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INTRODUCTION

Organotin compounds, especially tributyitin (TBT),
have been widely used as antifouling additives for
paints applied to the hulls of ships and boats since
mid-1960s Dalley, 1986). The

increasing use of TBT -based antifoulants, however,

(Anderson  and
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raised considerable concern about the deleterious
effects on non-target marine orgamsms. TBT was
suspected of having adverse effects on the culture
of Pacific ovster Crassostrea gigas in the late 1970s
19911,

revealed that spatfall inhibition and shell thickening

(Alzieu, Field expenments and bioassavs

in oysters can be induced at TBT concentrations of
only a few part per trillion (Waldock and Thain,
1983; Alzieu et al, 1986).

Another effect of organotin

notable  sublethal
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compounds is the induction of ‘imposex’, a
phenomenon involving the superimposition of male
sex  characters  onto  female  gastropods.  The
expression  of imposex and its cause was first
investigated in the intertidal mud snaill, Nassarius
Smith  (1930), who found strong

evidence that it was induced by

obsoletus by
exposure  to
organotin  compounds leaching from  antifouling
paints. Occurrence and effects of imposex have been
investigated intensively in the UK in the common
dog-whelk, Nuceila lapillus (Gibbs et al, 1987).
Females develop a small, sometimes malformed,
penis close to and behind the right tentacle. A
superficial  vas deferens grows between  genital
papilla and the penis, eventually in the most intense
imposex overgrowing and occluding the papilla, thus
preventing egg liberation and breeding (Gibbs et al,
1987).

Studies on N. gpillus in England indicated that
populations have declined markedly over the past
1015 vears (Brvan et al, 1986). Surviving animals
were subject to a high degree of "imposex’ and
they contained high concentrations of hexane
extractable organic tin (Brvan et al, 1987). Imposex
was readily induced by exposure to 1 ng/l. of TBT
leached from antifouling paint in the laboratory
experiments (Bryvan er al., 1988). It was also sug
gested that alteration of testosterone levels might be
related to imposex (Spooneer et al. 1991). But
detailed mechanism of imposex induction in female
marine gastropods has not yet been elucidated.

The occurrence of imposex in marine neogastro-
pods has been considered as one of the most
distinct detrimental effects of organotin compounds.
Imposex phenomenon has been described in 72
species belonging to 49 genera (Oehlmann et al.,
1991).  Thais

evidence of imposex, which might be correlated with

clavigera and T. luteostomag for
the probable degree of exposure to organotin
compounds were examined in Chinhae Bay. Since
these two intertidal neogastropods are common on

the rocky shores in Korea (Chot, 1992), their impo-

sex has great potential as indicators of the extent
of TBT contamination. This study is an attempt to
report the prevailing imposex phenomenon as well
as to address the evidence of organotin contamina -

tion in Chinhae Bay, Korea.

MATERIALS AND METHODS

Two species of the family Muricidae, Thais
clavigera and T. luteostoma, were collected in June,
1994 at 13 sites in Chinhae Bay, Korea (Fig. 1).
Over 50 adults with the shell height of 17 - 32 mm
were frozen in the field and transferred to the
laboratory. Specimens enough for analysis could not
be collected at St. 10 due to high-tidal area.

After extracting by breaking the shell, sex was
distinguished by the appearance of a prominent
female sperm-ingesting gland. In both males and
females, the length of the penis from its tip to its
junction with the body wall behind the right
Lentacle_was measured to the nearest 0.1 mm under
a binocular microscope (Gibbs et al, 1987. Ellis and
Pattisina, 1990). Relative penis length (RPL) index,
the ratio of female length/male length x 100, and
relative penis size (RPS) index, the ratio of female
length:*//male length‘{ x 100, were used as a measure
of the degree of imposex at each site (Gibbs et al,
1987).

