mvsids arc 
fvd (1111v fl;1kr· fr)c)(l u11l i I they ,ire Lhrr.•c day~ old. /\Ile~ three cby~ they can 
be- tcd Ancr:1ia. 

Feeding rc1t('s i,1 lhc test hcnkf:r-s should he closely controll0d. To reduc 0 
the c1ccu1m!.lat ion or dr:hris in tl1c lest corilaincrs, test animals sl,nulcJ he fed 
i\rtcr::ic1 011ly. fr·cding c1tr 0 of Lwe:ity nclupl.ii pc:r lest 311im,1l r•vcry 24 hours1~ 
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js sufficienl. ArLesja Call be delivered Lo the lest beakers 1,'jll1 a pipel. Tu 
av o i d test Is' at er di l u l ion , t he f l1 o d an i r.i a 1s sh u u 1 d he con c en t r J l e d c, fl(J 
de l i vere d Lo t es l c n n t a i n c rs 1,' .i t h il rn i n i mum v o I 11 mc , , f h' n l !? r ( l rr;; _) . 

Broodst,1ck t1,,:di11t2, Lz111k s ;-;i1,,11 I cl he cl C:dned .JI I (';1st ,111< c Ji' -1 1,ccl--. I" 

prcve,1t accuc1ul:1t iw1 c11 or:..;rn,il· matter and k1cteri;1. ll1,_• s,1:1cl ,111<! p_r::vr'I le:ycr:--; 
cun heo siphoned 1-: it :1 d ln1,-flo1, aquariun sipf:rin. Jt is nc,L r1t',c,ss,1ry ICJ clc:-21:; 
Lhc h.ioass;;,_- cor1t,1i,1ers during the t.esl. 

3.0 TOXICITY TE~-r PROCFDlRE 

This pr(,t,1r,,i 1s hase,! 011 L!1c use of 5 efflu0:,l cnncentrciL:,1ns anr; ·) 
colltrnls, e3ch rr:pl irc1led 5 Lime:--;. T'111s, 35 test cont;:iners arc needed frir ear•h, 

t,_,st. Efii.1H'!11. ,_,,n,entrc1tjon:--; arc 11'-'11;1lly nssjgned in ,1 ln:2-ar;th:::i,- sequ0nr 1 -

;i_--; (i, (c·,:1tr<>!J, fi_J11" n.18<:::, fJ.-1..:··. ().'"-/,--, :i:1d J_r)I(' r•i!l111'::'.; "'· ,,- ,,:, 
cx;;~[.it· r,! 1-.1,,,1 r,:il/<.', O'." (r,J:,tr,;l), ().JI)°' {J.l.'..--., 1.r11/··. ·;.:.::, dr:,! [i1''.,1 

cfflu,,nt. Th,: r.·,:,'.;l' c\ii, ;w:·_·:l1c'r of concc11\raLjo:1s is h;,sP,'. ur, lh(: Lnxi~·JL:, ,if 

tr1 • · e f fl. u r, 11 t h, · i n s 1 es I c rl . ,\ p r e l i r1 i n i..l r y r 2 n ;c e f i n -J i :1 ;.- t " :--; t u s i n;,.: 

cnncc·:.'Ja'~ioric: ir,,;-:- (\ Lo lOu'.'; efflucnL may he· neces:c::,ry wi·,,-:i ,hJl.,i:1;: i:c: k:ir1•.,n 
a ho u t t >: e Lo:,: i c i t \" r, f l hc t ,H get e f f I u e" l . Because a h y p ec rs c, I i :, e hr i nc i s used 
to a,'._just t.ne sa!iniL\· ,-,f thr· efflur•nl ciilutions (spe ser·Liun J.~l.:2), :1 ,,, 
c 1n Lr" I i s n r:• e dc ii i ;, :i, it: i ! i , ,r1 t c' 2 ct i I u t j on 1,,· al c r c ,, :. 1 r, i l . 

