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ABSTRACT

Fifty-two compounds were tested for their effects on
embryos of the hard clam, Mercenaria mercenaria, and
the American oyster, Crassostrea virginica, and on their
larvae. The pesticides included 17 insecticides, 12 her-
bicides, one nematocide, four solvents, and 18 miscel-
laneous bactericides, fungicides, and algicides.

Most of the compounds affected embryonic develop-
ment more than survival or growth of larvae. Some,
however, drastically reduced growth of larvae at con-

The extensive use in recent years of highly
persistent pesticides for control of certain insects
and undesirable plants, not only on agricultural
lands but also on recreational areas, lakes, streams,
and marshes, has made imperative an evaluation
of the effects of these compounds on fish and
wildlife. The eventual goal is to control undesirable
species, with the least harm to the desirable
members ol the ecosystem. Attainment of this goal
reqiires extensive knowledge of how each pesticide
affects each species or representative species of
the system. Also, the pesticide must be highly
specific or be applied so that its dispersion is
strictly limited.

Pesticides may enter the habitat of shellfish in
several ways. One is by being carried there in
mnoff water from treated land areas. Cottaim
(1960) stated that 2 to 3 billion pounds (9.07 to
13.61 x 10% kg.) of pesticides are used annually in
the United States on sbout 100 million acres
(40.5 x 10° ha.) of land. Thimann (1964) stated
that the United States used 175,000 short tons
(158,760 metric tons) of insecticides in 1962 and
about half that much of fungicides and herbicides.
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centrations that had relatively little effect on embry-
onic development. It is necessary, therefore, to evaluate
the effects of pesticides on all stages of the life cycle of
an organism before the pesticide can be considered safe.
Nevertheless, differences in toxicity to bivalve larvae
among compounds of each category of pesticide are
farge enough that it should be possible to select com-
pounds to control pest species without serious damage
to commercial shellfish.

Doudoroff, Katz, and Tarzwell (1953) made
laboratory tests of soils collected from toxaphene-
treated fields and concluded that stream waters
can be made toxic to fish by the drainage from
such fields. Such runoff water may carry the
pesticides in solution, adsorbed on suspended
particles, or incorporated in plants and animals
in the water. Certainly, large quantities of the
pesticides that leach from the soil must eventually
reach coastal marine waters and sediments.

A second, more direct, and perhaps more
easily regulated method by which pesticides may
enter the estuarine environment is the use of
insecticides and herbicides on salt marshes and
estuaries to control mosquitoes and undesirable
plants. In some regions large areas are sprayed
near shellfish beds. Pesticides used in this way
probably create higher concentrations of the
active ingredients in the estuarine water than are
achieved hy any other methad.

Loosanoff, MacKenzie, and Shearer (1959 %),
Loosanoff et al. (1960), and Loosanoff (1961)
proposed the use of several pesticides for the
control of certain predators and competitors of

2 Loosanoff, V., L., C. L. MacKenzie, Jr,, and L, W, Shearer. 1950, Use

of chemical harriers to protect shellfish bads [rom predators.  Bur. Comuier.
Fish. Biol, Lab,, Milford, Conu., Bull. ¢, 23: 1-11,
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commercial shellfish. The methods of application
proposed by these authors, however, were de-
signed to restrict the dispersal of the pesticide.
Compounds relatively insoluble in water were
dissolved in polychlorinated benzenes, which are
themselves virtually insoluble in water—a charac-
teristic that further limited the solubility of the
pesticide. Moreover, the polychlorinated benzenes,
which are heavier than sea water, were mixed
with dry sand to anchor the pesticide to the
bottom of the particular shellfish bed treated.
This essentially two-dimensional treatment of
limited areas with a control pesticide had little or
no effect on pelagic or planktonic organisms.

Butler, Wilson, and Rick (1962) presented data
on the effects of some pesticides on adult oysters
and Davis (1960) reported the effects of 31 com-
pounds, including several types of pesticides, on
fertilized eggs and larvae of bivalves. The authors
of the two papers considered the effect of pesti-
cides on growth to be the most sensitive index for
these mollusks.

The highest concentration of any pesticide that
can be considered “sufe” for use in waters in
which valuable species of bivalves reproduce is
the highest concentration that has noe appreciable
effect on survival of the developing embryo or on
growth and survival of the fully formed veliger
larvae. It is also necessary to determine the con-
centrations tolerated by spawning individuals and
by organisms that serve as food for larval and
adult bivalves (Ukeles, 1962).

A distinction is made between effects on devel-
opment of the embryo and on survival and growth
during the larval stage because tolerances of these
two pelagic stages to a given toxicant are often
markedly different. Growth of the veliger larvae,
moreover, may be drastically retarded at con-
centrations of toxicants too low to cause direct
mortality of either embryonic or larval stages.
Such a retardation of growth, however, serves to
prolong the pelagic life of the larvae and, thus,
increases the chance for their loss through preda-
tion, disease, and dispersion.

