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Krzysztof Debrowiecki and Kazimierz Boron 

MICROENVIRONMENTAL CHANGES AROUND FOULING ORGANISMS AND THEIR CORROSION IMPLICATIONS 

E G Bellinger and P Wall 

THE EFFECTS OF CATHODIC PROTECTION ON THE MICROFLORA AND PERFORMANCE OF ANTIFOULING PAINTS 

E G Bellinger and A J Mitchell 



is usually 

inhibitors. 

compounds 

an 

against 

their 

of 

surtace 

to 

waters. 
(F). 

the /IIOst 

in 

16.0 
-19.0 

0.01 

The specimens Iliad ttle tOnt ot, ring~ cut out from recrys

tallized coamercial, tubes (d,i~ter'9.0/16.0 am', height 20.0 am) . 

The grav~metr1c corrosiont;est8 were IIIOde using an artificial 

see water at room temPerature with contineous aeration. 

In the preUlafnatY serie8 ,~t 'experiments, lIIOClitications were 

carried out by p laCirig thespeciiDens' into' aqueous solutions of the 

chemicals specified, al:l<We and ,.kept at 40·Ctor 2" hrs. The 

concentration ..,.. 10- .-ole/dJlill. 1,1"1 the Ibainexperiment. the 

lIIOClitication conditions were .. follows. 

- Inhibitor conce~trat10n: 10-' to' 0.5·10-a .ole/~ 

-,TelllPerature:20.~0.60.eO·C 

- Time: 3.6.16.24 hrs. 
The corrosion resi8tance was measured bY expoeing the samples 

to aerated see water for 5 days. in the preliminary experiments. 

or tor 5.10.20.40. or 60 daye in the main experiments. 

Res:u1 t.s and msc_sion 

Only the compounds BTA. 'DAP and BD were found in the 

preliminelry experiments to have the ability ot inhibiting brass 

corrosion. 

Tabie 2. The effectiveness of CuZn20Al2alloy surface modification 
after !5 day exposit 101"1 to' see, )later 
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:n,a&t;ot~rowie.Ckl, .nd Kszilllierz BOron 

Cul~AL2AiLO' ~.~.•ocJl; 
Ins"t hit.' ,0/ lnorl/lani.c T';;'chnolotf'y. T...chntcal Un.L\HI',rSL ty, 

tiL s->tuc;ho_Ju:.I/IO 25. 60-372 Io'rocCaw, PoLand 

Int.roduct.....on 

The chemiCal modification ot copper alloy surtaces 

carried out with compounds which are good corr.osion 

The most commonly used inhibitors are benzotriazole and 

ot the structure similar to that ot this compound 11'. 
As tollowsfrom a number ot reports 12-4'. benzotriazole and 

the compounds similar to it are chemisorbed 01"1 the surface of 

alloy to form a stable inert layer protecting 1t 

corrosion. 
The surtace' modification of copper alloys improves 

stability against outdoor: corrosion., It also reduces the rate 

corrosion in see waters. 
. In this work. SOllMt other chemicals were tested 'as 

modifiers tor CuZn20Al2 alloy (special brass). The aim was 

illlProve r.sistance ot the brass against corrosion in see 
The tollowing compounds were selected: 1.10-phenanthroline 

1.3-benzodio.zole (BDL 2-aminopirimidine (AP). 2-mercapto-4.6-di

aminopirimidine IDAPI. and 2-mercapto-4.5.6-triaminopirimidine 

(TAP), hn:z:otriazole HITA) was also used. as a reference standard. 

In the pniliminary experiments. DAP ,+,as fOUnd to be 

effective corrosion inhibitor. This, compound was than studied 

detail. 

Ettectiveness ~ 
Proce>dur.s 

BTA 29.3The experimenu were carried out with CuZn20Al2 brass ot the 
' DD 1.2chemical compo!'ition' presented in Table 1 (accordinq to Pol ish 

DAP 64.5Standard PH 67/H-870251 . 

1 2 

I 

I 



~. 
D.eteiled experi.~hts were iiIo,de<wi~h DAP.,~he most effectiv~ , corrosion inhibitor among thecoiaPoUndsstudiEiq;,. The ett~cts 'ot 

Ii';; its concentration an't;J,~mpe~ature in' modific,\,t:ion bath on the 
• ", •••• :.. T, 	 _ ";." 

I
corrosion rate of brass ,;in an artificial see watet afe shown in 
Figs •. 1-3. Fig.4 pres~ht:8 the) effect,i\r~ness. of ·QlqMficationvs . 
time of exposure for the saRIPl.s mOdified Wl'th10""1!-M DAP at 20·C 

. ': -",,;""" .. •:',
'N" tor 24 brs. .. . ,:' ".., ..'.. '<\," .", . 

I, 
The gra"'1Dtetr1~" .. "'hur'~,~t.~d.#tOJ':"CuZlj20A,J2 ··allQY: .... in the 

stationary" cQnditfona"evealed . that ,tbecorroliion rate .insee 
water' ,was .r.d'Uc;.abi';'~bil!~tt.r.'tr~a~~ng,.tl1e' brass ~ur1ac••·tdtil 

DAP 	 sQlut1on;:';Tl'te;:et:t.•ct:' ot·,cconc,*tfrClt-tonof'the DAFIIIO<l1fY:ing 

I 
solutio~ ,upon: th~' ~~~01!l10it"~~t.~u. ~ot,.;erY ~l.~~At~:O):.DAP 
".11 pr.ot.e.t.ed;,ln:"'~iMb~n used.irttb,e .concentntion .10~ .. M; ,The 

corrosiOnitf!~\~it~~~.a~~;~~'"~· 'tji-"'~it;icat10n ti•.bee. 
longer aM 10nger.1beDAP$oludoM· of concentrations O~5·10""lt. 


10"""or~0'" t,Uled at'~o;;e.'jtb~Pdht ~ot.,.,t~ct ~r' increuedthe 


J- c:orrOiti(>~ rat.,of<;~OA,.I~ ll'lOY~. , . . . 

At ,'t~e*,.tu.-.,ra~'.d.,to"lO~Cr' tl14it .oclif1cationwlth ui.... M 


DAP sw.taot1;;by i4?4U~ed:th~, corrOiJionz:.te. ':J.bi. nt.w.s·'.,re", 


lusinde':'lIndent ~t t.he ti"oCII!041f1ca1:iC>.l, 'themocl.1'iicat:l.on,
I 
.ffectiv.•nesswasin~b:i.s,c~C(':~.'Jti,b as ~a. e•. Anlncrease'in 
modification temp.ra~u~ ·hllda'~sitive effect oli: corr~ion':'ate 
also for D~SolUti~ri otconc.iitirationo;S·10-.'X,. • " 

For DAP of concentrations ,10""" " and 10'" Il1O le/dJdI •. ' nof sufficient iDlProv.nt in' " resistance .~f' the brass agAinS,t 

corroslon :.tas' obee~e4even at elevated temperatures. "0.60.• orr eo·c. The rate of ,corrosion 4ecreasedyit;hincreasing JDOd.i,fication 

I 
time. and after the ,. 24' hrs. treatment 'it was, nearly the' slUDe as 

that tor u/'IIIIOC1it iedbi.-'ass, 
For the' DPA S~lutionofconcentr~~ion10-·. the change in 

• modification temperature in,the range 60-80"C did not produce 

significant differen!':eilin. corr~ionrates.The ,resultil'UJ highly 
reduced. rate of, corrosion UCQGlpQred wi thufmod.ified slllllPles

J remained. UnChangedindep~ndentl~, of modification time. 
'The lowest rote ,of corrosion was obtained for the slUDplea

I 
I 

3 

modified with DPAaolution,of concentration 0.5.'10-& at 60·C. The 
protection effectiveness of 97% wae obtained after a 24 hr. 
treatment. Further increase of the solution temperature. to ao·c. 
gave.no ItIOre improveJpent. 

eonc1QSJ.o.ns 

nllt .~..u1t. presente~ ~, "an .be S~~S~l ,~n t,he 
following ,conclusions. 

1.' 'FrOID' UIOng .11 compounds stucUed. the Hst .corros.1on 

prote.ctioopro~ruH h~ 2-mercapt0,-4.6-.:ti..minoPii1D1id,iM/ ,(DAP) . 
2. The protection properties of DAF 1..,rov!td. with' increasing 

rilodi t1cadont...,erature. . ' 

3. DAP wu found' to ,tie better, corraaion inhibitor tor 
CuZri20A12 alloy .than ,benzotrlazole. 

. ".The lIOdit~cat1on effectiveness did' not cbe.ngewitll':Ume of 
exposition ot 8amP1es to an artificial see water. 

Ret....-..nc:_ 

1. 	 SpinellLP~·,;Maj~hM.. Brunono.G,. Trabanel1LG. .....:r~t. u. 

KDrro... 31. 919-923 (1980): 

2.Cigna.R...G~o.G .. Br.COZ'ro•• J •• US, 223-225 (1979). 
3. 	 Walker.R., Co:rra.toft. 2Q. 290-296 (1973). 

4. 	 Trabanell1.G .. Zuchh1.F .• Brunono.G .. Carru1t1.V., ....,.,..t.". 
K.o:rro••• 24. 602-606 (1973).' 
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coy'i'o~:rOIl 'tit 'C,:.;tn20A i ,;" ;"ii" I uy .;if bH" '\5 d"ys ot 

",exposure "to <ir tltl Cl d 1 see water. ~ff~;CdtioH' ,c:ond'it 10I'ls:I)II1'. 

it 10-·mole/d1'W'. te_. 2.o,4Q.60.80·'. 

fi9:2. The'ro'te of corrosion of CuZn20Al~ 01 aff~r 5 'days ofit 
"ex~EJuHl~'ortif ictal 1!-e'e't 'wateY;"'Kocfif:iciltrorP conditIons: DAP.it 

10-· ~ole/~. temp. 20.40.60.80·C. 
it Fi.~,.~:TIu(~~t!' ~,f' ~o.rr.o~ion·':~f cu:iP20A\2.~111:i)/ otter, 5 days of 
it ~~~~!I~iii~:"~'rtIti~i~l, s;.' water. Moaiflcafiorl ~ohifitia"ns: DAP, 

." ,', ~,' ,4 (': .:.':1,-" " "-!~~:" ,.',') , ....~";~. , , II;
10-~ IIiole/dIII'; temp. 20.40,60,,80 C.' 'I .";.. ~",. :' . 

F,i~,4, The .lIlQCl~t ica~iol);, effec~iven~s,,; Y.'t. ,exposure time' torIt 
CuZn20Al2 alloy in ortiflc,i~t s«le,l:f,ater.• KoclificaqQnc,~pditions: 
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This paper . des!::.r1bl!S the. use of' ti1c~l.ctrooes to measure pH
• • " '.. ., ., "",' ::'.' :. _ ' ••.": '.~-;::,': ,; ,l .,.:" ". .' ' • • 

'., iJQ2 c:h!mgt;S ~;~ 1,II1C~o,lones, ~.'·ilIlg~ ~f~~s i~rsed 
ll!." ~ter ~ wlJlch t:1)U11nc;jotgaI11sllls are. gro.,.log. SOllie .,. .", . ,', ',. .'", .....",.. 
p~t,.nt1al ,.11!P1~~tions ,C1f.~se c:I:Iatlges to corrosloO at the 

. '. <." "I, . .,"',. ) ':' 

surl'P'" alllO br1lJfl)'dl~.
. . - . '1' . .'. ",' -" .. '. .",: '.".(: .' _.; ~ .:.-, 

I'tIiterWs 8nd "'~ 
',~ ..; ~ . 

,\ ., ... '(,)', £I,~~:< ...... 
. . 	 . - - . 

Ttl, .lec~_..... 1n theu bpel's..nts hIM/' bnndeScdbed In 

~,~:~.I} ')iel~,~•.:~~!i*".'}~) but. 
.........n 11 ~., haJ::e. . 


. '-'.' Aj.'. .: ", ,.... ,'" . . .. :: ' '. ~-, 

(1) 	 pHel~. 

ThapHal.ec~ lII8rII basadQIJ tne-,iW\.of It1tQ (1__) 

w.re the pH""lt1V8re¢on of~~l~ 1a fiI)OS8d ...". • 
. 1Ihart po1nt extlndlng.fro- tt... ln!sulatlnQ .... (Flljj.1). The 

pH and· alUlllno~nlcate glau .1cropipettesu.ed lnthe' 
: . ., . .,- " - . 	 '. ~ 

electrode constnction went ~ using • wrt1cal alectrode 
.,' ','" . , ' 

puller. ass.ntielly • vart~c81 v.ersion of' the equiplllltnt 

orlQlnally developed by' Al8Xllllder and NasW«1953). The 
~ ~.' . - .' '. 

electrolyte u-.d1llllS 1N tel. and filllnQ IIIIIS 8a:oIpllshad using 
• : ., ~ - ' , , , ,.or " , 

a.ydnge 8nd. a vary fine draIIIn out Qlass capillary. 

Once f'1lled. the elf!Cttoc:Jes were soaked for severalday~ in 1111 

tel to allow coq'llete.hYdroi~s of.the pH .glass. lin lnt:ernd 
refel'flf1(;e of .sllver .,lrecoated wi til sliver chlorld~~~s . 