For Lesls u~in~ complex effluents or organit toxic~nts, u~l 350 mL 
borusi lieate gLi-,;s stack i 11~ cl ishes zi:--: the LesL con Lai ners. Fo:· tests usi n:: 
Lr;,cc met.al tr1xicar1ts, 
cc,ntainers. 

3.J TEST SOU'TlO\\ 

Prepare Lest s,,l11tions hy diluting the effluent with 2,1 aprn,1\·ecd dilutin,1 
water usin~ vo1um0lric flasks and pipettes. Mix Lest solutions h,_- Cllmhinin~ 
effluent, hypersal inc hrinc (if necessary, see below·), and diJutjor1 1--';,l('r i:1 o 
1 L volur.ielric fl~sk. 

3.3.1 Dilution ~atcr 

Unless the actual receiving waler is specified as the di.Juli.on 1-:atf.'r, 
ol,t.ain dilution water from clean reference areas that are not cnnt.ominat.ed hv 
toxic suhst.ances. The- source for djlution wi1ter should he co:1sisl1:nt and 
specified for a111· t,1:-:i, ity Lest in:; program. The• minir;nJc", r,,q,:ir<'mcnl for 
acet'j>liil1Jr, dilut i,111 w:1l<.'r i>·- tli;1I tlH: tc-st or:.~:111i.';r;,; s11n·i\·,-, '.-'.r()\., 2nd 
reproduce norrcall} ill it. Filter lhe dilution 1,·at,:,r tn e:-:,·l,1dc: p:1rUclec-: 
greater tha:1 ur,, jri diameler, unless the eflects of di.tut.ion 1,::-•ar 
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· I 1 'purlict,lciles or,_, hc:,1::: spe, if"jcz11l ,1r.r, resseo st uci ·; . hater 
s ,:_1 1 L 11 -; 1 ~ !1 ( : u l d he ~~, ~ r; ~, t ..±. 'I p ; 1 \ • 

S 1 I i :1 i I .\ ! .J: 1 :--.; t ~',(''I' 

r,.y pc· r ~~-::-': ~ i nejust 
brine. \ 1 r i; 1 r \ 4(;° C and 

aerat i r::c uci\ ~ l uJi,,,: h, 1 r t !-,c- 1,:>l er hiJs heen evaµ11rcit c:; 21,0·;. D,: no'c use 
t.ec1Dcralure:-· it, c,:-:,,-<.-" ,,r .'., 1·° C. or concentrate Lhe hrir:c L,J sal:i;,~ties greater 

than 100 ppl tw:Jl i:1..: :-;r0 ;.1hatcr ahrwe 40°C ecrnses pli chilne;es. To calculate the 
a :nu u n L o f hr i n c l , , : ' :: 1'. L , , 0 :-, , I I l 1° s I s, , I u l ion s , de t e r "' i n ~ t he s a 1 i 11 i_ L \' of l '1 e 

hrine (SE, in p,,1 ), tk salini\1 r,/ lhe efrluc:1l (Sr":, in pfll), arc! the volu:-::e 
of tit,, cf:l:wnt 1,, iJ, ;1i\1'.,,, (\T, i:1 mi), then usf:' ti,1_• fr111,J\-.ing forr..ula tn 

calcuL,tr· thr- '.•,i11r•:r- n 1 !11·1110 (VP,, i:·1 n:L) to tv- added: 

(34 - c;r-:) 
\T 

(SI\ - 14) 

, 1 ·!1 i ~..; c ; i l c · \ 1 l . 1 t 1 < ) : 1 ; 1 :-: · \ .... ( ..._. !1.1: rli l,1r 1<>11 1-1;llcr s,1lin:i1 d i I u t i ,1n 
h·:i ! c•r 1 <--; r J ! i 1( · r I I I i · 

ll\'J;r'c,,:1] i:1r· hr 1:1r·. 
1 · s,, l1r j :,,· c, ,11' r 111 :1 I] t ,_,,:' ,, \,hc,rc- hri nc i:--; usc0 c. \bkv hr' :1i- control 

