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Effects of CCA (copper-chrome-arsenic) preservative treatment on the settlement of
barnacles and serpulld worms on wood

Ruth M. Albuquerque', Craig J. Brown®’, SrmonM Cragg & Rod A. Eaton’

'formerly Forest Products Research Centre, Bucklnghamshlre Chilterns University College,
now HLS Ltd., Huntingdon LR s 20

“Institute of Marine Sc1ences University of Portsmouth (now CEFAS, Bumham
Laboratory)

2N s w‘ AS

BV ST vt e
i @ v '\1\ un t‘\ -
Biodeterioration due to marine wood-borers renders sthe use of non—durable timber

without protection uneconomic.. Pressure’ treatment w1th copper-chromrum-arsemc (CCA)
provides protectron Though this broad-spectrum‘bloclde Tesists leaching, some effects on
non-target organisms are anticipated. The settlement of non-target species of fouling
invertebrates on treated wood surfaces was studied to quantlfy, effects on'the orgamsms most
exposed to leachate. Settlement, of calcarcous, fouling .organisms was affected in an
unexpected fashion — greater numbers settled on treated wood surfaces than on untreated
wood. This was particularly evident in serpulid worms and acorn barnacles. This
phenomenon was notéd at coastal sites in Greece, Portugal, France, the UK’ and Sweden.
Differences in settlement rate occur even in newly exposed wood. Intensity of bamacle
settlement also varies across annual growth rings. :
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A new non-toxic concept in miarine foulmg “coiitrol TR A AT
Kjell Alm and Stephan lelenhammar3 Qhxsvinl s\’*'; s Ly .':3:*» mf\
Sealcoat Almyra SA PO Box 70327 16601‘G1yfada Athens, Greece LESRRTNEL) AL (4N
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In controlling hard surfaces 1mmersed in-seawater from brofouhng there are two_principal
ways doing this.. Frrst and most commonly used is to alter the surface in a chemical way.
Thrs means that a leakage of tox1c substances to the marine environment will occur Second,
and not so common 1s to alter'the’ surface ma physncal way which is non-toxic to the manne
enviroriment. The Sealcoat fibrelock method belongs to the second alternative. Tt means that
a dry and clean surface is first coated with an epoxy glue. After that, tiny synthetic fibres of
-different lengths and densities are applied on the surface with a newly developed technique
that orientates the fibres and gives a desired fibrelock density. This gives a dense fibrelock
fur like a velvet-surface. NP - -~

The Sealcoat fibre-flock surface glves a good protectlon agamst hard fouling organisms like
barnacles, mussels and tubeworms There can be shght attachment of soft fouling organisms
like hydroids, tunicates and'seaweed by idle” lylng vessels,»but as they are often loosely
attached they will be washed'away..when.shipszare:ins traffic. Another advantage of the
Sealcoat fibrelock antifouling:method is’the ‘long-lasting:effect of several years that will be
very economic favourable for the shipping industry:y,& w,Q
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Idiosyncracies of low surface energy (foul. release) anti-foulings: xdrag‘,‘l_‘gugh_nessj ?{‘.‘».i
maintenance ., - H—" A S SR AN S 1 I G P

Colin D Anderson RTownsrn and Maxim Candnes ot A

'International Palnt' Stoneygate: Lane, Felllng,,Gateshead,.Tyne & Wear England NElO OJY
2Dept of Marine Technology, Newcastle University, England, NEI 7RU

ot i

b. The' successﬁJl commercial 1ntroduct1on of- non—toxrc low surface .energy. (foul release)
ant1-foul1ng hull* coatmgs requires the. discussion.of practical- and theoretlcal Issues ralsed by
the’ characterlstlcs of these environmentally compliant coatings.. ¢ e -y -

1 Foulr release coatings.have quite different dry. and wet tactile fnctlon The convent1onal
Hull Roughness Analyser is unable to-operate -on- these surfaces wrthout some lubrrcatlon of
the skid, and added .grip for the drive- wheel. -The paper discusses consequences for paint
surface roughness measurement.  : - e

“«i From exploratory flat:plane tests in the towmg tank at the University of Newcastle-upon-

Tyne,.UK; it -appears- that the conventional - correlation between ship paint roughness,

characterised by Rt(50), and added drag ACf, no longer applies.-The paper indicates-that the
roughness added drag of foul release coatings. is less than indicated- by the conventlonal
roughness measure,"Rt(50). The practical consequences are discussed. :

Foul Release coatings are at their most effective as anti-foulants when under hydrodynamrc
shear, and exceptionally so on high speed craft, but fouling can occur when a ship is laid up
for any period. This fouling is usually washed off by the ship getting underway. However if
the lay up is for an extended period then underwater cleaning may be required. Such
cleaning must not damage the coated surface or it will lose its efficacy. The paper describes
an investigation into the use of a new underwater cleaning vehicle designed to clean foul
release coatings without damaging them.
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Copper leach rate methods ISO/DIS 15181 1,2. Round robin test results

-Santiago Arias? - .
‘Pinturas Hempel 1S.A:P.O. Box 8 Polmya (Spam) Lt
-Amcle written on behalf of ISO/T C35/SC9/WG27 L e

FISH SR Lt : . £y

Elght dlﬁerent laboratories have partlclpated in a.round robin test organlsed to valrdate the
copper leach rate draft test methods ISO/DIS»15181-1,2 for antifouling paints. Four different
paints have been tested y representing'the most- commercrally significant’ antifouling coating
technologies’ currently in use. No significant differences observed in the leach rate data could
be attributed to; the analytlcal methods used (FAA iGFAA ICP) or due to paint apphcatlon
Inter—laboratory differences in copper leach'rate were partlcularly obvious for non organotin
paints.-Organotin copolymer ‘based paints -showed:a‘lower.degree of variation.; jAs a result,
an organotin based paint has beenichosen, as “the approprlate reference paint for.the ISO test
procedure. ‘ 2 ; : :




Spatlal ‘and temporal trends in envrronmental concentrations of tributyltin and heavy

'metals around a naval facility in Cockburn Sound Western Australia I N
Irenc J. Baran & John A. Lewis - - +. - PO N SRS

DSTO, Aeronautlcal & Mantlme Research® Laboratory, GPO'Box - 4331 Melboume 3001
Austraha B T i N R S L PO

1

HMAS Stlrlmg, the RAN fleet base i Westem‘Austraha, is located in'a large semi-enclosed
‘embayment to the south of Perth. “Tributyltin’ (TBT) concentrations:were._first'measured -in
Jboth sediments and mussels collected in the vicinity ‘of the naval base in- 1989 and the first
DSTO survéy was undertaken in 1991. Since 1993, we have collected and determined TBT
concentratrons in mussel tissue from a number of sites in the: .region at'6 monthly intervals.
“The period of study has encompassed the introduction of RAN initiatives to reduce the input
of TBT from Navy sources and State regulations banmng the use TBT use on small craft
“throughout Western" Australia. An observed reduction in TBT levels over time can be
attributed to thesé initiatives.’ ‘During 1998 a more intensive :sampling program was
‘undertaken in the direct vicinity 'of the harbour to assess the spatial spread of contamination.
Results suggest that the'bay on which the base is located, Careening Bay, has limited water
exchange with waters of Cockburn Sound. This reduces the rate of dilution, diminution and
1degradat10n of TBT in the water mass and results in greater accumulation of TBT in tissues
- of mussels within-the bay @ 7. 2 KT AT ;1 -
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Environmental impacts of antifouling biocide usage in Australia

G.E. Batley

Centre for Advanced Analytlcal Chemlstry, CSIRO Energy Technology, PMB 7, Bangor

NSW 2234, Austraha -

by Co R A T Lt ean”)

The usage of tnbutyltm (TBT)-containing antrfoulants was restrrcted to boats’ over 25 m

in length, in most Australian states, from around 1988." Prior to that, significant impacts ‘had
~ been identified on shellfish cultivation, particularly. affecting the oyster industry. TBT was

shown to have a synerglstrc effect on copper uptake by oysters, and because copper was
<often used in formulations in combination with TBT, many cultivated oysters. exceeded the
*héalth limits for. copper.’ ‘Since the banning of TBT, "and-despite the replacement: of - TBT

. with “antifoularits’ based on ‘copper 'in .association ‘with common pestlcrdes oysters are,no
’longer affected and oyster copper levels are'in ‘compliance. «. " . ol '

" " Foreshore areas’in Sydney Harbour, for example; have shown increased» blodlver51ty asa

consequence of the banmng of-TBT:on-small-craft, although large vessels continue to be a
*s'our’ce of TBT in “harbours.’ Because of.its long half-life in‘sediments; TBT is still detectable

1.in Most estuarine” sediments:,*Sediment. quality guidelines' for TBT ‘have recently ;been
developed for Australia and these,will be described.- -

- Suitable - alternatives - to_ TBT. -are being- researched but in the interim, combmed
copper/pesticide formulations continue to be widely used. No adverse environmental
consequences have- been- reported.  Recommended home-made paint formulations
incorporating veterinary tetracycline, were shown to have poor antifouling properties and to
be environmentally undesirable.
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Environmental rlsk assessment of marme antlfoulants : - :
Daniel Baur, Andréw Jacobson Vincént J. Kramer and Chrls Nichols+ <y
Rohm and Haas Company, Phrladelphla'r PA, USA*’ -’ e e A x

. P .-w e i i - - +
ey '” i .J b F . EE V) -

The Environméital risk'of maring ant1foulmg compounds is'a’function of the enwronmental
concentration (exposure) and the toxrcrty of the compound (hazard). This risk can be
quantrﬁed usmg a’risk’ quotient. " For the brocrdal active”in marine “antifouling -paints a
quotient often used 1nvolves a companson “of the predlcted environmental concentration
(PEC) to the predrcted no effect concentratron (PNEC) The'PNEC:is obtamed from' the
toxrcrty data ‘of the antlfoullng agent generally the lowest concentration/a ‘chronic.effect is
observed times an approprlate margm ‘of safety” "“The PEC »which is generally obtained from
modeling results, allows for a'prospéctive. determinatiorof the.environmental concentration.

The PEC:PNEC quotient for antifouling actives has been obtained for the industry standard,

Tnbutyltm (TBT), and an’ env1ronmentally preferable alternative, Sea-Nine® 211 Biocide (2-
n-octyl-4,5-dichlorc-1-isothiazolin-3 -one). The results have been obtained usmg a series of
validated 'models (e.g., EXAMS and Luttik-J ohnson) and under a widé rangé of geographlcal
and envrronmental conditions. ‘In all cases examined, the predicted environméntal
concentratron of Sea-Nine was less than the PNEC (PEC/PNEC <1). However for TBT, the
predlcted environmental' concentration was generally greater than the predicted no effect
concentration. Thus, from an environmental 'risk ~perspective, Sea-Nme IS an
environmentally preferable alternative to TBT.

Secreted proteoglycans as natural antrfoulmg agents in marine invertebrates

Charlie D. Bavmgton Rebecca Lever Mlchelle M. Grundy Cllve P. Page and J. Douglas
McKenzie' 1t

"The Scottish Association for Marine Science, PO Box 3, Oban Argyll, PA34 4AD, UK.
2Department of Pharmacology, King’s College, Unlversrty of London Manresa Road,
London, SW3 6LX, UK B o _ C . £
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Marine invertebrates have efficient antifouling mechanisms to prevent epibiont surface
colomsatlon These' antifouling’ mechanisms are poorly understood but may include the
mamtenance of a ‘non-stick’ surface and secretion 6f antl-adhesrve ‘compounds.

Mucus secretions! collected from the ‘starfish Marthasterlas glacialis ‘contained 210 + 78

. pg ml (mean + SEM, n= 5) of proteoglycans Chromatographrc studies indicated that the

PG was sensrtlve to drgestron by chondrortmase ABC but not heparinases suggesting that the
glucosanunoglycans were  of ' the chondr01t1n sulphate or dermatan sulphate type.
Radrolabellmg studies wrth 5SO4 confirmed that the PG'is sulphated
Adhesmn of H-thymldme labelled Psuedomonas ﬂuorescens to tissue culture plastic

was 1nh1brted ina dose dependent manner by PG from M glaczalzs ’Bactenal adhesion was
1nh1b1ted by 64 + 9% in the presence of 34 ug ml mucus proteoglycans Commercially
available hepann had no effect on adhesion and 100 Hg ml” dermatan sulphate increased
adhesion by 58 + 7%. Adhesion of radiolabélled human leukocytes to endothelial cells was
inhibited by 68 + 7% in the presence of 34 pg ml” mucus PG.

These results demonstrate that the PG present in mucus secretions of M. glacialis are
potent antiadhesives which reduce both bacteria and cellular adhesion. Mucus is likely to
provide a major contribution to antifouling by some invertebrates.




The effect of marine Pseudomonas NCIMB 2021 biofilmon AISI' 316 staml‘ess gtegl .

LB: Beech', V. Zinkevich', L. Hanjangsu J. Smlth R Gubner and R émuzh ‘rm a9 ur:u,ﬂ
ISchool of Pharmacy and B1omedrcal Scrences UmverSIty of Portsm u ith JQ i
St. Michael’s Building, White Swan Road, Portsmouth PO1- 2DT UK f

LzDepartment of Physics, Montana State Umver51ty, Bozeman, Montana. 59717, USA
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"o Pollshed and as received AISI 316 stamless steel coupons were, exposed for 30 days toa
¢pure culture of marine Pseudomonas NCIMB, 2021 .na contrnu\o'us‘ fxlgv_v‘ brorpactor The

sdevelopment of biofilms and corrosion damage of steel were: mvestlgated using {techmques

f Rk BETE WIS [ SRS

»20f electron (SEM) and atomic force microscopy (AFM) Passrve layers on polrs}hhe)d {andﬁas-

rreceived coupons were characterised to evaluate the effect of biofilms on the COmposition ¢ of

AUk

such layers. The latter was performed employing X-ray photoelectron! spectroscopy (XPS)
alys15‘ : SR W Iu"*'ﬁ«!-w'.*lt
>~ SEM and AFM observatlons revealed that surfaces of polrshed steel were colomsed to a
greater extent than as-received specimens. Micropitting of ‘steel occurred undemeath the
* biofilm, regardless of surface finish. The thickness and composrtlon of the passbxve layer
i differed markedly between as-received and polished surfaces.”In the presence of a broﬁlm
the layers-became iron-depleted and enriched in carbon. .
. This communication further discusses the S1gn1ﬁcance of the bloﬁlm-mﬂuenced changes
rin the passive; layer. composition on the corrosion resistance of AISI 316 stamless steel in
marine environments. . T
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Influence of divalent catlons and pH on adsorption of a bacterial adhesin to solid

surface. B P s
N. Bhosle'+P. A Sucr Al M Baty R.M. Weiner’ and G.G. Geesey I l : :“,t ‘A oor
'Marine Corrosron and Matérial Research Division, National Institute ‘of Oceanography,
Dona Paula, Goa, Indiajeqz, r - - S U

2Center for Broﬁlm Engmeermg and Department of Mrcrobrology, rMont%I}?, State

University, Bozeman MT, 59717 N
} Department of Mlcrobrology, University of Maryland, College Park MD 20742

Hyphomonas MHS 3 (MHS 3) elaborates a capsule, composed of polysaccharlde and
protein, which serves as the substratum holdfast for this prosthecate, marme ﬁlm-formmg
#bacterium. © A punﬁed polysaccharrde component (fr2ps) of the capsule bmds w1th lugh
..affinity to germanium (Ge) oxide surfaces in artificial secawater. The effect of dlvalent
~.cations and pH on adhesion to Ge was evaluated by attenuated total reﬂectance Fourrer
transform infrared spectroscopy (ATR/FT-IR). The results indicate’ that“drvalent catrons
* participate in the binding of fr2ps to Ge oxide and that the atomlc srze of the catlon is
iimportant ‘in the binding interaction. Hydrogen ion concentratron exhlblted llttle mﬂuence
. on the interaction between the fr2ps and the Ge oxide. The results suggest that thrs marine

'y I
surface fouling bacterium has evolved an adhesin that utlllzes Ca 1on to med1ate stgong
Py i (2521
1nteract10ns ; with oxide surfaces. These interactions may prjom}ote mteractlons w'rth oiqldes n
I Ny - oA ? ¥
the ‘sediment environment where these bacteria exist. .. *»' - 712 £ Bt e @ nddrig
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Underwater evaluation and maintenance of antifouling coatings vyitl} remotely operated

vehicles - mw g e Uit

Gerard'ScBohlander ¢ v 14 g’ o7 e T Bt e
Carderock Division, Naval Surface Warfare Center, 9500 MacArthur Blvd, Code 641, West
Bethesda, Maryland 20817-5700 s . 6 . vevl sy oot e e s

. P R N T Y IV e S Y
The U.S. Navy relies on antifouling coatings }hat contain .cuprous oxide for repelling
settling and-attachment of marine fouling. . It is-sometimes necessary to conduct underwater

: ki

hull cleanings to extend the life of the antifouling-paints, due to the extended _mis,sipg‘z,ghyq“l‘,%
of:Navy ships.../A newasystem !is being, developed which permits -theremoval: ofy marine

fouling while containing-and recovering cuprous oxide that may be generated by the cleaning

process. * This" system , also .performs ymaintenance .scans of the hull,.determining paint
thickness ‘and- cathodic protection potentials. This system is now. being ,ship tested to
determing the best approach-for capture and treatment of copper containing effluent. ,A spin-
off of this program has been the development of a system for remote in-water, inspection of
the thickness of the underwater hull antifouling coatings. In order to avoid drydocking or to
pre-plan the docking: work package it is-desirable to perform a-comprehensive underwater
survey of the.hull -prior.to-entering the drydock. This now can be performed with a
Remotely Operated Vehicle, ROV. This_paper describes the-new cleaning system and the
ongoing acquisition and evaluations of antifouling paint thickness data. Results from actual
deployments are reported. This information was subsequently used to assist in planning the

-drydock maintenance package for the antifouling coatings for a U.S. Navy ship.




Controllmg biofouling on ferry hulls with co;z)per-mckel sheathing ... . - ..

Les Boulton', Carol Powell* and Bruce Hudson o

'Les Boulton & Associates Ltd, PO Box 101-261, North Shore-Mail' Centre 'Auckland New

Zealand (Consultant to the Nickel Development Institute) R cowmra Lo -

2Consultant to the Nickel Development Institute, Birmingham, UK... "% 1.r '

*Copper Mariner Ltd, Auckland, New Zealand
. i tWOE

Marine blofoulmg is commonplace on 1mmersed marine structures: mcludmg the hulls of

" vessels which are in routine commercial operation, such as harbour ferries. Regular.removal
- of biofouling is required on passenger ferries otherwise fuel consumption rises and the vessel

"is slowed in the water during service. The cost associated with removal ofithe blofoulmg can

* be very high if the ship is frequently dry-docked to remove biofouling and debris off the- hull.
“This may involve slow mechanical scraping, high pressure ; water.: blasting. and . the
\ employment of expensive manual labour, as well as long penods of unproductive downtime.
Copper-nickel alloys thlblt excellent corrosion resistance in sea water and in addition
show a high natural resistance to biofouling. These alloys have proved their performance
over many years in applications such as sea water piping, intake screens, water boxes and for

" cladding of offshore structures. More recently boat hulls have also beén ‘clad with 90-10 }

copper—mckel alloy for control of biofouling and corrosion resistance.
- This paper describes recent trials and testing of 90-10 copper-nickel alloy sheathmg on
* the hulls of two commercxal ferries-on'the Waitemata Harbour, Auckland, New Zealand. One
older ferry (MV’ Koru) is constructed of FRP-coated wood and the second newer ferry is a
solid FRP hull catamaran (MV Osprey). The Osprey is a fast (20 knots) whereas the Koru is
slow (9 knots) and it is kept in reserve most of the time. The Osprey has been in service for
about 30,000 sea miles. The two ferries were sheathed with adhesive-bonded 90-10 copper-
nickel panels (Koru four years ago and’ Osprey 2.5 years ago) and both vessels have been in
commercial service since.

Results to date with the sheathing have been excellent, with a quick, easy underwater hull
cleaning schedule in place (Osprey) and faster dry-docking turnaround times (Koru). The
evidence presented will suggest that 90-10 copper-nickel sheathed ShlpS hulls require less
frequent cleanmg mtervals Drag 1s reduced?allowmg improved fuel consumption and higher
boat speeds on average "The blofouhng results of a parallel testing programme in which
panels -of wood, steel and aluminium alloy wére sheathed with 90-10 copper-nickel and

immersed for four (?) years in a polluted, qulescent harbour environment will also be
descnbed :
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The chemlstry of nonstick surfaces and their appllcatlon as foulmg release coatings
Robert F: Brady, Jr. Pt

- Chemistry Division, Naval Research Laboratory! Washmgton DC 20375 5342

For some twenty years the marine coatings industry has been intrigued by polymer

surfaces w1th no inherent power to interact’ with other materials, especially with  the
blologlcal polymers -used by marine-organisms to bind themselves to objects in the sea.

Polymers with nonstick surfaces have béen made from. sundry -materials, and their resistance
'to’ marine foulmg in both static and dynamic tests has been evaluated in the world's oceans.

“The polymer surface property which has been most frequently correlated with bioadhesion is
i?rts cntlcal surface tension (y.); in fact,’a generahzed relationship between Y, and marine
’V'foulmg was first formulated more than twenty years ago. However, resistance to fouling is
" also influenced by other bulk and surface properties ‘of the polymer. This talk will review
the distinct types of polymeric materials used in fouling resistant coatings, interpret the

performance of the coatings in terms of their composition, and present alternative
interpretations of the relationship between y, and biofouling. These understandmgs will
then be used to develop requirements for improved polymers which refuse or resist strong

. bonds to other materials.

Organic corrosion inhibitors for coatings
Adalbert Braig, Sonia Megert and Simon Lord _
Imaging and Coating Additives, Ciba Specialty Chemicals Inc., 4002 Basel, Switzerland
The market for anticorrosivé paints has been characterized by major changes within the
past decade. Changmg performance requirements along with legislative activities (VOC

‘»regulatlons) are driving the industry towards env1ronmcntally more acceptable coating
" technologies (e.g. ngh Solids, powder coatings, UV-curable systems, waterborne paints).
" Limitations impeding orp' banning the use of the most effective anticorrosive pigments such as
_ chromates and red lead have challenged the industry to develop novel classes of
' antlcorrosxve pigments.

Alternative concepts to formulate envnronmentally more acceptable paints such as the

. usefulness of purely orgamc corrosion inhibitors for long-term protection were initially
" considered less promlsmg However, orgamc corrosron inhibitors for coatings must be

considered today as a realistic alternative to the ex1st1ng, more traditional concepts in the
area of corrosmn protectron The chracteristics of organic inhibitors will be discussed along
with mechamstrc aspects. Exposure results will underline the efficiency of such 1nh1b1tors in
a variety of apphcatlons
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Impacts of invasive species introduced through the shipping lngugtry 0 reimarty
Mary Sue Brancato and Debra MacLellan 4 Mgk S
Parametrix, Inc. 5808 Lake Washlngton Blvd NE Surte 200, Klrkland, oW ashlngton USA
98033. . - -
. L R :. .‘-.: wau ._,:&F et Can k3 J( LA Shtivs v

Invaswe spemes—also called exotlcs nonnatlve .spegcies, or, non-mdlgenous specres-—have
. been _introduced inadvertently into many | marine -waters. by the sh1ppmgf1ndustry Ll These
.:species are transported as fouling organisms on Shlp hulls and:in the ballast, water of, tran51ent
ships. Ship fouling can result in the transport of orgamsms across oceans as well as between

<AL A5

~"coastal ports. . While most ship fouling is, assocmted,\wrth mvertebrates and plants,,some

: evidence suggests that fish also accompany a; heav1ly fouled vessel The degrcee of fouhng

. on ships, fishing vessels,.and private boats haswbeen reduced through the use, of antlfoulant
pamts Prior to their use, about one-thlrd of the mtroduced spec1es in Austraha are belleved
. to have been’ transported v1a fouhng organlsms on the hulls of. overseas shxpplng vessels
. Some fouhng still occurs_today, especially in s1tuat10ns where antlfoulmg ‘paint, cover Is
chlpped difficult, to apply,,or otherwise ineffective. Invasrve spec1es can have adverse
ecologlcal and economic 1mpacts by causmg declines’ in natlve spe01es through rhabltat
alteration or by out-competmg native species, and thus, permanently reducmg blologlcal
diversity. Mariculture and commercial and recreational fishing can also be adversely affected
because the new. invading.- spemes .are- predators competitors, and parasites, and some cause
or carry disease. Finally, some invasive species, such as toxic dinoflagellates and cholera-
causing bacteria, can affect human health. -« :

H .
+ i . . * 1 .
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Cellular and molecular.approaches to prlmary adhesnon in E{zteromorph Yo o e

James A Callow, Michele'S Stanley “and’ Maureen E Callow’
. School of Blologlcal Scrences The Umver51ty of B1rmmgham B1rm1ngham BI5 2TT,‘UK

Lot .
i ‘3.

