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SUMMARY

From 1981 to 1983, members of the Marine Sciences Division (Code 522) of the
Naval Ocean Systems Center (NGSC) conducted several acute toxicity tests assessing tribu-
tyltin oxide (TBTO), the toxicant in organotin-based antifouling paints. The primary
objective was to determine the relative toxicity of TBTO to a variety of organisms and to
compare these results to copper toxicity. The data from these tests have been analyzed and
compared with data from both concurrcnt and pursuant toxicity tests to help define the
effect of organotin exposure on the marine environment.

The results of the tests conducted from 1981 to 1983 arc summarized and presented

in tables A and B. Only the 96-hour exposure data are reported to allow casy comparisons
- with other 96-hour data. When applicable, an LCs, value was estimated from these results.

It should be emphasized that these are estimated values; only three concentrations were
used per test.

In addition to performing these toxicity tests, a literature survey was undertaken
for comparative and background purposes. The results of this search are presented as
appendix A.

Table A. Summary results for the 96-hour exposures to organotins and copper. The
type of test, data performed. toxicant conceatration. 96-hour percent survival, and
estimated 1.Cg, values are presented. All concentrations are in parts-per-billion (ppb).

Mytilus edulis (Mussels)

TBTO Test #1

4 7 8l
Control: 100
3.0: 100
15.0: 80
76.0: 10

Protothaca staminea (Clams)

TBTO Test #1 TBTO Test #2 Copper Test #1
| 14 81 4 7 8i 4 6 Kl
Control: 100 Control: 100 Control: 100¢¢
3.0: 100 40.0: 100 250.0: 100
15.0: 100 119.0: 100 750.0: 97
76.0: 100 271.0: 100 2250.0: 97

Citharichthys stigmaeus (Fish)

. TBTO Test #l Copper Test #l
4 6 8] 4 6 8l
Control: 80¢; Control: 80¢;
3.0: 87 250.0: 47
19.0: 50 75000: 60

123.0: 0 2250.0: 13




Table A. Summary results for the 96-hour exposures to organotins and copper

(coatinued).

TBTO Test #1

4,7 81
Control: 97%
10.0: 97
35.0: 0
150.0: 0

TBTO Test #l

| 12 81
Control; 97¢;
1.0: 97
3.0: 83
14.0: 0

TBTO Test #3

Neanthes arenaceodentata (Worms)

Copper Test #1

4 7 81
Control: 976
250.0: 60
750.0: 0
2250.0: 0

TBTO Test #2

7,27, 81
Control: 100%
4.0: 85
10.0: 0
14.0: 0

Metamysidopsis elongata (Mysids)

TBTO Test #2

4 7 81
Control: 77¢¢
2.0: 17
10.0: 0
14.0: 0

TBTO 7Test #4

Copper Test #1

4 6 81
Control: 77%
10.0: 77
310.0 13
90.0: 3

SPC-Lecachate Test

72781 1116 82 11 16/82
Control: 86, Control: 90¢¢ Control: 900
0.2: 52 0.25: 86 0.25: 86
1.0: 12 1.0: 80 1.0: 82
3.0: 2 4.0: 16 4.0: 20
8.0: 0

TBTO Test #5 TBTO Test #6
2,10 81 6 1/8l

Control: 960 Control: 98¢;

1.0: 22 1.0: 90

4.0: 0 3.0: 8
22.0: 0 4.0: 0

Test #7
MONOBUTYLTIN DIBUTYLTIN TRIBUTYLTIN
CHIL.ORIDE CHIL.ORIDE CHIL.ORIDE
5 17 83 5 17 83 5 17 83
Control: T1¢¢ Control: 716 Control: 710¢
16.0: 62 2.0: 72 0.75: 60
161.0: 65 11.0: 68 1.5: 74
809.0: 67 56.0: 32 6.0: 19
Acartia tonsa (Copepods)
TBTO Test #1 Copper Test #1
3 30 81 3 30 81
Control: 630 Control: 630
1.0: 0 10.0: 36
3.0 0 50.0: 26
15.0: 0 250.0: 0




Table B. Estimated 1.Cg, values for TBTO and copper.

TBTO Copper
My tilues ediilis
4-Day 35 ppb NA*
10-Day 8 NA*
Protothaca staminea
13-Day 110 ppb
. 14-Day 250 ppb
; Citharichthys stigmaeus
k. 4-Day 19 ppb 800 ppb
1 14-Day 7 ppb 250 ppb
Neanthes arenaceodentata
4-Day (adults) 20 ppb 250 ppb
4-Day (juveniles) 7 ppb
Metamysidopsis elongata
4-Day 2 ppb 18 ppb
6-Dan I ppb
Acartia tonsa
<1 ppb 10 ppb

4-Day

NA* = not available {rom results of these studies.
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INTRODUCTION

Although organotin-based antifouling (AF) coatings have been used on commercial
and private ships since the carly 1960s, little scientific informaticn was available on their
potential impact to the marine environment until the carly 1980s. One reason for this is
that the primary usc of organotin compounds continues to be as a stabilizer for plastic
polymers (PVC). As a result, the early rescarch emphasized the hu man health aspects of
using organotin compounds in industry. By 1976, world usage of ¢.ganotin paints had
increased to about 200 tons but this was still less than 1 percent ot all organotin products in
use. Even so. the main pathway of organcdns to the marine environment is through orga-
notin AF paints. and the amount being used is increasing annually. Prior to 1976, U.S.
Navy usage of organotin paints was limited to coatings on submarine sonar domes and on
Pacific Fleet submarine waterline areas (Bailey, 1984). The proposed Fleetwide use of
organotin AF coatings by the U.S. Navy prompted closer scrutiny by U.S. regulatory agen-
cies. Increased usage worldwide accelerated research on organotin toxicity to marine
species during the last 7 years.

In 1981, the Naval Occan Systems Center (NOSC) began a multiyear program to
study the environmental impact of Fleetwide implementation. At that time there was a
paucity of information on the fate and cffect of these orgar.otin compounds in the marine
environment. Since then we have extensively studied the biology and chemistry of organo-
tins in the marine environment. Environmental concentrations of organotins can now be
determined with accuracy. Chemical analyses have reached a level of sophistication where
organotins can be measured 1 the parts-per-trillion range. as well as determining the form
of the alkyltins: monobutyliin, dibutyltin, or tributyltin. Unfortunately. the biological
availability and environmental significance of these measurements remains unclear (Salazar
1986). Biological monitoring has advanced beyond the live-or-die criteria to the point of
sublethal effects like enzyme systems (Pickwell and Steinert. 1984; Steinert and Pickwell,
1984), growth rates. and condition indices (Newton. Thum. Davidson. Valkirs, and Selig-
man, 1985: Valkirs, Davidson, and Seligman, 1985a). In addition. the standard static bioas-
say system has been upgraded with flowthrough capabilities that can be used for a variety
of animals from clams to mysids (Mcador. U'Ren. and Salazar, 1984).

The production and use of organotins in thermal stabilization has lead to a vast
amount of literature on its chemistry and applications. Zuckerman. Reisdorf, Elhs. and
Wilkinson (1978) present an extensive literature review which includes production. use,
chemical characteristics, environmental fate, chemical and biological degradation, effects of
exposure to organotin compounds and waste treatement. Stoner. Barnes. and Duff (1955).
Barnes and Stoner (1958) and Noltes, Luijtan, and Van der Kerk (1961) also present their
results of toxicity studies on a large number of organotin compounds. Although over 35
different organotin compounds were assessed, test animals were restricted to rats, mice.
rabbits. guinca pigs. and fungi. A summary of the literature avatlable prior to the start of
these tests has been compiled and is presented as appendix A. In general. stress symptoms
in fish were observed within 20 minutes after exposure to organotin concentrations greater
then 0.10 parts per million (ppm). amphipods demonstrated a 13-percent survival rate at
10 parts per billion (ppb). while 100-percent lacval lobster mortality was observed after a
24-hour exposure to 20-ppb organotin.

The work reported here includes the results of static acute bioassays performed
from 1981 1o 1983 as part of a Navy program to study the fate and effects of organotin
antifouling coatings in the marine environment. In the first phasce of testing, six faunal
species were exposed to the chemical reagent tributyltin oxide (TBTO). For comparative




purposcs, concurrent bioassays using copper as a toxicant were conducted and are also
reported. Later phases included a static renewal test conducted in 1982, in which mysids
were cxposed to TBTO and a Self-Polishing Copolymer (SPC) leachate, and a test
conducted in 1983 with mysids exposed to chemical reagents monobutyltin, dibutyltin,
and tributyltin.

The main purpose of this report is to document rescarch conducted at NOSC
between 1981 and 1983 and not to review all the work conducted zince. It should be clearly
remembered that our carly work showed trends and general toxicity only and few definite
conclusions. Preliminary testing indicated organotins had the potential for a significant
adverse environmental impact, but substantial scientific evidence to support this concept
continues to be lacking. Since the Navy is considering Fleetwide implementation of orga-
notin AF coatings. it is responsible for obtaining the best possible environmental data to
justify such actions and documenting all previous work. Our carly work was not ncarly as
sophisticated or definitive as our later work: however, documentation is necessary 1o assist
future resecarch on organotins and to supplement the Environmental Impact Statement now
being prepared for the U.S. Navy. Although we do not believe these early data can be used
to predict environmental impact and cstablish regulatory criteria, they may assist in estab-
lishing regulations. These data must be interpreted with caution (Salazar, 1986).




