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Introduction
The i_:homical modification of copper alloy surfaces is usually
carried out with compounds which are good corrosion inhibitors.

. The most éommonlv used ir}hibitors are benzotriazole and compounds
" of the structure similar to that of this compound [1}.

As follows from a number of reports [2-4]. benzotriazole and
the compounds simi jar to it are chemisorbed on the surface of an

alloy to form & stable idnert layer protecting it against

corrosion, ] ’ .
The surface moditi'cation‘ of copper alloys improves their

stability against outdoor corrosion.. It also reduces the rate of

-

corrosion in see waters. o
In this work, some other chemicals were tested ‘as eurface

modifiers for CuZn20Al2 alloy (special brass). The aim was to
improve resistance of the brass against corresion in see waters.
The following compounds were selected: 1,10-phenanthroline (F).
1.3-benzodiazole (BD), 2-aminopirimidine (AP)., 2-mercapto-4.6-di-
aminopirimidine (DAP)., and 2-wercapto—4.%5.6-triaminopirimidine

" (TAP). Benzotriazole (BTA) was also used. am a reference standard.

In the préliminary experiments. DAP was found to be the most

effective corrosion inhibitor. This compound was than studied in

detail.

Procedures

Tha experiments were carried out with CuZn20A12 brass of the
chemical compoaition:pr‘e‘sent.ed in Table 1 ({(according to Polish
Standard PN 67/H-87025).

"76.07 1.8 0.2 .ue.to
-79.0 ~2.3 -0.06 100 .

’ 007 00?0005 umzem

The specimens had the form of rinn cut out from recrys-—
talhzcd commercial tubea (d)mtorw 0/16.0 mm, height 20.0 mm) .

The gravjmtric corronion tests were made using an art:f:c:al
see water at rooui temperature with contineous aeration.

In the proliminm aerua of exporimnts, modif ications were

- carried out by placinq the specxmna into agueous solutions ot the

chemcala specified above and kept at 40°C for 24 hrs. The
concentration . was 107 mle/du;' In the main ‘experiment. the

' modification conditions were as follows.

- Inhibitor concentration: 10™® to 0. 5-107% mlo/dm'

- Temperature: 20.40.60. 80 c

~ Time: 3.6.16.24 hrs. '

The corrosion resistance was measured by expoging the samples
to aerated see water for 5 days. in the preliminary experiments.
or for 5.10.20.40. or 60 days in the main expeériments.

Results and Discussion | -

Only the compounds BTA. DAP and BD were found in the
preliminary experiments to have the ability of inhibiting brass
corrosion.

Table 2. ‘I'he effectiveness of CuZn20Al2 alloy surtace modxf:catxon
after 5 day exposition to see water’ . E

Compound - Effectiveness %
BTA 29.3
. BD S 1.2
DAP 64.5
. 2 '




Detuled exper:mehts were made thh DAP the most effective

. corrosion inhibitor among the coinpounds studxexi 't'he effect.s “of

its concentration and‘ mperature in mod:f:cat;on bath on the
corrosion rate of brass 4in an artlf:c:al ‘see. wnter ‘afe shown in
Figs. 1-3. Fig.4 presents the etfoctxvaness of mod:fxcataon vs.
time of expoaure for t.he amlpa moditxed uith 10’* n DAP at 20°¢C

for 24 hrs.

"concont.rat, n" ot the DAPV nqditvine

ovna' or concont.rations 0 5-10“‘

also for DAP“solution of concdntution 0 5-10“ M. ; R
For DAP. of . concontrationa B L 10" mle/dm’
sufficient mprovement in roaistanca of " the bruas ‘agamst

corrosion vas oboorvod ‘even -at elevated tem)eratures 40,60,
80°¢C. 'l‘he rate of corrosion docrouod thh mcreasmy modit lcatxon
time., and aftor t.he 24 hra traatmcnt xt wu neurly the same as
that for um\oditled brus ' S C

For the DPA: solution of conccntration 10“’ the change in
nodification touperature in “the ranyo 60-80°¢ did not produco
s:gmticcnt dxtteronces in corrosion ratea."l'he rosultinq highly
reduced rate of. corrosion az comparod w:th unmod:txad samples
remained unchanaed. mdependently ot modlfzcutxon ‘time.

The lowest rate ,of cor‘rosion was obtemed for the samples

DAP
., s )Y "-"!T\O; )
% Vnccroaa an the nod:ncation tim bocm :

md;fication tworae ro had a ,p;sitive effoét on corroaion ratc -

modified with DPA aoiu'tion of concentration 0. 5'10“ At 60°C. The
protectxon effectwencss of 97% was obtained after a 24 ‘hr.

treatment Further increase of the solution temperature to 80 “c.

gave no more lmprovement

Comlusiom .

~ The  Tesmults. presontod abovg ,can bo aumariacd _in t_he
tollwing conclusions. - ‘ : )
R T Fron _among all compounds atudicd. the bcst. corroaion
protection proport.ioa had z-mercapt.o-ﬂ.s—diminopirtmidim (DAP)
- 2. The protecuon proportiou ‘of DAP iwrovod with incrouinc
modxtication tmerature. » ‘
Coal DAP was tound to ‘be bettor curroaion inhibitor tor

' CuZn20A12 alloy than benzotriazole.

‘4. The nodification effoctivoness did not’ change with ‘time of
exposition of smlca to an m;ficial see watqr.
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This. paper descxlhes ‘the: use of’ mlcrc ectrodes ta measure: pH

and paz changes 1n the mlcmzmss ‘ammd soud suq:faces nmersed :

in. semter o mim foulinq orqanisas ate gx:m.lim;cQ : Some

aot:qntial :dwplications of these d\anges to comsion at the
sm:fm m a.lao hrlefly dismasad

MM\(M&MW 1982; wu. 193;}mt.'

Mugimhum

W w-l»mm_. R
,mwuxwmmmocmmduim«mhm)

mwwmiuwnmmﬁw.lmucmdmdv

short point .xmmg m- th- hmhth\g shark (Fiq. 1). ,

pH and . cluuimtilicnte ghsa uicropipettcs ulad in the'

alactrode cmsttu:ticn uem dxm usinq a wrtical clacttoda
mlltt. aaaenthuy l v.rtical vcrsion of thc eguipment
oriqinally devclopcd by um: md Nastu.k (1953). ﬂ\i

. elactxolyts usad m 1N }Cl and filllng uaa accwnsmd using

.syrlngemd.nryﬂnedrmoutglaucaplum

BT

Once fnled. the electmdes uere soaked for several days in 1N

l-l:l to anon camlete hydralysis of the pﬂ glass. An .intemal

reference of siluet ui.:e coated with snver chloride was s -

cmwcted to a oald plated pin sealed into tha end of the

electtode with silicon rubber. Comleted electmdes nere

stored. tip douuards, in a dilute solution of duronlc acid. . |
In 311 mnrbnts an uxumsl rcfctm of a stmdard ulml
clqctmdu was uud nu:inu nxwhmts oad: ohc‘tmdc ‘was
cmmmmamwm.mwy age (see

later)s Mc&mithywtfo:m&-pﬂwd;ﬂzohcm
V‘hmh\ﬂmz. ‘

mmuumauxnmmwmmmmwmmf
.ftntudtmrimt Inmusudoctrodnmb:dm

tmwmmmwmmw'sw‘tummm'

produce & uuabh post-mrm\tal ellibrluon. T In such
mmwmfmmmw

(u) Omm a-ctmda
Tm cathct-: typ- uoctmde und uas flat endad and of
'au-m 1to1.5m. It consistad of 825 v phum- an-'
uuadmclmwdmddodmwwymmuiﬂta:uurum
acungua Mcmu (:aa Fio. 3) Umtln-poxyhsdeutod.
wmdw-lmmmamygrmrhttonm
bathﬁuplaun-mtm:um. Ammﬁmwnad

mmfmwbytepoat&ﬂydimlmitmtﬂnmlmof ‘
vcull.aﬂm in .tlwrfalcd\ol. A palu'ising valtage of m ﬂ was ‘
muwwucheixtmmumenmmtummm‘
. exaerimtal purposes mtil tha résponse was stabh shen )
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Mrated buﬂ”cr sulutlm gt'va conatmt

i ,umA cn\luletcd lnd ancapted for use; electmdcs

e

usxq stnrid ina uluti.m of B 2 H KCl nygen slectrodes ‘wera

RN

cclibutcd aqaipst soluf:ions of hnoun axygen cmtsnt {as
neuund by mns of the \dinkler titntion method: APHA\ 1975).
&ny oloctrod- mt. m!.bitim s umar rospmso was :ejactad.‘ A
uro oxyg.n wl.utim wos ohtaimd by tha use af s buffer

utuntod with pyroqallnl acrubhad nitrogon. "The ‘lDDS .

umummwmwhmwmxmmmmmm
wffnfurum.talmomtmnmarnpm{

(t;) h Exptrinnm pmcodm:cs

"mmmmmmﬁtm.mummmu
‘tank placed on a taflon rumer mowited sliding stesl pmfm,
,mid-amntumFm;rcam(Fiq. 4).,Theugqgu
'prwidedulthulwhh\goddooratmnmtforwuﬂ

was groundod to asrth to scroen uut radio froqumcy
interfmc. 'l'ho seswater floulng through the axperhontal
tank was punpcd at a controlled htn f:m a towoutuu
controllod nmvoit. For all experimnts 1nvolvi.ng algss,
{11umination was provided using mylight flAmm, tubes.

ano stesl and msrine plywood plates, approxisately 20 m x 15 m,

were exposad ln tho mim environment for sevml ‘months to .

alloa a heavy gmuth of ucrufouling utqanl.m t.a devalop. The
sbeel platos Md boen placed u.btldally md wers mlualvcly

and microorganises providing & sheltersd ‘environment ‘of thelr

own, mmmmmmmmmmmﬁm'

and were covered with mats of the alga, Mm,dﬂ\

:.misimnl bryozoam. There wers slso -Jgrg. mmtiths of

udimtsmmmstﬂndmlfum Maum

‘mcalmclaatwwstabnwuwm., nlmumm

ptovidodmuumlymhmdn‘mﬂmmtm

mum-mlpmummdmmtmmﬂmn .