S . l f| VRS -"'."”JL;’- w1 ,-H‘!-" Q. YO TS -
Novel solutlons to non-toxic control of foullng organisms depend ona greater understandmg

" of the mechanisms 1nvolved 1n the,adhesxon ’process 3 'l;he major fouling’ macroalga

Enteromorpha 1n1t1ates attachment through motlle spores whlchnsecrete a glycoproteln
adhesive from vesicles contamed in, the anterlor reglon of the > Spore., Tlus paper déscribes a
combined cell bxologrcal and 1mmunologlcal approach to charactense adhes1ve"pro<):esses

- and to identify the adhesive, molecules .*Monoclonal antlbodleslhave been ralsed to settled

spores displaying. the adhesrve on thelr surfaces Candldate antibodies 't‘ov)var’dsl the adhesrve

have then been selected by ELISA Westem Blottmg, unmunoﬂuorescbnce and 1mmunogold

hidd § T-AZ TV ALY | LIRS § 013 ) LT S)

AR
microscopy, in combination w1th functlonal 1nh1b1tlon assays. The antlbodles then Serve as
- LMY E Y IRAU YT 4 TES ] B O L]

molecular probes ‘to blochemlcally 1dent1fy and charactense the correspondmg adhes1ve

materials as descnbed more fully in, the accompapy1ng poster (S (Stanley, Callow and Callow)
The relationship between spore adhesrve and cell wall proteoglycans i dlscussed
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Algal biofilms and biofouling: problems and perspectives
Maureen E Callow o e .
School of Brologlcal Scrences The Umvers1ty of B1rmmgham Blrmmgham B15 2TT UK .

VG

{j T R . ka4

'-1- -.

Foulmg of man-made structures structures by algaells a maj or

oblem throughout the world

,,,,,,

hulls. The currentx generatlon} of 3 non-tln; antlfoulmg coatmgs lS falrly 1ne)f§erct1ve in
it

controlling this- alga and 1ts; control remams a major objectlve of foulrng research The

success of Em‘eromorpha as a fouhng orgamsm 1s due 1n part, to the productlon ‘of enprmous
(RGN

numbers of motile;spores; whrch COlOIllZC new- substrata Colomsatlon depends on a number

of processes, mvolvmg substratum locatlon settlement temporary and permanent adheswn

BT RLd 2 O J
The various stages involved in the trans1t10n from motlle to adhered spores will be'illustrated

by a video. Spores respond to.a, number of env1ronmental cuesj which may be 1mportant n

-attracting them to a partlcular location. Data w1ll be presented Wthh mdlcate that fatty acids

act as chemoattractants The role of chemlcal and topographlcal cues in moderatlng spore
settlement will be discussed. -

The relatlve contrlbutrons of mtroductlon vectors to the Port Phllllp Bay blota

Marmnie L. Campbell and. Chad L. Hewitt

CSIRO, Centre for. Research on Introduced Marme Pests GPO Box 1538 Hobart Tasmama
7001, Australla

n

MllTPQI‘QJ‘.-'*' . IRPIS AL

| Slnce Bntlsh discovery of Port Phjlllp Bay, ‘197 year—s' ago, at least 172 CXOth cryptogenic

and ,possibly. introduced species have become estabhshed w1th1n the bay Recent bay-w1de
biological -surveys, ;literature reviews and museum searches ﬂby«numerous orgamsatrons
(CRIMP,,DSTO, MAFRI, Marine. Sc1ence and Ecology, Museum of Victoria,. Un1versrty of
‘Melbourne and Auckland Umversrty) have conﬁrmed thls The Jvectors for “these
1ntroduct10ns are var1ed with hull foulmg & bonng bemg the predommant (58. 8%) method

of translocatron ‘This,dominance . began w1th hlstoncal fouhng on,wooden vessels and ‘has

contmued through to modern tlmes Exotlc organlsms capable of belng translocated v1a hull
foulmg,ﬁmclude the bryozoan Waterszpora subtorquata and possrbly the recently amved
algae Undarza pmnanﬁda Manculture (23.2%), semr—dry and dry ballast . (3. 1%) ballast

. water (14! 5%) andnntentlonal 1ntroductrons (0 4%) have also partlclpated in translocatlng

. Crassostrea gzgas and can be 1mpllcated m the lntroductlon of corophlds such as Corophzum

acheruszcum and hydrozoa such as Bougazizvzllea ’;‘Larr'iosa Seml-dry and dry ballast ‘may also
be responSIble for mtroductlons of the, > crustacea Carcmus maenas and. Caprella species.
Ballast - -water - is, responsrble.lfor translocatlng specres suchr as the echmoderm Asterias
‘amurensis, the fish Acanthogobzus ﬂavzmanus and the polychaete Sabella spallanzamz ‘The
role .of ballast water has mcreased in’ recent years, however hull fouhng and marlculture stlll
srgmﬂcantly contribute to. mtroductlons ~

PR B
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The structure and function of an mternatronal mdependent marme coatmgs board fo’r
assessing the risks of alternative antlfoulmg products and technologles ot E ity
Michael A. Champ', Thomas J. Fox*/ Harold ‘E. Guard *James Maguire "*Ke1th‘ H.
Pannell’, Peter F. Seligman® and GeoffreyW Swarn

' 1Advanced Technology Research Pro_;ects Corporatlon (ATRP ‘Cor ) Arlmgton "Virginia
2Center for Advanced Ship Repair and’ Mamtenance (CASRM)“ Norfolk V1rg1n1a eI
3Bromolecular & Biosystems S&T D1v1510n 0fﬁce ‘of Naval‘Research Arlmgton ‘Vrrgrma

"4Natronal Water Research Institute, Envrronment CanadaI Burlmgton' Ontarro"Canada .

&s Department of Chemistry, University of Texas at Bl Paso-Texass Bre s e n, oo
6Envrronmental Sciences Division; SPAWARSYSCEN"San'{Drego Callfomla T
YFlorida; Instrtute of Technology, Melbourne, Florida 00! Twiegiy proslennt o v

h.d..u..c:;.‘,,» sn,: e L o ', S yum '.«lu ll‘;Dﬂ !10(‘ mxm )'{5 (v ey i . IO

‘ﬁ . Tnbutyltrn (TBT) antrfoulant coatmgs have been estlmated to 'save ship owners* over two
“ billion dollars anntially'in fuel avoidance’ and’ shlpyard costs‘ Nevertheless the Internat1onal

"Marrtrme Organization has" ‘recently” recommended a global ban on the use of TBT by 1
January 2003. In the U.S., TBT has been a regulated chemlcal for' over- 30 'years; ‘and the
recently proposed global ban confirms how difficult it is to regulate low release rate toxic
additives (brocrdes) in ant1foulmg boat bottom paints | that impact non-target organisms at

3]

1mpact of this regulatory actron lS far reaching, it could double the costs of antrfoulmg The
time period for 1mplementmg the ban is generous from a regulatory perspective, but its
impact will be significant in the.antifouling $ 500 million annual marketplace, placing the
ultimate users of antifouling coatings at undefined financial risk. The implementation of the
ban requires a shift to altematrves in a marketplace that usually requires a mmrmum of 3-5
years of product testing for acceptance In- this' tlme perlod both the marketplace ‘and the
\regulatory authorities will need to evaluate and accept avallable altétnatives by assessihg a
“Wwide range of environmental!’ technlcal ‘economic and  public health risks?! In- the' US; there

are currently few new technology altematrves “approved (ie, a srllcone pamt “and a 'self-

°envrronment are unproven In the 5—year phase out penod“rt‘ 1s~hkely that- the marifie
Httansport industry will be forced to return to ‘older- copper-based'antlfoulants as ‘an’ mterlm
’Imeasure The problem is how to screen altematrves to meet the deadlme without acceptlng

“an ‘alternative. vvhrch in the future may exhlbrt unantrclpated env1ronmental or publlc héalth
rrsks‘lw i l':“__o‘”“‘v‘;-s-n"wv;,' . fffp“'lh."‘w.. 4.‘-.. e R '."n!'

.y

characterlzatlon and evaluatlon of “alternative antrfoulmg products“ooatmgs technologres
and systems (etc)).: ‘This approach would center-around the development of an’ 1ndependent -
1nternatronal ‘Marine’ Coatmgs Board: (MCB) -furided-from “the future fuel savmgs by ship
- owners which would promote the development and comparative evaluatron (standardrzed
testlng) of antifoulant . altematrves to the banned TBT. Proposed examples include: paint
eﬁ'lcacy, longevity; release rates; degradatron rates;’ persrstence bloavarlabrlrty, brologrcally
relevant exposure’ concentratlons toxrcrty (acute and chronlc)_“to“‘ target?’and“non ‘target
* organisms, deformities and immune system’expressioi tG'name. a Sfow il vl vldteimaz )
~ The purpose” of the MCB is to complement natlonal regulatory actrvrtleslby mtegratmg
"the data and mformatron requ1rements of natlonal regulatorytbodles togetheriw1th'those of
“ship owners® ‘and’ operators coating* manufacturers Bhatbor 1authorltlesv"“and*fothers into
standardized assessment protocols that can evaliate® and *rank ~available alternatives.
International Working Group Meetings of the MCB would review and select available
technologies for testing and evaluation. Alternatives would be identified and evaluated in
international intercalibrated demonstration experiments utilizing scientific and regulatory
critéria and standardized protocols developed by the MCB. The MCB could directly and
indirectly oversee the standardized testing and evaluation of the most promising candidates.
These would be bid out by RFP (Request For Proposals) to ship R&D groups; industry or
academic R&D laboratories across the world to conduct closely monitored standardized
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comparatrve assessments provrdmg data and information for, envrronmental economrc and
human health -risk. assessments The MCB data and 1nformatlon woul'd complement and
support national regulatory efforts and ‘Would be available to anyone, anytrme anywhere on
the Internet- This would allow the; regulatory: process, and the forces of Lth'e marketplace to
work together to develop the most suitable alternatives 1 in the shorfest imé penod

i
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Physrco-chemlcal .model.-for predlctlon of seawater metal corrosnon
B.B.Chernov and S.A.Ponomarenko _, " . iy .
Far-Eastern State, Marine Academy,, Vladlvostok Ru551a

SRTRN bt F T NP Sy s R

The paper. dlscusses the processes of corrosron products ﬁlm growth on the metalhc surfaces
and corrosion reagents film:transport in relation to metal corrosion behavior prediction in
natural seawater. Proposed by the authors common - physrcal-chemlcal approach to this
processes enables to interrelate the thickness of corrosion failure metal K with exposure time t

as follows:
V V K
ML AA AW A3
Vp Vv, P

where coefficient P characterizes the protection properties of corrosion products, V,
and V, - initial and steady corrosion rates, consequently. Data base application of metal
corrosion in different ocean regions has allowed to estimate the coefficients depending on
physical-chemical. seawater parameters: temperature, dissolved oxygen concentration,
hydrostatic pressure, flow rate of seawater- etc:: The approach-described seems to have been
applied for the first time to numerically define the effect of seawater environment variations on
metals' corrosion. The data obtained has been used to chart the corrosion activity of seawater
for mild steel, copper, aluminum and their alloys. PR NT :
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Recent marine wood preservation research in Australia

Laurie J. Cookson and Damian K. Scown

"CSIRO Forestry and- Forest Products, Private Bag 10, Clayton South MDC, Vic. 3169,
Australia .

Marine wood preservation research over the last 15 years-in Austraha has tackled two main
problems for the industry. The first was to démonstrate that existing commercial treatments
could give reliable performance in the sea, inithe face of erratic performance and inadequate
specifications. The key solution: was to:study the biology of.marine borers. Collating and
"identifying ' marine + borers from different areas around Australia, and, examining their
‘preservatxve ‘tolerances, enabled the Australian,coastline to be,divided. into seven: major
hazard: zones. Piling options:caninow: be spec1ﬁed that will give more than 20 years service
life'in ‘each zone. More recent difficulties for the:industry are questions about the fate of the
copper-chromlum-arsemc (CCA) and creosote commonly used to protect wood in the-sea.
Current-research focuses on.the CCA levels found .in barnacles growing on treated piles.
Alternative chemicals and methods of protection that seem intrinsically more appealing
environmentally are also being examined. Recent research areas are the natural durability of
timber in the sea, new generation wood preservatives that are arsenic and chromium free,
and potentially active agents extracted from marine organisms.
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water and the competltwe ablhty of spemes

Experimental evaluatlon of the effects of recrultment and competition-on the succession
and stability of the foulmg commumty at Cabo Frio- Island RlO ‘de Janelro,'Brazd"' :
‘:\ . e

Rlcardo Coutlnho NI TN B »kc PN -.41"" P et o s
*Instituto de Estudos do Mar‘Almlrante Paulp Mpremi“ CEP*28930 000 Arraial do- Cabo Rio
de Janetro Brasil: - . e « LA ,a.mt " G Narse e

o B S S

The present study was demgned to examinéd’ the hypothesxs that the succeéssion and stability
of the foulmg commumty at Cabo Frio 1sland ‘Rio de *Janelro ‘Brazil, are controllmg by the
recrultment and ‘competition of the dommant spec1es Mampulatlon expenments in panels
were done 1n a Sargassum ﬁrcatum bed dunng twoyears- We' observed a seasonal change
in composmon and abundance of spe01es ‘with oportumsts species ocomng in‘3-4 imonths
and later sucessional species after "this’ perlod ¥'t“Stability"was ‘reach” after  six ‘months.
Mycale mzcroszgmatosa and Schzzoporella errata dominated the community with 9-47% and

‘}”10 63% of cover area’ respectively. Our results, - showed that- the “equilibrium” after a

dlsturbance occurs in about 6 months dependmg on the- reprodutlve structure present in the
i _ - .

‘ . .-vf'u;f! ' \ +
fr. L RS AP . i
EU - 1 R
,P(.;“" Lo . . N itw P 4 P
r*WFactors mﬂuencmg a vessel's degree of foulmg- S o

'i% Ashley D.M. Coutts', Malcolm Haddon"and Chad'L. Hetht I RS
15 Australian Marltlme College, P.O. Box 21 Beaconsﬁeld .Tasmania‘ls

*Centre for Research on Introduced Marlne'Pests (CRIMP) CSIRO Manne ‘Laboratones,
P 0. Box 1538, Hobart, Tasmania. ,
Twenty-one vessels of international and domestic’ origin greater than 10,000 tonnes (gross)
were surveyed between October 1996 and August.1997:.at+Bell. Bay and:Long, Reach,
northern Tasmania, Australia. Photographs and samples were systematically .collected from
all vessels at three depths (waterline, middle and béttom) ‘atithree. positions along thethull
(bow, middle and stern). Questionnaires were used to obtaln each' vessel's particulars> and
voyage memos since their last dry dock. Physical data collectéd included average voyage
* speed, age of antifouling paint, and average voyage duration: ‘between ports:Edch’vessel was
Lassigned an “index of fouling” -according to.the combined frequency.of occurrence on-each
vessel of 15 higher taxonomic groups (Maxillopoda, Malacostraca,. .Ostracoda, s Rotifera,
Nematodeg Annelida, Mollusca, Ectoprocta, Cnidaria, Chordata,sChlorophyta, Phacophyta,
7 Cyanophyta, Rhodophyta and Bacillariophyta). A linear relatlonshlptbetween the;mdex of
*fouling .and the three main factors, average voyage speed,. ageaoftantlfoulmg pamt and
" average voyage duration was found to be highly significant accounting:for:60%.of .variation
* in the available data (Adj.r*=0.603, F=11.127,df = 3, 17, R <0. 001) After an’outlier was
“removed the proportlon of variation accounted for rose to 72% (Adj. r* = 0,722, Eiz 17.465,
«df = 3,.16,+ P.=.0.006)., Of. the three factors the most "influential was:the age of antlfoulmg
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BlOX - on-line momtormg of biofilm and chlorination Y

Plerangela Cristiani'; Alfonso Mollica?, Giovanna Ventura>and Elena‘Lai” °
'ENEL S.p.A. RESEARCH Department Env1ronmental'V1a Regglo Emlha 39; 20090
Segrate (MD Italy, o - a e L

2Con51gllo Naznonalek&elle Rlcerche Istltuto per la Corroswne Matina dei Metalh ‘Via *l')e _

Manm 6 16149 Genova Italy ' RV

* 1‘1

s
RS LTS [

To 1mpr0ve the chlormatlon treatments of steam condenser coohng sea water, ENEL has
recently patented an mnovatlve electrochemlcal’system BIOX: which ‘mohitors 'on-line the
bloﬁlm _growth : and the concentratlon of’ eﬁective T.R.O. (total residual oxidant) diffusing
toward the sensor surface dunng ‘the’ chlormatlon treatments The system is already installed
in somé ENEL power statxons The" results pomt out that this new devicé w1ll be ‘useful to
OptlmlSC the b10c1de treatments in the most dlfferent conditions.

N

Neurotransmitter antagomsts as antlfoulmg agents agamst cyprids of Balanus
improvisus.

Mid Dahlstrom', Lena Martensson?, Per Jonsson® and Hans Elwing',

'Department of Cell and Molecular Blology, Interface Biophysics, Géteborg University
*Department of Zoophysiology, Géteborg University

3Tjarn6 Marine Biological Laboratory, Goteborg University, Sweden.

Okano et. al, demonstrated that cement production from isolated cement glands from
Megabalanus rosa, was induced by norepinephrine (Okano K et. al J Exp Biol ,1996, 199,
2131-2137). Consequently, we thought it worthwhile to investigate if receptor antagonists to
norepinephrine will inhibit settling of cyprids due to insufficient cement production. Cyprids,

" obtained from laboratory-cultured adult Balanus improvisus, were transferred to tissue

culture petn‘dishe‘s. of polystyrene. Phentolamine, an unspecific adrenergic receptor
antagonist, was added and results of the assay were registered after eigth days. Significant
inhibition of settling was found in a concentration intreval of 1 - 100 pM of phentolamine.
At 33-100 uM, phentolamine appeared to be toxic to the cyprids. Some juveniles settled at
low concentrations of phentolamine detached from the surface indicating insufficient cement
production. Other effects of phentolamine on settling behaviour and physiology can not be
excluded. Yamamoto ef al also studied the effect of pentolamine on larval settling of B.
amphitrite. (Yamamioto H et. al Biofouling, 1998, 13, 69-82) Their results differed from ours
in that minimal settling inhibition occurred at concentrations about 100 times higher
compared to our experiments. ' ‘
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Bacterial behaviour influenced bprhySlcochemlcal lJr'llot(’ilﬁcva[t_lons to polymer :S?aﬂ"gs
exposed to the marine environment:® , .0 o0, - N ﬁ i F'; A foal S;" .
Helen M Dalton, Kevin C Marshall and Paul E March =" #7777 z o
‘School of Mlcrob1ology and Immunology, !The University of New South Wales Sydney

NSW 2052 W et ety

A iom e.'tou‘*l BENTIR BN

.-Primary .colonizers of surfaces in_the malnne {’env1ronment modéfyuand enrlch surfaces

‘rendermg them more amenable to- sullshequent attachment by bactena mlcroalgae fung1 and

ed;

sprotozoa y Wthl'l can then have an mﬂuent1al eﬁ'ect on colon}zaitlot‘l 1by 1njvggteb§atgsl§s,well as
FIT 5 ¥ ¥

Lultlmate performance Coatmgs developed for aquatlc environments- L are | s1gmﬁcantly

(V3 SO IEANTE VEL, Do pn  GORL MY

Lmodlﬁed by,:m1crob1al biofilms., Th15 mlcroblal lnteractlon lead{s.} to; coverage . of sux:faces
masking surface- properties, mcreased leachmg Sf addltxves w1th1n the polymer matnx and
degradation' by biological products of the polymer “and their additives. = These coatlngs are
then vulnerable to penetration of the polymer matrix by microbial elements. Any or all of
tthis damage may lead to mechanical instability. and enhance subsequent biofouling.

Utilizing the surface-responsive shift in morphology of a marine bacterium in a controlled
marine environment, a biological assay of temporal changes in surface hydrophobicity is
being utilized both to determine heterogeneities in substratum hydrophobicity at the pum level
and to monitor the fate of coatings when immersed in a marine environment. It is probably
unrealistic to successfully design coatings that completely escape biofouling so the goal of
developing minimally adhesive coatings that attenuate fouling is being actively pursued.
Laboratory contrived as well as natural marine microbial biofilm formation is being
monitored to evaluate this characteristic of coatings.

Applications of marine bacteria as surface-sens1t1ve bloprobes that can detrect changes in
surface characteristics will contribute to de51gn ‘seléction and évaluation” of coatmgs
developed for use in the marine enwronmenth_\ : B

s L 4 H ' L. ! ‘ ’ { H
' ' 4 T ‘ P § -
. Vi kd e ML j] 1 . F
. T " O odg it [ ’ ! .‘ ! l‘
[ . \
ot hu e reoes bt RELER I S T3 i el (i 0 e A
v."“{-)! ."'-\/;!l &‘Jl'l ‘L' L. P ’ s . PN 1o i PENERE LAY T (PR
T T L S T o SO R C et . I : RTINS ' "y
‘Jl‘({'J 1 rfvih N 1 l!_.- Vet VLR o L H o - Y ! - e n
Jﬁi&/li vt r}s}li. l,}‘»..’ L PR LI T RS S h g
r f
A ? - : ,
xchw Stec e N taede s fa L e e owm e
)3 A «r"mvn'l ?i'.i} ;:’ CeoptE Lot akee o ST e S PN VRERL I O ST . A
'mfm. der, .Jm m o 0 I o aes  Tany s e e g
RO R ““U' LT S I BT SURNL i TR YTl I L B ’
' S P B A DR S S ST e o ; .
‘("“J'pllc V‘i q oFg . Uiaddtia, 0 LA il T € srat ol e
Ja ‘ . .
ARCR IO, £ gl o’ bnjm.«.t‘ O S wh e, enepyg, T
t:“i.. m,m mla)“l'lb‘ﬂhxlz‘;l 2 A '- Ve T l TN N
%y o, ATRISTORS R P e T b T e S TR TR
i . N
T I B I PR VI
. ot » <
. o " pre,y
18

.

e B

o o

® o
P VIU |

i !