MATERIALS AND METHODS

SELECTION OF ORGANISMS

To represent the potential impact of organotins on the marine environment, $ix
different marine species were exposed to TBTO. Species used were Mytilus edulis (mussel),
Protothaca staminea (clam), Citharichthys stigmaeus (flatfish), Neanthes arenacc odentata
(polychaete worm), Metamysidopsis elongara (mysid). and Acartia tonsa (copepod). All
of these species arc on the list of approved animals for dredge material bioassays compiled
by the Environmental Protection Agency and the Army Corps of Engincers (EPA/COE.
1977). Many are routinely used for other bioassays as well, and comparative information
for other toxicants is available. Although most of these animals lack sensitivity to toxi-
cants, they were used primarily to establish bascline organotin toxicity levels. In addition,
they were used to rank the toxicity of organotins against other toxicants. Further. we had
used all of them in many previous bioassays and were familiar with maintaining and testing
these animals.

The mussel M. edulis is a filter-feeding bivalve with a cosmopolitan distribution.
Mussels are not very sensitive to many contaminants bu: they are nevertheless effective
sentinels. They are one of the most widely used test animals in the world because of their
distribution, ease of maintenance, and the representative nature of their filter-feeding
mechanisms. Mussel watch programs to monitor tissue contaminant levels have been
developed in many parts of the woild. and we have used them for sublethal stress indica-
tors (Pickwell and Steinert, 1984; Steinert and Pickwell. 1984).

The clam P. staminea is one of the most abundant on the west coast of North
America. It has been routinely used {or sediment bioassays because of its feeding modes
and habitat even though not highly sensitive. Comparative information for other toxicants
is available. P. staminea is a filter feeder like M. edulis but its habitat is the sediment rather
than the water column. Both M. edulis and P. staminea are collected recreationally for
consumption. Thus. it is necessary to determine the effect of organotins on such economi-,
cally important species.

The benthic flatflish C. stigmaeus is very common along the west coast of North
America and is onc of the most prevalent in southern California coastal waters found at
depths from 10 to 1260 feet. C. stigmaeus is not highly sensitive but is routinely used in
many different types of bioassays because it is representative of the local bottom fish.
Again, much literature exists on the effects of toxic substances on C. stigmaeus.

The polvchacte worm N, arenaceodeniaia was used tor a variety of reasons, 1t 1s
readily available in laboratory culture. casily maintained in laboratory tests with or without
wedimert and is g sediment-dwelling deposit feeder. A Liepe tovicity literatin Jatdabase i
available on this animal.

Plankton were represented by two species, The first was the mysid M. elongata. a
hypoplanktonic crustacean that occurs in swarms just above the sandy bottom in depths up
to 50 m. It lives in close association with the sediment du ing the day and migrates to the
water surface at night (Mauchline. 1980). For this reason it can be considered to represent
both near bottom and water column habitats. The mysid 1s the only test animal requited in
all dredge material bioassays throughout the U.S. We feel it is the most sensitive, represen-
tative, and reliable test animal we have ever used in the laboratory.

The second planktonic species we used was the copepod Acartia tonsa. This
copepod is very common in southern Californian coastal waters and is routinely used in
toxicity tests. Copepods are probably more sensitive than mysids but test results are not as
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reliable when using field-caught animals (Sosnowski, Germund, and Gentile, 1979). Field-
caught animals were used in the majority of mysid tests and in all copepod tests. Larval
and juvenile mysid tests used laboratory-hatched animals.

EXPERIMENTAL CONDITIONS

All organotin bioassays were conducted under static conditions using coarsely
filtered seawater. Natural scawater for these tests was pumped from approximately
250 meters offshore and filtered through sand. All organotin bioassays were performed at
the Marine Sciences Laboratory Facility at NOSC. Water temperature was maintained
between 13 and 14°C in a temperature and light controlled bioassay room (14L: 10D).
Physical and chemical parameters of this seawater were measured daily with a Horiba U-7
water checker. Salinity ranged between 33 and 34 ppt. dissolved oxygen between 7.5 and -
8.0 ppm, and pH between 7.7 and 8.1.

The conditions for all organotin tests are summarized in table 21. In most cases the
organotin toxicant was added as the chemical reagent TBTO. In one test, monobutyitin,
dibutyltin, and tributyltin were also added as chemical reagents. In another test, the toxi-
cant was added as a lechate from painted panels, and toxicity was compared with the

chemical reagent.

With the exception of clams and mussels, all animals were held in either polycarbo-
nate (16 L) or Pyrex glass (! L and 400 ml) test containers as these materials have demon-
strated minimal organotin adsorption (Dooley and Homer, 1983). Clams and mussels were
held in standard 10-gal glass aquaria. Aquaria and Pyrex beakers were nitric acid washed
and then soaked in seawater for 72 hours prior to the start of each test. In most tests three
replicates were used for each treatment and control condition; however, five replicates were
sometimes used. The majority of replicates consisted of 10 animals each but in some tests
the number of animals/ replicate varied from 9 to 12.

All tests were static except mysid test #4. 1t was the only one with static-renewal
conditions where ‘est solutions were changed every 24 hours during the 4-day test. All tests
were originally designed as 96-hour tests, but if survival was gh after 96 hours, test dura-
tion was increased. Thus, tests reported here varied from 4 to 14 days. All animals except
copepods were aerated during these tests. Clams, mussels, and fish were vigorously aerated
at a rate between 500 and 1300 m!/ minute. Worms and mysids received moderate aeration ;
at 3 to 7 ml/ minute. Only mysids were fed during these tests. Each mysid was fed 20 to 7

30 brine shrimp nauplii per day.

PREPARATION OF TEST SOLUTIONS

Copper and organotin stock solutions were prepared from chemical reagents. They
were prepared just prior to the start of cach test to decrease avaliable time for toxicant
adsorption from solution onto the walls of the storage containers. Some measurements of
actual organotin test concentrations 'vere made during cach test but they are not available
for cach day at each concentration.

The TBTO stock was prepared by adding I ml of TBTO reagent to | liter of filtered
seawaier. The solution was placed on a rotary shaker for 48 to 72 hours and tnen filtered i
through a double laver of pre-moistened filter paper. After filtering, the TBTO concentra- '
tion of the stock was measured with a graphite furnace atomic absorption spectrophoto-
meter (GF-AAS) (Valkirs, Seligman, Vafa, Stang. Homer, and Licberman, 1985b).




The copper stock was prepared by adding appropriate amounts of CuCl, to
Milli-Q deionized water to provide a stock concentration of 1000 ppm which was measured
by GFAAS. Test concentrations were made by diluting an aliquot of stock solution with
seawater,

Two different solutions were prepared for the TBTO leachate test performed with
mysids (mysid test #4). The TB1'O reagent solution was prepared as indicated above for
organotin stock solutions. The leachate solution was prepared by rotating 15-cm SPC-
coated discs in scawater for 12 hours after which an aliquot of leachate was withdrawn and

. measured by GF-AAS. This sclution was diluted with filtered scawater to obtain desired
concentrations.

Solutions for the mono-, di-, and tributyltin tests with mysids were prepared from
the appropriate reagents as per the methods for TBTO stock solution preparation.




RESULTS

MYTILUS EDULIS (MUSSELS)

Mussels were exposed to TBTO concentrations of 3, 15, and 76 ppb in three repli-
cates of 10 animals each for 10 days in January 1981. Mussel survival in the controls and
the 3-ppb TBTO treatment remained at 100 percent for the entire 10-day test. After 4 days.
mussel survival in 15- and 76-ppb TBTO treatments was 80 and 10 percent respectively
(table I, figure 1*). Survival in these treatments dropped to 50 and 0 percent after 10 days.

Seawater samples were collected daily from the 15- and 76-ppb treatment tanks
during the 96-hour test. TBTO concentrations decreased after 24 hours to 13.0 and 52.0 ppb
respectively (table 22). The TBTO concentration in a chemical blank tank containing no
animals dropped from 76 to 39 ppb over the 4-dav period. These results indicate a signifi- -
cant uptake of TBTO by mussels and the tank itself. From these data. an estimated [0-day
LCg, for M. edulis is about 8.0-ppb TBTO.

PROTOTHACA STAMINEA (CLLAMS)

Clams were exposed to TBTO concentrations ranging from 3 to 271 ppb in two
separate tests. In January 1981, clams were exposed to TBTO concentrations of 3, 15, s
and 76 ppb in three replicates of 10 animals cach for a 10-day period. This test was concur- :
rent with the mussel test previously described. Survival was 100 percent in all test condi-
tions after the first 4 days. Survival for controls and the 15-ppb treatments remained at
100 percent for the entire [0-day period. Survival in the 3- and 76-ppb treatments was 97
and 80 percent respectively after 10 days (table 2, figure 2).