This report summarizes the data obtained at
the Bureauw of Commercial Fisheries Biological
Laboratory in Milford concerning the effects of
various compounds used in control of various
types of undesirable organisms, on the develop-
ment of fertilized eggs of hard clams, Mercenaria
mercenarie, and American oysters, Crassostrea
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virginica, and on the survival and growth of the
Iarvae. The data, unfortunately, are not complete
for all of the compounds tested. The work on
pesticides at the laboratory in Milford has been
terminated by transfer of pesticide work to the
Bureau's Biological Laborutory at Gulf Breeze,
Fla. In the early experiments the effects of the
compounds on development of fertilized eggs were
not. determined and many were tested in only a
single experiment. Furthermore, for some experi-
ments in which growth of larvae in control eul-
tures was not satisfactory, we can give only the
data on development. of fertilized eggs. The effects
of a number of these pesticides on some of the
algal foods of bivalve larvae have also been
determined (Ukeles, 1962).

METHODS

Methods for spawning oysters out of season
and standard methods for culturing the larvae
have been described in detail by Loosanoff and
Davis (1963). These methods were followed
throughout the present series of experiments.

In most experiments all pesticides were tested ot
concentrations of 0.25, 0.50, 1, 2.5, 5, and 10 p.p.m.
(parts per million), with duplicate cultures at each
concentration. If a toxic range was not established
in the first experiment, these concentrations were
increased or decreased by a factor of 10 in the next
experiment. Usually, however, the range of 0.25
to 10 p.p.m. included concentrations that had no
effect and concentrations that caused 100 percent
mortality. Stock solutions of water-soluble pesti-
cides were made up in water; all others were made
up in acetone, except for a very few that were in-
soluble in either water or acetone. The latter were
used as water suspensions.

For observations on development of embryos,
fertilized eggs were introduced into the test con-
centrations soon after release and fertilization,
usually when the eges were in the two-cell stage of
development. Quantitative samples were taken 48
hours later to determine the percentage of the
fertilized eggs in each culture that had developed
to notmal straight-hinge veliger larvae.

For tests to determine the effect of compounds
on survival and growth of veliger larvae, we used
cultures of 2-day-old larvae that had been reared
to the straight-hinge stage under normal conditions.
These larvae were then reared, in the different
concentrations of substances being tested, for a
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period of 10 days for clun larvae or 12 days for
ovster larvae. Thus, when the’ quantitative

samples were taken at the end of the period, the.

larvae were 12 and 14 days old, respectively.
These periods represent the normal time of setting
for the two species under good enviroumental
conditions at the temperatures used (24°41° C.).

We fed the testlarvae a mixture of live flagellates,
generally at a rate of 0.01 ml of packed cells to
each 1liter culture per day. Sea water and test
compound were renewed in the cultures every
second day. The coutents of a culture vessel were
washed onto a stainless steel screen that retained
the larvae but allowed the sen water and dis-
solved pesticide to pass through. The Pyrex?
eilture vessels used in the experiments were then
thoroughly washed before the lurvae and the fresh

Average number of lurvae in experimental eultures

solution of pesticide in sea water were ngain added.
The renewul of the culture medium every second
duy in this manner minimized the buildup of
harmful metabolites and .made it possible to
maintain accurately the concentration of test
compound at the desired level.

Quuntitative samples, consisting of 1.6 percent.
of the total larval population of a culture, were
taken at the end of the 2-day and the 12- or 14-day
experimental periods nnd preserved for microscopic
examination. We determined the survival by
counting the number of larvae that had been
living at the time of preservation. Survival values
{table 1, cnls. 1, 2) are expressed as a percentage
{R) of the survival in control cultures and were
caleulated as follows:

R=

2100

Average number of larvae in control eultures

Growth, or increase in mean lengths in the 12-
and 14-day experiments (table 1, col. 3), is
expressed as n percentage (G) of the increase in

- Mecan length of larvae in experimental eultures—mean length at 2 days

mean length of larvae in control cultures and was
caleulated as follows:

= Mean length of larvac in control cultures—mean length at 2 days

Mean length was determined by measuring the
maximum length of the shell, parallel to the hinge
line, of 100-oyster Jarvae or of 50-clam larvae
from the preserved samples. The expression of
results as percentages of the increase in mean
length and survival of larvae in control cultures
made possible the direct comparison of data from
the different experiments.

Meansurements of effects ol toxicunts on growth
and survival of Iarvae are subject to considerable
error due to random sampling error and variations
introduced by the slight uncontrolled environ-
mental ditferences between cultures. In addition,
changes in sea water and food quality between
suceessive experiments undoubtedly caused varia-
tion in observed effects. These factors must be
taken into consideration in judging reliability of
the data and in ascertaining sale and harmful
levels of the test compound.