)\
E

M
e et M St o s

-

™

Y

g (T (I | YO 4\
e M i

1>

D o

y-4)

27



b @

@ ® @ O O O

® B W

@

-9 © W @

v O W B

¢ ¢ ¥

i

v 0 d ¢

6 @ @

8W9 CANADA

Cost analysis of TBT self-pollshmg copolymer pamts and tin-free alternatives for use -
on deep-sea vessels. A
Nimmi Damodaran', John Toll2 Mlke Pendleton’, Conrad Mulligan', David DeForest?,
Michael Kluck John Felmy and Mary Sue Brancato®

1Prlnceton Economlc Research Inc 1700: Rockvﬂle’kae Su1te 550, Rockv1lle Maryland
USA 20852!% + ~ P e

“?patametrix, Inc., 5808 Lake Washmgton Blvd! NE Suxte 200 Klrkland Washmgton USA
- 98033. : T

t

. ] < - . .’ .- . - )
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"We' conducted a comparative * analysxs of thef'costs of trlbutyltm (TBT) self-pohshmg

copolymer (SPC) antlfouhng paints.and their‘alternatives, to better-understand the economic
impact of restricting the use of TBT-on decp-sea vessels. ‘Costs evaluated include antifouling
paint costs, dry-docklng rates cléan hull fuel consumption, and fuel consumption penalties
as a result of hull fouling.” TBT SPC paints offer significant cost savings to ship owners and
operators, beCause' their five-year -dry-docking interval ‘reduces dry-docking costs and
revenues lost 'during’"dry‘ docking, assuming a 30-month dry-docking interval for tin-free
antifouling paints:> As a 'consérvative estimate, we assumed no fuel penalty in comparing
TBT SPCs:and tin-fre¢' SPCs. Tin-free SPCs are 95 to 146% more expensive, and copper
ablatives are 156 to 401% more expensive than TBT SPCs:- "This is due to higher dry-
docking costs, révenues lost, paint costs;-and, in the case of copper ablatives, fuel costs. We
have conser'vati{/e'ly assumed that TBT and tin-free SPCs provide the same' fuel efficiency,
so the environmental risks or bénéfits of switching from a TBT SPC to a tin-free SPC would
have to do primarily with the pesticidal impacts on non-target'organisms. What data are
available suggest that tin-free antifouling paints do pose risks to the environment. None of
the tin-free alternative paints have been shown to be as safe as or safer for the environment
over the long term than TBT SPC paints for use on deep-sea vessels.

Trlbutyltm in the marine environment...NO WORRIES?

fr

‘Stephen de Mora V- S

Département d'oceanographxe, Université du Québec a Rimouski, Rimouski, Québec G5L

i

Tributyltin (TBT) has the reputation of being an excellent antifoulant and a notorious
pollutant. This' dichotomy of perspective has long coloured the debate on the use -(and
continued use) of TBT in‘the marine environment. This presentation will provide a brief case
history of TBT as a marine pollutant and outline why concerns for the-future endure. Flrstly,
numerous studiés havé illustrated the potency of TBT as a broad spéctrum’pesticide that can
affect non-target organisms. Of notable™ concerii has been the -masculinization of 'female
gastropods (imposex) and the déformation of oyster shells: Legislative response -was swift,

'global and effective, although considered‘unwarranted in some circlés dueto the paucity of

scientific evidéiice. The efﬁcacy -of such” leglslatlon will be-briefly considered. Secondly,
concerns for the marine-environment continue despite limitations on the use of TBT, Recent
investigations ;have attested to the longevity of TBT in sediments and the instigation of
imposex at remote locations (i.e: TBT. derived from oceanic shipping). Ongoing studies
document the occurrence ‘of TBT in.  higher -trophic ‘levels and have broadened our
understanding of the ecotoxicological effects, including the role as an endocrine disrupter.
Finally, the evolution of future laws will be considered. The 42nd session of IMO-MEPC
recently enunciated the-aim to develop a global, legally binding instrument to ban TBT
usage. One legacy of the TBT story has been to instil prudence about introducing alternatives
to TBT antifoulants into the marine environment.
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Use of a novel leach-test method for the evaluation-of antifouling paints

Jane Dormon : leana o Lo
Hempel’s Marine Paints A/S Lundtoftevej 150, Lyngby ‘DK:=2800, Denmark« -
o S R ,.w".' AR +

|Test1ng of the eﬂicrency of antrfoulmg pamts,has tradltronally,been conducted by. tox1c1ty

testing (of one form or another) on samples of the biologically active agent alone For this

study, it-was-considered that a more realistic approach would.be to test 1nstead the actual

.antlfoulmg coating. In this case, a suitable substrate. would be coated wrth the coating, to;be

tested, and toxicity testing would be conducted on the leachate, i.e., soaked panels would
o leach the included biologically active agent:i intothe surroundmg water _Samples of the water
> could be-'collected and tested against -various- target--and non-target- organisms, The
~advantages'of this method are: (a) it should- give.a more accurate feeling for the antlfoulmg
~properties: of the paint system, than that acquired by testing- the; brologlcally active agents
t-alone, (b) by comparing the toxicity test_results from newly. developed antifouling coatings,
« with results from coatings of known performance (i.e., older, well understood systems), it

..could be possible to predict the antifouling potential of the " new ' coating, and, (c) by testing
~ paints that have been immersed over different-periods: of time (and comparing them with
i. coatings of known "life expectancy“) ‘it may be possible-to predict the life expectancy of the
. antifouling coating. Important‘factors to consider- in these tests are: surface area to volume

. ratio; duration of "soak period"; interaction of paint components; mterpretatlon of results.

The following test method attempts to address all of these issues, and produce a

. ‘reasonably quick (by comparison with raﬁ -testing) method. for. the evaluatlon of the
.r,antrfoulmg performance of A/F coatings
" Lo T ‘. o

Effects of seawater immersion on the surface properties,of some silicone and. ; . -
fluorosilicone coating materials V

Francis Fernandez Estarlich' 2, Sue A. Lewey”, Thomas G. Nevell', Adrian A. Thorpe', John
Tsibouklis', and Andrew C. Upton .

'Centre for Chemistry, School of Pharmacy and Biomedical Sciences, University of
Portsmouth, St. Michael’s Building, White.Swan Rd., Portsmouth, PO1 2DT, U K::. ;.. .5,

*Maritime Faculty, Southampton Instltute East Park Terrace, Southampton SOl4 OYN,
JUK. RIS SRR A S S ‘*-;rl

- -

RN BN TS
Liquid-surface interactions for some commercial silicone elastomers and synthe51sed
sz fluorosilicone elastomers have: been ;studied from measurements of, contact ,angles, of
n:Submerged air bubbles, using- double drstllled water, artlﬁcral seawater,, ﬁltered sterllxsed
-zseawater and seawater, over penods of up, 10,6, yveeks Well-charactensed surfaces mcludmg
ypoly(methyl methacrylate) (pmma), and. paraffin . wax_ have been used “for companson
—-Bactenal settlement in seawater has been momtored by,optrcal mlcroscopy and scanning
-.telectron mlcroscopy and some materials have. been tested in'sea exposure trials. :
fImmersion in distilled water or sterile- -artificial yseawater | had -no; effect on pmma but

c progressrvely reduced the contact angles of all srllcones;by up. to 70° Changes were,slow

e

l*and aﬁer 7 14; days most surfaces showed;51m11ar contact angles (25°-32 ) Absorptlon of
~.Water by the silicones is shown, consistently with previous,work; the process, is considerably
waffected: by dissolvéd salts. In filtered .and non-filtered seawater, however, it appears-that the
wearly ‘stages- of biofilm formation,. occurring over i7-days,,determined 'the .contact angle
Yobserved.;In;marine -antifouling’ tnals :some silicone elastomers performed, well while most
Tifluorosilicones showed some resistance to, fouling -Observations of microbial settlement will
s.be reported together: with more detalled surface energy.determinations..
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Assessmg the lmpact of antl-foulmg compounds in rthe marine environment. Lessons to
be learned from the use and misuse of biological mdlcators of TBT contamination.
Stewart M. Evans and Geoff J. Nicholson v

Dove Manne Laboratory, Cullercoats Tyne and Wear, NE30 4PZ, UK

il 'Drt“."' 4 0L .

1

Two blologlcal indicators of TBT contammatron abnormal shell growth in oysters and
imposex in whelks, have provrded valuable mformatlon on the impact and extent of TBT
pollution in the marine envrronment They have also been used successfully in monitoring
changes in contammatron dunng the"] past decade ~or 'so. -However, they have generated
misleading mformatlon when they have been use‘dﬁas (1) ‘actual measures of ambient
concentrations of TBT (11) 1nd1cators of breedmg performance and (iii) predictors of the
survivorship of specres One’ reason is that responses such as imposex are not, as has often
been assumed, specrﬁc to TBT. Imposex ‘can, for ‘example, be caused by phenyltins,
nonylphenol and other agents. There may also be “natural’ causes and imposex in whelks
and shell chamberrng in oysters have been reported in populatrons which have had no history
of exposure to TBT. Other reasons are that insufficient ‘attention has been given to the
sensitivity of the “different developmental stages to TBT, longevity and habits of indicator
species. It wﬂl be argued ‘that, while biological indicators should play key roles in assessing
the impacts of pollutants more rigorous protocols are needed.

Enhanced oxidation of trrbutyltm contaminated washdown waters

Lyn Fletcher' and Heri Bustamante®

'Maritime Platforms Division, DSTO, GPO Box 4331, Melbourne Vic 3001, Australia
2Australian Water Technologies E S & T, 51 Hermitage Rd West Ryde NSW 2114,
Australia

During the washdown of ship hulls painted with tribuytltin (TBT) antifouling paints,
large quantities of toxic TBT contaminated wastewater are produced. New regulations are
being 1ntroduced limiting the amount of TBT that can be discharged. Hence the need to
develop processes to destroy TBT in wastewater.

Enhanced oxidation techniques that produce hydroxyl radicals have been demonstrated to
be capable of degradmg TBT in water. The oxidation process occurs via sequentlal
dealkylation until inorganic tin is finally produced. Of the enhanced oxidation techniques
tested, UV/oxidation provided the fastest reaction rates. TBT is normally present in dockyard
wastewater as both dlssolved TBT and associated with insoluble pamt particles. However
when treating dockyard wastes, high variability in reactlon rates was observed. UV/oxidation
relies on light penetrating the sample and turbrdrty was assessed as being a major influence
on final reaction rates. Consequently, highly efﬁcnent and cost effective pretreatment to
remove solids is required for this treatment process to be successful. DSTO is currently

_collaborating with AWT to produce a complete treatment process for dockyard washdown

wastewaters.
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Rapid assessment of the crevice corrosion resistance of stainless steel alloys in sea water
Neil Gage and Brian T. Moore, DSTO. Aeronautlcal & Marltlme Research Laboratory, GPO
Box 4331, Melboume Vic 3001 P T T “‘_ﬁ“ R
A S R T 1 M o
In the last two decades there have been srgmfrcant 1mprovements 1n stamless steel alloy
i compositions for marine applications. Many of these alloys are reported to have markedly
tbetter, corrosion resistance, particularly with - respect» to crev1ce and, plttmg corrosron
- characteristics; than the still commonly used austenitic grade 316L . Duplex stamless steel
+alloys are of particular interest because of their greater yleld strength (double austenitic
;-grades), thereby enabling gauge reductions with subsequent weight and cost savmgs ,
.- ~The DSTO, on behalf of the Austrahan Defence Forces. (ADF) has reﬁned a techmque
. desrgned to enable a rapid assessment of the crev1ce corros1on re51stance of stamless steel
.alloys in seawater. Potentially, there is a broad range of apphcatrons for candrdate alloys
including periscope  housings, seawater holding tanks, pumps and fittings. This study
examined a'new modified .cyclic polarlzatlon techmque specially desrgned to determine
crevice corrosion susceptibility. Two ASTM standard tests mvolvmg ferric chloride
immersion and -a long-term field trial in tropical seawafer were. also employed for
comparison. Test alloys included: the austenitic grades 316L and 254SMO duplex grades
2304, 2205, Ferralium 255 and 2507 and the nickel alloy Inconel 625 as a reference because
of its high corrosion resistance.

Inconel 625 and duplex 2507 proved to be the most corrosion-resistant alloys with
austenitic 254SMO and duplex alloy, Ferralium 255, slightly inferior. Duplex 2205 was the
next best performed alloy while of the two lowest grade materials examined, duplex 2304
was shown to be marginally more resistant than austenitic 316L.

The effects of seaweed natural products on blofoulmg

Bernardo A.P.Gama', Ana G.V. Valle' , Ricardo Coutinho® and Renato C. Perelra
_'Departamento de Blologla Marinha, Umversrdade Federal Fluminense, C P 100. 644 CEP
© 24001-970 , Niteréi , Rio de Janeiro — Brazil

’Instituto de Estudos do Mar Almirante Paulo Moreira , CEP 28930-000, Arraial do Cabo,
: RlO de Janexro Brazil

e
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Antlfoulmg is one possible ecological function of marine natural products found in some
‘'sea weeds.  To investigate the hypothesrs that scaweeds possess chemicals that’ influence
. fouling settlement, crude organic extracts from the seaweeds Stypopodzum zonale chtyota
‘menstrualis (Phaeophyta) and Laurencia obtusa (Rhodophyta) wére mcorporated at natural,
volumetric concentrations into hard, stable gels (phytagel™) that served as substrata for
fouling settlement in the field. Treated and control gels were randomly 1nterspersed and
. submerged at 1 m depth for seven weeks (from July, 9 to August, 28, 1997) at Cabo Frlo
Island (Arraial do Cabo, RJ, Brazil). Settlement of invertebratés and algae’ on gels was
weekly measured by-a non-destructive pomt-samplmg techmque Some’ replicate’gels were
removed after 5,°6 and 7 weeks and the amount of extract retained was measured. Fouling
organisms settled significantly more on plates treated with L. obtusa extracts. Fouling on
gels treated with. D.. mentrualis extract was not significantly dlfferent from fouling on
control gels. We calculated a diffusion rate of extracts of 18 2%_ per week: -Our findings
suggest that the antifouling properties of L. obtusa crude extract act both reducing growth
and development of settled fouling and inhibiting settlement of some foulers (i. E. reducing
species richness). This field assay seemed to provide a ecologically relevant method for
assaying the antifouling properties of extracts of marine organisms. ’
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Toxic free (silicone based) fouling release systems

Eric Garcin', Corinne Dallies® and André Sage®

'Rhodia Chimie, 25 quai Paul Doumer , F-92408 COURBEVOIE Cedex, France

*Rhodia Chimié,'55 avenue des Fréres Perret BP'22; F-69191 SAINT FONS Cedex, France

Concerns aboiit toxicity of antifouling systems and the (partial) ban of tributyltin has led to
the development of alternate formulations. Silicone polymers are an ecological solution since
the systems are toxic free (without any b10c1de) The intrinsic low surface tension of silicone
binders allow the formulated paints to have a very low adhesion power, thus preventing the
foulings from sticking on the suiface and making the coatings ‘sélfcleaning’.

In our presentation we will cover the basics of silicone chemistry, followed by a full study of
the development of silicones based fouling release systems, including laboratory physical
characterisation and fouling measurements. A tentative correlation between these properties
will be proposed Application results on test panels under rafts, and on boats which have
sailed in'the various seas arpund the world will be shown.

Antifouling from nature: Laboratory test with algae and sponges.

S. Geraci', M. Faimali', L. Piovetti’ and G. Cimino’

ICNR. I Istltuto per la Corrosxone Marina det Metalli; Genova, Italy
Umversne de Toulon et du Var- UFR Sciences et Tecniques, Toulon, France.

‘ 3C N.R. Istltuto per le Molecole di Interesse Biologico.Arco Felice, Napoli, Italy

The crude extracts of three species of Mediterranean sponges, Reniera sarai, Cacospongia
mollior and Rasfaliona sp. And of seven species of marine algae, 5 belonging to brown, 1 to
red and 1 to green algae, were submitted to laboratory screening to assess their antifouling
performance by settlement inhibition tests carried out with the cyprids of Balanus amphitrite.

‘In order to assess the effects of these crude extracts against non-target species, toxicity tests

on Balanus amphitrite nauplius II, as a representative of zooplanktonic organisms, have also
been carried out. Settlement test results of these crude extracts suggest that the search for
natural antifouling is promising, specially if considering the antifouling effect magnification
by purification of these extracts and the possible discovery of new molecules or functional
groups.
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The lmportance of ship hull fouhng as a vector of specles mtroductlons into the North

Sea O T P ‘
S.Gollasch 7~ _ T UHEERTEI Y 4G IR S d e
Institute for Marine Scrences Duesternbrooker Weg 20 20146 K1el Germany L

Dur1ng the last decades ballast water discharges have increased throughout the world in
3 most of the major ports. Discharge volumes are con51derable ‘high in some cases. and the
+ probability of ‘successful establishment .of self-sustaining populatlons of exotrc species is
»expected to increase with greater volumes- of discharged. ballast .water and reduced ship
transit times. Ships have been recognized as a ma_]or vector for the 1ntroduct10n of non-
\.indigenous and harmful organisms. . .
A'joint research project between the- Instltute for marine Smences Klel and the University
-of Ham-burg commissioned by the German Envxronment Protectron Agency (Berlm) was
launched in 1992 to 1nvest1gate species lntroduct1ons by mtematlonal shxps traffic. The
Found spec1es ranged from microalgae to 15 cm long ﬁshes "Of the 404 spec1es 1dent1ﬁed
approx. 60 % were classified as non-indigenous species to German waters. Non-indigenous
species were recorded in 37 ballast water (37, 8%), 30 sediment (56,6%) and 126 hull
samples (97,5%).

Furthermore an assessment was undertaken to 1dent1fy the risk of unintentional future
species introductions. The potential for establishment was classified into 3 categories
according to matching climatic and salinity conditions in the area of origin compared with
those in the port of destination. Ballast water is estimated as an important vector for future
introductions of non-indigenous species in our waters, but most of the species with the
highest potential for establishment were recorded in hull samples and not in ballast water or
sediment samples.

A recent (1998) summary of non-indigenous specres in coastal waters of the North Sea
revealed about 80 exotic species occurring in self-sustaining populations. The number, is
lower compared to other enclosed seas or bays as ¢.g. the Chesapeake Bay (116 introduced
species) and the San Francisco Bay (212 introduced species). The majority of introduced
species in the North Sea are invertebrates; predominantly crustaceans, polychaetes and
molluscs. Most of these species have been introduced by ships and mariculture activities.

- Ships are assumed to be the most important vector (approx. 45 introductions). Hull fouling
seems to be a more 1mportant vector (27 species) compared to ballast water (18 spec1es)
Even a new species to science (a turbellarian) was found in hull samples of one ship. .

-+ It was concluded that each vessel from overseas is a potential carrier of non- mdlgenous

. =orgamsms in sufficient numbers to establish a founder population in the, North Sea. .Since

- even a single introduced non-indigenous. species may cause severe damage it is necessary.to
-develop. preventive measures, for un- intentional species mtroductlons These measures
should not focus on ballast water mediated introductions alone, but should in the same way
take into account introductions by hull fouling of ships. ,
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Fluoropolymer films: surface energy characteristics and. marine anti-fouling
performance o
Paul Graham Ian Joint', Thomas G Nevell, Roger A. Pullin®*, Maureen Stone” and-John
Tsibouklis®

'Plymouth Marine Laboratory, Prospect Place The Hoe Plymouth PLl 3DH, UK

’Centre for Chemistry, School of Pharmacy and Biomedical Sciences, University of
Portsmouth; St. Michael’s Building, White Swan Rd., Portsmouth, PO1 2DT, UK.

*Maritime Faculty, Southampton Institute, East Park Terrace, Southampton, SO14 OYN,
UK. -

In response to the short-comings associated with established materials for anti-
fouling protection (including silicones) and the environmental contamination caused by
paints/coatings containing copper or alkyl tin compounds, attention has been turned to the
possible effectiveness of coherent films of low-surface-energy materials.

Some perfluoroitaconates, perﬂuoroacrylates and perfluoromethacrylates have been
synthesised -and characterised. Surface energy is reduced by incorporating the side-chain -
(CH,)2-(CFy),-F, with values <6 mJ m’ % for n>10. The surfaces of such materials strongly
repel most liquids.

Studies (optical, scanning electron and atomic force microscopy) with sulphate-
reducing bacteria, Pseudomonas and Bacillus megaterium showed greatly reduced settlement
on these polymers. Enteromorpha spp. were also reluctant to settle (relative to control
materials). In both cases, however, attached bacteria or settled zoospores were observed
mainly on areas with surface imperfections. The results indicate the importance of surface
integrity combined with low surface energy for potential anti-fouling coatings.

Structural and Chem|cal Characterlsatlon of Echinoderm Non—F ouling Surfaces.
Michelle M. Grundy', Dimitris Glantzudls Charlie D. Bavington', Neville V. Richardson®

- and J. Douglas McKenzie'

'"The Scottish Association for Marine Science, Dunstaffnage Marine Laboratory, PO Box 3,
Oban PA34 4AD, United Kingdom.

2School of Chemistry, University of St. Andrews, Purdie Building, St. Andrews, Fife KY16
9ST, United Kingdom

Echinoderms have surfaces, free from microfouling organisms, despite having an
enormous surface areca. The major mechanism preventing fouling may be a non-stick surface
coat or modified glycocalyx. However, the nature of these surfaces and the mechanisms by
which adhesion is prevented, is poorly understood.

By means of immunohistochemistry, electron microscopy (EM), atomic force microscopy
(AFM) and Fourier transform infrared spectroscopy (FTIR), the surface cuticles of a variety
of echinoderm surfaces-have been investigated.

The cuticle of starfish and sea urchin tubefeet and sea cucumber body wall were found to
stain positively for anti‘collagen type I and anti-chondroitin sulphate. FTIR spectroscopy
experiments confirmed that the echinoderm cuticle was predominantly proteoglycan in
nature and that its composition could be manipulated with enzymic treatments, in order to

“elucidate which chemical components contributed towards its anti-adhesive properties. The

EM and AFM studies have provided valuable, high resolution, information about the
structural arrangement of the echinoderm cuticle.