Test solutions were analyzed at the start of the test to determine actual TBTO
concentrations being used. No other chemical measurements were made during this
particular test. It was assumed that test concentrations in the clam tanks would be similar
to test concentrations in the mussel tanks.

In April 1981, clams were cxposed to TBTO concentrations of 40, 119, and 27! ppb
with three replicates of 10 animals cach for 13 days. Again, 100-percent survival was
observed in all treatments and controls after 4 days (table 3, figure 3). Control survival
dropped to 97 percent on day 6 and remained there until the end of the 13-day test. Survi-
val in all treatment tanks decreased after 7 days’ exposure with 13-day survival rates of 77,
23, and 27 percent for the 40-. 119-, and 271-ppb TBTO exposures respectively.

Chemical measurements were made during this second test to determine the actual
concentration of TBTO in solution over time (table 22). After 4 days, TBTO in the nominal
271-ppb treatment decreased to 105 ppb. less than half of the intial concentration. Further,
the concentration continued to decrease during the [3-day test period to 72 ppb. TBTO
in the nominal 119-ppb treatments decreased to S9 ppb after 24 hours and to 6 ppb after
13 days. TBTO in the nominal 40-ppb treatment decreased to 2 ppb after 13 days.

For comparative purposes, clams were exposed to copper (Cu) concentrations of
250. 750, and 2250 ppb in three replicates of 10 animals cach for 14 days during April 1981
(table 4. figure 4). Clams exposed to 750- and 2250-ppb Cu exhibited only 3-percent
mortality after 4 davs. Control survival dropped to 97 percent by day 7. where it remained
for the duration of the 14-day test. By the end of the test treatment, survival was 53, 40,
and 27 percent for the 250-. 750-. and 2250-ppb exposures respectively. Cu concentrations
were not measured in test tanks during the exposure period.

*Tables and figures are placed at the end of the text, before appendix A.
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Considering the decreasing concentration of TBTO during the study. the 13-day
LCs, for P. staminea estimated from results in this study is probably between 100- and
120-ppb TBTO. This can be compared to a 14-day 1.C4, for Cu of 250 ppb. Ten-day
assessments resulted in minor effects at the 76.0-ppb exposure while 13-day assessments
resulted in decreased survival at 40.0-ppb TBTO.

CITHARICHTHYS STIGMAEUS (FLATFISH)

C. stigmaeus were exposed to 3-. 19-, and 123-ppb TBTO in three replicates of 10
animals each for 14 days during April 1981. After 4 days. fish survival in control tanks was
relatively low at 80 percent, 87 percent in the 3-ppb TBTO treatment, and 47 percent in the
20-ppb treatment. All the fish in the 120-ppb treatment died within 48 hours. By the end of
the 14-day test, control survival had dropped to 70 percent. Survival in the 3- and 19-ppb
treatments also dropped to 60 and 43 percent respectively (table 5. figure 5).

TBTO concentration in the 3- and 20-ppb treatments decreased to the detection
limit of 2 ppb after 4 days (table 22), and TBTO in the 120-ppb treatment decreased to 12
ppb during the same period.

A l4-day Cu toxicity test was also performed in April 1981 assessing concentra-
tions of 250-, 750-, and 2250-ppm Cu with three replicates of 10 animals each. Substantial
mortality was observed in the 250- and 750-ppb treatments withing 24 hours. After 96 hours.
mortality had reached 80, 47, 60, and 13 percent in the control 250-, 750-, and 2250-ppb
treatments respectively. By the end of the test, control survival was 70 percent, while survi-
val in the 250-, 750-, and 2250-ppb Cu treatments was 23, 0, and 0 percent respectively
(table 6, figure 6).

We estimate the 96-hour 1.Cs, for C. stigmaeus to be about 19.0-ppb TBTO.
However, 14-day survival in the same treatment was 43 percent, 7 percent lower. Thus,
the 14-day LCy, may be in the 5.0 to 9.0-ppb TBTO range. For comparative purposes, the
14-day LCy, for C. stigmaer:s exposed to Cu is near 250 ppb.

NEANTHES ARENACEODENTATA (POLYCHAETE WORMS)

Adult polychaete worms were exposed to TBTO concentrations of 10, 35, and
150 ppb with three replicates of [0 animals cach for 6 days during April 1981. After 6 days,
survival in the controls and 10-ppb treatment was 97 and 93 percent respectively (table 7.
figure 7). Survival in the 35-ppb tanks rapidly dropped to 27 percent after 2 days and to
0 percent after 3 days. Exposure to 150 ppb. the highest concentration tested, resulted in
complete mortality after 24 hours. The TBTO concentrations were measured in “he 40- and
150-ppb treatments only. After 4 days the TBTO concentration decreased to 7 ppb in the
40-ppb treatment and to 80 ppb in the 150-ppb treatment. TBTO concentrations are given
in tahle 22

In conjuction with the TBTO test, adult worms were exposed to Cu concentrations
of 250, 750. and 2250 ppb in three replicates of 10 animals cach for 6 days. Ater 48 hours,
survival was 100, 100, 13, and 0 percent for the control 250-, 750-, and 2250-ppb treatments
(table 8, figure 8). By day 4. mortality at Cu concentrations greater than 250 ppb was
100 percent. At this time, control survival declined shghtly to 97 percent, and survival in
the 250-ppb treatmment Jecreased to Sl percent. By day O sumvival at-all Cu eoncentrations

was 0 percent; control survival reamained at 97 percent.

Juvenile worms were used in a comprehensive 4-day test during July 1981, TBTO
concentrations of 4, 10, 14, and 20 ppb were used with five replicates of 10 animals per
treatment. Weter samples were collected daily for TBTO measurements, To reduce the




amount of water withdrawn per tank and to provide a more representative sample, sub-
samples from cach tank were combined. Control survival was 100 percent for the entire

4 days, while juvenile worms in the 4-ppb TBTO treatment tanks had an 85 percent
survival rate. Survival in the 10-ppb treatment dropped to 57 percent after 2 days and

0 percent after 4 days. Similarly, juvenile worm survival in the 14-ppb treatment dropped
to 10 percent after 2 days and to 0 percent after 4 days. In tanks containing 20 ppb-TBTO.
juvenile worm survival was 0 percent after 2 days (table 9, figure 9).

As with all previous static bioassays, the concentration of TBTO in solution
decreased dramatically during the juvenile worm test (table 22). TBTO in the two low-
concentration during the 4-day test: the 4-ppb solution decreased to 2 ppb. the detection
limit of the analytical method. and the 10 ppb solution decreased to 5 ppb. After 4 days,
measurable TBTO decreased to 9 and 13 ppb in solutions originally prepared at 14 and
20 ppb respectively.

The estimated 96-hour L.C for adult V. arenaceodentata is close to 20.0-ppb
TBTO. For comparative purposes the Cu data show an estimated 96-hour 1.Cy, of
250.0 ppb. Similar tests conducted with juvenile N, arenaceodentara resulted in estimated
96-hour 1.C, values of 7.0-ppb TBTO.

METAMYSIDOPSIS ELONGATA (MYSIDS)

Since our previous dredge material bioassays had shown that mysids are highly
sensitive yet reliable test animals, mysid bioassays with TBTO were emphasized. We
conducted seven separate sets of tests with M. elongara at TBTO concentrations ranging
from 0.20 to 22.0 ppb. For comparative purposcs, one Cu experiment was run concurrently
with the second TBTO experiment. Cu concentrations ranged between 10.0 and 90.0 ppb.

Test #1: January 1981

In the first test, adult mysids were exposed to TBTO concentrations of 1.0, 3.0,
and 15.0 ppb in three replicates of 10 animals cach for 7 days. After 4 days. control survival
was 97 percent. Survival in the 1.0-. 3.0-C and [5.0-ppb TBTO treatments were 97, 83, and
0 percent respectively. Control survival remained at 97 percent through day 7: treatment
survival dropped to 93, 33, and 0 percent at 1.0-. 3.0-, and 15.0-ppb TBTO respectively
(tabie 10. figure 10). TBTO concentrations in seawater taken from the nominal 15.0-ppb
tanks were measured on days 1 and 4 of the test. The TBTO concentration in samples col-
lected on day | dropped to 9.0 ppb and declined to 4.0 ppb over the next 3 days (table 22).

Test #2: April 1981

The second series of tests with mysids consisted of Cu and organotin assessments
run concurrently. Nominal TBTO concentrations were 2.0, 10.0. and 14.0 ppb. Nominal Cu
concentrations were 10.0, 30.0, and 90.0 pph. Three replicates of 10 animals each were used
for cach treatment in addition to a set of controls.