The standurd error in measurements of growth
is considerably greater for oyster larvae than for
clam larvae. A length-frequency distribution of
clam larvae receiving a given treatment is highly
Kurtotic, whereas that for oyster larvae exhibits

3 Trade names referred to in this publication do not imply endorsement of
commercial products.
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this central tendency to a mnch lesser degree.
Figure 1 shows the 95 percent confidence limits of
the mean (+2 SE,) in microns, with N=100 for
oyster larvae and N=50 for clam larvae, at the
vatious  menn  lengths  encountered in  our
experimental cultures.

After considering the variations encountered,
in addition to sampling errors, we believe our
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Freure 1.—The 95 percent confidence limits of measure-
ments of mean lengths of avster and clam larvac of
differemt  sizes. Values indieate +£2 SE,,. N=100 for
oyster larvac; N=50 for clam larvae.
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transformed values (G) for measurements of
growth are generally accurate to about +10 per-
cent for oyster larvae and to about 4 5 percent for
clam larvae. The confidence limits for oyster larvae
were not narrowed appreciably even by increasing
N to 300; therefore, it was considered impractical
to increase the number of measurements of oyster
larvae sufficiently to reduce the error to that of
measurements of clam larvae.

Errors involved in our techniques for determin-
ing numbers of larvae developing from fertilized
eggs to straight-hinge larvae or the number sur-
viving in growth experiments have been found to
be about =+ 10 percent.

In any event, the effects of test compounds on
larval growth and survival are readily distin-
guished, from random variation, by the regular
stepwise reduction at each successive increase in
concentration of the test chemical.

EFFECTS OF DIFFERENT COMPOUNDS
ON EMBRYOS AND LARVAE

Table 1 shows the relative percentage of fertil-
ized oyster and clam eggs that developed through
normal embryonic stages into straight-hinge
larvae, the relative percentage of larvae that
survived, and the relative percentage increase in
mean length when exposed to various pesticides
and chemicals. We calculated the relative per-
centages, as has been previously stated, by using
the survival and rate of growth of larvae in the
control cultures of ench experiment as 100 percent.
The values given (except where noted) are aver-
ages for duplicate cultures at each concentration
in each experiment. When more than one experi-
ment was run, we combined the results of all
experiments.

Some compounds were more toxic to embryos
than to larvae (despite the much shorter exposure
period of the embryos), although the reverse is
generally indicated in our tests. The differences
between the tolerance of developing embryos and
larvae of oysters to the same pesticide are strik-
ingly evident from the effects of the weedicides,
Amitrol and Endothal (table 1). Embryos de-
veloped normally in higher concentrations of
Amitrol (500 p.p.m.) than those at which larvae
showed good growth (100 p.p.m.). In contrast,
eggs could tolerate only 10 p.p.m. of Endothal,
whereas larvae showed about normal growth at
concentrations as high as 50 p.p.m.
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The compounds we used in our tests differed
widely in chemical composition and presumably
have different modes and sites of action. It is not
too surprising, therefore, that although the toxic
levels of most compounds are about the same for
clams and oysters, some are appreciably more
toxie to one than to the other. The tolerance of
oyster larvae to Endothal, for example, was con-
siderably greater than that of clam larvae (al-
though oyster embryos were slightly less tolerant
than were clam embryos). Oyster larvae showed
fair survival and normal growth at 25 p.p.m.,
whereas this concentration caused 100 percent
mortality of clam larvae. In general, however, the
rates of growth of clam larvae are less affected by
toxicants than growth of oyster larvae.

As has been reported previously (Davis, 1960),
some of the lower concentrations of certain com-
pounds significantly accelerated growth of larvae
(notably Sevin, Endothal, 2-4-D salt, phenol, and

phenomenon are not clear, we believe it is the
result of the bacteriostatic or, possibly, chelating
effect of these compounds. Because growth of
clam larvae is less affected by bacterial and
algal toxins than is growth of oyster larvae, any
bacteriostatic or chelating effect these compounds
might have would be expected to have a less
marked effect on growth of clam larvae than on
growth of oyster larvae.

Synergistic Action of Solvent With Some Compounds

With certain pesticides, the solvent may act
as a synergist and increase the toxicity of the
compound, but with other pesticides the same
solvent may show no such action. Acetone ap-
peared to act as a synergist with Co-Ral but not
with Di-Syston and Phygon. In experiments
when the stock solutions of these three water-
insoluble compounds were made up in acetone
(appendix), the pair of control cultures receiving
100 p.p.m. acetone (the maximum concentration
used in any of the experimental cultures ) showed
no significant reduction in growth or survival of
either clam or oyster larvae. Survival and growth
of clam larvae receiving Di-Syston and Phygon
decreased progressively as the concentrations of
these compounds increased, just as it did in
various concentrations of the water-soluble toxi-
cants (table 1). The toxic effects of Co-Ral, how-
ever, show a definite break in the middle of the
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series that corresponds to the break in acetone
concentrations.

