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A series of experiments was conducted at Oregon State
University's Yaquina Bay Fisheries Laboratory during 1960 and 1961
to determine the suitability of the mussel embryo test for bioassay
work in marine waters. Specific objectives of this study included
the determination of the seasonal availability of gemetes, sensi-
tivity of the embryos to dilute concentrations of the experimental
toxicant sodium pentachlorophenate (NePCP), reproducibility of bio-
assay results, and general laboratory techniques necessary for this
type of test.

Adult mussels were stimulated to spewn by immersion in a 6-
8 percent (by volume) mixture of Kraft Mill Effluent in sea water.
This spawning method proved to be a repid and relisble means of ob-
teining visble gametes during all seasons of the year. From the in-
formation obtained in this study, plus additional spawning data to
provide more complete annual coverage, it appears that gametes are
readily availsble from January through August (30-80 percent spawning)



and availsble to a lesser extent from September through December (15-
25 percent spawning success).

The normal development of mussel embryos includes the forma-
tion of a fully-shelled veliger stage at 40-48 hours (20° % 2 ¢9).

The présence of an environmentel stress (toxicant) causes a percentage
of the embryos to develop in an abnormel manner, i.e. do not develop
shells. A mussel bioassay consists of exposing developing embryos to
various concentrations of a toxicant in seawater, allowing the embryos
to develop for 48 hours at 20° ¥ 2° C., and determining the percent-
ages of fully-shelled larvee in each concentration. Twenty-four bio-
assays were conducted using NePCP as the experimental toxicant. In 19
of these tests, the percentages of normel larvae were based on the num-
ber of larvae surviving at the end of en experiment. In the remaining
five bioassays, counts were made of the numbers of fertilized eggs
originally present in each container to obtain information on the
effect of mortality on bioassay results.

Experiments conducted to determine the effect of salinity on
mussel embryo development indicated that the optimum salinity was in
the range of 24-28 p.p.t. (salinities from 16-32 p.p.t. were tested).
In another series of experiments both salinity and NaPCP concentration
were varied. In these tests embryos reared in see water with a selin-
ity of 28 p.p.t. were leas susceptible to the effects of NaPCP than at
either 20 or 2k p.p.t.

In the 24 bioasssys the NaPCP did not appeer to affect shel-
ling st 0.2 mg/l and completely prevented shelling at 0.6 mg/l. The

~ average EC5o for all of the experiments ves approximately 0.40 mg/l




with a range of 0.28 to 0.57 mg/l. Although the percentages of
embryos surviving decreased with increasing concentrations of the toxi-
cant, ECsy values computed using the mmbers of larvae at 48 hours did
not differ significantly from values based on the originsal numbers of
fertilized eggs.

Measurements of shell lengths of 48-hour embryos indicated
that differences in shell lengths msy be a means of detecting inimical
effects not shown by percentages of normel larvae alone.

The mussel embryo test, as described in this report, is a
repid and sensitive bioassay method. Additionalrtests may be required

to relate mussel toxiclty data to that of other species of interest.
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THE USE OF THE EMBRYONIC STAGES OF THE BAY MUSSEL,
MYTIIUS EDULIS LINNAEUS, AS A BIOASSAY TOOL WITH
SPECIAL REFERENCE TO SODIUM PENTACHLOROPHENATE

INTRODUCTION

The poesible use of the embryonic stages of the bay mussel,

Mytilus edulis Linnaeus, for bioassaylng toxic materials in marine

vaters is the subject of this report. The original impetus for this
study was a result of the discovery that Kraft Mill Effluent (KME)
stimulated spewning in mussels during all seasons of the year. In
1957, W. P. Breese, while testing the toxic effects of KME on several
species of bivalves at the Yaquina Bay Fisheries Laboratory (now the
Oregon State Marine Science Center), noted that the effluent readily
stimulated the mussels to spawn. With the discovery of an effective
method of obtaining gametes, the possibility of employing mussel
larvae for biomssay work was suggested.

A mussel embryo bioassay essentially consists of exposing devel-
oping embryos to different concentrations of some toxicant, in this case
sodium pentachlorophenate, for a period of 48 hours. At the end of this
time numbers of normal (shelled) and sbnormel (nonshelled) larvae are
counted. During 1957 and 1958, Richard Toner, then a graduate student
at Oregon State University, explored the feasibility of using the
embryonic stages of the bay mussel to biocassay spent sulfite liquor
(sSL) (1961). The results obtained by Toner appeared promising in that

there was almost always a decrease in numbers of normal larvae with




2
increesing concentrations of the liquor, but certain problems were‘en-
countered vwhich were not adequately solved. Most of these problems
were minor difficulties in technique; however the important considersg-
tion of rearing high percentagn; (80-90 percent) of normal larvae in
the absence of toxicant was never completely resoclved. In the maagrity
of Toner's experiments the numbers of normal larvae in the control
dishes (those dishes which contained sea water only) were less than 50
percent of the original numbers of fertilized eggs. This difficulty
indicated that perheps certain envirommentel factors, e.g., water tem~
perature, type of container, salinity of the rearing water, etc., were
not optimum for the bioassays, and that more experimentation along these
lines could increase the reliability of the tests.

During 1960 and 1961 studies were conducted at the Yaquina Bay
Fisheries Lsboratory using sodium pentachlorophenate (NePCF) as the ex-
perimental toxicant. The maln objectives of these experiments were to
improve techniques and to standerdize enﬁironmental testing conditions.
Most of the actusl experimental work was conducted during the summer
months with occasional experiments at other times to confirm the avail-
ability of mussel gametes during all seasons of the year. The research
performed during 1960 was mainly exploratory and by 1961 techniques had
been considerably improved, resulting in the data which forms the basis
of this report.

The use of organisms to evaluate the effects of various chem-
icals and wastes on the merine environment is widespread, especially in
relation to the shellfish industry. Davis (1961) reported on the use of

embryonic and larval stages of two east coast bivalves, the quehog,




Venus mercenaria Linnseus, and the American oyster, Crassostrea

virginica (Gmelin), to study the toxicity of several pesticides., At
the Yaquina Bay Fisheries Laboratory, the Threespine stickleback,

Gasterosteus aculeatus Linnaeus, has been used to estimate weekly

changes in the toxicity of pulping process effluent from a Kraft pulp

mill, Mature Native Pacific coast oysters, Ostres lurides Carpenter, and

Pacific oysters, Crassostrea gigas (Thunberg) have been used for several
years in long-term (six months to three years) bioassays of pulp mill
effluents by Woelke (1965) and by the Yaquina Bay Fisheries Laboratory.
Okubo and Okubo (1962) described a bioassay method utilizing the embry-
onic stages of M. edulls, C. gigas, and two see urchins. These orge~
nisms vere selected because of overlapping spewning seasons which in=-
sured avallability of gemetes from one orgeanism during all seasons of
the year. The development of eggs fertilized in various concentrations
of seversl chemicals was compared to the development in plain sea water
(control) to estimate the effect of the experimental toxicant.

In general, the use of the above enimals entailed certain limi-
tations for bioassay work, principally that of obtaining test orgenisms.
Spawning clsms and oysters often required seversl days (compared to one
to two hours with the KME method), and wes not always productive
throughout the year (see Loosanoff, 1954, for a description of the
methods used to spawn these bivalves). Although Okubo and Okubo (1962)
employed bay mussel embryos, they obtalned gametes by temperature stim-
ulation, i.e., gradual increases in watei* temperature over a period of

several days with sharp rise in temperature on the day gametes were
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required. Marine fish, especially those of a size small enough to be
used in biocassays, are normally available only seasonally and are often
difficult to collect. The long-term bioassays were conducted for sev-
eral months to achieve measurable results. It is hoped that the use of
the mussel embryo test, which employs a rapid method of obtaining
gametes and requires only 48 hours, might prove to be an effective
mesns of estimating the effects of industrial, municipel, and domestic
effluents in merine vaters.

The research for this report was conducted under the auspices
of the Department of Fisheries and Wildlife, Oregon State University.
R. E. Dimick, Professor of Fisheries, and W. P. Breese, ‘Aaaistant
Fishery Biologist, supervised the study. All results presented in this
paper were obtained from experiments conducted at the Yaquina Bay

Fisheries Laboratory.



MATERIALS

Experimental Animals

The bay mussel occurs along the Pacific coast of North America

from Aleska to Baja California and on the Atlantic coast from Greenland

to North Carolina. On the Buropean side of the Atlantic, bay mussels

are found from the White Sea end into the Mediterraneen Sea and north-
ern Africa. This specles is also found along the coast of Asia from
the Bering Sea to the Sea of Ocholok and the islands of Japan. Socot-
Ryan (1959) includes both coests of South America in the distribution
by describing the localities where many of the sub-specles of M. edulis
are found. This wide geogrephic distribution includes most of the
localities where marine problems involving pollution by industrial
vastes might be expected to occur. Thus the bay mussel has the distri-
bution required to become a truly cosmopolitan test organism.

