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ABSTRACT

Four freshwater fish species were evaluated for use as standardized test
fishes in the National Pollutant Discharge Elimination System (NPDES)
compliance monitoring program within California. The project was arranged
into two parts. Part I was directed to an extensive review and eventual
selection of species having the greatest potential for routine applications

in a statewide pregram. Species selected were rainbow trout (Salmo gairdneri),
golden shiner (Notemigonus crysoleucas), fathead minnow (Pimephales promelas),
and threespine stickleback (Gasterosteus aculeatus). Part II involved
extensive testing of the selected species to reference toxicants, salt (XaCl)
and sodium pentachlorophenate (PCP), at designated intervals throughout

the year to determine reproducibility of results. Speciles response sensi-
tivity and response consistency to the toxicants revealed a reversal
phenomenon. Fathead minnow and golden shiner were more sensitive and
consistent with NaCl than rainbow trout and stickleback. The PCP tests

showed the exact opposite.

Based on considerations of fish availability, cost and biclogical response,
rainbow trout and either fathead minnow or golden shiner are recommended as
primary species for routine testing in cold water (14-189C) and warm water
(20-249C) conditions, respectively, although some problems with vear-round
availability of proper-sized specimens need to be resolved. Routine test
duration may be reduced to shorter time intervals on specific waste effluents.
Routine toxicity tests should use 20-30 individuals per concentration;
preferably with concentrations arranged to provide at least three partial
responses.
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CONCLUSIONS

On the basis of their use in California and elsewhere, rainbow trout,

golden shiner, fathead minnow and threespine stickleback were examined

to determine their suitability to serve as standardized species for
testing toxicity in California's National Pollutant Discharge Elimination
System {NPDES} compliance monitoring program.

Rankings of the selected species, based on criteria of availability,
logistics, costs, laboratory holding success and biological response to

reference toxicants, indicate that (a) rainbow trout are best suited for

routine testing of toxicity under cold water (14-18°C) conditioms; and

(b) fathead minnow or golden shiner are best suited for routine testing

of toxicity under warm water (20-24°C) conditionms.

Problems regarding use of stickleback in routine toxicity tests cast
some doubt as to their usefulness in California's NPDES compliance
monitoring program.

Rainbow trout exhibited greatest sensitivity and lowest variability in
response to the organic reference toxicant pentachlorophenate (PCP).
Fathead minnow and golden shiner exhibited greatest sensitivity and
lowest variability in response to the inorganic reference toxicant
sodium chloride (NaCl).

Trout, minnows, and shiners are, or could be, commercially available
(cultured) in sufficient numbers at the right size to meet present and
future demand. Stickleback also can be made available on the same
basis, but must be secured from wild populations.

Use of 4-7 week old fathead minnow and golden shiner may improve

testing.



10.

1l.

12.

Commercial costs of test fish have risen sharply since 1974. The 1978
average cost to conduct a single bioassay test using 60 fish (& test
concentrations at 10 fish per concentration) was $18.00 for rainbow
trout, $7.00 for fathead minnow and for golden shiner, and $15.50 for
stickleback.

The Department of Fish and Game (DFG) may have to provide test fish

at cost if commercial supplies are unavailable or costs become
unreasonable.

The logistics of fish supplier-to-user may be critical in some areas
of the State.

Quality control at sources of test fish supplies may greatly improve
test reliability and usefulness.

Routine test duration (96-h) may be reduced to shorter time intervals
on a case-by-case basis.

Increasing the number of fish per test concentration tends to reduce
the interval between confidence limits, thereby improving test

reliability.



RECOMMENDATIONS

The following recommendations apply to the conduct of routine freshwater

toxicity bioassays for NPDES compliance menitoring programs in California.

1. Rainbow trout should be standardized for testing toxicity of waste
effluents under cold water (14-18°C) conditions.

2. Fathead minnow or golden shiner should be standardized for testing
toxicity of waste effluents under warm water (20-24°C) conditionms.
When available, testing should be conducted with 4-7 week old juvenile
fish. Use of spawning stock must be avoided.

3. Stickleback could be discontinued for use in routine bioassays. In
the event there is strong pressure to continue use of this specles,
then it should be provisional and restricted to the San Francisco Bay
area pending outcome of a study.

4, The DFG should provide test fish at cost if commercial supplies lack
suitable quality, become unavailable, or costs become unreasonable.

5, The feasibility of establishing fish culture facilities to provide
4-7 week old fathead minnow and golden shiner year-round should be
seriously examined. For this purpose, a pilot facility should be
established at the Fish and Wildlife Water Pollution Control Laboratory
(WPCL) and funded by the State Water Resources Control Board (SWRCB).

6. Sources of test fish should be located in several strategic areas in
the State to better serve testing laboratories.

7. A test fish quality control program should be established to certify
fish stocks or waters from which fish stocks are collected. The project

should be assigned to the Bioassay Laboratory Certification Program at



WPCL as a primary responsibility. Funding for the program should be
provided in the annual contract negotiated between the SWRCB Legal
Division and the DFG.

Routine test duration should continue to be 96-h; however, based on
case-by=-case experience, the period could be reduced.

Routine tests should be conducted with 20-30'f1sh per test concentration
(in 10 fish replicates); preferably with concentrations arranged to

provide at least three partial responses.



INTRODUCTION

The use of fish biocassays is widely accepted as a valid approach to evaluate
acute toxicity of waste substances (Doudoroff, et al. 1951; Sprague, 1969-1970;
MacLeod, 1972; Martin, 1973). Properly designed and implémented, the test can
be invaluable to regulatory agencies to monitor and help control disposal of

toxic industrial and municipal wastes.

A major drawback in the use of toxicity bloassays for regulatory purposes has
been the response variability of test organisms. Response variation--both
interspecific and intraspecific--is inherent in the analysis of biological
systems. Also, age, race, and prior acclimation can modify the response
characteristics of test organisms and, thus, complicate interpretations. It
has been suggested by Lennon (1957, Sprague (1969), and others that many of
the problems associated with organism response variability can be corrected

through standardization of test animals and test procedures.

The purpose of this study was to examine and evaluate several freshwater fish
species commonly used in California for testing acute toxicity of wastes con-
tained in freshwater effluents and to provide recommendations for their appli-
cation in the State's National Pollutant Discharge Elimination System (NPDES)

compliance monitoring program.



BACKGROUND
Toxicity Control Program

Acute toxicity biocassays have been used by California pollution control agencies
to help regulate toxic industrial and municipal effluents since 1959. The early
effort was confined to>the northern part of the State and consisted of evalu-
ating effluent impacts upon aquatic populations of a few selected rivers,
estuaries and ocean areas. The California Department of Fish and Game (DFG),
operating within its statutory responsibilities to protect aquatic life (Fish
and Game Code Section 5650}, requested that toxicity limitations be included in
the requirements of waste discharge orders issued to dischargers by Regional
Water Quality Control Boards (RWQCB). Toxlcity limits of effluents discharged
to state waters were usually expressed in terms of the 96~-h median tolerance

limit (TLg)Y/

Compliance was determined largely by self-monitoring in which
tests were conducted by the dischargers and results reported to the RWQCB.

Enforcement actions, if necessary, were initiated at the discretion of the RWOQCB.

The DFG recommended and revised conditions of bloassay testing based on the most
current available information. There was little attempt, however, to standardize
procedures or test organisms. Procedures were designed to accommodate specific
situations, and test crganisms were usuglly fishes indigenous to the receiving
waters. Species commonly used were the threespine stickleback, rainbow trout,

and king salmon {(Oncorhynchus tshawytscha),

1/ TLy is defined as the concentration of toxicant that will kill 50 percent
of the test organisms at a specified time. This term 1s no longer in
common usage in the current literature--being replaced by the term LCsg.



With impetus provided by enactment of the Federal Water Pollution Control Act
Amendments of 1972 (PL 92-500), and direction and financial support by the

U.S. Environmental Protection Agency (EPA) through Section 106 of the Act,

the State Water Resources Control Board (SWRCB) initiated a new program which,
in part, would establish the acute toxicity bioassay test as a routine procedure

for NPDES permit compliance monitoring throughout the State.
Laboratory Certification Program

The program, initiated in 1973, was designed to provide reliable characteriza-
tion of wastewater effluents by improving analytical performance of waste-
water laboratories. The main thrust was to develop and implement a responsive
Laboratory Quality Assurance (LQA) program which involved elaborate inspection,
testing, and evaluation of facilities desiring certification. The new LCA
program improved the existing State Department of Health Services (DHS)

program which had been in effect under statutory authority since 1953. The
early DHS program had been concerned only with chemical and microbiological
laboratories and suffered from lack of sufficient funding. The new program
mandates certification of all analytical laboratories that conduct analyses for
NPDES compliance monitoring and provides sufficient funding to implement the
accelerated effort. Funds are provided by the SWRCB through separate annual
contracts with DHS and DFG. DHS conducts inspections of and evaluates chemical
and microbiological laboratories, whereas DFG has responsibility for bioassay
laboratories only. Authority to certify all laboratories rests solely with
DHS. The DFG provides an advisory function to DHS, recommending actions

relative to certification of bioassay laboratories.



The initial effort in the Bioassay Laboratory Certification program was tc
examine existing practices within bioassay laboratories. The examination
revealed a general lack of standardized testing procedures, making it difficult
to interpret and compare results. Most laboratory technicians were following
procedures outlined in the most current edition of Standard Methods (APHA);
however, due to lack of detail in the reference, procedures were broadly
interpreted by the analysts. To correct the deficiency, standardized testing
procedures designed specifically for California's NPDES compliance monitoring
program were prepared by DFG (Kopperdahl 1976) and subsequently approved by

the SWRCB as the official guide.
Test Species Selection

At the very onset of the Bicassay Llaboratory Certification program it was
believed that much of the variability observed in results of similarly conducted
biocassay tests was directly attributable to the test organism. It was further
believed that statewide acceptance of the test for NPDES compliance monitoring
programs would depend upon the use of fish species which would provide both
consistent and reliable results for a given set of conditions. Investigators
evaluating toxicity in San Francisco Bay (Wilson and Hazel 1971; Esvelt et al.
1971; Brown and Beck 1972) had pointed out that species selection was critical
to test reliability and proposed designating the golden shiner as the standard-
ized bioassay test fish for California. 1In comparative tests, Wilson and

Hazel (1971) found that golden shiners displayed greater sensitivity and more

consistent results than were observed with the commonly used stickleback.



Considering the prospect of both expanded use of bioassay testing throughout
California as an integral feature of controlling toxic waste disposal and

the regulatory implications of test results, the SWRCB contracted with the
DFG to examine and evaluate candidate freshwater fish species for applica-
bility in the State's NPDES compliance monitoring program. The project was
jointly developed by the SWRCB and DFG under Interagency Agreement No. 3-2-77
and was conducted at the DFG Fish and Wildlife Water Pollution Control

Laboratory (WPCL) at Rancho Cordova.

Work was arranged into two parts. Part 1 (Feasibility Studies) was directed
to an extensive review and eventual selection of freshwater fish species
having the greatest potential for routine application in a statewide bioassay
program, Part 11 (Toxic Response Studies) involved extensive testing of
selected species with reference toxicants at designated intervals throughOuf
the year in order to determine both the reproducibility of results on a
seasonal basis and the appropriate test duration. Results of this study
provide a rationale whereby the SWRCB and RWQCB's can objectively designate

test fish species for use in NPDES compliance monitering programs.



PART 1 - FEASIBILITY STUDIES

Methods and Results

The purpose of this part of the project was to assess the relative merits of
freshwater fish species having greatest potential as a standardized test
organism for use in acute 96-h static bioassays throughout California. To
attain this objective several tasks were identified in Exhibit A, Interagency
Agreement No. 3-2-77. For clarity, each task is restated and is followed

by a presentation of the information acquired from this investigation.

Task 1

The following four fish species represent primary candidates for the Californie
standard toxicity bioassay: (1) rainbow trout (Salmo gairdneri Richardson);
(2) golden shiner (Notemigonus crysoleucas Mitchell); (3) fathead minnow.
(Pimephales promelas Rafinesque); and (4) threespine stickleback (Gasterosteus
zculeatus Linnaeus). Describe the merits of each as a2 standard organism as
well as less decirable features from known biclogical dste. List other

species considere? potentially useful as standard test orpanisms and which
night be the subiect of future investigations.

Obtaining information about each of the primary test species as well as other
potential test species recuired an extensive review of the biological literature.
This was accompliched by physical review and computer-assisted search of the
published literature dating back te 1917. This survey revealed several
potentially useful test organisms, including both fishes and invertebratec,

as well as production and testing methods. This information has been compiled,

indexed, and retained at WPCL.

The characteristics of candidate specles were compared with developed criteria

to identify those organisms useful for bioassay. Other investigators

10



(Adelman and Smith 1976) havé also described selection criteria which closely
correspond to qualitie; deemed necessary by this investigation. The selection
eriteria of this investigation were:

1. availability of quantities of test organisms of desired size;

2. availlability of quality test organisms;

3. current use in bioassay evaluations; and

4. consistent response to toxicants when tested under similar conditions.

A system employing a scale of 1 to 3 was used to rate each species (Tables

1 and 2). Summation of these rating scores described the ability of a species
to meet this criteria set and thus the species suitability for bivassay evalua-
tion. This numerical assignment, based on published information, could be
changed as new information about a particular species became availaﬁle. The
objective was to consider other species as well as those specified in the

Agreement.

The first criterion evaluated available information concerning the potential
production of each sﬁecies. It was assumed that any species which was currently
in commercial production (i.e., hatcheries, farm ponds, etc.) fully satisfied
the criterion. Those species which had sufficient information on production
methods available in the literature but were not currently under production
were rated intermediate. Species which could not be commercially cultured or
species for which only limited information was available did not meet the

criterion.

The second criterion evaluated the potential for quality control in the produc-

tion of test organisms. To fully meet this criterion an organism must have been

11
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successfully cultured, Those species which had not been cultured but appeared
to offer reproductive characteristics conducive to such culture (ease in
coliection and propagation of eggs) were rated intermediate. Those species

with little or no information on culturing did not meet the criterion.

The third criterion rated the past and present us#ge of the organism for
laboratory bioassay testing. Organisms which had been used in bioassay testing
fully met the criterion. Those with little use over the years were inter-
mediate, and those with no use did not meet the criterion. This criterion

was designed to measure potential acceptance of the particular species in

laboratory testing programs.

The fourth criterion, consistent response to toxicants, was the main purpose
of the experimental evaluation portion of this project. Discussion of this

criteria will be presented in Part II.

Task 2

List hatcheries, locations, or other areas in the State where the four
primary species can be obtained. Determine quantities of suitable size

for bicassay at each location. Describe size (length and weight) and age
each month of availability.

Two surveys (1974 and 1978) were conducted to identify commercial suppliers
of fish for bioassay purposes (Table 3). The 1974 survey, primarily mail
contact with licensed commercial fish breeders, indicated that only 11
facilities were interested and capable of supplying suitable freshwater fish

for bioassay. We must assume most operators were simply not interested

since only 64 of 160 questionnaires were returned.

14
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The 1978 telephone survey indicated that 15 (a 36% increase) commercial
suppliers are interested and capable of providing bioassay fish, Currently
there are seven sources for rainbow trout, golden shiner, and fathead minnow
and two sources for stickleback. The rainbow trout sources are conventional
hatchery facilities, whereas the golden shiner and fathead minnow sources

are bait-fish farms. Stickleback are all collected from the "wild".

Most suppliers (10) are located in northern California, and all four candidate
species are available through them. Commercial suppliers in southern

California are capable of providing all species except stickleback.

Rainbow trout of desired size are available 3 to 5 months of the year (March-
July); however, one supplier indicated trout of suitable size could be pro-

vided throughout the year. The other species are always available.

Information provided from the 1974 mail survey on size (length and weight)
availabilityv of the various species was insufficient. Respondents either
did net specify any size or had difficulty providing a monthly size profile.
Those listed in Table 3 indicated in 1974 they could supply fish of the size
necessary for a contirnuous testing program. This was verified verbally

in 1978.

