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ABSTRACT

There has been considerable concern about the potential for long-term
effects to marine organisms from chlorinated sea water. As part of a
larger study to investigate the effects of materials resulting from
seawater chlorination on marine organisms, groups of littleneck clams,
Protothaca staminea, were exposed to sea water that had been chlerinated.
Two experiments were conducted. In one test, groups of littleneck clams
were expused to dilutions of chlorinated sea water that had average
chlorine produced oxidant (CPO) concentrations of 16 pg/f or less. In
the second test, groups of clams were exposed to chlorinated seawater-
unchlcrinated seawater mixtures that had target CPO concentrations of 0,
6, 12, 25, 50 and 100 pg/2. In the first experiment, length measurements
were made on all clams at approximately one-month intervals for three
months. In the secord test, length, weight, depth, width and edge
etching were used to weasure growth, and subsamples were harvested and
measured at one-month intervals. In addition, clams were preserved for
histologica: examinatiun

The clams in the first sxperiment all had negative growth. In the

second test, growth was inhibited under all conditions through the first
four months of exposure. During the last four months, there was positive
signs of growth at the 0, 6 and 12 pg/? CPO test conditions.

Histological examination indicates that P. staminea does not adapt well

to being 1eld in aguaria. Most clams, from all test and control conditions,
showed evidence of necrosis at one month. This condition seemed to

improve with longer exposure at lower CPO concentrations but persisted

at CPO concentrations of 25 ug/? and higher. Other histological effects
were apparent at the higher exposure concentrations as the length of
exposure increased.
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SUMMARY

Studies of the effects of long-term exposure to chlorinated sea water on
the growth of littleneck clams (Protothaca staminea) were initiated in
1977, as a subtask to the program on the synthesis and effects of halo-
genated organics created by the chlorination of cooling water at nuclear
fueled steam electric stations. The objective of this subtask was to
determine the effect on clam growth of exposure to chlorinated sea
water. The initial experimental design had five groups of 60 clams
being exposed to Sequim Bay sea water that had been chlorinated at a
level of approximately 1.5 mgC1/2 with sodium hypochlorite and then
diluted with untreated sea water to obtain 0, 2, 4, 6 and 12-fold dilutions
of the chlorinated sea water. A sixth tank containing 60 clams and
receiving untreated sea water was used as a control. Total length
measurements were made on the clams at approximately l-month intervals
for a period of three months.

Over the course of the exposire, the total average net growth for all

clam groups was negative (-0. '8 mm to -0.13 mm). The average CPO in the
tanks during the period ranged from 0.016 mg/2 to 0.00 mg/2. The cause

of the negative growth in all tanks was not identified, but a number of
factors were suggested, e.g., insufficient food supply, routine disturbance,
chlorine produced oxidant effects, tank stress and lack of sensitivity

of the length measurement over the test period.

A second series of growth experiments were conducted in the winter and
spring of 1978, using a new delivery system and protocol. To alleviate
what was thought to be factors that may have contributed to the negative
growth in the earlier test, feeding with algal culture was planned for
this test, and weight, width, thickness, and edge marking were done in
addition to the length measurement. In addition, individual clams would
be disturbed only at the initiation ot the experiment and at harvest
time. Finally, clams would be preserved for histological examination
for any tissue abnormalities.

The new delivery systen relivered a mixture of chlorinated and unchlorinated
sea water to the test t:i ks so that the respective groups of clams had
target CPO concentrations of 0, 6, 12, 25, 50 and 100 pg/2. The 0 pg/#

test tank received only untreated sea water, and the 100 pg/¢ test tank
received only chlorinated sea water. The initial chlorination rate was
approximately 1.5 mg/2 chlorine per liter of sea water. Subsamples of

clams were harvested from each test tank at approximately 30-day intervals
for measurements and preservation for histological examination.

Shell deposition, measured by the etched edge markings, indicated that
no growth took place in any of the test tanks until the fifth month at
which time there were positive signs of growth in the control and in the
6 and 12 pug/e test conditions. Positive growth was noted in these tanks
after six and eight months also. No signs of positive growth occurred



at the 25, 50 and 100 pug CPO/2. The other measurements supported the
shell deposition finding but indicated that linear measurement is not a
good parameter to use to measure growth in littleneck clams under these
conditions.

Histological examination of the clams indicated that the clams were
under some stress when collected from the field. However, the clams
appeared to recover during the first month of testing, and then the
organisms at the higher CPO concentrations (50 and 100 ug/2) developed
tissue abnormalities.
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INTRODUCTION

Studies of the effects of long-term exposure to chlorinated sea water on
the growth of littleneck clams (Protothaca staminea) were initiated in
1977 as a subtask to the program on the synthasis and effects of halo-
jenated organics created by the chlorination of cooling water at nuclear
fueled steam eleciric stations. Numerous studies had been conducted on
the acute toxicity of chlorine and chlorine produced oxidants (CPO) to
fish and other marine organisms (1,2,3,4,5,6). However, little infor-
mation was available on the effects of long-term exposure (months) of
organisms to CPO. In addition, findings of halogenated organics created
by chlorination of fresh and marine waters presented another group of
compounds that may cause deleterious effects to exposed organisms (7,8,9).

The objective of the research discussed here was to expose littleneck
clams to sea water that had been chlorinated at a rate similar to expected
rates at operating steam electric stations. To insure that the clams
would not die from the acute toxic effects of CPO, the CPO concentration
was reduced by aging (natural demand) and dilution with control sea

water. Two tests were conducted.

The first experiment was designed to test the delivery system and look
at the response of littleneck clams to long-term holding in laboratory
tanks. This experiment was run with set dilutions of the chlorinated
sea water delivereu to the individual aquaria holding the clams, and
only clam length was measured. R=-_d on the results of the first test,
a number of modifications wer. made to the delivery systems and the
biological measurements to se collected. Using the modified delivery
system, the second test wa. conducted using target concentrations of CPO
of 0. 6, 12, 15, 50, and luu pg/2.

First Experiment

Littleneck clams were collected from Kiapot Point, Sequim Bay, Washington
on 11/28/76, and held in a large circular tank receiving raw Sequim Bay
sea water. Additionai food was provided to the clams daily in the form
of a slurry of ground Fusia sp., Ulva sp. and alfalfa flour. On 12/15/76,
50 clams were randomly selected and placed in one of the six 120 2 glass
exposure aquaria (Figure 1). The aquaria contained 12-13 cm of sand as

a substrate for the clams to bury in. The clams were observed for
burying activity, and all but 2 were buried within 8 hours. On 12/19/76,
50 clams were introduced into each of the remaining five exposure tanks,
and chlorination of the sea water was begun. Temperature was maintained
at 15°C. The clams were observed daily and individuals that did not
bury or ones that surfaced were replaced. From 12/19/76 through 2/1/77,
a total of 12 clams were removed (from the 6 tanks) and replaced with
new in.ividuals.

On 2/1/77, the clams in each tank were removed for measuring and numbering.
T.e procedure was to remove all the clams from a tank, and blow them



with an air gun until the shells appeared "bone dry." benqth measurements
were then made and the individuals numbered with Flecto™ Varathane #101
orange paint. The paint was allowed to dry for six hours before the

clams were returned to their respective tanks. The clams were out of

the tank for approximately 8 hours.

The tanks were then observed daily for clams that surfaced and died. At
monthly intervals the clams were removed and length measurements made
(Tables 1 to 25). Also at monthly intervals, 5 clams were removed for
future histopathological examination and chemical analysis. To maintain
even densities throughout the exposure the removed clams were replaced
with new individuals. CPO, temperature, salinity, pH and dissolved
oxygen measurements were made approximately daily (Tables 26 & 27). CPO
was measured by the potentiometric method (10).

The length measurements indicated that the clams were not growing and
appeared to have been experiencing shell erosion or negative growth
(Tables 28 to 34). Several factors could have contributed tc this,
inciuding disturbance by the monthly measuring routine, lack of sufficient
food, adverse reaction to being confined in the tank, and exposure to
chlorinated sea water. Since the control showed the same negative

length change, the chlorine exposure could not be singled out as the
factor causing growth suppression.

However, the major objective of this experiment was satisfied. That is,
it was found that littleneck clams could be held in aquaria for periods
of up to 6 months without massive mortalities, and they also could
survive in sea water that had been chlorinated at a rate of 1 to 2 mg/¢
but had low (£0.02 mg/2) CPO concentrations. The cause of the negative
growth could not be related to a single factor, and, because of this,
the second experiment included a number of modifications.

Second Experiment

The next experiment was designed to monitor more parameters that would

be indicators of growth and to monitor their health by histological
examination. To reduce some of the susperted compounding factors thought
to exist in the first experiment, the following changes were made. The
clams were not measured every month. Instead, only those individuals
that were harvested for other purposes were measured. Additional food,
in the form of cultured algae, was provided. Proportional dilutions of
the chlorinated sea water were not used, instead, target CPO concentrations
were maintained in each tank. The shell edge was etched to provide a
more sensitive in‘'icator of growth. Bodv measurements, in addition to
the length, were taken.

The Mount-Brungs type delivery system used in the first test was replaced
by a manifold type system shown in Figure 2. The clam exposure tanks
were the same 1202 aquaria used in the initial test and the bottom was
covered with 12-13 cm of sand. The sea water on the chlorinated side
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was chlorinated at a rate of approximately 1.5 mg/2 Cl,. The exposure
tanks received chlorinated and control sea water in proportions that
produced the target in tank CPO concentrations. The control tank received
100% control water, and the 100 ug/2 CPO tank received only chlorinated
sea water. The flows to the individual tanks varied in order to maintain
the appropriate CPO. The control tank received 450 to 500 me/min and

the other tanks received at least that amount. In general, the flows
remained between 500 and 1060 m2/min.

Clams were collected from Pitship Point, Sequim Bay, Washington and held
for marking in running, raw sea water. C(lams were randomly selected,
marked with a motorized engraver, edge-etched, weighed, measured for
length, width and thickness, and placed into the individual exposure
tanks. Initial tank loading was 60 clams. Ten clams were preserved for
histopathological examination, and 10 clams were frozen for chemical
analysis.

Feeding was provided by first drawing the water level in the tanks down
by removing the stand pipe, then replacing the stand pipe and adding
Monochrysis sp. culture to provide a cell density of approximately
EUU,UUU¥m2 in the full tank. The exposure tank was then allowed to fill
gradually with its normal mixture of control and chiorinated sea water.
The control and chiorinated sea water was filtered (100 ym) so that the
only food received by the clams was through the feeding. After three
months, problems developed with the filter apparatus and in the phyto-
plankton culture, and the exposure system was switched to raw sea water
and no feeding.

At approximately one-month intervals, 8 clams were harvested from each
tank. The harvesting was done in a manner that caused miminal disturbance
to the remaining individuals. The harvested clams were measured and
weighed, and checked for positive signs of shell deposition on the

etched edge. Four were frozen in glass jars for chemical analysis, and

4 were preserved in Davidson's fixative for histological examination.

The measurement end weights are presented in Tables 35 to 47. The
measured CPO concentrations in the tanks are presented in Table 48.

The clams that were fixed in Davidson's fixative were shipped to Battelle's
William F. Clapp Laboratories, Duxbury, Massachusetts where they were
embedded in paraplast, sectioned at 6 um and stained with hemotoxilin

and eosin. The sections were then examined by Dr. Robert E. Hillman.

The results of these examination: are presented in Tables 49 to 63. A
summary of these results is provided in Table 63.

The clams that were frozen for chemical examination were shipped frozen
to the Battelle Northwest Richland Laboratories for analyses by Dr.

Roger Schirmer. As a result of the work done under the analytical
portion of this program, these tissues were analyzed for bromoform.

Other compounds were checked for but only bromoform results are presented
in Tabie 64.



Analysis of tissues was done by homogenizing the tissue in water at 0°C
and diluting with enough water to obtain a concentration of approximately
one gram of tissue per 10 mg of tissue suspension. Ten to 20 mg aliquots
of the aqueous tissue suspension were extracted with two 5 m2 portions

of hexane containing 1-, 3-dibromopropane as an internal standard. The
microliter samples of the hexane solution yere injected into a gas
chromatograph fitted with an 18" Porapak Q  column and a ®3Ni electron
capture detector. The column was operated isothermally at 185°C. The
limit of detection of this procedure was 0.0005 pg/g, and the coefficient
of variation ranged from 1% at the 1 to 8 ug/g level to 3% at levels
below 0.1 pug/g. The coefficient of variation was calculated from 16
replicate analyses of each of 9 tissue samples.

DISCUSSION

A summary of histological observations is given in Table 63. Of the 10
clams fixed prior to the start of exposure, 6 had some necrotic tissue,
and 2, including one of the necrotic specimens, had metaplastic digestive
tubules, with the normally columnar epithelium being reduced to a Tow
cuboidal form (Figure 2). This condition persisted in the 1-month
exposure series with most of the clams showing evidence of necrosis;

half of them having general necrosis throughout the viscera. Improvement
in tissue condition was noted with longer exposure at lower chlorine
concentrations, but necrosis persisted at 25 pg/f and higher after 2 and
3 months exposure. At 4 months exposure, metaplasia of the digestive
tubules increased at 12, 25, and 50 pg/2. This condition improved after
5 months but returned after 6 months. Leukocytic infiltration into the
tissues increased during the first 2 months and remained at about the
same level throughout the 6 months of exposure. There was general
necrosis and autolysis of connective tissues after 6 months exposure at
50 and 100 pg/2. Vacuolization of stomach and intestinal epithelium
(Figure 3) was common in the clams exposed to 50 and 100 ug/2 CPO after
the first 2 months of exposure.

The growth data indicates that under the conditions of the test, clams
were not in a very active growth mode. Vanderhorst and Wilkinson (MRL
unpublished data) found, in field studies with Protothaca staminea

during the active growing season in spring and summer, that the initiation
of new shell growth can be very sporadic once the clams are disturbed.

It appears that during the study, the clams were slow to initiate new
growth and, in fact, by the last harvest date (8 menths of holding) only
36% (4 of 11) in the control had laid down new shell. In the two previous
harvest dates (5 and 6 months), only 1 of 8 (13%) had shell deposition.
However, there appears to be a pattern with growth evident at the controi
and lower two test levels (6 pg/2 and 12 pg/2 CPO; and no growth at the
higher three test concentrations (25 pg/2, 50 pg/2 and 100 pg/2). This
same pattern is evident from the width and weight data.