The normal development of the bay mussel has been described by
Field (1922) and by Rattenbury and Berg (1954), although the latter
authors were principally concerned with abnormal development. During
the summer of 1960 the normal development of the embryo from fertiliza-
tion through shelling was observed extensively. The formation of the
stage of particular interest in this study, the fully-shelled stage,
nofmally occurred at 40-48 hours (at 20° & 2° C.) from the time of
fertilization, although in two instances completely shelled larvee were

observed at 24 hours. When the fertilized eggs were subjected to



6
conditions of environmental stress (presence of toxicant, low salinity,
etc.) meny of the embryos failed to develop the typical straight-hinged
shell. Figure 1 illustrates the appearance of the "D-shape” larvae at
48 nours. These larvee possess well developed powers of locomotion (by
means of cilia or the velar lobe) and transparent valves capable of
completely enclosing the digestive and locomotor organs. Figure 2 is a
photomicrograph of 48 hour larvee exposed to 0.4 mg/l of NePCP contaln-
ing approximately 50 percent normel larvee. The smsll, dark larvae,
which resembled advanced trochophore larvae and were mobile, were con-
sidered ebnormal. These observations formed the basis for the crite-

rion for normelity described in the following section.

Experimental Toxicant

The sodium pentachlorophenate (NaPCP) used in this study wes a
commercially availsble technical grade form containing spproximately 97
percent active ingredient. Preliminary investigations into the suita-
bility of NaPCP indicated that it was highly soluble in water, had no
appsrent oxygen demand at the concentrations tested, and no significant

effect on the pH of the sea water in the tests.



Figure 1. Normal mussel larvae, "D-shape", at
48 hours. 100x.

Figure 2. Normal and abnormal (unshelled) mussel
larvae at 48 hours. 100x.




METHODS

The procedures employed during this investigation will be ex-
plained more fully in the following paragraphs but can be briefly out-
lined at this point. Eggs and sperm were obtained from mussels and
fertilized in sea water (salinity of 25 p.p.t.) containing varying con-
centrations of sodium pentachlorophenate (NaPCP). The embryos were
then allowed to develop for 48 hours at a constant temperature of 20° &
2°C. At the end of this period, the larvae were killed and, with the
aid of a binocular microscope, the numbers of normal (D-shaped) and
abnormel (non-shelled or partially shelled) larvae determined. Inas-
much as this study was mainly exploratory, meny procedures were tried
and discarded before improved techniques were evolved and utilized.

The two procedures developed, referred to in this report as procedures
"A" and "B", essentially differed only in the way in which the percent-
ages of normal larvae were calculated. In procedure A, the number of
fertilized eggs in each dish was known only appro:d.mately, vhereas in
procedure B a count was made of the number of eggs placed in each con-
tainer at the beginning of the experiment. At the end of the 48-hour
period, numbers of normal and sbnormal larvae in each container were
counted and the percentage of normal larvae computed according to the
following formulae:

l. Procedure A

p, = Jumber of normal larvae per container . 100
A~ Wumber of normal + number of sbnormal




2. Procedure B

= Number of normal larvae per container x 100

P
B Number of fertilized eggs originelly present

The results of bioassays using these two procedures will be the same if

no mortality occurs during the 48 hour test period.

Mussel Spawning

Subsequent to the completion of this study, Breese, Milleman
and Dimick (1965) published a rather complete description of the Kraft
effluent method of inducing spawning in mussels, along with comparisons
of some other methods employed by various investigators, therefore the
procedures will only be summarized in this report. Adult mussels were
noma.l.ly‘ collected the day before an experiment from pilings and
floating docks located in Yaquina Bay. After removing extraneous orga-
nisms and materials, such as mud and barnacles, mussels were placed in
a basket and stored at room tempersture until the following morning.
Approximately one to one and one-half hours before the projected begin-
ning of an experiment, 24 to 48 mussels were placed in individual
stacking dishes and covered with sea water containing six to eight per-
cent (by volume) Kraft Mill Effluent (KME). Males normelly commenced
spawning at the end of the first half hour and could easily be detected
by the stresms of sperm coming from the mantle cavity. Usually after
another 20 to 30 minutes, ripe females started to discharge eggs,
normally in the form of short or long rod-like packets, although occa-

sionally as single eggs. Egg color varied from female to female with
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some yellow, some pink or orange and still others were white. As soon
as spawning was noted, the mussel was thoroughly rinsed with fresh sea
water (containing no KME) and placed in a dish containing salt water.
The mussels were then allowed to spewn until sufficient numbers of
gametes were available to conduct an experiment. Figures 3 and 4 show
sperm and eggs from mussels that were allowed to spawn completely. The
cloudy water in the dish in Figure 3 was caused by countless millions

of sperm swimming in the water.

CGeneral Laboratory Techniques

Many of the techniques employed in this investigation are
routinely used in bioassay studies with other organism and need only
be mentioned at this time. Freedom from chemical contemination was of
extreme importance, especially with respect to the glassware used. In
order to avoid the possible inimical effects of soap and detergent
residues on the developing embryos, dishes used as test containers were
cleaned by flushing with cold running water from nontoxic pipes,
scrubbing with a synthetic sponge, re-rinsing and allowing the dishes
to air dry. Whenever graduated cylinders, pipettes, volumetric flasks,
etc., were used, care was taken to insure that each container was used
for only one solution, such as the toxicent, or sperm, eggs, etc.

Water used for rearing the larvae was collected from Yaquina
Bay on the day of an experiment and tramsported to the laboratory in
five gallon glass jars. Salinity was then determined to the nearest 0.1

P.p.t. with the use of hyd'i'ometers and then diluted to 25 p.p.t. with




Female mussel allowed spawn completely.
Approximately 1/3x.

Male mussel allowed to spawn completely.
Approximately 1/3x.

1l
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springwater from a metal-free system located at the laboratory. After
dilution suspended solids, detritus, planktonm, etc., were removed by
pessing the water through a continuous-flow centrifuge.

Experimental concentrations of the toxicant were prepared from
a 0.25@/1 stock solution which was made fresh at the beginning of each
sunmer and used until the following fall. Actusl preperation of this
golution consisted of weighing 0.250 (% 0.001 grems) grems of technical
grade NaPCP on a semi-micro electric balence snd completely dissolving
the compound in one liter of glass-distilled water. Results of bio-
assays conducted throughout the study indicated that the stock solution
did not noticeasbly decrease in toxicity during the three-month period.
After dilution to experimental concentrations, determinations of hydro-
gen ion concentration and dissolved oxygen concentration were mede with
& laboratory pH meter and the Winkler method, respectively. These

quantities were then redetermined at the completion of an experiment.

Experimental Procedures

Enviroomental Conditions. Before beginning actual bloassay

studies, preliminary work was conducted to determine the optimum envi-
ronmental conditions conducive to the normal development of the bay
mussel. Because of the limited facilities availeble at the Yaquina
laboratory in 1960 and 1961, it was not deemed feasible to investigate

the temperature requirements of the developing embryos, however the
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temperature selected (20°C.) did not appear to have an adverse effect
during the testiag period.

Approximate salinity tolerance of the embryos was determined by
allowing the fertilized eggs to develop in water of various salinities
from 16 to 32 p.p.t. with no toxicant present. Additional tests were
conducted with water of different salinities, but in these tests the
embryos were exposed towarying concentrations of NaPCP.

Although pyrex dishes were used throughout this studj, tests
were conducted to explore the possibility of utilizing plastic contain-
ers of various types. In these experiments larvae were exposed to
different concentrations of NePCP in both types 6f containers of the
same general shape and volume (pyrex and plastic petri dishes).

These preliminary studies were conducted utilizing the teche
niques outlined below for Procedure A and the results computed using

formula 1 (P,).

Procedure A. After mussel spawning had progressed to the ex-
tent that an adequate number of gametes were available, several thou-
sand eggs from a single femsle were collected and placed in a beaker
containing sea water. Although eggs from one female vere used for each
separate experiment, occasionally eggs from two or three females ﬁere
tested on the same day to determine the viability of eggs from differ-
ent females. Eggs were collected from any of the spawning femeles,
although preference was usually given to those eggs from females
ejecting single eggs, primarily because a homogenous suspension could

be more easily obtained with eggs of this type. The number of eggs per
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milliliter was then estimated by counting the numbers of eggs in five,

one milliliter aliquot samples. Using the mean of these five samples
as the concentration of eggs per milliliter, the volume of sea water in
the beaker was then adjusted to provide an approximate final conéentra-
tion of 1000 eggs per milliliter.