Task 3

Calculate the current monthly and annual use of fish by certified biloassay
laboratories, and describe regional patterns of demand. Determine whether
each of the candidates can be obtained at present in sufficient numbers in
each region to be able to supply the demand throughout the year if it were
chosen to be the single bioassay organism. Describe any situations where
extensive transport may be necessary.

lé



Results of two telephone surveys conducted in 1974 and 1978 to determine
usage of biloassay fish for NPDES compliance monitoring programs show sub-
stantial increases (Table 4). The 1974 survey, involving contact with fifty
certified bioassay 1aboratories;£/ indicated that approximately 128,000 fish
of various species were used statewide. The most commonly used fish (96%)
was the threespine stickleback. This reflects practices in the San Francisco
Bay area where the San Francisco Bay RWQCB specified stickleback use for
bloassays and requires a number of dischargers to conduct toxicity tests.
King salmon and golden shiner were the only other species of consequence,

and their combined contribution was enly about 4% of the total.

The 1978 survey indicated that bioassay fish usage had more than doubled,
and species other than stickleback were being used in greater numbers.
Again, stickleback dominated, principally because of their use in the
San Francisco Bay area. Although stickleback usage over the four-year
period had increased by 41%, they constituted only 63% of the 1978 total

as compared to 967 in 1674,

The overall increase in fish usage reflects an increase in waste discharge
toxicity requirements, some of which are now being established on southern
California dischargers. Approximately 240 waste dischargers are currently

required to conduct toxicity bioassays.

2/ Non-public health laboratories approved for water and waste analyses by
the California Department of Health--1974 listing.

17



TABLE 4. Estimated annual quantity of freshwater test=fish species used
by certified biocassay laboratories relative to NPDES permit
compliance for calendar years 1974 and 1978,

Species
Stickleback

King Salmon

Golden Shiner

Rainbow Trout

Fathead Minnow

Channel Catfish
Ictalurus punctatus

TOTALS

1974 1978

No. Labs. No. Fish No. Labs. No. Fish
45 122,500 49 173,000

2 4,000 2 11,000

2 1,000 8 37,000

1 100 8 21,000

0 0 13 21,500

0 0 1 900

8/
50 127,600 68 274,400

a/ In 1978, 68 certified laboratories conducted NPDES biocassays, some
using more than one species.
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Bioassay laboratory personnel have indicated difficulty in obtaining rainbow
trout of sufficient size during the late summer months and, therefore, have
turned to other species. Since the principal effort of the few commercial

trout suppliers is to raise fish for food and sport and because the bioassay
market is only incidental to their operations, year-round coﬁmercial supply

may not be practical or even probable.

Potential does exist, hoﬁever, for year-round production of suitably-sized
fish (100-300 per 1b) at state facilities. Presently, DFG hatcheries produce
rainbow trout of suitable size 7 to 8 months each year. With sufficient
planning and coordination, this could be lengthened to 12 months (Estey, DFG,
pers. comm. 1977). As indicated previously, candidate species other than
rainbow trout appear to be available at any time of the year in sufficient
numbers to meet current and, most likely, future demand. Transportation of

test fish from suppliers to laboratories 1s not a technical problem.

Task &4

List the average price or cost of obtaining each species asked by private
suppliers for the size normally used for bioassay. Describe any significant
variable which influences pricing. Note the influence of geographic location,
season and suppliers upon pricing.

Prices of bioassay test fish have greatly increased during the past four
years for most species as indicated by surveys conducted in 1374 and 1978
(Table 5). The range of costs depends upon the quantity ordered and the
distance shipped. As might be expected, the cost per unit decreases with

corresponding increases in quantity ordered. The most significant increase

has been with rainbow trout where the cost has risen from an average of $.07
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each in 1974 to $.30 each in 1978. Except for very high priced fish from one
dealer (51.05 each), most rainbow trout can be purchased in the range of

$,12 to $.18. One southern California operator will supply trout gree.of
charge FOB hatchery site. The hatchery, however, is in a remote location and
use of this source is expected to be minimal. Interestingly, stickleback

prices (Ca $.25 each) have not risen sharply during this period.

The average cost of fish to conduct a single, standard, 10-fish-per-
concentration, LC5( bloassay test (total of 60 fish) in 1978 is $18.00 for
rainbow trout (range $7.20 to $63.00), $7.20 for fathead minnow and golden

shiner (range $1.20 to $18.00), and $15.50 for stickleback (range $13.80

to $18.00).

Trout can be produced at considerably less cost at DFG hatcheries, although
costs have also risen. In 1974 DFG trout production costs were approximately
$0.02 per fish (Bruley 1975) increasing to $0.05 in 1978 (Bruley 1978). These
costs are substantially less than commercial costs. King salmon costs are
not included since the only source of these fish is from a federal facility

which provides fish for limited use in specilalized cases.

Task 5

Describe optimum procedures for transporting each of the species, rating their
relative hardiness in tramnsport, recomsended maximum distance of travel and
time in tramsport.

The well being of test fishes during their transport from supplier to

laboratory depends on maintaining stress factors at minimal levels. Effective

procedures must, therefore, be designed along this concept.
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Major stre#s factors during fish tramsport include thermal shock, water
hardness shock, toxic effects of waste product build-up, dissolved oxygen
stress, handling stress, and disease susceptibility. All candidate species
can be transported from supplier to areas of need without great difficulty
providing they are not crowded, dissolved oxygen is maintained above S mg/l,

low temperature is maintained, and transit time does not exceed eight hours.

Task 6

Estimate the extent to which each of the present fish stocks can be increased
at each location with present facilities, personnel and environmental condi-
tions.

Analysis of written and telephone communication with suppliers of the different
specles revealed increased supplies of stocks could be developed. Interested
suppliers thought they could provide test species either with their existing
facilities or would expand to meet the demands if economically feasible.
There would be a lag time of approximately one year to set up production.

The two Bay area suppliers have expanded their facilities over the past few
years and probably will continue to do so as long as the economic incentive
is present. The species to be used and numbers required by laboratories for

each geographic area must first be determined before details can be planned.
Discussion

Review of the literature on organisms used in bloassay evaluations revealed
several potentially useful species for standardization purposes. The four

species originally selected for the response evaluation, however, were
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considered the appropriate choices for detailed study as they have been usgd
extensively in bioassay'testing programs in California and elsewhere. Three
of the species, rainbow trout, golden shiner, and threespine stickleback
have been used in California for many years. Although not used prior to
1974 in California, the fathead minnow was added for several reasons: The
EPA has been closely examining this species; local supplies were avallable;
and because its biological characteristics compared favorably to the three
other selected species. As time and need permits, other species, including
invertebrates, should be examined for applicability in routine biocassay
evaluations. One of the more promising fish species deserving consideration
is the red shiner because of its biological characteristics and commercial

availability (Table 1).

The Survey of commercial sources revealed that any of the four species selecteg
could be provided in sufficient numbers to meet current demand. Fathead
minnow, golden shiner, and rainbow trout are available from suppliers through-
out the State. Stickleback are available only from two suppliers who cellect

them from wild populations.

Most suppliers are located some distance from principal areas of use, and

this may be one of the more critical aspects of an expanded program. It wouid
be desirable to locate sources of supply near areas of high use. This could
be accomplished by establishing holding facilities at strategic locations from
which certified laboratories could draw. The current program, however, does
not suffer greatly from lack of centralized fish stocks since procedures

for shipping small batches of fish have been developed with some suppliers.
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With the exception of rainbow trout the other candidate species are avail-

able at the desired size throughout the year. Most commercial suppliers of
rainbow trout indicated these fish can be provided only from 3 te 5 months

of each year, By contrast, trout of suitable size are available at one of

DFG's hatcherles up to 8 months, and perhaps this could be extended to a

full year with proper planning.

Costs of biocassay fish from commercial sources have risen sharply during the
past four years, and this trend can be expected to continue. Current costs
of fish to conduct a single LC5p-bioassay vary between §1.20 and $63.00
although most costs appear to fall within a range of $7.20 to $15.50. The
most economical fish to test, in terms of commercial costs, are golden shiner

and fathead minnow.

Costs of rainbow trout reared at DFG hatcheries have also risen, however, they
are considerably less than commercial costs. For example, the 1978 cost for
60 fish used in a routine, 10-fish-per-concentration, LCs5y test is approxi-

mately $3.00, excluding shipping costs.

Comparing costs of State-reared fish with those of commercial suppliers

calls attention to an important consideration. Since the State requires

these bioassays to be conducted, it is obligated to encourage use of the best
quality test fish for the least cost and which can be supplied in the most
efficient and practicasl manner. It has been assumed that commercial suppliers
will be able to provide good quality test fish at reasonable cost. However,
if these suppliers are unable to provide low—;ost, quality fish, then the

State may have to assume the role of supplier. Under this circumstance, fish
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would be provided to users at production and transport costs. This alterna-
tive is not necessarily desirable and would be explored only if commercial

participation was lacking or inmadequate.

The quality of supplied test fish, in terms of sensitivity response (LC50 value)
and consistency of the response over time is the most important aspect of

this project. This will be the focus of Part II.
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PART 11 - TOXIC RESPONSE STUDIES
Objective and Scope

The fourth criterion identified in Part I (Feasibility Studies) regarding
test fish selection--consistent sensitivity response to toxicants when tested
under similar conditions--was the basis for the laboratory experimental
program. The objective of this part of the study was to examine selected
fish species to identify those that display consistent mortality to reference
toxicants as determined by 96-hour (h) static biloassays. The four selected
test species (rainbow trout, golden shiner, fathead minnow, and threespirne
stickleback) were compared under conditions paralleling those used by other
laboratories conducting routine bioassay evaluations. The basic laboratory
program consisted of replicated 96-h bioassay testing of the four specie;

in two toxicants at six time intervals over a one-year period. In addition,
selected industrial and municipal wastes were tested. Standard biloassay

procedures followed those described by Kopperdahl (1976).

Information obtained during this part of the study also provided an opportu-
nity to examine and evaluate the length of time required to conduct short-
term, routine standardized tests and the number of test animals per concentra-

tion necessary to provide a reliable estimate of toxicity.
Methods and Materials

Sources of Fish Stocks

The test fish used during the laboratory investigations were obtained from

commercial sources identified in Part I (Feasibility Studies). Initially,
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plans were made to purchase fish stocks from different locations to minimize
test blas from any one geographic source. During this project, however,
commercial sources of fathead minnow, threespine stickleback, and rainbow
trout became limited--altering the basic plan. A single source of fish
(test lot) was used for each testing period (series), and intermixing of
different stocks of the same specles was always avoided. The suppliers of

fish used in the study and costs of fish are indicated in Table 6.

Transport of Fish Stocks

Initially, fish were transported in insulated containers by truck. During
transport, air was supplied continuously to each container by a battery-
operated pump. After the second reference toxicant test series, the mode of
shipment was changed. With the exception of rainbow trout, fish were patkaged
in plastic bags (1000 fish in 16 liters of water) which were inflated with
compressed oxygen gas and sealed with a twist tie. The fish were then
transported by truck to the laboratory. Using the latter method the fish
in-transit mortality was held to less than 0.1%. Trout were loaded in
125-1iter containers (1000 per container) with approximately 96 liters of
water and ice. During transport, tanks were aerated with pumps, and tempera-

tures were maintained at 10—12°C.

Laboratory Handling of Fish Stocks

Fish arriving at the laboratory were allowed to acclimate to holding tempera-
ture by placing the shipping containers, with fish, into large (523- to
1,064-11iter) holding tanks. The fish were released into the holding tank

after the water temperature had equalized (usually in less than one hour).
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This procedure reduced stress to the fish during initial laboratory handling.
Each holding tank was aerated and supplied with fresh water from the
American River. The water was filtered and passed through an ultraviclet
treatment unit (Refco Purifier Model RL-120-95), before entering the fish

holding tanks to control any diseased organisms originating from the water

supply.

The long holding period of individual test fish lots (30-days) and the
density of the fish stocks in each holding tank (2,000-3,000) required a
vigorous ongoing treatment program against infectious diseases. The DFG
Fish Pathology Laboratory recommended a prophylactic tteatﬁent which could
be applied routinely to incoming lots of fish (Appendix 1). This treatment
controlled most external scurces of infection through exposure of the fish
to various chemical treatments. The routine treatments were periodically
evaluated by comparing mortality of treated groups of fish against similar
groups which did not receive treatment. Untreated fish rarely survived

the second week of holding due to massive disease outbreak; Columnaris was
the most prevalent. Treated fish were less diseased, and usually sufficient

numbers survived the entire 30-day holding period.

Initially, an attempt was made to hold fish in water near the same hardness
as that of their collection point since there was concern that this factor
might modify their toxicant sensitivity. The attempt was abandoned, however,
when within forty-eight hours all fish groups experienced extremely high
mortalities (10-30%). 1t was then decided to maintain the fish stocks in
filow-through tanks, eliminating the inherent adverse problems of static

systems such as accumulation of uneaten food and waste products.
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A diet which could be fed to all species was required to eliminate possible
bias due to different nutritional formulations. Additionally, this diet had
to be: (1) readily available ip small quantities, (2) nutritionally balanced
with the constituents remaining unaltered during reasonable storage time,

(3) readily accepted by test fish specieq with little or no conditioning
period, (4) non-fouling in the holding tank water, and (5) reasonably priced.
Examination of many different diets resulted in the selection of Tetra-Min(R)
(standard diet) staple food. Except for rainbow trout, this diet was main-
tained throughout the test program. During the initial stages of the study

(R) did not appear to satisfy the nutritional needs of rainbow trout.

Tetra-Min
Consequently, beginning with the fourth reference toxicant test series
(November~December 1975) and continuing through the remaining testing, this

(R)

diet was replaced by Purina Trout Chow , a diet specifically formulated

for rainbow trout.

Dilution Water

Chemically formulated hard or soft water was used as dilution for each of
the tests (Table 7) based upon formulations presented by Kopperdahl (1976).
A 1900-1liter mixing tank was used to mix de-ionized American River water

with the formula constituents. After mixing, hardness and alkalinity were

adjusted as necessary.

For ease in moving large volumes, test dilution waters were pumped from the
mix tank via overhead lines to the two testing rooms. The remote controlled

pump permitted an operator to easily fill test tanks or toxicant mixing
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TABLE 7. Chemical characteristics of test dilution waters used during
reference toxicant testing program.

Farameter Soft Water , Hard Water
Alkalinity (mg/1) 30-35 110120
Hardness (mg/1) 40-48 160-180
pH 7.2"7.6 ' 7.6'8.0

Formulation Quantities (mg/1)

NaHCO3 , 48 192
CaSOh 2H20 30 120
MgSO, 30 120
KC1 2 8
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tanks to appropriate volumes. Fathead minnow and golden shiner were eval-
uated in hard water, and rainbow trout and threespine stickleback were
evaluated in soft water throughout the entire reference toxicant testing

program.

Basic Test Procedures

Stocks of test fish were held in large flow-through tanks for one week after
drug treatment to ensure a healthy stock (Blaxhall 1972). Groups of 250
fish were removed from the holding tanks, transferred to 1llé4-liter acclima-
tion tanks, and held at a density of 1-2 gm fish/liter. Hardness and
temperature of the acclimation water were adjusted to match the test condi-
tions before introduction of fish stocks. Acclimation water was circulated

through filters to maintain the integrity of the water (Spotte 1970).

After a 3-day acclimation period, groups of fish were selected for replicate
bioassays (two aquaria per concentration) using 20-liter glass aquaria as
test tanks., Appropriate quantities of toxicants were added to each aquaria
and then filled to volume by the overhead dilution water delivery system.
In cases where only small volumes were needgd, a large graduated cylinder

was used to achieve the appropriate dilution level (Steele and Rectenwald 1976).

The fish were hQndled as little as possible to minimize physical injury.