. ". , . 	 . . .' 

ccinmcted· to a . gold .plated .' pin ..iealed into the i.md of the 

electrode lII1th~ill~oo rubber. COMPleted ei~trodei ...er~ 
stated. Up downIIIards. lna dilute solution of ~r~iIcrcj. 
In all· uper~., ·..-.temal reference. Qf •.~~l 

all!CtradilllllS UIIIId. Du:rlnQ '-~t,s -.n .•lact~da·, was 
c~c:ted to ind~ ~~.F~Y.(_ 
i.t.r>•. The cS:tcu1t layautforbotitthiiptl lIl'IdpDz elect.taifes 

, ~ .. 

1a IIhI:Wi Sn Figure 2 .•. 

, ~,.' :', . "-~,'. - '. .,.' " ... . ", ~ '.--"; :... " . - . :", . ,-' ,'. :"., -.... .: ,: I -:" 

CaltbnUari.of all ..alacb'odn ...id .. Clirr1ed ·Out'.'·bllfGn ... 
.ftc ..A'IIICPU"I.II!ri.' in· ... 'c.-. elctmdeii··.·_·~ 


. ckalng en apars-nt by in .nJ.Ialt....~ or'they dldriat 


pEOCi.a .. ~lbblIt ~!l.ntal callbraUon. In ~ 


. CIIIIi8S' all ~ datafl:(W"tMI ... ··dl...... ' 

(11) . 0ItygIn a1acUocfes • 

TIUI catheter typa elachode us.e:! .a. fiat ended' and of 
.du.w 1 to 1.5 _. . It conslatad ofa .~ uia P~t.J.ft.- wlra 

aeelad 1n 9l~ and IIIDadded in 1IPaKY~1o 1I1t.h a aU'ler wue 
KUng .. a raferanc:e (see FiQ.3). 'I!hen the epOxy hId~. 

h . ...:I of .h .l~·'" careMJ.y ~ flat to UpQM 

bath the plau.... _the ~lwr. "1IIIIIbnre WIis .tt.n8llPlled. 	 . 

.ec:rosa ~ flat !lind .by rep8atedly d1fIPlng J,t into a aQ1:utJDn. Of 

collodion 10 at.het/a1cohol. A Pola1-1slng voltage. of .,m' all __ 

applied bit eachelectrod!l and these ..re not thariuSed for 

axper1lllental purposes until ·the response' I118sstllblallihen . . . . 

http:CaltbnUari.of
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, 4" 

•it t!uffer elut1on, a.~, a eorus,tllllt 

it 
 i').: . 


~~,,: .~. ~eted IItld accepted for uSe. elli!C:tl:odes 

it 
< ':> ~ ...:,{". ~~J .. ~J :.." _.' ...•.~ :-" '-. :-> " .' . .". • 

.'IIIIiIr",~~Jn.~.IIOWt1on of 0.2 " KCl. D~ygen Ilec:trodes'...er. 
_".':i.'li:::ry~ ,:..,.\'~'."~)~."'" 5· ,," -"':"';1," '~" ,. J;...~-:,. .-,:" f';' :.... ...- ..... : /.


it c.l.i.~rated aga1pst solution I of known oxygen content (as 

'.",1 ,,":, :',w,"'.: ":";";.... 'f: ;''-,".'. ,,"w ~,\-l:. _. :;:: . • ::' .• ' .

i IllllllaUred ,bY ...n., of the l111nkler titration ";thad: APHA 1915). 
; ".' '. ~:L··l'·, ~.:.' '"" ~,' " ". . , :'" .' .

it Any el-=trod!I not lIlCtIib1ting a ilnaar response ... rejected. ~ 
" .~: . ~; ( .._. " -: . ~ '. . '. . . . . ..., 