The bioassays were conducted using one pint pyrex dishes as test
containers. The final volume of liquid in all the biocassays considered
in this report was 200 milliliters, although volumes of 100 and 300 mil-
1liliters were occasionelly employed in preliminsry work. The experi-
mental concentrations of NePCP were prepared in duplicate by the addi-
tion of pre-determined amount of the stock solution, 10 milliliters of
egg suspension, one-half milliliter of sperm suspension and enough sea
vater required to make a final volume of 200 milliliters. Dupllcate
concentrations were prepared individually. Concentrations ranged from
0.0 mg/1 (control) to 1.0 mg/l, generally in 0.1 mg/l or 0.2 mg/l
increments.

Fertilization was normally completed within an hour after the
mussels had commenced spewning. At the end of one and one-half hours
eggs were examined under & binocular microscope for the formation of
polar bodies, thus indicating thst fertilization was successful. If it
appeared that complete fertilization had occurred, which was almost al-
weys the case, the dishes were transferred to a constant temperature
room, 20° £ 2° ¢. In those few instances vhere complete fertilization
did not occur, the cell suspensions were discarded, the dishes washed
and rinsed, and the experiment was attém;pted with gametes from different

parents.
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Approximately one to two hours before the termination of an
experiment or bloassay, a few drops of neutral red stain in distilled
vater were added to each dish. This stain aided in counting the lar-
vee and assisted in the differentiation of the normel and abnormal
larvae because the sbnormal larvese, called anomalies, asppeared con-
sidersbly darker then the normal, shelled larvae. At 48 hours from the
time of fertilization, the larvase were killed with a solution known as
"AFA", 8 killing and preservative agent containing isopropyl alcohol,
formalin end glacial acetic acid. This solution vas used for the
folloving reasons: five or six drops killed all fhe larvee within a
few minutes; shelled learvae died with valves closed, which aided in
identification; and the utilization of the agent in rearing dishes did
not appear to have any residusl effects causing harm to the developing
embryos.

The large numbers of larvae originally present in each test
dish, end the comparatively large volume of water, necesslitated the use
of aligquot-sample type of counting technique. The contents of each
test dish were poured into a 500 milliliter Erlemmeyer flask, the flask
then stoppered and the contents agitated for one minute. A five milli-
liter automatic pipette was immediately inserted and a sample withdrawn
from the center of the container. The semple wes then discharged into
a petri dish and the dish placed on a grid etched in plexigless. The
petri dish and grid were next placed on the stage of binocular micro-
scope and the larvae counted st a magnification of 45X. The develop-

ment of the shell was used at the test criteris, & shelled larvae with
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a straight hinge was considered normal and an unshelled, or partislly
shelled larvae, asbnormal (see Figures 1 and 2). The data were then
recorded as percent normal as computed by formula 1 (Pp). In many
instences the lengths of 20 to 40 shelled larvae from each concentra-
tion were measured by means of the micrometer eyepiece.

In reporting the data, an additional quantity was determined,
the Ecso, or the estimated concentration which had the designated
effect (prevented normal shelling) on 50 percent of the organisms.
The E05° wvas derived by plotting the dosage-response curve on seml-
logarithmic graph paper for each bioassay with the concentration of
the toxicant on the arithmetic scale and the percent normal lsrvae on
the logarithmic scale., A stralght line was then drawvn between the two
successive concentrations on either side of the 50 percent line. The
concentration at the point of intercept with the 50 percent line was
considered the spproximate ECSO value.

In order to evaluste the reliability of the sampling method
used in this study, occasionally several semples were withdrawn from
the same test dish and the variation among the samples determined. In
all instances the samples were returned to the dish before withdrawing

the next sample.

Procedure B. This procedure differed from A in only one basic

aspect, that it required an accurate determination of the numbers of
eggs present in each test container at the beginning of an experiment.

Because of the difficulty encountered in counting the eggs in the one
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pint pyrex dish, due mainly to the sloping sides and rounded bottoms of
the dishes, another type of test container was needed. Several types
vere examined, with the 20 x 100 millimeter pyrex petri dishes being
found suitable.

Approximately 5000 eggs were fertilized in one pint pyrex
dishes containing the experimental concentrations. After one and one~
half hours each test dish was stirred with a glass rod and twenty-five
milliliters of egg suspension were transferred to a correspondingly
marked petri dish. After the transfer, the numbers of fertilized eggs
(by this time all fertilized eggs were normally in the second polar
body stage or undergoing the first cell division) were counted and the
dishes moved to the constant temperature room. Any unfertilized eggs
were noted.

Termination of the biocassay at 48 hours was accomplished as in
Procedure A: +the larvae were stained with neutral red and killed with
"AFA". The normal and sbnormal larvae in each dish were differen-
tiated and counted by placing the petri dish on the plexiglass grid
and counting at 45X under the binocular microscope. The percentages
of normsl larvee were calculated using both formulse 1 snd 2 (P, and

Py).
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EXPERIMENTAL RESULTS

During this study emphesis was directed to evaluating the
effect of sodium pentachlorophenate on the normel embryonic develop-
ment of the bay mussel; however, a portion of the experimental effort
vas allotted to the investigation of other environmental and procedural
factors vhich might have influenced the reliability and/or usefulness
of mussel embryos in marine water bioassays. The data obtained during
the investigation of these lstter factors (including mussel spawning,
effect of salinity, evaluation of sampling techniques and the effect of
the toxicent on larval size) are included in this section, along with

the results of the NaPCP bioassays.

Mussel Spewning

Mussel spawning was sttempted on 102 different occasions during
the summers of 196 and 1961 and only on three of these attempts elther
e male or female failed to spawn, thus preventing bioassey work on ‘
these particular deys. Appendix Teble A is a compilation of the mussel
spawning data obtained during this study with some results obtained by
W. P. Breese. The spawning data of Breese, from the same general
period of time as this study and by the seme spawning methods, are in-
cluded to present & more comprehensive annual spevning pattern. Figure
5 is & graphic representation of the average monthly spawning percent-

ages calculated from the data in Table A. Average monthly spawning wes
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highest in February 1960 (82 percent) and lowest in December 1959
(13 percent). From the information in Figure 5 it sppears that ga-
metes were readily aveilable during the months of January through
August (lowest average spewning during this period was approximately
30 percent) and were available to a lesser extent from September
through December (from 15 to 25 percent spawning). A comparison of
the spawning from the two summers indicates that there may be con-
siderable variation from year to year. During the months of August
and September spawning was significantly lower in 1961 as compared with
1960 (August - 6k percent in 1960 vs 32 percent in 1951 and September -
75 percent vs 15 percent). There was little difference in spawning in
June and July between the two years (June - 49 percent in 1960 vs 32
percent in 1961 and July - 50 percent vs 47 percent).

The oversll sex ratio of the mussels that spawned was 0.T7
(females to males) indicating that males were more readily stimulated

to spawn.

Effect of Salinity on Normal Development

During the summer of 1960 experimentation was conducted to
determine the approximate optimum salinity requirements of the
developing embryos. The results of the first series of experiments,
those in vhich salinity was the only varisble tested, are summarized in
Table 1. The highest percentages of fully shelled larvae were obtained

at a salinity of 28 p.p.t. (from 90 to 96 percent fully shelled at the
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end of 48 hours); although in three of the four experiments, approxi-
mately 90 percent of the larvae in 24 p.p.t. water were normal. In the
experiment conducted on August 24, 1961, only 47 percent of larvae at
2k p.p.t. were normsl, perhaps due to low egg viability (the percent-
ages of normal larvee at the other salinities tested were elso lower on
the 24th than on any other day). The highest salinity tested (32 p.
p.t.) appeared to be too high for maximum development in that only 70~
80 percent of the larvee were normel at the end of the test period.

The percentages of larvae developing normally at 20 p.p.t. varied
widely (from 7.7 percent to 70 percent) indicating that this salinity
may be marginal for the normal development of mussel larvae. No fully
shelled larvee were observed at the end of 48 hours in water with a

salinity of 16 p.p.t.

Table 1. Effect of salinity on percentage of normal
development of mussel larvae. Percentages are
averages of duplicate samples.

Salinity (p.p.t.)

Date 16 20 2 28 32
8-24-60 0 8 u7 % 72
8-25-60 0 52 93 95 78
8-28-60 25 90 96
9-1-60 T0 % 95

Percentages computed using the following equation:

P, = Number of normal larvee at 48 hours
Number of normal larvee + number of sbnormsl larvae x 100
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The results of another series of salinity experiments, in which
both selinity and concentration of NaPCP were varied, are presented in
Table 2. These results further substantiated the findings of the
above experiments, i.e., & salinity of 28 p.p.t. is near the optimum
for the normal development of mussel larvae. In both of the experi-
ments conducted at 28 p.p.t., 95 percent of the control larvae were
normel and 75 to 80 percent of the larvae at 0.4 mg/l were fully shelled
at the end of 48 houre. At a salinity of 24 p.p.t. controls also nad
high percentages of normal larvae (spproximately 90 percent normal), but
the percentages of shelled larvae decreased to approximately 30 percent
et 0.4 mg/l. At the lowest salinity tested, 20 p.p.t., there vere few
normal larvae in controls (25 and 50 percent) and no normal lervae at
0.3 or 0.4 mg/l of NaPCP.