The groups to be acclimated each week were measured volumetrically by weight
using the scale method (Leitritz and Lewis 1976). This method eliminated
removing too many fish from the holding tank and minimized netting stress.
Surplus fish removed from the holding tank and not used for experimentation

were discarded. This was done to eliminate, from subsequent tests, any
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possible bias that might occur through a modified response to toxicants by

the net stressed individuals.

All nets used for transferring fish were first rinsed in tap water to remove
any attached material, sterilized in a 1% Wescodyne(R) bath for 30 minutes,

and then rinsed for several hours in clean water. This ﬁrocedure was estab-
lished to prevent possible cross contamination of fish stocks and subsequent

disease problems.

Just before introducing test fish, air lines were provided to each tank and
air delivery rates were adjusted to a slow bubble. Dissolved oxygen (D.0.)
levels in each tank were monitored, and, once above 5.0 mg/l, 10 test fish
were added to each tank. D,0,, pH, and temperature were recorded daily.
Rainbow trout and stickleback were tested at 14-18°¢ and golden shiner and
fathead minnow were tested at 20-24°C. The two temperature ranges were

maintained in separate constant-temperature rooms.

Individual bicassay tests consisted of 6 test concentrations (inciuding

control) with 10 fish per concentration conducted over a 96-h time interval.

Each test was replicated. Test mortalities were removed and recorded at

24-h intervals. Representative specimens were weighed (W) to the nearest

.0l gram and fork length (L) measured to the nearest millimeter. Condition
3/

factors (C.F.)~ were determined according to the equation in Leitritz and

Lewis Q976):

3/ Condition factor (or coefficient of condition) is the ratio of length to
weight and serves as an index to the condition of fish (degree of
well being).
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C.F. = Wx 105

L3

Reference Toxicant Tests

Standard reference toxicants were selected prior to the experimental evalua-
tions. Based upon preliminary research conducted by Adelman and Smith (1976),
sodium chloride (NaCl) and sodium pentachlorophenate (PCP) were selected

as the inorganic and organic reference toxicants, respectively. Their
investigation demonstrated these chemicals best meet requirements of a
reference toxicant according to the following criteria: (1) minimum vari-
ability in response of normal fish, (2) rapid detection of abnormal fish

by a deviant response, (3) rapid lethal action, (&) simple analytical
technique, (5) usable in static or flow-through bioassays, and (6) general
ease of laboratory handling. The formulation procedures of the two toxicants

are described in Appendix 2.

A 15 parts per thousand (ppt) NaCl stock solution (1007 concentration) was
used to prepare dilutions for test concentrations. It was observed, however,
following the initial week of stickleback testing that the 100% concentration
did not always provide sufficient mortality to derive valld LC50 estimates.
Consequently, additional quantities of NaCl were added to the stock solution
for the stickleback tests. The stock solution was also increased for some

of the rainbow trout tests. Concentrations prepared from the augmented

stock solution are expressed as percentages above 100X%. For example, 135%
test concentration is equivalent to 20.25 ppt NaCl. The PCP base strength
(100% concentration) was established at (.5 mg/l. No adjustment of this

standard was necessary.
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The reference toxicant testing program was arranged into six series; each
consisting of a maximuﬁ of four consecutive weekly replicated tests involving
each of the four fish species and two reference toxicants (Table 8). Test
series involving less than four weekly tests were attributed to problems of
fish availability. The initial week of testing was designed to establish

a general toxicity estimate (LC50) and define the limits of no response (zero
mortality) and total response (100% mortality) from which a better estimate
could be obtained in subsequent testing. Each consecutive week toxicant
concentrations were redefined, as necessary, to provide & more exact toxicity
estimate than the value established the previous week. The procedure

protocol is shown in Table 9.

Municipal and Industrial Effluent Testing

As an additional comparison of test species respomse, standard 96-h replicate
tests were conducted using municipal and industrial effluents. The municipal
waste consisted of grab samples collected from the post-chlorination basin

at selected waste treatment plants in the Sacramento area and returned to

the laboratory in Cubitainers(R). Initially, the chlorine level was determined
chemically. Based on these results, a standard test series was arranged to
bracket the reported LC50 of chlorinated effluent for the species to be

tested. This procedure was later modified since the majority of test fishes
died within the first heour. Subsequent procedure included a preliminary

test followed by the standard definitive test {Kopperdahl 1976). Agitation

of the test sclutions was minimized to prevent loss of volatiles.
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TABLE &,

94

111

IV

V1

Schedule of testing of candidate freshwater test-fish epeciee to
NaCl and PCP reference toxicants during the period May 1975 through

May 1976.

Date
5/14 - 20
5/21 - 27
5/28 - 6/3
6/4 - 10
6/11 - 17
6/18 - 24
7/16 - 22
7723 - 29
7/30 - 8/5
8/6 - 12
8/20 - 26
8/27 - 9/2
9/3 - 9
9/10 - 16
11/12 - 18
11/19 - 25
11/26 - 12/2
12/3 - 9
12/10 - 16
1/31 - 1/6
1/7 - 13
1/14 - 20
1/21 - 27
1/28 - 2/4
2/5 - 11
2/12 - 18
2/19 - 25
451 - 7
4/8 - 14
4/15 - 21
4122 - 28
4/29 - 5/5
5/6 - 12
5/13 - 19

Rainbow Golden Fathead
Trout Shiner Minnow Stickleback™
X X
X X .
X X X X
X X X X
: X X
X
X X X
X X X X
X X X
X X
X X X X
X X X
X X X X
X X X
X ) 4 X
X X b X
X X b 4 X
X X X X
X
X
X
X X
X X ) 4
) 4 X X
. X b & X
X X -
X
b 4
b 4
X b 4
X X X X
X X X
X X X
X
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The industrial waste was characterized by a high concentration of NaCl (20%)
along with minor unquantified constituents. The grab sample was collected
from the effluent line and transported in Cubitainers to the laboratory.

A preliminary test preceded the definitive 96-h test.

Data Processing

The LC50 estimates presented in this study are given in terms of percent
toxicant concentration relative to the stock solutions. All individual test
results were carefully scrutinized for discrepancies prior to deriving
toxicity estimates. Tests with major discrepancies, such as control
mortalities exceeding 20% or drastic non-linear mortality responses, were

designated invalid (Inv.) and discarded from further consideration.

Toxicity estimates of acceptable data were derived by two methods. The
preferred method inveolved a customized program designed for use in a
programmable calculator (Tektronix Model 31) which derived LC530 values and
95% confidence limits by probit analysis (Finney 1971). Test results with

control losses of 20% or less were adjusted by Abotts Correction Factor

(Finney 1971).

The alternative method, straight-line graphical interpolation (Doudoroff

et al. 1951), was used only in situations where the probit analysis program
failed to accept data. This occurred when tests yielded only two mortality
response points, gengrally O and 100%. Results from this approach were not
corrected for control mortalities of 20% or less nor were confidence limits

established.
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Toxicity estimates from the two methods of analysis provide approximately
similar values and, therefore, are considered comparable. However, since
more data points are considered in probit analysis, greater reliance can

be placed on the results obtained from this approach.

In addition to deriving toxicity estimates for individual tests, mortalities
of these tests were pooled (by species) to provide various combined LC50
values and 95% confidence limits. Weekly (combined replicates) LC50 and

95% confidence limits values were derived by pooling mortality observations
of each replicated test. Series values were derived by pooling mortality
observations of all tests conducted during a series. Combined series values

represent pooled data of all tests conducted during the year-long program.
Results

Reference Toxicant Tests

Test results for NaCl and PCP reference toxicants are tabulated in Appendix 3
(A,B), respectively. Data are arranged by speciles for each series and include
LC50 estimates and confidence limits (when possible) for both individual

and pocled test results. Confidence limits which exceeded the range of
concentrations tested are identified as not repérted (NR). LC50 values ob-
tained by straight-line graphical interpolat;on are jdentified by an asterisk.
References to individual test work sheets (maintained at WPCL) are provided

in Appendix 3C. Length, weight, and condition factor of fish used in the

tests are shown in Appendix 4. Length/weight data were not collected for

any of the candidate species during Series I and II, nor for stickleback during

the remaining testing.
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A total of 355 tests were conducted during this part of the study; 25 were
judged invalid due to unacceptablé losses in control groups or significant
non-linear toxic response. The results of these 25 tests were excluded from
consideration in pooled data evaluation. Another 29 tests were originally
scheduled but wéte not conducted due primarily to shortages of acceptable
quality fish. This occurred mostly in the latter stages of the earlier series
when disease developed rapidly in laboratory holding facilities and affected
both quantity and quality of test organisms. Holding mortalities during each
series were recorded (Table 10). Fifteen tests failed to yield specific
LC50's ‘due either to insufficient (less than 50%) or excessive (greater than
507) mortality in test concentrations (Appendix 3). The LC50's of these
tests are reported as being greater (>) or less (<) than the highest or
lowest concentration tested, respectively. These data are included in the

pooled evaluations.

Summaries of test results and procedural problems are presented below. The
information is arranged by species and includes graphical displays of data

summarized from Appendix 3.

Rainbow Trout. Excessive mortality in controls invalidated results of two

NaCl tests and four PCP tests and prevented further testing during weeks
3 and 4 in Series II. Sufficient numbers of trout were also unavailable
during Series ITI (week 2) and VI (week 4) of the NaCl tests. Other than

these situations, trout held exceptionally well in the laboratory.

The 96-h LC50 distribution pattern over the six test periods is shown in

Figures 1 and 2. Figure 1 compares only individual 96-h LC50’'s with time.
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TABLE 10. Holding and acclimation mortalities of candidate freshwater test-
fieh species in flow-through facilities during period May 1975 through

May 1976.
Test Serles Lot  Mortallty  Ralnbow Trout  Golden Shiner  Fathead Mimnow  Stickleback
1&H No. 2,000 2,000 . 2,000 1,000
Holdling 40 138 S 302
Acclimation [¢] 58 1 25
Total (X) 2 10 <1l 33
H No. 1,500 2,000 2,000 2,000
Holding 26 +] 5 557
Acclimation 26 0 1 36
Total (%) 3 0 <1 30
v No. 2,000 2,000 2,000 2,500
Helding . 2 1 10 189
Acclimation 0 0 1 0
Total (X) <1 <1 <1 8
v No. 2,500 3,000 3,000 2,500
Holding 1 60 2 649
Acclimation 5 0 0 42
Total (X) <1 2 <1 28
Vi No. 3,000 3,000 3,000 3,000
Holding 4 520 46 260
Acelimation 14 60 21 0
Total (%) <1 20 2 g
Totals No. 11,000 12,000 12,000 11,000
Holding 73 719 68 1,957
Acclimation 24 118 24 103
Total (%) <1 7 <1 19
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FIGURE 1. Response of Rainbow Trout to Reference Toxicants; Comparison

of LC50 Values Derived from Individual 96-h Static Bicassay

Tests Conducted from May 1975 through May 1976,
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Figure 2 compares 96-h Lc50's and 95% confidence limits of combined replicated

tests with corresponding series 95% confidence limits,

Mortality respon e of rainbow trout to NaCl varied moderatély throughout the
testing period (Figure 1). The relative toxicity o{ each successive series
increased or decreased in an alternating patfern. Eighty percent of the
observed LC30 values fell within a range of 70-90% NaCl reference toxicant
concentration. Agreement between replicates was fair, differing by no more
thar. 9% concentration and averaging 3% concentration. The concentration of
the NaCl stock solution was increased during weeks 1, 3 and 4 of Series III
and week 4 of Series V to provide an adequate testing range for deriving

LC30 values.

Rainbow trout were more sensitive (exhibite& LC50 at lower PCP concentr;tions)
and demonstrated a more consistent response to PCP than other species tested.
Approximately 80% of the LC50 values fell within a range of 18-31% concentra-
tion. Agreement between replicate LC50 values was the best for rainbow trout
among all species tested. Replicate LC50 values never differed by more than

87 PCP concentration and the average difference was a 2% concentration.

The low LC5C values observed in Series IV may be attributed to condition of
the test fishes. This is supported by comparing Series IV LC50 values
(Appendix 3B) with corresponding condition factors (Appendix &) for this lot
of test fish (Figure 3). It is readily apparent that during the 4-week
testing period there was a progressive decline in condition factor attended

by a progressive increase in fish response sensitivity (low LC50 value}.

44



LC50 (% CONCENTRATION)

C.F.

20—

10—

.80~

! : 5 ) |
Weeks

FIGURE -3, Comparison of Condition Factor (C.F.) and
Sensitivity (LC50) of Rainbow Trout to PCP
During Series IV Reference Toxicant Testing.



Also, the individuals in this test lot were the smallest (and perhaps youngest)
of all the trout tested. Sensitivity of trout to many toxicants is size
related with the smaller sizes generally being the most sensitive. Either of
these factors, condition or size, could explain the results observed in

Series IV PCP tests. Interestingly, the response of Series IV NaCl tests did

not follow the trend observed in the PCP tests (Figure 1}.

Confidence limits of individual tests were often quite broad (Appendix 3)

and caused primarily by lack of sufficient, progressive partial responses.i
Consequently, individual test results were routinely pooled to provide desired
additional partial response data. This approach simplifies display cof
representative values and permits easy comparison of combined replicate and
series results (Figure 2). The dominant feature of this figure (and others
to be shown later) is the effect of pooled results on combined replicate and
series confidence limits. The series 95% confidence limits are essentially
uniform throughout the year for each toxicant (PCP Series II excepted) with
PCP responses displaying the narrowest range. The narrow confidence limits
depicted in PCP Series I, III, IV, V, and VI reflect combined results of

from four to eight tests, most of which closely agree with one another. The
broader limits indicated by PCP Series 1I, for example, is usually indicative

of either few tests or a lack of close agreement among tests or both.

4/ 1In this context, partial responses are defined as mortalities greater
than O and less than 100% in any test concentration.
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Golden Shiner, Test results with this species were rather disappointing for
Serjes T and II. Abnormal mortalities during holding periods (Table 10)
prevented scheduled tests in either toxicant during the fourth week of
Series I and II (Appendix 3). Also, commercial unavailability of fish
prevented the fourth week of NaCl Series IIT testing. Seven scheduled tests
were not conducted due to both of these problems. In addition, excessive
mortalities in controls invalidated results of 14 tests: six NaCl exposures
and eight PCP exposures. Three PCP tests failed to produce sufficient

mortality to yield an LC50 value.

Mortalities of golden shiner held during the spring months (Series 1, II,
and VI) are believed to be associated with the species' reproductive season.
Sexually active specimens, which constitute much of the testing stock during
this season, are apparently in a weakened condition, and their tolerance to
additional stresses of holding and testing is quite low. During their re-
productive period, golden shiner are highly susceptible to disease, a
condition which may be aggravated further by culture practices of fish
breeders. Bait-fish operators (primary source of this test species) tend

to crowd and handle their stocks excessively. Crowding and handling are

major sources of stress which can promote disease outbreak.

Toxicity parameters of individual and combined tests are shown in Figures &
and 5, respectively. This species demonstrated relatively consistent
sensitivity to NaCl; LC50 values range from 61-81% test concentration
(Figure 4), and approximately 95% of the observations fall within a range of

70 to 80% test concentration. This consistency results from excellent
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FIGURE 4. Response of Golden Shiner toRef:rence Toxicants; Comparison of
LC50 Values Derived from Individual 96-11 Static Biloassay Tests
Conducted from May 1975 through May 1976.
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of Combined Replicate 96-h LC50 Values, 95% Confidence Limits
for Combined Replicates, and Series 95% Coniidence Limits.
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agreement between replicates in which differences averaged about 3% concen-
tration. The greatest disparity between replicates (14% concentratiom)
occurred in Series I and may reflect the abnormal mortality problem that was
prevalent at the time. The combined replicate 95% confidence limits are
broad; however, the series confidence limits (Figure 5) are narrower and about
the same as those for rainmbow trout (Figure 2). Confidence limits for

Series II1 are not available due to lack of data points.