S<l J ll 1 j, l;,s Ii\ illld i )l'~! ()S n:ur 11 hr i rn_, ,1:, is used i.n the high,•< efiluenl 

co:H c-:1t rdt I cir, ,\, l , I d ; st ·i I I c d -,,, :, I ,,r 1,, ,11!_just tlw sc1l:nit\· Ln 34 pf' then fill 
,-,1 t !,,. : : :-: i :1" i I .re.;! 1,itli di l11t i,-,:1 \-.:!lr,,· Tri d1°L,'r!:ii:., tlH· 

1, I d ! · l i [ Ir,,[ \,,1 l I \ • , : Ir I, [ , 11 :-;(' l Ii, ' :1] )(J \' (' (' 'i rI: I I I "I l , ~i'\ t i \\ 11 ~'.·, P(). : !, 

;:il(I s, [\'I 11:~ f,;r· \ \ . '.-:1:-: I 111• l,1·i1i\' i rirll r,1I s,1l11l i,ir::-· Ii" r, ":·..: 11 I \' 

T-.,,, lw11ii r-r·d m: i Ii 1 i 1 (•rs ()f t ,_,,,: s11 L11t ion 2rc added Lo each \ est cont,, i ner. 

Fi\·e repli.calcs c;,:1 hr· mi,:ecl :in ci L volumelrtc flask. TCJ m2L:e a LesL 
suluLion al iJ co:1u•n1 r,ll ior: of ]'": c-11"luent, add JO mL of effluent lu the 1 L 
v,1luG~elri1· flci.'--'k 11:-;;ri..: "\1,lu@'\rii· piprot. Assumin; an effluent s,1lin:it\· of 0 
and c1 hrinl' sc1\jnit·,- 1,: 111 11 p11L, ,H!il 'S.2 r,L of bri~1e usi11c_2 ci S ml. \,Jlurc,trjc 
pi ]',: L an cl a 1 rn J ~' r ;i , i u at c cl p i pc\ . r j I I t he v o l um ro \ r i c f I as f- L o t he l L r. 2 r k 
\,'ilh dj]u1 i"n 1,.:-itcr, st,!pp0r· it, i.1iiil sli:1kc- l" mix. P,)111 r'q11:11 v<Jl11:::cc:: i11to ll,e 
S rep! i r·;ll r' C()nl :1 i r1,·r·:--. 

Tn r;1nilr,1;1i;;.c pl:1,·r,111i'nl of lf.'SI co11l0incrs ancl to f•ljr1i112te hi,_,s i11 thc-
anc1lvsis of test results, label Lhe t.e:--;t Cllnlai.ners using ranriom nu:·i'n0r:-: fro~ l 
tu 30 (tl1e t(JlcJl 11umlic1· of CC)lltai11c-rs). Record these numbers 011 a :-iC'flilratc 
c\;1t~1 slll.'r'l t,1;:,··tl1c'1· 1,i1l1 till' (rJnr·cnlr;ition ancl rcplicc1tc' nu:11lwr:c; lr1 ·.. hich they 
c:orrespn11il. lclr'11t if\' tl1is sheet h't\h lhc· d,11P, \cs'. org:rnism, test numhr-r, 

Jc1h,1r;:itory, and i11\·c•st ig;Jl()r's nc1rnr·, rnrd safl·ly st11rc il i:J\,ny unt i I aftL'r the 
test org,111i.s111s hdvc- hr'<'Il r-xcir:1ir1c•d c1t tl1r' end of thr• l(:S1. /\rrange the test 
cont;:iiner.s r;1nd,)1;1ly irr till' 1,.•::l er li,1l !1 r1r C()11I rolled tr'rr,pcr:rturc roorc. 
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i'lec1sure Lhc lc'r:,;".'LJlurc, snl tnity, p!I, Llic,ce,1,lved <1:-:1·/l',1. !:,,: a::;r· 
concer:Lralion d3i i'-" jn one r,rndomly c;rnscn rcpliccllc (Jf c.1c!1 
concenLraLion. Priu,- t,l test tng, comµUe a list of container'.:' i, 1-.hich t(, 