zelia axyg8n ..,lution .... obteined by the usa of a buffer 


i .aturated wUhpyrogallol .crubbed nitrogen. The 100$ 


~~~ reed1ng ... ' obtained by bubbling a1r thl'OUltl the 

,~' " ,~""\,:~,•.. ,,,~ .,,' ~.", . . ' . ':':' ,,: .•III burfal' far 12 hours at. ~'~ture 8M pressure.
'-/., ': ~t'\. .. '" ,::, ", ' .• 

(b) [)cpars.-ttal~. 


All -.rs.-tts IIIIIl1I Wried aut in atellperature controlled 


•i 
it 

tank pliad an a teflain NYler ....,ted .l~ ,steel patfon ,.ill insidil a ane _tre CIbI Faraday CIlI;IIi(fig. ,4). Tbe~ .... 

prav1decI IIf1th a lJrfQII hinged door at, the fiant for ecc:ns and[f 
",as gro~nded to earth to scr••nout radio frequencyi 
intel'fuwce. The _tar flowing ttm:lu!itI the experluntali - . .. . . ". . . 
tri .... pullPed at a controlled rate fro. a temperature 

~ 
controlled reservoir. For all experillanta involving algae,

i 
llllA1nat1on .... provided using daylight fluorescent twes. ,if 
..l1d .teel and 1Ial'1ns plywood plate., approxilaately' 20 • x 15 ., 

wire Ixposed in the .-rine environmantfar several IIIQI"Iths to ,,• . ' :.' . . .. . 

allow a heal/)' growth of IIIICrofoul1ng organi_ to deVelop. The 

•
I steel plates had been placed utldally and IIIItre exclu8ively 

•t 

;:~::":~=:=::::1$ 
and ~kl'OOrganl_ ~ldirig ,.It.l,tena ,'~s.rar-nt "of their 

OWl. ,The wooden plates '1IIIIIl'8~s.n 'the J.ntett1ifalteclJQii 

.-.:f llllllre 'COIIered lIIIith ..ta' 01' tt:- alp. InWfC!l!'.!!d1!!IIP...tth 

,occ:a1a1onal. bryozaens. There IIIIIIl'8 IWIo l.agII quantiti•• of 

~ retained ..-.gat the algal fu-nt.. n...,Piate 
lIIIIIl'e alsO cleansed and stal;Jil1aad._ bllt'on.. ~ ... 

provided On .12haU:rly~ ~dllrUght 'luar~w.1 
RddtUOlllll steel plat8s ~~In Alii .~dIx:k~ lit 

, , 

Uwrpaol (lie) IIIhare they IIIIIIl'8 co~ by ·~Of~. 

(!'xtllus edulis) and the lISCld1.M Clona int!!Un!1l!. u.s 
, ' 

~'1IIIIIl'8 r.oved ....f the 'pJ.aqa "NP~1id "In' cl_ 

......ta tor 5 days at c:ansqnt ~ to'Iit.DU&e. 

pH WId pOz ~1ane frc. the extuMl ..t~~ 

the' fouling to the Milstrata llllllre ncarded.' tt. elec:UadM ... 

·held in a rigid pttl'lpex ~rr1et attechld to II ~ly 

Jointed GIl on the lI1crc:IIanipulAtor. To ,nc:iad the .m:.;u.M the 

tnraugh the foulJ.ng t.I'.1IIIIerds the ~ta. JI_,ta 0( 1 _ 
. " '. 

could be acCUl'litaly controlled by talng the tIM ...,. clrlw of 

the .n1pJlator. Iftn' each lllc~ the DVIII ~'oIdlft9 ..

allowed to _tabIU.. for ane .w...te prior to nc:.ordJ.ng the 

VGlt.ge~ 

, . 

~ 

• 
a. 

http:Ilec:trodes'...er


-<" 1:: ' 

l~to the_ batnacl~ .1ls~ COC)trol.: 
- f···.:,,' ' , 

reco!;d4'l9sof ,W pH '8I)d pOi' at the 'S!IJIIE!depth outside tOe ;5hell 
·-·,:'v·,·.·._!I,,:"~ l>.'~· ;';. ··:.~:,:"_:.'··;i;.... : 1:> :':', .,,":': :.) ". '/: ."" 

wete made. 

-flesolts 
~ 

(a) ,pH IIIldI!Dz p~llll,lS' 
... : .' ....... "";"'\ 


The, _re~!ts ,for: .,Hancl p02proflle tlu'ough both ,algal .-.d 
,-: ' ,",: ~; :",'> , ,Co'·· /., i:". . - ' 

eniIIIalfou11ng are gi~ in Figs. Sto8• 
. ',' . --,' , ,'", . 

, ' , 

TjpicalProtUeis daIiilttu:ougha ..t of Ent!ronlorpha are ~1n 
. -.•". ' . .,:. l' '.... J".', :<l" ~~.. ,,' .. - . ,':, .' ;', . 

Fig. 5. - lIhllsttyp1c:al d1i.n:nal fluctuations, CICCUI:J:8d during 
• ~'i' , ' '.", • • ,.e' • • 

photosynthetiC- II!'1d non-phOti:nwnthet1c ,*"lods (Fig. Sa). .mad 
"._"~,:. ",. ';"::" , d, q ,_ " _{.,'.' " _:_ . '" _: ':' i : • 

decreases inpHlIIIIl:1I~ IIIIa)' fro-theaul-f1lCe of ttW...t 
•• ' !. , • . ~. .• 

dc¥I tqwa.rds the abstratacn ,.tdch it.,.. enclOSlild (fig;. 51:1). 

~fa.l1s1n pH,--..nted to as-.ach as 2 units Over 9 IIIj 

'dIpth. 

figure Sa ahoid the thangea in pH .-.d Pl2 between 11ve barnacles 
'. " ,;" . , 

with depthln a stlat1c envirornent. A steady ,decrease in ~ 

occurred as the plata IlUrfe~es toiereappro8ched. pHWtially 

fell on one profile before rislng'but lOSe' steadily with daPth 

on the second' praf'lle. SlIdlar changes are IIt10wI in fig. 6b 

with depth into the shells of dead barnacles. '80th oxygen .-.d . .,. "". . 

pH levels were re~at1l1E1ly steadY '~ similar to, the 8IIIblent 
":;- ~-'., '.<:' ;" 

envlrOlW!Ot Until the. -actual dead shell IIias entered. When a 

IIIUked drop in both fJ02 and pH CICQ11Ted•. 

.~l\lell in' rigs. ,. ri't.' JllellllUr..ellt$\IIere ma<l.e #~ 

iOl;fillidu.al IlUs$els withtiRle (Fig. 7dlb). In thll first 

experisent ,elactrodes were placed, .. indicated (fig.?). 

arCUld indivic:Ull.....alsln genU, flawJ,og ..~ter.' The, 

resUlts show • ~tle' f.I:w;::rease ~ ,IID2, 'eMIS' • aiJc hour 1*'U!cj. 

The, pH~t of the,~ II4tt!In ~~at·,~ 

8.1 (t"'e .UlbientpH being 8.0) ,but 1:GII8' ateIIf:IU, ~, the 

1rtIa1ent aJ.phon to a.6•. ,' 11:1' i::Ia:dIIr ~.~.thI aff~ of 

,flOiW, '00 local. .~.ciIndltJ.ans~" the ~....... 

~tad.but tile flow at~ ..... 'turned Off tar .,2;.5i1aur , 

..,J.adin thelllddleofthlt ~.The nailts "g1"'R. 
. . : 

, in F'lQ.,"Ib. -PD2 IIMtls \m,ae ~y inflQld,ng CC!nd1tJ.ana·but 

fell -.zkadly, .fter alhoit lao. ,w.. flaws caa.d.awJ..nit a 

~ fall lit 90 alii. Levels .... rapidly ratond, onca t..,* 
.... IIIIU.tchadDli agaJil. No ILICh ..teed varlau.on. .... '~. 

, ' 

in ,pH ,around the eldlalent .1pb:n ,1iIIflImI a .taIdy,.J.nc:n4IM 
-
.. 

obsmt8d, aspec1elly cleM to thIIen1Ml. CondltLni around 

indivOJa1 ~, lIIhllst of interest, are lMa repl_tative 

of field conditions fro. around groups or cl\IIIPS. The ' 

IlICpIIr1..ants were ~ ~ted Wittdn denSe clUIIPs of ....ala 

fouling a plate. These r8SIJlts are given 10 figs. tie (1Il1U'd 

IlUlIS8ls) .-.d 8b (within byssal. thrtiIds). In .tatic ccinditJ.ans 

&rCUld the _15 u-a1\(8$ ~ fellrapldly (45l) .....reelJ pft 

rose ,sl1rjltly and then feU aftar 2 h.. llhen flowing c:ondltior\s 

were resuraed after J h,the ~ rose to the original ·levels. 
, 

The pH' rose lArlc:edly at the eltic,trode'near' to the .xhalent 
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s~ (3) but reriialned stlaadyahd ultilllateiy fell silghtiy (2). . . ..' . ! .. 

in;ttie genetal' fooling inass•. /. 

...~, 

III1thihthe'1JyMli'~~" Or",~sel,ci~5. 'IiIfieretilltti($trltus . 
teniis ltO, -=IiUl'te.li*ter~ .~ .~.(Flg, 8b) ~' 
lIIithrro';law~ c:Cinc:entreu.oos diCIppea fr&1~D lBig'tif3S 

~bUt' toait'npl~lylt4i 150 IIifIo .'lIIhfjn'ficw;, ... t8st0ted~· pH.' 

t wi~1ri'thi thread' ClUIps~"l'Ml1.BtO '7.4 (3) "'IinIt B~ito 

7.85('2) lri-"staUc ci:nfit1at..: IoihUst et'tn88dgtiofthlt ~ . 

it -f"lnedf81r1y~at 'aroOOd1.'7S~ lIIlan'f1Dlil':wu 

rellitotei:lpft inltleUy'J;ose (by 0;4 U'I1ts at, Ii1ta3) but . it. . theo 

• fall only to startrf.s1riq .tgi1nat'tM not theIlXper1.ilent~· 

",'",• 
Dlseus.slont 
f ..... tMresulbl· obta1nIid. it ~be cl8lirly 'sean that f(IIJUngI 

• 
 species ..vethe abUlty to G.....tly IIOdlfy thdr loc.l·· 


• 

InI/l~ts. 


•• 
L1\t1t end dark period tluctuat.1.ona in algal.ts !!IBre obsar.'ved 

end. ware lri close w.p:eeIIIen~ with those reported by Terry end 

• 
~ 

Edyv-. (1981) with 1ncnasaln both pH end IID2 llIrJ.ngll!ttt 

t»r1ods. lIhilst thlshappened .ttM surface of the .t pre

• fU_ts ware fre.lyprojecting into UJe water. -deep intottie 
. . . 

mat nearer to the solid _stratl.li! whl1lre shading fl"l1lli light. and• 
accuIIJl,at.lon· of deconIposJ.ng .~gal'lIIBtllrial DCCI..IN'ed. pH values• 
fell IIIBrkedly. Concurrent wlth this dl"Qp in pH !ilaS II fell in•

•
• 

9 

oxygen. Such t~ral and $PiItial va1'1ations in' ~andpft . 

would certainly qive 1'1se to corrosion cells ·at· the sUbsttatie 

surface. ~ly resulting in i::orroaien pitting. 

. . The ":'r.].' _tabellc .ctivlUee or .fau).J.ng.. -=raJ.rwert.tml•• 

together with their. prapeN1ty to-=ci-'1.....tritl.!a~ 

": 	 tlwlsalves. wIll also lIied to 1d.cIoenv~ lIOdif'k.tI.ona. 

Resplretory activities wU1 tend to ~~ .tn-the "tft 
and Input caapanants auch a. ...cinia~"nY .q"atk 

1mIertabJ:at:es· ara ...m.lk. 1••• · the bulk of their nlUagllnoua 

wastes . ~ e.xcrat:ed as ~. . 1heexpftu.nt. ncord~ 'pDz 

end pH' cning.S am.N, 1nd1v1Q8l~ .........~.. ~:ri' 

claady 1nd1cat41 the ~ of _tft~t GIl ..tt. .~. 
.of lnI/irol'lliental changes.. ' In· exp.r_~ta lllhere' no Wlter' 

--.nts oc:curradthmi ... a np1d dac:reUfi1ll. pDz. ,...... 

COIJIdal.o be a ~decreae in pH (no. a.). v., fladrlg . 

condlt.1C1ns are r-.ed tIwn Iey··or iIay nat be a *1bIIeIqI1int. PH . 

1nctease dBpw'Iding .~ the .---.. of· ihelt.r ~ by the 

organl...1n the c:luIIp. . 0wIgn wui '.a. influenced by the 

proxJa1ty of 1nhalent. or ~.a~. the dlnsity II'Id the 

tIlJ.c:knes$' of the clullp w111alsa t)IMt .. wiuence in ~ 

wet.r -.:N_t•. Hence.in thick cl&.!llP* aUt and' detritus 

.cCUlllulatlon is .are COIIIIiIn ~ theh billa II'Idfb.ls 

restricted. Br8IJII<dow1 gf organtc datrit.al _ter1als 'CI3I'IIIUII!S. 

oxygen resulting. in recLlcing c:oni.i.1Uons. llleasurl!llenta haw 

shown that sulphids qu.lckly build' up In such' deposits and 

sulphate recLlcing bacteria .y tie-~. SRBconcentr.tlon·in 

J 
, 

-

I 


;,II 

II 

IJI 

Ii 
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-
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the depOSlts woUld terid to Ile lOW at We start, of ~r1ments as 

condit1onswere nat favourable (POstgate. '1979.). The' cantlooQUs 
, 

prockIctiPn of r1t:h f~,pl!ieUdof:eacal_te"'1alor IlUlpl!lonil.l1l 

~ts bY"£ilt8~' (~~Iic;k1ngand 1IkIod.1.), hOweva,.., 
' .. :'.,~, .. t ,,:H'.:: :.,. ,; ," 1 .,' . .(. . . . ',. '" 

IIIOUld rep1dly altAIr theli:11l~t and the 'rua~,ofSRB ...re 

notedto,f,nc:rease;·,ttcllll ( 1 SRaIll..,1taat llaUt 1 x 10"1 SMIIl-1 . 

aftet ' • ..-.th. 

IUctotJlIIl corrosion can.f'e!=t' _ta1sln a1Ullberof Ways 
, 	 . 