Results of the TBTO study are presented in table 1 and figure 11. Control survival
was poor.dropping to 77 pereent after 4 days and to 47 percent the following day. Complete
mortality was observed in the 14.0-ppb TBTO treatment after 2 davs and in the 10.0-ppb
exposure after Y days. Survival at the lowest concentration of 2.0 ppb was 3 percent after
5 days. Chemical analyses of seawater samples taken from the nominal 14.0-ppb tanks on
day 4 indicated TBTO concentrations declined to 6 ppb. The TBTO concentration in the
nominal 10.0-ppb tanks dropped to 9.0 ppb after 4 davs (table 22).




One sct of mysid controls was used for hoth the Cu and TBTO tests started on
7 April 1981. Therefore, control survival for the Cu experiment was the same at 77 percent
after 4 days and 47 percent after 5 days. Survival in the 10.0-ppb Cu treatment was
77 percent after 4 days and 40 percent after the fifth day. Survival was 13 and 0 percent in
the 30.0- and 90.0-ppb Cu treatments respectively after 5 days (table 12, figure 12). The Cu
test was allowed to run for 7 days to determine the difference between the control and the
10-ppb treatment after a longer exposure period.

Test #3: July 1981

TBTO concentrations of 0.2, 1.0, 3.0. and 8.0 ppb were used in the third test with
adult mysids. The test was run for 4 days. There were five replicates per treatment, with the
number per replicate varying between 9 and 12. After 4 days. control survival was 86 percent
while treatment survival was 52, 12, 2, and 0 percent at (.2-, 1.0-, 3.0-, and 8.0-ppb TBTO
respectively (table 13, figure 13).

Test #4: November 1982

In this 6-day test, adult mysids were exposed to TBTO chemical reagents and
TBTO paint leachates at nominal concentrations of 0.25, 1.0, and 4.0 ppb with five repli-
cates of 10 animals each. TBTO solutions were prepared from the reagent as previously
described. TBTO leachate water was prepared by soaking pancls coated with SPC, an
organotin-based AF paint. in scawater. Unlike all previous tests, this was a static rencwal
experiment where dead animals were removed and fresh toxicant and seawater added daily.
Five replicates per treatment with 10 organisms per replicate were used. The same control
was used for both the reagent and leachate assessments. Control survival was very good,
dropping to 90 percent after 3 days and remaining there until the 6-day experiment was
terminated.

Mysids exposed to the two types of TBTO toxicant demonstrated similar reponses
in survival (tables 14 and 5, figures 14 and 15). After 4 days, survival of mysids exposed to
the TBTO rcagent was 86, 80, and 16 percent at the nominal (.25-, 1.0-, and 4.9-ppb treat-
ments respectively. After 6 days. treatment survival decreased to 80, 58. and 2 percent for
the same respective treatments. In the SPC leachate series, 4-day survival was 86, 82, and
20 percent at the 0.25-, 1.0-, and 4.0-ppb exposures respectively. After 6 days. treatment
survival decreased to 80. 58, and 2 percent for the same respective exposures.

There is no significant difference in survival at equivalent concentrations of
tributyltin whether introduced as the TBTO reagent or the SPC leachate after 144 hours
exposure. This suggests that for purposes of toxicity testing it apparently does not matter
whether the toxicant is added as the reagent or leachate. The concentration of TBTO
in solution was measured durtng the test for both the reagent and leachate treatments
(table 22). There was no decrease in concentration over time as observed in other tests
because the solutions were changed daily. Actual TBTO concentrations were generally
greater than the nominal values.

Test #5: February 1981

In February 1981, a 7-day test was run with juvenile mysids at TBTO concentra-
tions 1.0. 4.0, and 22.0 ppb with three replicates of 10 animals per treatment. Control
survival dropped to 96 percent after 2 days and remained there for the duration of the
7-day test. After 4 days, treatment survival was 37, 0, and 0 percent at 1.0, 4.0, and
22.0 ppb respectively. At 22.0 ppb. all the mysids died within 24 hours (table 16. figure 16).
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Test #6: June 1981

In Junc 1981, a 10-day test was run with subadult mysids at TBTO concentrations
of 1.0, 3.0. 4.0, and 11.0 ppb. There were 10 mysids per replicate and five replicates per
treatment. Control survival decreased to 98 percent on day 2 and remained stable through
day 4. Survival decreased again on day 7 to 94 percent and to 70 percent on day 10. In
the 1.0-ppb treatment tanks, survival remained at 90 percent through day 4, dropped to
78 percent after 7 days, and 52 percent after 10 days. In the 3.0- and 4.0-ppb treatments,
survival dropped rapidly to 8 and 0 percent respectively after oniy 4 days. The drop in
survival at the highest concentration was even more dramatic. At 11.0 ppb. all the mysids
died within 24 hours (table 17, figure 17).

Test #7: May 1983

In May 1983, a 4-day test was run with adult mysids and various concentrations
of monobutyltin, dibutyltin, and tributyltin to determine the relative toxicity of these
compounds. The concentrations tested were as follows: monobutyltin - 16.0, 161.0, and
809.0 ppb: dibutyltin -~ 2.0, 1.0, and 56.0 ppb: and tributyltin - .75, 1.5. and 6.0 ppb.
Five replicates of 10 to 11 animals were used for each treatment.

Survival values are given in table 18 and figures 18a. -b, and -c. The Mann-Whitney
U test (a = 0.05) was used to compare 4-day control survival to treatment survival. As the
highest concentration of cach treatment showed the fowest survival rates. data for these
treatments were used for statistical analysis. There was no statistically significant difference
in survival between control mysids and those exposed to 809 ppb-monobutyltin. However,
statistically significant differences were obtained when the controls were compared to the
56.0-ppb dibutyltin and 6.0-ppb tributyltin treatments. After obtaining these results, statis-
tics were also applied to data for the middle concentration of the di- and tributyltin treat-
ments. No statistically significant differences in survival were obtained when survival for
control mysids was compared to survival in cither the 11.0-ppb dibutyltin or the i.5-ppb
tributyltin treatments.

ACARTIA TONSA - COPEPODS

In February and March 1981. A ronsa were exposed to TBTO concentrations of
1.0, 3.0, and 15.0 ppb and Cu concentrations of 10.0. 50.0, and 250.0 ppb. Treatments
consisted of three replicates of 10 animals cach and controls. Copepods in all of the TBTO
treatment died within 24 hours. Approximately half of those in the 250-ppb Cu treatment
died within 24 hours. Although control survival was low in these carly copepod tests
(63 percent after 96 hours), the test still gave an carly indication that TBTO was at least an
order of magnitude more toxic than Cu to copepods (tables 19 and 20, figures 19 and 20).
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DISCUSSION

No definitive conclustons regarding the impact of organotin antifouling coatings
on the marine environment can be drawn from this carly work. except that bioavailable
organotins are significantly more toxic than bioavailable Cu to the species we tested. The
interpretation and environmental significance of organotin bioassays arc difficult, even
with state-of-the-art measurement techniques and bioassay procedures {Salazar, 1986).
That is why these carly data should be interpreted with extreme caution and used only for
comparative purposecs. Although absolute values presented here cannot be usea to predict
environmental impact, they can be used to group the test species based on relative toxicity.

Perhaps the most important aspect of this work was the lessons learned on the
design and conduct of organotin toxicity tests. For example, we found that both test
containers and test animals have the ability to remove organotins from test solutior  .nd,
therefore, afiect test concentrations. We also found that tributyltin can be intr~* _ed as
either chemical reagents or paint leachates with similar bioassay results. Fur'oor, we were
able to confirm that for mysids organotin toxicity is roughly proportic .0 the number
of butyl groups, i.c.. monobutyltin is less toxic than dibutyltin, whi ., less toxic than
tributyltin, It also demonstrated the need for field work to valid- .c laboratory results.

The difficulty in establishing environmental signific. .uce on 96-hour LCs, values
is clearly demonstrated in thesc studies. Even if the test concentrations were relatively
constant, as they were in the static renewal tests witl mysids, there are many problems with
96-hour tests. First, particularly noticeable in the pivalve data, is the very high no-effect
level. Studies with clams did not reveal much cxcept that it was necessary to increase ¢ ,0-
sure time beyond 96 hours to observe an effect. This may be attributed to insensitiv’ . in
clams. their ability to clase and “physinlagically shut down™ for extended periods .. time.
and their ability to avoid toxic efferts by sequestering contaminants. Further.  ien most of
these tests were conducted in I ., chemical measurement techniques were  .sophisticated
i w0l evenl upelin®le Fo wiw Lhie bigavailat I'|J'Iy avil ey virdipent 4 sipaificaror of
organotin measurements ar uancertain (Salazar, 1986). These factors p  at to the futility of
using 96-hour LCy, da' predict environmental impact or establis’ regulatory criteria,
particularly with biv:

We could ceutately rank the relative scisitivity of uc five test spetics to
TBTO given the recise nature of the results. In almost ¢© y experiment where TBTO
was measured. actual concentration of TBTO in the t . containers decreased by
SO percamt vr e Juring the Tiret J days and as nraed, as 00 perciemt or rrore # U ve pesy

extended b+~ .d 10 days. Relative sensitivities and [.Cgys cannot be determined with
confiden . \ .en the test concentrations are const 1itly changing. The species tested fell

into 1w aeral groups, The lirst proup consist ol clams, mussels, fish, and worms
with : oximate 4- to 14-day 1.Cqys between - and 30-ppb TBTO. The second group
cor 4 of mysids and copepods with appr .mate 4- to 6-day 1.C4ys between 1- and

? BTO.