measure 1,.at.er quality S<l th:Jt each d3y one container fror;i each c,1ncent rat i<rn i:c 
measured. Measure Lempcrature using a lherr.iometer accurate to <,l leasL l °C. 
Measure salin it v 1,.'i L :, a refr;_in omel er accurate t n 1 ppt. :'ledsu r,' ox 1·\2en in 
mg/L or mmH~ usi11i:7- an oxygen protw accurnte t,1 (l.5 c:~/J. or 5 m:nf\:. Use a pli 
pro1le accurate lo 0.1 pH unit:s. Dc:tenr,.ine t:ot;.il c,:::r,,;:1i:1 coriccntration t·c) t~e 
nearest 0.1 ~;/L. 

Be Ci u ,c;, · p '! :-; t - I 1. ! • i , 11i \ ~. i d j 111· f' 11 1 I , 's ; l r, · nu I I -i r ·.: r • <' r1, l 1 : _: h t , , r • ' · ~ 4 h" 11 r 
1p11s:-li.1lfti ,\rt(';,:i;i r1.,•ii i 1, it is r,·ro:11r;1,·11dr·,l ti1.1t · , il.,1 old JI' ••,ii,· .>11!,-: h•· 

U'.':1'(1 frJr tu,:icil \' It•:,,: 1:1-2. u('ldUe:>l.' tlir· my:-;id t,i,1;:c,:-;,;\' is d <)() l1:1ur ,,._.,: it J.'; 

prc1c1i;·,Jt L() sL1r\ t:,t· t,.-:-;,t r;r, M,J:HL11· i11 (lrr\c·, to r";, 1,1r11: t,, c1 "J d«: ..,",r', 1,,.,., 
T!,c·rcf,Jrc, 11c•-.,l-,· h.1!c:,,.. ,1 j111c:1il,•:-; si11,11ld hr, ic,;(ll:.lv,.: ,,11 J'rid:1'.· c,I ti,c pr1·'.!•,u> 
1,1·,·k in 1,rdf't I,; h,I'.'•' :l ,! 1·: <>l,! jw:r•11i l1•:-; /1,r t!i1• sl ;rt 1L11 1JI t'.v tn ...::t. 

,\,.tcr Jt!1·r•1,1 ,. 1::.s1i:.-. art· :l dd,·s "Id till'\' ;1r,.- C'1J11..;,,Ji,L:th! i:1:,, :, 1111 11< :-:-:1. 
(L:,!:) hc:ikcr. Th,0 

·: c.in thc:1 h,. 1,\11re cus·il1· tr3ns;'erred t,·, the r,,:,J<Jc•,i7c1t\,l··, 
ClJ''"'· J11,,·eni le•.-., ,ir,, r 1J111:t c·il ;11i.l t 1-c0:1fcrrcd hy pi pet i.ng in ;; 1,ir11·-h,-r,· )(i r.il. 
pi;"'' Ti,,.: test c1::i::: si:,l11l,: he rcJ11d,11'.,i/cd by pipPlin:,.; thr,::: ~ ,:; ,: ti~,.· 
3=-J r.-1r1d()f:li/(!t !!HJ l_;:;i< Tl!t' r::;1d<)mizc1t il;n cups shnuld sit in t~1: _-.:,~~:v \·. 
Ll:tlis ;i:-: tlie Lt•.---: 1 C<J: · ,11r11.·r:--:. "l!111y <c.~r1 he elcv~1Lcd nr1 lq n jJ1_,,!,:st,il t:J prl·\·i,i!l 

flo,::~ L!l~2,. _:\ftc·1 t\1,_ 1 :r· 2 ar;ir.1,1I.'-, dt'(' plt1l·(·d in cc1rh uf t!1t' r;~;1,:(i;: /.2t !ni·: 

cup·~, ·J r,«rc: :111i:::;1!·, ;i:,; tr.,11s!,·rrt1d t<l c;ich ct1p. Thi,; pr1)((•:-s 1:, r 1 •;1.:•ate, 1 

unt i I P:,ch r.1r1,:,,n·,i/:JI in11 c111, h:1:-0 ](J j11V('lli le mys id.--; i11 it. Tlir». ,·:i;: l:l(·i1 1,., 