Tissues for TBT analysis were placed in pre-
combusted glass bottles after the measurement of
imposex and kept frozen until analysis. The ana-
lytical procedures used were based on Stallard et al.
(1989), Wet tissues were weighed to 500 * 001 g
in the 50 ml polypropyvlene centrifuge tubes and
homogenized by Tekmar tissumizer. Dry/wet ratios
were determined separately. Ten ml of 50% HCI
were added to each sample and vortexed enough to
mix adequately. Samples were allowed to sit 30
minutes before adding 20 ml of glass-distilled di-
chioromethane (HPLC grade). Samples were mixed
with reciprocating shaker for 3 hours and centri-

fuged at 4000 rpm for 10 minutes. Two ml aliquots
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Fig. 1. Sites sampled for Thais clavigera and T. luteostoma in Chinhae Bay.

of the dichloromethane laver was removed for
derivatization, and dried under nitrogen gas, leaving
about 25 W of sample. Each extract was reconsti-
tuted in 2 ml of distilled hexane and 250 ul of 2.0
M n-hexylmagnestum bromide was added. After 15
minutes, remaining Grignard reagent was destroyved
by adding 4 ml of 0.4 N sulfuric acid. Organic laver
was passed through Supelclean LC-florisil column

and rinsed twice with 2 ml of hexane. Cleaned

extracts were concentrated to 200 nl and analvzed
by a gas chromatograph (Hewlett-Packard 5830 GC)
equipped with a capillary column (SPB -1, 30 m x
025 mm id) and a flame photometric detector
(FPD). The filter (Dictrich Optical) had a range
from 625 1o 2000 nm. The column head pressure
was 28 psi. Flow rates through the detector were
100 en’/min for air and 170 cn’/min for hyvdrogen.

Nitrogen make-up gas plus helium carricr gas had a
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combined flow rate of 35 cm'/min. The GC temper -
ature was programmed from 50T for 1 minutes, at
a rate of 30T /min, to a final temperature of 200C
with a hold time of 8 minutes. The injector and
2507,

respectively. Tripentyvitin is  added  just prior to

detector  temperatures  were 2207 and
flonisil  cleanup  and  therefore the  recovery  was

calculated.  Tnbutviun  (TBT) was  analvzed  for
mussels and ovsters, while dibutylun (DBT), mono-
butvlun (MBT), triphenyitin (TPT) were additionally
analvzed for gastropods.

The analvtical data were  confirmed, using the
certified reference material (NIES CRM No. 11, sea
bass, Lateolabrax japonicus). Determined values of
TBT by this analvtical procedure were within the
certified value for 1.3 + 01 ug TBT/g dry wt
(Table 1).

RESULTS AND DISCUSSION

The results of imposex survey and chemical
analysis  of the Muricdae, 1. clavigera and T,

{uteostoma,  collected  from  Chinhae Bay were
summarized at Table 2. Imposex frequency has been
expressed as the percentage of penis -bearing indi-
viduals in the female population (Gibbs et al, 1987).
The ncidence of imposex 1n female from Chinhae
Bay 1s virtually 100°% at all sites: female lacking a

penis could not be found in the survey.

Relative penis size (RPS) index and relative penis
length (RPL) index were introduced to express the
degree of mmposex in terms of the relative sizes of
the penis in male and female from each population.
RPS and RPL values of Thais species ranged 4.9
53.4% and 34.7

(1986) demonstrated that when degrees of imposex

81.1%, respectively. Brvan et al

(RPS) exceed 2% in Nucella lapillus, more than
80% of females were visibly affected, and at levels
higher than 5% it was extremely rare to find a
female lacking a penis.

In Chinhae Bay, RPS values were higher than 5
% except St. 13. This result matches the finding
that there was no female gastropod without a penis
in this survey. TBT levels inducing imposex for T.
clavigera were estimated to be 0.01 - 0.02 pg/g wet
tissue  (Horigucht, 1994b). When changed to dry
weight basis, the concentration range was about
0.03 - 006 pg/g dw. TBT tissue levels of Chinhae
Bay gastropods exceeded this imposex induction
threghold at all sites investigated.

Reference sites (St 11, Mangwoedo and St. 13,
Haekumkang) in the east coast of Koje island,
which were exposed directly to the clean waters of
South Sea, showed relativelv low intensities (RPL
522 and 34.7 %). But the degree of imposex was
high at nearby sites, Okpo (St. 12, RPL 73.3%) and
Sungpo (St 9, RPL 90.0%), implying that large

shipbuilding dockyards, Samsung and Daewoo ship-

Table 1. Precision and accuracy of tributyltin (TBT) and triphenyltin (TPT)

analyses. The certified reference material (NIES CRM No. 11, sea

bass, Lateolabrax japonicus) was analyzed by gas chromatograph with

flame photometric detector.

.