The weight data could be considered the most indicative measure with the
fact that shell growth can be very sporadic, particularly after handling.
Of interest here is the fact that at the control and lower two concentrations
there was some positive weight gain in each test and no individuals with
weight loss, whereas, at the high concentrations {25 ug/2, 50 pg/2 and
100 ug/€) the opposite was true. The histological data indicates that
at these higher CPO concentrations the amount of tissue damage, parti-
cularly in the stomach, intestine and digestive tubules, is significant
and could have reduced the clams' ability to feed and digest food. In
aadition, the amount of necrosis and autolysis evident at the higher
concentrations could lead to premature death.

In the higher CPO concentrations the proportion of food (planktonic
organisms) exposed to chlorine was higher than at the lower concentrations
and, therefore, could have served as an additional stress on the organisms.
If phytoplankton was destroyed by the chlorination process, these clams
would have received less food in the last five months which could be a
factor in their growth.

Since the clams were collected in March, the initial samples might have
been stressed by winter conditions, which could account for the patho-
logical conditions observed in those specimens and the 1-month exposures.
Recovery was slower at higher concentrations and considerably inhibited
at 50 and 100 pg/2.

The tissue analysis data for bromoform must be viewed with caution
because of suspected contamination in the exposure system. During the
period of March through June, bromoform was being used in the same room
as the long-term chlorinated seawater exposure was being conducted. In
another series of tests, we found that it was difficult to obtain a
bromoform/seawater solution. Therefore, the possibility of cross con-
tamination by bromoform vapor from the chlorine test system was not
considered. The results of the tissue analyses indicate that our
assumption was wrong. However, these data do indicate that if bromoform
is present, it will be ~ccumulated by the clams.

The results of the second experiment indicate that long-term exposure of
littleneck clams to chlorinated sea water with CPO concentrations above

50 pug/2 has an effect. The effects cbserved in this test were inhibition
of growth, as determined by new shell deposition and weight change, and
tissue damage observed by histological examination. From the results it
appears that the length measurement used in the first study is the least
reliable parameter to use when determining the growth of littleneck

clams. The width measurements showed a more consistent trend than the
length measurement, for, as the concentration of CPO increased, there

was a decrease in the number of clams which increased in width over the
8-month exposure period. The weight measurement provides the most
consistent trend, with the number of individuals that were larger at the
end ~f the exposure period being 0 at the three higher CPO concentrations,
while the number which decreased in weight was 0 in the control and

lowest two concentrations and was 1, 6, and 2 in the three higher exposure



conditions. It must be noted, however, that the sample size was limited,
and further testing is needed to refine the results.

Shell deposition, as indicated by edge etching, appears to be the best
sign of positive growth. However, it needs to be coupied with weight
gain to provide an indication that the clam was not using stored energy
to repair a damaged shell but was healthy and able to add tissue at the
same time.

The histological examination of the clams provided the most detailed
data for determining their health. However, because of the limited data
base on normal clam tissue and the variety o1 factors that can cause
specific histological changes, it is difficult to definitely identify
cause and effect at this time. From the results of this study it appears
that the higher CPO concentrations had an adverse effect on the clam,

and the tissue damage observed could be the reason for no growth at
these exposure concentrations. In addition to this apparent effect, the
tissue pathology that was present early in the testing in much of the
clam population indicates that attention needs to be paid to the initial
health of test organisms. Laboratory experiments that are attempting to
determine the long-term effect of man-produced stress must be aware of
all the compounding factors that can affect the results, and that traditional
methods of assessing health may not be enough to tell the whole story.

The histological data from these studies provides a good basis for field
validaticn of effects from chlorinated sea water. To determine if a
chlorinated discharge is having an effect, the histological condition of
organisms being impinged upon by the discharge could be compared to a
population outside the discharge's influence but still within the same
natural physical, chemical and biological environment.

CONCLUSIONS AND RECOMMENDATIONS

Under the test conditions used, CPO concentrations of 50 and 100 ug/%
had an adverse effect on the growth of lTittleneck clams.

Under the test conditions used, the control group and groups exposed to
target CPO concentrations of 6, 12, and 25 pg/f had positive growth.

Histological examination of the clams showed stress conditions at the
beginning of the exposure, but the clams in the control and lower CPO
concentrations (6, 12 and 25 pug/2) recovered while those at the higher
concentrations (50 and 100 ug/2) had significant tissue damage at the
end of the test period (6 months).

The ultimate consequences of the lack of growth and tissue damage on the
ability of the clams to survive and reproduce was not determined.
However, the data indicates that clam populations that are continually
exposed to CPO concentrations of 50 pg/2 or higher will Le under greater
stress than those exposed to concentrations of 25 pg/2 or less.

Field sampling of mollusk populations exposed to CPO should be undertaken
to verify the existence of similar tissue damage in the natural ervironment.
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Table 1. Initial clam length in exposure tank receiving 100%
control sea water. Date: 2/1/77

Clam # Length (inches) Clam ¢ Length (inches)
1 2.216 26 1.391
2 1 886 27 1.501
3 1.791 28 1.564
4 1.469 29 1.774
] 1.724 30 1 662
6 1.958 31 1.598
7 1.659 32 1.78%
8 2.045 33 1.804
9 1.413 34 1.89%

10 1.503 35 1 604
11 1.943 36 1 643
12 1.558 37 2.038
13 1.660 38 1.911
14 1.942 39 2.061
15 2.298 40 2.142
16 1.715% 4] 1.892
17 1.857 42 2.111
18 1.676 43 1.866
19 1.524 44 1.85%
20 1.68]1 45 2,031
21 1.338 46 1.826
22 1.403 47 1. 882
23 1.653 48 1.561
24 1.328 49 1.797
25 1. 462 S0 1 861

Table 2. 1Initial clam length in exposure tank receiving 94%
control sea water, 6% chlorinated sea water.
Date: 2/1/77

Clam # Length {inches) Clam ¢ Length (inches)
1 1.264 26 1.829
2 1.302 27 2 835
3 1.354 28 2.027
4 1 366 29 2.078
5 1.391 30 2.031
6 1437 31 1.794
7 1.402 32 1.921
8 1.412 i3 1.831
9 1.508 34 2.059

10 1.462 35 1.903
11 1.49 36 1.868
12 1. %40 37 1.980
13 1 w59 38 1 855
14 1.647 39 2.040
15 1.694 40 2.049
16 1.685 41 2.131
17 1.745 a2 1.909
18 1.710 43 2.028
19 1.845 an 2.100
20 1.832 a5 2.089
21 1.852 46 2.188
2 1.869 47 2.208
23 1.94% 48 2.138
24 1.897 49 2.176
25 1 842 50 1 566
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Table 3. Initial clam length in exposure tank receiving 88%
control sea water, 12% chlorinated sea water.
Date: 2/2/77

Clam # Length (inches) Clam # Length (inches)
1 1.142 26 1.87%
2 1.212 27 1.919
3 1.23% 28 1 802
4 1.166 29 1 945
5 1.208 30 1.997
6 1.7 31 2.065%
7 3345 2 2. 065
8 1.341 EE] 1.945
9 1309 34 7,039

10 1.456 35 2.106
i1 1.418 36 2.020
12 1.414 37 2.102
13 1.462 38 1.992
14 1.492 19 1.90%
15 1.508 40 2.011
16 1 634 41 2 068
17 1.586 42 2. 12
18 1.585 43 2.107
19 1.530 a4 2.089
20 1.673 45 2 180
21 1.543 46 2 144
22 1.744 47 1.8<8
23 1.69% 48 2.220
24 1.774 49 2 309
25 1.794 50 2 259

Table 4. Initial clam leng.h in exposure tank receiving 75%
control sea water, 25% chlorinated sca water.
Date: 2/2/77

Clam # Length (inches) Clam # Length (inches)
1 1.005% 26 1 9%
2 1 04s 27 1.918
3 1.093 28 1 904
4 1.093 29 2 040
5 1.12% 30 1 986
3 1 144 31 1 807
? 1.331 32 1.908
8 1.386 33 1.999
9 1.345 3a 2 074
10 1399 35 2.007
11 1.492 36 2 020
12 1.429 37 2.007
13 1.458 38 2.07%

14 1.581 39 2.209
15 1.572 40 2.053
16 1.57M 41 2.001
17 1.545 42 1.977
18 1.562 43 2.10%
19 1.615 44 2.095

20 1 469 a5 2.063

21 1.604 46 2.303

22 1.769 47 2.201

23 1.736 48 ? 206

24 1.817 43 2 202

25 1.850 50 1.500

9
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Table 5. Initial clam length in exposure tank receiving 50%
control sea water, 50% chlorinated sea water,
Date: 2/2/77

Clam # cength (inches) Clam # Length (inches)
) | 1.269 26 1.831
2 1.337 27 1 909
3 1337 28 1 688
4 1.398 29 1893
5 1.412 30 1.899
& 1.4%0 31 1 810
7 1.568 32 1 964
8 1.565 33 1 B4s
9 1.5% 34 2.125%
10 1.563 35 1 967
11 1.518 36 1.95%1
12 1.504 37 2 048
13 1.610 s 2.079
14 1.580 39 2 000
15 1.675% 40 2.106
16 1619 4] 2.10%
17 1 638 42 2.079
18 1. 588 43 2 188
19 1.596 44 2.19%
20 1.723 45 2.153
21 1.69 46 2.127
22 1.708 47 2.289
23 1.788 4% 2.105
24 1 854 43 2.233
25 1 780 50 2.18%

Table 6. Initial clam length in exposure tank receiving 100%
chlorinated sea water. Date: 2/3/77

Clam # Length (inches) Clam # Length {inches)
1 1118 F{ 1 837
2 1.242 27 1.800
3 1 328 8 1.73%
4 129 29 1.858
L] 1. 357 30 1 964
6 1 402 il 1877
7 1.570 32 1.845%
8 1.629 n 1.940
9 1.600 34 1.969

10 1.585 35 1.961

11 1. 380 36 1.985%

12 1.998 37 2.070

13 1.626 38 2.001

14 1.609 15 2.15%

15 1.663 40 2.121

16 1.638 41 1.952

17 1 645 42 2 169

e 1670 43 2 004

1§ 1 660 44 2.044

20 1.658 45 2.10%

21 1.693 46 2. 169

22 1714 47 2.000

23 1.693 48 2.112

28 1.837 a9 2.051

25 1 789 50 2173

10
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Table 7. Length of clams in tank receiving 100% control sea
water after 1 wonth of exposure. Date: 3/1/77
Clam # Length (inches) Clam # Length (inches)
i 2.21% 26 1 387
2 1 884 27 1 4%
3 1.787 28 1 564
4 1 468 29 1.770
5 1.723 0 1 656
& 1.952 3 1.593
? 1.654 32 1. 784
[ 2. 042 3] 1 800
9 1.407 34 1.915
10 1.500 35 1.59
11 1.933 36 1.636
12 1.555% 37 2.030
13 1.658 8 1.914
14 1.9%7 3% 2 054
15 2.295 40 2.140
i6 1.716 41 1.88%
17 1.850 a2 2 110
18 1.675 43 1.857
19 1.522 44 1.850
20 1678 45 2.627 '
21 1.333 46 1 822
22 1. 400 47 1.877
23 1.651 4B 1.561
24 1 326 45 1. 796
25 1.461 50 1 857

Table 8. Length of clams in tank receiving 94% control sea
water, 6% chlorinated sea water after 1 month of
exposure. Date: 3/1/77

Clam # Length (inches) Clam # Length (inches)
i 1242 26 1.825%
2 1. 300 27 2.829
3 1.3%2 28 2.019
4 1.362 29 2073
] 1 385 30 2 080
6 1,432 3 1.791
7 1.400 32 1. 922
8 1 412 Lk} 1.83%
9 1.501 34 2.05%

10 1. 480 35 1.900
i1 1. .49 36 1.863
12 1.53% 37 1.977
13 1.657 38 1.851
14 1.643 kL 2. 036
15 1.689 4 2 0ag
16 1.684 41 2. 124
17 1.741 42 1.903
18 1.712 43 2.03%

19 1.83% 43 2 097

20 1.830 a5 2.086

21 1.890 46 2.18%

22 1.866 47 2.208

23 1 544 48 2.134

24 1.8%0 45 2.173

25 1.836 50 1 586

11
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Table 9. Length of clams in tank receiving 83% control sea
water, 12% chlorinated sea water after 1 month of
exposure. Date: 3/2/77

Clam # Length (inches) Clam # Length (inches)
1 1.13% 26 1.870
2 1.216 27 1.916
3 1.234 28 1.800
4 1.153 29 193
5 1.206 30 1.99
6 1.315 3 2.081
7 1.342 32 2.062
8 1.338 33 1.943
9 1.307 34 . 037
10 1.453 kL 2.100
11 1.412 36 2.018
12 1.411 37 2.100
13 1. 460 38 1.988
14 1 4% 35 1. 900
15 1.507 40 2.013
16 1.632 41 2. 064
17 1.583 42 2.109
18 1.586 43 2.108
19 1.532 44 2.085
20 1.670 45 2.178
21 1.540 46 2.143

22 1.742 &7 1 846
23 1 694 48 2.218
24 1.772 49 2.308
25 1.793 S0 2.2%7

Table 10. Length of clams in tank receiving 75% control sea
water, 25% chlorinated sea water after 1 month or
exposure. Date: 3/4/77

Clam # Length (inches) Clam # Length (inches)
1 1.003 26 1.893
2 1.042 27 1.918
3 1.090 28 1.904
4 1.092 29 2.036
5 1.123 30 1.985
6 1141 3 1.805%
7 1.330 32 1.904
8 1.382 33 1.99%
9 1.343 38 2.072

10 1.396 35 2.005
n 1.490 36 2.015
12 1.422 37 2.004
| 1.49% 38 2.073

1.576 39 2.203
15 1.576 40 2.049
16 1.568 41 1.999
17 1.543 42 1.969
18 1.562 41 2.113
19 1.610 44 2.095
20 2.230 L] 2.065

21 1.600 46 2.30%

22 1.760 47 2,206

23 1.730 48 2.205

24 1.812 a5 2.200

% 1. 846 50 1.498

12
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Table 11. Length of clams in tank receiving 50% control sea
water, 50% chlorinated sea water after 1 month of
exposure. Date: 3/4/77

Clam # Length (inches) Clam # Length (inches)
1 1.25% 26 1.828
2 1.335 27 1.908
3 133 28 1 888
B 1.398 29 1 898
$ 1.410 30 1892
3 1.488 3 1.909
7 1.569 32 1.962
8 1.563 33 1.842
K 1.59 34 2 124
10 1.561 35 1.965
1 1.517 36 1.949
93 1.500 37 2.042
13 1.610 38 2.076
14 1.579 39 1.999
15 1.673 40 2.100
16 1.618 4 2.105
17 1.636 42 2.079
18 1.588 43 2.183
19 1.595 44 2.196
20 1.722 45 2.153
21 1,695 a6 2.128
22 1.707 a7 2.287
23 1 788 @ 2.10%
24 1.859 49 2.233
25 1.778 50 7 188

Table 12. Length of clams in tank receiving 100% chlorinated
sea water after 1 month of expsoure. Date: 3/4/77

Clam # Length (inches) Clam # iength (inches)
1 1.118 26 1.836
2 1.240 27 1.798
3 1.324 28 1.738
4 1.29 29 1.857
5 1.35% 30 1.964
6 1 400 n 1.876
7 1.565 32 1 B4s
L] 1.628 13 1.933
9 1.598 34 1.967

10 1.584 35 1.960
11 1.380 36 1. 985
12 1.593 7 2.069
13 1.62% 38 2.100
14 1.607 39 2.153
15 1.663 40 2.120
16 1.63¢ 41 1.950
17 1.644 42 2 168
18 1.670 43 2.003
19 1.658 44 2.043

20 1.65%8 45 2.104

21 1.6% 46 2.17%

22 1.713 47 2.202

2 1 694 48 2.111

4 1.837 a9 2.05%

25 1.788 50 2.17%

13



Table 13. Length of clams added to tanks to replace animals
removed for chemical and histological examination.