Estirnated LG <
Jthough the estimated LCqys derived  om this work (table B) are not precise, they show
that TBT'O is significantly more toxi-  han Cu, in most cases about [0 times more toxic.
These data demonstrate that organe (n AF coatings have the potential for more of an
impact on the marine environmen' than Cu AF coatings but they cannot be used to predict
the actual impact. Further, it should be remembered that all of these bioassays were
performed under laboratory conditions and that natural physical, chemical, and biological
processes could produce different results in the field. Therefore, even these relative toxicity
comparisons should be cautiously interpreted. {

w were tsed to Jde. - Mo ihe relative llll".';-'.l"' af |""g«',-'.'. i i-uﬁ; an
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Mussels exhibited greater sensitivity to TBTO than clams. The best estimate of a
10-aay LCs, for M. edulis. based upon results of this study, is near 8.0-ppb TBTO. Again,
this value reflects decrcasing concentrations of TBTO over time. Experiments conducted
during 1983 and 1984 (Valkirs. ct al.. 1985a) assessing the cffects of chronic TBT exposure
on mussels have indicated a 66-day L.Cs, near 1.0 ppb. These findings coincide with our
carlier work in that TBT is highly toxic with LC¢, values in the low ppb range. A 66-day
LLCs, for mussels has been estimated at 0.97-ppb TBT using probit analysis (Valkirs et al.,
1985a). Even though it is difficult to compare results of different test durations, and their
results were questionable due to nutritionally stressed animals and significantly fluctuating
organotin concentrations, their data gencrally agree with our orginal estimate of less that -
[5-ppb TBTO for a 14-day LCg,. ‘

Valkirs (1982) reports a 70-day 1.C,, of approximately 1.38-ppb TBT for C. srig- .
maeus maintained under flowthrough conditions. This is also in general agreement with ]
our original estimate of a ¢-day L.Csy of less than 19-ppb TBTO.

More tests were ccnducted with mysids than any other animal. We fecl they are the
most sensitive and reliable test animal we have used. The best available data on toxicity of
TBTO to adult M. elongata were obtained from a static-renewal test conducted in 1982,
The results of the static-rencwal test are the most reliable presented here because test solu-
tions were changed daily over the {irst 4 days and the toxicant concentration was fairly
constant. Unfortunately. the water was not changed on days 4 or 5. This was designed to be ;
a 4-day test, but when survival remained high after 4 days. it was decided to continue the 4
experiment. Even without water changes and without feeding on day 5. control survival i
remained at 90 percent on day 6. Although the latter part of the experiment can be ques-
tioned, the 6-day LCy, for this mysid is probably very close to 1.0-ppb TBTO. Further, it
was shown conclusively for this particular species that it makes no difference whether the
toxicant is added as TBTO chemical or paint lcachate. The static-renewal test also provided
the best available estimate of acute toxicity of TBTO to adult mysids. ]

We believe that mysids arc the most appropriate and sensitive test animal we have
used for organotin bioassays. cven though in the carly organotin tests with M. elorigata
we experienced some variability. This variability was attributed to using field-caught
animals, improving animal handling and maintenance techniques, and more sensitive and
repeatable chemical measurements. Although later work would confirm that our original
96-hour 1.Cy, estimate of 2-ppb TBTO was reasonable for mysids. a true comparison
cannot be made for two reasons. First, we used M. elongara in toxicity studies until 1983,
when we selected Acanthomysis sculpta for such studies. A. sculpia was used because it was
casier to collect, maintain, and count. In addition. it could be used with the flowthrough i
bioassay system developed in 1982, Second. chemical measurement techniques continued to %
improve resulting in more reliable organotin determinations. Therefore. we cannot make
direct comparisons between these different test conditions. These data should only be used

as a guide,

The copepod. A. ronsa, was the most sensitive animal we tested: however, it was
also the most variable. As mentioned previously, the copepod data are the least reliable of
all because there is significant natural variability in field-caught animals and our mainte-
nance techniques were still being developed. Even with low control survival. the first test
conducted in 1981 showed that copepods were very sensitive to TBTO and that the 96-hour
I.C4, was probably less than 1.0 ppb. This is in agreement with the 96-hr L.Cs, of 1.0 ppb
reported by U'Ren (1983). For comparative purposes, the 96-hour 1.C for Cu was near
10.0 ppb.




The loss of organotin from solution due to adsorption was a severe problem
throughout these studies. Our rescarch on the adsorptive properties of various materials
indicated polycarbonate and high quality glass, such as Pyrex, were relatively nonadsorp-
tive (Dooley and Homer, 1983), while the standard glass aquaria used in the first tests with
clams and mussels were highly adsorptive. Chemical analyses made on secawater from the
clam and mussel tests collected at 24 and 96 hours indicated losses up to 50 and 90 percent
respectively. We replaced all test aquaria with one-picce molded polycarbonate tanks for
subsequent organotin toxicity tests. Pyrex beakers were used for copepods because they
required smaller volumes of test solution. In addition to glassware adsorbing the toxicant,
the animals themselves have the capability of decreasing available organotin. Results indi-
cate that mussels were responsible for uptake of nearly 45 percent of the available organo-

. tin. However, it is not known what portion of this 45 percent was adsorbed on the shell
material or what portion was bioaccumulated in the tissues of the animals. It is clear, how-
: ever, that there was a significant loss of TBTO from solution duc to uptake by animals and ;
the glass tanks. ﬂ

One of the most important findings of the early toxicity tests on the acute effects
of (bis)tributyltin oxide on marine organisms was that organotins were about an order of
magnitude raore toxic than Cu to the specices tested. Our initial reaction was that this
compound was so toxic additional work would only confirm that TBTO should not be
used as the active ingredient in antifouling paints. As the work progressed, however, that
conclusion became less certain. We could not accurately rank the sensitivity of test species
but only group them into resistant and sensitive categories. In the first group with 96-hour
LCq, roughly between 15- and 30-ppb TBTO are Protothaca staminea, Mytilus edulis,
\ Citharichthys Stigmaeus, and Neanthes arenaceodentata. In the second group with 96-hour
: LCy, roughly between I-and 2-ppb TBTO arc Meramysidopsis elongata and Acartia tonsa.

ki,

Other important results included significant findings on the design and conduct

of laboratory toxicity tests with TBTO. Mysid tests demonstrated that tributyltin can be

introduced as either the chemical reagent or leachate with similar results. This finding was

crucial to our decision to switch to leachate testing for future {lowthrough experiments

: with mysids (Salazar and Salazar, 1985; Davidson et al., 1986; Valkirs et al., 19¢7), PETS
experiments (Salazar ct al., 1987: Henderson, 1986), and our current field-dosing experi-
ment. It provided a much cheaper and casier method of introducing TBTO toxicants to test
systems. Equally important was the finding that both test containers and test animals can
uptake organotins from solution. Further, the quality and type of test container materials

¢ greatly influences adsorption. Based on mysid tests. organotin toxicity appears roughly

: proportional to the number of butyl groups present, i.c., toxicity can be ranked as follows:

monobutyltin < dibutyltin <tributyltin,

Our most significant finding was that these results did not appear meaningful

F - in an environmental perspective. The authors’ frustration with lack of meaningful results
led to development of new laboratory techniques for TBTO testing that included static
renewal and flowthrough approaches with and without sediment. It also encouraged the
development of flowthrough microcosm testing and ficld-dosing experiments using TBTO
leachates. In addition, these carly acute studies led us from the laboratory to the field
where we have studied the effects of TBTO on mussel growth under natural conditions.
Field assessment and validation studies are essential to environmental prediction of TBTO
effects, as current ficld studics suggest laboratory studies alone may not accurately predict
environmental impacts.




SUMMARY AND CONCLUSIONS

. Organotins were significantly more toxic than Cu to all of the species we
tested by about a factor of 10.

2. We were not able to rank the sensitivity of test species with confidence but
were able to group them into resistant and sensitive categories. In the first group with
96-hour LCg,s roughly between 15- and 30-ppb TBTO are Prorothaca staminea, Mytilus
edulis, Citharichthys stigmmaeus, and Neanthes arenaceodentara. In the second group with
96-hour 1.Csys roughly between 1-and 2-ppb TBTO are Metamysidopsis elongata and
Acartia tonsa.

3. Intoxicity tests, tributyltin can be introduced as either the chemical reagent or
as a component of the paint leachate and still vield similar effects.

4. Both the test container and animals can uptake organotins from solution. The
qualand type of test container materials greatly influences adsorption.

5. Based on mysid tests. organotin toxicity appears roughly proportional to the
number of butyl groups present, i.c.. monobutyltin is less toxic than dibutyltin which is less
toxic than tributyltin.




Table 1. Survival of Myrilus edulis (mussels) exposed
to TBTO (14 January 1981). TBTO concentrations were
measured by GF-AAS analysis.