Sample No. TBT TPT Reference
(/g dw) (ng/g dw)

NIES CRM No. 11 5 1.32£.0.10 7201066 This study

Certified value 1.3 £0.1 NIES(1990)

Reference value™ 6.3 NIES(1990)

No.. number of replicate samples,

" TPT value was not certified.
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Table 2. Summary of Imposex survey and tissue organotin concentrations in Thais clavigera and T

luteostoma in Chinhae Bay

St. Numbers Imposex RPL RPS TBT DBT MBT TPT
No.  Species in sample  frequency  (Yo) (Yo)
[ (g/g dw)

I T cdlavigera 22 ] 100 81.1 531 0.68 062 0.10 262
1 T luteostoma 16 10 100 6.7 451 0.60 0.4 0.13 244
2 T luteostoma 20 9 100 80.6 52.3 0.41 0.52 0.31 0.58s
3 T clavigera i1 10 100 58.8 20.1 0.30 0.29 0.10 1.34
4 T clavigera 17 4 100 56.7 18.2 0.27 0.30 0.1 287
5 T clavigera 25 9 100 72.7 3841 047 0.33 0.26 1.78
6 T clavigera 14 3 100 61.1 228 0.21 0.26 0.09 6.30
7 T luteostoma 6 4 100 83.3 57.9 1.45 0.13 0.67 0.65
8 T luteostoma 7 | 100 90.0 729 0.85 0.32 0.26 1.87
9 T clavigera 9 9 100 63.3 25.4 057 275 0.63 1.73
11 T clavigera 812 100 52.2 14.2 0.18 017 <0.05 0.12
12 T clavigera 5 5 100 733 39.4 0.82 0.48 0.21 1.44
13 T clavigera 2222 100 317 4.9 0.19 0.07 0.15 0.87

Note. RPL: relative penis length index, RPS:

dibutyltin, MBT: monobutyltin, TPT: triphenyltin

building companies, near the sites might affect the
local gastropod populations. RPL and RPS values
were also high at St. 5 located in the vicinity of
another shipbhuilding dockyard, Hyungje shipbuiding
company, and Chinhae Naval Base. It is well known
that hull cleaning and painting operations are a
major point source of TBT to the marine environ-
ment. A British survey of the inputs of TBT to the
marine environment concluded that unregulated dry
docking practices clearly result in the release of
large quantities of TBT (Waldock and Thain, 1988).
These results show that imposex measurements
may present very specific and easily recognizable
trends of TBT contamination around the TBT
(1994b)

mposex in  the

sources.  Horiguchi reported  that  the

symptoms  of specimens  were
different, even at relatively close sites if there are

local pollution sources.

relative penis size index, TBT: tributyltin, DBT:

The ratio of male and female gastropods has been
suggested as an index of imposex intensity, because
female mortality  markedly increased at  sites
showing high 1mposex stage (Ellis and Pattisina,
19900,  The Thais
populations ranged from 50 60% at sites in Koje
[sland (St 90 11 12, 13) to 15 -

iner Masan Bay (St. 1, 2). The numbers of females

proportion  of  females  In

38% at cites in

and males were nearly the same at Si 13, where
the degree of imposex was the lowest. Populations
having an  excess of 50% females were found
particularly at sites in Koje Island. Decline of female
gastropods was obvious in inner Masan Bay. Site 1
had only 4 females of T clavigera among 26
specimens  collected. Sperm  ingesting  gland  could
not be easily discernible in some females collected
from nner Masan Bay sites, while distended capsule

glands were also observed in other females.
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tributyltin (TBT), total butyltins (BTs), and
triphenyltin (TPT) in Thais clavigera (blank)

and T. luteostoma
Chinhae Bay.

(shaded) collected in

(1986) demonstrated that n

moderate  to

(iibbs  and Brvan
population having high degrees  of
imposex, the development of vas deferens tissue i
females can occlude the oviduct, thus preventing the
release of egg capsules. The buld-up of unlaid egg
capsules in these sterile females may also lead to
They

contained

their premature death. noted that declining

populations  usually an  abnormally low

percentage of females, a large proportion of which

were sterile.
Although  the

abundant in inner Masan Bay, the populations of St.

numbers of individuals  were

1 and 2 consisted almost of old gastropods with no

immature or juvenile specimens: most of these

gastropods seemed to be at least 3 years old or
likely to be

process and remain undetected until well advanced

more. Population decline is a slow
in case of long-lived species such as T. clavigera
and 7. luteostoma It suggested that there had been
no recruitment for several vears and Thais popula-
tions in inner Masan Bay might be declining.