To obtain the six concentrations of these
acetone-soluble compounds, from 0.25 to 10 p.p.m.,
we used two stock solutions. The concentrations
of 0.25, 0.5, and 1 p.p.m. of toxicants were obtained
by increasing volumes of the less concentrated
stock solution so that the concentrations of
acetone were 25, 50, and 100 p.p.m. The con-
centrations of 2.5, 5, and 10 p.p.m. were achieved
by inecreasing volumes of the more concentrated
stock solution, again giving concentrations of
acetone of 25, 50, and 100 p.p.m.

The stepwise decrease in survival and growth
of clam larvae at 0.25, 0.5, and 1 p.p.m. Co-Ral,
followed by better survival and growth at 2.5
p-p-m. and stepwise reduction at 5 and 10 p.p.m.
indicates that the action of Co-Ral was being
synergized by the acetone solvent (the action of
Di-Syston and Phygon was not). The effect of
Aldrin on clam embryos shows some evidence of
“similar synergism.

Variable Effects of Endrin and Dieldrin

Results of different experiments with these
two compounds varied considerably even when
acetone stock solutions were used. The results
given for endrin and dieldrin, thevefore, are the
average values of a number of experiments but
in some experiments tolerances were significantly
below these averages. We assume that the varia-
tion in the several experiments was caused by
differences in particle size and degree of suspen-
sion attained in the test culture, since these
cempounds are essentially insoluble in water. We
would expect field observations on commercial
applications to yield conflicting data, depending
upon the degree of dispersion attained when the
pesticide reaches the water.

Possible Indirect Effect of Compounds Through Food
Chain :

Ukeles (1962) showed that the tolerance for
pesticides of some of the best algal foods for
bivalve larvae was considerably lower than the
tolerances of the larvae. Therefore, even a con-
centration of a pesticide that showed no effect
on eges or larvae might, indirectly, if used in the
field, markedly reduce the growth of bivalve
larvae by killing or preventing reproduction of
the algae that serve as foods.

We believe the results given in table 1 are,
at least primarily, the direct effect of these com-
pounds:on the .- embryos or larvae themselves
because we are not dependent upon reproduction
of the algae in our larval cultnres. We add the
food cells to our experimental cultures daily, and
the pesticide would have an indirect effect through
the food: chaln only if it destroyed the food cells.
The concentration of Sulmet (sodium sulfameth-
azine) used routinely: ss a bactericide:.in our
larval cultures, for example, is sufficient to inhibit
or prevent reproduction of the algae used.for food,
vet it has no adverse effect on growth of larvae
under our laboratory conditions. of feeding.

Significance of TL,, Values

In table 2 we have listed the 24-hour TL,, (the
concentration. in p.p.m. that would cause an
approximate 50-percent reduction in the number
of eggs developing into normal straight-hinge
larvae) for oyster and clam eggs. Also listed are
the 12-day TL,, for clam larvae and the 14-day
TL,, for oyster larvae. We believe the TL,, values
listeéd are of value only for rough comparisons of
toxicity because some compounds drastically re-
duce the rate of growth of larvae at concentrations
too low to cause appreciable mortality or may kill
embryos at lower concentrations than are required
to affect growth or survival of larvae. Both endrin
and dieldrin, for example, had 14-day TL,'s for
oyster larvae greater than 10 p.p.m., yet either of
these compounds, at concentrations of only 1
p-p.m., reduced the rate of growth of these larvae
drastically. Other compounds, such as Nemagon,
Aldrin, and toxaphene, permitted development of
embryos at considerably higher concentrations

“than those at which the larvae could survive and

grow. Conversely, other compounds, such as
griseofulvin (on clams) and Endothal (on oysters),
almost completely stopped embryonic develop-
ment at concentrations too low to affect seriously
survival and growth of the larvae.

In comparison with the TL, values given for
other species, the rankings of Amitral, Endothal,
Omazene, and Phygon are the same for clam and
oyster larvae as Bond, Lewis, and Fryer (1960)
found for largemouth bass, AMicropterus salmoides,
and two species of salmon, Oncorhynchus kisutch
and (. tshawytscha. The median tolerance limits
for the least tolerant stages in the life cycle of
clams and oysters for these compounds, however,
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were lower than the values given for fish. The
96-hour TL,, for bluegills, Lepomis macrochirus, to
Co-Ral and Di-Syston, reported by Henderson,
Pickering, and Tarzwell (1960), was also higher
than that for the least tolerant stages of clams.