(Iverson,1972, fUlllIt end King. 1975f 1Uil.r, 1981). pH can 

aff~ the ect.ivity of the '1I!Iin o.rganlasinuolved. the H, 1IIho, 

hava tin q:lu.. pH range beban "1.0 .., "1.2 (Graff, 1981) 

although t:Id.S -c:an be lnf'.1.u8nCed by ather' flll:tors. In at:I1t.l1;1n, 

they l'IKIJlre a catbon end nitrogen .aurCa .. ,.11 .. various 

salts .., tin alac:tron accaptor (Hed:Jart '~ id•• 1985)•.Ail of 

U- fac:ton are availabll in the debris ..-a.,lltting b41tween 

.ar1.na foullng .-d the, 1lUbst.ra~ 110 providing • potantlally 

corrosiveanvirorwent. 

Evan IIIhete such accullIUlatiori does not take place varlable 

c:hangas, inoxYQ8ll and pH .~trations across'the su,..face of 

.teel soch as C3'I ,becaustd by foul~ ~ C3'I give ti_ 

to 'corms1an calla lalildlng to pif;tlng corrosion. 

There is an initial tllld8llCY for the pH to rise as a rel;Ult of 

the excretoryactivi1:i~ of fouling aniIIal. and this 1& UI'Illkely 

to give rise to corr:os1an problems. Eventually. ~er, feacal 

h
,! 

;1 

~I 

materials 'and detrltus'~ill build up around or~anisms ~re bo~ 
, ' 

low pH and p02 devul9\ls providing a potentially coJ;J:'O&'iI!u 

envinx-nt. flaw does .,dify thh _build UfJ but, .in·th•. 
, ' 

Ixparlunts car:rllldo...t"ttid not,prlvl!(lt it. ,R~~r: it 

l'8I}.ilated the depth of deposit, ~1~~ in t:- , 
~. It ahoutd alao .. r~,~- in.., ;f~ 
population so-.1Q:IJvlWela 111111 be dying or dUd. ,Thlb 

. 	
~lng~wU.l~1!:Ielacal1Md c:onoa1ve ........ 
~iccandltiorJs.-.t SR8'a 111111 b4I fCll.l'l!f."C314lng ~y 
p%OIi1desa hl!bit.t;;~ HtInd., "1tt.~ WIi,~.,,,!ul 
create 1~1Mct ..,J.rcx-.ntal dlffarenc::a' ~ ~""th; 
l1kel1haOd or. pitting.. ' 

n
;\ 
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Fig,S. pH and p02 profiles into macrofoltling eomllllll'litilS dominated 
by Balm trenatU$ on .. steel plate. 1,1 two pH profiles.. Ib) two lIO;ai 

profiles. leI pH and P02 profiles into dead barl'lllCle shiella withdetri~Us. 
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..1 Tbellitt~~ of cathodiC "protection OO~~lIic~tlO"" arid"rfOf'!lllUlc. 

'. ofi. AA~U'oullr14l. ~1~.
/I' 

I' 

, 	 ael~ln.er .E.G; ... ·IUtcb8l1.A.J; 
Dept., '<;4 lInY1roMe1l'!:al Bl01011 

,"=~~venilt7 ' ... IlariChe.W. 1f139PL; " 
.$; 	 ~11al1d:f" . 

r 

.I' 

... 
, 

Ablitrict 
.:.~~~ e,~l bill.ttI ~ted with ~per/t1n ant11'_1111&p 	 paint' llere '.:itpoii~1n _vat.I-' In .the tl~ld iUIit. 1.bOioatbrt~ScM '. Were 

1IUbj!!l'l~ t;o qtbocJ~C ~te<:t1on b¥ "....._ current (~).
SJi' inci EDAX Iie&.~ta IJ.dlc..tecI ~ :l.achln;; ... te',oc. copper 
OIl: tbePl'C!tec~ pa1n~ .at'ter14 dQ1a.~ protected P!llnt abo ebowed. 

) reduCed bactei"ial activIty but· ~e4 dl.toe Iu1d protOzoan· . 
co~~l~tlon.:t~1l I!lU l"~b¥COCltact not b¥ dU'f'wIl00. ~r 
_baRl... lri'll'olvedln tOXln. nil.... ere.i,o noted. ' .'. 

l. 
~~ 

"1 

... 
... 
'I. 

... 

" 


. Introduction 

Applications of protective coatings and cathodic protect1on(c.p~'l 

are recognised' corrosion control methods for IIIBrine steel It.ruc:tureso 
Cathod~c . protec.tlOl'l preventl conCIsion by. Int~lng til8ctrl~l' 

" 
currentS trem externalllClUfCa to e~~t.thlJno~ e~. 
carrollon' fe.etlans. C04U,. lUChu ",tUau:J.1ng Aelnts '.a .. 

" (".." ,.; . 

barrIer to ~' the flao, of couos1a1 ~.a.boIHnu.~r 

Dccurrlng .anodes'" cathodes or wlwit gelvWc CCII.II1" (...... 19681 

flinger. 1980)' . AnUfauling ~. also JJICOqIOrII~ b1oc~~ .. " 

Tr~ylt1n nuor~ (~) end o..,~ Oxide (~) (~, flJ1J. ..' '.' . . . .', " ; 

.' .." ..- . of u.. blacld1111'~
'.;""

V..: ',' 
_U..t . Evans. . . 1981). ~ . ,". . . ..." . " ,.,.' ...:." ..~.. 

end .growth' of .bipfoullng 0I:1I)IIII'I1IIIIe Wdd\~"'" c:a.. .~'. of 

paint ru.send·.mane.· ~.'(r~ !til.. ,.).' .. . 
'. " \."' '. ..... . . . . .... 

As corrosian ~t1on ~ bI!CCII!III -.:an. ~1tlQd. ~ of 

antiroullnQs 1" conjunction _i,th. C.P. have bllC".lIOr, ~. 

resultIng' in 'reseud't 1rwestllj111tlng trw COIIIPIitlbUlty or VU'....'~. 
" 	 . ' . '. .' ~.,t.' t'.' .',:_"~' ... ; . 

. rOratlation. 	to dlfrer",t lev.I. ot C.P. (~E.elf' .18110. 
. . . . '., ..' ". '., ".~ . 

~t. 1980). RelatIvely'''' 1nI!estiljlllUans have ~ u..rt.::w 
, . .' . . ' "~.: 

or C.P. an thIt anUraullngpert~ of palnta. 

In thIt preseot 1nlIestioaUon ."" ",tV~iln111 ronu",tlon u..d 

cOI!IIHrclallY,. incanjln:tl,on wIth C.P. was ~t4IC~ Iw .!I" s..raed 
current (-966 l1li) arid exposed at the ...,..1 Strait, IInQl•••y. 

~t1ons were· ... 00 the IIhcIrt b!ni.,fects the PprI,Ud_ . 

had an a) the various COIIIPQI1eI'Its of .:n. pe1ntf1l11. end b) !l1oft~ 
, 

developaent• 

http:ael~ln.er


,,. 

• 

• 
~ 

~ .~. 	 .-.;"'" "f /' .' 

• ,:,::..,. '". ':~:' _T~~,:"::.'-·~ :\;"~"':~!'"':- "~"r _ . -,$.1\, 


. (1)' ~rlttionor Painted Steel Billets 

·;:_: ... ~,.~,t·_tlJ' .:·!:;~',:h.:·:'::';;~'-.-:,~f· ",.~ ·;;"~A~:.-~~,:.,·': .",} ,-, '; ;. .,:',-",":~, .. ~ ":., 

Thirty-al. ateel blllets (8-10.aD2 end l ....depth) were cut froll•t ;~·:~·~·;·~,·tr:S·/;t: :'::~,,;jS-~": It;': •..:\, :,,', "'>,~; .. '.',t"fl '-""':"''; .. ·.--:i';.';:·:,':· . ~ ... ' 
.t..1dItrd steal plates. The dimenSlonsof -thB butits-!lim 'c:hosento

• :,'. ,:;:-'~~ ,",·,·'.>:,2,h' ~ .. :~.\-.:I"· '~~'r.t' ~-"\' -·,:i:~~.' :",:ni. ,~.,~:·1 "':"l';{', ·-'.~t:~.~:.· ',_. ;','" ' 

(a) fecilltate a· Ie.. de.trucUve. -th!xI of preP.raUonpdor to 
;~~::_>: :>{;'~. :',.k7"'i:: .':,~_" ,t~ ,1-,,:.-:'1.'-;. ',"_ , ...:),' "'.,,- +,--_~. ' ,; ,'-_::~.,• .:.ming elect.ron ~;. 4II1CI' (ii}alloWdirectobs8i:VatlCnS of 'the., 

/
..,.-" i ,.' ' ..... ;<-,- .. 	 '.~' , >;• ..-.o1e billet 8U!face. 


" .>',."',': r~··:j .'~L(.'~·::':"~·".':,:':;:;" 'r"";·. '.:..t·, .,",J"!!,, '.',:::. ~;':;', ":''-. ~ :;:-. .< _ ,"
• Single non-standard (1hIula~) nickel lIIireS·... Spot Welded e1Cing 


• ~'\;1de'J ~ b~i~ ~j~~' tri' a::fl~1b1ipOi~" 
",f,"" ~:.1t,1,' , . ":;~;,4·:'!"""· :,;'" .f,-;:>:'"'; :-:'.~ ,,~!S-:-:, ( ,,"'-- -.';''\'''':'' :. ,"':-. _'",'..• resin. EactI billet'.. then Undb~ tI1d p,rtiladlllltha5O __ !eyilr 

• ~'~_ ~~i."·. ~1iil h~ intlfcili~ ~,eonbt1nl,yi{ 
Tr1butylt1n F~id.(18n:):~'~~'O~de:ttu20i~}bl.cic:ld8is 1IIfii'" "• ," , ,.:,' 'i" ',: .:, .', ':'. ,:. ". ,', ....",' ,:' . .,; '.-, ~..'" ( ; ",", ; 
then 1IPI)l1ed to glvaadry Ulil tIi1c:1<nOss or 1(1)-150,•• 

t• 
(2) 	IipreSSeCi Current Syat.. 

\;

• A rigid ~tic due 1!I8S drWedllliihwrtv-s41 liiIi;hOieS IIPProX~ 

•
• 0.5-1.0 cia; episrt. ~. Pilnted &Ul8t Wsfbed IntaPQSIUon &y 

threadlng the nickel IIIlr8t.hrou{11 the 'd"';into' a "tarproot junction 

box. Eli;#ltilen of th8~1l1.ii, (recelving ~t.-.d curnritl.ere IIIlred 

Into • block connectOrrecelvlng d.c. trOll is potentiOstat. The
, , ' , 

r.ainJ.ng i:ontroi blUets Wet8fbed'fl11i1iiy lIIithln thejt.ly;tlonbox 

.i~.ityd~c; IkiliPly. '.'~~. ~lat1ruaWiode 8ncIacalOliel 

refer~ electtodetoiere fllied .~ the per1aetat of the plut1cdl.c III'Id 

connected, to the pot8ritlostat. The desl~ of the potentlosbt ailoiolEld 

~'Pl'DteI;::tlO1T'ClJrnn.t to be MIllntained at 8pr&..set levt!l of .;.966 II1II. 

c 

"r~.,,", 

Grid raf. 1J5s,-t. 114!iH 563724. dud".. ...}' .0 Juna. 


Alolecule. andbechr1a in general are ~ .to 


sutface lI1eroleyer (nlUSton) of _ter (~•• 191KJ)~To 'avold' 


conta.J.natlonof ttw painted surf.:.. by U- -vents. 


blllets Were s-nac:t in a " 1 conte1ner or atc1le (0.2i ..) f~~nd 


.....ter Iih1ch ... then .....f9ICI in ......tv 1IIhere' the" b~" 


be r-oved undeNeter. El~~ bllleta fa. Mcb, tr..t.a!,i , ••el:. 


removed over a 1. dtq (336 hr~ expoeure perioda 


each being ~~bn' uposurnof 1. 5. 11, iA. 168'and DlI:Iauz1r. 

\ 

Arter field axpauHli the billets wan 

,fUtered _tar to ~ 1_ debt'l.,flMd far 10 aJ.nuta. ~,.#, 

w/v ~.~~.'end..atti!d s..d.bUiUd"'(ot,O 

~." ~l.. f~ '.:.nn1ng' el..~~ 
" ,'" "-- ." 

.:lOOted onto 1·CIi ~••WIs.end carbon·c:oa~.n..··~· f# 


each billet Ws'~ I,is1ng a c.c,r1dge ~'el~~, 


(5360) IIIlth anergy dJ.8perslve X-ray alcroenel:re1a (m.x). 


_lysis the ...,les Wen re.Ned end coated III1th vold to al],Q,l En 


detailed sat of the a«fa':1l. 


(4) Lfiborattu;x 	~ . 


Painted .taa~ bUletalllllre pnparad .. ~ 

, . 

in a Mrlne, reclrculet1ng, flOlll .,.._ ~ 


f1'Oll the ~ ~a1t.;~y., : Tha:~~Un; ..•y••.•; 


10C M1nt.a1ned ~.~t1a\s.. of, ~t.~la, .protazOll•...~.•10

(Entermap)' ~. ~~~:'·{Nlt~E&1~. __~'and ~" 
, , ' .. " ..r .' "" -. ~ . - ". , 

certaJn ~lc 
1I!:Q"'1.~ 1(1 ,,,the 

the painted 

~ 
. 

thre.' repl1catft fn. 

plKed 1nto(0.22_) 

,.-. t.hIin'e1J::~~;'
'," "". -< • 

Atter mAX 

(1-2) and i-n-t 
......bn; collected 

14OC!. 

.Pain~ , 
' ....;.:" 

:"'.. , ",' 
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12 daY~ exposure and prepared as. in d)~ 
,,. -:". ": t: 

~{'I "~,~~.:.-..::- '!i,.~¥ '1.~ '. v', 

R:flltsi .' 
~ _ ~.'f-""~,'lI".,;: ,ft;! "j , • _ 

:r.,t~ll!0!:,~~~llY.~~~~:peln~,stetsl'~11i;~ex~sed 'for 

.y~t1~:.J~. ~~~~1~,'1~,~1UI!I~,"ya~kooJ~~~< . ~. 
~~_,~~I1J~' ~~~.tomAX -.,lysis. ~.,.era than. gold. 
, ' ": .~ •. ,', .' ••• ' " 'c ,'- _ • "<.:": ....., ,,' : . , 

.~.~fl:lr ~~~ vllU!ll ~t1ans of. the ....rf.ee h.tures and 
, ." ,> "'Co" 

~f~' 
'.-; . ~~~ .:~f ~ ~aobt;,a1Mdue IjIll/81'1 iI1Flg. 1~2. The IIIIdn 
,,~~ .~ .. <)'j'i9:?' :).\.t.·· -""", h.t

,," ,: ,::'-, " ,.,." ,',':"• 

~!I ',r!IIp<~!. tI;t8.. -~ cOlllponanta of the pe.i!'1t, 1••" We.lIIlItr1.x, 
{$ilj.~:.t.:-~.:~'..;.·;.: :',',; ,: : ",,:, \ - ... ~. _ .! "'.:.'-."_' :,:,...........::., ..'. ". 

-..IUch ... PVCbQed end ... rap~13y .the c:hlorlna peak'" the 

i~'~~{-~;~-~V~~~.-\t18 .~~..~~ .. ~.~:. 
 Th8 

ral~~i,!~. J,lrQP(lrUo!1sof:. "c:h 1Il-.ntal. paek~ll1d "l~t_ ... 