25




The use of a customised bioreactor to study biocorrosion of sheet steel piling in tidal
waters ’ |

A B T

Rolf Gubner and Iwona B. Beech ™ 4. . u¥ “tiar .l 0 © 0 aalar el

University of Portsmouth, School of Pharmacy and Biomedical. Scrences St.. ,Mrchaels €=
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, structures such as sheet steel piling, i§ of , current 1nterest to civil englneers in the UK.
European steel producers and the University of.Portsmouth studied:the cause of this
phenomenon in a European Coal and Steel Commission’ sponsored project. As part of
laboratory -based corrosion assessments;"a-four-vessel-bioreactor system -was- designed to
:reproduce tidal water movement. The electrochemistry on the sheet: steel piling - was
- simulated by electrically connecting a series of piling grade carbon steel coupons and
positioning at different immersion depths in the bioreactor, vessels. On-line corrosion rate
'monitoring was performed by applying linear-polarisation resistance, open circuit potential
and zero-resistance ammetry measurements: Parameters, such as biofilm development,
changing nutrient concentrations and exposure time of test specimens to air were
investigated to determine their influence on the corrosion behaviour of steel piling grade
carbon steel. It was demonstrated - that - the »water-retaining capabilities of biofilms
significantly increased the corrosion rates just below the low-water line. Furthermore,
changes in the nutrient concentrations always resulted in an increase of the corrosion rates
over a period of up to one week. An extended exposure time of specimens to air led to
increased corrosion rates at the hlgh-water level and a decrease in the corrosion rates at the
low-water level. - :
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The effect of extracellular polymeric substances on the attachment of Pseudomonas
NCIMB 2021 to AISI 304 and 316 stamless steels . . : BTN

Rolf Gubner and Iwona B. Beech BN
University of Portsmouth, School of Pharmacy and Biomedical Scrences,, St Mlchaels
Building, White Swan Rd, Portsmouth PO1 2DT UK o ' L
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The importance of extracellular polymeric substances (EPS) in bacterial attachment, biofilm

development, and deterioration of steel is a subject of continuing discussion. Our ’
'~ investigation aimed to determine the effect of treating AISI.304 and.316 stainless steel

surfaces with three different types of exopolymers (planktonic, capsular and\@ﬁlm) on the

- initial attachment of marine Pseudomonas NCIMB 2021 species to:steel. Exopolymers were

produced by Pseudomonas NCIMB 2021 in a continuous flow bioreactor.. Chemical analysis

demonstrated that the EPS varied in their carbohydrate and protein’content and composmon
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‘The adhesron studles revealed that the type and concentration of . exopolymer formmg a
u.conditioning .layer ‘on the steel surface had a statistically »significantinfluence , on the
+ attachment of .cells to steel. In view of these results, the roleof free surface energy in cell
a attachment cis; currently under investigation, to establish' which is. the, key -mechanism
~‘influencing: irreversible bacterial adhesion to pre-conditioned steel. The latter takes into

bl

--account chemical interactions between EPS and cells and alterations of the surface energy of €
: “steel due to the deposition of EPS. ¢ i _" "=, ;vq e 6.
,“ S NS . e . D

G =

€=

|_€ -3

¢:26




w

W

W W U

& @

@ W

W

v wwewve w

Ly

¢ @

1]

Y

Macrofouling-processes: a developmental and evolutionary perspective. ,
Michael GHadfield, E. Carpizo-Ituarte, E.Holm, B. Nedved and C-Unabia . .
Kewalo Marine Laboratory, University of Hawaii, 41 Ahui St., Honolulu, HI 96813, USA

I
! [IEE

The maﬁﬁe world of 16,000 years ago was not characterized by ships, barges, docks, floats,

and pilings’ ‘Thus we should"attempt ‘to imagine the habitat in that- pre-maritime— human
marine environment where they evolved in order to understand the biology. of recruitment of
common fouling species. Most of the invertebrat¢ species typical of the fouling community
are riever found 'élsewhere. ~Most ‘exist-only on substrata where tidal exposure does not
occur, especially in tropical ~ and" sub-tropical  waters. In the. pre—maritime-human
environment this habitat must have been restricted to natural floating: materials, mainly the
drift logs, most abundant in bays and estuaries. Unlike larvae of species ‘inhabiting other
marine substrata, those of fouling=community invertebrates almost universally settle in

‘response to non-specific biofilms, a habit we assume evolved long ago for settlement on

floating marine material. Because of this commonality, we may be able to understand
recruitment procésses in this entire community of organisms if we can determine the nature
of the processes in one or two typical species. We have been intensively studying the
interactions between marine-biofilm bacteria and larval settlement in the ubiquitous warm-
water, fouling polychaete worm Hydroides elegans. Larvae of H. elegans settle very rapidly
in response to unispecies films from many, but not all, marine-biofilm bacterial species
tested. The cellular—molecular mechanisms by which they detect chemical characteristics of
biofilm bacteria are different from those used in typical chemoreception by most animals.
Settlement in competent larvae is “primed” for a very rapid response. Metamorphosis occurs
without de novo gene transcription and translation, and thus larvae attach to a surface biofilm
within 15 min, complete primary—tube construction and metamorphosis in a matter of hours,
and begin feeding in less than 10 hrs. Rapid settlement and metamorphosis in response to
biofilms, traits that have great selective advantage to species living on substrates as
ephemeral as floating logs, are typical of most fouling—community species.

Designing an environmentally safe marine antifoulant :
John C. Harrington, Andrew J acobson, Lorna S. Mazza and Gary Willingham
Rohm and Haas Company, Philadelphia, PA, USA :

In the 1980’s when tin-based antifoulants came under regulatory scrutiny, Rohm and Haas
Company began to examine the isothiazolones as an environmentally preferable alternative
to tin-based compounds. Our search generally followed the paradigm: that environmental
risk is a function of toxicity and exposure. We realized that it would be extremely difficult
to design a marine antifoulant that was toxic to fouling organisms (e.g., tube worms and
barnacles) but non-toxic to"their closely related non-target organisms (e.g., mussels and

" Gysters).  Instead, we Tooked for compounds that would have reduced exposure—a short
- environmental half-life and/or partition rapidly into-a matrix of limited bioavailability.. The

results of this investigation yiclded Sea-Nine® 211. Biocide (2-n-octyl-4,5-dichloro-1-
isothidZolin-3-one), a very efficacious compound. Unlike TBT, Sea-Nine degrades. very
tapidly in the enVironment- with -a half-life of less than 1 hour. Degradation involves
cleavage of the isothiazolone ring and subsequent oxidation to metabolites: with minimal
toxicity to aquatic organisms. Sea-Nine and its metabolites rapidly and tightly adsorb to
sediment and do not desorb when the sediment is disturbed. In contrast to TBT, there is

'minimal bioconcentration of Sea-Nine by aquatic organisms.  The environmentally

preferable characteristics of Sea-Nine were recognized by the receipt of the Presidential
Green Chemistry Award in 1996.
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Marine biological invasions: patterns and processes at regional scales.
Chad L. Hewitt and Marnie L. Campbell®. LT T U A ST O
CSIRO, Centre for Research on Introduced Manne Pests GPO Box 1538 Hobart Tasmama

7001, Australia.

"l

: v g GUl G e e
The patterns of marine invasions are: determmed by‘ multiple . factors: the -frequency ,and
i availability of trade routes linking source and rec1p1ent regrons the relative suscept1b111ty of
trecipient biota and communities; and the relative. ‘invasiveness’;.of source biota., These
xpatterns are slowly emerging as more studies elucidate the numbers and types of specres
rfound in novel environments. Based upon these, survey studies both within. Australla and
saround the world, the link between historical geography_of the environment . and the relative
»contributions of various vectors becomes apparent. Wooden hull fouling and boring and dry
nand semi-dry ballast have historically contributed the greatest numbers and diversity of
~species to various regions. Ballast water has recently become a transport vector which has
“received a great deal of attention, yet despite numerous taxa identified in the ballast tanks,
few actual introductions can be- directly linked to ballast water inoculations. The reg1onal
- susceptibility to invasions by species transported from the vanous vectors is presented with
an analysis at the level of the bioregion by specific habitat and timing. The rates of invasions
. at the regional and local (port) scales are contrasted illustrating a consistent trend for an
exponential increase in invasions through time, but also demonstrate the influence of local
scale phenomena which alter the signal. :

o o oL . ¢ 4 v s

Preventing blofoulmg in ﬁnfish aquaculture novel coatmgs and polymers

Stephen Hodson', Rocky de Nys?, Peter Steinberg’, Gregor Christie’, and Peter Rothllsberg

'University of Tasmama, School of Aquaculture and the Cooperative Research Centre for

Aquaculture P.O. Box 1214, Launceston, Tasmania, 7250 Australia.

*Centre for Marine Biofouling & Bio-Innoyvation;-University of New South Wales, Sydney,

NSW, 2052, Australia.

3CSIRO Manufacturing Science and Technology, Normanby Road Clayton Vic,, 3 169

*CSIRO Division of Marine Research, PO Box 120, Cleveland, Qld, 4163, Austraha
. One of the major problems facing aquaculture in Australia is the fast rate at which immersed
irsurfaces (nets, floats, lines, shells etc) become fouled. Biofouling of fish cages leads to
i reduction of water transfer, which reduces _the supply of dissolved oxygen and removal of

- waste products. There is also evidence that fouling communities act as a reservoir for

. pathogenic microorganisms. Australia’s, CRC for. Aquaculture is developlng antrfoullng
p-polymers and coatings that release brodegradable antlfoulmg compounds. - The polymers can

:be extruded as filaments to be woven into netting, or as flat sheets for other applications: The
- coatlngs can be applied to fish cage netting and other mariculture equlpment Both coatings
rand polymers, have shown _broad-spectrum efficacy in field trials at mariculture farms. We

.will present results of recent ﬁeld tnals and discuss new developments in productlon of

i-these materlals : et o

28

RS S VU U D — | P—

i

4 VB VR VI I I\

S

*

NS S S L

e

T ® T ® D D B

n

. i

LARLAE LA U L

™
S N | WD VY. |

0

2 S T S N L s N Y
R

7



L &

¢ ¢ O

{

L)

t
j

!

¢ W w w

v U

¢ & 0 0 ¥ 9 W

U

11

W
)

(1

'
!

¥

9 3

Assessing the environmental effects of anti-foulants '
Jack Holland g
Risk Assessment and Pollcy Sectlon Env1ronment Australla PO Box E305, ngston ACT
2604 - : R

The Risk Assessment and Policy.:Section' of ‘Environment. Australia ‘undertakes the
assessments of the potential environmental impact of agricultural and veterinary chemicals
for the National Reglstratlon Authonty as part of the process for national registration of
these substances. - This - process mcludmg ”Envxronment Australia’s role w111 be clarified
during the presentation. - -

The approach taken to undertakmg envxronmental hazard/rlsk assessments will also be
outlined, with particular reference’to the assessment:of anti-fouling substances, which are
defined as agricultural chemicals by the relevant Commonwealth legislation. These

* compounds present a rather different exposure and hazard/risk profile from the mainstream

chemicals and the presentation will be illustrated by using examples gained from experience
in assessing such substances, as well as from the open literature.
The need for a proper evaluation of all new chemical anti-foulants, including a close

.examination of the leaching rate and the fate of the chemical in the marine environment once

released, in addition to the chemical’s specificity and toxxcxty to a wide range of aquatic
organisms, will be stressed.

Bacteria immobilised in hydrogel: a new concept to prevent development of biofouling
communities '

Carola Holmstrem'?, Peter Steinberg®, Victor Christov* and Staffan Kjelleberg'?

'School of Microbiology and Immunology, “Centre for Marine Biofouling and Bio-
Innovation, *School of Biological Sciences, The University of New South Wales, Sydney
2052, Australia

4CSIRO Manufacturing” Science and Technology, Normanby Road, Clayton, Vic 3039,
Australia

A marine bacterium, Pseudoalteromonas tunicata, producing antifouling components and an
Escherischea coli strain were used in this study to develop a method for the immobilisation

‘of bacteria into a hydrogel. Different types of matrices immobilised with P. tfunicata cells

were screened using settlement of barnacle larvae as the bioassay. A polyvinylalcohol
(PVOH) gel was demonstrated to constitute the optimal matrix because it allowed for an
outflux of active biological components and remained stable in seawater. The (PVOH) gels
immobilized with P. tunicata were inhibitory against barnacle larvae for two weeks. The
presence of active bacterial cells in the matrix was tested by using the CTC-staining method
and green fluorescent protein (GFP) tagged bacteria. The results suggest that no active P.
tunicata cells could be detected in the gels after the immobilised gels lost their inhibitory
activity against the larvae. To develop methods to increase the life-span of the immobilised
gels, an E. coli strain was selected based on its cell size, stress resistance and the fact that a
plasmid for expression of GFP could be transferred and maintained into the cells.
Immobilised E. coli cells were normally found to be active in the PVOH gels for 2 months.
However, the life-span of the immobilised gels were increased to more than 2 months by the
incorporation of small particles together with the bacterial cells.

29




Investigation of the adsorption behavior of a mussel adhesive protein including kinetics
of enzymatic cross-binding reactions :
Fredrik Ho6k %, Camilla Fant' and Hans Elwing' 2

'Department of Molecular and Celibiology, Interface Blophys1cs Goteborg Umver51ty,
Medlcmaregatan 9C, SE-413 90 Goteborg, Sweden

-*Department of Applred Phy51cs Chalmers Umversrty of Technology, SE-412 96 Goteborg,
Sweden . .

We have studied adsorpt1on and tyrosmase-lnduced crossllnkmg kmetlcs of Mynlus edulis
foot protein-1 (Mefp-1) to/at a hydrophobic CH;-terminated gold surface This was done by
-combined use of' Surface Plasmon Resonance (SPR), which measures»the bound mass
-excluding bound water, and an extended version of the Quartz Crystal Mlcrobalance (QCM-
. D) technique, which measures adsorbed mass including bound water and 51multaneously the
energy dissipation (D) (related to ngrdlty/wscoelastlc properties) of the adlayer. According
to SPR, the adsorbed mass of Mefp-1 was six times lower than that measured by QCM,
which indicates adlayer of Mefp-1 binds (trap) a substantial amount of water. This was
further supported by a huge increase in D upon adsorption, which suggests an extended very
Aflexible adlayer. Upon exposure of preadsorbed Mefp-1 to tyrosinase, D decreased
(increased rigidity) by a factor of 3, accompanied by an decrease in mass according to QCM.
This is in accordance with crosslinking within and dehydration of the adlayer(s). In contrast,
the SPR-data shows that addition of tyrosinase to preadsorbed Mefp-1 resulted in an
increased mass of the protein layer(s), which suggests that binding of tyrosinase to
preadsorbed Mefp-1 also occurs during the crosslinking reaction. Hence, these results
provide unique information about surface binding and crosslinking mechanisms of Mefp-1,
and open up a possibility for better understanding of marine bioadhesion in general, and for
inventions of surfaces that will inhibit crosslinking of bioadhesives and hopefully also
bioadhesion.

Antlfoulmg paints and the global regulatory debate - an industry under scrutiny

Julian E Hunter

International Coatings, Akzo-Nobel, Stoney-gate Lane, Felling, Gateshead, Tyne and Wear,
UK NE10 OJY o ,

In recent years ant1fou11ng coatmgs contalmng b1oc1des have taken centre stage wuh the
world’s regulatory authorities. Debate about the use of TBT continues at the global level at
_ the International Maritime Organisation, although focus is now on agreeing a date for a
mandatory TBT ban, enforceable throughout the world. With the inevitable demise of TBT
comes more scrutiny of TBT-free biocides used in antifouling paints as concern is expressed
. that a ban of TBT should not simply be replaced by a different envnronmental problem

rarising from the us of alternatives.

‘This paper summarises the current status of current and evolvmg regulatlons aﬁectlng
- antifouling paints around the world, the antifouling debate at IMO-MEPC, a view on it’s
outcome and options going forward for the antifouling industry. The need for environmental
-risk assessment-in evaluation of the potential environmental impact of existing and new

blomdal antlfoulmg products is also discussed. v ;15
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Determmatlon of realistic leach rates for envnronmental risk assessment

A H. Jacobson', T.A. McGuckm C. NlChOlS G.L. Willingham' S. Arias Arias®, H.S. Elbro’ and
E.B. Kjaer’ o N R :
'Rohm and Haas Company, Phlladelphla PA ’

2Hempel's Marine Paints A/S.. .+ . Car e

RlSk assessments generally follow the paradigm, rlsk isa function of both exposure and
hazard. - The hazard component is. obtained from toxwlty testing data. The exposure
component is a measure of the. environmental concentration which depends upon mputs to
the environment, environmental partitioning, and degradation tates. This paper examines
various approaches to the estimation of env1ronmental input values and discusses their
relative-validity. .

Field methods utilizing static panels, ship patches or ﬁeld-momtonng devices may come
close to real-world values. However, these methods are expensive, and time-consuming,.
Several laboratory methods for leach rate determination have been developed (e.g., ASTM
5108-90 Organotin leaching rate method). The original purpose of such methodology was to
compare the relative leach rate values for different paint formulations, and while these
methods are useful for optimizing and comparing paint formulations, they were not de51gned
to predict real-world leach rates. Moreover, it is evident that considerable work is still
required to establish the precision of these methods.

A third possibility is to carry out a mass balance analysis. This is based on the assumption
that all the biocide applied leaches out during the lifetime of the paint.

Mass balance analysis appears to give values which are more representative of realistic

environmental load.

Disruption of the settlement of macrofouling organisms by pulse copper pollution

events 1 ;,- -
Emma L. Johnston and Michael J. Keough
Department of Zoology, Umversnty of Melboume Parkv111e VIC 3052

4

The impact of toxicants on marine . foulmg orgamsms is usually predicted from
laboratory-based, constant-exposure, single species tests. However, toxicant releases into
the marine environment are likely to vary in strength, duration and frequency. Toxicity may
be modified by species interactions, :indirect effects and fluctuating environmental
conditions. As such; it becomes important to complement laboratory studies with
investigations of the effects of the timing and frequency of pulse pollution events on the
settlement of macrofouling assemblages C

I have used a field,toxicant dosing system to 1nvest1gate the impact of pulse copper
pollutlon events, on, the settlement and, development of assemblages of . marine sessile
organisms. Results of these tests show that the timing, frequency and location of pollutlon
events can change the nature of the pollutant impact. Disruption of. settlement was detectable
in short term (2 week) and longer term (16 week) experiments and vaned between sites. In
the short term experiments, repeated simulation of the same pollution event at the same site
but at dlﬁerent times had different deterrent effects on settlement. Settlement of the Serpulid
polychaete Hydroides elegans in Port Shelter, Hong Kong, was greatly disrupted by pulse
pollutlon events, yet recovery of the population occurred within weeks. Serpulid polychaetes
in Port Phillip Bay were insensitive to pulse pollution events whilst adults of the ascidian
Ciona intestinalis were susceptible. The rate at which indirect effects of pollution events
became detectable also varied between sites depending on how quickly settlement space
became a limiting resource.
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Underwater hull cleanmg mto the 1St Century _

David F. Jones bt ' t

UMC Intematlonal Plc, Wamor Close Chandlers Ford 8053 4TE UK

The 1mm1nent demlse of TBT antr-foulmg palnts has already resulted in'a dramatrc upturn in
the demand -for .underwater hull cleanlng as sh1p owners opt for less effective tin-free
altematlves The future may lie with a new generation ‘of biocide-free, low-surface energy
ant1—fou11ng coatmgs which rely solely on;’the1r “surface ‘texture- for- their anti-fouling
propemes However conventional underwater hull cleanmg ‘methods scratch their surface
and destroy therr antl-foulmg propertles 'This paper describes a novel machine which has
‘been developed to provide back-up cléaning*for theése “coatings and goes on further by
descrlblng two proposals for fully automatic systems. The author concludes by‘reviewing the
financial 1mplrcatrons of underwater cleamng as ‘an adjunct to’ anti-fouling paints and as a
stand alone means of foulmg control
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Bacterial decay of wood in the marine environment

E.B. Gareth Jones, S.T. Moss and Venkatasamy

BIOTEC, National Centre for Genetic Engineering and Biotechnology, 73/1 Rama 6 Road,

Bangkok 10400, Thailand

School of Biological Sciences, University of Portsmouth, Klng Henry 1* Street, Portsmouth,
Hants., England

) DA |

Wood in the marine environment is subject to attack by four groups of organisms:
Molluscan, and Crustacean borers which are the _"ﬁjdstaaggressive,' -and microorganisms that
include the fungi and bacteria. Fungi have thé ability to'penetrate deeply into the wood while
bacteria generally degrade the surface layers of the wood. However under certain conditions,

"in wood under anoxic conditions or preservative treated wood, bacteria can cause greater
damage than fungi, as the latter are unable to grow under such conditions.

| Bacterial decay of wood has received less attention than that devoted to the fungi and thlS
can be accounted for by the difficulty in the study of bacterial activity. A number of decay
patterns have been reported from narrow erosion, cavitation, to tunneling of the wood
(Daniel, Nilsson and Singh, 1987). Tunneling is when bactena preferentially ‘decay the S2
_layer of wood cell walls forming tunnels with chambers and chamber cross walls, which we
have called tunneling type 1 (Mousouras, Jones, Venkatasamy and Moss, 1986). A second
type of tunnelmg is caused by rod-shaped bacteria which burrow through the wood cell wall
layers "and form tunnels without the formation of chambers and chamber cross walls. This
}alk will focus on ‘this second type of bactenal wood decay pattem wrth observatrons at the
scannmg and transmlssron electron mlcroscope level : -
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Temporal trends in envxronmental concentrations of tnbutyltm and’ populatlon status
of sensitive species. SRR

Jan Jonker', Joop Blok', James Kelthly ‘and' Mary Sue Brancato’.

'EIf Atoche_m Vllssmgen B.V., Haven 9850 Vlissingen-Oost, Vlissingen, Netherlands
NL4380. PR e

Parametrix, Inc., 5808 Lake Washington Blvd NE Sulte 200, Kirkland, Washmgton USA
98033.

Concern over release of tributyltin (TBT) in aquatic érivironments and impacts on non-target
organisms arose in the early 1980s and led to the passage of regulations limiting use to
commercial ships in many places around the world. Because commercial ships spend a great
deal of time at sea, TBT use was prohlblted on small craft. Monitoring' programs in Europe,
Japan and the United States have shown significant decreases in TBT in areas such as
marinas that are used by small boats, and in areas such as commercial harbours and
shipyards used by large vessels. The data from the U.S. monitoring programs show an
average decrease of TBT concentrations of 67% in surface waters, 62% in sediments, and
39% in bivalve tissues. Monttoring in Japan since the late 80s demonstrated a similar rapid
decline. Currently most water column samples are below the detection limit (3 ng/L).
Surface water concentrations in the U.S. and Japan, where monitoring continues, are
currently generally below the U.S. EPA marine chronic criterion and concentrations and
effects have always been very localized. These programs show that generally low
concentrations of TBT are present in the water column, that concentrations of TBT have
decreased since regulation, and that TBT concentrations continue to decline. Based on
current TBT concentrations, there are potential risks to <2% of aquatic species. In addition,
populations of certain snails (Nucella), crustaceans, and oysters (Crassostrea gigas) sensitive
to TBT and used as bio-indicators have shown both a historically localized response to TBT
and population recoveries since regulation of TBT.

The roles and responsibilities of the International Maritime Organization’s Marine

Environment Protection Committee
Michael H. Julian
Australian Maritime Safety Authorlty, GPO Box 2181, Canberra City, ACT 2601, Australia.

~ The International Maritime Organization is a spemahst agency of the United
Nations responsxble for the oversight and international regulation of maritime safety
and marine environment protection. The Marine Environment Protection Committee
(MEPC) is empowered to consider any matter within the scope of the Organization
concerned with the prevention and control of pollution from ships. MEPC ‘operates’
two key international conventions; MARPOL 73/78 and OPRC’90; these
conventions provide, through international agreement, a wide range of regulations
and codes with the objective of protecting the marine environment from pollution by
shipping.

One of the MEPC’s high priorities during the next biennium (2000/2001) is the
holding of a Diplomatic Conference to adopt an international agreement banning the
use of organotin compounds which act as biocides in antx-foulmg paint systems on
ships.
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Variation in adhesion strength of hard fouling organisms to foulmg-release coatmgs
Christopher J Kavanagh, Michael P Schultz, and Geoffrey W Swain

Florida Institute of Technology, 150 West Umversrty Blvd Melbourne FL 32901 USA

This paper compares the adhesion strengths of phylogenetrcally diverse hard- foulrng specres
settled on silicone fouling-release surfaces. Experimental sets of silicone. coatmgs ‘were
exposed in the Indian River lagoon, Florida in 1997 and 1998." Measurements of the shear
strength of adhesion of barnacles, oysters and tubeworms 'were made bimonthly.
-Interspecific comparisons of adhesion strengths- to-the same fouling-release coating  were
.made when several species were present corncrdentally Penodrc ‘settlement _ of balanord
.barnacles (Balanus eburneus) over the duratron of study allowed for an exammatron of
changes in adhesion strength over time. An eplsode of settlément by another barnacle
" Balanus zmprovzsus allowed an intrageneric comparison of bamacle adhesion strength

Settlement of invertebrate larvae in the field: _'icbmple);r cues & complex behaviour
Michael J. Keough
University of Melbourne, Parkville, Victoria, Australia

Larvae of fouling organisms settling in the field encounter a wide range of potential cues.

_Some cues, such as those presented by biofilms, are complex and dynamrc so the cues
" associated with a particular surface may change at short time 1ntervals Just as cues change

so too can larval responses to those cues — larvae age, and they may deplete therr energy
reserves with increasing time in the plankton and become less selective. Indrvrdual larvae
may also differ in their response to a given stimulus. The local hydrodynamrc environment
can also affect the ability of larvae to respond to stimuli. The combination of these processes
* means that settlement is unlikely to be hrghly predictable. Even if we, know the dlstrrbutron
‘of potential cues (or deterrents), we may not be able to predict the subsequent colonization ‘of
surfaces with much accuracy, except under unusual circumstances; such as extremely hrgh
settlement rates of mdrvrdual fouling specres
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Biofouling and  antifouling methods used in.cooling water systems of marine power
stations in France.