Clam # Length (inches) Clam # Length (inches) Clam # Length (inches)
X SEA WATER 50% SEA WATER
COMTROL 122 CHLORINATED SEA WATER 50K CHIORINATED SEA WATER
s1 1.923 51 1.880 51 1.764
52 1.979 52 1.868 52 1.903
53 1.893 53 1.878 53 1,845
54 1. 968 54 2.008 54 1.736
55 1.788 55 1.824 55 1.1
56 1.770 56 1.65% 56 1.834
57 1.867 57 1.915 57 1.745
58 1 884 58 1.921 58 1.767
59 2.056 59 1 909 59 1.781
60 1.912 60 1.710 60 2.0n
it e
TED SEA WATER LORIPYTED SEA WATER 100% CHLORINATED SEA WATER
51 1.916 51 1698 51 1.664
52 1.919 5 1 890 52 1.556
53 1.893 53 1.892 53 1.767
54 1.879 54 1.692 54 1.783
55 1708 55 1.902 55 1 659
5 1.813 56 1.911 56 1 544
57 1.610 57 1.789 57 1.607
58 1.722 58 1.921 58 1.7
59 1.950 59 2.054 59 1.87¢
60 1.724 60 2.011 60 2.004
61 1.529
62 1.87%

Table 14. Length of ciams in tank receiving 100% control sea
water after 2 months of exposure. Date: 4/4/77

Clam # Length (inches) Clam # Length (inches)
- .25 EH 1 592
2 1 %84 32 1 781
3 Removed® 1 1 800
4 1. 465 34 1.913
5 Removed* 35 1.598
6 1 951 36 Removed*
? Removed* 37 2.029
L Removed” 18 1.912
9 1.406 19 Removed*
10 1.501 40 2.140
11 1.932 4] 1 889
12 1.556 a2 2.108
13 1.656 L) 1.857
14 1.93 44 1.849
15 2.294 45 Removed™
16 1.713 a6 1 822
17 1.849 L b Removed”
18 1674 48 1.%61
19 1.521 49 1.796
20 Removed” 50 1.857
21 1.332 Sl 1.922
22 1 400 52 1.977
23 1.650 53 1.890
24 1 326 54 1.965
25 1 4560 55 17187
26 1.386 56 1.768
! Removed® 57 1.866
28 1.562 58 1 883
29 1.770 59 2.05¢
30 1 654 50 1.1

I

* Removed for Chemical! or Histclogical Analysis

14



Table 15. Length of clams in tank receiving 94% control sea
water, 0% chlorinated sea water after 2 months of
exposure. Date: 4/5/77

T R e s

Clam ¢ Length (inches) Clam # Lengt’ (inches) Clam ¢ Length (inches)
1 1 1.242 21 Removed” 4 2123
. 2 1 2% 22 1.867 42 1.903
‘ 3 1.3%2 23 1.943 42 2 034
Kl 1. 381 24 1.991 44 2. 0%
: 5 1. 389 25 Re oved” 45 Removed*
1 6 1.430 26 1.82% a6 2.185
| 7 1.401 27 1.829 47 Removed
] 8 1.411 28 Removed” as Removed™
1 9 1.501 29 2.072 45 Removed™
4 10 1 460 30 2.081 50 1.565
| 11 1.487 31 1.9 53 1.916
12 Removed” 32 1.925 s2 1.919
13 1.656 n 1P 53 1.892
: 14 1.643 34 2 057 54 1 879
) 15 1.688 5 1898 55 1.709
: 16 1.685 3% 1.874 56 1.811
i 17 1.740 37 1.977 57 1.609
18 1.711 38 1.85% 58 1.722
19 Removed* 39 2.03% 59 1 950
20 Removed® 40 2 047 60 1720

* Removed for Chemical or Histological Analysis.

Table 16. Length of clams in tank receiving 88% control sea
: water, 12% chlorinated sea water after 2 months of
exposure, Date: 4/5/77

% P T Y ifam 0T S angth (inches) = Uis s SO Craw b Length (incnes)
|
1 113 31 2 062
2 1216 32 Z2.061
3 1 234 33 1. 942
l 4 1 164 34 2.034
1 5 1.205 35 2 100
| % 6 1.315 £ 2.013
l 7 Removed* k1 Removed®
, 8 1.337 8 1 988
1 9 Removed* 39 1 901
10 1.452 40 2.022
g 11 Removed* ai 2.064
‘ 12 1.410 42 2.108
' 13 1.460 43 2.107
i 14 1.4% 45 2.094
i 15 1.507 45 Removed”
] 16 1.632 46 Removed*
l' 17 1.583 47 1.846
. 18 Removed® 48 2.216
' 19 1.52% 4% 2.309
! 20 1.670 50 Removed®
1 21 1.539 51 1. 880
| 22 1.781 52 1 868
{ 23 1.695 53 1 876
4 24 Removed® 54 2.008
1 25 Removed” 55 1.823
- 26 1.870 56 1.656
. 27 1918 57 1 9504
: 28 1.800 58 1.921
, 29 1.939 59 1.909
: 30 1.99 60 1.709

: * Removed for Chemical or Mistoloyical Analysis.

15

P ——————

ey e e g R e = | = R N N N N R N o N U - L B



B T " B sl ol . —

Table 17. Length of clams in tank receiving 75% control sea
water, 25% chlorinated sea water after 2 months of
exposure. Date: 4/5/77

Clam # Length (inches) Clam # Length (inches)
1 1.003 31 1.804
2 1.040 32 Removed”
3 1.090 33 1 9%
4 1.0%0 34 2.0mn
5 1.123 35 2.005%
6 1.141 36 2.011
7 Removed™ 37 Hemoved®
8 1.381 38 2.073
9 1. 344 8 2.206
10 1.396 40 Removed*
1 1.488 41 1.999
12 1 422 4 1.980
13 1 496 43 Removed”
14 1.576 44 2.096
15 1.570 a5 2.069
16 1.569 45 Removed®
17 Removed 47 Removed*
18 1.562 48 2.204
19 1.610 45 2.200
20 2.229 50 1 500
21 1.600 51 1.699
2 1.760 : 52 1.89%0
23 1.734 53 1 894
24 1. 814 54 1.692
25 Removed” -1 1.901
26 1.892 56 1.912
27 Removed* 57 1.783
28 Removed* 58 1.921
29 2.03% 59 2.067
30 1.98% 80 2.010

* Removed for Chemical or Mistological Analysis.

Table 18. Length of clams in tank receiving 50% control sea
water, 50% chlorinated sea water after 2 months of
exposure. Date: 4/6/77

Clam # Length (inches) Clam # Length {inches)
1 1. 246 n 1 %08
2 1.33% 32 1.960
3 Removed® i3 1 841
4 1.392 34 2.121
] 1 408 35 1. 968
& 1 486 36 Removed™
7 Removed” 37 Removed™
8 1.562 i8 Removed”
9 Removed” 33 Remo ced™
i0 1.55% 40 2.100
1 1.514 41 2.102
w 1.499 42 2.077
¥ | 1.609 43 2. 180
14 1.57% 44 2.191
15 1.671 45 2.152
16 1.612 45 2.125
17 1.634 47 2.286
18 1.587 48 2.110
19 Removed* 49 Removed™
20 1.722 50 2.19¢C
21 1.692 51 1.763
22 1.70% 52 1.902
23 1.786 53 1. 844
24 1.852 54 1.735
25 1.778 55 1.770
26 1 827 56 Removed 3/30/77
27 1. 907 57 1.743
28 1 886 58 1.767
29 Removed” 59 1.780
30 1.8%0 60 2.065

* Removed for Chesmical or Histological Analysis

16
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Table 19. Length of clams in tank receiving 100% chlorinated

sea water after 2 months of exposure.

Date:

4/6/77

Clam # Length (inches) Clam # Length (inches)
1 1 116 31 1.87%
2 Removed* 32 Removed”
3 1.315% i3 1.936
4 1.29% - 34 1 966
S 1.355 35 1.963
[ 1.400 36 1.984
7 1. 566 37 Remo.ed”
8 1.627 38 2.097
9 1.597 39 2.153
10 1.582 40 2.117
11 Removed™ 4] Removed™
12 Removed* 42 Removed®
13 1.625 43 Removed™®
14 1.604 44 2.042
15 1.662 45 2.104
16 1.637 46 2.170
17 1 644 47 2.002
18 1.673 a8 2.115
19 Removed™ a9 2.055
20 1.656 S0 2.173
21 1.690 51 } 668
22 Removed* 52 1.555
23 1.65%4 53 1.764
24 1.836 54 1.782
25 1.789 55 1.680
26 Removed® 56 1.562
27 1.799 57 1.60%
28 Removed* 58 1.770
29 1.856 59 1.879
30 1.963 60 2.005

* Removed for Chemical or Mistological Analysis.

Table 20. Length of clams in tank receiving 100% control sea

water after 3 months of exposure. Date: 5/2/77

Clam # Length (inches) Clam # Length (inches) Clam # Length (fnches)
1 2 213 28 1.560 55 1.784
2 1.883 29 1.769 56 1.765
3 Removed® 30 1.651 57 1.863
4 Removed* k)| Removed™ 58 1 879
5 Removed® 32 1.178 59 2 051
6 1.950 33 1799 60 1.910
7 Removed™ 34 Removed™ 61 1.432
8 Removed™ 35 Removed* n 1.279
9 1604 % Removed* 72 1.17%
10 Removed 37 Removed® 73 1.209
11 1.930 38 1.912 74 1.292
12 Removed* 39 Removed” 75 1.159
13 1.655 80 2138 76 1177
14 1.534 41 1 888 77 1 288
15 2.293 42 Removed” 78 1.39%
1: 1.1 43 1.854 79 1.265
1 1.847 4 1.847 80 1.200
18 1.673 45 Removed™

19 1.519 4% 1.820

20 Removed” 4 Removed*

21 Removed™ 48 Removed*

22 1.39%8 49 1.79%

23 Remaved™ 50 1.855

24 1.324 51 1.920

25 1.454 52 1.974

26 1.38% 53 1 888

27 Removed”™ 54 1.964

* Removed for Chemica! o+ Histological Analysis.
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Table 21. Length of clams in tank receiving 94% control sea
water, 6% chlorinated sea water after 3 months of
exposure. Date: 5/3/77

Clam # Length {inches)

Clam # Length (inches)
1 1.2¢0 36 1 860
2 1297 37 1974
3 1.349 38 Removed®
4 Removed™ a3 2.034
] Removed”® . 40 2.045
6 1.428 41 2.122
7 1.399 4 Removed*
8 1.409 43 Removed*
9 1.49% 44 2 094
10 1.458 45 Removed™
11 Removed® 46 2.185%
12 Removed* 4 Removed™
13 1 654 48 Removed™
14 Removed™ 49 Removed™
15 1.687 S0 1.563
16 1.683 51 1.913
17 1.739 52 1.916
18 1.710 53 1.88%
19 Removed* 54 1.876
20 Removed™ 55 1.707
21 Removed* 56 1.800
22 1.86% 57 1.607
23 1.942 58 1.717
24 Removed® 59 1 948
25 Removed* 60 1.722
26 1.823 71 1.430
27 1.82% 72 1.3%0
28 Removed* 73 1.339
29 Removed® s 1216
30 2.029 75 1.173
31 Removed* 76 1338
32 1.923 77 1.529
13 1.831 78 1 416
3 2.053 79 1.158
35 1.897 80 1.314

Table 22. Length of clams in tank receiving 88% control sea
water, 12% chlorinated sea water after 3 months of

Removed for € mical or Histological Analysis.

exposure. Date: 5/4/77
Clam # Length (' nches) Clam # Length (inches) Clam # Length (inches)
1 1.137 27 1914
2 Removed® 28 1.796 :2 %g&i
k] 1.232 29 Removed™ 55 1821
* 1.160 30 1.992 56 1.658
5 Resoved® n £ 57 1913
6 1.314 32 Removed” 58 1.919
7 Removed” 3 Removed* 59 1.904
8 1.33% 34 2.03% 60 1.706
9 Removed* o 2,098 61 1134
10 1 450 36 2.015 71 1.51%
11 Removed” 37 Removed” "» 1.219
13 1.457 39 1.899 74 1116
14 1.488 40 2.003 7% 1 381
15 1.504 41 2 063 7% 1.207
16 Removed* 42 Removed” 77 1.363
17 1.581 43 2 108 78 1. 41
18 Removed® a 2. 084 19 1.323
19 Removed™ 45 Removed” 80 1.543
20 1.669 46 Removed*
21 1.5%7 47 Removed®
22 Removed® 48 2.215
23 Removed* 49 2 305
24 Removed® 50 Removed®
25 Removed® 51 1878
% 1.868 52 1. 864

Removed Tor Chemical or Mistological Analysis,
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Table 23. Length of clams in tank receiving 75% control sea
water, 25% chlorinated sea vater after 3 months of
exposura. Date 5/4/77

Clam # Length (  .nes) Clam @ Length (inches)
1 1.000 6 2.019
2 1.039 37 Removed®
3 1.087 8 Removea*
4 Removed* 39 Removed”
s 1.120 40 Removed*
6 Removed® 4] 1.998
? Removed™® 42 Removed®
8 Removed® 43 Remoyed*
9 1.342 44 2.093
10 1.395 45 2073
11 Removed* 46 Removed™®
12 1.420 47 Removed”
13 1.493 48 Removed*
14 1.574 45 Removed*
15 1.568 50 1.496
16 1.567 51 1.696
17 Removed* 52 1 887
18 1.560 53 1.892
19 Removed® 54 1.692
20 Reaoved” $5 1 89
21 Removed™ 56 1.909
22 1.758 57 1.780
23 1.73% 58 1.91%
24 1.812 59 2 068
25 Removed™ 60 2.017
26 1.889 6l 1.197
27 Removed™ 71 1.442
28 Removed® 72 1.329
29 2.037 73 1.215
30 1.983 74 1.307
3 1.803 7% 1.204
32 Removed” 6 1.35%
33 1.992 77 1293
34 2.070 78 1. 404
35 2.004 78 1.318
80 1.128

* Removed for Chemical or Histological Analysis.