Q,",~7:' .->- ..!~ :.,\;, ',_~,; :--:. : . "'., '':>, ), ", ,> '. -,_: -<', ' ',' .'. ". ,'. 
~~ the 0 -end", _ .xp.rt.snta•.TIwsa changes are ..-r1,sed 
:.~:,;:t~' "". . .<~, : " _,., .~" . 
1n..T"~, I.The8llia!$lb! ;npresentthe .chengelI 1n"~t1V8 p~lons 

't.i,~'~~ ::"',,[';,' :." '~>:,: 3 ",' -.' ' . . - - :_', . ' .' . -, .,: .' _ -,' , 

Qf .n.elll!lll!llt within We surface la.yars of the pe1nt· ru.... The 

~f:;'~~thtJ.n. .-d ~rfeli av.r the 336 h1*1cxI, &Scanbe 

SII4iIl r~ fig.. 3, al~ th!t r,ta of~ dirfers tJetwaeo thaa... 
<·~,1-, ":'":1ft.::~''-,, ':., ' ,~ .. , " ;,' ,,',_ . 

IJ:'O'l appfiai-ed to ~1nlt1elly until. .ftar day 168 "*' it fall 

:~~l~. 1h8relllllre'lgn1fi~ diff~be~ .q,rOtactlid and 

proieCted (at -966 .,) piIIllnts tor lioo ....COPPer but not foli·tin. 

". Ibi~tlons .Of' the.' Pain -urface .8hoWad, _Pil' ~ witilt.1M . 

(Pl.ete I to IV)~ 1hePl'lat1na (~) pelnt'(Ph.ta 'x. and. b) 

Clearl~st-i~~r alots on. the SurfllC8 IiII1kh~ter1sed 
~-' /,f hl\t1 lriitU;l tin .conCantrat1on~ lllariy slots..,..,r'e Partially 

~OIIe~ ~. tile _tr~'..tedal. ..·1l\ere .;;"rs '.~',..an~ .densely' packed 

. grerlt.r~, .~th 1ar~(iIa1niy .cot:if.I!Ir) '8ntt. -&niBil .. (lIB1rily 1rori).being 

· vl~l~~~;,~~ .Dtt~i~~.~;t~ ... ...r~.; .,.~f~~\ I.~..;t. 
seawatllr for. 11 n IIIOre slots appeared and th!!~. ~,~ess _trb cw,er 

.' :,' .-,-if." --,,; V"'...".:.::;~ c.,~~.., :,f.:(i:.' /~'.'!~~'i:"~ 

(Plate Ie to It')~ the granules .dld not protrude from the,.~rt'ace in 
. ,~ ,~~}~/~,j,.1.~r~";:'::-:ffJ'·'0;.~~:: 

su,;ha.p~~r. Both. 0 ., .nd -:-960 at ~~,.pa1nts ~ 
". ;"-, ;'" f'r!" ~,,"".~~~-,.w!1-U:~ ::;~~.t.::' 

sl~ll.;rat thi. s.ta.g~ (Plates Ic-d II!'1d x..rnspac~\I.lYh ·.·.With 
· . . . .... ,,,. . ..... '. . . . ,':." .. '..... "'.'.". ·;""';\';a..,J:,'.;~c'· ":'>. 
incraal!l"O .~alolre t~.. difr..r.qc•• ·batIiI.8I'I· the protected .f'jd 

, , . '.' . • " . .::. .~:::/."" '''';:/''~ "~'t'~' ";'.":'. 

I.Illrot;ac:bldpaint. ~~lIfIt.~ftitr.~ h .". alQt.~. p~t 
• '..." '" ,u!" •..••:', .' ".,""\J,.:' ""~::"},,';:';~"'i~~':'" "'1'~':,.~' 

lIIith II'Iu'per lIdguon u.. "4lrota:tad piIJnt (Pl8ti1 II.). 1hD...1II8S 
., ','.""'. ::. . '. ,,' 

Ill., ),1IMd:w1lil.lS gnnJla~on "f-.r~.~ ....dpert1cl... 
. '.' ' :,' ,'. " ~'.'.:"., '.-" ',.. "'. '-"' ',: -'., ..:.: . '"' ' .' ~~r: """.~:;t.:; 


On..the ...966 1I!I'pe,tnt t-var, . tI!IO typeaofan.. with. diffannt' 

," ,; . 'c' 't' "'.' ' :, . ..',' ''';''', \ 

.~hIId~(Plate UI a to c). One hIId ...tIII-.1" 
• ""., ' •.•. ,.' ,e" ,.'. ",,::...' ....._ .• 

fUll wJ.1:hleas .abvlaus alats, the o1:fwl bed. C18U'U1I!lOt. ~litUi'" . '. ". . ..', '. ·:C ... ' .,'. 'c' ", ..::.~.... ,.\{~.;". " 

less ~ .t11 h. Gnnulatlan ... __ but ,... ~lIiIZ'ly def1nlld in 

·~ latter ...... Afte "". fila' bed .tiIIrtIId 1:0 ~.are 
. '~'~.j:( .': " 

extansll(tlly ~ the.~tIId(O at) tIIIIple, lIIIdng'the,'~ ... 
. . -, " ',~ "" 

· .orarallet1a!i leas. claa:I:' (Plate I~). .f u.. II1ao .CQ1tJAJ11d to ~Gn 
. .', '.- ,',' .:.. ;'.-. 

the -966 at ....,1.. (Plata III d tor, but ... 1J'I8V8n 1nit.t;Ndcnea•. 
, " ,,'. . . . " ," ,-;,' , "', 

Althatqa .-·slots wrs abvlaus ....... bec.aI1ng 1.,.. c:w&r! aiI'-' 
the orwWat1an8. 

f1nai.ly,.ftar 14 day. exposure ~ fUll drMIlapIIIent on all ....,la 
. , " ' ' "- "'.. ,~,:' '; ',';, .', 

... .are extensive with the 0 ., lhawlng both alota ... pore. ~ . . 

OVIKgrOloln (Plata II c to f). Gnrulatlon ........1bl. to ... ~ 

":,,>~'.:'t.,:;~~ ;,;:':"'. i' 

or the .th1c:knats of tho ma. ~.the ~ at ~ (~~~:,~,. the· , ' ' -,' -. ,_ .,,,,, ·,t.. ,~ ~,' ',.;" ~ :-, :'-.1: :1 "}t.': 

· f11•. IIIIIS IIOre extans1" thIIIn at ., dIlya but. IIIII!I'IY .•1Q~ .,,.tI ,st1.1:l 
, , , , '., ,"':', ,,~,.;'w'; ".',-;,·;r;~\: .,::1'";".:.:>/ '~';;;:'1,' ~' 

obvious. fIIany ~ .loI8re still p~ ¥,'~~~~".~~:~r 

than before. Poiu appeared,to be. f~lf~'il:!a~:,~,c,-~.,:~~a 
(Plate IVf~ label 1) IIIIl1ch broke~i(2)~ ~!~!~'"'~ 

http:1IMd:w1lil.lS
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• .~l.S (3).' ~ rflC~~ '~i.~t;~'~l~~!K.I'~ t~'ldiIiiicyul~loIiih 
}.~~Rht! ....~ .''";).~-;;, -',~ -':"" ~,·,d '4:.:0:.";' (:",.:. > .~>';'.". \~""d ,. <1.'" :' .:t' "~.: .J.,t 	 .~re·4&. tha paint, ..trix cavity 'bottom' eroded away' reVe81~ng .ore 

t 	 ~~t~ por~~! ~l~ P~]:Y 'p'~~8d'by di~lutiaA~ 
'!'. ""~~~~ti~"Jr"~>~ta{(l~~.Siinll1cl1U;d~f iUiI.iI' reriatlGll•t 

• 
a~~' ba~t..;id colCriAtlori;',ccic~ GIl ~~~:d"., ri -'966 ., 
....,{.,;.-. ib,~~~&: c:atQn1..iti~~t~I,~~(~t an.' ,,'.".,; " , . ,,' ( . ~ 

t 	 the ~~~'palnts '(PIa_ta'iiI' d~.~h. '~wh ~" ..n' td have 
'~ C&lluJ;.MitiIVc) ~:~·tti o~lgtnal.rf tlt.. of hIght 

~ 	 l=~A ~J'~rW tYtles'~ p~fii.i;lriQ";cOCCold 
to~;Ja' 'to j,U..-;t.. ''~.j·i~ai dlatClilS '. '~ir. -"jlati '~t••ent aNit 
;{~ ';'t ~\~ th8·"f~ld'~'.ies.:~~'t~on~ 
~ -966., prQ~~~'(P14ta Iii~).O:·.iliof'~'m1:hiiHAiiipieat 
.ere~ll-(:p.iitir~ p-iot~iilans(PiA\-;.iII~ end c). 'n••tiledt 
dl~by1i:~~. end' wirin..ali1s'heii ~cMI~bY thI. tili.

• In 't.-'~~ ~1i.1.nt' 1oII'IeH'fd:~ ~m1I:.S (15OClind a t 
ri~r-dlat;oa 	~lor. "'P~t. dlat.a.i:Olonl'.t1an'GIl ttw-966 .,

t 

• 
~ 	

pr~t.~ ~is~.:.i:h i.ion obitJ.auIJ. A ~rot ..-=1.. ""*" 
.~ '" "~"" ..\ '. . ',: . i __ '. ,,", . 

reprasenttild on' the ':'966 ""'. painted 1iUrf.c..1ncluicu'nljj' ~ : .rw.t 

Achnanth.s. 	 Colonisation by bacteria 1n the laboretory b.sed 

• 	 eliperlMnt. tollMc:t .. s.biUar pattern to the fi.ld ~. 

• 
• 	 Dilicueii!:! 

• 

• DUt'" 1:Iidnt. ~lona Mve dlttllrint ~.~ ictian. 


It ..... ...,. ~ JntM l1tenture tt.t. Iff ¥ __ JIll"," the 


,• 
~ 
 b:.icins ani "1""'1:1;' ~t INchlni.:l (PhillIPs. 1t73t EWene~ 1981}. 

In ci.1ntl:'Ht tJWY. ~ti.t ~Wl1c*. iIuCh as 1:.r!.bi:ltyl tirI 

.~. lite w:A.:lII]ltiC'lr dlsP8t.f'u.~ ·th.iirst.tilll~intaJ.n~ a 

• 
~ 

lIIifoflll &alCentraUon through the filII 10 thoIt biocide rel_ at tha 

paint surf.ce 1'fI$Jlts in IIIOre ditfusing ~s to repla~lj'" -if'lJ~it 

resulting 111' ••tNdy .l,.r leec:hlng rata. M1llat this I!IIIY be ·truIi ot 

... tin ~ it was' nOt true ~ ttw ·lBlf fOZWJlatiGn u..a ~. 
• -'," 'i ": - .• " ,"1("''1.::

ObS'fv.t1on.und.r SE" cl.arly ~ tM t1l1 to be present 

~ly lIS OIIIdle-llk. parUc1.;~~.t tn. lUl'fiice (Ito 

IV) bUt usa ~ the dIpth 'at.tt. fU..-· ~y"~' 

If one consid.ra the conc.n~r.tlon· chMge. 11:1 ..1n "~111c 
COKICIl8rlts, fro- the paint tU-. i ••• tMWei b~ ~. Si6,t; arid 

tI'!-~t iron oxidt. 1~ can bt ..... (Fl;_ 3' .IrId TIibl8I) ~t ~ 
as:e cona1derllble d1fftrenC8s. ~. ..a Un decz";' ..:bcd.YMr 
ttw p!1'iod IIIIwr!aS lron~'- an ....unt .Ught inCr....: 'h. 
~ incqJper ~t.lGn oc:cUrnd _idly at ttw ~~ Gfb 
.~ period. ~ out ttwn f.u nPldly &QII1n ~ u..;·'irid II 
phast. This IIIOUld bt tIlq)8Ctad It c::antact l.-=h1ng we occun1ng .. 

IIltfIOS8d pert.lcl.. of copper would lMch rapldly on t-n.1on 1n 
,-  JIse.w.t.r. There would thlll1 ba • J.-.,;a .. a1ilt\Uy leu avalUba 

., ". i1; ~, ~ . 

_tedal becfM uposed. Thi. tIOUld ttwn IIllCh. Thla pulSing efttct 

IIIOUld be expctad to -.oth OI.Itlllith U.- .. putic1.. __ -..lllible II 
tot 1~ GIl a .on, r-x. _lao Thla .,teet 01 put1c1e 1..:tUng 

can tit ..... ,GIl the lIUrlace ... ClIlC8 it ... ~. a pan 1& t ..... 

..a 1:1aM '*' bet .... in Plat.. I to IV" ... IIaI.rIg _ lit la_ II 
~ 0-., ..~s.. _-. P'.Iate IW' $llldl..... ~• .....n:
ot poRI flllNlttt.n. Al~ tin ......., .... ~ lou. rete. thtn I 
••• atill I!vw.nce of • al~t pulsed 1:'Itu.e .rrlict .. tII1IIWd ... 

elql!CtaG "inIl ttwauU..r ~ I 

I 

I 
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The' same seqi.Hll'l!:e of cevity fol'll!ilt,loii (intttecaseofthetestjjltl'e 

.slot- shaped) .fClliOileciby SecOl"ld8.rYt'lolesfotlllingin thll cavity 

bottollis releasing, furt.he,r deep8rtox1ils (Plate XV d and '. g). As 
. 	 , , 

cavities,_re Prod.ICed .~ tiecaaIe"lnvadedby,_ter.,~ onelilauld" 

expect 1nc:reaa. 1n.'.1IOdh.a and d'Iladne, lMls' .t 'the,... t1me.t 

which the toxlM 'uw ~" Ths.. ... fCMld tC!.'tHi eo (Flv.· 3) 

~rttno the vi.,' that_tat ~.t1on otthe~ ~lY , 

il'1Cl;'1l8S8S Idth UIiJ. ,. 

Differences .... f~in toxin l""i;~~t,.;.o .., 
Ini ;'966 ill 8811P~' , F ~ bOth Un end ~ lcMIr levels afillW 

IIIIIl'fI p.taI!nt,.(~1~~1ntha.~,,'~' :~.~f~~"' .. 
.cst ..rklld with .tbiI'ccpper. 'ElJIc~l ta~Uona invalvinv 

, . ,w. pl8c!Id at a~ht~~·..3'lO'''~.lth Un 
cqJpel' , " \ " : ' ' ,,' " '. .:, .'. . '.... '. • , 

(-960.,)10 ttW ~af this expei'1tIIri.1ts.. th!.Is'i!ore'l;fJ<dt ' 
. ", ..'. ,'" '.- . 

tha,t cq:lp8r b8/IiIId ~ IIiIOUldProc-:l.n f41ip1dly ,t ,thellllgllitiv.. .' . 

patentW _lied (...) as 1t 11 further f~'1t. ~ witt. Un 

III11ch is u-tat aqulllbd.... Idth 
, 

it. If ttd.a 18 eo~ 
~' 

~ 
" ) : "" ,

frOll1 paints.could bl!' anqnced:' by an illpr....d current ,clithodic 

protecUansystei.po.s1bly ahart_nino t"e 11fe of the' paInt's 

antifouling ability. " 
Bacterial c:oloni ..Uon IIIU ,rtdUCed on the -s66 ., paint. This 

could have been due to unflSllOUl;llble 'electrostatic cqrge. on' th. 
surtece. Th1a effect CIIl pley en .IIIportant role in the .t~of 

bacteria to alrraces (lIIarsMll.19E1O). As bacteria appear to IhiJw 

greater toxicltyto copper (DMpsey, 1981) it. is Klre likely that 

enhanced cqJper leacl'l1n\l' On the '-966 ., AIIIPl," c8used the :rec:luCed 
, " 

activity. The IDlol8r toxicity of.Un to bacteria (as reported by 

: ... 
::.~ "-' 

" 

DelIIPsey. Hle1> or its lowes: leaching rat. was sUpPorted bythl 

relatively rapid recolonisation of the 'slots' by lIIicroorganiSlllS ~ftar 
thE. inlt1al aurge. of leachi~. Thailllpressec:l current .....dto ,~~ , 
the oppoSite _ff~.· ~r. on dt.ta. c:olons...tJon l1l/"I-1'- in the 