Michel Khalanski

EDF, DER, Département Environnement, BP 49 78401 Chatou Cédex, France.

Electricité de France (EDF) operates fossil fuel and nuclear power stations located on the
coasts of the English Channel, the North Sea and the Mediterrancan Sea. Marine power
stations are equipped with once-through coolmg systems using sea water. The coohng water
requirements for each site range from 90 m 3/s to 246 m’/s.

Two types of biological problems are encountered in operatxon of these cooling systems:

- clogging of water intake structures by drifting organisms; in particular sea weeds and sea
gooseberries (Pleurobrachia pileus),

- development of mlcro-blofoulmg producing sllme in heat exchangers and of macro-
biofouling species.

This paper presents an overview on_the EDF action programme against biofouling in marine
power stations, comprising three parts:

- long-term survey of biofouling in ccoling water systems.

- studies on the biological cycle of the major biofouling species, modelling the growth of
mussels,

- use of selected antifouling methods based on efficiency, cost and environmental
acceptability.

Regulation of antifouling coatings in Australia
Ian Kirkegaard
Office of the Environment Protection Authority, South Australia

In 1990, the Council of Ministers for the Environment for Australia and New Zealand
(now ANZECC) resolved to introduce consistent controls on TBT paints, with review in
1995. That review, and other action, was taken up in the strategy 'Working together to
reduce impacts from shipping operations' which sought to co-ordinate management of all
environmental impacts from shipping.

Through a condensed history of those actions, the paper discusses the challenges of
seeking uniformity of action within a political federation of states, and with a neighbouring
country. It also looks at TBT as a 'hot' public concern, but which lies within larger but less
focussed environmental issues.

The more recent ANZECC strategy has concentrated on practical, 'no regrets' actions that
can be taken now to minimise impacts of fouling and anti-fouling on the environment of
Australia-and New Zealand. It has benefited from consultation with the public and with
particular vested interests.
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Volatile substances from adult extracts induce larval settlement of the barnacle
Balanus amphitrite s

Hitoshi Kitamura and Noriaki Hirata, ' b
Faculty of Fisheries, Nagasaki University,’ Nagasakl 852-8521, Japan N LA

~ Chemical basis for the gregariousness of the bamacle Balanus amphitrite consists of séveral
kmds of cues for larval settlement. Glycoprotems 1solated from adult barnacles termed as
“SIPC (MW>200kDa) as well as sugar chain structures were reported to play important roles
in_inducing larval settlement (Matsumura et al 1997)." On the "other 'hand, peptide
pheromone and synthetic peptides also enhanced larval settlement (thtschoﬁ) From these
evidence, amino acid related compounds are thought to be the chemical cue. We isolated
from conspecific adults volatile substances which induced larval settlement. Crude extract
from crushed adult barnacles were distilled for 30 minutes to separate volatile substances.
Both distilled and the remaining fraction showed high settlement inducing activity. An active
factor was also extracted by n-pentane from distilled fraction. GC-MS and GC analysis of
the pentane extract revealed benzene compounds as a chemical cue. The commercially
avallable substance also showed high inductive act1v1ty at 100 pg/llter

Signal mediated bacterial colonization

Staffan Kjelleberg

School of Microbiology and Immunology, University of New South Wales, Sydney, NSW
2052, Australia

It has recently been demonstrated that extracellular srgnals such as acylated honoserine
lactones (AHLs) can mediate both the formation of complex bacterial biofilms as well as
bacterial swarming or surface motility which allows for rapid colomsatlon of - surfaces.
Because, complex bacterial biofilms reminiscent of multicéllular strictures“appear to’be a
common form of biofilms, and a high proportion of marine bacteria has been found to
“exhibit surface motility, signalling is likely to be fundamental to the ecology of surface
colonisation by bacteria.
The recent discovery that furanones, produced by the Australian red alga Delisea pulchra,
"' have structural similarities with AHLs and deter fouling by bacteria on the surface of the
plant, led to the hypothesis that furanones successfully prevent colonlsatlon of a diverse
range of marine bacteria by serving as specific antagonists of AHLs.
Laboratory experiments on the means by which furanones inhibit swarming revealed the
- specific competition between furanones and AHLs and the spec1ﬁc down regulatlon of the
genes that mediate expressron of the swarming phenotype. - - Further studies of the effect of
furanones, on swarming of bacteria from the surface of D. pulchra also demonstrated the
'imhlbrtlon of swarming by natural concentrations of furanones. -~ © -
" In comparison with the information that is available on signal driven: bloﬁlm formation and
surface motility, very little information exists on the role of signals or the*role of signal
antagonists in attachment of bacteria to surfaces. Both laboratory and field experiments and
" demonstrated a structure function dependent specific down regulation of bacterial attachment
by the addition of furanones, suggesting that signals are important also in mediating the
initial stages of bacterial surface colonisation.
Such findings have general implications for the role that signals may play in bacterial
colonisation. Rather than being dependent on a certain population density, which is the
traditional model for biofilm formation, regulation of attachment requires a different model
in which signal based regulation occurs in a signal cell.
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Environmental risk assessment of Irgarol® 1051 antifouling biocide -
Brigitta Konig'!, Peter Dollenmeier', Stephan Klotz', Dick Balcomb” and Sifmon Lord?
lCi\ba Speciality Chemicals Inc., Additives Division, CH-4002 Basel, Switzerland -
’Ciba Speciality Chemicals, Corporation, USA A
tAuthor for ¢orrespondénce T T

b P A 3 TN D

. v
K I

Irgarol® 1051 biocide, hereafter referred to in this abstract as the algaecide, is-highly
effective for use in antifoulant paints. It specifically prevents the growth of algae and other
photosynthetic organisms on boat hulls, a key step in inhibiting the fouling’ process: Due to
the mode of activity, toxicity to algae is very high, whereas the toxicity to crustaceans, fish
or other animals is comparatively low. . g ' S T

The environmental fate of the algaccide was recently investigated in a microcosm study
by determining degradation rate and metabolism in a simulated coastal marine environment.
The results of the study showed a half-life of 24 days for disappearance of the algaccide. A
primary metabolite appeared concurrently for the first month, then declined with
approximately the same half-life’ as the algaecide. Neither the algaecide nor the metabolite
accumulated in the sediment. Toxicity of microcosm water to algae declined in parallel with
the concentrations of the algaecide, indicating that once degradation takes place, no residual
toxicity is left in the microcosm. .

To address the question of possible environmental accumulation, a monitoring study was
performed in the Stockholm archipelago, an area of high boat density. Samples of water and
sediment were taken over the full yachting season at varying distances from a very large
marina. The results show detectable algaecide concentrations only within highly exposed
marinas and only during the main boating season. In late autumn, all algaecide levels at all
sites returned to the detection limit. Sediment levels were also close to the detection limit,
indicating that there is no evidence of accumulation of the algaecide from year to year,
neither in water, nor m sediment.

Irgérlo‘l® is‘a registered trade name of Ciba Specialty Chemicals, Inc. for
2-(tert-butylamino)-4-(cyclopropylamino)-6-(methylthio)-1,3,5-triazine -

Hydrodynamic evaluation of the performance of foul release antifouling coatings
Brett S. Kovach and Geoffrey W. Swain

Ocean Engineering Program, Florida Institute of Technology, 150 West University Blvd.,
Melbourne, Florida 32901, USA

International restrictions on the use of biocides in antifouling paints have directed special
attention towards the development of nontoxic foul release coatings. These coatings provide
a minimally adhesive surface that will become fouled under static conditions but when
subjected to an external flow, hydrodynamic forces can remove the fouling. A method to
evaluate the performance of foul release coatings has been developed that measures the drag
forces on communities of fouling to determine the free stream velocities required for fouling
removal. Visual evidence of foul removal is also recorded. Measurements are made on
fouled static immersion test panels using a floating element skin friction meter contained
within an instrumented foil that is dragged from the side of a 7m powerboat at predetermined
speeds. During testing the shear force, flow velocity, and video of the foul release are
recorded simultaneously. Two commercially available and one experimental foul release
coating were tested and their performance was compared to that of a copper self-polishing
system.
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Analytical characterization of natural marine biofilms -
ME Lai'!, V. Scotto' and A. Bergel, .., % . NP
' ICMM - CNR Istituto per la Corrosmne Manna der Metalll Vla De Manm 6 16149
Genova, Italy '
*Laboratoire de Génie Chimique, Umversrte Paul Sabatler 118 Route de Narbonne 3 1062
Toulouse, France RS
(TPresent address: Laboratoire de Génie Chrmrque Toulouse annce . -
The authors 1nterested to single out “what broproducts 1n marme broﬁlm could be
assocrated to the high corrosion rates characterizing’ the behavrour of §.5° in the 'séa, have
‘studied the structure and composmon of natural bloﬁlrn}s by usmg analytlcal methods The
_paper summarizes the main results of the study in which a pamgular attention has been given
to the structure of the extracellular polymeric matnxes recently recogmzed as “key factor
for explaining the biocorrosion mechanisms.
The organisms succession in the colonization of the materials immersed in’ natural
seawater, the incidence of the detritus and of the EsoPolymerrc Substances (EPS) on
, biomasses, the evolution in time of the physiological activities in biofilm, the carbohydrate
MONOMETS contrlbutmg to the building up of the EPS matrixes together with the
oxidoreductase enzymes entrapped in the slime are here evaluated and described. The EPS
fraction, which in weight corresponds to the 30% of the intracellular carbohydrates, shows a
protem content waving in between 5%-30% of the carbohydrate amount and a percentage
“distribution of single carbohydrate monomers, which is substantially indifferent to seawater
‘temperature and season. The EPS 'matrixes , meanly formed by exose, (65- -70%)- pentose
(15-20%), , chetose (0-2%) - uronic acrds (10-20%), predominantly glucuronic and
galacturonic acids but lackmg of reducmg sugars , entrapped oxidoreductase”enzymes as
SOD, catalase and peroxxdase which in 'mature bloﬁlms reach mean activities of about 250
“mU/cm? - 50mU/cm’® and 0,5 mU/cm’ respectively.
These data refer to biofilms grown in Mediterranean Sea in very different environmental
conditions and will be used in lab to simulate the natural corrosive envrronments that
biofilms create at s's. surfaces . N o
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The role of conditioning films in the attachment of biofouling bacteria

A.P. Leis and R. P. Schneider

School of Microbiology & Immunology, The University of New South Wales, Sydney NSW
2052 AUSTRALIA

The attachment of fouling mlcroorgamsms in natural waters is preccded by the adsorption of
a complex conditioning film of organic macromolecules and inorganic species. To study the
characteristics of environmental condltlonmg films, marine, freshwater and brackish water
samples were obtained from various sites in Sydney, Australia. The 0.1pm fractions
generated from each site were used to examine ‘the role of complex conditioning films in the
initial adhesion of Psychrobacter immobilis. SW8, a Gram-negative bacterium chosen as a
model biocolloid. Conditioning films were formed for 1 hour on a series of radiofrequency
plasma polymers with defined functional groups and variable surface free energies. The
conditioning solutions were altered to measure the effects of ionic strength, pH and
molecular weight distribution on adhesion. Contact angle measurements indicated diversity
of conditioning films (1) relative to clean substrata, (2) for each type of substratum exposed
to the same water sample, and (3) between similar substrata exposed to different water
samples. Conditioned substrata always promoted retention relative to the unconditioned
control. While the extent of bacterial adhesion was found to be influenced by the source of
the conditioning film, there was no correlation between water contact angle and adhesion,
indicating that surface free emergy is not the dominant physicochemical regulator of
adhesion. High molecular weight fractions always exhibited greater retention than the
corresponding low molecular weight fractions. This effect, however, could be manipulated
by changing the ionic strength, indicating a dependence on molecular size and conformation.

Fouling control in the 21* Century: an Australian Defence perspective

John A. Lewis

DSTO Aeronautical & Maritime Research Laboratory, GPO Box 4331, Melbourne 3001,
Australia

The Royal Australian Navy has continued to use TBT copolymer antifouling paints to ensure
optimum performance, corrosion control and fleet readiness of the major vessels of the fleet.
However, a comprehensive program has been underway within DSTO, sponsored by Navy,
to actively seek and evaluate potentially more environmentally benign methods of fouling
control. The requirement is for 4+ years effective fouling control for both surface ships and
submarines, including those clad with elastomeric materials. Tin-free biocidal coatings and
fouling release coatings have been a focus of recent studies with some promising results.
For steel-hulled surface ships copper acrylate coatings have shown superior performance in
static and dynamic immersion studies and patch trials, and planning is underway for the first
full hull application. Silicone elastomer fouling release coatings have been under evaluation
=on steel, alumium and elastomeric surfaces. Results have been promising but, to ensure
,’optimum vessel performance, a definite need exists for improved cleaning technologies,

- . particularly for slow moving vessels or vessels spending extended periods alongside. The

, search for environmentally acceptable methods is, however, far from over. Looking into the
- 21% century, the optimist can hope for continued advances in fouling control technology to
_provide totally non-toxic solutions,. either with improved fouling release technology or
. chemically deterrent rather than toxic surfaces.
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ElectroMagnetic Antlfoulmg Shleld (EMAS) a novel antlfoulmg techmque for optlcal
sytems? el s
Tyllomas Leya', Annette Rother Torsten Muller Giinter Fuhr', Martina Groprus and
Burkhard Watermann® SAPRETA
"Humboldt-Universitit zu Berlin, Invalrdenstrasse 42, 10405 Berlin, Germany ‘
_*LimnoMar, Ber der Neuen Miinze 11, 22145 Hamburg, Germany ' v e AL
- N FERARY ¢ /S PP SRE AN CL SR e I
Optlcal systems such as video camera lenses and SéNSOTs- 1mmersed in‘thé'sea over prolonged
perlods are subject to fouling. Conventional and pigmented antrfoulmg paints *cannot “be
applred for obvious reasons. We are testing hlgh frequency altematmg current-(hf-ac) fields
around ultramrcroelectrodes on glass substrate for their" effect on populatrons of fouling
orgamsms such as cyprid larvae of the barnacle Balanus amphztrzte amphztrzte DARWIN, the
* diatom Amphora coffeaeformis (AGARDH) KUTZING and zoospores of the Green alga Ulva
“lactuca LINNAEUS. Our concept is that hf-electromagnetic fields can induce breakdown-at
“the outer and inner cell membranes so that fouling organisms are drsturbed during their
“settling routine and rejected.
“‘The electric regimes applied to the electrodes consist of continous hf-ac and - of a
" ‘combination of pulsed ac (membrane breakdown) with short term dc (drrect current)
" components (hydrolysis and pH shifts). To detect cell damage, fluorescence microscopy and
_ confocal laser scanning microscopy (CLSM) are in use. Investigations e.g. in cyprid larvae
show paralysis effects and death. Localization of damage within cells or tissues is studied
using ultra thin sections and histological stains. Field tests in the Baltic Ocean are under way.
Parallel tests are being run on chips coated with a monomolecular layer of reactive polymers
using the Langmuir blodget technique. It is possible to combine hf fields and such -see-
through’ coatings.

Interpreting spatial relationships between marine bacteria and localized corrosion on

steels ‘ N .
B.J. Little', R.I. Ray and J. Jones-Meehan® - ¢+ ¥ cee TS .

"Naval Research Laboratory, Stennis Space Center, MS 39529-5004 P H r
?Naval Research Laboratory, Washington, DC 20375-5320 - S -_L

Diagnosis of mrcrobrologrcally influenced corrosion on iron-containing substrata exposed in
* marine environments - cannot - be based solely on ‘spatial relationships between large
- accumulations of bacterial cells and corrosion products? Laboratory and field experiments
“were designed to evaluate spatral vs. causal relationships between -marine bacteria ‘and
" localized corrosion on - stamless steel "and coated carbon steel usmg mlcroblologrcal’and
. surface analytical techmques R T T e -
" In laboratory experiments, ferric cofrosion products produced by crevices'in 304 stainless
steel in abiotic seawater were allowed to accumulate: before-addition of marine- -bacteria.- -
' Large numbers of bacteria were “asSociated with ‘corrosion products aﬁer ‘brief exposures.
~ Carbon steel coupons coated with Several topcoat/mldcoat/pnmer ‘combinations’ were scored
to produce intentional defects in the  coatings before exposure to natural and abiotic seawater.
- All coatmg/defect combmatrons were ‘exposed with and without external zincianodes. ‘When
~ either a zinc primer or a zinc anode provided cathodic protection, “defects were filled*with
- calcareous deposits- and in natural seawater contained only isolated bacterial cells; similar to
areas of intact coating. In the absence of cathodic protection- ferric corrosion products and
large accumulations of bacteria were co-located within defects in natural:seawater. Bacteria
" were preferentially attracted to ferric corrosion products in’ coating defects and crevices and
that attraction was more influential than topography in"determining the spatial distribution:of
bacterial cells. The nature of the attraction is currently under investigation.
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Cathodic protection studies of naval ships

Peter L. Mart, Neil Gage, Brian T. Moore and Heidi K. Millington

DSTO Aeronautical and Maritime Research Laboratory, GPO Box 4331, Melboume Vic.
3001, Australia

Royal Australian Navy shlps mostly use ‘sacrificial anode cathodic protection (CP), although
some ships are ﬁtted with 1mpressed current ~ cathodic ‘protection. ‘With ‘the steady
improvement in marine pamts ‘a balance must be struck between the competmg requirements
of achieving the maximum time between anode replacements, ‘yet not over protecting the
ship and causmg palnt detenoratlon DSTO has three approaches 'to studying *hull CP
requirements, with the aim being to achieve ‘an optimal “potential profile for the ship,
whereby critical areas are protected under all conditions. A commercial corrosion software
package is used to calculate potential and corrosion current distribution over the hull. Both
sacrificial anodes and impressed current anodes can be modelled. Physical scale modelling is
also used to predict full-scale hull potentials, and to check the validity of computer
calculations. Fmally, underwater data loggers are attached to a ship’s hull in regions ‘of
interest, enabling measurement and recordmg of the hull potential while the ship is under
way. Results will be shown of ongoing studies with each of these tools in optimising the
cathodic protection requirements of RAN vessels such as the new ANZAC Class frigates.

Molecular basis of larval settlement, particularly barnacles: are there unifying themes
and can they be explonted in antifouling?

Klyotaka Matsumura Pauline Smith', John nght' 2 ‘Mizue Yamazaki' and Anthony S.
Clare'

"Marine Blologlcal Assocratlon Citadel Hlll Plymouth, PL1 2PB, UK "

Department of Biological Smences University of Wales, Swansea Smgleton Park, Swansea
SA2 8PP, UK

The mechamsms of perception of larval settlement cues have been the subject of
fundamental interest for many years and more recently, they have also been examined in the
context of antlfoullng The rational behind the latter studies is that if the mechanisms can be
elucidated, it may be feasible to interfere with the process(es) and inhibit settlement. = This
presentation w111 focus on the nature of barnacle settlement cues and our understanding of
how the cues are translated mto attachment and metamorph051s Barnacles _potentially
respond to multrple chemrcal cues at settlement The possible outcomes of “encounters
between settlement’ stage cyprrs larvae “and- substrata are influenced profoundly by larval age.

Although the hormonal' control of metamorphos1s bears srmllanty to that of holometabolous
insects, the transducers and pathways 1nvolved in settlement have much in common with
those of non-foulmg species of marme 1nvertebrates but not with the only other major
fouling species that has been examined. Inltlal optlmlsm regarding the prospect of broad-
spectrum antlfoullng based on mterference “with signal transduction pathways, whether
through natural or synthetlc means must now be tempered in the light of these data.

-
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Probabilistic modelling of marine immersion corrosron of steels
Robert E. Melchers . L e S R A
Department of Civil, Surveymg and Env1ronmental Engmeermg, The Umversrty of
Newecastle, NSW 2308, Australia L oy

L B

~

i+ The study of the immersion corrosion., of mrld and low,ialloy, steels occuples a
.fundamental position in understanding and. predlctlng the materlal loss, for. mdustnal Coastal
. structures, shlps and offshore systems. Previously the ‘mechanics of < corrosron of. mrld and
,Jlow alloy specimens in marine immersion conditons was discussed and a probablhstlc model

gfor its description glven The early part of the model has’ been used in the study 'of field data
or 4x12 inch specimens, tested as part of an ASTM sponsored 1980'5 world-wrde 5-year
study

¢ It was found that, contrary to most opinion, a number of 1mportant mﬂuencmg factors can
be identified. There is a significant effect of water temperature for the field samples. This is
. consistent with little-known laboratory observations and other field observat1ons “As might
"be expected, the other major is the degree of water aeratron This is. influenced by
_consumpt1on of oxygen in the corrosion process, the consumption of oxygen by b1olog1cal
organisms and the rate of replenishment of oxygen. In turn, the latter is affected by transport
considerations. Details of these matters will be outlined.

The paper will also describe the effect of water salinity. Under normal conditions the
corrosion of mild and low alloy steels is increased under lower salinity conditions, that is,
provided the pH remains essentially the same. However, there are common conditions where
the pH is increased and then corrosion in brackish waters may be significantly reduced. It
will be shown that this could explain some historically apparently inconsistently lower than
expected field corrosion observations. Finally the paper will outline the current state of the
probabilistic model so far developed. ’

Possible inoculation in port areas resulting from spawning of hull-fouling orgamsms
Dan Minchin and Stephan Gollasch
Marine Institute, Fisheries Research Centre Abbotstown Dublm 15, Ireland:

Fouling organisms on the hulls of shrps are in transit worldwidé on a regular basis. Although
organotin paint coatings have considerably reduced the volume of organisms in transit, these
have a limited period of effectiveness.that may be less than the inter-docking time.
Consequently treated vessels immersed over long penods provrde opportumtles for fouling
communities to develop. Shrppmg enables many species to become generally drstnbuted to
areas outside of their natural range Most _of the foulmg orgamsms are’ sess1le “and  will
remain attached until such time as they are. removed in dry dock Some 1nd1v1duals attached
to vessels in transit will become scraped off, or w1ll drop off hulls, but the opportumty for
the development of a new population by this means is normally remote Sh1ps normally pass
through a range of temperatures while 1 in passage but there are oﬁen rapxd ﬂuctuat1ons of
temperature to be found in port areas. These changes In temperature may prov1de cues for
_ the spawning of some species in the fouling communities ‘and therebywresult in a release of
zygotes. Should sufficient zygotes be produced that subsequently settle they will need to be
in sufficient prox1m1ty to each other in order to reproduce and ‘maintain the populatlon
Studies of the effect’ of temperature ﬂuctuatrons and mult1-spec1es spawnmgs .of .some
temperate invertebrates in Irish sea loughs’ does prov1des a basis for "this hypothesrs “As
vessels can carry a wide range of fauna including some commerc1al species thére may be
implications for a transfer of some diseases or pests in areas where aquaculture is practiced.
As organotins become replaced by environmentally less toxic paint coatings, port areas will
become less contaminated by organotins. Such conditions may promote the effectiveness of
exotic species inoculations.
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Investigation of strain capacity of aged polymeric coating on steel

Magdalena T. Molin and Anders Y.J. Ulfvarson

Department of Naval-Architecture and Ocean Engmeermg, Umversrty of Chalmers SE-412
96 Gothenburg, Sweden o W . o

Polymeri¢ epoxy coatmgs are often used as corrosion -protection in water ballast tanks of
ships. Although the coating is not subjected to wear, except for the splashing impact of the
ballast water, the coating fails. Inspections have showed coating damage in stress
concentration areas.-In these areas, local yielding occurs. The yielding results in locally very
large accumulated strains. The ductility of the coating decreases with-ageing.- Thereby, the
interaction system-between steel and coating is.weakened. - g
Experiments performed show the-failure process in aged coating on steel substrate for-tests
carried out at increasing level of strain. The type of failure and crack growth process in the
coating was thoroughly studied and- documented by high-speed digital video recording.
Examination by microscope and Scanning Electron Microscope determined the sizes and
depths of the cracks in the coating. In addition, low cycle fatigue tests were performed for
the aged coating on steel substrate. The numbers of cycles to failure for the coating, at
certain strain levels were settled. Furthermore, a method for estimating the service life for
aged coatings in ballast tanks is discussed.