By contrast, the response of gciden shiner to PCP was not consistent. An
initial upward trend (semsitivity decrease) between Series I and II was
followed by a steady decline (sensitivity increase) through Series V1

(Figure 4). The overall LC50 range was 39-95%7 test concentration of which
approximately 807 of the observations fell within a range of 41-667% test
concentration. Differences between replicates averaged about 6% concentration;
the greatest disparity was 19% concentration. The 95% confidence limits of
combined replicates are rather broad during the first week of all the series
and generally become narrower in succeeding weeks (Figure 5). The series

95% confidence limits varied considerably throughout testing.

Fathead Minnow. The testing program for this species was largely successful

and problems were minimal. Only one NaCl and two PCP tests failed to yield
sufficient mortality to produce a valid result. In these cases, the test .
fish survived the highest concentration through the 96-h period even though

the same concentrations produced contradictory results during previous tests.
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Fathead minnows were easily handled in the laboratory, and the stock used
appeared to be of good quality. Holding mortalities were the lowest of all
four species (Table 10)., Most importantly, no tests were invalidated due

to unacceptable losses in the control as these never exceeded 20%.

Response to the two toxicants (Figure 6) was similar to those of the golden
shiner tests (Figure 4). Toxicant sensitivity of fathead minnows ranged
from 66-85% test concentration for NaCl (Figure 6). Approximately 95% of
the NaCl observations fell within a range of 70-81% test concentration,
indicating excellent consistency between replicates; differences never
exceeded 7% concentration and averaged 2% concentration. NaCl combined
replicate and series 95% confidence limits (Figure 7) are distributed sim-
ilarly to the golden shiner tests (Figure 5). Combined replicate limits
are rather broad whereas series limits are narrower with scme variation be-

tween testing periods.

The response of fathead minnows to PCP (Figure 6) was similar to the pattern
of the golden shiner tests (Figure 4). There was a similar decrease in
sensitivity between Series I and II followed by a slight but steady increase
in sensitivity through Series VI, Sensitivity of fathead minnow ranged from
38-877% test concentration, and approximately 80% of the observations fell
within the range of 50-70% concentration. Differences between the LC50's
estimates for replicates were as high as 28% concentration and averaged 6%
concentration. The 95% confidence limits of combined replicates were broad
and varied considerably (Figure 7). Series 95% confidence limits were more

uniform and consistent than the golden shiner PCP tests (Figure 5).
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Tests Conducted from May 1975 through May 1976.
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of Combined Replicate 96-h LC50 Values, 95% Confidence Limits
for Combined Replicates, and Series 95% Confidence Limits.
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Threespine Stickleback. Because of its ability to tolerate high levels of

NaCl, this specles had to be tested with higher NaCl concentrations than was
originally anticipated in order to produce valid results. This was done

for all tests following the first week of Series I.

Most of the tests produced acceptable data. The only scheduled tests not
conducted were during the final week of Series II when insufficient fish

. were ;vailable for testing. Five tests were invalidated due to excessive
mortality or major non-linear mortality response. Three other tests failed
to produce an LC50 value either because mortality exceeded 50% in all
concentrations tested (1 test) or because mortality did not exceed 50% in

any of the concentrations tested (2 tests).

Holding mortalities for this species were consistently the highest of ail the
species tested (Table 10). Early in the study, we observed that stickleback
could not be held for long periods in American River water (WPCL water
source), presumably due to this water's relative low total dissolved solids
content (approximately 35 mg/l). The incidence of mortality increased in
proportion to length of holding time, indicating a corresponding general
weakening of individuals. It is believed that the holding problen was directly
related to the species inability to properly osmoregulate (adjust body salt
balance) during extended periods of exposure to American River water.
Stickleback typically inhabit waters of low or moderate salinity although
some populétions exist in freshwater environments. It isrsuspected that fish
used in this study were collected from diverse locations and environments

along the coast (particularly in the vicinity of San Francisco Bay), combined,
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and sold as single lots. Upon transfer to WPCL, the fish were able to cope
initially with American River water, but gradually, over time, osmoregulatory
failure caused losses among the most susceptible individuals. Holding
practices of San Francisco Bay area bioassay laboratories lend support to
this view. Kopperdahl (DFG, pers. commun.) reports that laboratories which
successfully hold stickleback over extended periods use water of approxi-

" mately 15 o/co salinity.

In addition, some of the holding losses may have been caused by parasitic

infections. Severe cases of the common stickleback tapeworm (Schistocephalus

solidus) were often observed in individuals of the test lots. Although
precise records were not maintained, it was estimated that tapeworms were
apparent in approximately 5% of the test population., The incidence of mildly
infected individuals remains unknown (there is no visible evidence of this
condition), but conceivably it was quite high. Since routine prophylactic
treatments used in the program were ineffective for control of any
endoparasites, inclqding S. solidus, use of heavily infested individuals was
avoided when possible. In a few situations some were knowingly used due to
short supply of fish. Therefore, these problems (osmoregulation failure and
parasitic infections), either singly or in concert, are believed to be the
prime contributors to the poor stickleback holding record at WPCL during

this study.

Stickleback response to the two toxicants (Figures B and 9) was similar to
that of rainbow trout (Figures 1 and 2). The response to NaCl was erratic

whereas a more uniform response was observed in the PCP tests. NaCl response
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consistency was the poorest of all the species tested (Figure 8). The

LC50's ranged from 37-140% test concentration; approximately BO% of the
observations fell within 48-121% concentration. Two general levels of toxic
response are apparent. Series I, II, III, and VI display LC50 values gemerally
greater than 100X concentration whereas Series IV ﬁnd V LC50 values were
generally less than 80% concentration. Agreement between replicates was the
poorest of all the species tested, varying by as much as 267 concentratibn and
averaging about 9% concentration. The best agreement between replicates was
observed in Series IV and V. The width of the 95% confidence limits of both
combined replicates and series (Figure 9) were similar to the rainbow trout

tests (Figure 2),

Response to PCP (Figure B) was similar to that experienced by rainbow trout
(Figure 1). The range of LC50 observations was between 20-42% test concen-
tration. Approximately 90%Z of the values fell within a range of 25-40%
concentration. Agreement between replicates was second only to the rainbow
trout tests, varying by no more than 9% concentration and averaging about
3% concentration. The width of the 95% confidence limits of both combined
replicates and series PCP tests (Figure 9) were uniform and approximated

the rainbow trout responses (Figure 2).

Municipal and Industrial Effluent Testing

One industrial and three municipal waste effluents were tested using all four
candidate species (Table 11). A total of 32 tests were performed. The
first municipal waste tested was toxic to most fish at all concentrations

invalidating all but the stickleback tests, Chlorine was the active
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ingredient governing toxicity. Two additional tests, one of each effluent
type (industrial and municipal), had excessive mortality in control groups

and therefore were invalidated.

For the remaining 24 tests, replicate agreement was excellent with all
species for both effluent types. Tested against mﬁnicipal wastes, rainbow
trout and stickleback were the most and least sensitive, respectively.

Golden shiner and fathead minnow displayed similar intermediate responses.

Responses to the industrial effluent are interesting in that the observed
values closely match those established for the respective species in the

NaCl reference toxicant testing program. Since the industrial waste contained
a salt concentration of 20 o/co, it is suspected that the response of each

specles can be attributed primarily to that component.
Discussion

The primary objective of the experimental investigation with reference
toxicants was to determine response characteristics of selected species sub-
jected to standardized toxicity bicassay tests over time. The evaluation of
this phase of the study is based primarily on consideration of three factors:
laboratory holding, response sensitivity, and response consistency. Data
pertaining to each of these factors are first discussed separately and then

analyzed and rated collectively.
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Laboratory Holding

Success in holding test animals for extended periods without substantial

loss or change in toxic response is an important consideration in the
standardized species selection process. During the year-long testing program,
the six test lots each of fathead minnow and rainbow trout held exceptionally
well (less than 1% mortality) while golden shiner and stickleback mortalities
were 7% and 197, respectively (Table 10). Holding response affected test
response. Most, if not all, of the invalid tests corresponded to high
mortality during holding. Conversely, low holding mortality was consistent

with valid tests.

Since completion of the experimental work in 1976, high holding mortalities
have been observed at WPCL and other California testing laboratories during
the spring-summer months for both golden shiner and fathead minnow whereas
rainbow trout continue to hold well. Moreover, fathead minnow suffered
greater mortality than golden shiner during the summer-fall months of 1978
at WPCL. During this period, use of fathead minnow was discontinued and
replaced by golden shiner because of uncontrollable disease in the former
which caused high mortalities in both holding tanks and'test controls.
Holding losses in seversl lots of fathead minnow exceeded 30%. Conversely,
golden shiner held better (mortalities less than 10%) and yielded consistent
results to test toxicants. Discussions with W. Horning I1 (EPA Newtown Fish
Toxicology Station, Ohio) and S. Reynolds (Utah State University) revealed

similar experiences with fathead minnow.
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Unless this problem can be corrected there appears to be no alternative but
to discontinue use of both fathead minnow and golden shiner during spring
through fall months whenever the problem arises. As indicated previously,
fish used in the testing program were obtained from bait-fish farms, and the
predominant fishes available during the spring and summer months were sexually
mature, Perhaps if this investigation had used younger, sexually inactive
fish, holding success might have been greatly improved. In this regard,
Adelman and Smith (1976) recommended that 4-7 week old fathead minnow be used
in standard bioassays. Providing golden shiner or fathead minnow or both of
this age year-round in California would require some development and this
should be investigated. Preliminary culture techniques for producing young
fathead minnow year-round have been developed (EPA 1971), and perhaps with

some modification, similar techniques could be developed for golden shiner.

Response Sensitivity

Relative sensitivities of the four candidate specles to the two reference
toxicants during each test series are shown in Figure 10. Data points

represent series mean LC50 values (Appendix 3).

Using these data, a species sensitivity rating system was developed to pro-
vide a more objective approach for ranking purposes (Table 12). This was
accomplished by assigning a reference value of 1.00 to that species having

the lowest series mean LC50 value for each toxicant. Numerical values assigned
to the other species in the comparison of each series are referenced as per-
centage increases. For example, in NaCl Series I, fathead minnow exhibited

the lowest mean LC50 (77) and accordingly was assigned a reference value of
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1.00. Stickieback, on the other hand, had the highest mean LC50 (109) which
is 42% higher thaﬁ the fathead minnow value, and therefore, 1.42 was assigned
as its reference value. In PCP Series 1, rainbow trout was assigned a refer-
ence value of 1.00 since this species had the lowest mean LC50 value (20)
for the series. By contrast, fathead minnow had the‘highest value (65),
an increase of 3257 over rainbow trout, and therefore, 3.25 was assigned as
its reference value. In the two examples, reference values of the other

species were intermediate.

As shown, some minor shifts in sensitivity occur between species; however,
overall, the rankings are clearly defined. In descending order of sensi-
tivity, rankings for the NaCl tests are (1) golden shiner, (2) fathead
minnow, (3) rainbow trout, and (4) stickleback. Corresponding PCP test
rankings are: (1) rainbow trout, (2) stickleback, (3) golden shiner, and

(4) fathead minnow.

Rankings of species sensitivity to the two reference toxicants revealed

some interesting relationships. The most significant feature was the
response reversal characteristic of the four species. Rainbow trout and
stickleback responses are similar to one another with both fishes being most
sensitive to PCP and least sensitive to NaCl. The responses of golden

shiner and fathead minnow are similar to one another also, but their response
‘to the two toxicants is opposite that exhibited by rainbow trout and

stickleback.
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The reason(s) for the difference in responses of the four species to PCP

is unknown; On the other hand, the difference in response to NaCl is attri-
buted to the species osmoregulatory function. Rainbow trout and stickleback
are able to withstand wide variations in the salt content of their environment
provided they are properly acclimated. Conversely, golden shiner and fathead
minnow have a very 11mited»tolerance to saline environments. When their

1imit is reached, there is uniformity in individual response; death occurs

as a result of massive osmoregulatory failure (Adelman and Smith 1976).

This would account for their 0 or 100% toxic response often observed between

two successive concentrations.

In general, the reference toxicant study reaffirms that response levels among
species can be and often are quite different. The surprising observation 1s
the similarity of response between rainbow trout and stickleback. Taxon;-
mically, these species are widely separated. Perhaps the similarity of

their ecological niche is the common denominator. Both species are euryhaline
and prefer cold water temperathres. On the other hand, the response similar-
ity of golden shiner and fathead minnow is not too surprising. Both inhabit

similar environments and are closely related taxonomically.

Response Consistency

Consistency or reproducibility of results is a most important factor to
consider in standardized species selection, particularly for regulatory
purposes. Tests conducted under identical conditions must yield similar
results in order to maintain scientific and legal integrity. Unless re-
producible results can be accomplished, sensitivity response levels have

little meaning, and most certainly, legal implications are open to questions.
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For ranking purposes, response consistency was quantified by determining
mean differences between LC50 values derived for replicates, combined
replicates, and series 1n.each reference toxicant (Table 13). These

values indicate the closeness of agreement between comparisons {the smaller
the value, the greater the agreement). Rankings (in parentheses) are based
on descending order of consistent response: the least difference (best

agreement) for each category is ranked first.

Based on these data, overall rankings are as follows: (1) fathead minmnow,
(2) golden shiner, (3) rainbow trout, and (4) stickleback in the NaCl tests;
(1) rainbow trout, (2) stickleback, (3) fathead minnow, and (4) golden

shiner in the PCP tests.

These results clearly indicate that the four species exhibited a reversal
in consistent response to the two toxicants. Fathead minnow and golden
shiner gave more consistent results than rainbow trout and stickleback

in the NaCl tests, but the opposite was true in the PCP tests.

It is important to note that some of the variation in the combined r;plicates
may be artificial, created by the practice of refining tests (changing
concentration) each week within a series. In retrospect, é better approach
to evaluate consistency over time would have been to bracket the toxic range,
use a few more intermediate concentrations, and maintain those concentrations
throughout the testing program without refining. Other investigators have

come to the same conclusion (Jensen 1972; Hodson et al. 1977).

Finally, the study once again demonstrated that intraspecific response

variability can be considerable between replicate tests and through time

67



Jen
(K

1 v
L9y €e°61
z )
%0°S 8L°91
z )
8¢ ¢ 28°8
ddd TO®N
AoUGITHITI§

£ 1
4 1
19°s 00°Z
Y 1
Lie A M
Y 1
80°9 00°2
dod 108N

AOUUTY pPEaYIRg

Bajoadg

A Z

Y z
€€-01 19°2
€ r4
91°¢ 6L°€
€ Z
€L°§ §2°¢
d0d 100N

I2UTYS UIPTOD

*ganIwa (D7 U] S90UBIRIJIP uweow Juasaiadai saaquny
potiad Bujanp sIULDIX0] BOURISJII 0] peeodxo e2yrade YSTJ-1891 12IWAYSIIJ IWPIPURD
JO 8931198 puw ‘saiwdjrdex paujquod ‘saiedyldea Buous Kouslejsuod asuodsal jo uosjawdwoy *¢1 FMEVL

1 £

€ €
199 00°¢
1 €
12y 00°8
1 €
12°2 € e
dod To°N

IN0I] AOQUTRY

Supjuey 11RI2A0

Juwy
sajaag

uwy
833923 1dey pauTquwo)d

yuey
sajwoyday

#UOS 748 dwoy)

*9.61 AeW YBnoayl g6l AwN



even when testing is believed to be under strict control (Figures 1, 4, 6,
and 8). Use of more test animals and concentrations could alleviate this

problem.

Municipal and Industrial Effluent Evaluation

Data gathered during this phase of the experimental program are insufficient
to provide a meaningful evaluation (Table 11). 1In retrospect, perhaps more
effort should have been directed to using selected industrial, municipal,
and combination wastes as primary reference toxicants. This approach
constitutes "real world" situations, precisely the purpose for which the
standardized species concept was designed. An effort was made but hardly
on a scale necessary to provide sound conclusions. In the event similar
studies are conducted in the future, this approach should receive careful

consideration and planning.
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PROJECT DISCUSSION

Species Selection

The selection process is based upon the combined results of the Feasibility
(Part 1) and Experimental (Part 1I) studies. Rating factors and ranking of
the four candidate species are shown in Table 14, The information consists

of summaries from Tables 1, 3, and 5 (Part I) and 10, 12, and 13 (Part II).
Although data are largely objective, the relative weight applied to each
factor is a subjective value judgment exercised by the senior author. In

this analysis, equal weight was applied to all factors. Ranking is based on
summed values of all selection factors. The lowest score is ranked first with

the others following in descending order.