NEED FOR FURTHER STUDY

The examples cited indicate the need for evalu-
ating all aspects of toxicity on rapidly growing and
changing animals at each stage of their life cycle.
The high tolerance of bivalve larvae to some of
these pesticides also suggests that compounds can

be chosen to control pest species without serious
damage to commercial shellfish. Within the series
of insecticides, for example, Davis (1960) showed
that DDT was much more toxic to oyster larvae
than lindane. Similarly, within the series of herbi-
cides tested, Amitrol was “safe” at 100 p.p.m.,
whereas MCPA caused a significant reduction in
the rate of growth of oyster larvae at all concen-
trations above 0.25 p.p.m. We believe, as Thimann
(1964) suggested, that emphasis should be placed
on developing ‘‘substances whose action is selective
and on those which decompose quickly.”

TABLE 1.—Percentage of eggs of American oyster and hard clam that developed normally, percentage of larvae thal survived,
and percenlage increase in mean length, in the presence of different concentrations of chemicals !

Qysters Clams
Compound Concentration Eggs Survival of Inecrease in Eggs Survival of Inerease in
devejoping larvae length of developing larvae length of
larvae larvae
Insecticides: P.pan. Percent Percent Percent Percent Percent Percent

Aldrin (2 experiments; acetone solution)

Co-Ral (2 experiments; acetone solution)

DDT (1 experiment; water suspension)

Dicapthon (1 experiment; water solution)

Dieldrin 3 (4 experiments; 1 water suspen-
sion and 3 acetone solution)

Dipterex (1 experiment; water solution)

I)it-.Sygton (2 experiments; acetone solu-
ion

Endrin ¢ (5 experiments; 2 water suspen-
sion and 3 acetone solution)

Sec footnotes at end of table,
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TABLE 1.—Percenlage of eggs of American oyster and hard clam that developed normally, percentage of larvae that survived,
and percentage increase in mean length, in the presence of different concentrations of chemicals *—Continued

Oysters Clams
Compound Concentration Eggs Survival of Increase in Eggs Survival of Increase in
developing larvae length of developing larvae length of
larvae larvae
Insecticides—Continued P.p.m. Percent Percent Percent Percent Percent Percent
Guthion (1 experiment; wator solution) .25 91 106 81 95
.50 109 81 95
1.00 31 38 ]
2 1 RO
5.00 0 0
10. 00 0 0
Lindane (1 experiment; water solution)
.25 97 117 86
.50 112 102 98
.00 111 100 101
11 P
5.00 106 103 107
. 10.00 60 (14 71
Malathion (2 experiments; acetone solu-
tion)
.25
.50
1.00
2.50
5.00
10.00
N-3452 (1 experiment; water solution) 5
1.0
2.5
5.0
N-3514 (1 experiment; water solution) Lo
10.0
Parathion (1 experiment; water solution) o
025
. 050
1.00
Sevin (8 experiments; 1 water solution and
2 acetone solution)
.02
. 025
. 050
.10
.20
1.00
2,00
2.50
4.00
5.00
10. 00
TEPP (1 experiment; water solution) Loo
2. 50
5.00
10. 00
Toxaphene (2 experiments; acetone solu-
tion,
.25
.50
1.00
2,50
5.00
10.00
Herblcides:
Amitrol (2 experiments; water solution) 2.50
5.00
10. 00
25.00
50. 00
100. 00
250. 00
500. 00
1, 000. 00
Amitrol-T (1 experiment; water solution) 2
.50
1.00
2,50
5.00
10.00
2-4-D ester (1 experiment; acetone solution) 05
.05
.10
.25
.80
1.00
2.50
5.00
10.0

See footnotes at end of table.
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TABLE 1.—Percenlage of eggs of American oyster and hard clam that developed normally, percenlage of larvae thal survived,
and percenlage increase in mean lenglh, in the presence of different concentrations of chemicals '—Continued

Oysters Clams
Compound Concentration Eggs Survival of Inervase in Eggs Survival of Increase in
developing larvao length of developing larvae length of
larvae larvae
Herbicides—Continued P.p.m. Pereent © Pereent Percent Pereent Percent Pereent
2-4-D salt (2 experiments; water solution) 84 148

Diuron (1 experiment; water solution)

EMID (4 experiments; water solution)

L
o
5.
10,
2.
50

Endothal (2 experiments; water solution)_ .

Fenuron (2 experiments: water solution)_.

MCPA (2 experimments; water solution). __

Monuron (1 experiment; water solution). .

Neburon (1 experiment; water solution). -

Silvex (1 experiment; acetone solution)....

