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ricutyltin comoounds were shown to be slow-acting toxins causing acute

. ) ) . -1
toxicity to twd amghinodg cpecies at concentrations as low as 10 pg/L .
y g

Jromestia trassiana was expssecd to bis (tributyltin) ox jde (TBTO) or tributyltin

as single compounds. Both compoungs were acutely toxic in 10
. -1
c3y5 8t concentraticns of 10 pg/L and above,

L3ATTArus 0teanicus were exposed to tributyltin leachates from panels paintec

with two cdifferent antifouling paint formulations. Following 48 hr immersion,
azuscus tributyltin concentrations increased with increasing painted surface
area, bult one tyre of pairt leachec tributyltin about 10 times faster than the
ctrer. Amphigod mortality in short-term tests was directly correlated with
inireases in painted surrace area and leaching rates,

SGarmarus cceanic

more sensitive than Jdrchestia traskiana tased on

PR,

measures tritutyltin concentrations, with final leachate concentrations of

show that tringt, ltin —o-nounds are very toxic to some non-target crganisms,

Thes ore intulls

antinicfouling paint forrulations depends upon
ar acontalile 0TI raTioy helaeen jedch rates, which are effective at the
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On démontre que les composés de tributylétain sont

fidbors

des toxiques a action lente qui provoquent une toxicité aigle
chez deux espéces d'amphipodes a8 des concentrations aussi faibles

que 10 Pg/l. Orchestia traskliana a été exposée 3 la fois a

E
-3
X

2

2

1'oxyde de tributylétain ou au fluorure de tributylétain en tant
que composés simples., Les deux composés étaient extrémement
toxiques en l'espace de 10 jours & des concentrations de 10 pg/l
et 3 des concentrations supérieures.

Cammarus oceanicus a été expousé a4 des lixiviats de tributylétain

provenant d'éprouvettes pelntes avec deux formulations différentes
de peinture antisalissure. Apreés 48 heures d'immersion, les
concentrations de tributylétain aqueux ont augmenté avec un niveau
de surface peinte accru, Toutefolrs, un type de peinture a lixivié
le tributylétain 10 fois plus vite que l'autre. La mortalité

des amphipodes, lors des essais d court terme, était directement
lide aux accrolssements de surface peinte et aux taux de lixivia-
tion,

Gammarus oceanioys étalt plus sensible que Orchiesti1a trastiana

g1 1 'on ue base sur les concentrations de tributylétain mesurées
en avant des concentrations de lixiviat finales de 4,8 g,

qui provoqguent la mortalité compléte en 5 jours. les résultats

de ce, expiriences mantrent que les composés de trabutylétann
sont trd, toxiques pour certalns orqgunismes les mornsg voyants,
Al donce, le choix antelligent de formulations de peintures
antisaliouures dépend d'un compromrs acceptable entre les taux de
lixtviataon quil sont efflreaces au niveau de la surface peinte

T o manrataent les eftets sur les organiames les moins voyants,
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Consiceratic effort has been expended in atterpts to prevent biofouling

on shipa,  Presvertion 1o impertant ot only to protect the ship itself frem

damage, but also to insure efficient and
widely usez zaint formula*ticns are based
ion, the active antibiofouling material.

incluzicg 2yt not li~ited to chert paint

envircnmentsl po.iatant., The most wicdel,

depencatble cperation. The most

ocn copper, which leaches out as an
Copper has several drawbacks,
life, ang the fate of copper as an

srotated and used substitutes contain

trizrganctin compounds as the active agent (Evans, 1°77; Dychman, et al.,

15373}, However, tefore general use, tred

r action on nor-target organisms

vis-a-vis thelir effe_tivenass In gifferent paint ferrylations, has to be

€.y uated [Juokermar, ot al,, l137a],
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MATERIALS AND METHODS,

Experiments were conducted in the U.S., using Orchestia traskiana, and

in Sweden, with Gammarus oceanicus. In the experiments performed with

0. traskiana, we were interested in assessing the effect of TBTO and TBTF

added to the bioassay as single compounds. Experiments conducted in Sweden
were performed with plexiglass panels painted with either of two commercially-
available paint formulaticns. Specifics for each of the experimental protocols

follows.