Considering first the comparative factors of holding capability and toxicant
response in the experimental phase of the study, rankings are: (1) rainbow
trout, (2) fathead minnow, (3) golden shiner, and (4) stickleback. Combinihg
this with logistic and economic factors of commercial supply, the overall
'ranking of species is redefined. The conclusion of this analysis is that
fathead minnow, golden shiner, and rainbow trout are all quite close in
overall ability to function as standardized test species. The continued

use of stickleback for routine testing programs, however, is still open to

question.

A stroﬁg belief exists among project investigators that the stickleback is
not suited for routine NPDES compliance monitoring programs although results
of the reference toxicant tests only partially support this view. Response
to one toxicant (NaCl) was rather poor; whereas respohae to the other (PCP)

was good. This, of course, presents a dilemma; making it difficult to
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positively accept or reject use of stickleback solely on the basis of this
information. Nevertheless, suspicion regarding this species persists. For
example, the studies of Wilson and Hazel (1971) indicated that stickleback

were less sensitive and more variable to chlorinated waste effluents than
golden shiner. Perhaps if these effluents had been used as reference toxicants,
the results may have been more definitive. Also, the species is strongly
susceptible to tapeworm infections which most likely\influences their response
pattern; and lastly, since sticklebacks are collected from wild populations,
there is concern that stocks from different waters are intermixed and then

supplied to users. Erratic response patterns may result from this practice.

Because of these problems and particularly since other specles are available
for routine bioassay tests, there may be no further reason to continue
stickleback use. The greatest impact would be in the San Francisco Bay)area
(the principal region of use) where many of the area's analysts are partial
to stickleback, probably because of long familiarity. However, the test
species could be changed without great difficulty or expense providing that
waste discharge regulations permit the action. In the event there is strong
pressure to continue stickleback use, then this course of action should be
carefully evaluated. Results of past testing should be examined and new
comparative tests established. Pending outcome of the study, use should be

provisional and restricted to the San Francisco Bay area.

Practical Application of Standardized Specles

The underlying objective of this study was to reduce the number of commonly
used bioassay test species to a minimum--preferably one. Use of a single

standardized species is possibly simply by adjusting test procedures, but for
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the intended purpose, this does not appear to be biologically sound. Test
temperatures would have to be standardized to a single regime which

totally ignores regional differences upon which specific testing procedures
were established for California. Routine test procedures recognize two
basic temperature regimes; cold water (14-18°C) and warm water (20—24°C)
which, in essence, differentiate salmonid (salmon and ﬁrout) and nonsalmonid
(golden shiner, fathead minnow, etc.) waters, respectively. Salmonids are
best suited to temperatures of 14-18°C and would be stressed at higher
temperatures. Conversely, fishes better adapted to temperatures of 20-24°C
would be compromised at lower temperatures. These thermal stresses are an
added burden to the response mechanisms of the test fishes and would tend
to modify toxicity results. It is important to minimize extraneous stress
variables by maintaining test animals in a suitable environment. The test

should be concerned with stress derived solely from the toxicant being tested.

We conclude therefore that it is not advisable nmor practical, in terms of
biological compatability, for any one of the candidate species to be
selected as the State's single test animal. The absolute minimum for
routine biocassay application in California is two specles; one for use in

cold water situations and the other for use in warm water situations.

The study clearly distinguished important differences among the four
candidates and, therefore, designation of a species. for specific application
in NPDES related toxicitv monitoring programs must take into account their
limitations and select accordingly. Standardizing a species for specific
application should be based on natural geographic distribution or existing

temperature regimes.
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Considering the facts of this investigation, we conclude that:

(1)

(2)

3

Rainbow trout should be the species of choice for testing wastes
discharged to cold waters. Principal areas of use would be
northern California and mountain areas of central and southern

California.

Fathead minnow or golden shiner should be the species of choice
for testing wastes discharged to warm waters or at times when
elevated water temperatures favor their use over rainbow troqt.
The choice should consider source of supply, quality, and costs
of test fish. However, once a species has been established for
a glven area or condition, that species should remain in use
until such time as new knowledge requires change. Obviously, if
species are frequently changed, comparisons and interpretations
will suffer accordingly. Principal areas of use would include
southern California and low elevations of central and northern
California, particularly during the summer months. A note of
caution; care must be exercised from using these species in
areas where their accidental escape could create problems to the
indigenous fauna. As a routine, the DFG should be consulted in

advance of specific species designation to avoid conflicts.

The use of sticklebacks in the State's NPDES compliance monitoring
program should be carefully re-examined in terms of quality, costs
and sensitivity, and discontinued, if warranted. Pending outcome
of the study, use should be provisional and restricted to the

San Francisco Bay area.
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(4) Finally, we recognize that a problem of year-round availability
currently exists for rainbow trout. Also, there is a problem of
erratic physiological stress (sometimes quite severe) among
fathead minnow and golden shiner adults during their normal
spawning season which may require exclusive use of_juvenile fish.
Success would depend on establishing constant year-round sources
of 4-7 week old fish. We believe, however, that all of these
problems can be resolved with moderate attention to planning and

implementation.

Test Fish Quality Control

Problems associated with the intermixing of stickleback populations and
erratic response of golden shiner and fathead minnow spawners clearly
demonstrate need for a quality control program. As indicated in this study,
species designated for routine testing must be in good condition in order

to demonstrate consistent response to waste effluents. Either mixed stocks
or reproductive physiology can alter the pattern of toxic response. One
approach would be to establish a test fish certification program in which
stocks of fish would be inspected periodically at sources of supply to
determine their test suitability. Acceptance or rejection of stocks would

be based on the ability of a stock to meet specific, well-defined physiological
criteri# or response limits. Once developed, the program could be implemented
and maintained by the Bioassay Laboratory Certification Program conducted by

the DFG under auspices of the SWRCB Legal Division.
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Supplemental Evaluations

Data gathered during the experimental phase of the study (Part II) permit
a cursory examination of two factors important to the conduct of routine

bioassay tests: test duration and number of animals per test concentration.

Test Duration

The purpose of this evaluation was to determine if the routine 96-h test
period could be reduced to a shorter time interval and still produce
acceptable data. Results of each bioassay test were examined and
mortalities at 24, 48, and 72-h were compared with mortality observed at
test completion (96-h). The percentage of those tests having the same
mortality at these designated intervals as that exhibited at 96-h are
summarized by species and toxicant (Figure 11). For example, with rainbow(
trout exposed to NaCl, 26% of all tests showed the same mortality at
24-h as at 96-h, 64% of all tests showed the same mortality at 48-h as
at 96-h, and 88% of all tests showed the same mortality at 72-h as at

96-h.

The data indicate that most rainbow trout and fathead minnow tests are
completed by 48-h, whereas most golden shiner and stickleback tests are
not. The implication is that routine rainbow trout and fathead minnow
tests might be reduced to a shorter time interval of 72 or perhaps 48-h,
whereas golden shiner and stickleback tests require 96-h. A prudent
approach, however, would be>to establish 96-h as the initial testing
interval (for any species) and then, if warranted, reduce the test interval

as experience dictates. Although the effort required to continue the

.
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test to full term is minimal, {f it can be demonstrated that a shorter test
interval yields essentially identical mortalities as the 96-h test, then

there is no reason to continue testing beyond that point.

Number of Fish Per Test Concentration

Most, if not all, NPDES related bioassay tests in California are conducted
on the basis of 10 fish per test concentration, including controls. Under
this arrangement, each fish represents 10% of the test concentration popula-
tion and any losses caused by a few nonrepresentative specimens (i.e.,
unhealthy fish) inadvertently included in the test will obviously bias
results., It would appear, therefore, that this bias could be minimized
substantially by increasing the test concentration population. By such
means, deviant response of nonrepresentative specimens are dampened by

the overall response of the remaining test population.

The quantity of fish per test concentration should be of particular concern
to waste dischargers who must report test findings to RWQCB's and demon-
strate compliance with specific toxicity limits included in their NPDES
permit. On occasion, routine NPDES tests have been invalidated due to
unacceptable losses 1in controls (»>10%) or severe nonlinear toxic response
in test concentrations. It is believed that many of these tests would

have been acceptable if the test concentration population had been larger.
In short, a larger test concentration population provides better insurance
for the discharger against invalidation or erroneous test results caused

by deviant responses of a few individuals. The pertinent question is:

What 1is a reasonable number?
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To determine the appropriate number of fish per concentration for routine
tests, the relationship between confidence limits and number of fish per
concentration was examined. This was accomplished by plotting the mean of
confidence limit range derived for selected individual and combined tests
against corresponding numbers of fish per test concentration (Figure 12).
Selected tests included rainbow trout-PCP (Series II excepted for lack

of data) and fathead minnow-NaCl. The selected tests serve as examples
since the other tests in the study responded similarly. Only data for
which confidence limits were established through probit analysis were used
(Appendix 3). Individual, combined replicate, and series confidence limits
were referenced to 10, 20 and 80 fish, respectively. These are the numbers
of fish per test concentration upon which the respective confidence limits
are based. Values corresponding to 40 fish were determined by combining

results for weeks 1 and 2, and 3 and 4, for each series.

The relationship between confidence limits and numbers of fish per test
concentration is curvilinear and similar for both species and toxicants
except for relative level. The plots for fathead minnow ate approximately
twice that for rainbow trout. Sharpest change (67%) occurs between 10

and 40 fish for both species., Beyond 40 fish, confidence limit range

reductions do not exceed 127% of the total.

Considering that degree of confidence in test results is related to confidence
limit span (the narrower the better) then Figure 12 implies that 60 to 80
fish are needed per test concentration. This, however, is an unnecessary

economic hardship in terms of total numbers of fish, aquaria, and space needed,
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as well as the manpower to service those needs. On the other hand, 10 fish
per concentration can contribute to wide confidence limits and, consequently,
less confidence in the results. An appropriate compromise would be to use
from 20 to 40 fish as the rate of change in the curve is substantially

diminished in this range.

In this regard, Jensen (1972) compared relative error and sample size in

fish bioassays both empirically and theoretically and concluded 20 fish at
about six test levels was practical for routine test;. Hodson et al.,

(1977) examined, through probit analysis, results of contrived and real
toxicity data and illustrated how experimental design affects fiducial limits,
chil square, slope, and variance of slope. These investigators concluded

that 30 fish per concentration was appropriate and that the concentration
range should be adjusted to provide for at least five partial responses.

They favored replication.

In view of these data, we conclude that routine NPDES tests should include

no less than 20 fish nor more than 30 fish per test concentration. Test
concentrations should be replicated in groups of 10 fish (two or three

aquaria with 10 fish each) and preferably, concentrations adjusted to ensure
at least three partial responses, If implemented, we believe these procedures

will provide more meaningful test results.

81



ACKNOWLEDGMENTS

The authors recognize that this project could not have been completed without
the interest, dedicated effort, and cooperation of many individuals. First,
we wish to express our appreciation to WPCL permanent and temporary staff
members who worked long hours on the physical aspects of this project.
Special thanks are extended to Dr, Kim McCleneghan and Mssrs, John Ladd,
Ralph Carpenter, and Fred Kopperdahl for their critical review of the mapu—
script and Nancy Dong for her assistance with the figures, To Debra Langdon,
WPCL staff secretary, appreciation is acknowledged for her patience and
expertise in preparing this final draft. Finally, we sincerely appreciate
the patience, understanding and encouragement shown by Dr. Gerald Bowes and

other SWRCB staff in their long wait for this report,

82



LITERATURE CITED

Adelman, I.R. and L.L. Smith, Jr. 1976. Fathead minnow (Pimephales promelas)
and goldfish (Carassius auratus) as a standard fish in bioassays and
their reaction to potential reference toxicants. ¥ish. Res. Bd.,

Canada, J. 33:209-214.

American Public Health Association. 1971, Standard Methods for Examination
of Water and Wastewater, 13th ed. 874 pp.

Blaxhall, P.C. 1972, The haematological assessment of the health of fresh-
water fish. A review of selected literature. J., Fish Biology,
4:593-604.

Brown, R.L. and L.A. Beck. 1972. A study of toxicity and biostimulation in
San Francisco Bay-Delta waters., Vol. 1. Summary rept. Calif. State
Water Resources Control Bd. Pub. No. 44, 81 pp and Appendix.

Bruley, G.K. 1975. California trout, salmon, and warm water fish production
and costs, 1973-74. Calif. Dept. Fish and Game, Inland Fisheries
Admin. Rept. No. 75-2, 38 pp.

Bruley, G.K. 1978. California trout, salmon, and warm water fish production
and costs, 1977-78., Calif. Dept. Fish and Game, Inland Fisheries
Admin. Rept. No. 78-3, 49 pp.

Doudoroff, P., B.G. Anderson, G.E. Burdick, P.S. Galtsoff, W.B. Hart,
R. Patrick, E.R. Strong, E.W. Surber, and W.M. Van Horn. 1951.
Bioassay methods for the evaluation of acute toxicity of industrial
wastes to fish. Sew. and Ind. Wastes, 23(11):1380-1397.

Esvelt, L.A., W.J. Kaufman, and R.E. Selleck. 1971. A study of toxicity
and biostimulation in San Francisco Bay-Delta waters. Vol. IV,
Toxicity removal from municipal wastewaters. U.C. SERL
Rept. Ne. 71-7, 225 pp.

Finney, D.J. 1971. Probit analysis. Cambridge Univ. Press, 3rd Ed.
333 pp.

Hodson, P.V., C.W. Ross, A.J. Niimi, and D.J. Spry. 1977. Statistical
considerations in planning aquatic bicassays. Pages 15-31 in
Proc. 3rd Aquatic Toxicity Workshop, Halifax, N.S., Nov. 1976.
Surv. Rept. EPS-5-AR-77-1, Atlantic Region, Canada.

Jensen, A.L. 1972. Standard error of LC50 and sample size in fish bioassays.
Water Res, 6:85-89.

Kopperdahl, F.R. 1976. Guidelines for performing static acute toxicity
fish bloassays in municipal and industrial wastewaters. Calif,
State Water Resources Control Bd. Rept. 65 pp.

Leitritz, E, and R.C. Lewis. 1976. Trout and salmon culture (hatchery
methods). Calif. Dept. Fish and Game, Fish. Bull. (164). 197 pp.

83



Lennon, R.E. 1967, Selected strains of fish as bioassay animals.
Prog. Fish-Cult. 29(3):129-132,

McLeod, J.C. 1972, A standard rainbow trout unit (RTU) for acute toxicity
determinations in industrial effluents. Fish. Res. Bd., Canada,
Freshwater Inst. Winnipeg. 14 pp.

Martin, D.M. 1973. TFreshwater laboratory bicassays--a tool in environmental
decisions. Contrib., Dept. Limno., Phil. Acad. Nat. Seci., (3):1-51.

Spotte, S. 1970. Fish and invertebrate culture: Water management in closed
systems. Wiley-Interscience, New York. 145 pp.

Sprague, J.B. 1969, Measurement of pollutant toxicity to fish. I. Bioassay
methods for acute toxicity. Water Res. 3:793-821.

Steele, J. and H. Rectenwald. 1976. Inexpensive graduated cylinder for
measuring large quantities of liquids. Prog. Fish-Cult. 38(3):164.

U.S. Environmental Protection Agency. 1971. Tentative plans for the design
and operation of a fathead minnow stock culture unit. Nat. Water
Qual. Lab., Duluth, MN. 7 pp.

Wilson, D.C. and C.R. Hazel. 1971. A Study of Toxicity and Biostimulation
in San Francisco Bay-Delta Waters. Vol. III. Acute toxicity of
discharged wastes. Calif, Dept. Fish and Game, October 1971.