Nematoeide:
Nemagon (2experiments; acetone solution)
25 100 116 i)
.50 o7 3n
1.00 100 14 21
2.50 g8 <1 4
5.00 5 0 i
10.00 86 0 e
Solvents:
Acetone (1 experiment; conflitmed by
others)
10.0 100 110
25.0 100 104
50.0 100 yl
100.0 100 91
250.0 100 87

See footnotus at end of table.
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TABLE 1.—Percentage of eygs of American oyster and hard clam that developed normally, percenlage of larvae that survived,
and perceniage increase tn mean length, in the presence of different concentrations of chemicals '—Continued

Oysters . Clams
Compound Concentration Eggs Survival of Inerease in LEggs Survival of Inerease in
developing larvae length of developing lurvae length of
larvae larvae
Solvents—Continued P.p.m. Percent Pereent Pereenl Pereent Pereent Pereent
Allylalcohol (1 experiment; water solution) 25 a5 0
.50 76 0
1.0 51 0
2.5 0 0
5.0 0 0
10.0 0 0
Orthodichlorehenzene (1 experiment; ace-
tone solution)
25 107 121
.90 o4 111
1.0 99 123
25 04 107
H.0 106 107
15.0 79 32
Trichlorobenzene (1 experiment; acetone
solution)
1.0 50 e iiiiiaann 72 108 102
10.0 L3 SRR 58 69 1M
Bactericides, fungicides, algicides, miscella-
ueous:
Chloramphenicol (1 experiment; water
solution)
97 111
. 104 117
1. 84 104
2. &7 101
10. 90 81
100. 0 -
Delrad (1 experiment; water solution)
Dowicide A (1 experiment; water solution)
.50
1.00
250
5.00
10.00
Dowicide G (1 experiment; water solution) N
.25
.80
1.0
2,50
5.00
10. 00
Griseofulvin (1 experiment; water solution)
.025
. D50
.10
.35
.50
1.00
2,50
5.00
10.00
PV P-Todine (2 experiments; water solution)
25

-

Nabam (1 experiment; water solution)

Soer, BBKSoer,
semon 23233238

—

Nitrofurazone (1 experiment; water solution)

BEREm.
TRIB388

Omazene (2 experiments; water solution)

...
[LW=R[]
Soood

See footnotes at end of table,
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TasLE 1.—Pcreenlage of cggs of Amacrican oyster and hard clam that developed normally, pereenlage of larvae that survived,
and percentage ncrease in. mean length, wn the presence of different conceniralions of chemicals '—Continued
Qystars Clams

Compound Concentration Eggs Survival of Increase, in Eggs Survival of Inerease jn
dev elopmg larvac length of ; i larvae fenath of
larviu: larvie

Bactericides—Continued

Pentachlovophenol (1 experiment; acetone P.p.m. creenf Pereent Perecat Pereent Pereent
115 1

Perecnt
solmfion) oo oo . RS

PlI'I'.u,h]fllollhl‘ll\l acetate (1 L\])l ritnent;
acetone solution). . ..

Phenol (1 experiment; water solution)... . . 025

Phygon (2 experiments; acetone solution) . QK25

a1

Roceal (1 experiment: water solution). .. .1

Rosin Amine D (l L\pmlmont, acetom:
solatiom). . ... . L0

Sulniet, (1 experiment; wider solutio of

tinted yoelor k] .1 a7
2 113
1.0 103
20 1o
1.0 113
. s
Sulmet (1 experiment; water solution of
new untinted 1962 formulution)
50. 00 111 ur
100, 90 un 100
150. (0 e .
2000 114 101
300 0 11 100
400, 00 108 s
SO0, () 110 ae
€00, 0t .
1, (). () s L4
TCC AL experiment; water solution)
L (25 e 91l
il w 48
.01 19 3
.25 it 18
L0 7 [
.1 0
.25 -
.60
100
TP (1 experiment: water solufiony
025
.05
S0 -
LU -
1. (0 N
2, 6l)
A, (0 -
10. 00 -
1 Relative percentages caleulated Ty using survival and growth rates of 81 culture only; duplieate 47 percent mortality.
Jarvae in control cullures. . 9 1st experiment.
S 1 experiment only, 7 2d experiment.
3 Results with Dieldrin very erratie (see toxt). 47 pereent mortality in 1st experiment,
1 Results with Endrin very erratie (see text). *1 eulture only; duplicate 100 percent mortality.
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TABLE 2.—Estimated concentralions (TL, values), calcu-
lated by interpolation from date in lable 1, ai which 50
percenl of the eggs of ouysters and clams develops normally
or 50 percenl of the larvae survives

Oysters Clams

Compound 4%-hr. 14-day 4%-hr. 12-day
Lm o Lm m
eggs larvae eggs larvae

Insecticides:

>10.00 0,41
0.11 >1.00 .12 521
4

Dicapthon...
Dieldrin. R
Dipterex____.__ -

Di-Swston.___. 5. 86 3.67 5,28 1.39
Endrin._.___.. - .79
Guthion.......
Lindane._._.__
M;\latll fon___.. 0,07