Adult amphipods, 0. traskiana, were collected intertidally in a San
Francisco Bay marsh and in the laboratory were maintained in 30 o/00 S water
at 18°C. These were similar to ambient salinity end middey temperatures at
the time of collection. The experimentals were actclimated for 3 days before

toxicant exposure began.

binassay : Five amphipods were put into a 10 cm fingerbowl containing
150 ml of 30 o/00 S seawater. TBTO and TBTF solutions were prepared in
acetone and added to the seawater with thorough rixing. Three replicates of
each of the following toxicant concentrations wer: examined : acetone control
(67 pl 123 ml seawater), C.%, 1, 3, 6, 10 or 1% u:/L-1. Daily, the exposure
prouns were censused, transfered to freshly prepared test media and fed pieces

of the preen algae Ulva ang Artemia nauplil.

farrarys woeanicun were collected in Tvdrren Bay, 80 km S of Stockholm,

1

In the larator,, atult ralec were separated from Fucus and put into aguaria

for 2-¢ tays pricr oty their uee in the hioassays., The amghipods were fed

Tetrg~i k] - ovmeriigl flon focd during this prets st pericd, but no food was
Fluve” whoie e L0! U aint Jeashates,
T p Wi, prrac.t to tritutylitin cation from paint leachates,
Foor v " iva o r,, booarotinL oty owe e putointe each ¢f 2 all-glass cquaria,  The
s v e Lt ey e e Contrallent By ovarying the arca of plexiplacs
Py e ittty e ey it Watar i U tank wan car fulily,
PO I T L R R I Vo owtter oailrzty = 0 o0 D)
. 1 ‘ v, . wl I ,oantt . LACEL A M N Te ot
. » . ) PR 2 ‘ [ IR S A TS 4 . ar 4 o ¥
, .t . . K ALt oIrtr SR I VI




only TBTF as the active agent.

Chemical Analysis.

Time dependent loss of single compouds : Flasks containing 500 ml of

seawater with SO ug/L—1 TBTO were either plugged with cotton, without aeration,
or were not plugged and were aerated lightly. The control consisted of
seawater to which only acetone was added. The flasks were sampled at 0O and

24 hrs, and chemical analysis performed within 46 hrs.

Determination of tributyltin in paint leachates were performed on
samples collected in Sweden and analyzed in the U.S. Five hundred mls were
withdrawn directly from the aquarie during the bicassays, into 500 ml cleaned
brown-glass bottles. Subseguently, they were shipped to the U.S. and analyzed
within 2 months of collection. We have no information on the probable loss of
tributyltin during the period between caollection and analysis. However,
given the amount measuyred, it appears that any loss which occurred was not
large.

Chemical Analysis : The following procedure was used to determine

tributyltin concentrations in the Orchestia traskiana experiment. TBTO concen-

traticns, as the tributyltin hydride, were determined by gas chromatography
using a Varian 2400 gas chromatograph with a 15 % 0V-101 on @ 100/120 C hroma-
sorb G/HP column at 152°C. To a 200 ml seawater sample containing TBTO,

80 mg of sodium borohycrice was added. The solution was allowed to stand for
20-30 min after which 10 pl of an internal standard solution containing
dicyclohexyl (0.8% mg/ml) in acetone was adoed. The tribultyltin hydride and
dicyclohexyl were extracteq with 20 ml hexane. The hexane was dried (MgSOa)
and evaporated to ca 10 pl, being careful not to take the sample to dryness.
The analyses reported in this paper deal with the behavior of TBTO. On the
basis of a few additional sarples of the same concentration of TBTF collected
and analyded in *he same fashion, it appears that it displays identical behavior

with rescect to tirme-depencent loss from seawater used in this bioassay.

The analysis of tributyltin-containing paint leachates was similar to the above
protozzl, with the following mozifications @ cnly 40 mg of socium borohydride

was ataed, followcd by stirring for 30 gec. The-r chanfes were necessitated by

the presence of an unidentifiez interfering comnound  or compounds which appeared

in the storoed water -“awgles, Lo interterence was cowerved in reterence samples

ana,yced with trese ~oifications,
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RESULTS.

Persistence of TBTO in seawater : In seawater, tributyltin concentrations

remain stable for at least one day. The mean of three samples taken just after
-1
TBTO addition was 43.66 + 1.27 pg/L (mean + standard deviation). The concen-

tration of TBTO in unaerated and aerated flasks 24 hrs later was not signifi-

IR rir

cantly different, 45.72 + 6.02 and 45.05 * 1.46 ug/L_1, respectively. The
1

H

-

acetone control had undetectable TBTO background levels {less than 0.2 pg/L-

Table 1). The differences between nominal and measured concentrations may be

3

accounted for by slight inaccuracies in sampling methodology and probably by
adsorption into container walls. The lack of additional loss caused by
aeration indicates that volatilizatiorn was an insignificant loss route. The
assumption that actual exposure levels were within 10 % of nominal ones is

supported by the constancy of concentration with time.