73 pp and Appendices.

84



APPENDIX 1






*

APPENDIX I. Routine Prophylactic Treatment

Treatment Combinations Treatment Time

(1) Salt Solution (NaCl) 1.5 or 3,0% 30-minute bath

(2) Formaldehyde 1 : 5000) 30-minute bath
Malachite Green 2 ppm) )

(3) Acetic Acid 1 : 2000) 30-minute bath
Malachite Green 2 ppm)

(%) Terramycin(R) Water soluble 30-minute bath

form--0.3 gm)
active drug )
per gallon )
water )

Procedure

The holding tank volume was reduced by one half, This permitted water
to be added quickly to dilute the chemical treatment and alsc reduced

the amount of chemicals required.

A salt bath was administered within one hour of receiving fish into the
laboratory; 1.5% was used for stenchaline (narrow salinity range) species
and 3.0% for euryhaline (wide salinity range) species. Following the
30-minute bath, the tanks were flushed with freshwater until the éalinity

meter registered less and 1 ofoo (ppt).

The salt bath was followed with combination treatment (2) or (3).
Although either combination would be effective, treatment (2) was used
exclusively throughout all test series. If more than 12 hours had
elapsed since the salt bath, Step (1) was repeated before the combination

treatment.
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Following these treatments the water was changed completely and a

(R)

Terramycin bath (4) was administered. After the 30-minute treatment

water flow through the tank was started.

The treatment was designed to control several different infestations
common to fish from wild or semi-wild habitats: ectoparasites (protozoan
and fluke); external bacteria (columnaris disease and gill bacteria);

and internal bacteria (Aeromonas and Pseudomonas group).
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APPENDIX 2. Reference Toxicant Formulation Procedure

Sodium chloride (NaCl) formulation iiboz toxicant concentration = 1.5%

or 15 o/oo (ppqlT.

1. The total quantity of NaCl required for each series of replicate tests
was based upon a standard dilution series. Initially, this consisted
of 100, 56, 32, 18, and 10X toxicant concentrations. The amount of
NaCl needed for any one test series was predetermined by the following

formula:
Number of Tanks x volume per tank x concentration per liter (in tanks)

Example: 10 tanks x 10 liters per tank x 15 gm per liter (100% concentration)

= 1500 gm per 100 liters

This calculation was done for each concentration used in a particular
test series. The sum of these calculations represented the amount of

NaCl needed to make up sufficient toxicant.

2. To pfoduce 100% toxicant solution the required amount of NaCl was
weighed out and placed in a 1900-liter polyethylene mixing tank.
De-ionized water was added along with the necessary appropriate chemical
salts (Table 7) to produce a water of the appropriate hardness (hard
or soft). This mixing tank had been previously calibrated {(volume per
unit depth). The solution was stirred until completely dissolved. The
final solution was checked with a salinity meter., If necessary, either

the salinity or hardness or both were adjusted.

A-2-1



Sodium pentachlorophenate (PCP) formulation 1ib02 toxicant concentration =

0.5 mg/1 (ppm)/.

1. A concentrated stock solution was formulated for each test series by
dissolving 1.580 gm of PCP (79% active compound) in 100 ml d-ionized
vater. This stock solution was then used to prepare an intermediate

stock solution.

2. A 1:25 dilution (volume to volume) of the concentrated stock solution
was made up using de-ionized water., This was prepared fresh each week
of the particular test serlies. A standard dilution series could be
rapidly and consistently set up using this intermediate stock solution.
One milliliter of this intermediate stock was added to each liter of

dilution water producing a 100% toxicant concentration (0.5 mg/l (ppm)).

3. Subsequently, an appropriate dilution series could be easily formulated

by adding specific volumes of this mixture to each tank and then dilution

with water. A calibrated depth gauge placed in the center of the test

tank permitted rapid, accurate, and repetitive volume regulation.
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APPENDIX 3. Results of Reference Toxicant Testing Program

Key
Symbol
* LC50 estimate based on straight line graphical interpolation.
> LC50 estimate greater than higﬁeac concentration tested.
< LC50 estimate less than lowest concentration tested.
- No Results.
Inv, Invalid test due to excessive or non-linear mortality.
NT No test conducted‘
NR Confidence limits not reported when exceeding highest
concentration tested.
Comb. Combined (pooled) results.
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APPENDIX 3A. Comparative toxicity of NaCl to candidate freshwater
test-fish species during the period May 1975 through
May 1976. LC50 values and 95% confidence limits
(parenthesized) based on 96-h static bicassays are
expressed as percent concentration.

Test cles
“Wa inbow Golden sthead
Serles Week Replicates Terout Shiner Minnow Stickleback
» [ ]
t 1 a 78, - 8, (40-93) 75, -— 84 (\R)
b 75, - T - R - >100 -
Comb. 78 - &% (45-87) 75 - 9 (WR)
L 3 L 2 L -
2 s 68 - 80 -— 70 -— 132 —
b 69 (62-76) 81 (72-91) 76 (62-93) Invy -_
Comb. 68 (64~73) 83 (7988} 72 (68-78) 132 -—
L J »
3 a2 <65 - n — 75. -— 140* —
b 65 - ™, - 5, -— 121, -—
Comb . 65 -7 -— 75 - 130 -
4 a <B7 - NI - a (\R) 96 (68-134)
b <87 - NT ~— 8l (73-89) 105 (83-132)
Comb. <g - = 1 _ (7 99 79=12¢
Geries Estimates 79 (76=82) 80 (75-85) 77 (73-81) 109 (100=~120)
Total Fish 460 A0 490 420
* L 3
1 1 a 80, - lav. -— 76, - > 100, -
b 84' - |av. -— 76. — T4 - -—
Comb . 8 - - - 76 -— 100 —
*
2 a Inv. — B0 - 76 (67-85) 9 {77=128)
b tnve = 80, = 76 (6282 124 {104148)
Comb . - 80 — 76  (70-82) 112 {95-131)
-
3 a NT —- 76 (67-85} Bl -— 114 R)
b NT - 80 {R) a, -— lav. -
Comb. -— - 78 (1-84) 8 - 114 )
4 Y NT - N - 79 (1622} NT -—
b NT - NT - 79 (75-82) NT -
Comb . - - - - 79 (76-81) - -—
Series Estimates @° = 77 (74-80) 79 (76-82) 110 {99=121)
Total Fish 120 240 490 300

A-3-2



APPENDIX 3A. (Continued).

Test Specles

Ra 1 nbow Golden ~Tathead
Serles Week Replicates Trout Shiner Minaow Stickleback
L] * *
i 1 a & - 2 - 75, - 128, (106-154)
b 80 (64-69) NT - 5, -— 120 -
Comb . 80 (e8~-94) 80 - 75 - 122 {102=146)
2 a NT - 80: -— 75  {6l-%2) tnv. -
b NT - 79, - 77 (64-94) 116 )
Comb . - - 80 - 76 (67-87) 116 {R)
L] »
3 s g7 (75-100) 77, - 79, (68-91) 107, -
b 84 (74-98) 70, - 77 - 128 -
Comb. 85 (79-92) 75 - B [(75-81) 124 (WR)
* *» )
4 a 86 (75-100) NT -, - 108, -
b 92 (82-104) NT - 78, - uz, -
Comb. 90 (83<97) = - - 1 -_—
Series Estimates 86 (83-90) 76%* - 77 (75-78) 117 (111-123)
Total Figh 360 200 490 380
* - +*
v 1 a 75, -— 75, - 75, - 60 {(\R)
b 5, - 5, - 75, - 64 (R)
Comb . 75 - 75 - 75 - 82 MR)
2 a 81 (7191} 76 (64-52) 77  (64-94) g3 NR)
b 77 (72-2) 74 (60-92) 78  (64-95) 83 (R)
Comb . 80 (74-83) 75 (66-89) 78 (68-89) 83 (W)
5 a 76  (67-87) 74 (59-93} 85 (73-99) 78 (58~104)
b 82 (74-92) 76 (63-93) 78 (64-96) 70 oR)
Comb . 80 (74=86) 75 (e6-a7) & (76-87) 74 {57=96)
*
4 a gl (R) 75 (65-81) & R) 75, -—
Y 76  (71-82) 70 (5491} 78 (64.95) 79 -
Conb » 77 (N-84) 72 (6878} 79 (68-02) 7% R)
Series Estimates 79 (76-82) 74 (72-77) 80 (77-83) 7% {69-85)
Total Fish 490 0, 50 450
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APPENDIX 3A., (Continued).

Jest Species
Ralinbow Golden Fathead
Serias Weeak Replicates Trout Shiner Minnow Stickleback
-
v 1 . 88, -, (62-96) 70 R) 40 (26~59}
b 80 - Bo - 66 - 37 {20-69}
Comb . 8 - 78 (67-90) 68 (53-87) 38 (28-5)
2 s g5 (78-93) 72 (65-80) 76 (62-92) 43 {NR)
b g8 (80-97) 70 (63-78) 77 (64-94) 48 ()
Comb . g  (2-94) 71 (66~76) 76 {67-87) 45 (NR)
3 a 98 {(R) 77 {64-94) 81 (NR) 55 (32-94)
b 89 R) 72 (57-93) 75 (61-92) 52 (31-88)
Comb . @ (81-104) 75 (65-87) 77 (67-88) 52 (38-73)
4 a 102 MR) 74 (60.92) 8l R) 70 (46-107)
b 101 (88-115) 73 [58-93) 76 (64-92) 7% (N}
Comb . 101  (92-111} 74 (63-86) 78  (68-89) 74 {S56-98)
Series Estimates 9y (89-97) 74 (72-77)} T7 {75-79) 54 {47-63)
Total Fish 480 480 480 480
* -
Vi 1 a 75 - lnv. - 75, - 80 (R}
b NT, - lav. - 5, - 72 [{1:3)
Comb . 75 — - - 75 -— 76 (\R)
2 a 78 (64-96) 74 (60-92) 70 R) 101 {76-131)
b g0 (72-89) 76 (67-85) 70 () 112 (88~142)
Comb . g1 (74-89) 75 (69-80} 70 (NR) 110 (92-132)
3 2 85 (R} 72 (67-77) 78  (64-95) 101 ()
b g (72-92) Inv. - 76 (67=B5) Inv. -—
Comb. 8s (77-93) 72 {67-77) 77 (72-B3) 101 (€))
4 a NT - lnv. - 73' - 12 {90-140}
® NT — T (6578) T2 (66=79) 105 {76~146)
Comb. -— - 7 (578} 75 (70-79) 109 (90=-132}
Series Estimates 82 (76-83) 73 (70-77) 76 (74-79) 103 (91-116)
Total Fish 300 240 400 420
COMB INED SERIES
Estisates 84 (2-86) 76 (75-76) 78 (77-79) 9 (87-95)
Total Fish 2200 2080 2880 2460
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APPENDIX 3B. Comparative toxicity of PCP to candidate freshwater test-fish
species during period May 1975 through May 1976. 1C50 values and
95% confidence limits (parenthesized) based on 96-h static
bioassays are expressed as percent concentration.

Test cies

: Rainbow Golden Fathead
Series Veek Replicates Trout Shiner Wi anow Stickleback
L ]
1 1 2 26, (18-37} 55 ({32-90) 75 - 13 (21.52)
b o " e 52 (27-97) 7S IR) 2 (26-39)
Comb. 24 {19-31} S2 (3%79) 7% R} 2 (24.43)
2 » 20 (16-24) S0 (41-60} 64  (S3-78) 34 {28-40)
b 2t {17-25) Inv. == 1) - 34 {29-40)
Comb. 19 {17-22) S0 (41-60} &0 (52-68) 34 {51-38)
3 . e, - dav. == 64 (S4-77) 31 (20-40)
b 22, - Inv, == 74  (62-g7) 33 (26-42)
Comb . 18 -- -- - 70 (63-77] 32 {26~38)
4 s 20 (17-23) NT - @, (3-94) <19 -
b 21 {19-24) NT  -- 62 - 235 {20-27)
Comb. 20 (18-B) == == 64 (s8-70) 2% (20-Z77)
Series Estimates 20 10-21) 49 (46-54) 65 (62-68) 26  (25-28)
Total Fish 500 130 $00 520
>
t 1 s 24 - tav. == 62 (40-94) 34 (22-3)
b 19 (6-56) Inv. == sg  (40-86) 31 {15-50}
Conb . 21 (10-42) = == (3} (43-87) 32  (22-46)
2 a Tav. - lav., == &0 (52-69) 29 (22-39)
b lav. - 71 (62-81) 60 (52-63) SO (24-38)
Comb . - .- 71 (62-81) €0 (52-63) 30  (25-36)
3 a NT - 74 (61-90) 73 (64-84) 3 (27-36)
b NT - 70 (82-79) 87 - 31 (28-34)
Comb. - v 72 (e6-80) 79 (69-91) 31 (28-34)
4 . NT - NT - 72 (61-85) NT -
b NT - Nt - 66  (55.78) NT -
Coab . - - - - [1] {57-73) <= -
Series Estimates 21 (10-42) 72 (67-78) 68 (64-71) 31 (29-34)
Total Fish 120 180 480 360
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APPENDIX 3B. (Continued).

Test Species
Rainbow Golden Feathead
Series Weak Replicates Trout Shiner Mi nnow Stickleback
L ] L J
1 1 a <10 - - 3 8s_ - (25-45)
b <10 - !nx. 56 - Inv -
Cosd. <10 - 95 .- €9 () s (25-45}
2 . 2% - >5 .- 48 {40-58) 20  (6-56)
b 25 (20-31) >5% - 38  {22-66) 22  [9-%3)
Comb. 26 (23-29) >5  -- 43 (36-50) 21 (11-41)
L 3 »
3 [ ] 19 - >75 - >75 - 44 P
b 20 (17-24) 66 (¢6-94) =75 . 26 {20-32)
Comb . 20 {18-21) 76 (W) >73 - 26 {23-30)
E » -
4 a 26. - 70.(62-79) 70 - 32 -—
b 25. - 60 - 70 (51-94)} 39 127-58)
Comb . 26 - 65 (61-20) 69 (5%-a1) w7 {27-52)
Series Estimates 20 (18-28) 74 {66-a3) (-] (58-63) 2¢ {24-29)
Total Fish 460 420 - 480 420
*
v 1 s 1s, (o-1) 72 - 55, (34-@7) 38, (20-51)
b 18 - 53 {45-5¢) 56 -— 39 -—
Comb. 16 {1=36) 58 (44-76) S5  (40-76) 38  (29-49}
[ 2 E L ]
2 2 12, - 60 - 56 - 2  (4-5)
> 10 - lng, - 72 (3-97) 35 (29-43)
Comb . 1 (720] 60 == 63 (%6-70) 38  (33-44)
»
] a 10. (8-12) 65. - 61 (a-2) = (26-42)
b 9 - 66 - S8 (36=9¢) 34 (27-43)
Coab. 10 (8-11) 67 (59=73) 60 (46=-77) 33 (29-39)
L ]
4 & 8 (5=11) 56 = S1  (43-€1) 35 (2745}
b [ ] (7=9) 63 (56-72) 58 (so-62) 40 (31-50)
Comb o [] (6=9) 60 {55-53) 54 {49-%9) 57 (31-44)
Series Estimates ¢ {8-10) 62 (59-63) 14 (55-60) 36 {33-39)
Total Fish 480 420 480 480
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APPENDIX 3B. (Continued).