,J.!IbcJr.tory~"'ta larger rUDIIra ... f~ 'fit'. pro~t:.d ~ther 
than uriprotected Pafnt,a. " 

.Ccn::lus1one 

1. tiild.-a 18 presaI'IUd ~' that....'tJ.n,'~ ~,~ 
. . . ' 

~llN!Ch!ng not.d1rf~ ~. 

2. TIleuseofC"P~ ~'CUI:ftnt(at"""') on1h1a ~fca41ng. 	 . .. '. . ~-.". .' ,."', . . ~. . 

pa1I]t~ t;o .~_lAIIach1ngn_ at, toxiN; 
.', "','.. \; -' - ' . . 

3., leIJs'taPidbectar1al ca1on1aatJ..on aca&mId an ~bId Pt1ntJ. 
~ ,.'. ' . , ' '. , . ". " "" '. '. 

4. 	 JItore ,larger alcrofauJing (Oiat_' and Pz:Oto:a:oana) Gr~_ 

occurred on the prot.cbld~. 

I l 
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I Figur. 3.' Thl chan.., In .rel.tl... ".r:qpo"IQnl.of -ari.Oti'·j:Omponents of the paint 

film with time. Thl v.,tic~1 &kiS unl" .,. till ..._n.... of·m.t Illment per unit 
. ' . .:. , OJ fe 50.all. Cl Na 

Cu StI' Fe
e'
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Fe S7~J6 7.04 .. 3~74 9.08 
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'AI1iT8ACT 

As -Il)' r~s "~I'ellit~ 09t. sliie... ~nd is one of the 

SOli.. proalsillll ___i ...s f';" Iloft':t.lie .fttifClU:~illl .,...iltts. But its -~. aacba!!i••i/of pl'e1IellflliC _ina feulillCS is .Rot .clew. On the other 

llaa'cl thfOitbosi~ f6f'lUti ... b.sbeen aU.:..cteci attention as It sialIar 

phenoaenon to aerine foulines. In order to Bake the relationship 

be'tveen these two phenoaena clear. proteins' adsorption vas ex_ined on 

,arioU. ailicona. Several interestlnc coihcidents betveenthe tllO .. 
 ~a, were observed. 


• 	 I. Int"oduction 

It has been incii(:8ted that lov .emero .urfa!:l!t and also surface 

"'ich is itt. ~ifieran~ of enero have 100d lIintifoUlillC property. , t; 
HZ) 'This is _il.s explained ..ith the,surface eoerltY. put it Is 

not adequate to uplain. for exa..,le. teflOft resin has I .... er surface 

_1'0 than ilillcon,min. ,bill teflon resin MOWS poorerantifouline 

perforunce,thansiUcon resill. , 

II!1rine,fouliftl: pheno.enonis the,result of adhesion and coar;ulaUon

l' of,jSCOl,lIl Uquid.3)4)5) In ihIs sense. it closely reseables the, 

foraatioll ,of th~sis. Reee~tb in the _dieal field. sany art! ficial 

antl'-thnMlboid.pob.r _terial. have been developed. ilne' of ther II!)lIt inter'lItine uterials possesses a unique ,surfa!:l!t strveture IIhlch is 

• 	 collpoSed of separated bydrophobic and hydrophilic portions. Such a , surface ean be obtained by chaneine portions 'of NElIA (hydroxy ethy 1 

aethacrylate •• ;hydrophilic c~nent) and styrene{hydrophobic ~aponent) 

t 
¥ben thed_in size and the. rieure of, the surface, a Iso dlance. , These 

chlll\eea are pred_inatinr factors for .oblaln1ne·effevtive pob-r 

l&irface. Based on this fi!!dines. authors fnltestieated the relation 

• 
between 8dsorplion of proteins and asoftt. of urine foulines on candidate 

pob_rs by. the use of various phase-separated surface. 

t 
• 
t 

2. Ii.perient 

(I) Materilrls 

As hydrophGbie co..,oi.mt (A). IICthY'''pbenil~..itOll~ ~e.in 

0I/S1=1:')7 anddi_thyl .U~nllerub"r (AlSt"~)""''' seleetel. ' 

As hydj."""Uk c__nt (Ii), "iHcotl·"aln_fa~~i~hfIQbJ.kYi~ 
&1";01 II~ _lecte4; S- .tructUlil ......1. '''~·It.i.~t(A' .:.-..' 

(Blare IIhova 111 Fieure t. 
The _thyl-pbeft,l ..Holane resi ... 111 151 toJ_,_luti!lft.' the 4i-' 

.ethyJ siloxane Ml...... inc 50S fast volatUeMJ.U"" .... tile' silicon 

resin aodified lIith polyethylene elycol ,in loDS N;,. 11..14. 
SiliCa! reSi. BOdeI f«lIIfla. vltiefl ...re coepollllOd .c the, eethy1:

phenyl silOlt_ alld tlle silicon resin -.fillet! ..ith polyethylene 8beo1. 

and the sl licon rubber lIodel fonllla. IIhieh were cOlll'OllCd of, the dillCthy I 

silo.ane rubber. paraffin vax and the silicon resin .odified IIith poly

ethylene e}yeol. IIere prepared for follovine tests • 

(2) 	Sea i • .ersioll test 

On 1.0 1300 II 100 .. steel plates. epoxy Ale lias applied In t .. o 

coats (100 aiCl'Ollll lIZ) anelthen each sa.ple vas applied to 30-50 .icrons 

,thick_s. and left for dryine for 1 veek at roo. te-..erature. 

Silicon resIII .odel foraula and silicon rubber aodel fonula llere 

i_rsed at Shi.bu Orido say fr_ Aveilst 1986lo flarchl987 and at 

Yokosuka Bay froa flarch 1987 to January 1988. respectively. The IIIIOUnt 

o.f foUline oreal)ins vas val.1Je4 at fouBnr; percent every .onth. 

U) Surface eneru 

The nr'face. enerey ..as induced fra the cOlltact anele by usine 

fowkes' and Ow.... for_da. 'The surface .... 5 cleaned off dirts and 

",lillC. vbich adhered dudne· sea i_rsioll. and presented to the .a

sure_nt. 

(4 ) Surface structure 

The surfaoedried for a .. eek after application vas dyed vjth Os.ius 

acid ,6) and obserlled ..ith a S.E.II. (S!::annlne EIectro lIicroscope). 

(5) Adsorption of proteins 

Adsorption eaount ..as obtained by t~ Folin~s ~thod.7) The 

outline is as foll....s: 

1•• diaae.ter glass beads ...hieh have about 2.000 .. areas...ere 

ia_rsed In'Z.4% Non Volatile solution. and dried while shakinr;. After 

t'hat they were vashed in buffer solutiOft and then the air on beads sur

face were coIII'letly evacuated. Adsorbed protei,ns (Albulline. r



gl<hrin" and Fibrinogen vere ....asured by lhe spectro scopic differene.. 

using 770 nil tighl source. 

3. Result 

(t) 	Si Iicon resin aocIel forilllla' 

The polarhy of the filas. adsorption of proteins aDd asount of 

adhered organi.is are tabulated in Table 1. 
It was found that there is anopti.u. cabination ratio (hydro

phobic/hydrophll ie :: cOtlponent (A) / i:o.ponent (8) ) for .ini.hing the 

fouHnea.ount.vhich vas betveen85/15 ~8012(t by vt. in series. 

Surface energy dose not coincide vith this chaoee. Polar co.ponent 

of the surface energ), increas.i.s ·steadi b UP' to· 80/20 and then rises 

dra_ticab. The reason seess to be the errct of the hydrophilic co.po

nent. 

In .cCOlIPany viththe increase of the hydrophilic coaponent the 

surface structure Chances as shown in ficiateZ.- ·Ph;Jse separation be

coaes .o.t elear·at the ~tio arou~ 85/15. shoving the s_llest do.ain 

size. The·do.ln .iUies are 0.8 Ja aDd· 1.2:" 1.5 In. at the ratio 

of 85/15 aDd 10/30 .respectively. 

It ..as found that there is an opU.u. ratio for each proJ;ein vhere 

protein adsorption calCbe kept at a .1nl_1 level. These optilllJ. 1:0.

b1nation ratios bet"een COlIPooent (A) and co~ent (B) are on 90/10 for 

Albu.in. 80/20 for Fibrinogen and 85/15 for T--Globelin. respectively. 

These opthu. colibinaUon ratios; i.e. fro. 90/10 to 80/20. are found to 

veil coincide "ith the .iniaal foulinc allOunt. See Figure 3. 
(~) Silicon rubber ~el forlUla 

Tloe ._ experi_tll as those for silcon resins vere carried out 

vit~ sllicOR rubbers aA4 paraffin vax which are videly used as non-toxic 

_tHouH", .. lntll. 

'_t .,. __:l1IIe f01lIi.,. ~ surface ....ern are sholll'l 1ft Table 2. 

1ft ~I;.i.. table 211~ ""tatlols relatiOfillbip vas not foum:l. either. 

The "lip. contf'88t .icroscope shooIed clear phase separation. it is 

_ in f'ilMt'e 4. Altht>uch the S.E.II. "holled vaglle phase separatioo. 

il,is not 8ssusebly appropriate to take the sase dyeing sethed [or 

.111008 resin .odel forsvla's e.peri~t. Table 3 shows. elcept for 

the. f.....latlol1 colltahtinc praftln v".. 10v adsorptioo of the proteiliS 

'corretau,d to &oed lIRti-f.o.uling perfOf'CaftCe. Tholl,llh the fo""ulat iOft 

• 


containing paraffin vax shovs rather high adsorpti~n value. it's anti

fouling perfor_nee belongs to the best group. The result of i_tiers1011 

is shown in Table 3. 

4. Dl sclls.iOll 

Although it is not veU kllOlIII about anti-throllbosis sechanisa by 

the phase separation vith hydrophobic. and ·hydrophi.lic por.tions, 

following explanation is soseti.es adopted. As there is an observation 

that blood platelet does not chance their figure on phase separated block 

polyser vlth hydrophobic aDd hydrophilic portions. it is considered 

that phase separation achieves soaethipg effective to restrain coagu

lation of blood. 

The restriction of coaculation has 11 relation .. ith the adsorPtion 

of blood platel~t which say be affected directly by the dosain of sur

face structure.. Albu.in • r-Globline lind Fibrinollen are the represen

tative blood plas.a proteins which have been investillated of their adsorp

tion phenosena on various aateriats•.8) It b very interestinc that 

if AlbUlline is said to be selectively adilorbed on the hydrophilic si te 

and r--Globllne. selectively adsorbed on the hydrophobic site to accua~ 

late the_elVes liakinc dONin, vhiCh say restrain the function aDd coa

gulation of blood. 

It is veIl kn~n that adhesion of sarine fduling is due to viscous 

polyser liquid. 9) As for .ytilus. the adhesive of foot (edulis) is 

.ainly coaposed of tyr~ine and takes quinon type cross-linking secha

oiss. In aarine foulinlls; as the first of all orcanic aolecular irrever

sible adhesions proteins'adsorption takes place and proteins forms 

-conditionig fll.-.IOlll)12) As aarine organisss adhere onto such 

a filII. it is siailar to the thrOilbosis in the IlellIIe that the proteins 

of "!God ,Iaa'a 8Clhere OIl polyseric fU•• beforeMnci. 

I .. _ IiillPel'iSl/int, ...ceplbrpar~'itI. UI • the ,eb.... ~tIa· 

hydr.....i1ic ~ ..;.r.........ie ;.._ ~ti_ ~ • &OCMI allti-foulinc 

perf_a and ~ a low a~1"'; of· .-ceins. It IIU~ t~t 
IIOt _IT IIvrfllice _rp llut alllO'li9rpbOrogjo an'illPOrt8llt fl!Ct<llrB· to 

prev...t .rine hili I IRes. ·The fact that t..ere lire .different sini_ 

val_ respecU>veb fer UlMaaine • T-:GI .....bNt, &ltd fibrinosetl __ that 

the 4iffe,:_ II8l' only cOme, froetlieir daara.c:tnbtics. This .ight lie 

http:soseti.es
http:The�do.ln
http:organi.is