Time (Days)

] 2 3 4 7 10
Treatment Replicate

Control ! 10 10 10 10 10 10
2 10 10 10 10 10 10

3 10 10 10 10 ] 109

100 1000 1000 100C¢ 1007 100¢

3.0 ppb I 10 10 10 10 10 10
2 10 10 10 10 10 10

3 10 10 10 10 1 10

100 1000 100¢ 1007, 100C 1007

15.0 ppb I 10 10 8 8 6 3
2 10 10 9 9 6 6

3 10 9 8 7 6 6

100¢ 97¢  83¢, 80T 60C 506

76.0 ppb | 10 5 3 ! 0 0
D 10 Y 2 | 0 0

3 10 10 4 1 0 0

[0oc  8OCe 336 10 0% 0¢;
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Figure 1. Survival of mussels exposed to TBTO for 10 days in January
1981.
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Table 2. Survival of Protothaca staminea (clams) exposed
to TBTO (14 January 1981). TBTO concentrations were
mcasured by GF-AAS analysis.

Time (Days)

0 2 3 4 7 10

Treatment Replicate

) Control | 10 10 10 10 10 10
10 10 10 10 10 10
3 10 ] 10 10 10 10

100 1007 1005 100¢¢  100% 100
3.0 ppb I 10 10 10 10 10 10
2 10 10 10 10 10 9
3 10 10 10 10 10 10

L00C 1000 100C 100 1006 97¢%
15.0 ppb ! 10 10 1o 10 10 10
10 10 10 10 10 10
3 10 10 10 10 10 10

100¢100¢ 100 1000 1007 100
76.0 ppb 1 10 i0 0 10 9 6
2 10 10 10 10 10 8
3 10 10 10 10 10 10

100 10007 1000 1009 97¢;  8OY
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Figure 2. Survival of clams zxposed to TBTO for 10 days in January
1981.




Table 3. Survival of Protothaca staminea (clams) exposed to TBTO (7 April
1981). TBTO concentrations were measured by GF-AAS analysis.

Time (Days)

4
Treatment Replicate
Control 10 10 10 10 10 10 10

10) 10 10 10 10 10 10
10 10 10 10 10 9 9

100¢ 10007 1000 100c: 1000 97¢

40.0 ppb 10 10 10 1010
10 1w 10 10 10
10 10 10 10 8

P

100C 1009 100¢ 1007 1009

119.0 ppb 10 10 10 10 10
10 10 10 10 10
10 10 10 10 10

1004 1005 1007 1007 100

271.0 ppb 10 10 10 10 10
10 10 10 10 10
10 10 10 10 10

100C 1005 1000 1007 1004
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Figure 3. Survival of clams exposed to TBTO for 13 days in April 1981.




Table 4. Survival of Protothaca staminea (clams) exposed to copper (6 April

1981). Copper concentrations were theoretical.

Treatment

Control

250 ppb

750 ppb

2250 ppb

Replicate

) —

‘D =

Time (Days)

0 l 2 3 5 7 9 10 14
10 10 10 10 10 10 10 10 10
10 10 10 10 10 10 10 10 10
10 10 10 10 10 9 9 9 9
100G 100C 1006 1009 1009  97% 97% 97% 97%
10 10 10 10 10 & & 7 5
10 10 10 10 10 9 8 7 6
10 10 10 10 10 9 9 9 5
100% 100% 1000 1009 1000 87% 839 77% 53%
10 10 10 10 9 5 5 5 4
10 10 9 9 9 8 7 6 2
10 10 9 9 9 7 7 6 6
100S 1009  97% 97¢ 90C¢ 67% 63 576 40%
10 10 10 9 9 5 5 3 5
10 10 10 10 10 6 5 5 !
10 10 10 10 10 9 9 8 2
100 100 100 97¢  97¢¢  67%% 630 600 27%
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Figure 4. Survival of clams exposed to copper for 14 days in April 1981.
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Table 5. Survival of Citharichthys stigmaeus (fish) exposed to TBTO (6 April 1981).
TBTO concentrations were measured by GE-AAS analysis.

Time (Days)

0 I 2 3 4 5 7 9 10 14
Treatment Replicate

Control I 10 9 9 9 6 6 6 6 6 6
10 10 10 10 10 10 10 10 10 10
3 10 9 9 9 8 8 7 7 7 5

100%  67¢0 97¢  97¢¢ 80 80T T7%  T7% 779 70%
3.0 ppb | 10 10 10 9 9 9 9 9 9 5
2 10 10 8 8 8 8 8 8 8 8
3 10 10 9 9 9 4 7 7 7 5

1000 100 90¢  K7¢; 870 83¢¢ 80T 809 80T  60%
19.0 ppb | 10 10 8 7 7 7 6 6 6 5
10 10 7 4 2 2 2 2 2 2
3 10 10 6 6 6 6 6 6 6 6

100 100¢¢  70C  57¢¢  S0¢ S0¢; 470 470 47¢ 43¢
123.0 ppb ! 10 10 0 0 0 0 0 0 0 0
2 10 10 0 0 0 0 0 0 0 0
3 10 10 0 0 0 ] 0 0 0 0

100 100¢ 0ce 0 06 0¢; 0¢¢ 0% 0C¢ 0%
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Figure 5. Survival of fish exposed to TBTO for 14 days in April 1981.




Table 6. Survival of Citharichthys stigmueus (fish) exposed to copper (6 April 1981).
Copper concentrations were theoretical.

Time (Days)

0 I 2 3 4 5 7 9 10 14
Treatment Replicate
Control ! 10 9 9 9 6 6 6 6 6 6
2 10 10 10 10 10 10 10 10 10 10
- 3 10 9 9 9 8 8 7 7 7 5
100%  97¢%  97%  97C  BOS  80C  TI0 T7%  T7%  10%
250.0 ppb | 10 7 7 7 6 5 4 3 2 l
2 10 4 3 3 3 3 3 3 3 2
3 10 9 7 5 5 5 4 4 4 4
1000 670 57¢  50¢¢  47¢¢ 43¢ 370 33 309 23%
750.0 ppb 10 6 S 5 4 4 4 2 1 0

2250.0 ppb
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Figure 6. Survival of fish exposed to copper for 14 days in April 1981.




Table 7. Survival of adult Neanthes arenaceodentara
(worms) exposed to TBTO (7 April 1981). TBTO
concentrations were measured by GF-AAS analysis.

Treatment

Control

10.0 ppb

(Nominal)

35.0 ppb

150.0 ppb

Replicate
l

-l b —

' ) —

Time (Days)

0 I 2 3 4 6
10 10 10 10 10 10
10 10 10 10 9 9
10 10 10 10 10 10
100¢t 1009 100% 1009 97%  97%
10 10 10 10 10 10
10 10 9 9 9 9
10 10 10 10 10 9
100% 1000 970 97% 977 93%
10 10 5 0 0 0
10 10 3 0 0 0
10 9 0 0 0 0
1009 97%  27% 0% 0% 0%
10 0 0 0 0 0
10 0 0 0 0 0
10 0 0 0 0 0
100¢¢ 0% 0% 0¢¢ 0c 0%
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Figure 7. Survivai of worms exposed to TBTO for 6 days in April 1981.




Table 8. Survival of adult Neanthes arenaceodentata
(worms) exposed to copper (7 January 1981). Copper
concentrations were theoretical.

Time (Days)
’ o 12 3 4 6
Treatment Replicate
- Control ! 10 10 10 10 10 10
10 10 10 10 9 9
3 10 10 10 10 10 10
1000 1009% 1009% 100¢  97% 97¢
250.0 ppb ! 10 10 10 9 8 0
10 10 10 9 6 0
3 10 10 10 8 4 0
100% 1009% 1009%  87¢ 60¢ 00
750.0 ppb ! 10 10 0 U 0 0
10 10 4 0 0 0
3 10 10 0 0 0 0
100 1009 13% 06 0% 0%
2250.0 ppb 0w 0 0 0 0 0

|
2 10 0 0 0 0 0
3 10 l 0 0 0 0

1o 3% 0% 0% 0% 0%
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Figure 8. Survival of worms exposed to copper for 6 days in April 1981.




Table 9. Survival of juvenile Neanthes arenaceodentaia
(worms) exposed to TBTO (27 July 1981). TBTO concen-
trations were measured by GF-AAS analysis. Number of
worms per treatment is given in parentheses (n).