Liverpool (m)mmmwmwmd'

. (!_\xtilus odulia) ‘and the sscidisn Clons M& - Dond
mmmmmmmunpmwmclm,

gp—-taforsmatmtmtmmbwhi.

wmmmmfmmuummmw,

tmfwlu!gtnﬂuubctuunumd mammur-
held in a rigid perspex carrier sttached to I mtutnny
jointodmmﬂnuicmiwhm. Tomﬂnproﬂluﬂn
-position of mrmmw tipaf&nlhctmdtmmm
umunfmlu\gmmmu. Imrunuof1n
could be sccurately contsolled by using the ﬂm wora dtlw of
the nnlwheor. After cm incresent the OVM reading nm
allowsd to stubulu for one nimu gttot ta recording the

voltags,
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3 neo uer nwe‘ intn thé hamacms mlls. cmtml

reca:dings of‘ the pﬂ and pﬂg at the same dep’ch wtsme Uw,d\all

uera made,

The tamlts for pH and pﬂz proflle thrmgh both algal and

mi.uaifouungm givon inFigs. 5 tos.rv_'

Tmiulpmfiludwnmmd\autnf_wmmln“
Fig, 5. uhust't' 1(:a1 diurnal fluctmtions occurred. aurtng
',unmsynmu: -;a m—pho thetic pericds (Fig. Sa), merked
’mmmwmm&éwfmu\aaﬂmdwm',.

Ca.

cmmmmmtuummummm(ru.sn).

'ThuefdhmwmmmuMasZmitsmrSln"

, Fxm&mwmmmwwpozmmnwmlu

uith depth 1n e sht&c mviroment. ) A steady dectu« l.n ;102

ocwrred as the plau wrfcces Qex-e approad\ed pﬂ lnitially. ‘
fell on me profuu befou tislng but rose stoadil.y nlth dnp’d{
mtheuomdpmﬂlm SMhrdmngesmMLnFlg. . ‘
uith depth into tha sﬁalls of dsad bamacles. 8oth axygen m:!
‘pH 1evels _were relativaly steady and sinilar ta tha mient
'enviton-ent until the «:tual dead shell uas antered. ttm 8 ’

mkeddrminbcmwzarupﬂmred

. ‘giv‘en‘ in F igs.,'l' and ‘B, Measurements were made afound

indivxdual wsssls iﬂ.th time (Fig. 7ddb). In tha first
cxpurhcnt _electrodes were placed, as h\dlcltad (Fig. “Ta),
around individual mussels in olntly flouing ssauater. ‘Th'o_

»usultsdmngmtlaircnminpﬂgmndxMrmm;

The pH amount of thn ‘exhalent siphonm,imd constant at arowd

8.1 (the ambient pH being 6.0) tut rose. steadily near the. .

M\llmt‘ipl‘mﬁnﬁ.s, Inntdtrtodctuaimtm.fnchor

,flumlmlmmwmm. tt-mtimtsm~
rmtadwtttnfmafmuxmm\adufffo:nbsm;,”

mmmwm.wmcmm ﬂurmltcmglunf_

in Fig. . wzlmwMymethm'
‘fell markedly, after a ‘shoit lags when flows cessad showing &
jlmxf-umsu-m. L-«-lammm,,mtmdmunrm’
m!u!.whodmaqdn Nom-nkedmhuomnmw_ ’

mmmmam»t.imm-:tuﬂymmf
obmwd. sspecially close to the tniul " Conditions ;rund
indivdual organisas, uhllst of intarest, are less represantative
of ficld condluons froq arqund - groups or ‘clumps. The
experhuhts were thus :cputed uithin donse clusps of mussels
fouling a plate. These results are given in Figs. 88 (around -
nussels) and 8 (within byssal threads). In ststic conditlons
sround the mussels themselves pip fell repidly: (45%). whersas pH -
rose skightly and then fell after é he When ’fioung conditions
vereresmdafterSh, umpnzmmtatheorlgimllmls.

The pH rose uarkedly at the alectmde -near to the exhalontv
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sighon’ (3) but remained steady and ultimateiy fell slightly (2) '

muwgme:aumungmasspf KL

within the bysaﬁl‘thruds of wssei. clmps, where -oré dettitus1
tends ‘" lcnmlita. gmm aww were bbscrwd (Fig. 86)."
Uith 76 'flow’ nxyqan wmmtim drappéd from 110 muilg 't 35 -
g bt mmldxymm-mqm floaus mtotad. pﬂf o
within: eh. thread climps’ ‘dropped’ \‘m 7.8 to 7.4 (3) ond 8.2t :
.89 (2) in static mmm. uhn.nt at w ldqe of the thteads '

1t teasined fairly constant .t ammd 'ms. When r),o- ‘was
restored pH hxituuy fose (by n.« units’ .t site 3) tut it then ‘

fell only to start rh&ng.qd;n at: ‘the énd of the a:lperimt—,»

mmssim )

From the roaults obtaimd ltm ‘be’ cIsa:ly uen that fnuung .
specles h-wl thc ability ta qrutly lodi.fy their local"

omirumt.a.

ugm. and du:k pctlod fluctuat.lms in alqal uats were nbsexwd
mutolnclouwtdththasetmtmbyhmw

Edyvean. (1881)v1thimmmtnbothpﬂxﬂpﬂzd:rim limt-
periods, Unilst this happered at the surface of the mat where

fumnts were freely pmjectlng into the uater. deep into the
mat nearer to the solid su:stratu\z uhere shading fm light and-

accwlation of‘ decwosing algal mterial ocem:red, pH valuea

fell markedly. Cnncurmnt ulth this drop in pH wes a fall in

" oxygen.  Such <£anpa£a1 and spatial variations i pl and pH
would certalnly qive rise to corrasion cells at the. suhstrata_
surface, probsbly resulting in corrosion pittlng. B

" The normal setabolic activitiu of founng ncmnmmmtu.
’togathtt with' their. prop‘mlty to mmltto dvu-itun amd
theasslves, will also lésd to dsmumm -oumuuam

Rupl:atary uctiwitiss will tand to: xm oxygon frn. th‘ um

nnd input camponents wch as mcnin. ‘Aany cqustic‘”
‘ imertabmtss are -motclic. i, ﬂ\' bulk of ﬂ'lr nltmgmom
Auastu are excreted as mh " The txpu‘hlntt :oootdb\g ﬁ)z
‘and pH changes around. individual anisals shov mch changes and
clearly wmuwmd-mmtmmmj ‘
Cof muomantal changes. In lxp.x-iunta whers’ no uur :
mmm-acmmmmwz Tmu .
oaumnsuuuumdacmmm(ng. '6b). mnu.u.gf '
mmanmmmmmo:nymtuuww*
incmndspmdlngwmtmunmtofhltlrprmwwl

organises in the ch.-p Qangu will bo influ'tmd by the
proxhlty of inhalent of exhalent’ cld’ms Th. d.naity and the
mimofﬂnclwnillllmmmwlmmww
watar wovement. Hence in thi.ck cllms allt Cnd dltrttu:

accmulation is moTe  ComMon towards t.heir bu- ond fkm Ln'
restricted. Bmdcdam. of orgenic detrital uterhls,m;'
" oxygen resulting in reducing coniitions. Heuurannts have

shown that sulphids quh:kly build wp in such deposlts cnd
sulphate reducing bacteria my te common, SRB carmﬂttatlm ln

B
1

B .
. i
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, . 10
the depaslts wottld tend t:o te ldw’ at the start of - experiments as

conditions uere mt favourabla (Postgate, 1979). The contirﬂms

'pmd.:ctim of rich feaul/pseudofeecal material or emlptmiua

sa1€§ by snté:" i (aaas-aacmg and ood, 1955). however,

mldnpldlvalurﬂumirmntwﬂumuofmmm

mtadtnu\ctmqu<1 saeuw to.tmmt1x1u?mu1-1u

.ft.et-mth

H'Lctob"h.l ‘éﬁrfo:!oq ‘can affect utalsiu lmr of weys
(Iversan, 1972; Miller and King, 19757 m&:; 1961), pH can
affect the activity of the sain orgenises inwolved, the SR8, who
have en mti.-.- pH range bobnm 7.0 and 7.2 {(Creff, 1861)

~ummmwwmwwmmm Inaddium.

Mmlmaumwmtrmmunuuvum
nltsudmdectmn acceptor (Mnt al.. 1965) Allof

these fu:tora are. availeble in ﬂ\e_ debris mmlntlm batween
‘warine fouling and the wbstmtua 8o providing & potentially

corrosive erwirorment.

Evan uhnu such nccumlation does uot take placa varlabla

Whmy@muﬂp&imﬁmﬁmmﬂawrfn of

steel such 8s can be - cwd by fouling nrgunis-s can give rise

© to ‘corrusion cells leading to pitting corrosion.

There is an initial tmdcncy for thepr to rise as a result of
the excretoty«'actl\qij;}a;s of fouling animals and this is unlikely

to give rise to corrosion problm{ Evmtu;al-ly. i\nqever. feacal

"
matem.als and detrltus ulll build up around arganisns whete both
: low pH and p02 devalpps provlding a patantlally co:mss.ue
‘ envimmnt. Flow doos modify this bulld up byt, m ,m,
uu.pcrlnents carrlad out, did mt privmt it. - Rctho: it
mﬂatﬂdwm“mﬁn miﬂnihthMLnfMj
. currents. xtm.mmrmwmmmyfm‘

population sone. m«mxa will be dymg or ‘dead. . Their
daco-posingre-almutupmidu lmlxndeonodvqmﬁuu‘

anserobic conditions end aza'- will be found. Fouling q.mnlly o
provides & habitat foi SA and, ss it 1a seldon wnifore, will
creats localised: uwuamm diffarences m mm«- m

f li.koli.huod o pitting. -
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Flg 6. pH and p02 profiles into mfou&mg ities d

o4

by Balanus crenatus on a steel plate. {a) two pH profiles. (bl two 902

pmmu. {cipH and PO profiles into dead barnacle mns wm\demrus.
8-
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The - bftqcu of athodic omtection on tm uicrof lon and pertomce .
ofi- mt!.fmnng putntl e . . -

Béllinger B.G. & Mitchall,Aud. = .