Lr:111:~f, 0 rred tn the (r21;d<>::1i/l'r! ) le,;t cor1t;1i110rs. Th<• n,inimum ;i,·,,,11:1\ of hiJ\('r 

sl:,,ulrl he: U:-'f'd f,,r this pro,·e.-,s Li; prcvr,nt di l11t ir,11 of tlif• t,·:-:c S<Ji11l •11:1. 
1~· h c :1 t r ;::i r, sf er r i w:. d:: i :-:; d I s , Ci r c· ,.; l 1< 111 I d h c· ta kc 11 t r, p r 01· r, r: t c , ,r I t: 1c: : n ,.11 i :1 :- t t., · 
d e J i 1· e r ·; p j pc l . 1 l j "' i r.1 p(I r l J r; t l k I t e8 c !1 r <l nd oIii i 1. cl i o 11 c u p h:: :- 'l \ '-' c \ : , 1. e ., 
juvcnil0 mysirls 11: jt tu prevent counting errors durin~~ th(! cnurse of li:c' 
experis,_·:;t. Verify th1· ;1u1;1bcr in e:1cli test cr,ntilin,c't. 

3.6.3 Endpoint detE:'rminatton 

The endpoint for the 96 hour mysid hio;1ssay is deuLh,:·. Bcciusc r.1ysid:c; drc 
often found immobile on the boltor.1 of the Lcsl container, jt is diffic1ilt ti, 

determine whether or nut they are dead. De:Jth is defined as lack of append~~r 
movement. Individual mvsids can be sucked up into a widPhore pipeL or glass 
luhe and observed ,;ith ~ mc1gnifyjng Jens. If its' appendages arc not mo\·in'..: 
1-:hen vie1,eJ under mGgnj!jcatjon, an individual i.s considered lo he de.id. 

,:- A suhlcth:JJ c-nd1H>ir:t huSt'd on a righting reflc:-: ()f' ;1n j11:1hi I it-.. 1,! n·:-:11,nc1 l·J 
stimuli is n,,,... h0i:1;'. c,rnsid,•rcd l'oi· this protor·ol. 1'111 i I thi,; (:': 111 1:, 
perfectc,1, m,ir,t,11 it y 1,.i 11 Ii(• LJS(•1i c1,; the i.ndic;1t i,1n ni ;i t,1xi< rr•.-,1,,,1,,:1· 
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The deod r.1\'sids arc re~,1,:ecJ after ezirh cc,u:-iting ln prc.·\C1: f,,,:1i_w.: o: ~',e 
testconlainer:-:. C.1re s;-,,-,,,,]d be Lake:, 1-:hen remo\·in:,?, the cl0, 1. r:sid:" tc, iil:'-l\!rC· 

that crris,; c<in',,lr,i,1:•! :,v-, <Jf LhC' test containers d,J<-s n11t c,r C'J:-. ,\. sc:i:,,,1~C' 
disr;r)S,'1:J:(' pi~·,r,:_ S 1:', 1:],< hr· US(:.,,) tr) rr..•["!()\'(_' rn\·,sicis ir(l::'. C'!{:1 (()":1:1i:1r,;·. i:'1C 

fl IJ nth (' r () r J i V' ' i I! C cl r (' C()I) :7 t c-d i) I () IJ h () lJ r s . 