In Figure 6 the dose-effect curves obtained using the water
sdjusted to the three different sslinities on August 25, 1960 are illus-
trated. As the salinity incresses, the curves are displaced upward
along the abscissa (percent normsl larvee) indicating that the toxicity
of the RaPCP decreased. This point cen be further emphasized by an
examination of the Ecso‘s of the three curves. At a salinity of
20 p.p.t., the percentages of normel larvae in the various concentra-

tions of NePCP were too low to accurately determine an EC The EC

50° 50
for a salinity of 24 p.p.t. was 0.32 end at 28 p.p.t. the percentages of
normal larvae were never low enough (less than 50 percent) to establish
a median effective concentration. It is probable that the developing
enbryos are more resistant to the effects of the toxicent at or near the

optimm salinity value.



Table 2. Effect of various salinities and concentrations of NaPCP on normal development
of mussel larvae. Percentages are averages of duplicate samples.

Salinity
20 p.p.t. 2k p.p.t. 28 p.p.t.
NaPCP (mg/1) 8-25-60 B8-28-60 8-25-60 8-28-60 8-25-60 8-28-60
0.0 52 25 93 90 96 96
0.2 oh 26 78 80 83 9k
0.3 ) 0 61 T2 78 86
0.h 0 0 - 32 30 Th 82

Percentages compuicl uzing the following equation:

Py = HNumber of noxmal larvee at 48 hours
Number of normal larvee + number of sbnormal larvae

€2



Percentages of normal larvae at 48 hrs

100k | ©20ppt

(0]
O

(0]
®)

AN
@)

n
o

o24ppt
a28p.pt

1] i | ]

O Ol 02 03 04 05 06
NaPCP - mg/| |

Figure 6. Effect of salinity and NaPCP on 48 hour normal development
of muzsel embryos.

e



25
Effect of NaPCP on Hydrogen Ion and Dissolved Oxygen Concenmtrations

During some preliminary experiments, hydrogen-ion and dissolved
oxygen concentrations were determined at the beginning and end of the
bioassays. These determinations were made on replicate concentrations
of the toxicant, contalning developing embryos, although no counts were
made of the larvae. Tables 3 and 4 contain the results of two sets of
these analyses. From the data in Table 3 it is epparent that NaPCP
does not change the pH of sea water at the concentrations tested. In
both of these experiments there was little or no difference in pH
values between controls end 0.6 mg/l, either at the beginming or the

end of the test period.

Table 3. Effect of NaPCP on hydrogen ion concentration (pH).

s

pH
Date NePCP (mg/1) 0.0 0.2 0.4 0.6
8-25-60 Start 8.03  8.02 8.02 8.02
Finish 8.0 7.98 7.98 8.0
Finish 7.85 7.86 7.85 7.87

In Teble 4 the differences in dissolved oxygen values between
controls and 0.6 mg/l vary from -0.18 to +0.01 (considering both begin-
ning and end values) indicating that the NePCP had no appreciable
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oxygen demand at the concentrations tested. The reduction in dissolved
oxygen concentrations (approximately 0.5 ppm in all cases measured)
during the bioassay 1s due to the change in water temperature from
sbout 15°C. to 20°C.

Teble 4. Effect of NaPCP on dissolved oxygen concentrations.

Dissolved oxygen (p.p.m.)

Date NaPCP (mg/1) 0.0 0.2 0.k 0.6
8~25-60 Start 6.68 6.58 6.49 6.50
Finish 6.12 6.10 6.07 6.10
8-28-60 Stert 6.72  6.67 6.61 6.73
Finish 6.11 | 6.11 6.10 6.08

Plastic versus Glass Containers

In August 1961 four experiments were conducted to determine the
possible influence of the type of container material on the toxicity of
NePCP. The test containers used in this series of bloassays were
molded plastic and pyrex glass petri dishes. Eggs and sperm were
added to duplicate dishes of each type containing concentrations of
NePCP from 0 to 1.0 mg/l in 0.2 mg/l steps. The results of these ex-
periments are contained in Table 5. A comparison of the Eﬂso's obtained
in each type of container for individual experiments indicates that

there wes a reduction of toxiecity in the plastic dishes. In three of



Table 5. Comparison of plastic vs glass containers. Percentages are averages of duplicate samples.
Date

_ Concentration 8-5-61 8-7-61. 8-8-61 8-11-61

NePCP (mg/1) Plastic Glass Plastic Glass Plastic Glass Plastic Glass
0.0 99 98 93 99 90 97 97 98
0.2 98 98 93 98 ok 98 90 98
0.4 98 90 83 92 91 4o 87 9k
0.6 63 6 26 25 0 0 80 60
0.8 10 o 0 0 o 0 57 0
1.0 o y) 0 o 0 o 5 0

Percentages calculated using the following equation:

PAS

Number of normsl larvae at 48 hours

Number of normal larvae + number of abnormal larvae
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the four pairs of bloasseys, the ECSO was higher in the plastic con-

- tainers (0.65 vs 0.50; 0.48 vs 0.36 and 0.82 ys 0.63 for plestic and

glass, respectively), and in the fourth there was little difference.
Apnother indication of the loss of toxicity in the plastic containers
was the presence of normal larvae in concentrations of 0.8 (tvwo ine-
stances) and 1.0 mg/l (one instance) of NaPCP. As will be pointed out
in another section, shelled larvae lwere not noted in these concentra-

tions when using glass containers.

Evaluation of Sampling Technique

The sampling method used in procedure A (mixing sample thor-
oughly and withdrawing a five milliliter sample) was tested by re-
moving and counting a series of ten, five milliliter samples from a
control dish (volume of 200 milliliters). The results of this test are
presented in Table 6. “I'he semple sizes varied from 375 to 456 larvae
vwith an average of 419 larvae per five milliliter sample. The percent-
age of normal larvae for the 'ten samples had a range of 3.5 percent
(77.9 to 81.%4 percent normal larvae) with an average value of T9.k per-
cent. Based on the range of values noted in this experiment, differ-
ences of less than seven percent (¥ 3.5 percent) are of doubtful

significance,



Table 6. Variation smong a number of successive five milliliter
samples from & single test container.

Percent
Sample Sample , normal
number ~ size Normel Abnormal larvee
1 kg 351 98 8.2
2 %03 320 83 T9.4
3 W17 334 | 83 80.1
b 4ol 313 88 78.1
5 456 362 9k 79.4
6 375 300 5 80.0
7 k33 346 87 19.9
8 Wl 364 83 81.h
9 4oT 317 90 T1.9
10 406 323 83 79.6

Procedure A Bloassay Results

During the summers of 1960 and 1961 several bioassays were con-
ducted employing the procedures outlined for Procedure A. These proce-
dures consisted of exposing spproximately equsl numbers of fertilized
mussel eggs to several concentrations of NaPCP for 48 hours. At the
end of this period the percentages of normal larvae were determined by
counting aliquot samples of the surviving larvee. These biocessays were

conducted with the objectives of standardizing technigues and evaluating
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the reproducibility of mussel embryo test results over a three month
period. The results of 19 bioassays conducted in 1961 have been se-
lected for presentation because of the high percentages of normal lar-
vae in control cultures (more than 90 percent normal in most instances)
and the more or less standardized laboratory conditions under which the
experiments were conducted.

Although the 19 separate experiments will be considered, per-
tinent features of the bioassays in general can be illustrated by
examining, in some detall, the results of two typical tests conducted
in June, 1961, Tsble 7. The results of these two experiments were sim-
iler in several respects. In both bioassays the percentages of normal
larvae decreased with increasing concentrations of NaPCP, from approxi-
mately 90 percent in controls to no stralght-hinged larvee at a concen-
tration of 0.6 mg/l. At 0.2 mg/l the percentages of normal larvae were
about 90 and 95 percent of the control values in experiments one and
two respectively. The percentages of normal larvee at the next highest
concentration tested, 0.3 mg/l, were lower than controls by about 20
percent in both experiments. At 0.4 mg/l the approximate EC5o values
were noted with approximately 50 percent of the larvae developing
normel shells. Only an average of 14 and 4 percent of the larvae de-
veloped the typical straight-hinged shell in the presence of 0.5 mg/l
of the toxicant.

The dose-effect curves of these two biocsssays (everages of
duplicate dishes) are plotted in Figure 7. The close agreement between

the shape of the two curves further illustrates the similarity of
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Teble 7. Results of two typical bioassays showing variation between
duplicates of same concentrations of NaPCP.