Abltnct V

Expu‘lmm stul blllatc eottod vlth (hppetl!‘in mtttwnng

p;int were expoded in seavater in the field and laboratory.Some were

subjected to cathodic protection. by impressed current {-966mv).

SEX #ind EDAX messurements indicated snhanced leaching mates of copper
on: the protected paint after 14 days.The protected paint alsc shoved
reduced bacterial actxvity bat’ enhinced distom and protozcan .
colonization.. Tin was leached by conhct not by diffusion. Otbtr .
aechmim in‘vqlvod in- toxln release’ are- -ho noud. ' : =

Cathodic _prataction pnvents cnrrosion by intmlng tlu:tr

- Introduction . ) o
Applitatims of protective coatings and cathodic ptbtection '{c ?)
are recognised corrosion control methods fnr mrina steel structuras ]

currents from nxumd sources to combnact the noml olactmml‘
corrosion xucum\s. Boatings such u Mfmlm p-ints f’m a
barricrtopzwmtﬂnﬂwnfeomimommwmuv
occurring anodes and cathades or vithin gnlmlc comln (&uwu 1%8;1
Wger, 1960). Mtifouling patnte slso uwpout- blocides such a5
Tributyltin Fluaride (mr) and Ct.prous uxido (t:uzn} (Phu.up-. umaj
Euens, 1961). Leaching of these biocides discourages the sttt
end _grouth of biofouling organises which cen m'mnm:of o

mintflmmuimmalm(FMttg..iﬂM).,

Aamzmimptatmtimhsbmmcﬂﬁulma
‘mtirounnqs in conjunction uwith. C.P. havc becoas more coum._
‘ rmlting in mnmh lmcstlgutinq the mtibﬂlty af mm Pllﬂl'-:,
' formulations to difutmt levals of . o (sup.on ,;g.. ;1900; '

l\rmt. 1980). ; ﬂelativcly L hwcatigutions have Mrvod thl cﬂacts
cfcp. mthaantifoulmg pufmofpdnts

In tha pramt mstigation an ;ntifouung foml:tlm uud
commercially m omj:.nctlm uith C P. ws mtuctad by m Wt'wd.‘
.currant (-966 wv) eid exposed at the H-mi Strait, Angluny.
mumtm-unmmmmmmmmmmm‘
hed on a) the vuxxms co-pamts of the paint film, and n) biofiln'.

devel.wt.

St B s
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Mrty«six " o & umets (a«w ety and 3 dspth) wers l:vt from

SR o8

at.-ndard stul platu.ﬂr Thn dhnanslms of the billets vm &msen to

7
PR

(u) fuciutate e lo;s desti;:ctiua utl;\bd of prepautim prlot to '
mmg cloct,ton nicmscopy. and (b) mau dlrect m.tm of ‘the”

mnlo bulct surfacn.
51:\91. rm-standard (X:mlated) nldul ulms

one s side of each billat
min £ad1 binat. uu than

""‘blazt.ed md prined;uith ] Sﬂm lnyer

of aliminive pnur.f A mrcm Pm: mtl!ouling psint :mtamxng‘
Trltutyltin Fliaride (mr) i Cuprous Bxlde’ (f:uzn“i as’ blncidas mﬂ'

then lpplied qi\m . dty fih thidtness of 1m-1snm. s

@ D et St

A Tigid plastic disc wes drilled with thirty-six1 s holes spbrox.

0.5-1.0 om spart. Each painted’ billet was fixed into position by
thresding the nickel wiré through the disc into a .sa;pmr Junction

box. Elghtsen of the bille!‘.t (rm:elvlng lnptassod mrmt) vem uired
into & block conncctor rlceivlng d.c. from & pcuntiostnt. The
resaining control billets ‘were fixed firaly ‘withitn the Junction box

- without ‘say dic! sivply. A non-consumabls platinua srode and @ alomel
ufum olncttode mrn fimd % the perineter of the plastic. disc s

mmacted to the potantiostat. The desim of the patentimtat ‘allowed

tha pmt;estlan mtmt ta bo mintained at a pra-'ut hmel of <965 mv.

mpmlatad ‘1n e flexible polymth-mA

Gz'id ref. l§ Smt 11& 9‘! 55372&. dutiﬂq ’hy M Jl.nl. Certain mglnic
wolecules and bacteris in general ars knownh to sccumulste in the
surface microlayer (neuston) of uqutcf (M&“; 1880), ‘To -avold’
contenination of the painted surfaces by thess agents, the painted
billets were immersed in s 4 1 conteiner of starile (0.22 i) filtarsd

um&thi&mﬂmammmmmmmbmw
be Tesoved underwster. Eighteen billets from each . trnmm; «~nm 8
'rmvedov-rauduy(mm)upamrapcriud: umomuamfm
’mmmumww1 5, 11, a.1sammhom

" After tleld oxpo:urcs the billets were phad into (0.22 um)
fummmcomlmmn. fixed for 10 minutes in 2§

dvgmmam«mm.wmammdumwmm_w

winutes, . Swlafctmlmoloqtrmm:mmﬂmmdrmr

mudmtoiudimmsmwmmm. ’ﬂumﬁccof

uchbnhtmuuimdmimncwtwglmﬂmdoctmﬁmA

(5360) with enargy dispersive X-rey microsnalysis (EDAX). -After EDAX
snalysis the samples wers resoved and coatsd with gold to allow more

detailed SER of the surface.

(a) Leboratory Exposures

Pd,ntcd stasl billets were prepared as duscrlb-d (1-2) anud m

in a mh\e recuculutim flow qstaa cmtahlm mter mnccud

from the Menal Strait., anlmy. Tm mlmdgting sysm at 1&°C +
19C maintained -imd pomlatm ui’ bnctarh. pmtczu. nnan al.q-

(Entermm) and: diatm: Nuusdah __;!h_g;ga__cd m_ . tlaint.od . "
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ically pmtacted painted steal bnlat‘s exposad for

] %‘ofhpqﬂ\od

t.r@ mjnx: cmta nf thc palnt i.s.l tbe utrn.

in 'Tablc; 1. ) Tha mta mrua\t 'dao d\mgn in uhtiw proporums
: Aelanent ulth.ln the surfm layers of the ‘palnt. film, The

snn fm- Fig. 3. althww\ thc utn of ch-nge differs betuun M'

'pmtecteu (st -gsa ) pdnt: for Lron and cnppsr tut not for tin.

. clmly shmed rectanwlar :lota on the wrl’m which d\aracterlsad
'ar_:m pf hi.m, init!.a‘l t;ln. ‘cmcentratim.' Many slots uete ;nrtially
coveted by tha mtxix&tcrial. Them uet. also nany densely packed

.granuls. both large (-ainly coppar) and “amall (minly iron). being

‘uisible: nnd aeti

varm t*n !nt.envgls ?'?‘9 amimd by elnctmn dcrnscopy caxban‘
mg;-d ‘ m-mu w&jocted to é:nnx im;uysis. They were then. qow_

thaspectnobtaﬂudmglmtnl"ig. -2. Theunm

‘bActwen'ttnD-vm-ssﬁwmﬂmts. ﬂmmmwlw»

buthtl.nmdeopperfallmrmmhpni.od.uwbt

Iron appeared to m:mu .lnlthlly until after dny 168 when 1t fell
. E‘urkedl}.; Thera nre aionifiunt d;lffm botuecn u'pratncud and

[hsmetim of the puin surfacc showed m:nl chmges with tize
) (m..ta I w ). 'I'ha prmm (t.nexpoud) pﬂnt (om. Ia md b}

(Plate Ic to If) the granul.es did not pmtrude rom

_suchaprormodwmr. Bothﬂmmd-ssuwpmtocudpaintsm_

mpmtectnd pnl.nts bw—t q:parmt. Aftlt 24 h mn s].oto ,
uithdamrodmsmﬁgwmmwm(mh II.). ?nmm

 also lmd:vmwnmmfmmmwmln.

On the -966 mu paint hovever, twa types of aress with dr 'mmt‘
WMW(P];&IH.“:) hhdmuﬂnlw"
rmummmm-mu.mmwmummnm
lusthanctﬂ h smmaummmmnmcxumwwm‘

v-th-sa mtcru:us.‘ ufm?m.rmtusmmmm'm‘
R utamiwly over thnwmtocud (8-')«-910 -!dmtiualnt-,m
,gxamhummacmr((’hh 1Ib}. Funalnemunmtom}mm

uu-ass-umlu (Plate IIIdtof)mtmminltaﬁ\ldam :

'Althoxm some slots ware ubutws soms were m&m lass cl.ur, u were

ﬂugmhtim ' , . o
Finally. aftat 14 days exposurn t,hc fuu dtvclwt on 011 mlu

'mmum&vcuimﬂuuwmwbothsloumdmmmmg

overgrown (Phh I1ctof). Gmdatlmmlmsmhtamm
ofunuuaamoftmm-. onu--sssnm(l*

“film was more exterisive th.n .t 7 days. hut W llots __t-a mu

obvious. Many poraa wore still prasont but they. Wymr
then before. Pores appeared_to be fomd » tumps. in. the sutface:

(Plate IVf, label 1) which broke open (2) ~and mloped into deeper.
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hﬁh& (3) Thn rectanoular slot.s also shcwed a t’éndcmy td’ ‘deepen’ uith
'Q"”wr = L mobag

nﬁaure u th- palnt utrix cavlty bottam eroded my mealing mote

R

dnn'-mt-d porcs. also probably pmd.tced “by dissalution. SR

'.nd bccurhl l:olonlsat.lon ocourrcd m both f;hé‘('ffjw and <966 - ;

unplaa. Oavi.m b.ct-rhl colonluuun vas, W' Site Fregoent on
the mpwt-ctad mints () to II d,e.f).k tefla were sein to tave
u’oriaimny sites of high

ag Rt s
‘mmd mitm lpw,- vci ﬁich

a’:’aﬁlpln. varé m’fmbnt ‘on

por trich ¢ pmtozoans (Phte 111 cnd c). flt\nsu hsd

“dluppearodhyudayamdwrmimhodbmm:grmbyﬂnfih.