Table 24. Length of clams in tank receiving 50% control sea
water, 50% chlorinated sea water after 3 months of
exposure. Date: 5/5/77

Clam # Length (inches) Clam # Length (inches) Clam # Length (inches)
1 1.245 27 Removed* 53 1.842
: Reacved 28 Removed® 54 1.7
3 Removes™ 29 Removed® 55 1 769
. Removed* 30 1 8R8 56 Removed*®
z 1.407 I 1. 906 57 1.742
: 1 484 32 Removed” 58 1. 766
. Removed” 32 1.840 59 1.778
S 1.560 34 2.119 60 2.063

Removed*® s Removed*® 61 1.302
10 1.5%7 36 Removed* 71 1.425
E 1.513 37 Removed® 72 1.225%
: 1.498 38 Removed® 73 1.216
l‘ 1 607 39 Removed® 74 1.410
! 1.57% a0 2.098 75 1.1%
: 1 665 41 2100 76 1118
§’ Removed a2 2.075 " 1. 568
i Removed™ 43 2.178 78 1.204
1e 1.585 a4 Removed* 79 1.356
19 Removed” 45 2.1% 80 1.442

20 1.72% 46 2.123

21 1.6% 47 Removed®

22 1.703 48 2 109

23 1.785 43 Removed*

24 1. 849 50 2 189

25 1.77% 51 1.762

2 1.825 52 1.900

* Removed for Chemical or Histologica) Analysis.
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Table 25. Length of clams in tank receiving 100% chlorinated

sea water after 3 months of exposure. Date: 5/5/77
Clam # Length (inches) Clam # Length (inches) Clam # Length (inches)
1 Removed™ 25 1 787 43 2.044
3 1313 = Removed” > 2 168
' 27 Removed® 1.662
4 Removed* 28 Removed* 52 1.554
5 1.354 29 1.855% 53 1. 762
6 139 30 1.961 54 1.780
7 1.569 1 1.874 55 1.659
8 1.625 2 Removed® 56 1.559
9 1.595 33 1.934 s7 1.604
10 1.583 34 1.964 58 1.768
11 Removed® 35 1.961 59 1.877
12 Removed” a6 Removed™ 60 2.004
13 1.623 37 Removed 61 1.526
14 kemoved* 18 2.098 62 1.874
15 Removed® 19 Removed® 71 1. 464
16 1.63% 40 2.117 72 1.319
17 1.642 41 Removed® 73 1. 343
i8 1.668 82 Removed” 74 1.126
19 Removed® ' emoved™ s 1. 362
20 1.654 44 2.039 76 1.156
21 1. 689 45 Removed”® 77 1.400
22 Removed* 46 2.169 78 1. 349
23 Removed* 47 Removed® 79 1 254
24 1.835% 48 2.109 80 1 344
* Removed for Chemical or Histological Analysis.
Table 26. Dissolved oxygen, temperature, salinity and pH of
sea water in tank receiving 75% control sea water and

25% chlorinated sea water.

Date Temperature Salinity Dissolved Oxygen pH
> oy (]
274N 15.0 310 8.15 7.8
2/4/77 14.9 30.3 8 04 7.9
2/e/mn 15.0 31.0 8.10 7.9
2/8/17 5.1 310 7.98 8.0
2/9/77 15.0 30.3 7.74 7.8
271N 15.1 308 8.05 8.0
2733/ 15.1 30.0 8.12 B.O
2714/77 14.8 310 & 04 8.0
2/16/77 15.2 30.6 7.45% 7.9
2/18/11 15.1 30.4 8.10 B.O
72n 15.2 30.4 8 .07 8.0
2/23/n 15.0 30.6 7.18 1.7
2/2%/1 15.0 30.7 7.88 7.9
2/28/17 15.3 30.0 7 5¢ 8.0
vam 15.3 29.8 6.00 8.0
/477 15. 6 30.1 8.10 7.8
un 15.2 30.0 7.98 80
3/79/17 15.1 30.3 8.20 8.0
3N 15.3 30.4 8.30 7.9
3/14/77 15.1 30.7 8.20 8.1
3716/77 150 3.6 8.1% 7.9
3/18/77 15.0 30.7 8.18 7.9
saun 15.0 300 8 14 8.0
3/23/n 15.2 29.5 8 04 8.0
3/25/11 14.8 30.0 8. 28 7.9
3/28/17 14.8 30.4 8 34 7.9
3/ 14.5 0.4 B8.3% 7.9
&/1/77 15.0 30.3 8. 40 1.9
4/4/77 15.0 299 B.10 80
8/6/77 15.0 30.0 8.04 7.8
a8/ 151 30.0 B 14 B0
4/11/n 15.2 0.4 8.20 7.9
4/13/77 15.2 30.4 8.25 8.0
4/18/17 15.0 30.6 B.2% 8.0
4/18/77 4.8 30.2 9 04 80
4/20/77 14.9 30.¢ B8.88 ao
a722/m 14.7 30.3 8.16 80
4/25/ 1 14.8 30.3 8.16 8.0
&4/20/1 14.8 30.2 8. 30 8.0
4/29/17 149 30.6 8 25 8.1
s/2/m 14.8 30.2 8 23 5.1
S/4/77 14.2 0.4 8.26 81
5/6/17 15.0 30.0 8.10 81
$/9/77 4.7 30.3 8. 81
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Table 27. Chlorine produced oxidant concentrations in clam
exposure tanks (mg/2).
Control Ses “u'ICnlorim.d Sea Water
100%, 4%, sax, 7%, SR, L
Date o 6% 12 25% 50% 100%
2/2/717 00 L o = o1 [
2/4/17 .00 A Ak .- 01 02
2/8/17 .00 Ao e S .01 ol
2/9/77 .00 e o 4 .01 o1
2/14/77 .00 - o .e .01 0l
2/a/1n .00 o »! - 01 01
2/16/77 .00 o " et 1} 0z
2/18/77 N - i — iy | 0z
22un .00 = - - 0l 01
2/23/717 .00 - - “ 01 0i
2/25/17 .00 s sl e 01 01
2/28/17 .00 - oo - o1 01
3/2/17 .00 o e et .01 01
3/4/77 .00 o - - .01 01
/1777 .00 - - b 01 0l
3/9/1 .00 -~y e o ol 01
3\ .0l el i o 01 01
| 3/14/77 .00 - - - .0l 02
/16777 .00 L - - 01 e
3/18/77 .00 Ly - -s 01 02
yaun .oe -~ e e .0l 02
3/23/17 00 o - - 01 02
) 3/25/77 .00 h Su 52 .01 02
! 3/28/77 .00 -- - - 01 02
i 3/30/77 .00 =S me = .01 C,
1 /N .00 -s .- - .0 02
) 4/4/77 .00 - = e 01 ol
. 4/6/77 .00 - *n s> .00 01
| &/8/77 .00 - -- - 01 02
. 4/11/17 .00 > »aw = 0 02
4/13/77 00 . a5 5 01 02
4/18/77 .00 S e o= 01 02
4/20/77 .00 = - - .01 02
4/22/717 .01 g s s 02 02
4/25/17 01 .01 01 .01 02 Ll
/21/717 .00 .01 01 01 01 02
: 4/29/17 .00 .0l o1 01 02 03
S/2/17 .01 o1 01 o1 01 02
5/4/77 01 .01 01 0l 01 03
S/6/77 01 0l 01 01 01 03
5/9/17 00 .01 01 01 01 03

“able 28. Length change in clams from tank receiving 100% control
sea water after 3 months of exposure.

Clam # Alength (inches) x 10 * Clam # Alength (inches) x 10 *
1 -3
2 -3 26 -6
3 -8 28 -4
9 -9 29 -5
11 -13 30 -9
i3 -5 32 -
14 -8 3 8
15 ~$ 38 +1
16 -4 40 -4
17 -10 41 -4
18 -3 43 -12
19 -5 44 -6
22 -5 46 -6
B -4 49 -2
25 -8 50 -6
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Table 29. Length change in clams from tank receiving 94% control
sea water, 6% chlorinated sea water after 3 months of

N e b T N e I N o |
St o e -

exposure.
Clam # Alength (inches) x 10 *
1 -4
2 *5
| 3 -5
3 -9
’ 7 -3
, L] -3
‘ L -5
10 -«
13 &
15 2 /
16 -2
| 17 -6
| 18 1]
| 22 -4
| 23 -4
| 26 -6
7 27 ~10
. 30 *3
‘ 32 *2
| 33 0
| 34 -6
’ 35 -6
" 36 -8
| 37 -6
39 -6
| 40 -4
v 41 -9
| 44 -6
| a6 -3
| 50 -3
|
r

Table 30. Length change in clams from tank receiving 88%
control sea water, 12% chlorinated sea water after
3 months of exposure.

Clam # aAlength (inches) x 10 *
1 b
3 -3
4 -6
6 -3
8 -6
10 -6
12 -6
13 -6
14 -4
15 -4
17 “5
20 ol
21 -6

2% -7
27 e
28 -6
30 -5
k3| -6
34 -4
35 -8
36 -5
k) =}
3% -6
40 -8
41 -5
43 +1
44 -5
48 -5
49 -4
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Table 31. Length change in clams from tank receiving 75%
' control sea water, 25% chlorinated sea water after
3 months of exposure.

Clam # Alength (inches) x 10 *
1 )
2 -5
3 -6
5 -§
9 =3
10 -4
12 -9
13 -5
14 7
15 -4
16 &
18 -2
22 ~11
23 *3
24 -5
29 “3
30 -3
3N -4
33 -7
34 -4
. ’32 -3
|
l 41 -3
4 -2
45 +10
50 -4

Table 32. Length change in clams from tank receiving 50%
control sea water, 50% chlorinated sea water after
3 months of exposure.

|
! Clan # Alength (inches) x 10 2
‘ 1 -4
5 -5
l & -6
, 8 -5
: 10 -6
f 11 +§
: 12 -6
1 13 <3
: 14 -5
15 -6
i8 -4
20 +2
21 -6
22 -5
23 -3
i -5
25 -4
26 -6
0 -11
31 -4
33 -4
38 -6
40 -8
4] »§
L -4
43 ~lv
45 =3
46 -4
48 4
50 [}
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Table 33. Length change in clams from tank receiving 100%
chlorinated sea water after 3 months of exposure.

Clam # alength (inches) x 10 %
3 ~12
S -3
6 -4
7 |
L) -4
9 -$

10 =g
13 -3
16 ~3
17 -3
18 -2
20 -4
21 -4
24 -2
25 -2
29 -3
30 -3
k3§ -3
33 i
34 %
% 0
38 g |
40 -4
44 =3
a5 o
48 =3
45 7
50 =X

Table 34. Summary of length changes at all test conditions
after 3 months of exposure.