Concen~ Dish Number of larvae Percent
Number Date +tration MNumber HNormal Abnormal Total Normal

1 6-26-61 0.0 1 124 10 13k 92.5
2 106 6 112 9k.6
0.2 1 108 20 128 84.3
2 1k 24 138 82.6
0.3 1 84 37 121 69.4
2 Th 25 99 Th.T
0.k 1 38 36 Th 51.4
2 38 30 68 55.9
| 0.5 1 5 22 27 18.5
| 2 9 T3 82 10.9
| 0.6 1 0 0
| 2 (4] 0
| 2 6-28-61 0.0 1 269 25 294 91.5
| 2 281 29 310 90.6
0.2 1 281 26 307 91.5
| 2 232 57 289 80.3
0.3 1 252 114 366 68.9
2 221 110 331 66.8
0.4 1 170 178 348 L8.9
2 105 1k 249 k2.2
0.5 1 9 176 185 k.9
2 7 183 190 3.7
0.6 1 0 0
2 0 0

1. Computed using the following equation:

Py = Number of normel larvae at 48 hours
Number of normal + number of abnormal larvae at 48 hours

2. Number of larvae obtained in a 5 ml sample.
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results of two bicassays conducted on different days and with gametes

from different parents. The sigmoid shape of the curves is typical of
curves plotted from bioassay deta obtained in this study, and is also
typical of dose-effect curves in general. At both ends of the curves
changes in concentration resulted in little or no change in percentages
of normsl larvae and there is s central section where small increases
in concentration greatly influenced the ability of the larvse to
develop normally.

A comparison of the results of individual dishes within each
concentration also illustrates the agreement between the two tests.
There vei'e only two instences (experiment 1, 0.5 mg/1 and experiment 2,
0.2 mg/l) where the differences in percentages ;af normal were greater
than seven percent. As was pointed out previously, the method used to
semple the larvae st the termination of an experiment is probably accu~
rate to only t 3.5 percent, therefore recorded differences between
duplicates of less than seven percent cannot be considered significant.
In the other duplicates the differences were on the order of one to
five percent. Only one instance (experiment 1, 0.5 mg/l) vas noted
where there was a relatively large difference between duplicate dishes
(27 vs 82 larvae) in total ‘numbers of larvae at 48 hours. The general
agreement in ssmple sizes taken from duplicate concentration indicates
that the desired objective of placing approximetely equel numbers of
fertilized eggs in each dish was realized.

In both biocassays there were decreases in total numbers of

larvee in the samples as the concentration increased (approximately
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55 and 40 percent fewer at 0.5 mg/l as compared to controls in bio-
assays 1 and 2 respectively). In the following section, Procedure B
bicassay results, the possible effects of this differential larval
mortality at various concentrations of NsPCP on percentages of normal
larvae will be presented.

The results of the 19 biloasssys are presented in Appendix B.
The percentages of normal larvae, averages of duplicates within each
concentration, have been calculeted based on the observed data (actual)
and relative to contréls as 100 percent normal. Relative percentages
are included to help determine if those experiments in which controls
are less than 90 percent normal can provide useful information.

In general, the data for the 19 biloassays closely resembled
the results of the two experiments discussed previously. In ell in-
stances there were lower percentages of normal larvee in the highest
concentration when compared to control larvae. In Figure 8, average
relative percentsges for each concentration tested, along with the range
of values, have been plotted. The curve follows the general shape of
the curves for experiments 1 and 2 quite closely. At 0.2 mg/l the
renge of vaelues was small (81 to 99 percent normsl) and the average
value of 94.5 percent normal suggests that this toxicant caused little
effect. The upper concentration limit at which some larvae reached the
stralght-hinged stage at 48 hours was 0.6 mg/l. This level was tested
14 times and on three occasions normal larvae (possessing a straight-
hinged shell, although these larvee did not attain the size of control
larvae) were present at the end of the test period. In these three blo-

assays percentages of normsl larvae were variable (6, 25, and 45
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percent) and the total numbers of larvae in the samples were conside-
ersbly less than in controls (approximately 51, 49 and 96 percent
fever) suggesting that this concentration was near the limit of embry-
onic tolerance. From the foregoing date it appears that the effective
range, the interval between the concentration which produced no effect
and the concentration which caused a complete lack of shelling, was
approximately between 0.2 mg/l and 0.6 mg/l under the testing condi~
tions of these experiments.

At 0.5 mg/l, tested a total of ten times, the percentages of
normsl larvae varied between O and 40 percent with an aversge of ap-
proximately 20 percent. The average estimated mortality for larvae
exposed to this concentration of Na&PCP was 57 percent with a range of
38 to 92 percent.

The widest variation in the dose-effect relationship studied
was noted at O.4% mg/l. This concentration was tested 19 times and the
results ranged from almost no effect (94 percent normel) to almost
complete harm (6 percent normal) with an average of approximately
53 percent. In general the comparison of total numbers of larvae at
0.4 mg/1 with controls indicated that mortality was less then noted
at 0.5 mg/1l (range of no mortality to 90 percent with an average of
approximately 28 percent).

At a concentration of 0.3 mg/l the relative percentages varied
from 54 to 99 percent with an average of T9 percent. As the graph in

Figure 8 illustrates, the variation was much less than noted at 0.4 mg/1
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with controls indicated that mortality was less than noted at 0.5

mg/l (range of no mortality to 90 percent with an average of approxi-
mately 28 percent).

At a concentration of 0.3 mg/l the relative percentages varied
from 54 to 99 percent with an average of 79 percent. As the graph in
Figure 8 illustrates, the variation was much less than noted at 0.4
mg/l and ebout the seme as for 0.5 and 0.6 mg/l. On an average there
were approximately 25 percent fewer larvee in this concentration than
in controls.

The percentages of larvae in controls were almost uniformly
above 90 percent and often sbove 95 percent normel. In only two in-
stances did the percentages drop below the 90 percent level, experi-
ments 3 (77.8 percent) and 4 (88.2 percent). Although little diffi-
culty was encountered in rearing larvee to the D-shaped stage during
the summer of 1961, there wes a period of one week in August 1960 when
larvae did not develop normally in controls. Spawning wee as usual
during this period and fertilization appeared to be successful. Swim-
ming larvae were usually noted, but development seemed to stop before
the trochophore stage. This problem was not encountered at any other
time during the study. Since development proceeded normally both
immediately prior to and after this period, some factor in the bay water
may have been responsible.

The EC50 values listed in Teble 8 deserve specilal consideration

since it is in this form that mussel embryo test results will most



- Table 8. ECSO values of 19 NaPCP bioassays using Procedure A.
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Number Date Actual® D50 (nell eF =)
1 6-26-61 0.l 0.h2
2 6-28-61 0.38 0.h0
3 T=5-61 0.26 0.41
4 T-12-61 0.39 0.43
5 8-3-61 0.42 0.k2
6 8-T-61 0.49 0.49
T 8-8-61 0.35 0.36
8 8-9-61 0.47 0.47
9 8-11-61 0.52 0.52

10 8-15-613 0.28 0.28
1 8-15-61 0.30 0.31
12 8-15-61 0.34 0.34
13 8-16-613 0.55 0.57
1k 8-16-61 0.35 0.36
15 8-19-61 0.47 0.47
16 8~22-613 0.33 0.33
17 8-22-61 0.46 0.46
18 8-23-61 0.h2 0.43
19 9-1-61 0.31 0.32
Mean 0.39 0.41
Variance 0.13k49 0.1178

1 As computed from observed percentages of normal larvae

2 Relative to control as 100 percent normal

3 Eggs from more then one femsle used on the same day
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likely be tebulated in future work. These values were calculated

using both actual percenteges of normal larvae and percentages relative
to controls as 100 percent normal.

The actual ECSO values of the 19 biloassays conducted during the
period June 26 through September 1, 1961 ranged from & low of 0.26 to a
high of 0.55 mg/l NaPCP (everage of 0.39 mg/l) with a variance of 0.1h4.
The range of relative ECg, values was slightly greater (1ow - 0.28,
high - 0.57 with an average of 0.4l mg/l) although the varience wes re-
duced to 0.12.