Concentration of butyltins in paint leachates : For both paints, the

amount of tributyltins measured in the water after 24 or 48 hrs increased with
an increase in painted surface area. The data shown in Table 2 indicate that
the different paint formulations leach significently different quantities of
butyltin within the period tested. Although the fimal tributyltin concentra-
tion ratio of the two paints showed no consistent value as the area of the
painted surface increased, at least 3 times as much tributyltin leached from
Interracing (R than from Micron 2S5 [R). Leach rates from larger plates may
have been inhibited as tributyltin concentrations approached the solubility

limit assumed to be below 5 mg/LA1.

Toxicity of T8T0C or TETF to Orchestia traskiana : Both TBTO and TBTF

showed similar toxicity, with acute toxicity occurring at concentrations of

_1 .
10 pg/L and above. In this experiment, 80 % of the control amphipods
survived 9 day exposure to acetone (Fig., 1al. Amphipods exposed to 0.5 ug/L-1

TETO showerd a slightly higher survival (87 %). Those in TBTO concentrations

between 1 and 6 ug/L‘1 exhibited a decline in viability, which was not consis-
-1
tently dose-depandent when compared to controls., Even in 6 pg/L , survival

was S3 % at the end of 3 days. The two highest concentrations, 10 and 15

pg /L 1, were cirnficantly toxic. This bteccame apparent only after the fifth .
day in 10 pf/L>1, and after the fourth day in 15 pg/L-1. Final survival

valuecs were 20 % andd 7 % in 15 and 18 ug/L_1 TeTO, respectively. Concomitant

with the teoxizit, in therme lattoer two proups wis a loss of oricntation and

fourting Lot avicr,  Uoually, 1ish or swirming movements were ataxic and very

poarly croorfinaterd,

R R (L SR S 1 T ¢ f oL T Y
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Similar to the results of the TBTO bioassay, the date for amphipods
rfg exposed to TSTF cluster into two groups (Fig. 1), The first, comprised of
‘% exposure concentrations below b ug/L'1, is above 50 % survival and does not
g display a dose-dependent pattern. Survival values of the 10 and 15 ug/L‘1
l:&' exposures were, respectively, 13 % (at the end of 9 days) and 0 % (at the end
e fo 8 days). These values indicate that there is no significant difference of
?ﬁ; toxicity between TBTF and T8TO to these non-target organisms. The behavioral
\#} derangements caused by TBTF exposure were similar to those described for TBT0.
¥ ‘.\}
o
N Toxicity of paint leachates to Gammarus oceanicus : The toxicity of the
" two paint formulations shows a close correlation to the amount of tributyltin
‘*l, leached. No amphipods survived 5 days exposure to leachates from Interracing
':f paint. Panels with a painted surface area of 1720 and 480 cm2 caused 100 %
‘:? mortality within 24 hrs. In tanks containing a painted surface of 48 and
$5F 5 cm2, 100 % mortality occured in 2 and 5 days, respectively. Reference to
é»ﬁ Table 2 will show that estimated tributyltin concentrations ranged from
; ' 0.98 to .0048 mg/L-1 under the test conditions.
3
f:: The concentration of leachate from the Micron ZS[R] painted surfaces
‘_h was shown to be much less than for the Interracing[R) paint, from 0.153 down
to below 0.0014 mg/L. The mortality of the amphipods exposed to the leachate
i ‘; was also lower. During the first 24 hrs expcsure, all the amphipods died in
Y the tanks with a painted surface area of 1723 cm2 but it reguired 48 hrs for

A

. . 2 .
complete mortality to occur in the tanks with 40 cm™ painted surface. In the

3
tanks containing 48 cm2 of painted surface, 15 % of exposed arphipods survived

'\ AT

6 days, while those exposed to 5 cm2 had a mean survival value of 65 %, which

was just slightly lower than that for the controls, 75 %.
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The data presented in this paper show that tributyltin compounds either
as single compounds or as leachates from antibiofouling paints are toxic to
aquatic organisms. Concentrations of single tributyltin compounds as low as

10 ug/L_1 caused differential mortality of Orchestia traskiana. Gammarus

oceanicus appeared to be a bit more sensitive, with differential mortality
occurring in tributyltin concentrations between 1 and 5 ug/L_1. The increased
sensitivity of G. oceanicus is more obvious when one remembers that final and
time-averaged trialkyltin concentrations were different, with the latter being
much lower, since the alkyltins were slowly appearing in the water phase during

the 2 days between water changes.