able to be proved' by ca.pelitive adsorptions which are coesonly used as 

a useful .ethod with .edical ""lyHrs. 
Although ~(fin wax worked effectively (or preventing ..rine 

foulings. the proteins' adsorption did' not decrease unlike with the 

other ..ter181s. Thu.. paraffin val·· .. anti-follline perfor_nee doesn't 

rely on the proteins' adsorption. 
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Fiere 1. IIocfe1 pObliers used in the .tug 

Table1 rnterreJatlonsNpsof polari~ ofthe films. adsorption
of proteins and amount or aahenkl organisms 

1
- --:-- -1 Palarlty AdsartlC<t ~.t.iQ·a 'Acth~dareil JlWCwitq.
(A~J b!"/.r) IJ, ,~ . .,. ..... and bilfllllClu 

'Wtl . A I: r.. 
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Ift,·t•.":1i'lHlhg .r)(i ltJ'.lIl1iflilJlIt paYl,!le; placed In t.~ .tr<.'p \.:a I .. _~n 

M.I3; Rhode. K Vellkll!. and A.B. Wagt. 
NaUoftitl '"stt tule ·01 Oc.eanography. Dona Paula 

Got< ··403 004 flnd18) 

ABSTRACT Hictofouling on a hlldn lUIII panels placed ill 

shelf. slope and deep oceanic wbters of the Arabian Seb was 

!!!tudied. HlerolouBng biomass (as dry Weight and/or organic 

carbon) w~s hither in t.he sheIt waters « 200 III as compared 

to· slope (> 200~it) And deep oceanic \.tater!!!. Mlonsst t.he 

orcanisms studied, bacteria were first to appear on the 

aluminiuM surfaces and showed trresular srowth ~attern 

dUring initial stases of foulin, (192 h). The number of 

foulln« diatoms decreased as the depth . increased. 

rut..u.dlll, .LimD.QI!hgf§ and Huls:yU were the lIIost dominant 

dlatolllS, Carbohydrate and liPids "~re the most abundant 

constituents In the touling material as compared with 

protein. 


1HTRO!JUCT ION 

GoUd surfacet. exr,osed to ~.,awl'lter adsorb org.!!n!>:' 

",-"U.er. such condlt.1rJn.,d sUTtac~s phy 8n import.unt role in 

t.hf: SUb!!l~H11i.1'I t. At.tachlllent of mierofoul1n", organlslll~ 

\ndudl.nt bact,erhl. d lI!tt'lftS, Ilr(.t.Ol!.oa et.c. (Lr.et- bnd Net hof • 

1911 : tJe~eha1tov and Ude)'. 1984) . Adsorption of (ltg&nk 

1I!l!Ittei- and subseglll~nt growth of lIIicltoor~a"'i15ms on t.he 

slldac~!'l is· know,. as mlcrolotlling. The develo~ent of 

fIIhiro'OOU~. iIIy."!:" IIIIW· pl#Jy an lmport&nt tole in I'Itt.rad..itll@ 

Ute -.I.!trv.a", o-fiisny bntllU1i!\ (Crisp and Raylan<1. 1960; Barn..,,!! •. 

" 

t" 

"" .. 
".~... 

T10.,1 h-".iiflf' t.~, _~·t~'f....ftl.""~~~. :~K'h 'f{".l1,:,i :, I·n·f'n("t'.~:::; ,MAY 

I"..,..... i.:"~ .h·'~' _•.r.'1"·,;filljot*~~-~"~~ ~','f _~'tl. "x·'lt~trr.'''· H·",U~.')"id•. 

"'ll'tf !!'nt; ·,,,,,,,n,,,,, a~·~ti!'.r...... li!"4 t. i !Ill" ·1.: r h·w l)~' 

jner..a~tn~friet1<*l!Ilre5l15twe~ n.~r~..,jo;1is. t~13J. andMJ' 

enhnnr.:-".: bPI~'.a Ie C()M"OSt6f1 ((fef'chak.:l'V 00,1 Ud",y. 19nofl. 

Very little information is avitHablf!< on til" develoPAlent 

of mJcrofl;.ulJng o'n _1.1'11 surfaces exposp.d te· tt,ypical marine 

environment!'<, Therefore. in thi!!! pap~r. preliminary data on 

t.he Inithl stales of lIIicrofoul1ng on alurn.inJuIII _tal 

stlrfar.es have been presented and dls.cussed. 

HATERIALS AND HETHOnS 

Hlcrofoullng studies on alutninlum panels w":r.." carded 

(lut In ttl'!: sh-!:lf « 200 m). !I)·::-t·<!!, I' 200 ml lind o(,'!'lInic 

Wilt·':,.!': 0f ~h~' III'sbi,m r...,a dlld nf: ('·:-""'TI<;.gr"l'ld·: ·:"'.lI!':" "f 

ti,"" r':sf,llrd, vf"ssels ·B....Y. l"J;,y!:,~)vHl_! ~rad !.l_,!;(_. v. f<!lt).r t:.I'!fIYII 

Th,., stlltirJrr:: c·c("'upled durim! th",sr, ('I'U)5<'oS ,n", dl'~\ln 1n "·l,~. 

t .!!nd T'lble 2 

rr~rYr.tJ~~ ~f ~~n~l~ 

AlI/Minium pl!Illel!S Hi x I fi'I cnd """re d ,.·,.o",d with 

c')n~eotl'llted hydrochloric a<::id I:Ind 1·..,peatedJ~· wash<!-d with 

tap water f<)ll<>tl'!!!fJ by distilled wat(-r. finallY.. '-'ried in an 

;: 

,. 


.,' 


. "'. 
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If! , 
·i·;".,h .1\...". 111" ..,4'.. '~':'\"<E"re<t HI.t.11 . l.I~<ed. "'or '!nllP!c,l'.'JI.} ..ri .. f.'j .h..~t.~r', l'I .fll!HI.l1 P.'!IhC1~ 2, x 6' em 1 .,.:!re f;: f~~~n~d ~!1 ,:1h""'·.~

J 
Thvr... oC'~~nJri sI.i.f"'ri!" ~'·at>t~· :; I wr·r'!.' ,-,I?,(f <0....,,"'\;:<1. 

~lId w;'.'r~ t'lt ~rt 11 ::<:>d hef"I'''' uSP.. lit t.h.. l'~ ~t .. t.i(.ft5· laifll·(.r··..1 inf;t v:,1' . :st.udi~d hy· d~rlo"lnr. 

Ill'),,"ninl'll J'1ln""ll!: at ,~ l!It.d :·;4I'lfI 1\1 ('I::.11)g dl!:"!'!r !"e1l III.-.(.rinll!!.

I ~I'h·y.~nt rJf. p~llf.tll!i 
",~",~/ ..';'~''''~ 

At ele.,e'j, 5t-al.i ...ns (FiR. 1) alUllliniulII ranels w<.!r'!! k~f't 

I 
»JQ1~gl.!;"1 In!J ~.10!;11~1!!J.,,'! .Ml1Il.v~h pf "'1~J;9f9uHII' Mt.!:rbJ 

SUl\pended in th"!! surface seawater ( - J .. ) f 1'0111 the !!oM p. 
H1<:rofQUl1nc _terial fo~d()n the above penels -lit 

Th__ (,anel!!. wer'!!' rl'!:trieved after 3 to 6 h and evaluated ·f..r 
various station!l and wit.h tlllle and d~pth was seJ;'arPEld usinjf

j MJc~fouling bioaas~ as organie carbon. At these stations , brush and filtered s<!:l!Iwater. Samrl"!s weI''!' then diluted to II 

surfar.e Mat~r sliMples Mere also collected and filtered 
known volulII~ and $ubsamplcs were taken for different. 

i';hrnuch OP'/C «Ius f1br~ 111teis to know particulate 

I 
bioehe-lIicllil and biological anlllll'sP.ls. 


or({ante carbon (POe). :' 


o 0 Subsamples for diatOills were preserved with f("lf'!J:rs 
A sing):e shtion (15 08' N. 73 16' F.) in th'!J: shelf 

J 
!lolu.tion. In laboratory they arl!!" .. Howed to s-:.ttle for 24 h 

w>.Iter (Fhr. 1) was co<:cupl<!!d to study the inithl hiol('lIknl 
.<on!! t,hen cQunted I'In-d id.,,,1.lfi,,,d· uJ!.lnr. in.....ert.o!"d lIticrrjseop~. 

"M "I"-:-h'!!'1nI'~'ll sUut':l!'· of mlcrof.,ulillP. on alnmlnlum ~~,,,el!'> 

I 
w.Uh r'·rJ,er.1. V· H-. lJnd dept.h. Tim"! ~eric~ exp~~1m~nt WbS 

For· t.llf!l 8 ...1,11:15 n-f dt·y w'!titht 'Q-:-eant-:: st",t,)(m (·"1,, l. 
~"'J't:t~ M',\."~ "";'sertt.ed a,b()v,", excp,.pt. th... t. tt,'! "anelr, w~r" 

•I 
orlit""i", ~.~~. c.rt>clI~t·..t ..: J'rl1>t<!'tA' and l,,,id. II kno":! • 

...."!'*':'I,,'Nf ~t· ~ It !.ioItN"V1Jl dtJrin, f1 rst 24 h 8hd tb"!'reafhr 
v('l_: <::t"!'J!tbs~J~s 113:\ ..fU~~' tnr'JUlI!h 1"""li«"H",t\ 

~,"", ...,. O'!lt '.t.. ~'1&;' ...,: ,. 
'4~'" C.· "3 M anlf J.'rMJ.i",,,~.. ~tI1': .~~sft~~.io!-ht ~'J!!l\fl!"" 

., ·tt--j\*.k " ... r~ 1"'-f(~S h. t\lw3 1II1cr"fou-Hng _8 at.udh·,f -: <t rt·(>fl ,,1rIIIII Uptll ""w.- ,.ii!\U.n~ ·u·,·..·,;!test......:!" ,,_!':_~ ....t 

al. 09$4l. ~~~lIIt"l'!>mt '.r~~" _re .,..,,.::";d . tlrot" .. - t,!, .,is..... " .. ' .. III"ltJllthtt*, pSliO!!;il! .at 10, 2!'r. JlI\J, ('If! <IIftd M\ 11\ . - . ~ '. . 

Q!lll'l~ 'I' lII<'l$'I'lQ&' ."site. "t. t-he above stet.l <:on .. J'k:,Q-rl",g ....:;IS l"hef\<'Il-~tpI'ft;Yi~ ~il"1!)iw""'it;'.at ~••• ·.t~A) aM FoU19-pJoeftC) 

<!I~lo,"!!d CQMai'<:h 11·.1tf!d' rl'!:t.r!eved 011 Har¢h 27, 1986. rel'li\'!J:nh':tt.owl'V ~'.1I1.. l~l,ir.iI~ 1'V1!b'. 
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As..,,!.I.- f..·.~hn I'l""'!'; w·r.. 1I~",.i t·· :;.-rl'lr·"" .-",1 I""~T''''I''', 

~ilutt~n~ f0r hnnt~ri8) ~n~ly~IR. Tw('O .:>r thn"" <Ii luUons 

it~.r<:: r:'r..J.... ,·~r.I 1ust.".)rl.lc R P 3';1ater; 11\lpllc~t'!! "ll.q.wt.s wl'!re 

ftlt~r",d throtl«h HUil1'Ore ·filt.ers 1111.2 tim p<'r'!! si::el- and 

f11tf'T!'l w'!'r'!.' placed nn ZoBell'$lnsrlne ntl1.l"iellt '1!(ar (No. 
o 

2216) plat~s. The platEos were incubated at 20 .,,2 C t.o 

estimate of bacteri~l numbers. 

RESULts 

') 

Ht'!rr.,f~,ul1ng bit;>~ss filS orlt"nie elll'br.-ni and the F'QC of. 

the surface vater ->.It eleven l!I tat.ion are sh,=,w~ in TablE! 1. 

I1tr.rof{oll1 hlg bl<:>1ftllsS liS weil as J>oC. varied fro", l!!t..,Uon to 

!ti.at.i '·n. 11'1 g.·,n~rl!ll 5t.}\ti('n~ occnpied jn !;h,·t f wnt.~r!'; !' 

7.00 III] 5h""",11 hlf(h",r microfr.)IIling th.'m t.hNI'" <:f t!r.!.,. w,'\tt"r!'. 

P 200 m\ lind d"'o:r <X'..,tlnJ,~ wl)t.~rs fT"U", 21 Ith:h 

IIIIC'r(·f" ..IIU .. C Vt15 ~'f1~fj but nf',1. alw~)'s a!"socl"'t~,d "ith tti~h"'r 

por: <'f .the surf"//;e Wl'lt'!1'S r:>f the s"~.lf .'Itld ~1<:'M st,I'!U'.)I'lS • 

. K1erof('!"\ liOiT.bh:-WlIl;;$ (U tf n(·t !'>h',,, "'''Y. "'r'pr",~ hb1(. tilt f Tf:"'I'I.~e 

.. llh !:p\lte~ ItfId .....,pthl n de... ., VAt...,,, of "he ("::~I'JJ)t·~ t.tatiNr" 

('t-&M~ 2) ,. 

A~nt. the ..tet'<;·or.llIn~sill.s studied, b!'l<;,teria were th"'; 

Unto tp C'ol.ortlz~ the altiillillhilll !'<lIJ!'face and did lI"t show any 

delhi! t;.e j!:r"'~wt.h j>l!JIttern durlnt:;hl2 h (1f d"'l'l·:.y"'~nt {Tah1-. 

!. 

• I !'fo"l'~ (1'1' 1~l"'!'; r::.i."H t:.r .,";" .·,'11 I~:t:., 4'" "·,'.1,·" 1"". .'; ',' "". 

"nli U..-,i r I'>\IIl'itt";nj w~r>·· ",""'''y ,.. .., ~:: t.·· ~ .:.• , I f~,.' 11'('1 ~!i' \ 

·~Jl:pt·t~t1r~",,<l' rar,:ly chitn/lt",d <l..~im' 1 I", J'lt~~ r 1I'.'*} ' .. t I:,!:: 

h . 1l1at·',r.s T.r..j~.~'H:~~l\!!.Il. .M,wj <:11 I.". r.~ d~l' I pM!!. £<~t;'N;r·l-) i,i.3 

vere nbs~rved in the lIIicro;'(ouJ in« mated.aJ of t.h'· t.inl~ 

. series. 

Ten different diatoms "'el'e observed in the mit:cr:-h'uJ !.nq 

ml!ter131 collect.ed from dlfh:rnt dept.hs (T&h1e ~I, 

t!H·Zl!!<::biA vas the IIIOst ab'Jlldant I!!ro'Jp at all th4!' d"r-d,s, 

T(.Ital nUlllber of foull'!!!: diatolll de<::reascd as dept.h int:'n,ased, 

Of the tt!!n different iliatom!'; fH'",,!';ent. four l>elr.n,..;,d tt) 

-:'t"ntnles and six po!InnaJl"s.. At 10. 2!.o 40 lind ~0 m d"'l.th 

thr;,,~ to fol')ur typ"iS 'of diat."""11 "~,r" r"!ct)rded. wJler~a!l at t:;1?1 

1ft 5~V~n typt'loo~ (·f dt·::,t.om~ w"::"r," p",p!"~nt. [~1tI:-tf.·r!~ J ::r:'t : .\"C,,!:,~ 

ill d.e lIIicrvfollJiI.g mat",yl.'li ':('11"-c1~c} fr"'''' dl rr ... r';':lt f!"nh 

":(IIf)" n<'lt b., (:IJrrl.-,d ...... , ,·lu.~ '.1" r.·!·.'!f·~t.it':j(, rliffir.llltj'-1 ,.!'t 