TANK
Contral, Average Differgnce S.0,
Chlorinated (inches x 10 3) {x 10 %) Number
1001/
s -6 3 29
94‘,
6% =5 3 30
881/
12 g 2 29
751/
25% =3 2 27
sax,
S0% -4 3 30
0‘/
100% -4 2 28
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Table 35. Length, width, thickness, and weight measurements
of clams in control exposure tank. Date: 2/27/78

Clam # Leng' h (mm) wigth (mm) Thickness (mm) weight (grams)
1 39 35 21 1635
2 40 37 23 19. 11
3 L 1Y) k1 23 21. 24
4 27 25 14 M |
5 32 30 18 10.29
6 25 26 14 6 64
? 28 24 14 5. 32
8 k3 28 17 B.65
9 26 22 12 4.0%
10 30 28 7 8.15%
11 27 % 14 5.66
12 32 29 17 9.24
13 27 24 14 5.63
14 29 26 15 7.24
15 33 29 17 9.50
16 40 37 22 19.09
17 40 36 22 19 40
18 38 34 21 15.70
19 34 31 18 11.80

20 34 30 18 10.90
21 39 k- 20 18.08
22 36 32 19 12. 55
23 36 33 19 12.58
24 30 27 15 A Y
25 38 33 20 1480
26 40 35 21 16.89
27 33 30 18 10.38
28 35 2 18 12.02

29 30 28 1% 8.08
30 36 3 20 13.50
3l 40 36 21 16.60
32 4] 37 22 19. 74
k X} 32 29 17 8 34
34 kb 29 18 9 78
35 28 24 14 5.53
36 45 42 27 28.66
37 32 28 17 8.78
38 39 36 21 17.74
3e kL) 32 19 12.46

40 kL] 32 18 11.88

4] 36 33 19 14 .21

42 41 36 21 19.13

43 36 32 19 12.68

44 37 34 21 15.57

45 31 29 17 9 38

a6 37 i3 20 14.75

47 32 28 16 8.96

48 31 29 17 9.15

LE] 40 35 21 17.36

50 30 27 16 7.55

51 26 23 14 518

52 35 30 20 11.65

53 37 34 21 15.04

54 25 23 13 4. 42

55 40 35 20 15.73

56 7 33 20 13.89

57 27 25 14 5 33

58 29 24 13 6 38
° 27 25 15 5.92

vl 13 31 18 10.81
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Table 36. Length, width, thickness, and weight measurements of
clams in 6 pg/2 CPO exposure tank. Date: 2/27/78

Clam # Length (sm) Width (mm) Thickness (mm) Weight (grams)
101 30 29 17 9.2%
102 28 25 14 6.10
103 25 22 12 422
104 3z 29 17 9.57
105 38 3% 21 16 40
106 28 26 15 22.06
107 42 a7 24 6.18
108 35 32 19 12.51
109 25 23 13 4.74
110 35 a2 20 13.42
111 29 25 14 6.03
112 25 22 12 4.17
113 2% 23 13 4.75%
114 26 23 12 4.45
115 34 32 17 9 €6
116 30 27 i3 8 07
117 37 34 20 13 89
118 38 5 20 15 65
119 37 34 21 16.13
120 4 37 22 19.77
121 T3 32 18 12 56
122 40 37 22 19 .26
123 26 23 13 467
124 29 26 15 6 23
125 3 30 18 10.98
126 n 28 16 8.23
127 27 24 15 5 43
128 30 26 16 7.41
129 25 22 12 413
130 27 25 15 591
131 28 25 14 589
132 29 27 15 7.63
133 29 25 15 5.63
134 27 25 15 5 96
135 34 32 19 12.22
136 34 30 19 11.40
137 32 29 17 9 35
138 32 29 17 9.11
139 a5 33 20 13.76
140 13 31 18 10 84
141 30 2 16 7.96
162 29 27 16 .72
143 36 13 21 14 85
144 25 23 12 4.28
145 35 21 16.43
146 n 29 18 9.91
147 32 29 18 9.91
148 36 13 21 14 82
149 35 31 17 11.30
150 32 29 17 9.61
151 34 30 17 10.3%
152 35 32 18 11.95
153 35 32 20 13.49
154 13 30 17 10,07
155 39 % 20 17.22
156 37 34 19 14 48
157 39 36 21 16.76
158 41 38 23 20.%0
159 8 13 20 14.72
160 35 3 19 12 32
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Table 37. Length, width, thickness, and weight measurements of
clams in 12 ug/2 CPO exposure tank. Date: 2/27/78

Clam # Length (mm) width (em) Thickness (wm) wWeight (grams)
201 29 25 14 6 40
202 29 25 14 6 34
203 8 34 21 16 38
204 1 27 16 7.81
20% 29 24 14 5 69
206 41 38 23 21.91
207 39 3% 2 17.89
208 34 30 18 10.86
209 37 33 20 14 88
210 13 30 18 10.90
211 26 24 14 530
212 31 28 17 8 42
213 28 26 14 5.3¢
214 3 28 16 B3¢
218 3 28 16 7 9
216 i 27 16 7.33
217 2 23 13 454
218 33 30 17 .82
219 38 35 22 15.93
220 33 30 17 9.35
221 3 28 17 890
222 33 31 17 11.16
223 35 33 20 13.15
224 35 31 17 11.72
225 41 37 23 21.94
226 39 34 21 16.57
227 4 8 23 22.53
228 34 30 18 11.12
229 35 32 19 12.77
230 39 35 21 16.75
211 39 35 35 17.45
232 38 13 21 16.59
233 40 36 21 18 13
234 39 36 21 17 14
235 39 36 21 16 99
236 42 38 22 19.61
237 a2 37 22 19.59
238 33 30 18 1044
239 37 35 21 15 97
240 k) 28 16 8. 65
241 34 1 18 11.50
242 35 32 20 13.50
243 32 31 17 10.50
244 36 32 20 1440
245 36 32 19 12.70
246 40 36 20 17.80
| 247 43 40 23 23.90
| 248 39 35 21 16.40
| 249 42 38 24 21.80
250 39 36 21 17.90
251 35 32 19 13.45
] 252 1 30 18 10.95
| 251 38 35 21 16.55
| 254 37 35 20 16.59
r. 255 41 38 23 20.98
. 256 35 33 19 13.30
. 257 37 35 21 16.40
. 258 35 n 19 12 60
: 259 8 3% 22 16.90
| 260 37 35 21 15.90
h
|
i
)
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Table 38. Lenath, width, thickness, and weight measurements of
clams in 25 pg/2 CPO exposure tank. Date: 2/27/78

Clam # Lengti: (wm) widgth (mm) Thickness (mm) weight (grams)
301 29 26 1% 6.8
302 38 34 21 16 =
303 7 33 19 13«
304 2 29 17 9.6
3u5 36 3 18 12.4
306 38 34 20 15.7
307 34 32 19 12.5
308 42 38 22 2.1
309 44 41 24 25 4
310 a2 49 23 21.8
il 25 22 12 40
312 28 26 15 6.8
3 30 28 17 8.6
34 34 30 17 10.0
315 35 31 18 12.1
316 15 31 8 1.1
317 38 33 20 14 3
318 4] 37 22 19.3
318 38 34 21 17.0
320 37 35 21 17.0
21 26 26 15 558
322 29 26 15 7.0
323 37 34 20 15.0
EFL] 3 31 17 10.7
32% 32 29 17 9.4
326 32 30 18 10.0
327 36 kK] 21 150
328 41 38 22 9.1
329 41 : 23 21.6
330 7 i3 20 15.5
33 42 38 23 22.8
332 36 32 18 12.8
3 37 33 20 14.2
334 36 31 18 11.7
33% 34 30 18 10.5
136 42 38 23 211
337 38 13 20 14 9
338 38 34 21 15.1
338 40 36 22 18.1
340 40 36 22 19.6
341 27 24 14 6.0
342 35 32 19 13.0
343 38 35 20 16.1
344 k)| 27 17 8.9
345 2 29 18 9.8
346 36 13 19 13.8
347 4] 38 22 19.3
348 35 3 17 10.8
349 36 32 19 122
350 41 37 a2 19.3
351 30 26 15 7.2
352 32 28 16 8.6
353 34 31 18 10.4
354 38 34 21 15.8
35% 40 35 22 18.2
356 4 39 22 21.9
357 L 39 23 21.9
358 43 39 24 23.2
359 35 33 19 13.3
60 3% 3 19 11.2
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Table 39. Length, width, thickness, and weight measurements of
clams in 50 pug/2 CPO exposure tank. Date: 2/27/78

Clam # Length (sm) width (m) Thickness (mm) Weight (grams)
401 26 23 13 50
402 33 30 18 10.4
403 30 26 16 eo
404 39 37 23 18.5
405 3 30 18 10.3
406 37 3 20 14.5
407 34 32 18 11.6
408 3 - 17 8.6
409 i3 31 17 10 8
40 4] 37 23 19.9
41i 29 25 14 6.0
412 41 36 23 18.7
413 33 18 11.0
44 40 36 22 8.2
415 3 30 18 10.9
416 37 34 19 12.6
417 39 35 22 18.0
418 42 38 23 20.9
418 29 26 15 6.9
420 32 29 17 9.5
421 41 36 21 18.6
422 40 36 22 18.9
423 a2 38 22 20.13
424 36 13 20 14.2
425 40 36 22 19.2
426 29 27 16 7.7
427 41 36 22 18.9
428 35 32 19 12.7
429 39 v 20 17.5
430 37 33 20 14 .4
431 35 2 20 13.1
432 4] 7 22 19.2
433 39 3% 21 16.9
434 32 33 20 14.6
435 41 39 25 261
436 41 38 22 18.6
437 28 26 15 6.0
438 43 39 23 21.5
439 40 37 22 18.9
440 38 35 22 16.0
441 27 25 13 5.6
442 27 23 14 5.1
443 34 30 18 10.9
c44 37 32 19 13.3
445 37 35 21 17.1
446 3 27 16 8.5
447 a1 38 23 21.1
448 34 31 17 10.6
445 a0 37 22 19.4
450 36 32 20 14.3
451 32 28 17 9.0
452 35 33 20 i 8
453 41 38 22 20.8
454 41 37 22 19.3
455 42 39 25 24.7
456 40 37 22 19.6
457 3 30 18 12.0
458 37 33 20 14.2
459 38 kL) 20 15.4
450 a0 3% 22 17.7
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Table 40. Length, width, thickness, and weight measurements of

clams in 100 ug/2 CPO exposure tank.

Date:

2/27/18

Clam # Length (mm) width (mm) Thickness (mm) weight (grams)
501 44 4] 25 245
502 39 37 22 18. 6
503 % 2 19 12.8
504 33 30 18 10.7
505 38 3% 20 15.7
506 7 34 9 14.0
S07 8 35 21 5.0
508 %6 3 20 13.6
509 37 34 20 14 2
510 34 31 19 12.0
511 30 26 15 6.4
512 3 30 17 9.3
513 32 29 17 10.0
514 34 | 18 11.1
515 34 31 17 10.6
516 30 26 16 7.1
517 3 28 17 9.7
518 1n 28 17 87
519 35 32 M 12.6
520 37 33 21 15.0
521 32 30 18 1.1
522 40 37 23 20.1
523 32 30 17 10.2
524 42 n 21 19.7
52% 42 4y 22 218
526 36 32 19 13.0
527 a8 34 19 14 4
528 44 39 25 24.9
529 45 41 24 16.5
530 36 34 2 16.4
53 34 31 18 11.4
532 4] 37 22 1986
533 4] 37 22 19.2
534 38 kL 21 17.3
535 37 33 20 4.7
536 34 32 i0 12.2
537 38 3a 2t 4.5
538 40 36 22 18.9
539 kX 30 17 10.3
540 39 36 22 i8.3
541 40 36 22 17.7
542 40 36 22 19.6
543 32 28 18 5.4
544 » EE] 20 14 4
545 37 32 20 13.1
546 42 8 23 20.3
547 34 n 18 11.8
548 36 35 20 15.0
544 k1 13 21 139
550 44 40 24 24.3
Sl 34 n 18 11.3
552 9 36 22 19.0
553 37 5 21 15.%
554 41 37 22 19.3
585 1 29 18 10.8
556 n 27 16 8.6
557 13 30 17 956
558 19 36 21 16.0
559 3% 32 19 13.3
560 38 35 21 15.8
30
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Table 41. Length, width, thickness, and weight measurements of
clams after one month of exposure.

Date: 4/3/78

Clam ¢ Length (wm) width (mm) Thickness (mm) weight (grams)
i 3 29 17 9.1
AL 36 1 20 45
18 3 34 2 15 7
3 40 ” b 21 4
41 % 33 20 14 4
3 % 33 20 138
2 % 2 19 127
39 EL) » 19 128
‘ 3% » 19 12.5%
147 32 30 18 10.0
156 1 34 20 145
58 41 38 23 20.8
114 26 23 12 47
116 10 26 17 62
119 k14 L 21 5.4
122 L ” 23 19.3
H £ 30 18 111
2% 9 i . 198
236 L} 38 2 20.2
50 a0 3% 21 18.0
224 41 38 F 220
232 38 14 22 168
m 13 39 24 23.9
48 @ 38 23 2.1
u 3% 13 19 138
5% L 36 - e A
332 36 32 1% 12.7
1l 2 2 12 4]
306 8 34 20 15.7
0 » R 20 14 4
3 36 3 18 116
340 40 36 22 19.6
u 40 3% 22 18 9
425 39 36 22 150
44 36 32 * 152
453 41 38 21 20.8
418 @ 38 23 20.7
421 41 a7 21 18.6
4 ” 13 20 4.6
460 9 35 22 17.6
Bi a5 4] %5 26.0
539 33 30 17 16.3
547 3 31 18 11.7
505 39 35 20 15.7
s22 40 37 23 20.0
526 36 12 19 132
542 a0 36 22 19.6
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Table 42. Length, width, thickness, and weight measurements of
clams after two months of exposure. Date: 5/1/78

Clam ¢ Length (mm) width (mm) Thiskness (mm) weight (grams)

L
%

L 36
21 38 35 20 15.5
27 32 30 18 10.4
a2 4l 7 22 19.1
26 40 35 21 7.1
1 8 36 21 16.3
28 5 iz 19 12.5
85 % 35 19 158
L3 wl cPo
42 39 24 22.0
155 39 36 21 17.1
118 38 35 21 15.6
109 26 23 13 49
159 36 34 20 15.0
110 3% 32 20 136
143 1) 33 21 14.8
138 2 2% 17 91
1 CPO
29 27 16 1.6
Je 39 36 21 i7.1
248 3% 3% 20 16.3
257 38 3% 22 16 4
240 3 28 16 8.7
211 26 24 1a 53
218 32 20 17 9.8
217 26 23 13 5.0
25 Fl cro
a2 39 24 2.9
313 » i3 19 14 2
344 30 27 17 89
148 35 il i8 107
309 4 41 24 255
308 3% 1 19 12.5
304 12 29 17 9.7
323 £ 1 34 21 14.9%
50 gﬂl cPo
4z 39 25 243
a54 a1 37 22 19.1
aze 36 32 19 12.6
445 38 36 21 16.9
438 a3 38 23 21.7
452 3% 34 20 14.4
459 38 34 20 15. 4
427 4] 36 22 19.0
E%‘ 4] 36 22 18.8
$1% 34 n 17 10.7
553 37 35 21 15.4
556 1 28 16 8.6
510 34 31 19 12.0
517 32 28 17 9.6
535 L1 33 20 4.6
548 36 34 20 15,1
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Table 43. Length, width, thickness, and weight measurements of
clams after three months of exposure. Date: 5/30/78