Screening of the bioactive substances against the larvae of the oyster Crassostrea
madrasensis with emphasis on toxicity and antifouling activity

P. Srivutha Murthy', V.P. Venugopalan®, K.V K. Nair? and T. Subramoniam'

'Department of Zoology, University of Madras, Gumdy Campus, Chennai 600 025, Tamil
Nadu, India

*Water and Steam Chemistry Laboratory, BARC Facilities, Kaplpakkam 603 102, Tamil
Nadu, India

The development of non-polluting antifouling compounds that can be incorporated into
antifouling coatings involves screening of compounds for their activity against a test
organism and determination of their effective concentration. Extracts from Avicennia, a
mangrove plant, Sargassum myriocystum, a common seaweed, and two species of sea
cucumber, Holothuria atra and Holothuria scabra, were assayed for antimitotic-cytotoxic
bioactivity against the fertilised eggs of the oyster Crassostrea madrasensis. Assays that
tested toxic and antifouling activity were performed. All the three groups tested are known to
be potential sources of environmentally safe compounds, have shown promising activity, and
are found to be rich sources of novel compounds. The present study has been carried out
using the larvae of the tropical oyster Crassostrea madrasensis, a common fouling organism,
with regard to the toxic effects on different veliger stages and effect on the settlement of the
pediveliger larvae. - Significant differences in the antimitotic-cytotoxic response were

“observéd. High mortality -rates of -the -fertilised . éggs were observed with extracts from

Holothuria atra (82.0%), Holothuria scabra (69.0%), Sargassum myriocystum (53.0%) and
Avecenia-sp. (39.0%). Acute responses to ginde methanol extracts ‘from Avecenia sp.,
Holothuria atra,”Holothuria scabra and.Sar8sum. myriocystum were toxic to the larvae

- during their late stages of development at concéntrations as low as 10 pg/ml. The respective

mortality rates of pediveliger larvae were 82.6%, 65.0%, 68.3% and 74.0%. The early stage
larvae (D shaped larvae) were more resistant to the compounds. All the assayed extracts
displayed settlement inhibition activity with maximum inhibition observed with extracts of
Holothuria atra (97.6%), Sargassum myriocystum (97.0%), Holothuria scabra (95.4%) and
Avecenia sp. (94.3%).
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Induction of settlement and metamorphosis of the larvae of pearl oyster Pinctada fucata
(Gould) by bloﬁlm bacteria e T

P. Srivutha Murthy', V.P. Venugopalan®, K.V. K Nalr .and T. Subramoniam' =
'Department of Zoology, University of Madras, Guindy Campus, Chennai 600 025, Tam11
Nadu, India

2Water and Steam Chemlstry Laboratory, BARC Facﬂltles Kaplpakkam 603 102, Tamil

Nadu, India i e ans A TG oo

i " C LR

The induction of settlement and metamorphosw of competent pedxvellger larvae (18. d old) of
the Indian pearl oyster Pinctada fucata by.eleven different bacterial strains, isolated from
biofilms formed on various surfaces, was evaluated.. All the strains proved to be potent
inducers of settlement. The induction resulted in more than'62% (62.8-to 88.3%) of larvae
settling within 120h compared to 11.8% in the control. The strains showed marked variation
(27.9 to 72.0%) in their ability to induce metamorphosis, as compared to-7.2% in the control.

High incidence of metamorphosis was observed on surfaces covered by .biofilms of
Alteromonas haloplanktis, Vibrio furnissi, Flavobacterium sp. and Pseudomonas sp.,
resulting in 72.0%, 62.2%, 53.7% and 49.8% metamorphosis respectively. Settlement
behaviour was initiaited within 10-15 min, and attachment within two hours upon release of
larvac on to filmed surfaces. On the other hand, settlement behaviour on unfilmed surfaces
was initiated only after 90 min. Generally, the morphogenetic phase of metamorphosis was
initiated after 2h of larval introduction onto the filmed surfaces, as compared to unfilmed
surfaces where it was initiated after 12h. The results suggested that induction of settlement
and metamorphosis could differ with strains consituting the biofilm. Neither heat treatment
nor treatment of the bacterial film with formalin affected larval settlement. However, lower
rates of metamorphosis were observed on heat-killed biofilms of Alteromonas haloplanktis,
suggesting the involvement of heat-labile bacterial products in the metamorphic induction.
The results are discussed in the light of settlement and metamorphic behaviour of this
tropical bivalve mollusc of primary importance to the aquaculture industry. -

T R T SRR

Introduced marine bryozoans of Australlan waters ‘ :

Radhakrishnan Nair',:Chad L. Hewitt* and Marnie L. Campbell2

' Anamika Consultlng, 84 Lane Street, Wentworthville, NSW 2145

“Centre for Research on Introduced Marine Pests, CSIRQ Hobart 7000 -,

Many introduced marine organisms are known in Australian waters. This paper attempts to
describe several bryozoans including the introduced species collected from various ports and
harbours of Australia and provides information on their biogeographical -distribution: The
examination of nmaterial = revealed -the presence. of- a.. dominant. representation of
Gymnolaemates. with high aseopho_rme species . diversity. . Cyclostomes. were poorly
represented. A revised.list of introduced marine bryozoans is given and the possibility of
various mechanisms involved in bioregional translocation of species'is discussed.
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Electrochemical preventlon of marme biofouling usmg titanium nitride

Tsuruo Nakayama Hitoshi Wake', Kin-ichi Ozawa Mina Okochi?, Noriyuki Nakamura®
and Tadashi Matsunaga®

!'Central Research Laboratory, Pentel Co. Ltd., Soka Saxtama 340-0017

*Department of Biotechnology, Tokyo Umver51ty of Agriculture and Technology, Koganel,
Tokyo 184-8588, Japan : . ,

A bxocompatxble materlal titanium - mtnde (TiN), w1th very low resistance and good
electrochemical stability was used for electrochemical prevention of marine biofouling. We
have developed the technique for prevention of marine biofouling by electrochemical killing
of microorganisms attached to electrode surfaces. The electrochemical killing method that
is based on direct electrochemical  reaction between cell and--electrode, enables to kill
microorganisms by application of the potential around 1.0 V. In this study, TiN layer
formed onto titanium plates by reactive sputtering was used for electrochemical killing of
marine bacterium, Vibrio alginolyticus cells. By applying a potential of 0.8 V vs. Ag/AgCl
in seawater for 30 min, 98.7% of the cells attached on the electrode surface were killed.
Changes in pH and generation of chlorine were not observed at this potential. ~ Also, TiN-
coated film was formed using radio-frequency arc spraying and has been applied for the
electrochemical prevention of biofouling. By applying the controlled potentials in the field
experiment, the attachment of the organisms on TiN-coated film was prevented.

Electrochemical prevention of marine biofouling by electroconductive paint containing
metal oxxdlzed particles

Mina Okochi', Makoto Tsubio?, Noriyuki Nakamura' and Tadashi Matsunaga',

' Department: of Biotechnology, Tokyo University of Agriculture and Technology, Koganei,
Tokyo 184-8588 :

? Research Center Chugoku Marine Paints, Ltd., Ohtake, leoshlma 739-0652, Japan

The expansion of microfouling is undesirable on many surfaces, such as industrial process
equipment, drinking water distribution systems, and ship hulls. This results in energy loss
and reduced performance due to the necessity of regular cleaning.  Recently, we have
developed the -electrochemical method for prevention of biofouling by killing
microorganisms with application of the potential around 1.0 V. This killing method is based
on direct electrochemical reaction of intracellular substances and enables to kill
microorganisms without generating chlorine. In this study, the use of metal oxidized
particles that have relatively weak toxicity were investigated for more efficient
electrochemical - killing ‘and efficient prevention of biofouling. Using the electrode
containing 30% metal oxidized particles and 70% carbon, cells on the electrode surface were
killed by applying the-potential of 1.0 V for in 30 min.  Also, the elution -of metal ion
measured using an atomic adsorption spectrometer by frame atomization after 1 month
electrolysis in seawater was below detection level.  This biofouling prevention method
would be effective and might be environmentally friendly method.
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Layered imaging studles of the marine bacteria Pseudomonas pauamobtlts

LPenegar, J R .Smith, C. Toque .S:D.A.Connell and S.A.Campbell =~ =+ =

Applied Electrochemistry Group, Umver51ty of Portsmouth,St.Michaels Burldmg, Whlte
Swan Road Portsmouth POl 2DT UK , o

slarel e L " T A ST & .;;" oAb
Atomic Force Mlcroscopy Layered Imaglng allows an overlay of force-distance
bmeasorements from an entire image frame. From these data, force-distance profiles may be
-extracted at-any point on the image and, hence, surface adhesion, hardness  and- the: elastic
modulus' of samples can be measured by viewing individual layers of samples. In.biological
systems AFM Layered Imaging has been used to investigate cellular structure and -adhesion
by correlating force-indentation curves with specific locations in the cell. More recently, the
"elastic properties of biomaterials such as vesicles, platelets and gelatin have been evaluated.
In this paper, we report the use of this technique to determine the Young’s Modulus for

‘bacterial cells of the genus Pseudomonas paucimobilis.. These copper-resistant
microorganisms were isolated from copper-nickel panels situated on an exposure trial raft in
Langstone Harbour. Such species are of particular interest as the current revival in the use of
copper based materials for antifouling purposes brings with it the attendant problems of
bioaccumulation of metals in the ecosystem. AFM Layered Imaging investigations into the
“morphology and elasticity of Pseudomonas paucimobilis as a function of copper
concentration in the environment (Figures 1 and 2) showed changes in (a) cellular
dimensions and (b) elasticity. A decrease in the Young’s Modulus from 74.5 kPa in copper
free media to 44.2 kPa for cells grown in copper containing media, was observed, suggesting
modification or interaction of copper ions with the cell wall.

Enzyme activity of marine fungl

S.B. Pointing ‘

Department of Ecology and BlOleCl’Slty, “The Unlver51ty of Hong Kong, Pokfulam Road

Hong Kong, HKSAR China

A A oo . SRR .

The diversity of fungi isolated from decayed wood in marine environments is high. Several
strains have been demonstrated to produce soft-rot or white-rot decay features, with
significant biodeterioration of in-service wood as a consequence. The mechanism.of wood
decay by marine fungi has been investigated-and.activity of the: enzymes responsible
demonstrated. Cellulose breakdown involves a suite of hydrolytic enzymes comprising
endoglucanase, cellobiohydrolase and B-glucosidase: *Xylan, -the major constituent of

_hemicellulose is hydrolysed by an endo- type.xylanase to-soluble reducing sugars. Lignin
degradation has also been demonstrated, with associated production of the lignin modifying

- enzymes laccase and Mn-dependant peroxidase. Interestingly variations in salinity appear to

-have little effect on polyose -degrading enzyme titre, whereas lignin modifying enzyme

- production appears more sensitive to changes -in salinity.: Those “strains -associated with
relatively aggressive wood decay generally display significantly higher enzyme activities.

. ‘ N *
Vol ] . .- . ,
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Novel shipboard applications of cylindrical clays
Ronald Price', Bruce Gaber' and Simon Marsters
"Naval Research Laboratory, Washington, DC 20375
*New Zealand China Clays, Auckland, New Zealand

Halloysite clays are naturally occurring alummosﬂwate matenals that exhibit a cylmdncal
morphology. These clays may be used as carriers for a wide variety of active agents and
employed in several of the ships systems as a mechanism for controlled release. One major
applications area for which they are suited is that of biofouling control. Biofouling on ship
hulls may be controlled by repellents or non-metallic biocides. However: the fouling may be
internal- and range from the control of mildew in the ships living quarters to microbial
contamination in the fuel tanks, microbial growth in the bilge or microbial, fungal or insect
infestation within the ships cargo holds.

We will discuss the mechanism and characterization of release from cylindrical clays and
from clays mixed as fillers in marine coatings.

Macrofoulmg role of mussels in Italian Seas

Giulio Relini' and Manuela Montanari’

! Istituto di Zoologia, Laboratorio di Biologia Marlna ed Ecologxa Animale, University
of Genoa, Via Balbi, 5 - 16126 Genoa, Italy. - :

? Istituto per la Corrosione Marina del Metalli, Con51g110 Nazmnale delle Ricerche, Via
de Marini, 6 - 16149 Genoa Italy. +- - T

Aﬁer more than«30 - years of research’ on foulmg communities and their patterns and
development in dlﬁ‘erent env1ronments (ports estuaries, lagoons,-shallow and deep, inshore
and offshore: waters) or- on ~structures ‘(wharves, power stations; intakes, platforms, ship
hulls...) all around Italy, a picture can be drawn of macrofouling in Italian Seas and, in
particular, the role of Myfilus galloprovincialis Lam. mussels can be outlined.

In most environments, the community dominated by mussels is considered a final and quite
stable association up to 20 m depth, something which however is not always reached because
of local environmental peculiarities. Mussels are the main fouler on offshore structures
where they account for 80% to 98% of the total fouling wet weight, as results from platforms
(gas extraction, oil-rigs) or buoys that have been examined in the Adratic, Ionian,
Tyrrhenian and Ligurian Seas. In the Adriatic Sea (Ravenna platforms), after one year, at
surface level, mussels can reach a wet weight of more than 90 Kg/m® with 6-7 cm of shell
length. In the Ionian Sea (Crotone platform) mussels reach, at surface level, 6 Kg/m” and 3.5
cm length, and in the Ligurian Sea (Genoa platform), at surface level, 26 Kg/m® and 6.2 cm
length. On concrete blocks of the artificial reef deployed near Ancona (Central Adriatic), up
to 120 Kg/m® of mussels with 5-6 cm shell length have been harvested after a one year
settlement at 7-8 m depth. In the Tyrrhenian Sea, up to 70 Kg/m® of mussels with average
valve length of 6.2 cm were collected on concrete blocks of the artificial reef submerged off
the mouth of the river Tiber, while in the artificial reefs of Sicily and Liguria mussels are
absent.

The main settlement period of mussels in Italian waters occurs in sprmg (May); sometimes
there is a second, less significant, settlement in autumn.
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Macrofoulmg of an oceanographlc buoy in the ngurlan Sea (Western Medlterranean)
Giulio Relini', Manuela Montanari’, Paula Moschella' and Antonio Siccardi® - -
! Istituto di Zoologla Laboratorio dl Blologla Marina ed Ecologla Animale, Umver51ty of
Genoa, Via Balbi, 5 - 16126 Genoa, Italy: ‘v, 8 o % 5 +2 5 00 on
? Istituto per la Corrosione Marina dei Metalll Con51gllo Nazmnale delle Rlcerche V1a de
'Manm 6 - 16149 Genoa, Italy. P Yo
2* Istituto per I’Avitomazione Navale; Con51g110 Naz10nale delle Rlcerche ‘Via de Marini, 6 -
‘16149 Genoa Italy. ™ : T PRI -
{i' A e - c .
- The- ODAS Itaha 1 oceanographlc spare buoy 1s moored in the ngurlan Sea, along
L. Genoa-Cape Corse_course (43°48.90' North --009°06.80" - East) 37 nm from the coast of
-Genoa; floating"over a 1270 m deep sea bottom: It offers:very interesting experimental
conditions: the presence of a solid substratum floating in off-shore waters. The monitoring of
macrofouling started on the 28th of June 1992 and it is still in progress.

Fouling was followed over time using aggregate materials panels (20 x 30 x 0.4 cm in
size) which were fixed in round panel-holding frames secured to the buoy body at two
particularly significant depths: 12 m and 33 m. The data presented here refer to panels
removed at progressively longer intervals for a total test period of 70 months. Settlement
processes of fouling community developed on panels are described; the study also included
counting of settled organisms, covering index of each taxa, and biomass assessment.

During our investigations, 34 taxa were identified in total, 31 at species level, on the 12 m
depth panels, and 53 taxa, 44 of which at species level, on the panels at 33 m depth. The
fouling biomass, assessed as wet weight on the panel submerged for 70 months reaches 2.8
kg/m* at 12 m depth and 4.8 kg/m? at 33 m depth. -

A previous observation cycle on benthic organisms directly settling on the buoy had
started on the 9th of January 1987 - when the buoy was first deployed - and lasted 52 months
until the 15th of April 1991, when the buoy was recovered and brought back to shore. The
fouling settled along the full 40 m length of the buoy was sampled every 2 m by scraping a

£50x 50 cm square surface: Samples collected were examined and weighed. All in all, 78 taxa
—of which 69 species were identified. ‘The:biomass assessed as wet weight, ranges from.1.3
o kg/m for the foulmg sample at1m depth to 03 'kg/m” for the one at 34 m depth. , LT
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The history, current status and future prospects of natural products as antlfoulants
Dan Rittschof . !
Department of Zoology and’ School of the Environment, ‘Duke University Marine
Laboratory, Beaufort, Noith Carolina 28516-9721, USA )

Fouling, the colonization of surfaces by abiotic and biotic substances and organisms, has
a variety of levels of organization and occurs by a number of mechanisms. Commercial
antifouling technology includes the use of coatings that contain toxins to kill biotic
colonizers. Toxic coatings are usually based upon release of toxic metal ions.” Because toxic
metals build up and recycle in the env1ronment and are environmentally damaging,
alternatives including nonmetal-based toxms are reaching commercial markets. For over 40
years, experimental use of natural products as antifoulants has been reported. The basic idea
is that organisms that do not themselves foul are chemically defended against fouling. This
basic idea is flawed in that living organisms usually employ a suite of mechanisms to
minimize fouling. . At present, laboratories around the world use bioassay-directed
techniques to purify and identify natural products that inhibit settlement or growth of fouling
organisms.  Little is know about the actual biochemical mechanisms of the antifouling
compounds Some are toxic, some paralyze and many prevent settlement by a mechanism
that is neither toxic nor paralytic. Coatings based upon natural products have been tested
experimentally for-about 10 years. Because there are multiple mechanisms responsible for
abiotic and biotic fouling, and many of the mechanisms do not include chemosensory input,
the potentlal 'of natural products as nontoxic, broad-spectrum solutions to foulmg is poor.
However, the potential for envxronmentally acceptable broad-spectrum solutions to fouling
that combine natural products w1th orgamc biocides are good
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Exotics across the ocean: Testing monitoring systems for risk assessment of harmful
introductions by ships to European waters.
Harald Rosenthal', Stephan Gollasc:hI Ian Lamg Erkki Leppakoskl Elspeth Macdonald4
Dan Minchin®, Manfred Nauke Sergej ;Olenm‘ y ,Sue Uttmg Matthras Vorgt and Inger
Wallentinus®  © = .
'Institut fur Meereskunde K1e1 Germany
- 2CEFAS Conwy Laboratory, Conwy, North Wales UK
. >’ABO  Akademi University, Turku, leand:, o
o Marine Laboratory Aberdeen Scotland, UK ,, . |
5Frshenes Research Centre Dublin, Ireland .. -
Internatronal Mantune Orgamzatron London, UK :
_ICentre for System Analysrs Klaipeda, thhuama o
8Buro Dr Matthras Voigt, Stolpe, Germany
Umversrty of Goteborg, Sweden

. Dunng the last decades ballast water discharges have increased throughout the world in most

,.of the major ports Discharge volumes are considerable high in some cases and the

' probabrlrty of mtroducmg exotre species is expected to increase with greater volumes of
‘ballast water and reduced ship transrt times. Ships have been recognized since about '50 years
asa major vector for the introduction of non-indigenous and harmful organisms. The first
,summarising reports appeared by (e.g.) Medcof (1975) followed by Carlton (1985, 1987),

Hallegraeff & Bolch (1991) and Subba Rao et al. (1994). Rosenthal (1980) reviewed the
state of knowledge and the risks associated with transplantation for fisheries and aquaculture,
including ballast water. It is believed that more than 3,000 species are transported by ships
each day (Carlton et al. 1995, Gollasch 1996). Six European countries: Finland, Germany,
Ireland, Sweden, United Kingdom (England and Scotland), Lithuania and several experts
from elsewhere (e.g. North America, some Mediterranean Countries, Australia and Asia) are
involved in the Concerted Action recently funded by the EU. The IMO (International
Maritime Organization) is also a partner of this study. The EU project is linked with ICES
WGITMO and ICES/IOC/IMO SGBWS for the duration of the project. The study is being
co-ordinated by Germany. The main objective of this Concerted Action is to compare and
harmonise various sampling methods of ballast water and to study their effectiveness for
sampling. Further objectives of this Concerted Action include: state of the art of ballast water
studies, case histories of selected introduced species, assessing potential treatment options of
ballast water, development of public awareness material, assessing Buropean waters as
potential donor area and documentation of European studies on introduced species in the
past. The Concerted Action will include workshops with technical sessions, practical
workshops for testing of methodologies including intercalibration exercises, methodological
tests onboard ships to evaluate survival capabilities of species in-transit, and meetings to
prepare documents (guidelines, manuscripts, posters, and press releases etc.). Sea-going
workshops will result in a total of 6 voyages quantifying the survival of organisms in ballast
tanks. It is planned to accompany vessels from North America, South America, Middle East
and Asia on their way to European ports. In addition ships will be boarded on their routes
from the North Sea to the Baltic and vice versa.
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Recent experience with ship and laboratory evaluations of foul-release coatings
James Rudroff', E. Dail Thomas® and James A. Ellor3

"Naval Sea Systems Command, USA :

’Naval Research Laboratory, USA

*Qcean City Research Corporation, USA

The following paper will describe the recent experience of the U.S. Navy, Naval Sea
Systems Command (NAVSEA) with the evaluation of foul-release, underwater hull coating
systems. The paper will provide a synopsis of the background leading to the Navy's interest,
pertinent laboratory and ship evaluations, and future directions. ‘Foul-release coating interest
resulted from a’'need to consider potential future énvironmental restrictions on the use of
toxin-containing, anti-fouling underwater hull coatmgs Under NAVSEA sponsorship
several laboratory and ship-trails were conceived. o

Key laboratory testing included high-speed flow channel exposure of different foul-
release systems at velocities up to 30 knots. This testing was designed to illustrate the
minimal velocity necessary to facilitate fouling release. The testing also demonstrated the

_effect of longer-term coating exposure on foul-rélease properties. Ship testing included

observations from exposure on commercial ships and Navy ships of up to five years. Based
on this testing, NAVSEA is considering methods to qualify such systems for specialized use
on Navy ships. The testing also provides ‘a basis for future NAVSEA programs into anti-
fouling paints. ' ' - :

Fouling and corrosion control in mooring systems — a practical application in highly
mterestmg tourist and naturalistic JSea areas.

G Salvago', V. Mézzanotte', E. Poli®, A. Benedetti® and E. Olzi®

'Dip. Scwnze Ambientali Umvcrsn:a degll studi di Milano

2CNR-TeMPE Istituto per la Tecnologia dei Materiali ¢ Processi Energetici

Electrochemical techniques have been used for fouling control. That has been developed
both to hinder and to promote the bio-mass growth of different surfaces according to the
engineering necessities. An application in highly interesting tourist and naturalistic areas
based on substitution of traditional anchorage sites with mooring buoys equipped with some
facilities has been developed. These floating bodies should be protected against biological
growth by anodic polarisation techniques. The connected bodies on sea-bottom should be
obtained with local stony materials included in metallic cages protected by a coral crust
whose growth is promoted by cathodical polarisation. This kind of solution let us overcome
the weedy bottom dredging and damaging of the habitat. More over it should be possible to
collect waste and supply services to the watercrafts. The electrochemical and biological
results with the preliminary environmental impact valuations performed show the feasibility
and the performances of the proposed solution.
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Pollution in Tuticorin Coast, Indla a threat to barnacle larvae and biofouling

R. Santhanam & A. Srinivasan S N

Fisheries College and Research Institute, Tarmlnadu Vetermary and Animal Sc1ences
University, Tuticorin — 628 008, India .