Time (Days)

0 ! 2 3 4
Treatment Replicate

Control ! 10 10 10 10 10
2 10 10 10 10 10
3 10 10 10 10 10
4 10 10 10 10 10
5 10 10 10 10 10

100S¢  100C 1009 100 1009%
4.0 ppb ! 1 11 I 10 7
(52) 2 10 10 10 10 10
3 10 10 10 10 9
4 10 9 9 9 8
5 [ Il I I 10

100¢ 98¢  98¢;  96C; 85%
10.0 ppb ! 10 10 9 5 0
(51 2 I I 4 0 0
3 10 10 6 2 0
4 10 ] 0 1 0
5 10 9 5 0 0

100c  94¢ 570 165 0
14.0 ppb I 10 10 0 0 0
(50) 2 10 9 0 0 0
3 10 10 l 0
4 1y 10 3 0 0
5 10 9 0 0 0

1006 98¢ 10 26 0¢;
20.0 ppb I 10 8 ] 0 0
(50) 2 10 9 0 0 0
3 10 7 0 0 0
4 10 9 0 0 0
S 10 9 (} 0 0

1000 84Ce 0C0 00 00
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} Figure 9. Survival of juvenite worms exposed to TBTO for 4 days in July 1981.
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Table 10. Survival of adult Metamysidopsis elongara
(mysids) exposed to TBTO (12 January 1981). TBTO
concentrations were measured by GF-AAS analysis.

Treatment

Control

1.0 7pb

3.0 ppb

15.0 ppb

Time (Days)

3 4 7
10 10 10
10 10 10
9 9 9

97% 97¢%  97%

9 9 9
10 10 10
10 10 9

‘w o —

97%  97% 93Y%

10 7 0
10 9 4
10 9 6

~ B —
N o=

1009 B3¢ 1339

| 0 0
0 0 0
0 0 0

3% 0% 0%
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Table 11. Survival of adult Metamysidopsis elongata
(mydids) exposed to TBTO (7 April 1981). TBTO
concentrations were nominal,

Treatment

Control

2.0 ppb

10.0 ppb

14.0 ppb

Replicate

]
2
3

‘o U)o

-t 1 —

Time (Days)

0 | 2 k! 4 5
10 10 9 9 8 3
10 10 10 9 8 7
10 10 9 7 7 4
100G 1009, 930 830  77%  47%
10 10 7 3 0 0
10 10 8 2 I I
10 10 6 4 3 0
100% 100% 709 300 179 3¢
10 7 ] 0 0 0
10 9 1 0 0 0
10 7 2 0 0 0
1000 77¢;  13¢% 0%; 0% 0%
10 i 0 0 0 0
10 2 0 0 0 0
10 2 0 0 0 0
10oc;  17% 0% 0% 0% 0Y%
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Figure 11. Survival of mysids exposed to TBTO for 5 days in April 1981.
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Table 12. Survival of adult Meramysidopsis elongata (mysids)
exposed to copper (7 April 1981). Copper concentrations were

theoretical.
Time (Days)
< 0 1 2 3 4 5 7
Treatment Replicate
o Control ! 10 10 9 9 8 3 |
10 10 10 9 8 7 0
3 10 10 9 7 7 4 ]
100% 1009 93¢ 83% 77% 47% 7%
10.0 ppb | 0 10 9 8§ & 4 0 1
10 10 8 8 8 6 0
3 10 10 9 7 7 2 0
1
1006 100%  87¢%  77% 776 409% 0% 3
30.0 ppb ! 10 10 8 4 2 2 2
10 10 8 2 0 0 1
3 10 9 8 2 2 2 0
1009 97% 80% 279 13% 134 10%
90.0 ppb | 10 7 | 0 0 0 0
10 6 5 2 0 0 0
3 10 S 3 ] | 0 0
100% 60% 30 106 3% 0% 09
i
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Figure 12. Survival of mysids exposed to copper for 7 days in April 1981.
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Table 13. Survival of adult Metamysidopsis elongaia
(mysids) exposed to TBTO (27 July 1981). TBTO
concentrations were measured by GF-AAS analysis.
Number of mysids per treatment is given in paren-
theses (n).
Time (Days)
' o 12 3 4
Treatment Replicate
- Control 1 9 9 9 8 8
(56) 2 12 12 12 12 9
3 2 12 12 12 11
4 10 10 10 10
5 12 12 11 1 10
100 98¢ 968 950;  86¢
<0.2 ppb ! 10 8 8 7 4
(54) 2 H 9 9 9 6
3 10 9 9 8 6
4 11 10 8 6 4
5 12 N 1 8 8
1009 870 830 700 52(¢
1.0 ppb ! 10 9 73 0
(52) 2 11 10 8 4 |
3 10 10 8 3 2
4 10 10 8 3 2
5 1 10 7 2 |
100 9400 736, 29¢;  12¢¢
3.0 ppb ! 9 7 2 ! 0
{50} 2 10 8 5 0 0
3 10 7 4 ! |
4 10 9 3 0 0
5 I 0 ] 0 0
100¢¢ 620 280 4¢¢ 20
8.0 ppb 1 9 0 0 0 0
(50) 2 10 2 0 0 0
3 10 | (0 0 0
4 10 () () 0 0
5 B! | ( 0 0
000 8¢ 00 060G
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Figure 13. Survival of mysids exposed to TBTO for 4 days in July 1981.
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Table 14. Survival of adult Metamysidopsis elongata
(mysids) exposed to TBTO under static-renewal conditions
(16 November 1981). TBTO concentrations were nominal,

Time (Days)

. 0 | 2 3 4 6
Treatment Replicate

. Control | 10 10 9 8 8 8

2 10 10 10 10 10 10

3 10 9 9 9 9 9

4 ] 10 10 10 10 10

5 10 9 9 8 8 8

1009 96C; 949 909  90% 90%

0.25 ppb ! 10 10 10 10 10 10
2 10 8 6 6 6 5
3 0 10 9 9 8 8
4 0 10 9 9 9 9
5 o 10 10 10 10 8
100% 96C; 88% 88G  86C; 80G
1.0 ppb [ 10 9 9 9 g 3
= 2 0 10 10 10 10 9
" 3 10 9 8 8 8 8
; 4 o 10 10 10 7 2
5 0 10 9 77 6
1000 96C; 920, 8RG;  BOO 56
4.0 ppb [ 10 8 6 4 1 0
2 10 10 8 6 2 |
3 10 8 6 3 20
¥ 4 10 9 4 20 0
5 10 9 6 4 0

1000 8RO 6000 38 16% 26
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Figure 14. Survival of mysids exposed to TBTO under static-renewal
conditions for 6 days in November 1982.




Table 15. Survival of adult Metamysidopsis elongata
(mysids) exposed to SPC-leachate under static-rencewal
conditions (16 November 1982). SPC-leachate concen-
trations were nominal.

Time (Days)

2 3

Treatment Replicate

Control 10 10 9
10 10 10
10 10 10
1o 9 9
10 9 9

100% 969 9407  90% 900  90%

10
10
10
10
10

100C 940 900 860 860  80Y%

10 9 9 9
10 9 6
10 10 10
10 10 10
10 8 6

1000 96% 92¢; 920 820

10
10
10
10
10

1000 94¢¢ B3¢
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Figure 15. Survival of mysids exposed to SPC-leachate for 6 days in
November 1982.




Table 16. Survival of juvenile Metamysidopsis elongata
(mysids) exposed to TBTO (10 February 1981). TBTO
concentrations were measured by GF-AAS analysis.

Time (Days)
S 0 l 2 3 4 7
Treatment Replicate
_ Control I 9 9 8 8 8 8
2 9 9 9 9 9 9
3 9 9 9 9 9 9
1000; 100% 969 960 960 96T
1.0 ppb ! 9 9 9 6 2 2
9 9 9 5 4 I
3 9 9 8 5 4 3
100G 100 96% 59% 37% 229 jﬂ
4.0 ppb | 9 5 4 0 0 0 j
2 9 4 ! 0 0 0 ;
3 9 5 3 0 0 0

1009  52% 309% 0% 0% 0%
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Figure 16. Survival of juvenile mysids exposed to TBTO for 7 days in
February 1981.
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TFable 17. Survival of subadult Meramysidopsis elongata (worms) exposed
to TBTO (I June 1981). TBTO concentrations were measured by GF-AAS

analysis.
Time (Days)
S 0 ! 2 3 4 7 8 9 10
Treatment Replicate
. Control 1 10 10 10 10 10 10 8 7 6
2 10 10 10 10 10 10 7 7 7
3 10 10 10 10 10 10 9 8 8
4 26 10 9 9 9 7 7 7 6
5 10 10 10 10 10 10 10 9 8
1006 100% 98¢ 98¢ 98G 949  B2G  76% 709%
1.0 ppb 1 10 9 9 8 7 7 7 7 7
2 10 10 10 10 9 6 6 6 6
3 10 10 10 10 [0 8 8 8 8
4 10 10 10 9 9 8 5 2 1
5 10 10 10 10 10 10 5 4 4

11.0 ppb
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Figure 17. Survival of subadult mysids exposed to TBTO for 10 days in
June 1981.
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Table 18. Survival of Metamysidopsis elongata (mysids) exposed
to monobutyl-, dibutyl-, and tributyltin (17 May 1983). Butyltin
concentrations were measured by GF-AAS analysis.