Clam # Length (mm) w.dth (mm) Thickness (mm) wWeight (grams)
LE;!.‘.
2% 2 13 42
3 0 35 21 6.9
35 b ] 25 14 5.6
a9 40 35 22 1.7
: 12 32 29 17 9.5
33 32 29 17 9.3
: 2 ™ 3 20 15.0
i 23 36 32 19 12.7
6 pg/e CPO
y b9 I 25 15 63
1 120 @0 37 22 19.8
: 144 2% 23 13 44
| 150 2 30 17 10.0
13 2 23 13 5.0
| 148 % 13 21 14.7
15 34 3 16 9.7
| 130 27 2% 15 6.2
X '
' fe » n 19 12.7
| 220 33 30 17 9.6
| 219 38 34 21 16.2
. 229 35 2 19 12.7
_ 296 36 13 19 13.4
y 242 35 32 20 13.7
; 218 40 3 ”n 15.9
238 37 34 21 15.9
1 ¢
] H 27 25 15 54
350 a £ 22 19 4
| 318 4l 36 22 19.3
, 349 3 32 19 12.1
, 345 32 29 18 99
. sy 42 39 23 22.2
L 327 £ i3 21 15.0
. 330 37 34 21 15.7
W
37 33 20 14.1
42 41 3 22 19.1
429 s 37 20 17.5
443 40 37 2 19.3
446 n 28 17 84
426 29 27 16 7.6
408 n 28 17 8.7
E 417 19 6 22 17.9
cPO
i 87 B " 19 144
537 8 34 20 14.8
: 524 43 38 21 19.5
l 541 40 36 22 17.5
503 35 32 19 12.8
544 37 33 20 14.1
534 38 35 22 17.1
I 560 38 15 2 15.5
u
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fable 44. Length, width, thickness, and weight measurements of
clams after four months of exposure. Date: 6/29/78

Clam # Length (mm) width (sm) Thickness (mm) Weight (grams)
H 2% 2% 15 65
11 27 24 14 59
20 3 30 18 11.3
s3 3% 34 21 15.2
29 30 27 17 86

2 40 a8 23 19.2
51 26 23 " 56
60 13 30 18 1o
!" 7 34 20 139
135 3 E} 19 2.2
126 3 27 16 86
145 8 kLY 21 16 6
2 9 27 17 84
112 25 3 12 43
123 26 2 13 47
136 34 £l 19 11.5

% F’ CPo

4l ” 24 209
bedd 33 30 18 11.4
237 4] 37 22 19.7
254 8 3% 21 16.7
227 4 i 23 2.5
214 in 28 16 B 6
223 36 32 20 13.0
205 29 25 14 6.3
25 Ft cPo

37 1 19 11 5
158 43 n 24 232
E3E ) 3 27 17 85
382 EL n 20 13.1
337 38 13 20 149
335 34 30 18 10.4
&gﬁsﬂ_ﬁﬂ

40 36 22 181
456 40 36 é2 19.6
435 41 38 % 26.0
a7 a2 38 23 21.0
LIt] 29 26 16 1.0
a1 Fal 25 14 6.0
440 38 34 2 16.1
a04 40 3% n 18.4
100 1 CPO
501 45 41 4 4.4
545 7 32 it} 13.3
540 35 35 22 18 3
554 4] w 22 19.2
519 35 i1 18 12 6
557 33 30 17 9.6
530 7 33 21 16 4
516 30 26 16 7.1
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Table 45. Length, width, thickness, and weight measurements of
clams after five months of exposure. Date: 8/1/78

Clam # Length (mm) wigth (mm) Thickness (mm) weight (grams)

%

33 2% 17 98
a7 2 29 17 96
4 ” 3 21 15 7
a8 32 9 1# 98
57 30 % 15 7.0
10 30 Fe 17 88
59 27 25 15 6.2
50 30 27 17 7.9
‘,’Fl.ﬂ 30 27 17 84
139 35 32 20 139
104 32 29 18 5.4
128 30 26 16 79
124 29 27 15 58
196 2 30 19 1.1
111 29 25 15 6.2
133 29 25 14 5.8
Igﬂ.lﬂ 40 15 22 17.6
233 40 35 22 18.2
230 39 3% 21 17.3
231 39 5 22 175
252 3 31 19 12.2
202 29 25 15 6.5
251 35 32 20 13.5
253 38 35 22 17.0
W
8 35 21 1.2
319 8 s 22 74
302 3 34 21 68
347 4 37 22 5.3
01 30 26 15 7.0
107 3 32 19 12.6
352 32 28 16 8.9
3% 18 1 19 2.5
W
: 31 0 18 1.1
423 @ 38 22 20.3
4312 41 3* 23 18 6
436 41 37 22 187
431 35 2 20 13.1
44) 28 P 14 58
402 7 30 18 0.5
443 34 31 18 10.9
%aa_m
£ 33 20 145
546 42 38 23 20.2
$50 a4 40 24 4.1
520 37 3 21 5.0
536 3% 12 20 12.1
514 34 3 18 11.0
523 13 30 18 10.1
952 40 36 22 8.8
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Table 47. Length, width, thickness, and weight measurements of
c'ams after eight months of exposure. Date: 11/8/78

Clam » Length (mm) Width (mm) Thickness (mm) Weight (grams)
CONTROL

i 30 27 15 7.3
7 28 24 14 61
19 34 31 19 12.7
43 3% 32 1% 12.8
37 i 28 17 89
EL 13 30 18 11 8
54 29 26 5 33
13 29 26 16 7.6
s2 34 il 20 11.9
27 25 15 6.2

% 33 20 13.9

37 32 20 14.2

36 2 20 13.7

26 23 15 5.5

39 36 21 16 9

2 29 17 99

30 27 16 1.8

30 28 17 9.6

25 22 13 4.4

36 32 18 2.9

k) 31 18 1.5

33 30 18 11.7

31 2% 17 9

34 n 17 10.7

28 26 14 5.7

4] 36 20 8.1

31 27 16 5. 4

3% 3l 18 12.2

30 26 16 8.0

38 i 21 15.2

30 26 15 7.2

34 30 18 108

2 29 17 97

kN 33 21 15 8

38 34 21 16.1

4] 37 22 19.0

28 26 15 5.9

32 29 18 0.0

4 30 17 10.6

26 23 14 5.0

29 26 16 8.0

2 29 17 5.3

k] kL) 21 16 8

27 25 14 59

2 28 17 8.9

37 32 20 13.7

35 3 21 il

k1] 36 22 8.5

32 28 18 9.5

a2 3 22 19.6

31 28 17 8.6

34 n 18 11.%

36 32 9 13.3

35 £ 1t 1.3
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Table 48. Measured CPO concentrations (ug/£) in exposure tanks.

TARGET CONCENTRATIONS (ug/#)
25 L4

Date 0 6 12 100
78 o 4 6 20 32 186
3/3/78 ] 4 & 22 38 9%
376,78 0 4 & 1e 8 82
3/8/18 e 4 8 20 52 116
3/9/78 0 4 8 18 32 100
3/10/78 0 L] 10 18 36 98
3/13/78 0 6 8 18 32 54
3/14/78 o 6 10 22 52 104
3/15/718 0 6 10 22 4 98
3/16/78 o 8 8 20 42 84
3/11/78 0 6 8 18 W 68
3/20/78 o 6 8 16 22 46
3721778 ] 6 10 18 40 74
3/22/18 0 6 12 22 36 76
3/23/78 0 12 20 80 100 200
3/24/78 0 6 20 28 62 100
3/28/78 0 14 16 10 96 192
3/29/78 0 6 14 66 88 188
3/30/78 0 L] 16 26 98 232
3/31/78 0 6 16 28 110 256
4/3/78 0 2 6 8 26 b4
4/4/78 0 2 4 6 22 64
4/5/78 o 2 (] 6 78 82
4/6/78 0 + 6 4 56 S0
4/1/78 0 2 8 6 24 68
4/10/78 0 8 10 12 34 88
4/11/78 0 4 8 14 a5 76
4/12/78 0 4 8 22 84 138
4/13/78 0 4 8 16 68 104
4/14/78 o 6 10 18 38 9%
4/18/78 0 2 8 16 26 68
4/158/78 0 4 8 22 26 58
4/20/78 0 8 10 20 42 74
4/21/78 0 4 12 24 42 72
4/24/78 a1 ] 14 0 42 80
4/25/78 4 8 12 34 a8 100
4/26/78 4 ] 14 30 46 92
4/27/18 a 10 12 32 44 92
4/28/78 4 10 12 24 46 92

TARGET CONCENTRATIONS (wg/t)
12 25 S0

Date 0 3 100
5/1/78 . 16 12 48 68 124
5/2/78 8 14 " 58 70 128
$/5/78 6 10 16 60 68 106
5/8/78 12 10 16 - - -

5/22/18 0 6 12 42 52 102
5/25/78 0 4 14 30 54 9%
$/21/78 0 14 12 38 56 e
$/30/78 0 @ 10 48 30 62
6/1/78 [ [ - 20 2 68
6/9/78 0 v 10 a6 80 92
6/12/78 0 4 12 70 56 80
6/14/78 0 6 12 46 48 90
6/16/78 0 ® & 26 52 4
6/19/78 0 6 10 30 2 88
6/20/78 0 v 12 28 54 44
6/21/78 0 8 12 26 60 9%
6/23/78 0 6 10 22 54 90
6/26/78 0 6 10 24 a8 90
6/28/78 ] . 12 26 52 94
6/30/78 0 6 12 24 56 102
1/5/78 0 8 " 24 i 100
/1478 0 . 12 20 £ 82
7/9/78 0 + 12 28 4 92
7/12/78 0 6 12 28 5a G
7/14/78 0 © 14 28 58 108
7/18/78 0 12 26 18 68 156
1/19/78 0 6 14 30 56 128
1/21/78 0 ® 16 % 58 112
1/24/78 0 B 14 28 58 112
7/26/18 0 6 14 30 S £
7/28/78 0 i 14 28 62 98
8/1/78 0 4 10 34 82 94
8/4/78 o 6 12 34 54 GE
B/1/78 0 6 12 28 sS4 102
B/9/78 0 6 14 28 56 104
8/11/78 0 6 12 % 54 106
8/15/78 0 6 12 26 a8 96
8/18/78 0 8 16 28 54 106
8/21/78 0 3 10 16 38 112
8/23/78 0 3 10 20 4 108
8/25/78 0 8 12 24 ag 110
8/28/78 o 6 12 28 46 112
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Table 49. Histopathological descriptions of Protothaca staminea ‘.
from Sequim Bay, Washington. |

R = ripe gonad, PS = partially spasmed gonad; § =+ spent gonad: & » male; ¥ o female

m:; m‘ Description ‘
Inftial -7 s |
Saple 79-76 R, some metaplasia of digestive gland &

19-71 ps¥

79-78 Ps'; same necrosis of stomach, some metaplasia of digestive tubules

19-7% PS5, metazoan parasite in gonad

79-80 PS¥; gregarine-1ike parasite in mantle; some necrotic gill epithelium

79-81 Ps?; metazoan parasite in kidney; gregarine-like parasite in gil1; some necrosis n ‘

: stomach

79-82 PSd; generally necrotic

79-83 P5d, generally necrotic

7984 Ps®, generally necrotic
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Table 50. Histopathological descriptions of Protothaca staminea

used as controls in Tank No. 1 of Chlorine Bioassay
Study.

LA = late active gonad; R = ripe gonad; PS = partially spewned gonad; S = spent gonad; & = male; § = female

lrm Specimen
1me Number Description
1-Month 75-85 vy
Exposure
79-86 ps¥, portfons of gi11 epithelfum necrotic
79-87 Rd; metazoan parasite in kidney; necrosis of portions of gill, stomach, intestine
79-88 n’; gregarine parasite; necrosis of portions of stomach, digestive tubules
2-Month 79-89 ps¥
Exposure
79-90 ps¥, metazoan parasite in kidney
79-91 Rd;, metazoan parasite in digestive gland; slight leukocytic infiitration; some necrosis
of digestive gland near yarasite cysts
79-92 R’; metazoan present in kidney
3-Month 79-93 Psé
Exposure
79-94 ps?
79-95 psd; unidentified organism in kidney; metazoan parasite in kidney: leukocytic
infiltration in area of cysts
79-96 ps¥
4-Month 9-97 RS
Exposure
79-98 Ps¥; necrotic tissue in kidney, stomach; some digestive tubules metaplasia
79-99 LAS; gregarine parasite in gill, some leukocytic infiltration
79-100 ps¥; abscess in kidney; some necrosis of stomach epithelium
z-lhntn 79-101 P5d; some necrosis of digestive tubules; numerous abscesses
xposure
79-102 PSE, some necrosis and metaplasia of digestive tubules
79-103 pSd; some mecrosis and metaplasia of digestive tubules
6-Month 79-10% Ps®. occastonal metaplastic digestive tubules
Exposure
79-106 PS’; gregarine parasite in gf11 mantle; metazoan parasite in kidney
79-107 ps¥, metazoan parasite in kidney; some metaplasia of digestive tubules
79-108 #d; gregarine parasite in gi1l
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Table 51. Histopathological descriptions of Protothaca staminea
exposed to 6 ppb of chlorine in Tank No. 2 of Chlorine
Bioassay Study.