Bryan et al (1986) provided a convincing case
that TBT was responsible for the decline of N.
in the

lapillus population in south-west England

1980s. There 1s no planktonic stage in the life
history of N. lapillus, the young snails hatching
directly from the attached egg capsules. Many

populations of N. lapillus, which were sampled in
1980s, were characterized by small numbers, or the
1991).

However, proportions of juveniles have significantly

total absence, of juveniles (Evans et al,

increased and reproductive performances have

improved since the introduction of TBT regulations
in 1987 (Evans et al, 199%).

The effects of imposex in Thais populations could
not be easily forecasted in this study, because
reduced recruitment might not necessarily mean the
failure of reproduction. T. clavigera have a plank
tonic stage as a veliger larvae for about two
months after hatching (Horiguchi, 1994b). Juveniles
were found at nearby Gapo (St. 3), where tissue

organotin concentrations were lower than inner hay
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relative penis length

tissue concentrations in

sites (St 1 and 2). Significant numbers of young
animals were also found at some apparently affected
site, St. 7. The absence of young gastropods in
inner Masan Bay resulted perhaps from a failure to
recruit young gastropods because juveniles might
not survive due to other environmental stress such
as diseases, cffects of phytoplankton blooms and
other pollution. In order to ascertain the successful
TBT-affected
sites of Masan Bay, there needs a long-term moni
of Thais

Further studies such as toxicity tests and trans

recruitment of larvae in apparently

toring on population dynamics species.

planting experiments will confirm the effects of
TBT on reproduction as well as the species specific
differences in vulnerability to TBT.

Distributions of imposex in T. clavigera and T
luteostoma  were closely associated with the TBT
tissue concentrations in the study area. Figure 3
shows the correlations between TBT tissue concen
trations and relative penis length index (RPL). The

data  demonstrated the high  sensitivity of T.

clavigera and T. luteostoma 1o TBT in that the

intensity  of impusex  increases  rapidly  at low

concentrations In tissues.

TBT concentrations in gastropod tissues showed
progressive  decrease  from  inner to outer bay,
representing the existence of major input source in
Masan Bav. TBT mput source may nclude various
mput originated from vessels in harbor as well as
from sewage and  wastewater discharged from
Masan and Changwon City. Untreated wastewater 1s
likely  to contain  various organotin - compounds
including DBT and TPT (Fent and Maualler, 1991).
Although DBT is mainly regarded as degradation
product of TBT, DBT has been widely used as a
heat stabilizer (Thompson et al, 1935). Elevated
DBT levels may be related with land based input
ssources. The increase in the TBT tissue levels at
Wonmoon (St 7) and Tongyoung (St. 8) may be

due  to  small  fishing  boats or  mariculture

equipments. High TBT levels at the western parts
of Chmhae Bay was also reported in mussels,
oysters and sediment (Kahng, 19950 Shim, 1996).

(TP in
gastropod samples ranged [rom 042 to 6.30 pg/g.

The concentrations  of  triphenyltin
The spatial variation of TPT concenirations was
of TBT. High TPT

trations were detected in the tissues collected from

different from that concen -
St. 6 and St. 8. TPT has also been used as an

antifouling agent in ship hulls, fishing nets and

mariculture  equipments.  Furthermore,  agricultural
hiocide use of TPT is regarded as an important
source (Stab et al, 1994). Recently it was reported
that phenyltin compounds such as triphenyltin and
monophenyltin could also induce impocex (Hawkins
1990, 1991a), although
deleterious effects of phenyltin compounds were not

1991). As

fate and effects of TPT in marine environment are

and Hutchinson, Horiguchi,

confirmed extensively (Fent and Hunn,

fairly unknown, there 1s no evidence how much

TPT increased imposex intensity of Thais species in
Chinhae Bay.