Time (Days)

- 0 ! 2 3 4
Treatment Replicate

Control | 11 10 7 7 7

2 11 1 11 10 8

3 10 9 9 9 6

4 10 10 10 10 9

5 10 10 10 9 7

]

1009 96% 90% 86.5¢ 716

i MBTCL | 10 10 9 8 7
16 ppb 2 10 10 10 9 6
3 10 10 10 10 7

4 10 10 10 8 6 1

5 10 10 9 8 5 ;

1000 100¢ 96C¢ 86C¢ 620 h
MBTCL | 11 10 8 8 6
161 ppb 2 3 9 9 8 6
3 10 9 9 8 6
4 10 10 10 9 7
5 10 10 10 9 8

1004 940¢ 90¢, 820 650C¢
4l
: MBTCL. ] 10 10 10 10 6
809 ppb 2 9 9 9 9 7
g 3 10 10 10 10 10
4 10 10 9 9 6
5 10 10 10 7 4
100 100¢¢ 98¢ 92¢; 67C¢
&
. ]
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Table 18. Survival of Metamysidopsis elongata (mysids) exposed
to monobutyl-, dibutyl-, and tributyitin (17 May 1983). Butyltin
a concentrations were measured by GF-AAS analysis (continued).

Time (Days)

0 I 2 3 4
Treatment Replicate -
Control ! Il 10 7 7 7
2 11 i 11 10 8
3 10 9 9 9 6
4 10 10 10 10 9
5 10 10 10 9 7
100 9607 90%¢ 86.5% 719%
TBTCL | 10 10 9 9 8
0.75 ppb 2 10 10 10 9 5
3 10 10 10 6 3
4 10 10 10 bt 9
5 12 12 12 H 8
100ce 100 98¢ 84¢; 609 ;
TBTCL | 11 1 I 10 9
[.5 ppb & 14 14 14 14 M
3 10 10 10 9 8
4 il I 10 10 7
5 12 12 11 8 8
100 100¢¢ 96.5¢% 88C¢ 746
TBTCL | 13 12 11 4 1
6.0 ppb 2 I 10 7 3 2
K 12 12 9 6 3
4 14 i4 14 6 3
5 13 9 5 5 3

1004 90¢¢ 736 8% 19¢
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Table 18. Survival of Metamysidopsis elongata (mysids) exposed
to monobutyl-, dibutyl-, and tributyltin (17 May 1983). Butyltin
concentrations were measured by GF-AAS analysis (continued).

Time (Days)
A 0 [ 2 3 4
Treatment Replicate
Control 1 Il 10 7 7 7
. 2 1 1 1 10 8
3 10 9 9 9 6
4 10 10 10 10 9
5 10 10 10 9 7
: 100%  96G;  90%  86.59 719
DBTCL I 10 10 10 10 8
2 ppb 2 10 9 9 8 3
3 10 10 9 9 6
4 10 10 10 10 10
, 5 10 10 10 9 9
100% 980 969  920¢ 729 :
DBTCL ! 10 10 10 10 9
Il ppb 2 10 9 9 7 6 1
3 10 10 10 10 7
4 10 9 9 8 6
5 10 10 9 9 6
1005 966 94%  88%  68Y :
]
DBT L 1 10 10 9 7 4
56 ppb 2 10 10 8 7 I
3 10 10 8 3 1
4 10 10 10 9 5
5 10 10 10 9 5
. ) 100 100%  90¢% 700 329
H A
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Figure 18a. Survival of mysids
exposed to monabutyitin in
May 1983.

Figure 18b. Survival of mysids
exposed to dibutyltin in
May 1983.

Figure 18c. Survival of mysids
exposed to tributyltin in
May 1983.




Table 19, Survival of Acartia tonsa (copepods) exposed
to TBTO (30 March 1981). TBTO concentrations were
nominal,

Time (Days)

2

Trecatment Replicate

Control |
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Figure 19. Survival of copepods exposed to TBTO for 4 days in March 1981.
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Table 20. Survival of Acartia tonsa (copepods) exposed
to copper (30 March 1981). Copper concentrations were
nominal.

Treatment

Control

10.0 ppb

50.0 ppb

250.0 ppb

Replicate
1

s B —

Time (Days)

0 1 & 3 4
10 9 8 6 6
10 9 7 5 5
10 9 9 9 8
1009 90t 809 660 63%
10 8 7 7 4
10 8 6 6 3
10 8 6 6 4
100%  80%  63% 63% 36%
10 9 7 7 3
10 6 4 3 3
10 8 6 2 2
1009 769 569 460 269
10 4 ! 0 0
10 5 | l 0
10 7 ! 0 0
100¢; 53¢ 10% 3% 0%
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Figure 20. Survival of copepods exposed to copper for 4 days in March 1981.
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Table 21. Experimental conditions used for the various organotin tests.

Concentration of Tunk Static Duration # #
Toxicant (pph) Size S-Renewal (Days) Ied Rep  Reps
P. staminea
TBTO (1/81) k! 15 76 16 1. Static 10 No 10 3
- TBTO (4 81) 40 19 271 16 1. Static 13 No 10 3
Copper (4/81) 250 750 2250 16 1. Static 14 No 10 3
0 M. edulis
TBTO (1, 81) 3 15 76 161. Static 10 No 10 3
LY
C. stigmacus
TBTO (4,81) 3 19 123 16 L Static 14 No 10 3
Copper (4/81) 250 750 2250 16 L Static 14 No 10 3
N. arenaceodentata
TBTO (4/81) 10 15 150 IL Static 6 No 10 3
Copper (4/81) 250 750 2250 1L Static 6 No 10 g
TBTO (7, 81) 4 10 14 20 1L Static 6 No 10 5
M. elongata
TBTO (1/81) 1 k! 14 I L Static 7 Yes 10 3
TBTO (4/81) 2 10 14 i L Static 5 Yes 10 3
Copper (4/81) 10 30 90 I L Static 7 Yes 10 3
TBTO (7/81) 0.2 | 3 8 I L Static 4 Yes 10- 12 5
TBTO (11 81) 0.25 1 4 I L S-Renewal 6 Yes 10 5
SPC(11/81) 0.25 1 4 I L S-Renewal 6 Yes 10 S
TBTO (2/81)* | 4 22 I L Static 7 Yes 9 3
TBTO (6 81)* ] 3 4 {1 [ Static 10 Yes 10 5
MBTCL. (5/83) 16 160 809 IL Static 4 Yes 10 11 5
DBTCL (5/83) 2 11 56 I L Static 4 Yes 10- 11 5 ;
Y TBTCL (5 83) 0.75 1.5 6.0 I L Static 4 Yes 10-11 5 ]
A. tonsa
TBTO (3 81) | 3 15 400 ml Static 4 No 10 3
Copper (3 81) 10 50 250 400 mi Static 4 No 10 3

*Subadults or juveniles used.
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Table 22. Summary of organotin measurement data. Concentrations arc in ppb.

Test Nominal Time of Mcasurecment (Days)
Organism Date Concentration 0 1 2 3 4
Clam 1/81 40.0 2.0

119.0 59.0 45.0 45.0 20.0
271.0 105.0
Mussel 1/81 15.0 13.0 4.0
76.0 52.0 8.0
Blank 15.0 8.0
76.0 39.0
Fish 4/81 3.0 ND*
19.0 14.0 2.0 ND*
123.0 12.0
Worm 4/81 35.0 18.0 31.0 25.0 7.9
150.0 80.0
Juvenile 7/81 4.0 4.0 4.0 2.0 2.0
Worm 10.0 11.0 10.0 6.0 5.0
14.0 15.0 14.0 9.0 9.0
20.0 17.0 15.0 13.0
Mysid 1/81 15.0 9.0 4.0
Mysid 4/81 4.0
10.0 9.0
14.0 1.0 12.0 6.0
Mysid 11,82 0.25 0.3 0.2
1.0 1.7 2.5 2.2 1.6
4.0 4.5 4.7 4.8 4.8
Mysid - 11/82 0.25 0.3 0.2
SPC test 1.0 1.6 2.9 2.4 2.0
4.0 4.2 5.1 4.4 5.2

*ND = Nondetectable by analytical method used.
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APPENDIX A

EFFECTS OF ORGANOTINS ON ORGANISMS:
A LITERATURE SURVEY

A-1




ABBREVIATIONS USED IN APPENDIX 1

gTCl Butyltin chloride
DBTC?3 Dibutyltin chloride
DETCl2 Diethyltin chloride
DMTCL Dimethyltin chloride
DPTCl2 Diphenyltin chloride
MTCl3 Methyltin chloride
PTCl3 Phenyltin chloride
1BT- Tributyltin

T8TA Tributyltin acetate
1878 Tributyltin benzoate
TBTCL Tributyltin chloride
IBTF Tributyltin fluoride
T87L Tributyltin laurate
TBTH Tributyltin methyl
1870 Tributyltin oxide
TBTOL Tributyltin oleate
TETO Triethyltin oxide
TETCL Triethyltin chloride
TETS Triethyltin sulfate
TMTCL Trimethyltin chloride
TMTO Trimethyltin oxide
TPTA Triphenyltin acetate
TPTCL Triphenyltin chloride
TPTF Triphenyltin fluoride
TPTO Triphenyltin oxide

TPTOH Triphenyltin hydroxide
TPr7CL  Tripropyltin chloride
TPr10 Tripropyltin oxide
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