Tomphene .
Herbieides:
Amit,rol_

Dlmon __________
EMID_........_.
Endothal ... _.
Fenuron_.._.....
MCPA

Monuron . ...
Neburon. .
Silvex______... 4
Nemutoeide: Nemagon_ ..o ooooooo..ooo 10. 00 .8
Solvents:
Acetone. ... >100.00 (oo >100. 00 >100. 00
Allyl aleohol ___ 1.03 <.25
Orthodichlorehen-
7 >100. 00 > 100, 00
Trichlorobenzene 313 ... >10.00 >10.00
Bactericides, funvicides,
ulricides, miscellaneous:
Chlor: -'unphemcol 50,00
y N72
.75
<.25
<L
PV P-Iodine - 34,14
Nabam._._.__. . 80 .80 1.75
Nitrofurazone._ >100. 00
omazene. oo .37
Pentachlorophenol. ... <25 071 o ..
Pentachlorophenyl
acetate. .o o_.... <2 <26 o a.o.
Pheriol . 56, 00
Phygon.. 1.75
Roeeal .14

Rosin Amine D
Sulmet, tinted. .
Qulmnt untinted_

> >100.00
>1, 00000 >1, 000 (0
. 032 .37
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APPENDIX

TABLE A-1.—Source, solubilily, and chemical names of compounds lested

Common name Chemiecal name

Solubility in p.p.m.

Source

Insecticides:

Aldrin. ... Hexachlorohexahydro-endo, exo-dimetha-
nonaphthalene.

Co-Ral_ ..o i 0,0-diethyl 0-3-chloro-4-methyl-2-0x0-2H-
1-benzopyran-7-y1 phosphorothiocate.

DT . e Dichlorodiphenyltrichloroethane. ...

Dicapthon. . ..o .. ... 0O-0-dimethyl-0¢2 ehloro-4 nitrophenyb
phasphaorothioate.

Dieldrin. ..o oo Hexachloroepoxyoctahydro-endo, exo-di-
methanonaphthalene.

Dipterex 0,0 -dimethyl-1-hydroxy-2,2,2- trichlora-

etlnl -phosphonate,
0,0-diethyl  8-2-(ethylthioiethyl
phorodxthnoate

Di-Syston. . - oo

phos-

Endrin. . oo Hexachloroepoxyoctahydro-endo, endo-di-
methanonaphthalene.

Guathion. ... .. 0,0-dimethy! #-4-0x0-1,2,3-benzotriazino-

. 3(4H )-ylme:thy] phosphorodithioat.

Lindane_ ... ....... 1,2,3.4,5,6-hexachloroeyclohexane. ...

Malathion. .- ... . ... 0,0-dimethyl dithiophosphate of dicthyl
nmrcaumuoeinnt-:.

N385 i Alkyl (Cx-Cisv dimethyl benzyl ammo-

nium chloride,
- 2-chloro-1-nitropropane.. . ...

Insoluble in water; 1,530,000 in acetone .
Insoluble in water; soluble in acetone._ .

0.0002 in water (0.2 as colloid); 590,000
in acetone,

Very low soluhlllty in waler; very low
solubility in acetone.

Insoluble in water; 540,000 in acetone. .

130,000 in water

25 in water; sotuble in acetone

“Insoluble™ in water;
soluble in acetone,
33 in water

“moderately™
10 in water; 440,000 in acetone__._._ ...

$,000 in water

Parathion. _ ... ... ... 0.(% dtml,hyl H-p-nltrnphony 20 in water.. .
phate

21 T 1-naphthyl-N-methylesrbamate ... ... .. 1,000 in water; 300,000 in acetone. . _

EPP i Tetracthyl pyrophosphate Miscible in water (hydrolyzesy; mis-
vibile: in acetone.

Toxaphene_ ... _._...._. Mixture of polychloro hicyelic torpenes 1.5 in water; 4,500,000 in acotone_
y\'if-h chlorinated eamphene predominat-
ing.

Hethbicides:

“Amitrol’ 3-armino-1H-1,24-triaszole___ .~ _ .. Very soluble in water_ .. . . ...

Amitrol-T_ ... 3-amino-1H-1,2 4-trinzole with ammonium .. oo oo ......
thioeyanate.

I I 1 Butoxyethanol  ester  of (2 4-dichlova- *““Insoluble® inwater . .. .. ...

phenoxy) acetie acid.
Iimethylamine salt of (2,4-dichlorophen-
oxy)acetic ueid.

24-Dsalb .

Diuron 3-13.4-lichloroplenyl)-1,1- ullmeth\lmu
EMID . __. 2 4-dichlorophuene B
Endothal . $
Fenuron
MOCPA . Dimethylamine fm ul (2-methyl-4-chloro-
phenoxy) acetic acid.
Monuron... 3-(p-chlorophenyl)-1, 1-dimethylurea_ ..
Neburon... 1-n- Ilut\l-d-(d 4-lichlorophenyl)-1-methyl-
Silvex il hanol  ester of  (2,4,5-trichloro-
vipropionie aeid.
Nematocide:
Nemgon -l 1,2-dibromo-3-chluropropane_ ... ... __
Solvents:
Aeotone. - .o ... Aectone .. ...