Adri t )·1L' n.i::1hc1 1·)1 rit';11: a;, c\ l i ve "' \' s j d s a t 9 (; :-i ,J1ns t ,> '.2 e, L l-, e ', , 1 '. -"· ! nu :ch er 

of ml'sics C<1,!ll'.l'd irJ: (' ff' :, l i c at e . Ca l c u J a Le t hc, n , 1r:1 he r CJ : livin~ ~l'sids as 
a percenLc1::::,e 1)~- thi:-:. 11. f:Jr (',:ct1 rc:;li(;it.c. Tr.1r1~fnr:~1 the) ~ercent;-~~·~ d:-it2 tu 
the arcsine t•1,,.r s1u,-irc· r()cll. Check thv 1Jri:_:i;,c.,: Le,< r,1;1tili111c'r· 

rar1Jor,j7,JLi"1: shc,c·\ iJS:c:is:1 tl1L- c,,rrE:·(~t c:onccr1lrd: i,i;1 ,.in,.: repl ic:,'.ec' number 
Lo Lhc transf',-,r:;-,(•\I \W:'(er:Lc1ge datd. Pc·rionr, an onal1·sic; of \·2.rjc11:c,:, (.\\(W,\J t,J 
comp0re c,;;I(·0:1', rc11 i,.1n". lf cl si;:11ifirdr1t diffcrcricc is det,:,,ted, us 0 a 
Du n n c t t ' _c; r-, ,1 I : ; r I , , ,>~, : ; ;i r i s, i r 1 1 e s L t , 1 c c ! r:i p,ir c E:\1 c f I r ,1n , C' n 1 r "' t "i ,-J n ,:: '..', ,, i n s t l h e 
C<Jnlr1,I (/,1r, l 1J-;- 1.; S,Jl:,1I i.1111'. H11:1lf, ]CJU)). Dr,riv<· t!1t:' \n ()\Js1'r\C~ [ffcct 
I,c' '-' c· r I J n c 1, ;11 r; j i 

fro::. f I! i • : : l) i 1 ,- , 1c, '- ( · I)] p = 
siµnii i( ;Jnr 

I .I 

1l ! i11 ~I I (j :·~ .~ t () :-; 1 c li,ir::!,c•r C' LJ:-;(J, ,, (Jj _...:.. ·1~: 1 ( ::--: Uil(I 

(. ( Jj"'i1,; I\ C'.-: (.' i . 1
1 ll ( \, i 11 ( I <'dfl('d (l'-; f o I 1 , )\,, s: 1) rinse :i \j:::es 1-.1 i t Ir 

l1; l t l (; ~ 1 \., l l C ! r ! :: :--.: , l im(''.'- 1,ilil iHCl<rne, ]) fill.'!! 3 Li ::,ec; \·.it'· i,,, l l cl p 
h·,·: t <' r·, ..:'...) ~-~ ')' r i [l:-"1.' 3 l i::ws ',, i l !1 Jr, i .:r1 i /Crl (Ji:-:;1 1, \ I 1 

S<J,1!-: :.!.:'.. hu111:-: L ~- d (• i ') :: ' l \\; 1t c r , rir1sc 3 timr:s in de·i,rni11_-l \.c1,,r 7) dn 
I ,I C I ( ', ! ': I)\' I, Ii 

0 ,1 I 

le-;-;'. C()il '. :J i I I! ( ! ' I ':,,I i (' ) : ,\ I I p 1d st i c L C' c: 1 ch; 1~1 I11, r::: USl'O rc,_,t a Is 

h 1 o,7ss:,y s s\J(J:: .J 11 \),. • I '-' :·•, ',! clS f 11 I I i)\•:c:,: l) rinse 3 Limrs ~il~ hrit L": ·3tcr, 2) 
sn;.::k f(·1r 2~ f;1>l:1·-- l G c~1-'l r);·~c;--1t, ) ) r i nsc 3 t i_m():-; \\'; ~ :·1 dei (1r: j /( r: h'LJt er, 
4) s11;1k fr1r 24 hr1,i1·-. i11 '!\ IICI, rJ) ri11sc 3 limes 1-.·ilh cJr,ioni;-:c-d 1<c1tr,r, 6) S():ik 

24 huur.c.: in dr 1 i•>i1i.-'cr\ 1Ler, 7) rinse· 3 times v:ith clc·i1,:1i/1 1 c: 1,,;1\r·r, :-;;, ilr·y in~-
cll';ir, IJ·:,,r: :-1: ''C. 
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Clutter, 
'.)l(J- 2n1-: . 