Concentrations repcrted here are lower than ones widely reportecd to be
toxic. In a review Zuckerman et al. {1978) reported that 50 ;Jg/L_1 was a
common estimate of the LCSO of tributyltin compounds for aquatic organisms.
However, other lower values have been reported. Ritchie et al. (1974) reported
that T270 levels as low as 1-10 ng/L significantly reduced maturation rates

and egg production in snails, Biomphalaria glabrata, which had been exposed

from hatching to these low levels. Lindén et al, (1379) reported a LC50

{36 hrs) of 3 ug/L—1 for the copepod Nitocra spinipes exposed to TBTO.

Survival and growth of larval lobsters, Homarus americanus, were significantly

reduced in 1 ug/L‘1 TBTO. Exposure continued for ca. 21 days, the duration of

larval development (Laughlin and French, 1960). Thus, it appears that the
sensitivity of these two amphipod species resembles that recently measured for
several other aguatic invertebrate species. It is probable that the actual
sensitivity of most marine species to chronic exposure is considerably lower

-1 . .
than the 50 upg/L generalization cited above.

The reason for the previcus underestimation of toxicity occurs because
these materials are slow-acting. The toxicity of TBT0 and TETF became apparent
only after the first 5 days of exposure during the tests with Orchestia
trazkiani, The clow action cf these compcuncs has teen apprecieted by indus-

trial hypienists (fCarmes and Ctoner, 1o33) Lut the knowledpe was not carried

over o onvircnmental toxicology experirsntatic :hort-term toxicity tests

serisusly underestimeto the toxicity and yicld valucs which are much higher

than naxi~u~ aceceptable toxicant cencentretics (Movim, 1477),

TG IR IS S gt e SCNIC N Pt COR R LT, Ll
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- The chemical form of a material in seawater in seawater can exert a

A profaung effect on its biological behavior (Burton, 13875}, The aqueous chemis-
%: try cf trialkyltin compounds is influenced by pH and the concentraticn of other
.;: ions present (Tcbias et al., 1378; Jewett, et al., 1978). In seawater which
-i: has a pH of ca. 8.0, and chloride and carbonate ions predominate under aercbic
¥ cenditions, several reactions products are formed when TETO is added. In

) adcition to the hydroxide, also present in varying proportions are the aquo
"éﬁ camplex, the carbonate ancd the chloride (Guard EE_El" 1982). These findings
';{ suggest that with the probable exception of sulfide (which binds very strongly
!Jx to trialkyltin compounds) a roughly similar proportion of tributyltin compounds
«r ferms in seawater, regardless of the anion present or molecules originally

added. Thus this may explain why the anion in general exerts only a minor

?: effect on the toxicity of the trialkyltin cation. The pH strongly affects
;a: the equilibrium mixture, at least for TBTO because the affinity for OH is

:“ about lOS greater than that for Cl , the most abundant anion in seawater.
;r’ Thus, it should be expected that in areas such as estuaries or river mouths,
,§:, .where pH and ionic strenghs may be less than in the open sea, distinctly diffe-
\ﬁ rent equilibrium proportions of tributyltin compounds would be formed. The
}z; possible effects on corganisms due to shifts in the chemical eguilibrium cannot
_\; be predicted with certainty, but may be significant.
g
ol Differential tributyltin leaching rates, a function of paint type,
:\ markedly affects the toxicity to non-target organisms. There is a direct corre-
:’“ lation between the toxicity of the formulation and the quantity of tributyltin
: F present ig the seawater. Furthermore, there is fairly close agreement between
B

) the tcxicity caused by a given guantity of single tributyltins dissolved in
o seawater, and that observed when a similar (measured) amount of tributyltin
NH; leaches from paints. Thus, at least with respect to biological activity,
.:é paints leach toxic tributyltin cation regerdless of the anion at a rate

\: influenced primarily by the paint type. Therefore any attempts to mitigate
e the biological effects would most profitably be directed toward recucing the
é;ﬁ amount of tritutyltin leached commecnsurate with acceptable paint performance.
[
15
.:F Since the stucies presented here show that tributyltins are toxic at
}t. fairly low levels, and ere stable in seawater for geriocds of at least days,

additional studies of the envircn~ontal effects are warranted,

Measuremcnts of zsnvircn~ental concentraticons, with particular attention to

the arount present as the zulfide would ke mast useful. At present, our

latorator, iz csnducting excerirents tc determine cifferences in binlogical
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activity of the tributyltin <ulfide and TBTO to determine if environmental

chemical modifications will mitigate effects.
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