ANyl uleohol
Orfhodichlorobenzene. .. ... ..

Fropen-1-ol
o-diehlorobenzene .o I 0TI

Trichlorohenzene
Bactericides, fungieides, «
miscellancons:
Chloramphenicol

- Trichlorobenzene_ ...

]hlrml stylomine acetate oo
viphinel, sodium salt
hlorophrna »
7-chlora-2 . 4,6-trimethoxy Ly
spiro[henzofuran-23H), 1’-[’]»\ clo-
heexene]-3,4-dione.
Tolyvinylpyrrolidone-iodine complex ...

CGirisenfulvin

PVP-Indine

Nabam_ oo Disodium ethylrnebis(lithiocarhamate)
Nitrofurazone . o ... oo Snitro-2-furaldehyde semicarbazonn. . ...

Omazenw,
Pratachlorophenol
Pentachiloruphenyl acetate . .-

. Copper dihydrazinium sulfate. ... ..
. Pentachlorophenol .
Pentachlorophenyl acetaty

Phennl .
_______________ 2,3-dichloro-1,4-nuphthoquinone. .

Phenol..._....
Phygon

Alky) (CeH3-CreHandimethylbenzyl-am-
monium chloride.

Rosin amine D (technical grade of de-
hydroabictylamine).

Sutmet (tinted veterinary soluble). (Sodium sulfamethazine)sodiom4,6-di-

methyl-2-salfanilamidopyramidine).

untinterl solublc).._._.... JR 1 TP

R - 344" -trichlorocarhanilide.___ . __

24,5 TCSPA_ LT Pmpylem- glyenl to butyl etl

212 4.5-trichlorophenoxy) propionie aeid.

Rosin Amine D___..___.

quln

oo 1,220,000 in water__
- 330,000 in water

. R0 in water; very soluble in acctons

*Insoluble”

Very solulde in wuter.____ ...

:ulul»lc in wat
N0 in water
in water_

230 in water_________._.
48inwater o

0.014 per
acetone,

nt in water:

15.2 pereent in

1,000 in water; very soluble in acetone. -

M;j

le in water

130 in water: miscilile in aeetone. .-

25 in water: miseible in acetone. ...

2,500 in water: very soluble in acetone .

Very soluble inwater-o oo o ..

10.0 in water

Very soluble inwater____ .. _______...

SWSinwater_ ...

“Very slightly' soluble in water__.__.

82,0 in water; very solulile in acetone.

“Insoluble” inwater. ... __________.__
10 pereent solution: very soluble in
witer.

Acetone. .
Very soluble in water. . _.__

"""""""" 240,000 in acetoiie.

Shell Chemieal Corp.

Chemagro Corp.

American Cyanamid Co.
Shell Chemical Corp.
Chemagro Corp.
Do,
Shell Chemical Corp.
Chemagro .Corp.
Niagara Ch-‘:mi(.'als Division, Food
American Cyhmaiia Go.

Niagara Chemicals Division, Food
Much. & Chem. Corp.

Do
Chemugru Corp.

Union Carbide Chem. Co.

Niagara Chemiecals Division,
Mach. & Chem. Corp.

Hereules Powder Co.

Foond

Thompsen Hayward Chemieal Co.
Do.
E. I. duPont de Nemours & Co,

_ Pennsalt Chemical Co,
. E. L duPont de Nemours & Co.

Ameriean Chremical Paints Co.

E. L duPont de Nemours & Co.
D,

Shell Clhiemical Corp.

Mallingkrodt Chemical Works.,

. shell Chemieal Corp.

Niagara Chemicals Division, Food
1\']'.]1__(‘.]]. & Chem. Corp.
20,

Parke, Davis & Co.

Heireules Powder Ca.

- Pow Chemieal Co.

. D,
MeNeil Laboratories, Ine.

Antara Chemiecals Division, General
Analine & Film Corp.

Niagara Chemieals Dl\lsmn
Mach. & Chem.

IIl-ss Clark Division. \ ick Chemival

Food

Olln ‘Mathiesen Chemieal Cuorp.

Monsanto Chemiecal Co.,

Niagara Chemieals Lrivision, Food
Much. & Chemn. Corp.

Mallinckrodt Chemical Works,

Niagara Chemicals Division,
Maceh. & Chem. Corp.

Sterwin Chiemivals, Inie,

Fuod

in water; very soluble in  Hercules Powder Co.

Agricultural Division, American
Cyanamid Co.

26,
Monsanto Chemical Co,
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