In the hbomtoty oxp-thant where’ th tmntiun (15“6) wd a

o rld\er dhtun ?lora us pruent. dhh:- ‘colonigation ‘on the' -988 -

prohctad puints us luch more obuious, A nunbar 6 mcln wers

’:rnprasantad on’ the ~866 mv plintad surfm h\cludtng ME& “and

Achnant.hgs. Coloﬂiution by bacteria i.n the Iaboutory bosod
oxperlmto fullousd s si.nihr pattern ta the fiold cxmsums

nﬁmg ion

‘ amm paiik tmhtm nm difflunt m ‘of u:ta.m.
It has bmmmoa mu- 1itarature that sncqgrmuum the
‘toxins are Teleased by cmuct ludﬁn} (phunpe. m:s. Evens, 1981),

k " In contrest v‘y W t.hlt organometallics, nch s tx‘wutyl “tin
’empomds. e mlmhrly disparud thradv ‘the systu uinninim a

Obanrvuuo:\a \;fj ;;!m‘pli;ud aurfacoa “indicated tihet i‘lﬁu Farmation

mifom cancentration through tha film so that bloclde relesse at f.he

'palnt sutf.cc rscults in more difmsing wrds to replaco it an&

resulting ina study slower luching rats. Whilst this my be true of
mthmitmmttmofuumw formlatimuadhcrt
nburutlom undor SE!! clut).y d‘lmd tho tin to b- pu«nt

~pr.dm£nmt1yun-dlo-likc mﬁcln.mtwntﬁnwrfm (1t
Iv)mtﬂuﬂ\rwmd‘w&\ofﬂufm. Umummtlyiud\!.rig'

occumdbycmtactuuithﬂn&rzﬂmmtofﬂnpdnt
~If one comld-rs the com:mtutim chmgu in main nulllc
companents. fm- the pd.nt film, L., un teo u.u:cwn Cuxd, Sreutf and

piqmtumoxldo. umum(ng.swrwu I) ﬂ'ﬂtﬁm;-

com.‘-.dcrnbh dm-ronus. Copp-r and t.in du:rm -r.iadiy m

the p-riod whersas h-an ah:us an apperent sught inc:uu. ' ?ht

VY e

mhmrmtmm:ﬂpwlynmsuﬂufh

;mmmiw.wundwtﬁmfmmwymnmﬁ m
" phase. M:muwtfmtmmmmnimn

sxposed particles of copp-r uould leach :apldly on i.-’uion in

Vseoutor. There uould thm be & lagp »s allghtly lus wulhblc
. saterial became exposed. This would’ then leach, ‘l’hh puh&ng oﬂ'u:t

mldbncxpoctodto-oathwtuim tinupnrticlutneauwdhbh
fo;'lummgmumrmbnh. 'I‘hhdfoctofpurﬂ.clllmhhq

mmmmmm.au.mumm.-mufmy

mﬂmmummphtaluﬂ.thmnktc

'Wﬁmmli&m mwm.mm.m'

ofponfunum. uuwunm-dammmmm
was still wwmcc of R slight pulsed tﬂm .ffoct L nuld h

‘cxpochd durtng the mlhr W f-r mt luchi‘ng pm

-:n--:u,:-_ini
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‘ msame sequence , of ca&ity 'fbmétibﬁ (in the case of ‘the test were .
. ®glot® shaped) follwed by secnmiary holes f‘ortai.ng in the cavlty

bottous releasing fu:ther deepet ‘toxins (Plata V. d and g). A As

cavities were produced t.mybwaue inyaded by smtur. hdrmonawuld, -
‘ xpecthcteuuiﬂmdhnarﬂchloﬂmlmlsathmtimat»

mmmwh\smmm Thhmfmtobiw(ﬂg.l)

 supporting the. viu that smtor pen.txatlm of the pai,nt qradunlly_
'incmamuiththt . o Lo
Diffemmfmmwlmlmmmnm‘

e

m-seﬁwswm.forbothﬁn-rdmlmlmlsofum

uuprmafmummuuwmm undummm;"'
wost marked with thi eappu- Elncttod\nial rtuum involvinq' _
‘mumpma.t-mmmmwum-mwmumun»-
(.ssu-n)x.nuucmtutortmmm xtuum-muw.y“
“thwmmmmwm“tmmtm
potmthl mmm (-ﬁs) as it u further from’ u. m with tin
mumntmumn-umm Ifudalsnmpp-tlwim‘

from. paints c:ould be’ mhancod by ln hprnsod current clthodic
pratoction ayste- panibly shortaning thc nfo of tho puint'
antifouling nbnity. ' C f et 1

Bacterial eolmiutimusrmmdmm—saﬁwpdnt Tth_
~ Could have been dus to m?wwablc ‘slectrostatic chargu on thc i
. surface, M“fﬁmpmmwmmm‘lﬁwof
becteria to surfaces (Marshall, 1960). As bacteria sppesr to show
greater toxic!.ty to copper (Dﬁpeoy, 1981) it is wore likel.y that k

mnadmpperluachingmw-sﬁﬁmmlesmdthemm

acxiuity. The lower toxlcity of tin to bmt;arh (as reported by

1. Evim s mthd wu:-ting ﬂut sans ttn bqod t“i”'vf:'”:‘f

Dempsey. 1981} or its lmn lnaching uto was supported by ths

relatively rapid recolonisation of tha ‘slcts' by uicrmrganim afterr
the i.nithl wtge of loaching. The Wtusad current md t.o hwa

tha apposita effoct, howaver, on dhto- eolmbntlnn ubaro ln the .
f,laborntnry cxperiunts hrgcr cu-bc:t m fomd on. prot..ctod rather

ﬂmmctnctodpdntt

lemmﬂﬂmm

"‘z; mm«c,p,mmm(-tmw)mmmmaw

mwumw&mnmafm""

ol

3 ‘3-.<fl.mf midhac’cot Vhl{colmiutimv onisation ocourred ,mnmt-cf.f acted paints.

4, fore 1srger sicrofouling (Diatoms snd Prjdtoz'olns)t érfgmi.‘h e
occurred on the protected paints. ‘




,«"’

‘REFERE?CES

nenpser, ny.” (V1§>81) Cnlmization of ant;ifmling paints by marme
bacteris, Botanica Narina Xy, 185481,

(19 1) - Marlné Mgae ‘and . Fouli.ng. Y ‘Review. with
t{cylar’ Rﬁ uﬁén to: Ship-Fnuling.\ aq;. aa:.,m. xxrv.

chmth. ﬁ.N.R.. Pidan. .B.. Ralsh R. {1984).-« ;
. Gmath on Offshore Stmctum. Ellh Horwgod l,tg.. B 10. 1884.

m:hall. K.Co (1973). Interfms in Hil:ubhl Emlogy Httva‘:d Univ,

"Press, Cestiridge, Mess
(1280). Boqt!nq: and !':athadh: ‘Protaction,

Mngez. © C.5,y Roblnaan, R.C
o gubm} ] B0 Confarence, Chicago, Tochnioal Papar Mo, 108,

Hnrch 19880,

linthm. 8. (1980). Advmn ‘;‘En ﬂicroﬁi.ai E’fiolﬁoy._ Vl_')l.v.v a,

ry He Ed.). le Press, Londnn'. pp. 5185,

Pmrm Btgmlccmings, 1%&182.

fiogers, T.MH. (1965) Rarine 'm (::at.f"ff:_ i

.aod Tod‘mlogy). :
51."5“"9 Y.P.. Wd. ,[:,, MMO m (‘m)l

Coating Systems, 12th Amual uffm 't.dmology l:onfmca.
. Houston, Tex. p. 8-12. - - . _ ‘

- ion : ‘ .

(fm)” lhdm Trands_ in gmm mgxmmg ‘Paints
phs - on * Cm:rmim‘ '
Exmlmtal'
Studies Relate Effect of Cathodic Protaction with Certain Generic

-

FIG.1. Spectrum From Pristine (TBT/Cug0) Paint Using EDAX.

i o oo gt}

¥ v] .

FIG.2. Spectrum From THT/Cuz0 Atuar 14 Days Fidtd Exposure At =Stdmy.

e



http:Advancu.ln
http:St1:uctu.ru
http:cilonJ,zatioo,.of

Figure 3.-The chanqu in u!atin pmpoulom of various components of :h- paint
film with time. Tha vcrﬂca& axis unhs are tlu 9 _o! that el t per unit
wass . o ) )
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 SURFACE PROPERTHES OF ‘NOR-TOXIC Anr‘womue‘_,émr FIA

mscr

As ‘many rmdnrs hve polntedf out. uilim mnd is one of the

,Amt pronaiu uteriah for Mﬂ-touc énnfmb& paints.  But its -
-mju of prewg_nziagmim feulings is #ot clesr. On the other
hatd throsbosis fermatien has been stiracted attention as a similar
phenomenon to marine foulings. In order to make the relationship
betveen these tvo phenowena clear. proteins’ adsorption vas exsamined on
vériqﬁt silicons. Several interesting coincidents between the tvo
phma.vere observed.

- 1. Introduction

It has &?n,ildicated that lov energy surface and also surface -
which is in specific range of energy have good sntifouling property.
1)2)  This is sometimes explained vith the surface energy. But it is
not adequate to ex‘plain. For exasple. teflon resin has lover surface
- energy than sxlicon resin. bm. teﬂon resin shovs poorer. annfou ling
‘ perforsance  than silicon t-esm. o .