R.l. ) 1 i 1 i-:-. /,),:, • i,in ,,: r11•Jrshnr(· m-.sid:-;. !·,,)I()::\ (.'.')I J!I' 

Clutler, R.l. JC]r/). ll1e mirrodistrihuliun 
pcL1g_ic mysids. J. e:-:p.m,1r Biol. Fuil.,Vol.3, 

anri s,·,ric1J ticn,,\'ior 
pi, 12'i-1'5'i. 

ui sonv 

Gt=-nUlc S ..';., 
cffcu s ,,f ,,1:i::-: r;c; t·,"i spe,:i,·:--: ,Jf mysid shrir.1p: 

h ; .! r- i '' ,, I • l1,i!r,,1,i,i11J:.:,i,1 1n, )lJ'j-'..!()4. 

Gn,c~1, J ..'1. JlJ7C1 • Oh:--:et·\·dt i,ins ,n1 tl1(' hch:1\·illr ;Ji1,i l;_1rv;, I d,0 ve I 1Jp;-;:ent 
of Acc::1l~1,,:r,·,s,'.:-' s, :111 1 :,; (L_11t_,.,1·s,1I I), (:hsid,1,c·c1). C:,,:, .. J. /, )I) 1. 4,: .::.>·//-

I\, I! ''''i" I: I . i ! ,, r,, I, 11 1 , ,11:: ( 1 1 : 1 s 1 , , , , , 

My:oiii,,, ,_.,,1. /, l - J\r . . : \ ~ 1 . ] : !I),'I 

iJr) J •::q:.J l S\ '11,v 
( '( ( r U :--- ~ ;·!( 1 ',l, ,,:( / I I 

.-:,i '. :( ', I t , , r: 

~i,;ri~:t· !Jr;](<~-

\ i :1;:,,J, I.J. R., L .1 1 • i·1d 1·,r1er, r: .. .-\. \\!~L:,-, J.~·! .. Sheppnrd, 2~·!d ..\.J. hilS{)["; 
Jr., 1c,-;--;-_ :i.-,-,id,Jt,:--is b;1/,i,,: ,'1:1 ,_.stti:1··::10 speri(:':\.s~;~:1h_l:' f,1r .!·ifr•-r·,,-cJr, 
Lc:--,i'.:-' t,, c;,,orcir:,' ti,(• ,.: '.(·, t c; 1Jf d p1·,\lutai1l. ASf:1 '.')ltJ fd:.., .-'1:ccr;c,1:: 

'.•i,1t 1_•r i ,1 l-..:, f 1 l:; L-.:'.t· l ph; t.1. P.\. p;1 1(l()_ 1 ~ (1. 

L;:r, J.H. ]'!74. Ei,,st 1lJSi il;,I ,\11;;]•;:-;is. Pn,nt ir,•-!L;I], 1:1, ., 
lr1 ~\ ] I'"• " , (\ C ] I ff ;-. , \ . i • 
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TOX1C1TY TEST PROTOCOL usnc MYSID Sl!RnlP 

1 I· , , :·,,, ~ , , i n ;: a q , 1,ir i u~- l n r c· r: o \' c i n c i dc 111 ,1 I h21 chc:-:. h\1en a 

signi f i< d:1t (',,3=->, IL11<h occ11 1·;-;, is<Jl,1LP thr• nch-l\· hi!tchcd individu~Js into 
l h i, i r o ·.-. : 1 c c, n I :, i i 1(' r . 

j i ]Ji ,; ) • 

4 Fill ·.:,c:, Le-st cont:1i11,r:-c (J effluent conLE:-ntr,1Liuns 311d 2 c()nlrols, one for 
dj lut ion 1,,iter an<! 1rnc f"r the hr inc, all replicated 5 Li,.1es; 1,ith 2()(1 mL of 
les 1. suJut.iun iJr,li arr,rn;-.:0 there rancloml1· i11 a constant Ler:1pcralure ron". or waler 
hdth al l'JcC. HCJ\'f' zi codcci numhcr on each replicate Lest co,1lainer lh3L 
corresponds Lot.lie C<Jrn:,·t replicate num:ier and concentralinn. 