This study indicates the widespread organotin
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contamination in Chmhae Bayv, implving that there
needs regulations on the use of TBT for antifouling
agent in Korca. Reduction of TBT levels in coastal
waters has been already reported in most countries
where regulations have been in force for several
vears (Clearv, 19910 Valkirs et al, 1991. Waite et
al., 19910 Fvans et al. 1995). Imposex measurement
in Thais species might he an exeellent biomarker of
exposure and effect of TBT contamination as well
as a screening 1ool for monitoring the cffectiveness
of TBT regulations. It was estimated that the
imposex of 7. clavigera could be readily induced by
exposure to extremely low concentrations as 1 ng/lL
1994a).  As  the

scawater analysis of TBT by GC FFPD is about 1

(Horiguchi, detection  limit  of
ng/l.. imposex measurement is supposed to be more
sensitive Indicator of TBT pollution.  Furthermore,
Thais species will be very useful, because they are
so widespread in Korean coasts, relatively large and
visible, and can be easily sexed with a distinctive

sperm -ingesting gland.

SUMMARY

A survey  on intertidal  neogastropods  Thats
clavigera and T. luteostoma in Chinhae Bay has
revealed widespread imposex, the imposition of male
characters  on  female  snails.  The  incidence  of
mposex In female 1s virtually 100% at all sites:
female lacking a pems could not he found in the
survey. Relative penis length (RPL) index values of
Thais species ranged 34.7 to 81.1%. The percentages
of females declined  significantly  and  populations
consisted almost of old animals with no immature
or juvenile specimens at the sites located o inner
Masan Bay. The concentrations of TBT and TPT
018 145  pg/g,

0.12-6.30 Hg/g. respectively. Distributions of imposex

in  gastropod  samples  ranged

in I clavigera and T, luteostoma were  closely
associated with the TBT and TPT tissue concen
trations in the study area. Imposex measurement in

Thais  clavigera and T, [luteostoma  will be  an

excellent  biomarker of exposure and  effect  of
organotin contamination as well as a screening tool
for monitoring the effectiveness of TBT regulations

after legislative controls.

REFERENCES

Alzieu, C. (1991) Environmental problems caused by
TBT in France: assessment, regulation, prospects.
Mar. Environ. Res., 320 7-17.

Deltreil, J.P. and Borel, M.

(1936} Tin contamination in Arcachon bay; effects

Alzieu, C., Sanjuan, ].

on oyster shell anomalies. Mar. Poll. Bull, 1T
94-498.

Anderson, C.ID. and Dalley, R. (19386) Use of organotins
in antifouling paints. Proceedings of the Organotin
Symposium  of  the  Oceans ‘86
Washington, D.C. September 23-25, 1986, Vol 4.
IEEE, Piscataway, NJ, pp. 11081113,

Bryan, G.W., (iibbs, P.E., Hummerstone, L.G. and Burt,
G.R. (1986) The decline of the gastropod Nucella

lapillus around southwest England: evidence for the

Conference,

effect of tributyltin from antifouling paints. J. Mar.
Biol. Ass. UK, 66: 611-640.

Brvan, G.W. Gibbs, P.E., Burt, G.R. and Hummerstone,
L.G. (1937) The effects of tributyltin accumulation
on adult dogwhelk (Nucella lapillus): long term
field and laboratory experiments. J. Mar. Biol Ass.
UK, 67 520 544

Bryan, GW., Gibbs, PE and Burt, GR. (1938) A
comparison of the effectiveness of tri-n-butyltin
chloride and five other organotin compounds in
promoting the development of imposex in dogwhelk
(Nucella lapillus). ], Mar, Biol. Ass. UK, 68
733 744,

Choi, B.L. (1992) Hlustrated encyclopedia of fauna and
flora of Korea. Vol 337 Mollusca (II). pp. 860,
Ministry of Education, Seoul. {in Korean].

Cleary, J.J. (1991 Organotin in the marine surface
microlayer and sub-surface waters of southwest
England: relation to toxicity thresholds and the UK
environmental quality standard. Mar. Environ. Res.,
32¢4) 213-223.

Ellis, D.V. and Pattsina, LA. (199 Widespread



Imposex of Thais clavigera and

indicator  of
Bull, 21:

neogastropod imposex: a  biologcal
global TBT contamination? Mar. Poll.
248253

Evans, S, Hutton, A., Kendall, MA. and Samosir,
AM. (1991 Recovery in populaticns of dogwhelks,
Nucella lapillus suffering from imposex. Mar. Poll.
Bull, 22: 331-333.