LA « "ate active gonad, R = ripe gonad; PS = partially spawned gonad; S5 » spent gonad; & » male; ¢« female

Exposure Spec imer
Time Number Description
1-Month 79-108 LAd; some necrosis in gil); some metaplasia of digestive tubules; autolysis cf
Exposure Leydig cells
79-110 LA; autolysis of Leydig cells; large eosinophilic leukocytes in kidney
79111 rsi; metazoan parasite in kidney; abscess in kidney filled with large eosinophilic
leukocytes; some necrosis of intestine
79-112 PS‘; metazoan parasite ‘n kidney; abscesses in kidney; large eosinophilic leukocytes;
metaplastic digestive tubules; some necrosis of stomach epithe)ium
2-Month 79-113 ¥
Exposure
79-114 ps¥
79-115 #d
79-116 LAS; metazoan parasit. in kidney; leukocytic infiltration; cluster of eosinophilic
leukocytes
J-Month 79-117 LAS
Exposure
79-118 PSd’
79-119 ps?
79-120 Rd; unidentified organism in g111; some leukocytic infiltration; small abscess fn
mantle
4-Month 79-121 s¥, unidentified organism ir gi1); some leukocytic infiltration
Exposure
79-122 ¥, unidentified organism(s) in gi11, kidney; metazoan parasite in kidney
79-123 59; metazoan parasite in kidney; unidentified organi.ms; some metoplasia of digestive
tubules; vacuolization of stomach epithelium
79-124 Rd; gregarine-like parasite in foot; some metaplasia of digestive tubules;
‘ vecuolization of stomach epithelium
|
5-Month 719-125 54 metazoan parasite in kidney (heavy infection); general leukocytosis; avtolysis
Exposure of Leydig cells; some metaplasia of digestive tubules
| 79-126 PSd; some necrosis of stamach, kidney tubules, sutolysis of Leydig cells
79-127 §¢; metazoan parasit in kidney; leukocytic infiltration into kidney ares; necrotic
kidney tubules; vacuolfzation of stamach and intestinal epithelium
78-128 54, metazoan parasite in kidney; leukocytic infiltration into kidney; some
eosinophilic Jeukocytes
6-Month 79-129 sﬁ; metazoan parasite in kidney; leukocytic ‘nfiltration; sume necrosis
Laposure
79-130 I’; metazoan parasite in kidney; consideradl+ nccrosis of digestive tubules and
kidney tubules; necrotic areas of stamact incestinal epithelium
!
79-131 'S‘; necrosis of kidney tubules; autolysis f Leydig cells; some necrosis and
metaplasia of digestive tubule epitheliur
79-132 %, metazoan parasite in kidney with some nlarjed eosinophilic leukocytes;

necrotic areas of stomach epithelium
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Table 52. Histopathological description of Protothaca staminea

exposed to 12 ppb chlorine in Tank No. 3 of Chlorine
Bioassay Study.

LA = late active gonad; R = ripe gonad; PS = partially spawned gonad; S = spent gonad, ¢ = male; ¥« female

lwoun Spec imen
e Number Description
|-Month 79-133 LAd; a1l tissues generally necrotic, clam may have been dead
Exposure
79-134 LAS; same as above
79-135 PsY, same as above
79-136 ps¥, same as above
2-Month 79137 ps¥; gregarine-1ike parasite in gill
Exposure ,
79-138 ps¥, same necrosis of gi1] anc digestive tubules; autolysis of Leydig cells
79-139 Ps®; necrosis, metaplasia of digestive tubules; autolysis of Leydig cells
79-140 Rd, metazoan parasite in gorad
3-Month 79-14) P54, metazoan parasite.in kidney; leukocytic infiltration into kidney; gill
Exposure
79-142 ps¥; large abscess in gonad
79-143 Rd
79-144 R/
4-Menth 79-145 PSdY gregarine-1ike parasite in gi11; metazoan parasite in kidney, leukocytic
Exposure infiltration in viscera arcund cysts
79-146 PSd; basophilic granular material in gills
79-147 Ps¥, gregarine-11ke parasite in gi11; some metaphasia of digestive tubules; same
necrosis
79-148 l‘; metazoan parasite ir kidney; metaplasia of digestive tubules; some necrosis in

kidney, gill, digestive tuoules, stomach and intestinal epithelium

S-Month 79-149 54, metazoan parasite (heévy infection) in kidney; leukocytic infiltration into kidne
N 79-150 Ps¥; metazoan parasite fn kidney; some metaplasia and necrosis of digestive tubules
79-15) Ps¥; generalized leukocytosis
79-152 54, some necrosis of intestinal epithelium, stomach, digestive tubules
6-Month 79-153 59; some metaplasia, necrosis of digestive tubules; autolysis of Leydig cells
g 79-154 Ps¥, some metaplasia, necrosis of digestive tubules
79-155 ¥, metazoan parasite in kidney. leukocytosis around cysts
79-156 - no gonad; general leukocytosis, especially in digestive gland; fibrous depesition

in digestive gland between tubules
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Table 53. Histopathological description of Protothaca stamineu
exposed to 25 ppb chlorine in Tank No. 4 of Chlorine
Bioassay Study.

LA = late active gonad; R = ripe gonad; PS » partially spawned gonad; 5 = spent gonad; o = male; ¥ = female
LA » early active gonad

Exgosun Spec imen
ime Nunver Description
| -Month 19-157 #¥, complete necrosis; specimen probably dead when fixed
Exposure
79-158 Ps¥; autolysis of Leydig cells; leukocytic infiltration into gills; some necrosis
of digestive tubules
79-15§ #¥; complete necrosis
79-160 LAS, almost complete ndcrosis
2-Month 79-161 LAd; gregarine para<ite in mantie and digestive gland; metazoan parasite in kidney,
Exposure same leukocytic infiltration into parasitized areas; autolysis of Leydig cells
79-16¢ LAS; some necrotic digestive tubule epithelium
79-163 s¥; necrotic patches of gill, digestive tubules, stomach, intestine, kidney;
sutolysis of Leydig cells
79-164 LAd, metazoan parasite in kidney; some leukocytic infiltration, some necrosis of kidney
3-Month 79-165 £Ad
Exposure
79-166 psd; metazoan parasite in kidney
79-167 ¥, metaplasia of digestive tubules, some necrosis, some necrosis of intestinal
epithelium
79-168 Ps¥, metazoan parasite in kidney; some necrosis; some necrosis of gill, intestinal
epithelium, digestive tubules
4-Month 79-169 os®. vacuolization of intestinal epithelium; some necrosis and metaplasis of digestive
Exposure tubules
79-170 - no gonad; generalized leukocytosis; metaplasia and necrosis of digestive tubules
79-1N ¥, general leukocytosis; metaplasia and necrosis of digestive tubules
1372 ps¥
S-Month 79-173 5%, metazoan parasite in kidney; generalized leukocytisis
Exposure
79-17¢ ps¥; gregarine parasite in foo*
79-175 5d; some s)ight metaplasia of digestive tubules
79-176 ps¥, some general leukocytosis
6-Month 79-177 s¥, metazoan parasite*in kidney; some necrosis of kidney and digestive tubules;
Exposure some metaplasia of digestive tubules
79-178 ¥
79-179 ps¥; metazoan parasite in kidney
79-180 $d; some metaplasia of digestive tubules; necrotic areas of stomach epithelium
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Table 54. Histopathological descriptions of Protothaca staminea
exposed to 50 ppb chlorine in Tank No. 5. of Chlorine
Bioassay Study.
LA = late active gonad, R * ripe gonad; PA = partially spawned gonad; S * spent gonad, &= male; ¥ o female

Exposure Specimen
Time Number Description
1-Month 79-181 Rd’, general necrosis
Exposure
79-182 LA]; general leukocytisis; necrotic gills; digestive tubulec, stomach, intestine
79-183 LA, gregarine-like parasite in gi11; gil] necrotic
79-184 Rd; genera) necrouis
2-Month 79-18% PSd’, metazoan parasite in kidney, same leukocytic inflitration around parasite
Exposure
79-186 LAS: some necrosis of digestive tubules; large abscess in gonad/digestive gland area;
dimintshed basophilia
79-187 PS’; considerable necrosis in digestive gland tubules; necrotic areas of intestine,
Teukocytic infiltration into gills
79-188 LAS necrotic areas of digestive gland tubules; stomach epithelfum
3-Month 79-189 S8, metazoan parasite in kidney; leukocytic infiltration into infected ares;
Lxposure Jeukocytosis in gonad area
79-190 PSd; metazoan parasite in kidney; leukocytic infiltration into infected ares
79-191 ps¥
79-192 ps¥; metaplasia of digestive tubules
4-Month 79-193 PS4, metazoan purasite in kidney; necrosis of kidney tubules; leukocytosis in area
Exposure around cyst; m:taplasia of digestive tubules
79-194 S?; no gametes, but follicles present; general leukocytosis; metaplasia of digestive
tubules; kidneys necrotic
79-19%% PS‘-. som: metaplasia of digestive tubules; necrotic areas of stomach and intestinal
epithe) tum
79-196 Ps¥; metazoan parasite in kidney; vacuolizatior, necrosis cf stamach epithe!ium;
som: metapiasia of digestive tubules; some necrotic tubules
::ontn %197 P54 autolysis of Leydig tissue, some vacuolization of intestinal and stomach epithelium
osure
79-198 ?s¥; vacuolization, same necrosis of digestive tubules
79-199 PSS’ *, metazoan parasite in kidney, leukocytic infiltration into kidney area; necrotic
kidney tubules; extensive necrosis of digestive tubules
7$-200 Psd". metazoan parasite in kidney, extensive leukocytic infiltration with some
intensely eosinophilic leukocytes; autolysis of Leydig cells; necrotic digestive
tubules, portions of intestina) epithelium
6-Month 79-201 m’ metazoan parasite in kidney; gregarine-1ike parasite in mantle; autolysis
Exposure of uy«g cells; necrotic kidney tubules, leukocytosis of kidney with eosinophilic
leukocytes; necrotic digestive tubules, some metaplasia
79-202 s¥; extensive necrosis of digestive tubules, some metaplasia; necrosis of stamach,
intestinal epithelium; some vacuolization of stomach epithelium; autolysis of
Leydig cells
79-203 Sd, metazoan parasite in kidney; necrosis of kidney tubules; autolysis of Leydig
cells; necrosis, metaplasia of digestive tubules; leukocytosis in viscera
79-204 Ps¥; necrosis, metaplasia of digestive tubules, vacuolization, necrosis of

stomach, intestinal epithelium; mild leukocytosis in gills; abscesses in foot
musclie; autolysis of Leydig cells

* Same follicles appear to be in late active state of development,
but none look ripe.
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Table 55. Histopathological descriptions of Protothaca staminea
exposed to 100 ppb chlorine in Tank No. 6 of Chlorine
Bioassay Study.

LA = late active gonad; R = ripe gonad; PS = partially spawned gonad; S = spent gonad; @ = male; ¥ = female

Exposure Specimen
Time Numbe r Description
1-Month 79-205 Rd; metazoan uus!u' in kidney, leukocytosis; large masses of basophilic granular
Exposure material in gills; necrosis of large portion of gill; leukocytosis
79-206 LA, general necrosis
75-207 LAd, general necrosis
79-208 #d; metazoan parasite in kidney, genera) necrosis
2-Month 79-209 RQ; leukocytic inflitration into gi)ls, gonad, digestive area; vacuolization of
Exposure stomach, Intestinal epithelium with some necrosis
79-210 ¥, autoiysis of Leydig cells; some leukocytic accumulation around stomach
79-21) Ps¥; metazoan parasite in gonad; autolysis of Leydig cells; necrosis of digestive
tubules, portions of gil1)s; vacuolization and some necrosis of fntestinal epithelium
79-212 LAd; autolysis of Leydig tissues; leukocytosis of gills; vacuolization of digestive
tube epithelium, same necrosis
3-Month 79-213 PSd; autolysis of Leydig cells; necrosis, metaplasia of digestive tubules; necrosis
Exposure of stomach and iIntestinal epithelium
79-214 LAS; autolysis of Leydig cells; vacuolization of stomach epithelium; some necrosis
of digestive tubules; intestinal epithelium
79-21% %, abscess on gi11; small amount of necrosis, metaplasia of digestive tubules
79-216 Ps¥; necrotic areas of digestive gland; vacuolization, some necrosis of stomach
epithelium
4-Month 79-217 LAS; metazoan parasite in kidney; slight leukocytosis in area of parasite
Exposure
79-218 Lad
79-219 5%, metazoan parasite in kidney; metaplasia, necrosis of digestive tubules
79-220 Ps¥, vacuolization of stomach and intestinal epithelium, same necrosis
5-Month 79-221 s?, autolysts of Leydig cells
Exposure
19-222 ps?; vacuolfzation of intestinal epithelium
79-223 ¥
79-224 %, vacuolization of stomach, intestinal epithelium
6-Month 79-225 9, autolysis of Leydig cells; general leukocytosis, metaplasia; necrosis of stomach,
Cxposure intestinal epithelium, kidney
79-226 ps¥; gills necrotic; vacuolization of stomach, intestinal epitheiium; vacuolization,
some necrosis of digestive tubules
79-227 #d’, necrotic areas along gills; digestive tubules almost completely necrotic; autolysis
of Leydig cells; necrosis of stomach, intestine
79-228 LAS; vacuolization of intestinal epithelium, some necrosis; general leukocytosis;

necrotic areas of gil)
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Table 56. Results of histopathological examination of initial
sample of Protothaca staminea collected from Sequim
Bay, Washington in March, 1978.

R = ripe gonad; PS= partially spawned gonad; 5 = spent gonad; M = Metazoan parasite; G = gregarine-like parasite;
¢~ male; ¥ female

Spec imen Gonad
Numbe r Condition Parasite Leykocytosis Metaplasia Necrosis Other
79-75 ¥ some; digestive
tubules
79-76 ad’ some; digestive some; stomach
tubules
71917 ps¥ M; gonad
78-80 ps¥ G; mantle some; gi1]
79-81 ps¥ M; kidney some;, stomach
19-82 pSd’ general
79-83 psd’ general
79-84 es¥ genera)
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Table 57. Summary of histological descriptions ¢ the littleneck

d = mle; ¥« ramale

BEEL I TR P T Ry G

T T Ty e S T Wy —

POOR

URIGINAL

clam, Protothaca staminea, exposed to various amounts

of chlorine for one month.

LA = late active gonad; R ~ ripe gonad; PS = partially spawned gooad; & + spent gonad, M - metazoar parasite; G + gregarine-like parasite.