Test Species
Ra inbow Golden Fathead
Series Veok Replicates Trout Shiner _Minnow Stickleback
L 3 [ ]
v 1 . a, - s2, -- 56 (3-86) 25 (17-37)
b 23, - 46 - 2 (27-97) 29 (17-50)
Comb. 25 - 49 (32-713) 5S4 (38-77) 27 {19-38)
. 2 . 3, - 6,50 5 (0e) B (2-4)
b 21 - 47 an 6l (a1-92) 28 (22-34)
Comb . 21 (19-25) 49 (39-62) 9 (4577) 29 (24-34)
3 . lav. == S (46-70) 60  [53-69) 33 (26-44)
b lav., == 46 (33-54) S3 (42-67) 40 (32-49}
Comb .. = 5] (45-58) 56  (50-63) 36  (31-43)
. . 2% - © (44-55) 61 (R} 32 (26-48)
b 26 (18-40) 52 (46-58) 51 (40-65} 36  (29-44)
Comb . 26 (24-29) 50 {46-55) 53 (45-63) s3  (28-38)
Series Estimates 24 (2%-25) 50 (48-52) S8 (54-61) 32 (S0-34)
Total Fish 380 480 _480 40
L ] L &
vl 1 2 24 - 56 == 50, - 22 (R}
b N, - 42 - 50, - 31 (20-49)
Cosb . 24 - 45 {35-58) SO -— 26 (18=40)
2 a 27, (2-35) aa (3643} S5 (4-70) 28, (20-39}
b 24 - 46 (38-55) S& (40-80) 34 -~
Comb . 26 (24-29) a4 (40-49) S5  (45-65) 28  (22-38)
s . 23, (24-38) 39 (29-%2] S0 (42-61) 2 (24-44)
b 30 - 42 (30=58) S5 (45-67) 39 (32-47)
Comb. 30 (25=35) 43 (389-49) S (46=-60) 7 (31-44)
4 . 31: - 4 (31-5%) S50 (40=£3) 29 (22-39)
b 28 - 42 (32-60) 56 (MR} 30 (23-40)
Comb o 28 (25-31 42 {34.52 4563 30 24-35
Series Estimates 28 . (26-29) 4s (41-46) S2 (48-5S) 30 {27-337
Total Fish gg 470 ‘ﬂ ﬂ
Combi Pi
Estisstes 18 (17-19}) S (58-58) 60 (59-61) 1 (30-32)
Total Figh 2340 21%0 2900 2740
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APPENDIX 5. A Statistical Analysis of Data Obtained from Acute Biocassay Tests,
by: Alvin D. Wiggins, Ph.D.

1.  Acceptability of the DFG Lgso Estimates

Data generated by the toxicity trials conducted by the Department of
Fish and Game were first analyzed as eight one-factor experiments, one
experiment for each of four species of test fish and each of two reference
toxicants. The species of test fish were rainbow trout, golden shiner,
fathead minnow and three—spine stickleback. The two reference toxicants
were NaCl, or sodium chloride, and PCP, or sodium pentachlorophenate. The
tests were conducied by preparing a logarithmically graduated series of
concentrations of a toxicant and exposing (usually) ten fish to each level
of concentration. The cumulative number of dead fish at each concentration
was recorded at twenty-four, forty-eight, seventy-two and ninety-six hours.’
Only the ninety-six hour data are used in both the DFG computations and
this statistical analysis. The population parameter of greatest interest

was the LC o* °F median lethal concentration, at ninety-six hours. Concen-

5
trations of each toxicant were expressed in percent., A 1.5% stock solution
was taken to be the 100% concentration of NaCl, and a concentration of 0.5 mg/%
was taken to be the 100% concentration of PCP. In the actual conduct of the
tests, some test solutions exceeded the 100% concentration level.

The principal statistical technique used by the DFG in estimating the
LC50 vas Finney's method of probit anaiysis (1958). According to.the DFG
report, the probit analysis was conducted by making use of a prepared
statistical program which was written for, and executed upon a Tektronix

Model 31 desk calculator. Since this program, as well as the machine on

which it was executed, were unavailable to us, we used a slightly different
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approach in computing the estimated LC50 values and the 95% confidence
intervals therefore. Whereas probit analysis is based on the assumption
of an integrated normal prqbability law as an expression of the distri-
bution of tolerance concentrations, a part of the present statistical
analysis assumes the logistic function as an expression of this distri-
bution. Using the logistic function, the LC50 values were estimated by
means of maximum likelihood. The 95% confidence intervals were estimated
by means of asymptotic methods.

Despite the different methods used, the LC50 values computed by
maximum likelihood were in remarkably good agreement with those obtained
by the DFG using probit analysis, Accordingly, the DFG estimates of the

LC50 values were used during the next phase of the statistical analysis.

2, Search for Trends by DFG

The DFG report makes mention in several places of trends (or apparent
trends), over time, of the sensitivities of the various species to the
reference toxicants. The assertion of a trend is often interpreted
(sometimes incorrectly) as an assertion of a linear trend. This is a
useful and easily interpretable concept. However the assertion of a
lack of trend following statistical significance testing can sometimes
be misleading. For this reason, we have chosen to test for a statis-
tically significant time effect rather than test for a significant time
trend, the former being ﬁore general in the sense that if there is a
significant linear trend in time, it will be detected as & significant

time effect. Accordingly, we have conducted eight one-factor analyses
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of variance, one for éach of the four species of fish in each of the two
reference toxicants. The model for a typical one-factor, or one-way

analysis of variance is as follows:

Yij =y + eij' j=1,...,n1, i=1,...,6,

where'Yij is the DFG-calculated sample LC50 value, in percent, for the
jth experiment conducted during series i (i=1,11,...,VI), By is the
population mean LCSO for series i, and the e1j are random error terms,
assumed to be independently normally distributed for all i and J,

. . 2 .
with mean zero and common variance o°, For a given species of fish in

a given reference toxicant, the null hypotheses tested was

That is, the hypothesis testedwas that the population mean LC50 values
are the same for all series, I through VI. Since the six series were
.spaced throughout the year, it was felt that the analysis of variance
(ANOVA) provided a fair test of the null hypothesis of no time effect,

without committing oneself to a specific form of time trend.

Following a finding of significance, omne naturally wishes to know
which subgroups of the six test series differ from which other subgroups
and in which direction. This has been accomplished through the use of a

statistical follow-up procedure known as Scheffé's S-method (Scheffé, H.
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1959, The Analysis of Variance. John Wiley and Sons, Inc., New York.) Using

the S-method, it 1s possible to do further significance testing upon

subsets of the parameters under investigation. The results of the eight

one-way ANOVA's are summarized below by means of standard ANOVA tables

and, in cases of significance by a graphical schematic representation of

the order relationships of the six LC50 values.

2.1 Rainbow Trout. NaCl
Tahle 2.1 ANOVA Tablie for Rainbow
Trout in NaCl
Sum of Mean
Source Squares D.F. Square F-Ratio
Among 1275.30 5 255,059 9.4005%*
Within 732.58 27 27.133 -
Total 2007.88 32 —— —-_—

**xSignificant at the 1% level.

The experimental wmean Lcso's (ui‘s) lor the six test serles are

given in Table 2.2.
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Table 2.2 Experimental Mean LC50 Values

for Rainbow Trout in NaCl

Series LCSO(Z) No. Tesfs
1) (Ni) (ni)

1 72.5 4

11 82.0 2

111 85.17 6

IV 77.88 8

\Y 91.38 8

VI 80 5

Since the F-ratio, 9.4005, with 5 and 27 degrees of freedom (Table 1)
is significant, and at the 1% level, we now follow-up with the S-method
in an effort to assign the reasons for the significance. Our findings
are as follows:

1) ul (the LC of series I) is significantly smaller than

50

the remaining five.

2) Hos Hgs My and e do not differ significantly from one

another.

3) Ve is significantly larger than the remaining five,

Reference to Table 2.2 shows the following or&er relationships (smallest

to largest) among the six estimated LCSO values:
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By <M, < Hg <Hy < Wy < Mg
If we arrange the population LCSO's in the same order and place an
underline beneath those sets of parameters which the S-method tells us

do not differ significantly, we obtain the following graphical schematic

representation:
El v, u6 uz Uq iz.

Thus we would conclude that during the time of year when the tests of
series T were being conducted, rainbow trout were significantly more sen-—
sitive to NaCl than they were during other series, during series V they
were significantly less sensitive than they were during other series, an;
during test series II, III, IV and VI they did not differ in sensitivity
but were intermediate between series I and V.

This analysis is not meant to suggest that there is exclusively a
seasonal effect operating here, though that is one of several pessibilities,
Other explanatory variables should be investigated as possible causal
mechanisms, such as variations in PH, temperature, dissolved oxygen,
alkalinity, laboratory handling procedures, etc., Such an investigation

is beyond the scope of this report.

2.2 Golden Shiner. NaCl

Table 2.3. ANOVA Table for Golden
Shiner in NaCl

Sum of Mean
Source Squares D.F. Square F-Ratio
Among 95.703 5 19.1406 | 1.184 (ns)l
Within 468,875 29 16.1681 -
Total 564,578 34 - —_—

1
NS = Not significant at the 5% level.
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50 Values

for Golden Shiner in NaCl

Table 2.4, Experimental Mean LC

Series LCSO(S) No. Tests
(1) (ui) (ni)

1 75.33 6

11 79.00 4

ITI 77.20 5

IV 74.38 8

v 74.63 8

Vi 73.50 8

Table 2.3 shows a non-significant F-ratio.

Following acceptance of the

null hypothesis that all population means are equal, the common LC50

is estimated to be G = 75,43,

NS = Not significant at the 57 level.

A-5-7

2,3 Fathead Minnow, NaCl
Table 2.5, ANOVA Table for Fathead
Minnow in NaCl
Sum of Mean
Source Squares D.F. Square F-Ratio
Among 100.031 5 20.0063 | 1.7320 (ns)!
Within 473.5%94 41 11.5511 -—
Total 573.625 46 -— -—
1. -



-

Table 2.6. Experimental Mean LC50 Values

for Fathead Minnow in NaCl

Series LCSO(Z) No. Tests
(1) (ui) (ni)

I 76.14 7

II 78.00 8

111 76.63 8

IV 78.38 B

Y 75.25 8

Vi 74,25 8

The common LC, . is estimated to be u = 76.45,

50

2.4 Three-Spine Stickleback. NaCl

Table 2.7. ANOVA Table for Three-Spine
Stickleback in NaCl

Sum of Mean
Source Squares D.F. Square F-Ratio
Among 22,823.2 5 4,564.64 20,5785%*
Within 7,541.8 34 221.82 —
Total 30,365.0 39 ——— -—

‘**Significant at the 1% level.
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Table 2.8. Experimental Mean LC50 Values
for Stickleback in NaCl

Series LCSO(Z) No. Tests
(1) (ui) (ni)

I 113.00 6

IT 102.75 4

111 117.71 7

v 74.00 8

Y 52.63 8

VI 97.57 7

Ug My Vg Yo ¥ Yy

The schematic representation above tells us that jointly Mg and H,
are less than g (and hence ul, Y, and ua). There is insufficient evidence
Lthat u5 differs from Vo which could be grouped also with u6 and uz. It

we wished to form just two subgroups of series, we would place By and
g into one group with an estimated joint LC50 of ;45 = 63.31? and
ul, uz, ua, u6 into the other, with an estimated joint LC50 of

P1,3¢ = 108.17.

Note the extremely large internal variability of stickleback, with
an error mean square of 221.816 (from Table 2,7). This is about three
times as large as the next largest error mean square (73.0438 for fathead

minnow, PCP) and more than 22 times as large as the smallest error mean

square (9.84696 for rainbow trout, PCP),
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2.5 Rainbow Trout. PCP

Table 2.9, ANOVA Table for Rainbow
Trout in PCP

Sum of Mean
Source Squares D.F. Square F-Ratio
Among 1,183.,50 5 236.70 24,038%%
Within 305.26 31 9,85 _—
Total 1,488.76 36 —— —_—

**Sjignificant at the 1% level,

Table 2.10, Experimental Mean LC50 Values

for Rainbow Trout in PCP

Series LCSO(Z) No. Tests
i
(i) (ui) (hi)

1 20.88 8

II ' 21.50 2

I11 23,83 6

v 11.00 8

v 23.30 2

VI 27.57 7

Ei Hl uz US U3 v6

The schematic representation tells us that rainbow trout were sig-

nificantly more sensitive to PCP during Series IV than during any other
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series. Furthermore the LCSO of Series T is significantly less than
that of Series VI. However Series II, III and V can be grouped with

either Series I or Series VI, There is insufficient evidence to effect

a clear separation,

2,6 Golden Shimer. PCP

Table 2,11. ANOVA Table for Golden
Shiner in PCP

Sum of Mean
Source Squares D.F. . Square F-Ratio
Among 3,728.22 5 745,644 15.995%%
Within 1,258,69 27 46,618 -—
Total 4,986.91 32 - —

*%Significant at the 1% level.

Table 2,12, Experimental Mean LC50 Values

for Golden Shiner in PCP

Series LCSO(Z) No. Tests
(1) (ui) (ni)

I 51.67 3

II 71,67 3

III : 72,75 4

Iv 62.14 7

v 49,63 8

Vi 43,63 8

Mo Vs Hy ¥y ¥y ¥y
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Here we see that Mgr Ug and u, are significantly less than Hyr Yy

and p,. However, there is insufficient evidence to effect a clear

3
separation between the Series 1 LC50 and the Series IV LCSO'

2.7 Fathead Minnow. PCP

ANOVA Table for Fathead
Minnow in PCP

Table 2,13,

Sum of Mean
Source Squares D.F. Square F~Ratio
Among 1,320.08 5 264,016 | 3.614*
Within 2,921.75 40 73.044 _—
Total 4,241,83 45 -— -—

*Significant at the 5% level, but not at the 1% level,

Table 2,14, Experimental Mean LC50 Values
for Fathead Minnow in PCP

Series LCSO(Z) No. Tests
(1) @,) (n,)
1 66.25 8
II 67.25 8
111 61.00 6
v 58.13 8
A 56,38 8
VI 52.50 8

Ug Mg M4 Mg ¥y ¥y
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All that we can say conclusively in this case is that Y6 1s signifi-

cantly less than My However, the intermediate LCso's, Uy u3, Y4 and

could be grouped either with e on the low side or with ¥, on the

Hs
high side, It is worth noting that with the exception of the reversal of
Series I and Series II, there is a steady increase in sensitivity

throughout the six series,

2.8 Three~Spine Stickleback. PCP

ANOVA Table for Three-Spine
Stickleback in PCP

Table 2.15.

Sum of Mean
Source Squares D.F. Square F-Ratio
Among 305.371 5 61.0742 2,986%*
Within 777.176 38 20.452 -_—
Total 1,082.55 43 -— —

*Significant at the 57 level, but not at the 1% level.

Table 2,16, Experimental Mean LC50 Values
for Stickleback in PCP

Series LCSO(z) No. Tests
(1) ) ()

1 31.43 7

11 31.00 6

II1 28.57 7

v 37.00 8

v 31.63 8

VI 30.63 - 8

u3 u6 Uz Ul l-|5 ua
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Here we see that sensitivity was greatest during Series III and
least during Series IV, Series I, II, V and VI can be grouped with either

Series III or Series IV, however,

3. Comparison of Species

It will be instructive to examine the data from another aspect. In
particular we now wish to compare species across time. To this end we

again adopt the mathematical model of the one-way analysis of variance:

Y +eij’ Jtl"..’ni’ 1-1,--.|l‘,

14 =5

where, similarly to the previous analysis, Yij is the DFG-calculated sample

LC50 value, in percent, for the jth experiment conducted on specles 1
and El’ 52, E3 and EA are the population mean LCSO values for rainbow
trout, golden shiner, fathead minnow and three-spine stickleback,

respectively., Finally, the e,, are random error terms, agsumed to be

i]
independéntly normally distributed for all 1 and J, with mean zero
and common variance, 02. For a given test series (I through VI) and &

given reference toxicant (NaCl or PCP), the null hypothesis tested was

H H E -E. 1'1,..0.“0

0 i

That is, the hypothesis tested was that the population mean LCSO values
are the same for all species of fish tested, As in Section 2, we use
the Scheffé S-method as a follow-up procedure following a finding of
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significance in any of the twelve one-way layouts. The results of the
twelve one-way ANOVA's are summarized below by means of standard ANOVA
tables and, in cases of significance by a graphical schematic represen-

tation of the order and grouping relationships of the four species LC-,’0

values.