Evans, S)M., Leksono, T. and Mckmnell, P.D. (1993)
Tributyltin pollution: o diminishing problem follow
ing legtslation THT -based
anti -fouling paints. Mar. Poll. Buli.. 30(1): 14 21

Fent, K. and Miller, MD. (1991

organotins in  municipal wastewater and

limiting the use of

Occurrence  of

sewage

sludge and behavior in a treatment plant. Environ.

Sci. Technol., 260 489-493.

and Hunn, ] (199D
sediment, and biota of freshwater maninas. Environ
Sci. Technol., 25(5) 956 963.

Gibbs, P.E. and Bryvan., G.W. (1936) Reproductive failure

in populations of the dogwhelk, Nucella lapillus,

Fent, K. Phenyltins in  water,

caused hy imposex induced by tributyltin  from
antifouling paints. [ Mar. Biol Ass. UK, 66
767-771.

(Gibbs, P.E., Brvan, G.W., Pascoe, Pl. and Burt, G.R.
(1987) The use of the dogwhelk, Nucella lapillus,
as an indicator of tributyltin (‘TBT) contamination,
J. Mar. Biol Ass. UK, 67 507-523.

Shiraishi, H.,

and Morita, M. (1994a) Organotin compounds and

Horiguchi T.. Shimizu, M., Yamazaki, S.

their effects on aquatic organisms, focusing on

imposex  1n Main Metal
Chemistry, 17 81-100.

Horiguchi, T.. Shiraishi, H., Shimizu, M. and Morita, N
(1994b) Imposex and organotin compounds in Thais

Mar. Biol.

gastropods. Group

clavigera and T. bronni in Japan. J.
Ass. UK, T4 651-669.

Kahng, S.H. (1995) Bioaccumulation and stress effects
of persistent toxic organic contaminants in marine
bivalves and gastropods in Chinhae Bay. Ph.l).
thesis. Seoul National Unmiversity, pp. 184,

NIES, (199%0)) NIES certified reference material No. 11,
fish tissue. pp. 2.

(1991) The

in Nucella

Muricidae). [

Oehlmann, J.. Stroben, E. and Fioroni, P.
morphological  expression  of imposex
(Linnaeus)

lapiiius (Gastropoda:

T, luteostorma in Chinhae Bay

Molluscan Studies, 570 375 30
Shim, W.J. (1996) Contamination and bloaccumulation of
tributvitin - and  triphenvitin compounds  in the
Rorea. M5, Scoul

National University. pp. 90,

Chinhae  Bay  system, thests,

Smith, B.S. (1980) The estuarine mud snail, Nassarius
ohsoletus: abnormalities in the reproductive svstem.
I Molluscan Studies, 46. 247 256,

Spooner. M., Gibbs, PE., Bryvan, GW. and Goad, L.].
(1991 The effect of tributyltin upor: steroid  titres
in the female dogwhelk, Nucella lapillus, and the
development of imposex. Mar. Environ. Res., 32!
3749,

Stallard, M.O., Cola, S.Y. and Doolev, C.A. (1989

Optimization of butyltin measurements for seawater,

tissue, and marine  sediment  samples.  Applied
Organometallic Chem., 30 105-114.

Stap, J.A. Cofino, W.P. and van Hatiun, B. (1994)
Assessment of transport routes of tnphenvltin used
in potato culture in the Netherlandw. Anal. Chim
Acta, 286: 335-341.

Tompson, J.A., Sheffer, M.G., Pierce, R.C., Chau, Y.K,
Coonev, 1], Cullen, W.P and Magure, R.]J. (1985)
Organotin compounds in the aquatic  environment:

scientific  critena  for assessing  their  effects on

environmental quality. National Research  Council
Canada. pp. 2834,

Valkirs, A.Q., Davidson, B., Kear, L.L. und Fransham,
R.L. (1991) Long-termn monitoring of tributyitin in
San Diego Bay California. Mar, Environ. Res., 32:
151 167

Waite, MLE., Waldock, M.J., Thain, JE., Smith, 1).]. and
Miton,  SM. 11991 TRT
concentrations in UK estuaries following legislation
in 1986 and 1987, Mar. Environ {ftes. 320 8% 111

Waldock, M.J. and Thain, J. (1983) Shell thickening in
Crassostrea gigas organotin antifouling or sediment
induced? Mar. Poll. Bull, 14: 411-415.

Reduction in

- 131 -