Considersble day to day variation was noted in the Ecso values,
but there did not appear to be any observeble trend over the nine week
period. The datas from the three days on which the eggs from more than
one female were used in the same test ylelded conflicting results. On
August 15 (bioassays 10, 11, and 12) the sctual EC5 values were in
good agreement (0.28, 0.30, and 0.34) indicating that the fertilized
eggs from different females were similar with respect to their toler-~
ance of NePCP. This conclusion is also substantiated by the data for
these experiments in Appendix B showing thet the actual percentages of
normal larvee at various concentrations were similar in the three
tests. On the following dasy snother experiment of this type was con=-
ducted, although only two females were used. At 48 hours there was a
wide difference in the observed EC;, values (0.55 v8 0.35 mg/l). Sim-
ilar results were obtained on August 22 when the median tolerance

limits of larvee from two females were 0.33 end 0.46 mg/l.
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There were two experimente in which the controls were less
than 90 percent normal (experiment 3, 77.8 and experiment 4, 88.2 per-

cent). The actual EC_.. velue for experiment 3 was 0.26 mg/l, the

50

lowest of the 19 EC_.'s, however the relative Ec5o was 0.41, or equal

50
to the mean of the 19 values. In experiment 4, there was little dif-
ference between the results of the two methods used to calculate the
E050 values (0.39 actuel and 0.43 relative). Although there was some
indication that experiments with less than 90 percent of the control
larvae normal may provide useful data, more experimentation along these

lines is required.

Procedure B Bioassay Results

Five Procedure B bioassays were conducted during the month of
August, 1961. In these tests, fertilized eggs were placed in 25 milli-
liters of the experimental concentrations of NaPCP and then counted.
At the end of 48 hours all surviving larvae were counted and the per-
centages of normal larvee calculated using the formulae for Py and Pg
(see page 8 ). Although the volume of liquid in these bioassays was
only 25 millilitex;s, as compared to 200 milliliters in the Procedure A
experiments, the number of eggs per milliliter wes approximately 40 to
50 in both instances. The results of these experiments are tabulated
in Table 9. |

‘The percentages of normal larvee (P,) are in general agreement

with those values described in the previous section. Control larvae




Table 9.

Results of five mussel embryo tests using Procedure B bloassay technigues.

Concen~- Kumber Humber of Larvae
Biocassay Date tration of Percent Percent Percent
Number NePCP Eggs  Normal Abnormal Total gurvivel Normsl (P,)  Normsl (Pp)
(meg/1)
1 8-21.-61 0.0 1,216 1,020 23 1,0L43 85.8 97.8 83.9
0.2 1,497 1,297 56 1,335 89.2 95.8 85.4
0.3 1,283 982 82 1,064 82.9 92.3 T76.5
0.4 1,322 hho 568 1,010 76.4 3.8 33.4
0.5 1,248 153 916 1,069 85.6 1hk.3 12.3
0.6 1,096 0 . T3 713 65.1 0.0 0.0
EC50 0.39 0.36
2 8-22-61 0.0 1,547 1,503 51 1,554 100 96.7 96.7
0.2 1,249 1,101 131 1,232 98.6 89.4 88.2
0.3 1,488 1,282 160 1,kk2 96.9 88.9 86.2
0.4 1,197 607 541 1,158 96.7 52.4 50.7
0.5 1,315 277 931 1,108 84.3 25.0 21.1
0.6 1,219 o] 625 625 61.3 0.0 0.0
EC50 0.k 0.ho
3 8-23-61 0.0 600 497 22 519 86.5 95.8 82.8
0.2 556 478 54 532 95.7 89.8 85.5
0.3 607 400 69 h69  T7.3 85.3 65.9
0.k 642 153 298 451 70.2 33.9 23.9
0.5 5T o} 207 207 36.3 0.0 0.0
0.6 L83 0 0 o] 0.0 0.0 0.0
' ECsq 0.37 0.34

- "



Table 9, continued. Results of five mussel embryo tests using Procedure B bioassay techniques.

Concen- Number Number of Larvse
Bicassay Date tration of Percent Percent Percent
Number NaPCP Egge ~ Jormel fvmommal Total  givivel  Normsl (Py)  Normal (Pp)
(ng/1)

4 8-29-61% 0.0 871 836 7 843 9.8 99.2 90.4
0.1 1,092 1,002 11 1,013 92.9 98.9 90.8

0.2 877 811 19 830 9.6 97.7 90.7

0.3 919 780 75 855 93.0 91.2 91.5

0.4 1,004 809 127 936 93.2 86.4 80.5

0.5 okT 362 k17 839 88.6 43,2 38.2

0.6 9ok 251 43k 685 75.8 36.6 27.8
ECso 0.h7 O.uh

5 8-29-61% 0.0 854 818 3 821 96.0 99.6 95.7

, 0.1 989 957 12 969 98.1 98.8 9.7

0.2 767 T00 19 719 93.7 97.4 91.3

0.3 815 695 84 T79 95.6 89.2 85.3

0.4 909 653 165 818 89.9 79.8 71.8

0.5 814 302 406 728 89.4 bk 2 39.6

0.6 846 219 476 795 93.9 27.6 25.2
E050 00!“8 0' 7

* Eggs from more than one femsle used on seme day

2n
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averaged 97.8 percent normal (from 95.8 to 99.6 percent) and 0.1 mg/l
(tested twice) 95.5 percent. At 0.2 mg/l, little or no effect was
noted with an average of 92.3 percent normal larvae (from 89.4 to 98.8
percent). The average value of 92.3 (85.3 to 97.7) percent shelled
larvae st 0.3 mg/l was considersbly higher than the average value of

T9 percent observed in the 19 Procedure A bioassays. The results of
the next three concentrations, 0.4 - 0.6 mg/l, varied considerable from
bioassay to bloassay. At 0.4 mg/l the percentages of normal larvae
ranged from 33.9 to 86.4 with an average of 59.3 percent. The range at
0.5 mg/1 vas from 0.0 (number 3) to 44.2 percent, with an average of
25.3 percent, slightly higher than the average of 20 percent noted when
using the larger volume of liguid. At the highest concentration
tested, 0.6 mg/l, there were no normsl larvae observed in the first
three bioasseys and 36.6 and 27.6 percent in biocassays 4 and 5 respec-
tively. These last two bioassays, set up on the same day using eggs
from separate females in each test, provided unusually high percentages
of normal larvee at higher NaPCP concentrations. It is possible that
the eggs from these females were unusually tolerant of the NaPCP, or
that some error was made in preparing the dilutions.

An examination of the 48 hour survival data indicates that, in
general, there was a decrease in survival with increasing concentra-
tions of NaPCP. The average pgrcentage of surviving larvae decreased
from a high of approximately 93-95 percent in controls, 0.1, and 0.2
mg/1l to a low of 59 percent at 0.6 mg/l. The larvae in experiment 3
experienced greater mortality than in any of the other biosssays, with
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no larvae surviving st 0.6 mg/l, and only 36 percent survival at 0.5
mg/l. In the other four tests, survival never fell below 61 percent
at 0.6 and 84 percent at 0.5 mg/l.

Since the calculations using Procedure B employ the numbers of
fertilized eggs as the denominator of the equation, and there was
normally, some mortality, percentages of normal larvae calculated by
this method were lower than when the formula PA is used. Again there
vas elveys & decreasse from controls to the lowest concentration tested,
elthough in two of the experiments (L4 and 5) there was no detectsble
difference between corrbrois and the first three concentrations. More
important than the actual calcula.ted percenteges is a comparison of the
ECSQ values obtained by the two methods. Using Pp percentages the
ECsp values ranged from 0.37 to 0.48 mg/l with an average of 0.4%2 mg/1.
The Py values ranged from 0.3% to 0.47 mg/l with an average of 0.40
mg'/i. These values are in good agreement with the average ECsq of
0.39 mg/l (actual percenteges) obtained in the 19 Procedure A bioas~
says. These results indicate that the additional, and time-consuming
step of counting the numbers of fertilized eggs present at the begin-

ning of an experiment is probably not necessary.

Effect of NaPCP on Shell Length

While counting the larvae, it was often noted that control
larvae appeared larger than those larvae reared in the presence of

sodium pentachlorophenate. To substantiate this observation, samples
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of shelled larvae from eight bioassays were measured. In one instance
20 larvae from four concentrations were messured, and in the other
seven tests samples of 20-40 larvae from controls and the next one or
two levels were measured. The results of these measurements are found
in Table 10.

In all of the bioassays from which larvae were measured, con-
trol larvae were always larger than those measured from the highest
concentration, and the larvae normally decreased in size with increases
in NaPCP concentration. Detailed statistical analysis of the data was
not performed, but & rough indication of significance can be obtained
from the standard error of the mean. Two averages were considered sig-
nificantly different if the averages plus their respective standard
errors did not overlap. Applying this criterion, all the differences
were significent, with the exception of the difference between controls
and 0.1 mg/l in bioasseys 7 and 8.

In the first experiment there was a decrease in average size
from 100.1 microns in controls to 93.5 microns in 0.2 mg/l (standard
errors of 0.79 and 0.80 respectively). The decrease in percentage of
normsl larvee was not significant (less than 1.0 percent decrease) in-
dicating that shell length may be a more sensitive measurement of the
effect of a toxicant than percentage shelled. The difference between
percentages of normal larvae in controls and 0.4 mg/l was approximstely
60 percent, and the average difference in shell length was sbout 20

microns, both highly significant differences.
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Table 10. Effect of sodium pentachlorophenate on length of shelled
larvae at 48 hours.