3.1 Series I, NaCl

Table 3.1. ANOVA Table for Series I, NaCl
Sum of Mean
Source Squares D.F. Square F-Ratio
Among 6,438.64 3 2,146.21 14,6727%%
Within 2,779.19 19 146.273 -
Total 9,217.83 22 -— ——

¥kSignificant at the 1% level,

Table 3.2, Experimental Mean Values
for Series I, NaCl
Species LCSO(Z) No. Tests
eV ) (ny)
1 (R.T.) 72.50 4
2 (G.S.) 75.33 6
3 (F.M,) 76.14 7
4 (st.) 113,00 6
El 52 ES Eﬁ
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The calculated F-ratio in Table 3.1 above tells us that there are
significant differences among the four apeciés with respect to their
sensitivities to NaCl during Series I, Our follow-up procedure, the
Scheffé S-method, as summarized by the order and grouping relationship
below Table 3.2, tells_us that stickleback is responsible for the re-
jection and that there are no statistically significant differences among
rainbow trout, golden shiner and fathea& minnow, The estimated grouped

mean LC5 value for the three latter species is E123 = 75,00,

0

3,2 Series II, NaCl

Table 3.3. ANOVA Table for Series II, NaCl

Sum of - Mean
Source Squares D.F. Square F-Ratio
Among 1,801.75 3 600,583 5.7014%*
Within 1,474.75 14 105,339 -
Total 3,276.50 17 -—

#*Significant at the 1% level.

Table 3.4. Experimental Mean LC50 Values
for Series II, NaCl

Species LCSO(Z) No. Tests
(1) E,) ()
1 (R.T.) 82.00 2
2 (G.5.) 79.00 4
3 (F.M.) 78.00 8
4 (st.) 102.75 4
E3 52 51 Ea
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Again we have significance, and again we see that one possible
grouping is {El,£2,£3} vs. 54 alone, although 51 could also be grouped

with EA'

3.3 Series III, NaCl

Table 3,5, ANOVA Table for Series III, NaCl

Sum of Mean
Source Squares D.F, Square F-Ratio
Among 7,765.67 3 2,588.56 | 94,139]1%*
Within (| 604,938 22 27,4972 —_—
Total 8,370.61 25 - —_—

**Significant at the 1% level.

Table 3,6, Experimental Mean L050 Values

for Series III, NaCl

Species LCSO(Z) No. Tests
(1) &) (n,)
1 (R.T.) 85,17 6
2 (G.,S.) 77.20 5
3 (F.M.) 76.63 8
4 (st,) 117.711 7
btk
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3.4 Series IV, NaCl

Table 3,7. ANOVA Table for Series IV, NaCl

Sum of Mean
Source Squares D.F, Square F-Ratio
Among 125.594 3 41.8646 | 1.7273 (ns)!
Within 678,625 28 24.2366 | —_—
Total | 804.219 31 — —

1NS £ Not significant at the 5% level.

Table 3.8. Experimental Mean LCSO Values
for Series IV, NaCl

Species LCSO(Z) No. Tests
(1) (Ei) (ni)
1 (R.T.) 77.88 8
2 (G.8.) 74.38 8
3 (F.M,) 78,38 8
4 (st.) 74.00 8
54 52 El 53

There are no statistically eignificant differences among the four

value is E = 76.16.

specias. The estimated common LCSO

A-5-18



3.5 Series V, NaCl

Table 3,9. ANOVA Table for

Series V, NaCl

Sum of Mean
Source Squares D.F. Square F-Ratio
Among 6,076.84 3 2,025,.61 27.2794%*
Within 2,079.13 28 74,2545 -
Total 8,155,97 31 —— —

**Signift&ant at the 1% level,

Table 3,10, Experimental Mean L050 Values
for Series V, NaCl

Species LCSO(z) No. Tests
(1) ) ()
1 (R.T.) 91.38 . 8
2 (G.S.) 74.63 8
3 (F.M.) 75.25 8
4 (St.) 52,63 8
Ei 52 53 £
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3.6 Series VI, NaCl

%123

Table 3,11,

ANOVA Table for

Series VI, NaCl

Mean

Sum of
Source Squares D.F. Square F-Ratio
Among 2,486,42 3 828.807 10,3588%%
Vithin 1,600.20 20 80.0102 -—
Total 4,086,63 23 —— -

*%Significant at the 12 level.

Table 3.12. Experimental Mean LCSO Values
for Series VI, NaCl

Species LCSO(Z) No. Tests
(1) ) ()

1 (R.T.) 80.00 5

2 (G.5.) 73.50 4

3 (F.M) 74.25 8

4 (st.) 97.57 7

= 75,76,

The estimated common LC

50

for species 1, 2 and 3 combined is
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3.7 Series I, PCP

Note that in this case each gpecies is distinct from all remaining

species,

Table 3.13. ANOVA Table for Series I, PCP
Sum of Mean

Source Squares D.F, Square ) F-Ratio
Among 9,321.86 3 3,107.29 |119.772%*
Within 570.75 22 25.9434 ——
Total 9,892.61 25 -— -—
**Significant at the 14 level.

Table 3.14., Experimental Mean LC50 Values

for Series I, PCP
Species LCSO(Z) No. Tests
(1 &) (n,)

1 (R.T.) 20.88 8

2 (G.S.) 51.67 3

3 (F.M.) 66.25 8

4 (St.) 31.43 7

E. &, € Eé
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3.8 Series 1I, PCP

Table 3.15. ANOVA Table for Series II, PCP

Sum of Mean
Source Squares D.F. Square F-Ratio
Among 9,321,86 3 3,107.2¢9 119.772%%
Within 570.754 22 25.9434 -
Total 9,892,62 25 e —_—

*%kSignificant at the 12 level.

Table 3.16. Experimental Mean LC50 Values
for Series II, PCP

Species LCSO(Z) No. Tests
&9 (Ei) (ni)
1 (R.T.) 21.50 2
2 (G.S.) 71.67 . 3
3 (F.M.) 67.25 8
4 (8t.) 31.00 6
El EA 53 52

The estimated common LCSO values for species (1,4) and (2,3) are

"

£, = 28.63, £, = 68.45.

14
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3.9 Series III, PCP

Table 3,17. ANOVA Table for Series III, PCP

Sun of Mean
Source Squares D.F. Square F=Ratio
Among 9,140.44 3 3,046.81 | 23.5008%*
Within 2,463.30 19 129,647 _—
Total 11,603,774 22 -— —

*xSignificant at the 1% level.

Table 3.18. Experimental Mean LC

50 Values
for Series III, PCP

Species LCSO(Z) No. Tests
(?) (Ei) (ni)
1 (R.T.) 23.83 6
2 {G.S.) 72,75 4
3 (F.M.) 61.00 6
4 (st,) 28,57 7

El Eh EE £

—— —— ——

The estimated common LC,., value for species 1 and 4 combined

50
is 514 = 26.38.
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3.10 Series IV, PCP

Table 3.19. ANOVA Table for Series IV, PCP

Sum of Mean
Source Squares D.F. Square F-Ratio
Among 12,797.8 3 4,265.94 171.469%*
within 671.727 27 24.8788 -—
Total 13,469.5 30 —— —-—

¥%Significant at the 1% level.

Table 3.20. Experimental Mean LC__. Values

. 50
for Series IV, PCP
Species LCSO(Z) No, tests
(1) @) (n,)

1 (R.T.) 11.00 8
2 (G.S.) 62.14 7
3 (F.M.) 58.13 8
4 (St.) 37.00 8

£ 54 53 52

The estimated common LC_, value for species 2 and 3 combined is

50

523 = 60.00.
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3.11 Series V, PCP

Table 3.21.

ANOVA Table for Series V, PCP

Sum of Mean
Source Squares D.F. .Square .| F-Ratio
Among 5,058,01 3 1,686.00 113,873%%
Within 384,957 26 14.806 -—
.Total 5,442,97 29 —— -—

**Significant at the 17 level.

Table 3.22. Experimental Mean LC50 Values
for Series V, PCP
Species LCSO(Z) No. Tests
1) (Ei) (ni)
1 (R.T.) 23.33 6
2 (G.S.) 49,63 8
3 (F.M,) 56,38 8
4 (st.) 31.63 8
£E. ¢, ¢ EQ
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3.12 Series VI, PCP

Table 3,23,

ANOVA Teble for Series VI, PCP

Sum of Mean
Source Squares D.F. Square F-Ratio
Among 3,104,411 3 1,034.80 59.2614%*
Within 471,465 27 17.4617 —_—
Total 3,575.87 30 _— _—

**Significant at the 1% level.

Table 3.24, Experimental Mean LC50 Values
for Series VI, PCP
Species LCSO(Z) No. Tests
€} &) ()
1 (R.T.) 27.57 7
2 (G.S,) 43.63 8
3 (F.M.) 52.50 8
4 (5t.) 30.63 8
El £4 14 Eé

Thé estimated common LC50 value for species 1 and 4 combined is

514 = 29,20.
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Two points are worthy of comment here. First, throughout Series I
through VI, NaCl, there is no significant difference between golden shiner
and fathead minnow. Second, with the exception of NaCl; Series V, in all
those series in which there are statistically significant differences,
stickleback is the least sensitive species. In Series V, NaCl, stickleback
is the most sensitive species. This is consistent with the large varia-
bility, over time, which was noted in Section 2.4,

With respect to PCP, two things should be noted. First, rainbow
trout, either alone or in concert with stickleback, is consistently sig-
nificantly more sensitive than the remaining species, Second, with the
exception of Series III, fathead minnow, either alone or in concert with
golden shiner, is consistently significantly less sensitive than the
remaining species. In Series IIl it is golden shiner alone, followed by
fathead minnow alone, which is significantly less sensitive than the

remaining species.

4, Variability Among Species over Time

The question"ls the variability among species homogeneous through
time?" is a natural and 1nterestinglone. The propef vehicle for answer-
ing this question 1s the series of ANOVA tables of Section 3. Specifi-
cally, for a given toxicant and a given series, the variability among
species is found in the "Among" (species) line in the "Mean Square"
column of the ANOVA table. Let 012 denote the population variance of

the LC50 values of the ith series, where i ranges from I to VI. The
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"Mean Square Among" (species) (or MSA) is an unbiased estimate of 012.

The null hypothesis, then, is

HO : aiz - 02, i=1,...,6,

where 02 is the common, but unknown, population variance. Let k denote

the number of variances to be tested, vy the n:mber of degrees of freedom
for the ith variance, or group, and let N = X vy In the present case

" 3 (the number 2;1degre:s of freedom is one
less than the number of species tested). Then N = 1;1v1 = ]8. The test

we have k=6 (series) and v

criterion is

k k
1
M=N2n{s ] v (MS,)} - § v en@Ms,)),
N, 1A 4o 1 Al

h

where MSAi is the "mean square, among' for the 1™P test sertes. Under

H M is distributed approximately as xz with k-1=5 degrees of freedom.

oi
Straightforward substitution into the equation above ylelds, for NaCl,

M = 10,043, The critical value of chi square with five degrees of

freedom at the 5% level of statistical significance is xi_ 95 = 11.070.
e

For PCP the value of M is M = 1,732, Since M < 11.070 = xg‘ 95 for
’.

both NaCl and PCP we accept Ho in both cases, That is, we conclude that

there is insufficient evidence to reject Bo at the 5% level of statistical
significance, and behave as though we believe the variation among species is

homogeneous through time,

£y
R
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5. Additional Suggestions in Connection with the Present Data or Future

Toxicity Trials

5.1 Allocation of Fish to Concentrations

Based on a fixed number of concentrations and a fixed total number
of fish, what allocation of fish to dosage levels will yield a wminimum
variance in the estimation of the LCSO? The recommendation of the DFG is
to employ twenty to thirty fish at each concentration as a way of reducing
the confidence interval for the LCSO' This 18 a sound suggestion, but
preliminary statistical calculations show that one can expect even
greater reductions in the length of the confidence interval by some other
allocation than that of equal numbers at all dosage levels. If omne is
committed to a parametric model of a sigmoid dosage-response curve, then
it seems clear that differing amounts of information are present along
different parts of the curve. Specifically, it would appear that the
maximum amount of information is to be found in the region in which the
curve is changing most rapidly. This, of course, occurs in the vicinity

of the LC Thus, one fish placed at a concentration near the LCSO

50°
could be expected to yield more information about the LC50 than could the
same fish placed at a concentration farther ranbved in either directién.
One could thus expect an improvement in precision of estimation of the
LC50 by moving some, but possibly not all, fish from thg tails of the
tolerance dosage curve and reallocating them toward the center of the
distribution, This presupposes gome prior experimentation in order to

locate, at least approximately, the region in which the LC_. is expected

50
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to lie. Thus the statistical problem is one of determining the optimal
allocation of a fixed total number of fish to some preassigned number of

levels of concentration.
Obviously, the optimum allocation problem described above is a

subject only for future similar toxicity trials.

5.2 Multivariate Statistical Analysis

The present statistical analysis, together with the DFG-generated

estimates of the various LC_.. values on which the analysis is based,

50
fixes attention on only a single parameter of the sigmoid-shaped dosage-
response curve. This parameter, the more important of the (usually) two

parameters in any such curve, is, of course, the LC_., which can also be

50
described as the "location" parameter of any such family of curves.
Ignored, but not forgotten in the statistical analysis has been the

second pérameter, the "shape" parameter of the family of dosage-response
curves. This parameter determines how steeply the curve climbs from

near zero at low dosages (or concentrations, in the present case) to

near one at high dosages. It thus determines the "shape" of a dosage-
response curve, whereas the LC50 determines its "location". A more nearly
complete analysis would continue to assese the statistical significance of
the LCSO' while aimultgneously taking account of the bghavior and in-
fluence of the estimate of the shape parameter upon the estimate of the
location parameter (LCSO). The enlarged statistical problem, then, no
longer remains a univariate statistical problem, but rather becomes a

bivariate statistical problem, accessible by a substantial body of multi-

varlate statistical methods. Such methods can be applied to the present
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study, which contains adequate experimental data for the estimation of

both parameters.

5.3 Recognitjon of the Time Domain

Finally, it should be noted that the present series of experiments
conducted by the DFG has yielded a wealth of experimental data, only a

fraction of which has been used in the computation of LC,_ 's and, perforce,

50
in the subsequent statistical analysis. Specifically, for each level of
concentration, there are fish-kill counts at 24, 48, 72 and 96 hours, of
which only the 96-hour counts are used. There are, in the statistical
literature, methods which make effective use of the time-domain as well as
of the concentration domain. Specifically, although there are, in the
present case, only four time intervals, one could make use of life-table
methods, of which there are many,

. The use of such methods could enlarge the scope of scientific
questions which could be asked of, and answered by the experimental data.
For example, for a given toxicant at a reference concentration, one could
ask "What is the median lethal time (LTSO) for a given species?"

In addition, one might hope to achieve certain economies by shorten-
ing the total length of time for a typical test to something significantly
less than 96 hours. Specifically, i1f one could devise a suitable mathe-
matical model for a twoc-dimensional dosage-response surface (an obvious
extension of the present widely-used one-dimensional dosage-response

curves), there would automatically follow methods of estimating the

parameters of such a model. If this estimation could be done satisfactorily
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at a sufficiently early time in the test, the test gould be safely dis-
continued and what is now the estimated LCso at 96 hours could become the
predicted LC50 at 96 hours. Criteria for early &iscontinuance of a test
could be based on the size of confidence regions for the parameters of

the model, a straightforward statistical procedure.

If the foregoing were deemed desirable, one might then wish to con-
sider modifications of the experimental protocol aimed at improving the
precision of the parameter estimates., One such technique might be in-
creased surveillance of each fish tank in order to fix more precisely the
exact time of death of each fish therein. If this could be automated, so
much the better, For example, if there existed a device which could de-
tect and record as little as a five percent drop in the metabolic activity
of a total biomass, then one could automate the monitoring of a tank of

twenty fish. This, of course, is a suggestion for future consideration.
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