) fNarine fouhnc pheno-enon ‘is the result of adhesion and couulation
of viscous }iquid:.3}4)5) In this sense. it closely resembles the
formation of  thrombosis. aaoeptly in the medical field, sany artificial
anti-throabosis polyser materials have been developed. One of the
wost intersting materials possesses o uhiqﬁe surface structure vhich is
composed of separated hydrophobic and hydrophilic portions. Such a
_surface can be. obtained by changing portions of HENA {hydroxy ethyl
nethacrylaw.;;hydmphilic component) and st.yrené(hydrophobic component}
vhen the domain size and the figure of the surface also change. These
changes. are bro‘doiihating factors for obtaining effevtive polymer
surface, - Baseq on this findings. authors investigated the relation
betveen adsorption of proteins and asount of marine foulings on candidate

polymers by the use of various phase-separated surface.

2‘, Experiunt E
{1) Materials
As hydropl»bic oo-ponmt (A) mthy!'-phcoy!*sﬂoune resin
{R/8i=1. .5} and dimethyl siloxane rubber r/si= K} me selected.

- As hydrapmlic co-poncnt {8), silicen ranin mﬁueq vi.th miyeikylm

glycol vas selected. Some structosl lmielc by nsu& mt {A) amd
(B) ‘are shova in Figure 1. . - . . )

The methyl-phenyl siloxane resin in ?53 Lolwn n!uticu. lhe da- "
wethyl silotone rubber in 50% fast volatile. salatim and the sllxcm
resin modified vith polyethyleme glycol -in 1064 Y. Liguid.

Silicon resin wodel formela, vhich vere cowposod of the methyl-
phenyl siloxane and the silicon resin sodified with polyethyleme glycol,
and the silicon rubber model formula. vhich vere coaposed of the dimethyl '
siloxane rubber, paraffin vax and the silicon resin modified with poly~
ethylene glycol. vere prepared for fol locmx tests.,

(2) Sea immersion test '

On 1.0 x 300 x 100 ma steel plates, epoxy A/C vas applied in tvo

coats {100 microns x2) and then each sample vas applied to 30-50 microng

thickness, and left for drying for | veek at room tewperature.

Sihcun resin model forlu!a and silicon rubber model formula vere
immersed at Shimizu Oride Bay from August 1986 Lo March 1987 and at
Yokosuka Bay from Narch 1987 to J y 1988, respectively. The amount
of fouling ofganises vas valued at fouling percent every month.

(3) Surface energy
The surface energy vas mdmd from the contact angle by using

k Fovkes' and Ovens’ forwula. The surface was cleaned off dirts and

alime. which ad'tergd' during sea ismersion, and presented to the wea-
surement . V ' ) '
(4) Surface structure -

The surface dried for a veek aﬂ,er applxcation vas dyed vith Osmium
acid 6) and observed vith a S.E.K.(Scanning Electro Bicroscwe).
{5) Adsorption of proteins ‘ ' »

Adsorption amount vas obtained by the Folin's method.7) The
outline is a3 follovs: ' k
1ms diaseter glass beads, vhich have about Z 000 of areas, vere
inmersed in 2 4% Non Volatile solution, and dried while shatm;. After
that they were vashed in buffer solutioa and then the air on beads sur-
face vere completly evacuated. Adsorbed proteins {Albusine, 7 -
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1
globrine and Fibrjinogen vere reasured by Lhe speciro scopic difference

using 750 nm Light source.

3. Result .

(1) Silicon resin model forsula’

The polarity of the filss, adsorption of proteins and’ a-ount of
adhered organisés are tabulated in Table 1. ,

1t vas found that there is an ‘optisum combination ratio (hydro-
phobic/hydrophilic = comp t {A) / component (B) ) for minimizing the
fouling amount, vhich das betveen ‘85/15 ~ 80/20 by wt. in series.
Surface enefgy dose not ceincide vith this ci\ange. ) Polai— cosponent

of the surface energy increases ‘steadily up to 80/20 and then rises
dramaticaly: The reason seems to be the eﬂ'ct. of the hydmvhlhc compo
nent . '

In accompany vith the increase of the hydroph;hc coaponent the
surface structure changes as shovn in Figure 2. -Phase separation be-
comes most clear-at the tatio around 85/15, shoving the smallest domain
size. The domain SiZes are 0.8 uu and 1.2 ~ 1.5 um, at the ratio’
of 85/15 and 70/30 .respectively.’ '

1t was found that there is an optimum ratio for each hro.teiql vhere
protein adsorption céﬁ'be kept at a minimal level.  These optimum com-
bination ratios betveen component (A} and componént (B) are on 90/10 for
Albumin, 80/20 for Fibrinogen and 85/15 for 7 -Globulin, respectively. -
These optinmum cowbination ratios: i.e. from 90/10 to 80/20. are found to
vell coincide vith the minisal fouling swount. See Figure 3.

{2) Silicon rubber wodel forsula

The sase experiments as those for silcen resins vere carried out
vith sllicom rubbers and paraffin vax vhich are videly used as non-toxic
satlifouling paints.

Auownt o1 worise fouling and surface cmergy are shown ia Table 2.
ln this ubw eny motabls relauonshw was not found, either.

The Pl\ese contraet lleroscope shosued clear phase eeparatmn. it is
seon in Figure 4, Although the S.E.N. shoved vague phase separation.
il is not assumsbly sppropriate to take the same dyeing methed for
silicon resin wodel forwula's experizent. Table 3 shows. except for
the foraulation cout‘tiain praffin vax, lov adsorption of the proteins

, sorrelated to good anti-feuling perforsance. Though the formulation

containing paraffin vax shows rather high adsorption value, it"s anti-
fouling performance belongs to the best group. The result of immersion
is shown in Table 3.

4. Discussion
. Although it is not well known about anti-thrombosis mechanisa by
the phase separation vith hydrophubic.‘arid'hydrwhi-lic portions,
folloving explanation is so-‘etines‘ adopted. As there is an observation
that blood platelet does not change their figure on phase separated block
polymer with hy‘drophob_ic and hydrophilic portions. it is considered

" that phase separation achieves something effective to restrain coagu-

lation of blood

The reatrxctxon of coagulaum has & relation vith the adsorption
of blood platelet which may be affected directly by the domain of sur-
face structure. Al_bﬁ-iri . 7~Globling and Fibrinogen are the represen-

tative blood plasma proteins vhich have been investigated of their adsorp~

tion phenomena on various materials. 8) - It is very mterestinl that
if Albumine is said to be selecuvely adsorbed on the hydrophilic site
and 7 -Globline aelectlvely adsorbed on the hydrovhoblc site to accum-
late themselves. -akmg domain, which iay restrain the function and coa-
gulanon of blood. ’

it is vell kiown that adhesion of -arme fcuhns is due to viscous
polyser ligquid. 9) As for mytilus. the adhesive of foot {edulis) is
mainly composed of tyrosine and takes quinon type cross-linking mecha-
nism. In marine foulings. as the first of all organic ﬁlecular irrever-
sible adhesions proteins adsorption takes pl»ac‘evand proteins foros
“conditionig film™.10311)12) As marine organisas adhere onto such
a film, it is similar to the thrombosis in the sensc that the proteins
of blood plam adhere on poly-aric filws beforehand.

la our unri-e;m. except Lor- wdﬁu was . the palyser uvm.
hydrophilic and hpdrephobic phase mtin M a good aati—foulinf.
performnce amd shoved a low ammien of 'Mems. It saggests um
rot oaly swfm emergy but also m@homy are mportmt fact‘uru to
prevent marine foullngs. \Thg fact that there sre different sinimes
valves respectively for Albusmine . 7 -Globrine snd fibrinogen Gzans that
the difference way only core fros their. characteristics. This might be
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able to be proved by competitive adaorptions which are caawnly used as

a useful method vith medical polyuers.

Although paraffin vax vorked effectively for prething mérine ) .
foulings. the protems adsorption did not decrease unlike uith the ' B ‘ ’ ﬁ::dzgghobzc cogggger;t (A}
other materisls. Thus paraffin vax’ s anti-fouling perfor:ance doesn t . ;

. Ph ‘(Oﬂe )

3 £l I
- !»".i_'!)j 1 fl——-ﬂ«——Sx—(Oﬂe)s
i

rely on the proteins’ adsorption.

3 {ak Hydrapﬁubh (&.wm‘ eoruponent
2 AT Atouenie, F‘-Sm“ Gir-Globulin ~ - -
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Biepofcotihg’ on  sluminium  pancis placed dm the bLropieal
’ Lo wateys

5

: W.B: Bhosle. K Venkal and A.B. Wagh
_ Mational Institute of Oceancography, Dona Paula
Gos - 493 @4 (Indis}

"ABSTRACT : MHicrofouling on aluminium panels placed in

shelf, slope and deep oceanic waters of the Arablan Ses was
studied.  Microfouling biomass (as dry welght and/or organic
carbon) was higher in the shelf waters (< 200 m} as compared
to siope {5 200 @) and dsep ocemnic waters. Amongst the
organisms atudied, bacteria were first to appear on the
aluminium Surfaces and showed 1irregular growth. pattern
during initial stages of fouling {192 h). The number of
fouling diatoms decreased as the depth  increaséd.
Nitzschid, Licmoohora and Navigula were the most domirant
diatoms. Carbohydrate snd 1lipids were the most abundant
constituents in the fouling material as compared with
protein.

INTRODUCT 10N

Solid surfaces exposed to  deawater adsorb organic
,pat{er, such conditioned surfaces play an importan£ role in
the Suﬁsedneht attachment. of microfouling organisms
lnclu&lni‘hactéria‘ digtems, protozoa ete. (Loeh dud Nejhef,
1977: Gerchakov and Udey, 1984).  Adsorption of organic
matier and aubseguent growth of microorgatisms on Vthe

_surfaces 15 known as microfouling. The development of

mlérofﬁu}ins -1agey may play An important role in attractimg

ﬁ&e11ar§§d‘6f~ﬁsny shimsls (Crisp snd Raylsnd, 1960; Barnes. .