. wi. o . !

T O AR R Ly
The Tuticorin coast, once known for their pearl oysters and sacred chanks, has been rapidly
industrialized during the last two decades.” While the .pearl production in .this coast has
diminished substantially, sacred chanks have'become very scarce. This is mainly due to the
discharge of waste waters from human:settlements.and sea food processing plants heated
water from shore-based thermal power plant and effluents from .chemical industries and oil
pollution. In order to assess the level of pollutlon in this coast, investigation on the bxomass
~ of nauplii of bamacles belonging to the species of Balanus was made during 1986, 1990,
1993 and 1997. Interestingly there was a considerable reduction in the density of barnacle
‘nauplii as the number of industries increased year by year. The number of nauplii was found
- reduced from 5800 nos/m’ (1986) to 1300 nos/m* (1997) during this period. The significant
reduction in the density of barnacle nauplii over the years could possibly be due to pollution
as evident by the concentration of BOD (261 mg/l) and phosphate (27 pg at/l) originated
from domestic wastes; heavy metals such as cadmium (0.4 — 2.0 pg/l), copper (4.0 - 5.0
pg/l), lead (2.0 — 7.8 pug/l) and mercury (0.1 — 0.12 pg/l) released from two industries located
‘in the vicinity; rise in temperature of water column (41°C) associated with the discharge of
heated waters (48°C) of the nearby coal-fired thermal péwer plant and seafood processing
plant’s untreated or partially treated effluents with hydrogen sulphide (> 2 mg/l), BOD (>30
mg/l), COD (>100 mg/l) and low pH (6.5); and oil pollution with dissolved petroleum
hydrocarbons (0 — 28 pg/kg) and particulate petroleum residues (0 — 69.8 mg/m?). The
density of barnacle larvae in relation to the periodic concentration of various pollutants
originated from different sources and phytoplankton biomass has also been assessed. The
negative impacts of marine pollution on the dispersal of barnacle nauplii and the associated
biofouling are also discussed.
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Studies on biofouling in a sub-seabed tunnel and its lmpact on the power plant cooling
water quahty

K.K. Satpathy', R. Rajamohan', K.VK. Nalr &P K. Mathur®

'"Water & Steam Chemistry Laboratory, BARCF, Indira Gandhi Centre for Atomic

‘Research, Kalpakkam - 603 102, India*

? Analytical Chemistry Division, BARC; Mumbai.

More and more power stations are being located near coastal sites in order to make use of
the abundant availability of seawater for cooling purpose. These plants use-an open canal, a
pipeline or a sub-seabed tunnel to draw seawater. Madras Atomic Power Station (MAPS),
situated at Kalpakkam (12° 33’N & 80° 11’E), about 65 km south of the city of Madras, on
the east coast of India uses seawater through a sub-seabed tunnel of 468 m length and 3.8 m
in diameter built 53 m below the seabed for cooling purposes. In spite of.various kinds of
barriers to prevent the entry of large marine life, the tiny larvae of benthic organisms do get
into the tunnel, settle and grow inside the tunnel, resulting in serious operational problem
(pressure drop and heavy siltation in the pump house). Results of studies to assess the extent
of biofouling inside the tunnel using a remotely operated vehicle (ROV) showed that
colonisation by marine life was very extensive. The role of fouling organisms inside the
tunnel in modifying the quality of the cooling water was studied. Results indicated a
reduction in DO, Chlorophyll ‘a’ and increase in pH, suspended matter, ammonia, chlorine
consumption from intake (entry to the tunnel) to forebay (outlet from the tunnel). The study
revealed that activity such as consumption and excretion by settled marine organisms inside
the tunnel considerably alter the quality of cooling water both chemically and biologically
when it passes through the tunnel, though the time of contact is relatively short (5 to 40 min).
When consumption of DO and Chlorophyll was computed with respect to the amount of
water flow, it was found that 192 g of chlorophyll, 75 kg of oxygen per hour are removed
from the incoming water. Similarly about 360 kg of suspended solid, 500 g ammonia are
generated and thus added to the passing water per hour by the fouling community. The
paper also discusses the role of suspended matter and ammonia on the operation of power
plant cooling system.
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~ An update of the current status of TBT copolymer antifouling paints .. .. .

{
ta

Uwe Schneider, Ursula Gerigk, & Ulrich Stewen L
Witco GmbH, P.O.Box 1620, 59180 Bergkamen Germany I SV
RS o R et v th : PR DR
Approximately 70 % of the world fleet: are protectedlagalnst rfoulmg organlsms by
modern tributyltin-based selfpolishing copolymer. (TBT-SPC) systems. There are ongoing
discussions at the IMO about the harmful effects of the use of antifouling paints for ships.

" Existing world-wide regulations have significantly. reduced .the .environmental- impact of

TBT-based coatings with declining TBT-levels in water, sediments and-aquatic organisms. -
The search to develop alternative systems which completely. satisfy technical and
environmental demands has proved to be a complex problem. There is significant investment

in research and development to introduce alternative antifouling. paints .that are equally

effective with long-lasting performance and have a minimal énvironmental impact with no

..side-effects to non-target organlsms and no accumulation potential. TBT-based selfpolishing

copolymer systems exhibit a unique mechanism resulting in a controlled and slow hydrolysis
at the very thin active zone of the paint surface which guarantees self-polishing properties, a

. controlled release of TBT and a long-lasting lifetime of the coating (5 years and longer).

The detailed understanding of this mechanism to prevent fouling is the basis for the
development of alternative systems. The new suggested approaches to antifouling protection

. for ships to substitute. TBT-SPC systems have to demonstrate their long-term-performance

.

and to prove that the increased release of new biocides and metabolites do not bear unknown

_environmental risks. An overview is given about recently advertised new antifouling
_technologies, their mechanism and potential environmental fate.
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.. The influence of bloﬁlms on skin friction drag

Michael P. Schultz and Geoffrey W. Swain | P
Ocean Engineering Program, Florida Institute of Technology, 150 West Umver51ty Blvd
Melbourne, Florida 32901, USA

Materials exposed in the marine environment, including those coated with antifouling paints,
may rapidly become colonized by biofilms. Their effect on the performance of ships and
other structures is, therefore, of practical interest. The complex nature of biofilms including
their irregular surface topography, compliance, and their ability to produce extracellular
polymer substances (EPS) make flows over these surfaces difficult to predict. While rigid
surface roughness has been shown to increase skin friction drag, compliant surfaces and
polymer injection have both been used as mechanisms for drag reduction. In this paper, the
flow regime around a ship’s hull is presented. The concept of the “hydrodynamically
smooth” surface is discussed. Some basics of boundary layer structure and the effects of
“regular” surface roughness are given. Possible effects of biofilms on skin friction are
offered and compared with the results of previous experimental studies in this area. Finally,
some results of an experimental investigation carried out by the present authors in a zero
pressure gradient, turbulent boundary layer flow using two-component laser Doppler
velocimeter are presented.
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Copper—chromlum-arsenlc levels in barnacles growmg on timber marine piles after five
years service at Townsville.

Damian K. Scown and Laurie J. Cookson-
CSIRO Forestry and Forest Products Private Bag'10, Clayton South MDC Vlc 3169,
Australia

’

As part of an on-going assessment of the performance of preservative treated timber pilés in
the sea, 36 experimental piles were installed at Townsville; Queensland. These incorporated
both hardwood and softwood<timbers treated to. satisfy Australian Standard requirements
when treated with copper-chromium-arsenic (CCA), pigment emulsified creosote (PEC) or a
combination of both (double treatment). Afier five years, barnacles growing on thesé various
piles were collected and-copper chromium and arsenic levels in the soft tissues determined.
Copper levels in barnacles on CCA treated Pinus elliottii piles were significantly higher than
in barnacles on other piles. Chromium content was higher in barnacles collected from CCA
treated piles than non-CCA treated piles, although this trend was not supported statistically.
There was no statistical difference in the amount of arsenic present in the tissue of barnacles
from different prles Bamacles collected from galvamsed iron mooring pipes 20-120 mm
from the CCA treated P. elliottii pile surface did not contain elevated levels of copper,
chromium or arsenic when compared to bamacles from non-CCA treated piles.

The legacy of 110 years of dockyard operations
Patncra Shaw' and Barbara Hickey”
'Defence Operational Technology Support Establlshment Naval Base Private Bag 32901,
Devonport, Auckland, New Zealand .
*Headquarters ] New Zealand Defence Force anate Bag, _Welllngton New Zealand

The Naval dockyard.and Calliope Drydock in Devonport, Auckland have been in operation
since the 1880°s. Historically, process water from the drydock and stormwater from the
dockyard were discharged untreated into the coastal marine area. In the late 1980’5 the
regulatory authority introduced a requirement to document sediment quality as part of the
authorisation process for dredging. In 1993 routine testing revealed unexpectedly high levels
of contamination in sediment adjacent to the dry dock. Further investigations confirmed that
there is a plume of serious contamination which extends in an arc of 150 metres out from the

_ dry dock discharge point. There is a range of contaminants present 1nclud1ng mercury, TBT

DDT, PCBs, copper, lead and zinc. Ongoing investigations are being undertaken to define
the spatial extent and level of contamination; to identify the source(s) of the contamination;
and to determine appropriate future action. The issues are further complicated by changes in
ownershlp and management of the. dockyard and drydock over the years., This has made it
dlﬁ'lcult to get accurate mformatlon on historic practices in the dockyard and the former
owner. of the drydock, the Auckland Harbour Board, is no longer in existence.
Envxronmental legrslatron in New Zea[and has undergone srgnrﬁca.nt changes in recent years,
pamcularly with the enactment of the. Resource Management Act in October 1991. The Act

~ is not retrospective and therefore no llabrhty accrues for events that occurred prior to

October 1991. Howeveér, if contamination is shown to be causing an ongoing adverse
environmental effect, then the land owner can be required to avord remedy or mitigate the
adverse effect, regardless of when the contamination occurred.
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Antifouling actrvrty of phenollc acids on attachment for spores of Ulva fasciata Delile
Hyun-Woung Shin', Celia M. Smith” and Elizabeth G. Haslbeck® . o L.
1Department of Aquatrc Resources, Soonchunhyang University, Asan City, . _Korea
*Department of Botany, University of Hawaii, Honolulu, HI 96822 USA, ,

3Department of Navy, Division of Caderock, Surface Warefare Center Annapolrs MD USA

The antrfoullng(AF) activities of five ohenollc acrds trans-cinnamic acid (TCA), ferulic acid
. (FA) p-hydroxybenzoic acid (BA), p-coumanc acid (CA).and zosteric acid -(ZA) were
«;examined with a attachment assay that uses spores of the cosmopolitan foullng green alga,

v. Ulva fasciata..These phenolic acids were examined at given flux rates_of-1, 10, and-100.p
. g/cm’/hr through a.membrane perfusion device system, Antifouling dose required for 50%
k(AF),,..reduction in. fouling effectiveness of the cinnamic acids TCA,, and ZA,, were

- determined at 79.34 and 59.65 pg/cm*/hr respectively. The non-sulphate phenolic acids FA,,

“and CA;, wéré shown to have a dosc-effectiveness at 89.52 ‘and 104.13 pg/cm’/hr
“respectively. BA did not show effective AF action. These determinations for phenolic acids
“will establish the first such measure for any weedy algae, and are hoped to contribute to the
" baseline for further non-toxic AF agent evaluation.

_Stress corrosion crackmg of duplex stamless steels and their weldments in marme
environments : a review ;
R K. Singh Raman, B.C. Muddle andBW Cherry

Department of Materials Engmeermg, Monash Un1ver51ty Clayton (Melbourne) - Australia

.

This paper presents a’ revrew of stress corros1on crackrng (SCC) problems m duplex
stainless ‘steels and. their weldments in chlorlde-contammg mar1ne env1ronments "As a

_ precursor to the topic the paper also reviews SCC of traditional austenitic stainless steels and
" their weldments and’ neces51ty of usmg recent verswns of stamless stéels, viz., duplex

““stainless’ steels’ (DSS) in order to- alleviate corrosmn problems in marine envrronments

leen that the’ performance of weldments of such steels is oﬁen unsatrsfactory, thls revrew

[P ¥ 5

also assesses the reséarch’ needs 1n th1s area

Austenitic stamless steels have been a very popular Class’ ‘of matenals for marine
“application because of thelr umque combmatlon “of mechamcal propertres and corrosron

_ resistance; however in several environments, 1nclud1ng chlonde 1on solutions, they ‘suffer
'SCC. Ferritic stamless steels have mferlor fracture toughness 10 the austenltrc varrety, but

" 'they possess better strength and resrstance ‘to SCC Duplex ferl'ltlc-austenrtlc stalnless steels

(with a ferrite/austenite volurhe ratlo typlcally of 1 1) ‘show consrderable resrstance to SCC

"Hence, duplex stamless steels are candldate materrals for those 1ndustr1al apphcatlons
' exposed to chlonde—contalnmg énvironments. However w1th the , hlgh temperatures
- expenenced during weldmg, the femte/austemte volume "ratio and the morphology ‘of the
femte phase undergo undesrrable changJes in the weld metal and nelghbounng heat affected
;zone (HAZ) inthe weldments of DSS Such vanatrons are reported to impair SCC resistance

"of weld metal and HAZ of DSS,. ' °* "
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The effects of regulating the use of TBT-based antifouling paints on TBT contamination !
Rebecca Smith and Stewart M. Evans ,
Dove Marine Laboratory, Cullercoats Tyne and Wear, NE3O 4 PZ, UK.

! TR b

There was severe TBT contammatron in coastal waters in the mld 19805 partlcularly in
areas of high shipping and mariculture activity. .Organotin concentrations were high in water
samples, sediments and the tissues of marine molluscs. Responses,.such as imposex.in
whelks and shell growth abnormalities in oysters, which can be caused by. TBT, were also
well-developed. They were associated with reproductive failure, and even local extinction of
species, in the most severé cases. However, several governments have regulated the use of
TBT-based anti-fouling paints, prohibiting their application-to vessels-<25m: in. length.
These regulations have been highly successful in reducing TBT pollution. Environmental
concentrations of TBT have decreased, and there has been substantial recovery of
populations of whelks and oysters. Serious TBT contamination is now restricted largely to
ports and harbours, especially those with dry-docking facilities.

Temporal variation in foullng of silicone coatings in Pearl Harbor, Hawaii.

‘Celia M. Smith', E. R. Holm” and M. G. Hadfield”

'Department of Botany, *Kewalo Marine Laboratory, Umversnty of Hawai’i, Honolulu HI
96822 USA “ R N S

S I P L R oS S e e g

No antifouling or foul- release coating can be globally effective if it does: not perform well in
a‘range of environmental conditions and against a diversity of fouling organisms.. : From
1996 101998, the field test sites participating in ONR’s 6.2 Biofouling Program examined
global variation in performance of 3 silicone coatings; GE RTV11, Dow Corning 3140, and
International Intersleek, and a control anticorrosive coating. At the University of Hawaii's
test site in Pearl Harbor, there were significant differences among the coatings in the rate of
-accumulation’ of fouling. Control coatings failed: rapidly; after 200-250 d of immersion, a
community dominated by oysters and sponges developed-that persisted for the remainder of
the experiment. Fouling of the GE and Dow Corning silicones was slower, but eventually
.reached a similar community structure and coverage as the control coatings. The Intersleek
-coatings remained lightly fouled throughout the experiment. -Rate of accumulation of fouling
‘reflected- differences among the coatings in adhesion-of the tubéworm Hydroides elegans.
‘Surface properties of these coatings may affect rate of fouling and- community structure
through:their influence on larval settlement and subsequent 1nteract10ns with other residents,

predators and the physical environment. . oo S
3 i :
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Biochemical characterlsatlon of the glycoprotems involved in Enteromorpha spore

adhesion. AN RTINS

Michele S Stanley, James A Callow and Maureen E Callow B o

School of Blologlcal Smences The Umver51ty of- anmgham Blrmmgham B15 2’IT UK
t__ﬂ s - N AR .

The major foulmg macroalga'* Enteromorpha mltlateSJattachment through motile spores
which secrete a glycoprotein adhesive from' vesicles contained in the anterior ‘region'of" the
=~ spore Monoclonal antibodies have been raised to settled spores of Enteromorpha displaying
" the adhesive on their surfaces. Candidate antibodies towards the-adhesive have then been
* selected by a“combination of cellular, biochemical and functional cr,i_ter-ia-(see‘paper abstract
rby Callow;"Stanley ‘and ‘Callow). This poster’ déscribes progress-onthe ;use of these
antlbodles to’ partlally characterise a polydisperse glycoprotein antigen and its purification by
immunoaffinity. pnor to amino acid sequence determination. . - : i

S W '

Design and development of nontoxic, self-cleaning silicone foul release coatings

Judith Stein, John Carpenter, Judith Serth-Guzzo, James Cella, Kathryn Truby, Owen
Harblin, Timothy Burnell, Christina Darkangelo Wood, Deborah Wiebe, Anne Meyer, Celia
Smith, Eric Holm, Geoff Swain, Chris Kavanagh, Brett Kovach, Jean Montemarano, Karen
Poole, and David Lapota

General Electric Corporate Research and Development, One Research Circle, Niskayuna,
New York 12309, USA

Biofouling on the hulls of Navy vessels adversely affects both fuel consumption and
maximum attainable speeds. Traditional -antifouling paints containing toxic triorganotin
species or cupric oxide are highly effective in controlling biofouling; however, because of
environmental concerns, the Navy has discontinued the use of organotin paints and it is
expected that the use of cupric oxide paints may be limited in the near future.

-+ " Nontoxic low surface free energy silicone coatings that reduce the adhesion of biofouling
* to substrates have been developed as an alternative to antifouling paints. Tests have shown
- that while silicone coatings do not completely eliminate biofouling attachment, the fouling
. can usually be removed by water pressure wash or gentle scrubbing with a brush.

During the past several years; GE under funding from ONR and ESTCP, has developed
VOC-free silicone topcoats with improved durability and improved application profiles.
Technical issues that remained to be addressed largely centered around:optimizing -the

+ fouling release performance of. the topcoats without comprom1s1ng durability and the non-
*toxic nature of the coating. Yoo

The results of our DARPA sponsored research to address the issues delmeated above are
-described herein. - Enhancement of foul release performance by oil incorporation,. the
effective state of the oil (free or-surface bound), and whether oil leaches from the coatings in
the aqueous environment will be discussed. In addition, using a worldwide robust statistical

. design, correlations. of .release * performance between sites,~ animal species and “coating
composition were “determined.. The hydrodynamic properties . of ; the coatings  and
quantification of their ability to self-clean at operational speeds as well as the results of
speed trials on a boat painted with a top performing composition will be discussed.

"
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Colonisation of seaweeds by epibiota; the ecology of natural chemical cues.
Peter Steinberg - ‘ :

School of Biological Science and Centre for Manne Blofouhng and Blo-Innovatlon, University of

New South Wales

A number of natural products from macroalgae (seaweeds) strongly deter the settlement of
marine organisms in laboratory assays. However, the broader importance of such "natural
antifoulants" in the ecology of scaweeds is largely unknown., This is for several reasons,
including the difficulties in quantifying metabolites on or near surfaces in situ, in developing
relevant field assays, and in integrating the role of natural antifoulants -into the overall
ecology of seaweeds. We have addressed these issues for the Australian red alga Delisea
pulchra, which produces non-polar secondary metabolites known as halogenated furanones.
Furanones occur at the surface of the alga in concentrations which strongly inhibit settlement
of epibiota in lab and field assays, and are in most circumstances effective natural
antifoulants. However, the compounds are not always effective in deterring fouling in the
field. Shallow D. pulchra can be heavily fouled in summer, corresponding to a sharp
decrease in levels of furanones on the surface of these plants. This in turn is driven by the

~high levels of UV.light incident on these habitats in summer. In contrast to D. pulchra,

many chemically rich seaweeds do not appear to use natural products as antifoulants, either
because the compounds are not present at the surface of the plant (e.g.terpenoids in
Laurencia spp.), or they do not persist at the surface in high enough concentrations to deter
epibiota (phlorotannins in FEcklonia radiata). We suggest that natural antifoulants in
seaweeds will be most common for plants which produce non-polar metabolites and have
morphologies which allow appropriate release of the metabolites. In contrast to this, recent
research with D. pulchra and other red algae indicates that the polar sugar floridoside is the
basis for a positive metamorphosis cue for some invertebrate larvae. Polar metabolites
appear to be generally common as inducers of settlement and metamorphosis of invertebrate
larvae, suggesting different constraints on the production of negative vs. positive cues by
seaweeds.

-

Criteria for a successful non-toxic fouling-release coating

Geoffrey Swain, Angela Cook, Chris Kavanagh, Brett Kovach, Kathy Naum, Nagahlko
Shinjo, Mike Schultz'& Kirk Schumacher

Florida Instltute of Technology, 150 West University Blvd Melbourme, Florida 32901 USA
Durmg the last ten years we have evaluated a large number of non—tox1c fouling release
coatings. These have included coatings applied to static immersion panels, boats, ships,
structures ‘and nets. To. quantify their performance we developed test equipment and
methods to measure biofouling adhesion strengths. We have also. investigated. the
hydrodynamic and mechanical forces required for fouling removal, and the viscous drag
associated with biofilms. This paper will review the data to date and provide criteria, which
can be used to predict the performance of existing and new coating systems.

59




Development of a new antifouling paint based on a novel zinc acrylate copolymer
Yoichi Taki, Yoichi Yonehara, Fumihiko Nakakita and Mahamedi H. Jadliwala -

= 1. Kansai Paint Co., Ltd. Technology and Products Development Division,

-17-1 Higashi-Yawata 4-chome, Hitatsuka-Shi, 254 Japan.

" Antifouling paints based on tributyl tin acrylate copolymers have proved to provide

' excellent performance when applied to ocean going vessels.” However, pollution of the
-marine environment from the release of tributyl tin has been.a matter for concern for some

“time now, such that their use has been restrictéd in many countries and it:seems likely that

I'these products will be phased out by 2006 at the very latest..

“We have managed to develop a zinc acrylate copolymer for use in ‘antifoulings, which is the
most suitable replacement for the tributyl tin copolymer.* Zinc ions from the new copolymer

' exchange with sodium ions from the sea, the resulting structure will then dissolve in a
controlled manner into the seawater. It is possible to control the erosion rate of this novel
.copolymer by altering the one or more of either the molecular weight of the polymer, the
concentration of the functional group or the hydrophilicity of the zinc acrylate polymer.