Concenw Average

Number  Date  tration Semple  Size Stendard Percent®
(mg/1) Size  (microns) Error Normal

l 8"8‘61 0-0 20 100-1 0079 9805
0.2 20 93.5 0.80 97.7

0.4 20 79.8 1.4 39.1

2 8-11-61 0.0 20 104.0 0.50 99.2
0.2 20 100.8 0.57 98.3

0.4 20 90.8 1.35 91.9

0.6 20 81.1 0.97 24.8

3 8-15-61° 0.0 30 95.7 0.h1 98.0
0.2 30 92.2 0.39 92.3

0.2 30 o L 0.53 96.9

5 8-15-61 0.0 30 99.1 0.51 99.1
0.2 30 ok.1 0.42 98.6

6 8-23-61 0.0 4o 98.6 0.34 9h.5
0.2 ko 93.0 0.4k 88.5

7 8-29-613 - 0.0 L0 100.3 0.39 99.2
: 0.1 4o 101.8 0.36 98.9

0.2 Lo 97.3 0.35 97.7

8 8-29-613 0.0 "y 96.9 0.58 9.6
o.l ,-IO 9“’05 0477 98-8

0.2 ko 92.4 0.73 97.4

1 Computed using the following equetion:

p., = Number of normal larvae at 48 hours
A Number of normal + number of sbnormel larvae at 48 hours

2 Eggs from more than one female used on the same day
3 Larvae from experiments using Procedure B bioassay techniques
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In the next experiment, conducted on August 11, there was
significant difference in larval size between controls and 0.2 mg/l
(epproximately a four micron decrease in average size) whereas the
percentages of normal larvae were practically identical (99.2 and 98.3
percent). Between 0.2 and 0.4 mg/l, and also between 0.4 and 0.6
mg/l, there were relatively large differences in percentages of normal
larvae and corresponding differences in larvel size.

On August 15, three bioassays were conducted using eggs from &
separate female in each test. Samples of 30 larvee were measured from
controls and 0.2 mg/l. In the first experiment, the percentages of
normal larvae decreased by about six percent and the aversge length by
about 3.5 microns, both considered to be actual differences. In num-
bers two and three, differences in percentages (1.6 and 0.5 percent)
did not indicate that the NaPCP affected the larvae but in both cases
there vas a significant decrease in larval size of about five microns.

The larvae from the bioassay conducted on August 23 demon~
strated an effect of the toxicant at 0.2 mg/l (as compared to controls)
in both percentages of normal larvae and larval size.

The two Procedure B bioassays conducted on August 29 further
illustrate the use of larval size to identify effects not shown by per«
centages of normal larval alone, In both of these tests there was
little or no difference with respect to percentages of normal larvae
among controls, 0.1, and 0.2 mg/l. There wes also almost rio differe

ence with respect to size between controls and 0.1 mg/l. However, in
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the two experiments, the larvse exposed to 0.2 mg/l were spproximately

four microns smaller than controls.
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DISCUSSION

The data obtained in this study indicate that the mussel em-
bryo test possesses many features necessary for use as a standard bio-
assay method. These features include: availability of the organism,
simplicity of experimental technique, reproducibility of bloassay re-
sults, and sensitivity to dilute concentrations of toxicant. The
following paragraphs will briefly discuss the results of this study in

view of the criteria listed above.

Availability of the Orgenism

Because of the widespread distribution of this species, the
question of aveilability is essentially reduced to that of obtaining
viable gametes when required. The Kraft Mill Effluent method used to
induce spawning in the bay mussel was almost always successful. Of the
102 spawning attempts during this study, there vwere only three occe-
sions when experimentation was prevented due to & lack of gametes.
These failures might have been avoided by using larger numbers of
adult mussels in the spawning attempts. |

In addition to being reliable, the KME method was simple to
verform and rapid. The procedure consisted of collecting the mussels,
removing mud and debris from the valves, and immersion in the liquor,
Gametes were normally available within one-half to one and one-half

hours after immersion.
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If the bay mussel is to be used on & fairly large scale as a
bioassay organism, there is a possibility that repeated collecting
trips may result in a scarcity of adult mussels in the area near the
laboratory. In this study adult mussels were discarded after each
spawning attempt and, by the end of the second summer, & noticeable
reduction in the mussel population of Yaquina Bay had occurred in
collection areas. In future work, spawned and unspawned mussels could
be placed in separate live-boxes thus assuring a constant supply of

mature individuals.

Simplicity of Experimental Technique

The mussel embryo test is easy to conduct, requires a minimum
of equipment and space, and is fairly repid. In most instances, fer-
tilization was completed within one and one~half hours from the time
the mussels were immersed in the sea water-KME mixture. One pint pyrex
dishes (approximately five inches in diesmeter and two and one-hslf
inches deep) were used but smaller dishes could be used. The most
time~-consuming step of the procedure was counting the larvae at the
end of the test period. Five to ten minutes were required to sample
and count the larvae from each test container.

Distinguishing normsl from abnoxrmal larvee in the intermediate
concentrations often proved difficult. Samples from these concentra-
tions normally contained a complete series of stages of shell develop-

ment, from fully shelled to completely unshelled larvae. Some of this
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difficulty can be eliminated by defining a normal larvae as one pos=-
sessing a shell in any stage of development. With this definition, a
semi-skilled worker will not be required to estimate the degree of
shell development and will also make counts by different individuals

more comparable.

Reproducibility of Results

In the 24 bioassays considered in this study (19 Procedure A
and 5 Procedure B) there vas always & decrease in percentages of normal
larvae from controls to the highest concentration tested and in most
instances there was a decrease from one concentration to the next. The
actual EC;, values for the 19 Procedure A bioassays ranged from 0.26 to
0.55 mg/l vith an average of 0.39 and a variance of 0.13 mg/l. This
variation does not appear to be unduiy great, especlally when the
nerrow interval between no effect and complete harm is considered
(epproximately 0.2 to 0.6 mg/l). With an intervel this narrow, changes
in the quality of the diluent water or ineccuracies in preparing the
experimental concentrations could have an effect out of proportion to
their magnitude.
| Two significant factors affecting the reproducibility of the
bioassay results were actual bilological differences in the mussel em-
bryos and chenges in the quality of the bay water. Little can be done
to reduce the effect of the first of these veriasbles, but it might be

vorthwhile to attempt to standardize water quality. In future work
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with mussel embryos, some effort should be expended for the development
of a standard sea water for use in the bioassay. Although this water
would not be suitable for bioassays meesuring the effect of a pollu-
tant in the aquatic enviromment (becsuse it will be chemically differ-
ent from any natural water), it should prove advantegeous for use in
tests to estimate temporal changes in toxicity or to obtain relative

toxicities of different compounds.

Sensitivity of Embryos

Little information is availeble on the toxicity of sodium pen-
tachlorophenate to aquatic organisms, therefore it is difficult fo
compare the sensitivity of mussel embryos with that of other commonly
used test organisms. Crandall and Goodnight (1959), using the fresh-
vater fathead minnow, Pimephales promelas, found an estimated 24-hour
TLy (median tolerance limit) of epproximately 0.32 to 0.35 mg/l.
Chepmen (1965) working with potassium, instead of sodium, pentachlor-
ophenate in fresh water, determined the 48-hour TI, for a cichlid

fish, Cichlosoms bimaculatum, to be approximately 0.37 ng/1l (standing

water bioassay) also Weber (1965) found the tolerance limit of NaPCP to

the guppy (Lebistes reticuletus), Tubifex, and Daphnia to be about 0.5

mg/l. It is doubtful if the toxicity data in these references are
directly comparsble with the results of bioassays conducted in this
study (fresh water vs salt water, mortality vs physiological effect,
different experimental techniques, etc.) but the reported values are in
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close agreement with an aversge 48-hour ECsq value of 0.39 mg/1 found

for the mussel embryos.

Several factors were found to affect the toxlcity of NePCP to
fish. Crandall and Goodnight (1959) noted that lowering the pH or
raising the temperature increased the toxicity of NaPCP. Mean survival
time for fish exposed to one mg/l decreased from more than 24 hours st
a pH of 8.9+9.0 to about 28 minutes at 5.9-6.0. The effect of tempera-
ture was less marked but mean survival time decreased from 260.4% 10.2
minutes at 10° C. to 46 % 2.1 minutes at 26° C. Weber (1965) reported
that the time for lethal action could be lengthened by increasing the
hardness of the water and shortened by increasing the dissolved oxygen
content or the temperature. In the tests with mussel embryos, NaPCP
was less toxic to the developing embryos at a salinity of 28 p.p.t.,
than at 20 or 24 p.p.t. Altbough these factors, with the exception of
selinity, were not varied experimentally in this study, their effect on
the toxicity should be noted. Some of the variation in test results may
have been Gue to relatively minor fluctuations in temperature, salinity
dissolved oxygen content ér pH.