19" lvna;nf !n mavrufhnlwﬂw ) 'QQQs'innivd LorFaces | may
radhion hm? *rwoiny gwarervi*" m' h-mr' cxeliawp e il"ctk-,vir}.'
et ab. . 19IB; ﬂhala ank-ﬁon'rm TORAY,  mgee 4: Tlow bv
Sncr‘a*inc ﬁriet!onal reststnnre trﬁsrnnkiis. 1%737, and;nay

enhnanre aetalgcqrroslbﬂ~(Gerchakuv and Udey, tangy.

Very little informstion is avatlable on the development

of microfouling on metal surfaces expesed to Lropical marine

environments, Therefore, in this paper, preliminary data on
the initisl stages of microfouling on aluminjum metal

surfaces have been presented snd discussed,
HATERIALS AND METHODRS

Hicrofouling studies on aluminlum psnels wire carried
out  in the shelf (¢ 208 m). slope (> 202 m) and oceanic
waters of the Arabian Sea during oceanographl.: crafee of
Lthe romenrch vessels R.Y. Gaveshani snd Q. 4.V, {agsr Kanys.

The: statidén: cceupled during these cruises ars chown In Fig.

"1 and Table 2

v

Treparaticn of papels
Aluminiom panels (15 x 1@ cm} were clcaned with

cancentyated hydrochlof!c acid and repeatedly washed with

tap water followed by distilied wster. Finally. dried in an

o
o
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TNy ‘s’ Kops. aoverad antil 'nsod Fnr ﬁnnmcrvllnn, "f

pacteria, kwall panéls £ 2 x 6 am ) o ﬁlfanﬂd T

and were starilized befere use.

‘Deplf:s'nent of panels

At eleven stations (Flu. 1) aluminium pancls wors kept
minpended 1n the surface seawatcr 1" ) m) from the ship.
nicrofouling‘ bionass)as organic carbop. At these stattons

surface wster samples were also collected and filtered
organi¢ carbon (POC).

. 0. [ :
" A single station (15 98' H, 73 18" EY in the shelf
uater (Fig. 1) was chup!ed to atudy the initisl hiolcgical
and  Diocchemic~al stager of microfeiling on aluminiam  panels

swith respént e time snd dbpth Time serjies expevriment wae

J»raanvwd kt " B intsrvul during flrst 24 h  sud  thereafter

"T';.uwrv 2 h m se? .

u‘aim' i wmrla& anteu 2t the above station. Hooring was

deplored oa March i?zusd retrieved on Mareh 27, 1886,

The [enelsz vere retrieved after K} to 6 h and evalusted for

through GF/C glass flbre filtéis to know  particulate -

careled  out ag doarrlhﬁé above excepl Lhat the paneln wers

h»ﬁ*k me?atad vﬁxa«ea in the microfouting wes atudiedA'
by :uspamd(ag aahaiuiﬁm pansls at 19, 2%, 48, @ and B p

’ITﬁ?no; seeanis  sthitens eYobic ;t‘aﬁtg alan @dhdbj;d.'
At thens  stations minsvofouling son b studied by déploying

aluminiom panals at ‘ﬁﬂﬂ'ahﬁ TACP m n:ing'deep san mooring,. -

e R 5 €

‘Biolcgical and bioghea)sal aalysis of nis:xptpul.iu paterial

Microfouling msterial formed on the above panels at )
various stations and with time And depth was scrapped usins‘
brush and filtered seavater. Samples were then diluted to 2
Rnown volume and svbsamples were taken for different

biochemical snd biclogical analyses.
Subsamples for diatoms were preserved vitﬁ' Kefers
sclution. In laboratory they are allowed Lo sottle for 24 h

and then counted 5nﬂ fdentified vaing inverted microscope,

For. the ahuly is nf d;y wolight tﬁceaniﬂ station conlvi.

organte @g:béh} carbnhydraxn prntein and lsvtd. a kpown

_volume! of 'auhsénp!osA'nas f!éto#kd through rreinqited

-

(4 oY W and ;~rmuhm sﬁﬂ‘ a}em ek Ormantc
carken and l!ptd we s *stlnuiaw as engﬁeszad R.T) %szoas; et
al. <1984y, f‘wmwsm mé wwa» ware wmly ned _anine
phenot - anipauyic avtd Db is et &iu, !958) and Polin- phenc]'
resgenty 1towry at'el., Y981, resvbc%ivtlv
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. dilu£ihns for bacterial analysis, Too or three

.

Aseplic  toerhnimies  wers  used te gsevaps and prepare

dilutions

were prepaved in sterile seavater; Tuplicate aligquots weve

filtered through Millipdre~f1!ters,i0{2_um pore Si;&)/ and

f11ters were placed on ioBell's marine nntfﬁent agar. . (No.
: ‘ ’ : i ‘ "o
2216) plates. The plates were incubated at 20 4/-'2 C to

estimate of bacteris] numbers.
©. . RESULTS

H!erofoulihg;bioéaés {as ordanic carbent and the FOC of

the surface water at eleven station are shoun in Table 1.

Microfouling bi@m&;é aa'hei] as POC,yqriéd (roﬁ statlon to
statirn, in g&éefal stations occwhied in ghnlf unters (-
200 m) shrowed higher microfoniing than those of £inpe wntéra
(v 27 my snd deep n(ganin waters tTabie 2. ﬁiﬁh'
microfouldng was ofieﬁ but not always ascociated uith‘higher
P of the Surface snters of the shelf and slope ;tazions.

Mierofoyling blemoss did net show iy appreciable diffreence

‘with  npace and depth in deap watar of the ozeanic  statiows

(Tebls 2).

Amongnt the mlcrcorganisis studied, bactéeria were the
firat- to colonize the aluminlim =xurface and did not show any

,'dgfin3t¢ growth pattern during 192 h of depioyment (Taﬁle

8

4. More or less sistitar paftorn wen rocorded T 3 g

and thedr -nuﬁhérs Wy Uery bear 07 e B s Te /N m{%;'

and’ rarecly  changed . durime the expesare periad  of bu

h.Diatoms Triceratium. -Mavienls, Biddulphia, Rhizcsclinia

were observed in  the micrafouling‘maxerial of the time

‘series,

Ten different diatoms were cbhserved in the microfouling
meterisl  collected from differnt depths  (Tshle 31,
Bitzschia was ‘the most ahund#nt group at all the doepths.

Total»number of fouling diatom decreased as depth increased.

" Of the ten different diatoms prasent, four belonped - to

“entrales and six pennales.. At 12, 25 40 and A8 m depth
three to four types of diatoms were recorded.  wheress at €@
m seven types of distoms wers precept. Bacterle] nnniveee
in the microfouling meterial coliscted from different derth
conld  not be carried eut due e prasticle Adifficnltic: ocm
huard the ship.

Hicrofeuling  blomass  and 118 Blachemion)  rempoeictog
varfed wT£h§£lﬁe and depth tTatile 4 atd H1.  As obwerend sop
tiacteris and Alatens nc defindre prtiern was nrtived - birine
Intvial  stages (182 ﬁrt of  micepfouling.  Lipid  ame
carbohydrates  weps most  abundant. in the  microfouline

materisl duriag time. saries exprriment and alns st warions
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Several parameters such as carbon nitrqaen.’ ATF  and
csfbnnaté content {Aftring and Taylor, '19?9; Hayacg »L al..
1984). hent transfer resistance (Characklis, 1273) and tota]
dry weight of foﬁllﬁn-nater$a1 (8urtoﬁ»and Hargfey. 1979

have been,gsed to quantifty the extent. of .biofouling, We

nsed crganic carbon aud/or,dr&.ﬂeiéht‘conttnt to &ssess'the'

axtent - of microfouling on. alumihium pan~ls with space

. {Stations), time and depth. Hicrofoullpg wgs-réla;ively‘lou'

in slope (> 200 m) and obceanic waters As compared with shelf

waters 17 200 ;). This may be due to the differencex in the

»

_phiSlco~thémical .aﬁd».biologlcdl “factors at these three
anvitohminta, 1L i3 suggested that sex ares. expesure time
Aan& dirals . played An 1mportant fole in the development of

“micrefen)ing (Yanshun et al.. 1984).  Thiz is avident from

the dsts presented here (Table 1 £ §).  We have deployed
Aluminlom  panels from the ship te estimste mictofcul ing

hiaﬁs#a.' it !g.theréfa?é. hogsiblebthaiVmiﬁrnfnuliﬁg was

prrhapk . cverestimsted due to containstisn from the ship. -

bresumshiy. this #ffect was small bgcause we observed

éonsiderabié  differences in - the Microfouling blemass ia

. ahelf ah& slope Gaters, Microfouling was maximum at 25 ™
{(Tnble ) ’Thls is in 'ngébﬁent with ent eariier
7

' phtterﬂs of bactlerin aud diatoms {in earlier «tag~

ahsayeations  carricel o0 i the fiearhy sres of Rombog el
region  wherein maxiwam macrafonling was oblained At ' m

vver 8 perind of thrse venrs (Wagh, unpubl. resulie).

Various ﬁorkerr have dﬁscfihed the‘developinn slamas of
the primary slime film and ecological succassion of complex
miérofouling communities in the temperate and 'suh;trmpicdl
environments thimcheli and Krichman 1984f Hhite aﬁd Ranson,
1984 Yanshun et al.. 19841, fhese ;tud!es'sugnest that

bacteria sere the first <rganisms to appear on the various

" surfaces pladed 1in seﬁwatef;,' Qur observation on the

microfouling msterial formed on aluminium ranels is in

aéreement, ~with  the above findings. Irregnlar grouih

. of

1y

micr~fouling rhnepyed fh@ algﬁiﬁlum pSnﬁls senmn L bee
reguiak ﬁhehwmﬁﬁén D TRR T T ?ﬂ?fh”?fvlfﬂrFO. 1u72: Yaushun -t
al.. 1984). This irresular growth pattarn may be the pesult
of - réversible atiachment of bacteris to surfaces which . are
"r‘e.-t‘hnve‘d "due te  mmall k‘-.l.ressvand/eﬁ- Aue te cr:«::iﬁq Ly
provozen (Marshall e al.. 1971: Harzhall. 19761,

3
o After bacterial aches)en diatems were the second grﬂﬁb
of‘colﬁnisis‘éh the a!umiﬁiﬁm pane;sf 'Alihohnh'm!croscvvi“

1nve$tigations ) of the microfouling have revealed . the

presence of Aiatoms in lacee numbers. few studied have hron
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Toempzied on thene arsantome (enron and -"mihnr'h 108
L kuﬁoﬂﬂﬁ]” 19840, Dintems whxh hnd manmads Bovfaces
bebom Lo morestrioled grong of nvgnnlsms and -are usually of

Cprunste tbréxlﬂhnrﬂqk]in sppl Vol T19R3: Ceoksey et al..