5 The performance and long term physical properties, the erosion rates and the surface
profiles of the new antifouling paints formulated with the various zinc acrylate copolymers
have already been evaluated after dynamic immersion. After testing, the results that we have
assessed with paints formulated using this new zinc acrylate copolymer have proved to
provide excellent results in all aspects.

e e
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" Butyltin contamination in marine mammals
Shinsuke Tanabe
Department of Environment Conservation, Ehime University, Tarumi 3-5-7, Matsuyama
790-8566, Japan

For the understanding organotin accumulation in marine mammals, the present study
determined the concentrations of butyltins (BTs) in various tissues and organs and described
their distribution pattern relative to sex, age and geographical factors. Both cetaceans and
pinnipeds showed higher BTs concentrations in the liver, among. various tissues and organs.
In addition, noticeable high concentrations were found in the hair of pinnipeds, indicating
possible excretion of BTs through shedding. BTs composition in mammals and their prey
organisms suggested that pinnipeds have a stronger capacity to degrade BTs rather than
.cetacean. No age trend of BTs concentrations was observed in pinnipeds, while'cetaceans
showed increasing levels in immature growth stage. Comparing butyltin concentrations in
i various marine mammals, cetaceans retained higher butyltin concéntrations than pinnipeds.
The above specific accumulation patterns found in marine ,mammals: are..probably
. attributable to’ the lower breakdown capacity of BTs in cetaceans and the.significant
‘excretion of BTs through shedding in’ pinnipeds. Unlike :organochlorines,: comparable
residue levels of butyltins were found in male and female of marine mammals. Such a trend
‘suggested that butyltins are less transferable.through gestation and lactation from mother to
fetus/pup. On a global perspective of butyltin contamination{in marine mammals, residue
levels were found to be prominent in the coastal water of developed nations. The present
contamination by BTs may pose a toxic threat to some coastal species of cetaceans.
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Green fluorescent proteln shedding new light on biofilms
Somkiet Techkam]anaruk Serina Stretton', Marina W. Delpin', Alan M. McLennan Peter
Kolesik?, Ace M. Baty’, Gill G. Geesey’ and Amanda E. Goodman'
'School of Biological Sciences, The Flinders University of South Australia, Australla
*Plant Research Centre, The University,of Adelaide, Australia
*Center for Bloﬁlm Englneenng, Montana State Un1versnty, USA

We are investigating environmentally regulated genes in marine bloﬁlm-formmg bacteria
using a gfp gene which encodes green ﬂuorescent protein. Using. strains’ englneered to
contain gfp, in conjunction with epxﬂuorescence microscopy and laser scanning confocal
microscopy, it is possible to visualise directly gene expression in single living cells in
biofilms. In addition, this technology allows us to"determine the in situ structure of living
biofilms. Pseudoalteromonas S91CGFP contains a‘ promoterless. gfp gene inserted into the
chromosome under the control of a chitinase (chi) gene, such that expression of the chi
promoter causes green fluorescence in the cell. S91CGFP is being used to investigate
biofilm formation on, and degradation of, squid pen, a natural marine biodegradable
substratum. The same chi gene promoter, driving gfp expression from a plasmid construct in
S91, has been found to be switched on in “hot spots" of cells forming biofilms on spin-cast
chitin substrata. Using Vibrio sp. S14 wild type and flagellum negative derivative strains,
marked with the gfp gene, we are examining the contrlbutlon that the cell's flagellum makes
to the living biofilm architecture. : '
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The effects of environmental variables on biocide release from antifouling formulations

Kevrn V. Thomas', John Chadw1ck2 Andrew Frsher Steve Hlll Katherlne Raymond2 and
Mike J. Waldock'
'Centre for Envrronment Flshenes and Aquaculture Scrence (CEFAS) Burnham
Laboratory, Remembrance Avenue, Burnham—on Crouch Essex CMO 8HA UK~
’Health and Safety Executive (HSE), Magdalen House Trinity ‘Road, Bootle, Merseys1de
1203QZ, UK. .
"3Department of Environmental Scrences Unlver51ty of Plymouth Drake Clrcus Plymouth,
Devon PL4 8AA, UK

o, . Ceers e,

. Understanding the effects of environmental variables:on the rate of biocide release from
antifouling formulations is necessary so that the measurements obtained by laboratory-based
tests are correctly interpreted in environmental risk assessment. To allow the effects of anti-
fouling actives on aquatic systems to be predicted effectively, our study has progressed in
two parts; (i) the evaluation of laboratory-based leach rate methods combined with
participation in international competency testing of similar methods to ensure that
comparable data is generated in support of product registration and (ii) the evaluation of
-changes in leach rate as environmental variables change during normal use of the
formulations. _

The effect of slight changes in all test parameters, within the specification of the protocol,
on the release of copper and tin, was tested on the ASTM leach rate method (ASTM D5108-
80). It was clearly shown that leach rate data obtained using this method were extremely
dependent on pH and salinity. An ISO steering group charged with designing a robust
methodology for product testing and to validate the testing procedures has modified the
ASTM protocol so that there is less variability in the data generated (ISO/DIS 15181-1,2).
International competence testing of this modified protocol has confirmed this. The method
has since been used to obtain laboratory-determined leach rate data for a number of biocides;
TBT, CuO, Irgarol 1051, diuron, dichlofluanid, zinc pynthmne Kathon 5287, TCMS

pyridine and TCMTB.

The effects of environmental vanables such as temperature, pH, salinity, suspended
matter and vessel speed, on leach rates has also been investigated. Since the laboratory-based
methods for product testing are inappropriate to evaluate the effects of vessel speed and
suspended matter on biocide release, a purpose-designed flume was used. All the actives
listed above were tested and compared with laboratory-based release rates. The effects of
short-term changes' in conditions on biocide release was-also closely examined with certain
environmental parameters having a significant effect on the release of certain biocides from
tin- and copper-based antifouling coatings. Comparisons between the data obtained from
both laboratory and environmentally relevant test systems along with possible implications
on the environmental risk assessment of antifouling paint biocides is discussed.
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Comparisons of risks to aquatlc llfe from usmg tm-free biocides versus trlbutyltm in
antifouling paints. -~ :

John Toll, Mary Sue Brancato and Davnd DeForest LS ’

Parametrix, Inc. 5808 Lake Washington Blvd. NE, Suite 200, Kirkland, Washmgton USA
98033

LM s T nl tTooae 3

Tin-free biocidal addltlves are currently bemg promoted as alternatives to tributyltin (TBT)
for use in antlfouhng pamts “As part of a cost-benefit analysis of antifouling paint additives,
we found a sngmﬁcant cost’ ‘penalty to the shlpplng industry if TBT paints were banned and
currently available tin-free biocidés were used. 'Given this, it is important to compare the
environmental risks of tin-free biocides and TBT self-polishing copolymer paints. TBT risks
to aquatic lifé have dropped as water concentrations have declined in all regions of the
United States since the Organotin Antifouling Paint>Control Act was passed in late 1988.
Unfortunately, the toxicity data for alternative biocides are for acute exposure durations, and
therefore unsuitable for assessing antifouling paint risks (because antifouling paints are
continuously leached from hulls). Despite the data shortcomings, we have been able to draw
some conclusions about the potential environmental risks associated with some of the tin-
free alternative antifouling paints. The results of this comparison will be presented along
with conceptual issues affecting the comparative risk assessment.

Pyrithiones as antifoulants: Environmental chemistry and risk assessment
P.A Turley, R.J. Fenn, P.M. Figura and J.C. Ritter _
Olin Biocides Technology, 350 Knotter Drive, Cheshire, CT 06410 -

Pyrithiones are effective microbiocides which are widely used in shampoos, metal working
fluids, adhesives, sealants, and coatings. Zinc OMADINE® is the most familiar pyrithione,
having been sold for over 30 years as the active ingredient in antidandruff shampoos. The
solubility and avallablllty of pyrithione can be ‘influenced by complexation with different
metals, The low water solubilities of zinc and copper pyrithiones together with their broad
antimicrobial act1v1ty and favorable environmental chemistry make them ideal candidates for
replacing TBT in antifouling paints. We have carried out several studies of these metal
pyrithiones in fresh and salt water systems to determine aquatic toxicities, release rates,
degradation rates and the pattern of formation and decline of degradates. Pyrithione
degrades rapidly in the water column by both abiotic and biotic pathways to products'that are
orders of magnitude less toxic than the parent compound. Cleavage of a ‘critical’ functional
group precludes accumulation in anaerobic ' sediment. Predicted environimental
concentrations (PEC), persistence, and distribution were calculated for pynthlone and TBT
using EXAMS2.95. Comparison of PECs and toxicities strongly suggest that the pyrithiones
are environmentally more favorable than TBT. These findings are consistent with zinc
pyrithione’s long history of safe usage, including eight years in marine antifouling paints.
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Structure and carbohydrate chemistry of biofilm surfaces in relationto.

settlement patterns of Hydroides elegans and Enteromorpha flexuosa. . ., |

Catherine R.C. Unabia, Teena Michael, and Celia M. Smith . . ;.. ., . .
Kewalo Marine Laboratory, University of' Hawan 41 Ahui St Honolulu HI 96813 USA

leferentlal patterns in settlement of the polychaete tubeworm Hydroides elegans and the
("green alga Enteromorpha flexuosa were observed ,on natural Pearl. Harbor. biofilms and
cultured monospecific bacterial films developed for 3, 24 and 72 hr on glass shdes Both
porganisms are early and conspicuous colonists . typlcal of fouhng communltles in Pearl
Harbor and -other tropical and subtropical waters, and as representatlves of two biological
kingdoms _are dramatically different in scale, mode of -response . and tphysrology In an
-.attempt to.compare and explain observed settlement patterns, three dimensional structure of
the biofilms was surveyed with confocal microscopy using 24 ﬂuorescently—tagged lectins to
. visualize a variety of carbohydrate moieties on biofilm surfaces. Density of microorganisms
_ and their spatial association with the settled macroorganisms were also quantlﬁed Bacterial
- density was not sufficient to explam settlement patterns, but E. flexuosa cells were assocrated
with bacteria, diatoms and organic matter rather than free space. We found drstmctwe
heterogeneity in the sugar components of bacterial cells and extracellular polymerrc
secretions (EPS) in biofilms that may contribute to specific interactions between settling cell
surfaces and substrata. Lectin binding indicated that glucose and/or mannose, N-acetyl-
glucosamine and N-acetyl-galactosamine were common on cell surfaces and EPS, while
fucose moieties were rare. Three dimensional structure and representational chemistry of
biofilms were mapped to gain a sense of the physical and chemical topography appropriate
to the scales of the settling invertebrate and algal propagules.

Durability of marine reinforced concrete structures in India -'a review = |
C. Venugopal ¢ (i T, -h

Marine Corrosion & Materials Research D1v151on Natlonal Inst;tute of Oceanography, I:)ona
Paula - Goa 403004, India

" The present paper glves a rev1ew on varlous env1ronmental and desrgn parameters
affectmg the durability of marine concrete structures in Indra It 1s, often found that the

- service failure of marine concrete structures are due to. 1nadequate desrgn methodologles and
~ materials to suit the local marine env1ronment Chlonde and sulfate ions are found to be
--main factors contrlbutmg to the rebar corrosion. Macrofoulmg growth plays v1tal role in, the
! optlmum design and ingress ¢ of chlonde 1ons. Thlckness of 100- 120mm blofoulmg growth as
a factor of safety is consrdered in the desrgn of the marine. concrete structures and is often
contradlctory Cement (5;6%. C3A) content of 360 kg m-3 and W/C ratio, of 0. 4-0 45 are for
., practice of. constructlon It is found that the hydrodynam1c loadmg n. the desrgn should be
l based on the .wave charactenstlcs of the locatlon wThe. mechamsms mvolved m the
matenal selectron chemlcal and blologlcal attack on the performance of the manne concrete
_structures in Indian marine (waters are,bneﬂy,set out,in the present paper and the need for
further work in certain areas hlghhghted 1.
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Sulphate—reducmg bacteria influenced corrosion of steel in marine media: An updated
overview ‘ E
Héctor ‘A Videla. ' ’ ) ooweT '
Department of Chemistry. Faculty of Pure Smences Umversﬁy of La Plata Av.51-337, La
Plata 1900, Argentlna
, e e , .

Sulphate-reducmg ‘bacteria (SRB) growth in- marine environments induces several
relevant modifications at the steel/seawater interface; -such as local changes in ‘pH, redox
potentxals vanatlons in anions and «cations concentratlons and ‘alterations in the composition
and ‘Structire of corrosion products layers Complex chemical and biological reactions and
equilibria are alsd'markédly altered during bacterial growth. These effects that are absent in
abiotic media, lead to drastic changes in the corrosion behaviour of the steel.

Recent results from our laboratory and from the -literature involving the use of

“electrochemical techniques for corrosion assessment surface analyses by EDAX, XPS, X-

ray diffraction and electron microprobe complemented with electron microscopy as well as
innovative techniques such as specific micro sensors and atomic force microscopy are briefly
described. )

The complexity of the local environment at the steel/seawater interface is enhanced in the
presence of the microorganisms and their extra cellular polymeric material. Thus, areas with
different ions concentrations and corrosion products layers of dissimilar protective
characteristics are formed as a consequence of the heterogeneity of the biofilm.

Biochemical design of the mussel holdfast s

Herbert Waite

Marine Scnence Institute, University of California, Santa Barbara, CA 93107 USA
4 J J ;n J ,-

Marine mussels (Mytilus) secrete byssal threads to mediate their opportunistic attachment
to hard surfaces. The threads are ~complex structures with shock-absorbing proximal portions
and stiff distal portions ending in flattened adhesive plaques. Recent studies have shown that
excluding the plaques, threads consist largely of 3 natural fusion proteins: 2 of these (preCol-
P and preCol-D) have graded distributions in the threads; the third (preCol-NG) is uniformly
distributed. All are rod-shaped homotrimers with three distinct domains: i) a central
collagenous domam ii) flanked on’ both sides by structural motifs, i.c. elastin in P and
dragline silk in D, and iii) capped by histidine-rich domains at both termini’ Terminal
dotnains also contain 224 residues of 3,4-dihydroxyphenylalanine (DOPA). We believe these
rod-like proteins to form linear polymers in which D decreases proximally as P increases €.g.
D-NG-D-NG-D-NG-D D-NG-P-NG-D-NG-P-NG-P-NG-D-NG-P-NG-P -NG-P-NG-P Thus,
NG mediates the transition from stiff to stretchy in each polymer.

- Five proteins have been 1solated and characterized from the plaques. These are known as
Mpytilus edulis foot proteins (miefps)” We have used matrix laser desorption analysis of the
adhesive face of plaques to determine which proteins are at or near the interface. Two are
consistently present 'mefp-3* and mefp -5. These are distinguished by having the highest
DOPA levels of any "byssal ‘precursor proteins, 20 and 30 mol%, respectively. Curiously,
mussels appear to "tailor" mefp-3s according to substrate type. Thus only a few of the more
than 20 variants expressible by each mussel are deposited on any given surface. The extent
of post-translational modification (hydroxylation, phosphorylation, etc) of each variant may
also be affected.

(Supported by the US Office of Naval Research and Public Health Service)
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Shipboard protective coatings: the RAN experience.
Lindsay Wake and Stefan Danek
DSTO Aeronautical & Maritime Research Laboratory, GPO Box 4331, Melboume 3001

. Australia " 5 e e

PR

e toa .J i

* A wide range of shipboard coatings are employed on RAN vessels, many with speciﬁc
requrrements including: corrosion protection (ship side, superstructure, and ballast, tanks);
antifouling; camouflage (visible); radar absorbing matenals (RAM); near-mfrared reﬂectmg
_,(NIRR) non-skid and non-slip coatings; fire ﬁre_s_rstan,_tgand_ intumescent . coatrngs , In recent
~years DSTO has been involved in the development and/or evaluation of many coatings; and

..has been working with RAN, ship builders and pamt manufacturers in introducing new
coatings into RAN service. -

3, _This presentation will discuss the successful tnal ofa NIRR polyurethane topcoat on a
RAN patrol boat which significantly reduced the mtemal temperatures of habitable
compartments; at the same time the camouflage topcoat was changed from Storm Grey to
‘Haze Grey with favourable results. Results from a shipboard fire test of an intumescent
coating on a decommissioned RAN DDG will also be discussed, along with recent problems
_with the discolouration of the presently employed non-skid epoxy topcoat and corrosion in
ballast tanks.

The effects of copper based antifoulants and marinas on the development of marine
fouling assemblages ‘

J. Angus Webb and Michael J. Keough2 _ .. Ve n- ol amim e
Department of Zoology, Umversrty of Melboume Parkvrlle VlC 3052 Austraha
SR T S NI -

Concem over the ecological effects of copper based antrfoulmg parnts has been widespread
- despite a lack of studies on the effects of these paints in the field, Copper from antifouling
_paints might exert immediate or long term ecological effects Immedrate effects could be
»experienced by organisms living near a recently painted surface whereas longer term eﬁ’ects
; could occur when there is a sufficient build up of copper to affect local 1nhab1tants over both
*-a wider spat1al 'scale, and an evolutronary time frame. Usmg foulmg assemblages as a
model we have studied both immediate and long term ecological effects of .copper
antifouling paints in and around two marinas near Melbourne, Austraha Fouling
“assemblages were allowed to develop both inside, and outside the marinas whrle exposed to
either a copper antifoulant or control compound. Transplants exammed the effects of novel
locations and doses on both established assemblages and on 1nd1v1dual anlmals and colomes
We found that the marinas generally had a greater effect on. the assemblage composmon and
- also on the performance of any particular spec1es than drd the dosrng regrme This suggests
assemblage these effects are usually mmor compared to those caused by the env1ronment
(found inside marinas as compared to that found outsrde ..Thrs so-called marina effectt can
only be partly caused by the build up.of gopper. from antrfouhng palnts and other aspects of
the marina envrronment must affect foullng assemblages :

¢
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In-vitro studies of signal — receptor interactions in bacterial cell density dependent
AHL-signaling.

Maria Werthén, Malte Hermansson and Hans Elwmg

Department of Cell and Molecular Biology, Mlcroblology, Goteborg University, Goteborg,
Sweden. R

The dependence of quorum sensing in biofilms system may provide an opportunity for the
control of bacterial surface attachment and biofilm formation. Analogues to AHLs capable of
interfering with  cell-communication, ¢.g furanones have been shown to disturb surface
colonization (swarmmg) as well as other bacterial AHL dependent processes.

Although a strong link between quorum sensmg ""and  biofilm - formation has been
demonstrated, still little is known about the interaction between the AHL-signal molecule
and its receptor protein which is central to the understandmg ‘how the signal is sensed by the
bacterial cell and how the cell responds.

We study the interaction between the AHL-molecule and its receptor using a surface
sensitive optical method (Surface plasmon resonance). The AHLs are immobilized at the
solid surface by adsorption, chemical coupling or insertion in a phospholipid monolayer. The
AHL-surface is allowed to react with solute cell fractions of our model bacteria, Vibrio
ﬁscherz or Serratia liquefaciens. Any additional macromolecules binding to the surface will
‘be detected, without labelling, which opens up a possibility to isolate and identify the
binding molecules. Encouraging results show a concentration dependent binding of
macromolecules from the cytoplasma membrane fraction to the AHL-surface. With the use
of this methodology, we hope to elucidate whether the the AHL-receptor is the transcription
factor (LuxR homologue) that is activated in the quorum sensing circuit or if another protein
is involved in the signal transduction.

Tributyl tins - environmental friend or foe? The shipper’s perspective
Lynda Wilson, BHP Transport, 600 Bourke Street, Melbourne 3000, Anst{alia

The shipping industry acknowledges that the use of tributyl tin by its toxic nature presents
environmental issues that must be addressed. Shippers also recognise that operating with
fouled hulls does not make good business sense, and is not good for the environment. A
responsible approach requires a holistic assessment of the risks associated with biofouling
and the risks associated with various management control options. A ‘blanket ban on the use
of effective control measures i.e. tributyl' tins before equally effective alternatives are
available may not be the best outcome for the environment when some of the following
issues are considered:
e less effective alternatives could result in:
e heavier blofouhng leading to associated increased risks of 1ntroduc1ng unwanted
aquatic organisms;
e increased NOx, SOx and CO2 emissions caused by greater drag associated with
heavier fouling;
e greater consumption of fossil fuels because of reduced fuel efficiency.
e more frequent drydockings resulting in:
e greater consumption of resources eg paints, grit-blast, fresh water, etc;
e increased waste production including fouling organisms,
stripped/blasted paints, and contaminated water; -
e increased risk of introducing unwanted aquatic organisms in dock areas,
particularly if the establishment of exotic species is influenced by
spawning seasons, ¢tc.
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Marine antifoulants: Current requlrements and experience in the Umted States /
Challenges in negotiating the global treaty S
Bryan C. Wood-Thomas

.U.S. Environmental Protection Agency, Washmgton D C. USA

Chairman, IMO Working Group on Antifouling Systems

The ‘presentation is divided into two components The first is an overview of
current requirements and experience in the United States 1nc1udmg 1) a summary of
“U.S. legal restrictions applicable to tributyltin, 2) national’ monitoring results; and 3)
. requirements for approval of antifouling systems in the United States. The second
area of discussion shifts attention to the international arena - focusmg on the spec1ﬁc
challenges faced by Member States of the International Maritime Organization in
negotiating a global treaty addressing an’u-fouhng systems.

PN

New biocidal coating materials for control of marine fouling

S.D. Worley', M. Eknonian', J.F. Williams®, J. Bickert® and J. Santiago®
Department of Chemistry, Auburn University, Aubum, Alabama 36849 USA
’Halosource Corporation, Seattle Washmgton 98104 USA :

A new source of N-halamine compounds has been synthe31zed and tested for efﬁcacy at

- inactivating microorganisms ‘when employed as .coatings on .various substrates. The

compounds which are derivatives of 3-halo-4- (alkylacryloxymethyl)—4—ethyl-2—
oxazolidinone can be homopolymerized, copolymerized with other monomers, and grafted to
commercial polymers. The polymers can be emulsified in water to produce coatings which,

_ once chlorinated, act as disinfectants. The action of the biocidal polymers produced against

such microorganisms as Staphylococcus aureus and Pseudomonas. aeruginosa under a
~variety of test conditions will be discussed. The substrates for the. coatings mcluded glass,
" cloth, metal, and polyurethane. Test procedures included quantltatlve recovery over time of
test organisms from challenged surfaces, zone of inhibition observations, and electron

- microscopy evaluation of treated surfaces. The coatings should find usage in a variety of

applications including as coatings to prevent marine fouling.
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Nontoxic fouling release: Correlation of polymer surface properties with ease of fouling
removal :

Kenneth J. Wynne

Office of Naval Research 331, 800 North Quincy Street, Arlington VA 22217-5660

Nontoxic coatings with minimally adhesive surfaces with respect to biofouling are of interest
to Navy, from both environmental and economic standpoints. This paper is aimed at the
correlation of physical surface characterization data on silicone “fouling release” i)olymer
coatings with measurements of the tenacity of adhesion of hard fouling in the marine
environment. The design criteria for the optimal fouling release coatings are: (1) a low
surface energy to minimize chemical interactions; (2) a low glass transition temperature, Tg,
to minimize mechanical locking of a prospective fouling organism; and (3) temporal and
chemical stability in water; that is, conditions (1) and (2) must not change with immersion
time in water. This paper addresses the success in meeting these criteria for two well known
PDMS classes, namely alkoxysilane cured networks and Pt cured networks. In addition,
preliminary data for new fluoropolymer elastomers is presented. The importance of temporal
stability of surface properties is emphasized in the optimization of fouling release. Progress
toward the development of a fouling release coating with barnacle adhesion (estimated by
the method of Swain) between 5 and 6 psi will be described.

Application of Confocal Laser Scanning Microscopy (CLSM) in wood biodeterioration
study

Ying Xiao, Robin N. Wakeling and Adya P. Smgh

Manufacturmg Technologies, New Zealand Forest Research Institute Ltd., Private Bag 3020,
Rotorua, New Zealand

Confocal laser scanning microscopy (CLSM) is a powerful new tool being used to
increase our understanding of the mechanism of action of wood degrading fungi and
bacteria. Assisted with digital image ‘processing techniques, CLSM has several unique
features: 1. it enables non-invasive optical sectioning, allowing structures to be examined at
any depth within a relatively thick specimen (1/20mm) without incision; 2. rapid sequential
examination of serial images on a visual display unit (VDU), gives a three dimensional (3D)
perception of structures; 3. computer software can be used to reconstruct 3D models from
sequential 2D images, and models can then be cut and rotated so that any surface and
geometrical relationships between objects can be analysed.

Use of specially tailored multi-fluorescent staining techniques with CLSM has produced
new information concerning the spatial relationships between fungi and bacteria and the
wood substrate particularly in regard to their 3D characteristics. Glutaraldehyde fixation and
acchitin fluorescent probe were used to locate fungal hyphae in wood. Bacteria colonising
wood were examined using a fluorescent phospholipid probe. By counterstaining wood with
this probe and a fluorescent dye specific for gram-positive bacteria it was possible to clearly
distinguish between gram types through simultaneous, multi channel fluorescent CLSM
imaging. A combination of glutaraldehyde fixation and phospholipid probing was found to
be a very reliable method detecting wood degrading bacteria in wood cell walls.
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