J. Pa;1d,1mi;,c, the J t!:,1 <1ld _j1,\cnil0 rr.ysids into 35 randrmi1..ation cup:-;. Place 
:2 ml',;itl, at ,, t.Lrnc i11L" cr1d1 of Liu· J':i cups unti.i eGch cup hn.s exnct 11' 10 
_juq0 nile rn1·sids .i:1 it(•":-'.· 2 :1:1iIT',c1ls jp cup 1, then 2 ani1:1zils in cup 2 and sn 
on until e,1c:h tJf tlw '':", cllp:-c Ince 2 anir1:ils, then start the ,.,hole pr,icc.ss atc:1in 
,lilt: 11r 1 " ,,,.,r] 1;;,:, I :1I ! h.i\'1· !'' :,11i::1,1I, i11 tlic:n). ll.-:v tl·,c· n;::~muG, ,,:-.nunt r,• 
\·.,"I\ '' /' r I/ r \ l I j _c; i' r, ,1 I,,_,;. 

(). '::tu c1ll 111;1-. 11.1\·,, 1·\::rl I\ 111 m1sitl:-: ir, t:1/·m, p,>1.11 ilii'.' il'.\:-::ds i11t1J 11:(: 

I I ',-: ! ( , 1:1 I , 1 i I 1 1· 1· ;-, . ~ i:i I- < · ·"'II [' 1· I l II II:\ ,-; i 1 ! '; i I rt' l f' I t i I I I ) I, , r ,1 I Id , II,'. i 1/ d I i 11 I I ( ll JJ S • 
C:1,unl 11:c· 1111:·:l,,,r· ,1f' i:1\-:i,I,; ir, i•;H·l1 tr•s: crrntilirir•r 111 vcrifl' l~i,Jl e:orl1 ~Lie: 10 
j ll 1·, ii j I('.',. 

2. 

3. fnr f ( J ( J(} (> 

7. Feet'. UH t C':".I naur]jj (100 
nauplji/m;sid/dal'). 

8. Remove all dccJrl r.nsids J-1ily ari,! record. 

9. ,\L 9(i hours cuunl Ll1c n1w,l>er of live mysicls in each container and record. 
Use lhc code, ciftr·r cnunt ir1,~, L,1 gel the correct concent.rc1tion for each count 
(sec :i4). 

JO. C,1lrul:1tc· Ll1i• pr·11r·r1t,1;-,1• ()f ivi11:·. ,ind de;1e] mysids fnr e:ic:]1 replicate, 
lr,111.c;fqr·r:1 tlii:~ 111•rr(•11l,1:.''' v,11111· l<> 11rc:;i11r' of lire sq11:11r· r()nt, nr1d conduct nn 
an;1lysis uf Vilri11r1cr· (!\~()\',\) t,1 rliscr·rn dii'fC'rcncc·s hct1,ecn conc<"nlration;-;. 
ConpEHC' c:irh conccntrdlj,Hr l<1 tire control usin:,?, a Dunnett's mulli.ple comparison 
t.est. Dctermj11e the· tWEI, valt1c ns the hiµ,hest cnncentration that is not 
significzinlly different frorn Lhr, contnl (al fl< 0.05). 
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BIOASSAY DATA SHEET 

DATE: 
ORGANISM: 
TOXIC/INT: 
CONCENTRATION R1\NGE ( pph or :~): 

---
Container Cone. Numher Dead Number Percent Not f'S 

number (pph or %) Dar 1 Dav 2 Dav 3 Dav 4 Alive Alive 

-

~ 

~-

--

-

--
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--

WATER QUALITY DATA SHEET 

ORGA~IS~: TOXICAn: 
-

~E BE..\KER 
KC•mER 

NOMI\AL DO pH 
CONCENT.R HION ( rT,:11H g) 

I 
( ppb = wg/l) 

SALINITY TEMPERATURE 
(ppt) (degrees C) 

-
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