1984y, 1n  the prasﬁnt‘imfﬁdy-ln7iaddttion. to pennates.
el rr'ah”"' wér‘# also YP-"'-‘*t‘d-‘°d' 0f  the various dlatoms

wh«n;v-d Irigerg;ggm was tha first to appear aftér 48 hrs on-

alumin:qm . panels fo!lnwﬂd vby V other diapoms. . The
_ predominance  of ﬂquiuggjand Licmquggg on the Subsurface
’~pahels f?&ble 1) indicated the common appearence of these
efganisms  on hon-toiic surfaces exposed to various types of

envitonﬁéﬂts.,
AT
S

_Biochemical bnblysié of tbe microfilm showed large

amount of 1iptd, carbohydrate and protein shich may sorve as
4w feod  sourée  for  the wntt Yement of  larvae  of many

macrofaniing organisme.
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Table 1 m:mzqunné biomass on alusinium penels placed in the

surface vaters at various stations and particulate organic

cerbon (POC) of surface waters at these stations

- -

Station Ssmpling A~

Station Position 9
Lat. . Long.  depth depch
{w) {m}
m1 15 oo.o-u 69°45.0°F 3700 L ' 58,92 415,00 -
me 17 ‘00.0°n 68°30.0% 3500 1 31.48 375.69
3721 19.00 o'M 67 15.0°5 3400 1 66,29 416.81
3723 21 00,0'N 66 00.0°c 3500 1 68.64 676.72
3723 20700.0% 71°00.0': 68 1 . 346.02 1002.33
373  18°00.0'm 72°15,0°: 60 1 234.65 693,93
3738 18700,0'W 7200.0%c 90 1 321,36 700,93
2736 10700,0° 71745,0°% €0 1 217.64 806.06
244’ 17.30‘.0‘:4 73 oo.o*n .45 1 109,97 647.65
36 17,00.0° T2.30.0'F &5 1 150,34 643,43
3148 17°00.0'u 72 co.0'm 93 1 11455 695,31

A Hicrofouling blomsss (ugt/M/170 cu’)
B o POC (pq/i")
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e L o et : ) o v Table 3 ‘!‘ype and number of mictofoulinq dlatome on Alm.lfu.\n o
SELATIowe e I » , S - . panels placed at various depths at 3 stat:ion (s’ 08'“ 73 IG'E)

Tt B RS R SR s

oow ¥ A ‘AAW—B’ - .+ sr.Ro, Nammeof tha o Depth_(m)
Corer e e B B ' - genus. 10 25 . 40 60 80

L E O Y R - B PR PR N e ' ' : s :
' Hxaliacua>f‘-‘- — 6§ . -

14 was Y4 aBT o ae Lrls o M ey Coscinodiscus - - —
T . ‘ R Coscinodiscus

Planktonielld w= - we = e 3

Asterionella - — - 2 —

CWesteryn BT T LT T N _— L pe L nop
VL Rvatiag Sen ' ) :

!

‘\F. - rx;*.~1f.“s*""-m.;»"‘1:'-3»;:;ii; Cone Ton *,".’!"(: sl HEE TN .
' R Thalassiothrix . 8 -— 10 . 15 C—

Granmmatophora : ... C18 — — e

-
!

Liemophora ' 23 1 19

L-JN- SRS R S I T " U

Navieula 2 2 100 6 s

-
<

Nitzschia 718 591 789 - 44 19

- S . ‘ . Total . 82 632 828 83 - 16




"Téblé 4 Variétiﬁn inimicrofoujinq vané_its compasition with tims
: . . o o [
" . at a statien (15 28" N, 73 16" E)

¥ '

P ) ' ) L . - % ] ) g '
Duration Organic - Carbahydrate - - Protein. Lipid . Bacteria
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o nncur:la usociatad with Balapus  esph &ite were -
1aolabed and 1dent{fied based on varIous ogical,

‘physiclogical and Hochemical characters,. 'rhey are Vibrio,

Alcaligenes, and. Aemmonas and all the eight bicteri
solates were gram - mgauve. Methylene chloride axtxact .

' ‘from three soft corsls i.e. solemcaulon tomosm.
achinggg qgla " gomplexs-and 3unceila ‘were found l:o -
: nactives - Methylene chloride extract: fr:on Sube

syberosa prevent the mtue bacteria fron qroai.ng on the

'mated surface, .- . s

‘ a\nong first oxv&nisw to appear on & suh-nrged nn:'faoe.
nn hactaxia. vhich uy bacone ucunly atuehed atter as
~11ttle az ons ‘hour. Im:vae of Mcroorqmisﬁ. :lf dfteroat

' " have linﬂ.lu: atbacment kinotics. m adhuion of t rimary
. populauon of ai.c:oorganism to mrim a\mfnens m been

studied cmnuwly (C\mdall and aitchen, 1911. Ba:ahall.
1978, Oozpe. 1978 . mmun film then lttracts a’
diwr“ ﬂm v.lth protozoa, elqu and fungi ‘that eventu&lly '

. is comed uith multicellular mcmtouling (com R 19-;0 .,
‘Mars Balek, gt l., 1979).. The sline iayer consists of loose.
. alj.m, entrapped orqanic datritus. and fixmly ‘ttache a

bactex:ia with holafast uechaniama. -

A st.rong preferenca for alim am:facaa “has bean ohsémd

in hamacle, and sedentary polychaetet such as 821 Lb!

"bomans {Knight Jones,: 1951). Barnacles, btyozoans anda

oysuz's are among the most aeriou.s fouling problems, on. oh:lp
bottoms and p:uinqa. The presence of axtracu. ‘futtyacid -

'dari.v'ad butenolides, prostaglandins, and nitrogen heberoayclea
(Baker and Murphy, 1976, Tursch et al., 1978) with antibacterial,

antialgtl. antiprotozoal, :lchthyoto:d.c and several. other typu g
of bio].oqj.cal activity 8tronqu augq“ts that chen:lcu defenco
is ope:ative in goa:gon:llus. lnd more spaciﬁcally. that primary
ﬁ.l! formation is inhibited in many of‘ these animals (Perkins
and “Chemiako. 1973; Tursch, 1976; Weinheimer et al., 1977).
The 'present study was designed t:o isolate and identify the
bacteria associated with the common fouler barnacle and the

blological activity of soft coral extracts on becterial isolates.

' Material and Methods

Isoclation of Bacteria

Balanua & mn conecbnd t:ou the bottom of the
-m.p asepticany in sterile petriduh fox btmrial i-olaﬁon.

Apptoxinate).y 10 qruxs of Balgrius M te n.wlc was
aseptically transferred to a sterile glass mortar, alj.qht‘,l,y S
crushed with a sberue pestle and mi’ed well in 99 ml of

sur:ue lged sea water. ~ After giving Q f£ull ‘shake with vortex,
. serial dilutions were prepared by adopting standard procedires '
_given by Rodina (1972). 1.0 nl oOf the inoculum was.transferred
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S Solenocmlbn

. T

I to stodiﬁ' glasa petridims and pour plmd. m pllﬂ:ez ,
: uuu mcubat.od at raom temperatm f.or 24 houxs m colonies
’developed 1n‘tho"’ " tx::ldishas we:e ccuntad after 24 hours aud ‘

'repreunted on dry miqht baais. Pot the enumerat:.lou of
. pute v:l.able bacberia. culturc md.i.um. mrlne 2216 Aqat
(Difco ubomtor.us. Detroit, un m uud.

, ho:l cal obsam ons - : Qﬂtural dharaéwré, 1nc1ud1nq‘ :
the tpp.lranoa of cultutu, the size of the coloniu, their -

; k outnw, alent.tou. tx:anslwency and vbethcr they are colour— :
7 . lus, vhite. ox' othcruise pignented wers nobod. i '

, VHicrolcm‘lcg Observetions :  Gram - stain 1s a differential

Stlin nquiring a pthury stain nnd comeer ltun. fna
prinuy -mn 10 cx‘ystnl violnt which 1- folj.owed by an

1od:lm aomtion.