Chlgrine

Spec imen
Concentration  Number

Gorad
Condition

Parasite Leukocytosis

Contral

6 ppb

25 ppb

S0 ppb

100 ppb

79-85
79-86
79-87

79-88

79-109
19-110

7911

19-112

79-133
79-134
79-135
79-136

79-157
79-158

79-159
73-160

73-181
79-182

79-205

78-206
79-207

LAd'
ps¥
wd

ps¥

I

ps¥

ps¥

E =

R SRR ER

8

Al

M. kidney

6; gilt

kidney, some large
eosionphilic cells

M, kidney

M. kidney

gilis

general

G; gill

M, kidney  kidney, gill

M, kidney
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Metaplasia

some; digestive
tubules

same, digestive
tutyles

Necrosis

some; gilt

same; 9i11, stomach,
intestine

some;, stomacn,
digestive tubules

same; gill

some; intestine

some . Stomach
epithel tym

general
general
general
general

general

some, digestive
tubuies

general

general

qeneral
sgne; gills, diges-

Other

sutolysis of Leydig
cells

autolysis of Leydig
cells

abscess in kidney,
large eosinophilic
leukocytes

abscess in kidney;
large eostonphilic
leukocytes

autolysis of Leydig
cells

tive tubules, stomach,

in*astine
some, gill

genera!

large portion
of gil}
general
general
general

::‘ usm'uv basc-
ic 'rm ar
material in gill
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! Table 58. Summary of histological descriptions of the littleneck
clam, Protothaca staminea, exposed to various amounts
of chlorine for two months.
LA = late sctive gonad; R » ripe gonad; PS » partially spawned gonaed. S * spent gomad, ™ « metarcen Darastte; G ¢ gregarine-like paresite;
& mate; Vo temale
hlorine men (sonad O T E N O
Concentration Congition Parasite Levkocytns s Necrosis Other
Contro) 79-89 p¥
79-90 pev ®; didney
79-91 v W, digestive gland slight 1a diges- Lame | near parasite
tive gland in digestive glang
79-92 w¥ N, kidney
6 pp 19113 *
y 19-114 ps¥
79-115 Lty
i 79-116 A " bidney kidney, ¢lusters of
wosinophilic
. levhorytes
-
I 12 ppb Rk ps¥ 6, gith
.
19-138 oV some, gill, autolysts of Leydig
digestive tudbules cells
%13 Pk sigestive tubsles some digestive
tubyles
79- 140 ud M. gansd
25 pob 19-1€1 LAd G, mantle, some. digestive autolysis of Leydig
digestive glang gland, higney cells
79- 182 ad some, gigestive
tubyles
il 79-163 o some, 411, autolysis of Leydig
! digestive tubules, cells
stomach, intes’ines,
: vidney
; 79-164 LA M, kidney same, widney some, kidney
5 ppb 79-18% psd M. kidney some, didney
79188 LAd some, digestive large abscess in
tubules genera) digestive
ares
15-187 v some; gi11s extensive, digestive
tubules, intestine
13- 188 ad some; digestive
tubules, stomach
} 79-209 W some; 91115, gonads, some; stomach, vacuolization of
W ﬂ!g‘“?n gland intestine stamach, intestine
n-210 o some. around stomach |u:t‘ﬂysn of Leydlg
cells
79-21 [ M, gonad some;, digestive autolysis of Leydig
i tm;cs. gin, cells, vacuolization
intestingl of intestinal
epithelium epithel tum
™-212 4 some, gills some, digestive autolysis of Leydtg
tubules cells, vacuoliz-
ation of digestive
tube epithel ium
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Table 60. Summary of histological descriptions of the littleneck

clam, Protothaca s’.aminea, exposed to various amounts
of chlorine for four months.

LA » late active gonad; R « ripe gunad, PS » partially spawned gonad; § » spent gonad, ™ » metazoan parasite; & - gregarine-)ike parasite;
dmele, Vo tomale

Chlorine e twen
Concentration  umber

Parasite
Control 1957 ad
15-94 2
19-9% Al 6 giN
79-100 o5t
LR 921 * inidentified in
gt
9122 N Unidenti fied in
zﬂ!, Eidney
. Widney
19123 ™, kidney
Untdentifiad in
¥ idney
79-124 &g 6. foot
12 pob 79-145 rsd 6; gin
N, kidney
79-146 psé
19-147 ps¥ 6, gin
79-188 W M, kidney
25 pod 79-169 pst
79-170 o yonad
-1
9n p?
30 pob 19193 osd ", kigney
79-1%4 $7
79-195 e
19196 ps? M, kldney
19-217 ad H, kidney
19-218 ad
%-219 ¥ ™. idney
29-220 o

peS N e maah | w s

ek ytosis

some; gftl

some, gt

in viscers around
cysts

general

genery!

sime, around
parssites

general

shight, in ares
of parasite
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Metapliasta

some, digestive
tubules

somp ., digestive
tubyles

some, digestive
tubyles

some, digestive
tubyles

some, digestive
tubyles

some, digestive
tubyles

some, digestive
tubules

some, digestive
tubuies

same, digestive
tubules

same; digestive
tubules
some , digestive
tubyles

some . digestive
tubyles

some, digestive
tubules

Necrosit

Other

some, kidney,
stomach

some . stamach
apithel ium

some;. digestive
tubyles

some, kigney,
gill, aigestive

tubsles, stomach,
intestine

some, digestive
tubules

same . digestive
tubules

same, digestive
tubules

some, kidney

kidney

some, stamach,
intestines

some, digestive
tubules

some , digestive
tubyles

some, stomach,
intestine

abscEss In kig ey

vacvolization of
stomech epithel tum

vacuol ization of
stomach epithel ium

basophilic material
nginl

vacwolization of
intestingl epithelium

gonad follicies
present, but no

qametes

vacuc!ization of
stomach epithe!ige

vocuolization of
stamach and
intestine



Table 61. Summary of histological descriptions of the littleneck
clam, Protothaca staminea, exposed to various amounts
of chlorine for five months.

BA = Tate active gonad. ® = ripe gorad; P5 * partially spawned goned: 5 + spent gonad, ¥ + metaroan parasite; G * gregarine-!ike parssite;
¢ males ¥ o remale

Chiorine e ma anas
Concentration  Mumber Condition Parasite Leukor ytos s Metaplasia Recrosis Other
Contra) 9-101 »sd same, digestive numerous ablcesses
tubules
79-102 vsd some; digestive some;, digestive
: tubules tubyles
' 15-103 rsd some; digestive some, digestive
! tubules tubules
]
)
5
] & ppb 19125 o W, vidney (heavy general some; digestive sutolysis of Leydig
. infection ) tubules ceily
; 79126 osd some , Stomach, sutolysis of Lesdig
' ifney cells
i 79-127 W n, kigney idney same; Widney vaculofzation of
Ttamach and intes-
E ting) epithellum
i 7928 ¢ M kidney idney; some
' s0s tnopht 1 i
. Teukocytes
]
|
' 12 pob 79-145% sd M, kidney (heavy]  kidney
|
L 19-150 Pk u, kigney some , d1gert ive some; digestive
tubules tubules
i 79-151 ps? general
' 19152 56 some . intestinal

1 epithe)ium, stomach,
’ digestive tubules

[ 7. pb 79173 o n, kidney gemeral
79174 ps¥ Gy foot
19175 s same, digestive
tubules
79176 psv general
autolysts of Leydi
. e o cells; some ml‘n-
ation of intestinal
4 stomach epithelium
l
some, digestive vacvolizetion of
ke od tubules digestive tubules
I b Some, &1 &
79199 rsd ", kidney xidnay nmu:"; Bt
» tubules
! extensive), some , digestive atolysts of Leydig
i o b o ;n.;::.:s:k tubules, portions cells
Teusorytes of intestine
I
1ysis of il
190 ppb 79-221 & sutalys Leydig
vacwo!ization o
222 os¥ intestingl epitneliu
79-222 *
79724 E vacuo!ization of

stomach and
intestingl epithelium
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Table 62. Summary of histological descriptions of the littleneck

Protothaca staminea, exposed to various amounts

Frototas

of chlorine for six months.

LA * late active gonad; R « ripe ginad. PS » partially spawned gonad, 5 * spent gonad, M - metazoen parasite, G * gregarine-like parasite,
doomate, Vo ramale

lorine . Goned
LW‘. & Congition Paresite Lewkacytos iy
Control 79-10% »i¥
75106 ps¥ G mantie, g1l
M kidney
%-107 ped . kidney
" wd G gin
& pob 79-129 R ", idney idney
19-1% ww ", hidney
I MET
9% o o hidney wigney (some
large eosinaphilic
Teukocytes)
12 poe 7$-153 o
79-154
79-15% 5¢ . kidney kidney, around
cysts
1% Mo gonas genera)
25 oo 91 B N, kigney
19-178 st
9179 pev ", kidney
79-180 5
50 pod 19-200 Psd M, kidney Midney, some 1
G, mentie eosinophilic celly
79-202 ¥
19-203 s u, widney viscera
79-204 [ =i1d; gilis
100 ppd 9228 ¥ genera!
79.226
922 *d
1918 A genera !
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Metapiania Necrosis Ttrer

arcastonsl,

digestive tubules

.

some, digestive

tubules
some, bidney
consigerable,

some, digestive
Lubytes

same, digestive
tubyles

Tome, digestive
tubuies

ame, digestive
tubules

some, digestive
tubules

some; digestive
tubyles

some; digestive
tubules

same; digestive
tubyles

some, digest ive
tudules

same; digestive
celly

igney, digestive
tubules
some . Stomach

intesting) epitnelium

some . vidney,
gigestive tubules

some ;. Slomach

ame, digestive
tubules

some, digestive
tubules

some, kidney,
digestive tubules

Some . \tomach
epithne ium

some, kidney,
digestive tubules

extensive, diges-
tive tubules;
same . intestine,
stomch

ridney, some
gigestive tubules

Some; stamach,
intestine

Lome; stomach,
intestine, kidney

qiltis, some
digestive tubules

portices of gili;

extensive; digestive

tubules. vame.
stamach, Intesting

some;, inteiting,
gt

atolysts of Leydig
cells

sutolysis of Leydtg
cells

fiorous deposits in
digestive glang

sutolysis of Leydig
cells

some vacualization of
stamech epitheltum,
autolysis of Leydiq
cells

autolysis of Leydig
cells

autolysis of Leydty
cells, abscesses in
foot, vacuo!ization
of stamach, intestingl
epithe)iam

sutulysis of Leydig
cells

vacycliation of stomech
intestingl mpithelium,
digestive tubules

vacuolization of
intesting) epithel e

e sy O
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staminea exposed to various CPO concentrations for up to six months.

Table 63. Summary of histopathoiogical observations of littleneck clams, Protothaca
-------------- Number of clams with histopathological conditions =-==-csscavees
Number of cPo No. of Clams Vacvolfzation of Abscesses
Months Exposed Concentrations (ug/1) in-Sample Leukocytosis Metaplasia Necrosis Digestive Tissues Autolysis, etc.
Inftial Sample 0 10 ] 2 6 ] ]
0 4 [ [ 3 ] [
v 4 1 2 3 0 4
1 12 4 0 o 4 0 [
25 4 1 9 4 0 1
50 4 1 0 4 0 0
100 4 1 0 4 0 1
0 [ ) [} | ] [
B ¢ 1 0 0 0 0
2 12 2 o 1 2 0 1
25 i 2 0 3 0 2
50 4 2 0 3 0 1
100 4 3 0 3 2 3
) [ 1 0 [} (] (]
6 4 1 0 ° 0 1
3 12 4 1 0 0 0 1
25 4 0 1 2 0 [}
$0 . 2 1 0 0 0
100 4 0 2 4 2 3
[} 3 ] ] 2 [ 1
6 . 1 2 0 2 |
4 12 4 1 2 3 0 i
25 4 2 3 3 1 0
50 4 2 . 3 1 1
100 4 1 1 2 1 [}
] 3 0 2 3 o 1
6 4 3 1 2 1 2
5 12 4 2 1 2 (] 0
25 4 2 1 0 0 0
50 4 1 [ 3 2 2
100 M 0 ¢ 0 2 1 }
0 3 [} 2 () 0 []
5 4 2 1 4 0 1 ]
3 12 4 1 2 2 0 2
25 4 0 2 2 ) 0
50 4 3 4 4 2 .
100 4 2 1 4 2 1



Table 64. Bromoform concentrations in clams exposed to chlorinated
sea water containing sublethal concentrations of chlorine
produced oxidant (CPO).

PO e DATE OF HARVEST ========s====ssmmmman
ug/2 3/ 4/3 5/2 5/20 6/29 8/1 9/5 11/8
ng Bromoform/gram tissue wet wt.

Control o* 0 0 12 g g 0 1
226 6 5 10 9a
107 0 0 0 0
55 0
6 97 20 0 0 2 0 o®
166 15 0 0 0 0
0 0 0 0 0 0
140 0 11 0 0 0
12 33 56 2 0 0 1 2
183 9 169 0 10 9 40c
238 0 0 0 14 3 0
296 9 0 18 20
0
25 24 72 348 17 18 0 3
123 13 26 0 14 0 2
74 80 20 0 14 208 Zd
42 39 9 35 17 0
50 107 21 7 13 4 0 2
34 16 11 44 0 0 0®
97 6 1 25 0 0
352 82 8 a1 14 0
100 72 150 14 g 0 6 18
95 153 43 22 2 18
103 64 46 26 0 22
89 60 32 8 2 33f
0
; Represents 13 individuals
b Represents 9 individuals
o Represents 11 individuals
d Represents 4 individuals
s Represents 7 individuals
f Represents 6 individuals
g Represents 4 individuals

No sample
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CONTROL
SEAWATER (15%)

MOUNT -
BRUNGS
DILUTER

-

CONTACY I

CHAMBERS
(~120 2) ous

-

94/6

8713

15125

S0/50

w100

EXPOSURE CHAMBERS

(=120 ¢)
HOLDING CLAMS
IN 12-13 cm SEDIMENT

DISCHARGE l

% CONTROL SEAWATER
% CHLORINATED SEAWATER

Figure 1. Exposure system used for Protothaca staminea in the first growth

experiments.
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SEA WATER

25°C
SEA WATER NaOClI
PUMP
g J l l:ih : t 1 M
LT 5 Py i P L1
CONTROL WATER CHLORINATED
BATH @ ~ 1.5 mg/| CPO

[» VOV ey

0 0.00ﬂ E).O‘IZ 0.0ZJ] EOSO p.wq mg/| CPO

< DISCHARGE : ' 4

vigure 2. Exposure systam used for Protothaca staminea in the second
growth experiments.
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A. NORMAL DIGESTIVE TU'SULE B.
EPITHELIUM

&2

C. NECROTIC STOMACH EPITHELIUM D. VACUOLIZATION OF INTEST!INAL

(LEFT) AND METAPLASTIC DIGESTIVE EPITHELIUM OF CLAM EXPOSED FOR

TUBULE EPITHELIUM (RIGHT) OF CLAM 6 MONTHS AT 100 ppb CPO. NOTE

EXPOSED FOR 6 MONTHS AT 50 ppb CPO LEUKOCYTIC INFILTRATION INTO
EPITHELIUM.,

Figure 3. Photomicrographs of sections throunh the littleneck ciam
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