Another aspect of sensitivity involves the response of the
test organism to changes in concentration of the toxicant. As was men-
tioned previously, the effective range of the NaPCP, with respect to
shell development in the mussel embryo, was between 0.2 and 0.6 mg/l.
Es.ch increase in concentration normally caused a decrease in the per-
centage of normal larvae (as compared to next lowest concentration) at
48 hours. Preliminary date on the effect of NaPCP on shell length
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indicated that this measurement may be sble to distinguish differences

in concentration not shown by percentages of normal larvae alone.

Eveluation of Mussell Embryo Test

It appears that the difficulty experienced by Toner (1961) of
rearing high percentages of normal larvae in control cultures has been
resolved by using sea water with a salinity of 25 p.p.t. (as compared
to 20 p.p.t. used by Toner) and more standardized lsboratory tech-
niques. With low percentages _of normal larvae in controls, there is
some doubt as to the cause of abnormal development in those cultures
exposed to the toxicant. The American Public Health Assoclation, et
al, (1965) in e section devoted to fish toxicity biocassay procedures,
suggest that at least 90 percent of the test organisms be alive and
unaffected at the termination of an experiment. The entire bioassay
probably should be done agsin 1f' 8 lower percentage survives. Of the
24 bioassays conducted in this study, only two had less than 90 percent
shelled lervae in controls. |

Conversations with other workers in the field of marine pollu-
tion indicated that many were not completely satisfied with the use of
the mussel embryo bioassay. Some thought that the data would not be
directly applicable to the determination of the effects of pollution on
economically important species. Because oysters are the most commer-
cially important molluscs in the Pacific Northwest, it was suggested

that oyster embryos might be more properly used as bioassay orgsnisms.
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Woelke (1960), working with Pacific oyster embryos and spent sulfite
liquor, found that increasing concentrations of the toxicant caused the
seme effect noted with mussel embryos, i.e., reduced the percentages of
embryos that developed normal shells at 48 hours. The use of oyster
embryos suffers from the disadvantages that mature oysters must be
conditioned for some time prior to spawning and that during certein
periods of the year, oysters camnot be induced to spawn.

To establish the relationship between mussel toxicity data and
that obtained with the use of other species of interest, comparative
bioassays could be conducted using a variety of toxicemts. Okubo end
Okubo (1962) reported on the effects of seversl chemicals on the
development of bay mussel, Pacific oyster, and two species of sea
urchin embryos. These authors found that in nearly all instances
mussel and oyster embryos were similar in sensitivity and both were
slightly less sensitive then developing sea urchin embryos. In these
experiments gaemetes were obtained without the use of artificial
spavning methods (aithcugh .ussels vere spewned by temperature stimu-
lation); therefore the different test organisms were selected so that
the overlepping of spawning seasons would provide some gametes during
all seasons. Stewart, Millemsn, and Breese (1967) recently reported on
the toxicity of Sevin, a pesticide, and its hydrolytic product to 10
species of marine animals, including crustaceans, molluscs, and fishes.
The results of these experiments also indicated that bay mussel and

Pecific oyster embryos were similar in sensitivity.
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More studies of this type are necessary if mussel embryo date

are to be used to predict the effect of a pollutant on the marine en-
vironment. For studies of marine pollution the mussel embryo test
might be effectively used as part of a standard series of bloassays

which also includes a crustacean and a fish species.
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APPENDIX A

KRAFT MILL EFFLUENT AT YAQUINA BAY
FISHERIES LABORATORY

MONTHLY MUSSEL SPAWNING IN RESPONSE TO STIMULATION BY
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APPENDIX A (Continued)

Sex Ratio
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Number
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APPENDIX A (Continued)

Sex Ratio
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APPENDIX A (Continued)
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Sex Ratio
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RESULTS OF 19 BIOASSAYS USING TECENIQUES OF PROCEDURE A
PERCERTAGES ARE AVERAGES OF DUPLICATE CONCENTRATIONS

cﬁﬁigﬁ_ Number of larvae Percent normal
Number  Dete trgtion Normel Abnormal Total Actual™ Relative?
(mg/1)
1 62661 0.0 115 8 123 93.% 100.0
0.2 11 22 133 83.5 89.4
0.3 79 3 110 71.8 76.8
0.4 38 33 T 53.5 57.3
0.5 T 46 53 12.8 13.7
0.6 0 0 0
ECq, (mg/1 NaPCP) o.k1 . o
2 6-28-61 0.0 275 27 302 91.1  100.0
0.2 267 31 208 86.1 9k.5
0.3 237 111 348 - 67.9 ™".5
0.4 138 161 299 6.1 50.6
0.5 8 180 188 4.3 b7
0.6 0 0 0
EC50 0.38 0.40
3 7-5-61 0.0 81 23 104 77.8  100.0
0.2 65 38 103 62.9 80.8
0.3 56 63 119 k7.3 60.8
0.4 39 Kl 93 42,7 54,9
0.5 9 48 57 15.9 20.4
ECsq | 0.26 0.1
4 7-12-61 0.0 153 20 173 88.2  100.0
0.2 127 35 162 8.4 88.9
0.3 18 43 125 65.6 Th. b
0.h 25 27 52 k9.0 55.6
0.5 0 0 )
ECs50 0.39 0.43
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APPENDIX B (Continued)
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nggi, Rumber of larvae Percent normal
Number  Date tration Normal Abnormel Total ActualI Rela.tivea
(mg/1)
9 8-11-61 0.0 387 3 390 99.2 100.0
O . 2 AI-OQ 7 ho9 98 . 2 99 . o
0.4 311 28 338 91.9 92.6
0.6 41 124 165 24.8 25.0
0.8 0 0 0
EC50 0.52 0.52
10 8-15-613 0.0 Lhé 9 455 98.0  100.0
0.2 638 53 691 92,3 gh.2
0.k W4y 602 646 6.7 6.8
0.6 0 0 0
EC50 0.28 0.28
11 8-15-61 0.0 521 8 529 98.5 100.0
0.2 671 21 692 96.9 98.4
0.k 8l 377 451 16.3 16.5
0.6 0 0 0
E05° 0.30 0.31
12 8-15-61 0.0 676 6 682 99,1  100.0
0.2 678 9 687 98.6 99.5
o.4 183 ko8 591 31.0 31.3
0.6 0 0 0
Ecso 0.34 0.34

3 Eggs from more than one female used on same day
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ngigi_ Rumber of larvsae Percent normal
Number Date  tration Normal Abnormel Total Actuall Relative?
(mg/1)
13 8-16-61L 0.0 109 10 19  91.2  100.0
0.2 112 19 131 85.5 93.8
0.4 99 21 120 82.4 90.3
0.6 12 17 29 b1.b 45.4
ECsq 0.55  0.57
14 8-16-61 0.0 461 16 i 96.5 100.0
0.2 Lho 22 71 95.3 98.7
0.4 122 187 309 39.3 ho.7
0.6 0 0 0
ECs50 0.35 0.36
15 8-19-61 0.0 514 6 520 98.8 100.0
0.2 288 12 300 96.0 97.hk
0.3 354 6 360 98.3 99.5
0.4 184 58 242 76.0 76.9
0.5 16 24 40 0.0 40.5
0.6 0 0 0
ECsp 0.b7 0.47
16 8-22-613 0.0 1052 6k 1116 9k .2 100,0
0.2 987 98 1085 90.7 96.5
0.3 511 317 828 61.7 65.5
0.4 108 591 699 15.5 16.5
0.5 o) 0 0
ECs 0.33 0.33

3 Eggs from more than one female used on seme day
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ngzzz- Number of larvse Percent normel
Number Date  tration Normal Abnormal Total Actual’ Relative®
_(mg/1)
17 B8-22-61 0.0 1155 10 1165 99.1 100.0
0.2 1082 25 1107 97.7 98.5
0.3 983 98 1081 90.9 91.7
0.4 833 238 1071 7.8 78.5
0.5 219 h23 652 33.6 33.9
0.6 0 0 0
Ecso 0.46 0.46
18 8-23-61 0.0 735 ks 778 9h.5 100.0
0.2 569 T2 641 88.8 93.9
0.3 506 145 651 T1.7 82.2
0.4 448 305 7153 59.5 63.0
0.5 64 311 375 17.1 18.1
0.6 0 0 0
EC50 0.k2 0.43
19 9-1-61 0.0 148 10 158 93.1 100.0
0.2 1ho 37 177 79.0 84.9
0.3 72 75 154 51.h 55.2
0.k Iy 50 54 6.3 6.8
0.5 0 0 0
ECsq 0.31 0.32

1 As computed from observed percentages of normal larvae.

2 Relative to controls as 100 percent normal.