 Subcultures 1n Ep__tone hroth and on agar gaus- 81bce it
was’ uposubJ.c to examine in deean all the colonies that

q:ev on m coum: plate. a linibed nmbat of calonies {8) -
uatn uolltnd frou the ptimx-y plates and were. subcultured

: both :l.n p.peone l:roth. rurt;het punﬁ.cation m dcne by

repueed utx:cak.tng on the sea \Mzr -agar: md.tm of the same

South .ut cmt of India. 'rhe £om: soﬂ: cox'als were:

Vtortﬁosm. Subep 2929! suherosa. Eaninoggm

‘ .C,g_ugle md Juneella jmcea. mthylene chloride extract was

Soft Coraln mm collected et Tuticorin, :

e et et 3¢

prepared (Scheme 1)

-4-

sqEME 1
FLOW DIAGRAM OF EXTRACTION PROTOCOL -
 Living Organism = Vet weight
Living Organtom - et
k ] N
Freeze - -20 * C

%

Freeze drler . - ,Lyoph:l'.nntiou "
dry glnisu - dry weight

- cblle& and filter v

o.‘...{;.-—.b'-o. g w—en

Crude ‘methanol extract ‘
— m@uce by rotovap

— 2dd defonised water to give
a ratio of 2:1
mathanol : water

Aqusous thml

PR L I T

= extract with CH,CLy 3 X 1/4

/, \ Volume

‘Aqueous’ methanol \Cmds CH,CL axt_ract

Y 100X methanol (HPLC grade)

Py}
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T the. p.maatm at an ear heu'ing tanpamtm aspeucany.
o The. dinns were rotated in elockviu and anuclockwise direc.
"'t-.ion for tmrouqh mixings When ‘the agar lolid.ifiad. four

) snmnuon ot viame bnchoria auociabed u:u:h auanus 1.112*.2

Solids uere dtasol,ved 1n sea uatn: and

om nl of the strain was transfemd :Lnto a petridish.

o Abuut 15 - 20 ml. -of ‘the nutrl.ont agar nedim was poured 4into

snll ducs were placed at: vuriom poj.m:s on the agu- aurfaco

:!nd oach diu: uu Ioaded \d.('.h 5 ul ot each ccmeant:af_ion.

m total baceerial populadon 1n the poux- plu:el. which '

8 are 1ucubuted at room tanperature for 24 hours ranged from

4sx10 /qtoeaxlolgondryueiqhtbuis. Atotalof

'eiqht stxuna were isolated and 1dent:lfied upbo qenen level
with the help of the’ schems. qiven by Usio and TMsles: . (1962) -

' .'ﬁand the xuults were conpnned with mgey‘s manm ot De'bermi-
_natzw mcmioxogy (19?5)( '

: aent;i ieat"on of bacteria

m plat:ea, which are 1ncubated at coow temperatum far

s 24 hom' m ohsemd for colony characuristics. Figures 1 to -

. '3 nhow differunt morpholoqical cmactersof tha colony. Some

"_-"j'ate dull whﬂm ‘or or‘nge 1n colout while othera are - colourlesa. ,
- ¥

*ptoduced 2 diminishing gndient of conoeattatioxa. On 1ncubation -

-

" Soms colmies are tramlment. mund and regular. Rh:[zoid
colonies are uso obsexved. i

: Gr*m-'_tsm_g

‘ " The nun qmups of bact:eria are aisunguiuhed by :
micmscopical obsenrat.tons of thcir mrpm.togy and stain;tnﬁ : | :j
mactiom, iu:ltially 1n t:he qx-m - Stained pupa:auoas. In
the present obscmtions, all the aiqht hneteriu ilolltea |
are gram - negltive. Table 1- shom the uhntifioatien of

bact;erit on the buis of norphological, ldemoco;ncu ohum- o
ticm and Hoclerical anuy:h. '

-.._W otic gg;tigtz’ Test

© The mtibdouc, pencnun. diffv.au through ﬁu agu-
occupy.lug a citculu- zons around the oz:tginu spot.. 'me growth
of the bwuria whs seen in all pltcea ompt the cirenh: zom .z
where the &ueibd.otic s pxesent. Strum ltos :hond
negative mmlea. ‘ ngun 4 shows m mnont agar plaeas
with straim 1) and ttrain 2 (B) Yibrio np. ma:.cctj.nq
antibiotic pencillin resistance. Strains 6 to 8 showed pesitive
usults., uutriant agar plate: with Alca;eggms lp :truns 6 (A)
and T (B) thouing antibiotic: senaiuvity :hl shown 1n rigu.m 5.

bacterial yolaeea : S T

m mthylene chlorj.as extnct lonanc ‘on the disc. diffused
outaatch trou ‘each disc into the surmmqu aglt and: L - :j‘

i e, e B Pt
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_ T _'-»mna of Inhs.muon J Ls a measm of
. _the:lr degtee of sem:ltj.v:[ty to the m&du. :

: : No °20ne of Inhihu:l.cu' waa obsemd in lll the eiqht
» _stra:lns whan four difterent conoentrntiona of methylene
_"chloride extract from Solenocaulon tortuosum ‘lo g

‘Ech:lngog._l g 105 mg. and Juneena . Juncea 205 g, |

.._bascd on the uet ﬂeiqht of the original auinal. Other thzee '
concant:auon- uare 1o ng. 1oo ng. ana 1 ng bn.sed on. the uet'
, \le:lqht of the oriq:lnal luiml (Figures 6-8). ’

i It was 1ntete8t!.ng to note the ‘Zone of Inh:lbitiOn‘ 1n
all the ltmns when Snbem auberosa vas loadea o the
dj.sc uith four different coneent::auom i.e,, 195 ng. 10 =g,
100 ng and 1 ng based on the wat ue:lqht of -the original animai
(Figuze 9).

| msc‘“s on -

Gt&m negative blcteria ptedominate 1n the sea, Host
of the bactetia are sma.u tods. be:l.ng either struqht ‘ar he!.i-
. coidal

. ‘"_‘? mptile (Zo Beu lnd Upham 19«). In our obser-
'~vationl of ba herial 1solatea usociated with comlon fouler .

_Balanus : _»te the bacterial population \na pradominated.

_by qran ne t.tve foxms. '.l'hree groups of heterotrOphic bacteria

A .wen ,tdenuﬂed -based- m varioua mrphological, physioIOg:l.oal

:.-»and bioehemical charAceers. : ‘rhey are. w.bro, Alcal;ggnea and
Aeromonas.' 'Hanging dropt pl'eparat:lona show that common

_ _sli-lm Straixﬁ' of Vibr6 are not'lie. v our nwtdeﬁt’ 'ag,, POur:

' plates ahow peak density of morpholoqically different strains. )

Organilns that cannoe be d:l.stinguishsd by mon:holoqy,
exnhibit distinct differencas in their biocmnical macttona. :
Blcteril differ wldely :ln their abiuty to netabolise carbo-
hydrate to use them as a source of cu:bon and energy. _'rm _
pment Inllylil shows that qxeept the _ltr_aj.n Aer_omonu , . all
the other seven straips ;u?odme"no__aa&cubie gas. zobell

‘and upm (19«) stated that although most nsiine bacteria

can uu-uau the. simple carbohy&‘atc. little acid amd no
d!hctable gas is produced as a zule. The comlion cnha.nqiﬁg
effcct of sulfate reducers of the qonu- Dalu‘l.fovibrio ‘on -

corrosion processes has been attributed bo their ability tn _
remove: hydxogon by hydrogenase activity frou cathod*l.c sites of
corrosion cells (Gerchakowv et al., 1984). Intson (1966)
preSented ditect evidence for cathodic depolarization. Siudlar
obsemtions wore made :I.n the case of nitrate - :educ.lnq
bacegrip-nhich use u03 as a terminal electron donor. In our
eight bacterial {solates seven show nitrate reduction. - "
P. te r_ogorgia' citrina contains compounds structurally
related to the’ fatty acid derived butenondas, which exhl.bit

antibiotic activity from E. 2 gg and P. guadslupensis (Schnitz
“and Lo;:mce,m'll) e On site biounyl: ;ndj._cated that alcohol

_extracts of several qorg,om-as pbsiésned considerable cytotoxic,

:lchthyotcod.c arid antibacterial lctlvity (Jacobs et al., 1981).
‘l‘he d:l.terpenes jeunic:ln lnd eunicin have. been :lsolated u the
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R mica and m:unl, Vrespectively.
. >',‘»‘j‘kaga1nﬂt the Nltional camra Inatttuta'a KB can nne. The |
'cmde extract: of the Bimini qorqon:lan tho\nd confimd anti-

- ‘ ncoplutic act.ivity in mtiontl CAneers :[nstituu 1n vivo
 bioassay Aqaimt p - 388 1ymp1mytic mma et al., 1980)."

lcorau are
“The. cnkh —thylone chloride extract from W aubemu

preﬁnt ‘the notue bactexi& from gx'o;dng on the t:vut:ed Surfaoe.

PO TTTTTTTIISISIISISNDIBAISGSIVINIPOEBD O
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major oembzanolides zn the gorgmian Eunicea mammsa frm

In. thc present ttudy bioactive namiua f.rou four soft
‘neither highly toxic, nor exactly 1ike amu.baotics.

Othar thz« -ntbyleno chloridc soluble cmda extrlcel fram 15

801en0caulon tortuos chinmorgia wle xa and Juncella juncee
" .
m non t:o:dc. These cruda axtracta should be purified and

" ;u; 1- usumed that the purified material could be used as a ‘

means of pxevenung uic:obial biofilm formation on the mardne
aurfleo. —ma technique may provide pxoudsa.nq result 1n coﬂt.ro-
111ng sl:lme rat:bcr thcn the toxlc haavy metals., ‘ :
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Figel .- Pour plates with nutrient -agar in which
: ;7 bacteria)l colonies are developed.at 24 h .
+ incubation.pericd: Note several morphological
different colonies. : . o

- Pour plates with nutrient agar in which
.b'ag‘:i_:e_:ital-co],onj.és_.'are.ﬂe_v_elope’d at 24 h .
dncubation period, Hote séveral ‘morsholegical
di‘ffgrent_--tolobies; ST -

| Fig.3

Four utrient terial
Pour plate with nutrient agar in. wh‘it_:h bac
colonges are develoyed at 24 h incubation
period. Note several morphological different

colonies, -

" Fig.4

Nutrient agar plates with

(B) vibrio sp.
resistance,

strains'l (A) and (2)

showirg antibiotic pencillin



Fig.7  Alcaldgene sp. Nutrient agar plate show:lﬁg :
s ] slight sensitivity when methylene chloride

A : b1 ‘8P _ extract of Echinegorgia complex was loaded.
B) : showirg antibiotic : . . o K

1 Ale ne

e ‘Zone of inhibition'.

; . ‘Fig.8 Mriq_eﬁ 8p. N_tit_rient,:___aqq.i; pl;:; st:ingtnof
sar rl s e ) ’ ‘sensitivity when methylene chloride ex .ract o

. sensitivit when, agar plate showing no B R - Juncella juncea was loaded. T
.. of Soleno"c:i"olc".:"I _l:ethy],e_n_e chloride extract’ ' ’ : - T -

P. .. Nutrient

B
8 ..



P1g.9 - Vibrio sp. Natrient agar plate showing 'Zone .
- of Inhibition' when methylene chloride extract
©of Suberosa was loaded, - L

r
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