h....... rd t.~ !'!hip. 

H1-:r.,' .....'l\l'tfl bl.~ ....!'s ....n-i· it!". .. i~r.h"..,i·'!·) """,p<'~i' !"T! 

vl'Il't""d w"Unt.j~ ana tHpt.h ,T",hl '" -t fHtd' !., _ A" ·-:-t'",~rw''' :"'r 

ha·7t.~ri.~ Rf'tft dLllt<!l'lll'" fI(. ,-j",t h,}' '?' ,·')tiern "liS n"~ \o:~,<t .1':l'iaf' 

l ni':' 1'1 shce.· ntt2 l. t. (If III' e"'~()U lin,.. Ll".,1'\ :mt4 

~g~ydTat.'!!l!<· _~e W,l':t at>tlTlo;lli1lt III Hie ",r::'r.:-t"'.lli n~ 

lIIat.erl111 ~1r1ng ti_· 5'!:rt~:-· ".::lIp"1't ..... "" ::lnrl I'll!'., at . v~ri.)II!'!o 

~ 
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fi",v",r",l paraM",ters !'loeh a . .!! carb(.n 1'I11..)".')1{I):11. ATr and, Cltrf,onat.e .~ont~nt fAft.rln« and Taylor. 1919; l1aYllck ...1. Itl., 

1984). h~!Ot transfer resis.tance (Ch,nackl~s. 1913) and total 

I dry veh!ht nf f(.ul1n~· Matertal (Burton and Har@rey. 191~ I 

have be-cnused to qo~ntU.',. the extent of .blof(.uIlnlJ. We 

I. 	
. . 

..s~ cr.,:tlnlc carbon IiInd/or drY-weight contf<nt t.o &ssessthe• 
",y.t~nt of '!Iicrofo!Jllhl 01"1. alt,tlllinlulII patt..,ls with spac~ 

I 
. ~ -' 	

(Stations!. U"'e and depth. HlcrofouUnll was rehtlvely low 

lh r.l"pe 1:- 2~ 1111 and.Oceanic "'ater", tis cOfllparf'id with shelf 

wlItoi-I'S f '200 tn)'ThlSi...y· be dUiil: t.t' the tfiffeN'n-:."l"!I in t.he 

"hhJeo..th~illteal andbiolodcal factOt-1I at th("$1! thre'! 

-,n\'1 tv.h!l'li·"t3, 11.ii.! suggested t.tli.'l1. ~"''' "I!''''I'o. l!'y.r...·sl.tr... t ~r.••~,i 
...,nd di-:r·l.I,. t:>lt,yed ~n .1ri1p('rhnt tQle tn th", d'~\'el"I>iiI<!!nt (..f


I . IIIlc ..~f,.·IJ'ln. O'anshun H a1.. IftR41- ThJ!:: Js ,!,vhlen1. f rcoIII 


t.h~ datl't pr'!"sent,ed here (Tl!lble I t.t;> !o). .We hhvp. rt"'p!Qyed 


I. 	 l,dnlitlt.t'JIit p.n~1s {rnil! the- ship t..... i!!'SUmMi;<. lIIi-:-tc-fNlllnR 

1tt"ltli.:t5"'.· It !li.t1ler:elore. Pos!libl~ that m~~rrJf".ulil'lJ!: w~s 

"(H"hl'lt>;' ..VI'!r'&stilitat"!'d du~ to cohialillMti.:m frolll '.he sh! J:'. 

....resolll8b tv. thU.effect wils sl!Iall b~cau5~ we obJ';erv,,:,dI, <'Qnddertlbie diffi'.:te~ceB in' the fo1cr(.fouling bi('lft85S In 

sht-ll i!Uld slope i4'aters. Hlcrofoullnl,wl!Is maximum &t 2~ fn r ( Tllbll" t· ). This is 1n agr~.eilient. wJth. N,'I: N'riler 

! 1 

t
.-.

.. ,h:),~,·".r.:.t.i.,ns ,...."'"'ri··· t .. 'I· l~! 1 h. n('·~t"hr. 1t'''f·tj t;.( J{"!"f!~'f!o- Pill!l 

r"«l('n wherein m,·.~:i;..·"" lIl'.. ·I·.·.f.:.'UH.,,~ WitS Obt.3i"t'-<1 ",I. "' 

(.w"r & J'fo'rl ad ~.( t.hl·"'· )I"""':; (Wl'Il;:h. t1npubl. r.~~u) t~ ,. 

VIIl'iOIlS w(1rk~r!' Ita\'·~ Ii~~~-=l·lb ...d th~ developJn'l st.'!tP.'!':' .. r 

the primary sUllie film IHld p'r;Qlod.cl.tl 5uco::o,li910n '..f t:'c·mp!ey. 

lIIicrofoul1nu coinmunlt.iO;:l; in tho!! tempp.rat.e ltnd s\J.h-t.r('plca) 

en... ' ronlll~nt.!l fHit.-::h;:·IJ lloli ./(riehman J984': Hhlt.p. and PAm"'n .. 

19804 : Yanshun ~t. a I . • 19134 l. These studies l<ugr. ... l<l thai. 

blllcteria tier"" the fl rst. "'r'::l!lJ'd SillS to bppear on th" var1<:",!;; 

surfaces .,.la<':ed 1n 

lIIicrofouHng IIIbter! .. ) 

agreement w1 th th"!' 

seawater, Our observation .on the 

fr.·rm~d on aluminium t'anl:!' Is 11< h. 

alJ('ve find i ftilI[S. Jrre~ular ~r"wt.1\ 

pat.t.f!'TnS ('If bact.~rj & all~ <'l1at.(·ms I n' l"~rH el' ~;t.S~··~· .. f 

11'1.1 c--,J· ....foll] i!tll' ,.,hl"';"t·\'."~",, nl'~ "l'.lmi ,,1"11: ?!In'''d ~ 5 ...·':1"" ,.... t·,· .• 

~~,u 1"' ... t.-lt~n.:~m"'·!'l(·n t~"1 .:'H.. i~t'" :-t1!"! :1 ..... ~t- ":('·r,"':·. I ~;:::: Y':"~fS!lt.l.r! .,,1' 

111.. 19841. Thl1< Irr~r,:tll"'l" I!rnwth pl'tt.t.·.rn may 1:><.' 'h.. r··",,,1t 

~.f r~v'!orslhl .. Iltt'l<:'hm"lIt (·f I:·lt\,t<!!ril, to !;urf",('~s ",hid. .',r·' 

relilnv-:id 'dUf!! t." l'.bvd 1 i;I.)·,!:S!'l lind/c.;' titt';: t.r.- ct·c.::ir.n "')0" 

pr<:otN!:r'n , Har!;'Il-'d I f!'~ ~'l.. !tIn: l1ar,;.ha I 1. HIlt:: I. 

Aft.er bact.",r1a) ~"'hesl<'n diat(.fn5 .Wf:re> 1:he fO'!'!c··.nil (:!rnUt' 

ot cl)]<:>nist.s on t.he "tilnlinj"111 pane15.· Al iho•.IRh· III! Gn's~ •.·,·l" 
I nves t1gatl cns of U,... mlcrofouUiil!' hay'!'! r~'J'""a1""rl t.he 

presence (.r liiat.~.m~ in hr/~':' numbel's. "~·w !:It.'.ldled h.,'m h'~"'JI 
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... ",,:.. 1 "n f,h":v, (.r'~.'UlI !,m!·· 11:,"r...,o :"ui ,l;,>t hurt.h. HUH; 
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•~ : 
a.cterl."soc1a~d WLthBaiam. .• !!!!PNtrite·...en 

i.ol~":ed ud 'i4errt:1fi_d .bllSed. on' varloUi!l IIlI9lllhOlogiCal .. 
·PhysiolQg1caJ. Uld.. iilocbemical, C1)aracteia, • '1'bey ue ]I:br106 
ilcal1qenes ... aDdAer'ol'nonaslUld. all .. the eight ..bilCteri: ,' .. 
. solates .weJ:'ll9J:a1a .. D89ative•. MethyleDllcJUor1:de e.xtJ:'6ct 

: f):olll tb1:'.e8 .aoftcoralai ... , S.olenocauloa tortuol!l\1lll. 
Echinooorgia CC!!!!!:ilex.·-!lndJunc:eUa ,juncaa .·were foUDd to 
)); lnaeti1l'l-.•• Methylene chloriae .extract .fr01llSUberogorgta 
aUberOlfa prevent the JIIOt1le bacteria fl:OIa 9XOW1D9 oatbe 
tnated aur~ce. 	 . 

I 
X~t1cm" 

AeoD9fiZlltoE98Dis- to appear On asw-rged ."face, 

:
t 

are bact8.d..,wl!J.ch ..y !:Ieee.. ••curely.at:tAached af,"r u 

little ... ODS ;bow:•.I.a~ Of ...c:to«"9a:oJ,S", if' ~f:f8rem:· , 
 bIIlve sUd.l.ar att:aC~Dt ktoetics. '1'he a.sion ofa prilllan'
· 	 ~ .,' . 

• 	 population Of.lD1cJ:00r9aJ:ds... to_ioe .surfaces bU' been 

• 
 stUdIed .*0.,..,.17 (C~lland Mitc;bell, 1977.Martll~1' 


1~78~00'n;.,i978) • 1'hebacterial' f11111 then a~cts a 

t 	 diwra..fi1.lljW,th protoso&.a'tgae and fUl'lc;r1thllt eventually 

i.coYeredl4tb;JRU1ticel1ula;'\IIIIIQ~fOuliD9 (COrps, 1910 a, 

Ma~"~k.et .1.. ),979)~ 'l'hesl1- 1ayer coi:Isi8tS. of loose 

ali•• entra~d~r;anicdlttr1t~,a~dfiiiaI!, attaChed 

bacteria with helMut _Chllni••• 

~2~ " 

Aatrong preference for .11_ surfaces.biss bl!en Obs4l!tned. 
. 	 .' 

1nbarnacle~ and se4entary poIYC:ha.tea Such as Spiro,rbl • 

. borealis (Knight JQneS6' 1951). Barnacles. JX.rozoans and 

oysters are alll9ng the IftOSt serious fOuliD9 proble.6 oa.hip 

bOttoms and piliD9B. 'l'hIpresence of -extracts, fattyac1d 

ded"d but;enolldeS, prostaglUldinS, aDd. Df.trogen beteroc:rcles 

(Baker and MU%phy, 1976, 'l'urat:h I.!:. !.l•• 1978) with antibllcterial. 

aDtialCJlll, antiprotcz0lll.6 icht'h]'otoxlc and .....r~. other types 

of bioloqical activity strongly _ug-geau that chelliical defence 

is operative in gargoDf.a.. ,and .ore apecif1callY6 that prbIIIry 

fila formation is inhibited in /DIlDy of tt-ae anilllllla (Perkins 

and 'che-s...ir.o· 1973, Tursch. 1976, NaiDhe1llier!l: !i•• 1977). 

The present study was designed to illOlate and identify tbe 

bacteria usociated with the c:oc.on fouler bamacle and the 

biological activity of aoft coral extracts on bacterial isotates. 

Material and Methoc'lS 

Isolation of Bacteria 

BalanUS lIIIIpWtr1te tlere collected frCl'l the bottora of the 


ahip aseptically in sterile petridlah forbllcterial iaolation• 


APpr:ox11lllltely 10 graas of BIlltnUil !!!!phitr1te _Upl. was 


aseptically transferred to a sterlle91... IIOrtar,Sl1ghtly 


crushed with a sterile pestle and mi-4 _11 in 99 III of 


sterile aged /Ilea water•. After giving« fullabake with vartex, 


seri.l. dllutiol'l$ were pmpa.red by adopting atand.&rd procedtites 


given by Rodina (1972). 1.0 lil. of the .inocul\Jll VU transferred 
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to sted1e:gi••• :pet.r:1tUBheS and. pOUr plBte'cl'. '!'he platies 

"'~i~t:ed at ~OOllltelllpera:bu-e for ~4 how:a. ' '!'he colonies ,. 
, ~"~~'diD tbe:pi!ltr1dtshes ''''rec~unted ~ter' 2-4how:a and 

:t 
rep,:.sented on ,C!ty welght bUls. Par thilenWneratiol1 of 

'" plllt. - Yiabie'bacteda,f:i1lture medtum,M&r1wae 2216 lqar· 1 
C4 ('D.lfcO'~ntor:t.., ~tro1t. MI) vuused. I 

Mor:pholgqicdoblervaticnsi' 'OdttlnJ. c'hlIi-acters, lnciu.c!1ag 
, ' 

the appearanoe Of cul.tums. the *l_Of 'the 'colOnies. thdr I 
J' " 

outu., eleyaUOft,' ttiii:lsiuceacy anc!vhether they are colour
l"S, 1Ihite, ',Or othertdJle pi,9Jaented wen ,noted. 

HIC1:'01c9i?1c4!1,ObIitrve.t1on.. Craa - ate1n is a differeD,tlal 

sta1I1,.,.qu1ril1g a p:1IWIry st&tnandCOUtltll!!lr nUn. ',':he 
j

";pdauy.ta,1D i. crystlll Yiolet vhich 1.fol,.lO'1j'ed by an, " ,", . 

iOc!l".Olut!oo., 
.,. 
." 

SubCultures 1npeptone broth and on agar plates: Sbceit 

vu taPa-sible to exatd.ne 1n detail Illl the colOnies that 

grew Oil the count plate. a l1lllited DUlllber of coloniea (8) 

wete·i.ol.~d' from the pr~ plates ,an~.were" subcultur';'d 

.. 
, both inpeptc,ne brOth., Further purificaUODVU c!cne by 

repeated .t:.re'aJd.Dg on the sea vater. agar 1IIiIIc!1\a Of the same 

.C~1.t:lori~;\ 


Soft .•~i'·2I#'a:C:t I >'Soft coralawere cOllected at 'l'uticorin, 


Soatheut'C:oU:tof IntUa. 'the f~sOft ,coralS were " 


SOlencic~u1~D"'toi"t~~, ,SulUoaor9t. suberosa, ECMnaAAmta 


£omplexa SAd. JUneellajuncea. Methyleae chloride elttr&ctvu 
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prepared (Scheme 1) 

SCHEME 1 

,FLOW DIAGRAM OJ'SX'l'RAC'l'ION PRO'tOCOL 

METHlLENE CHLORIl'£ EX'!l'RAC'l'IOlii 

N!t _lghtL1viD9 Org&D1s.:
• 

' 

Fl:fIeze -20 • C 
" •I I 

_. LfOPh11isa UODFreeze c!r1er ,• 
•I 

·dry Cll:'gallis. '- dry we1ght 


: -:' aM 100" _tbanOl. (HPLC grad!)
· •: _ COllect and tiltar 
' 

•••••• 
Crude.thanol extract . . i

•: _ reduce by rotovap
•
•I _ add delolliseli weter to 9i....••I a ratio of 2:1 

"thanal I weter•• 
Aqueotm _thaaol

••I
) _ extr,act vith ~C~ 3 X 1/4 

/' \\ ' V01URe 

, \ ' Aqueo~ .tbaaolC:r:ude CH2CL extract 

:, 

..: -.::...:;.~ 

http:exatd.ne


I 

• .' . I 
"..s, ..' ·.i,;;, , 

··.·lcnl?w,~jmi of extract wu ~.~al1d _thyleo,echlodde was 
j , '~d by' '-'c~•. SoUds 'were'41••01.,.d l~lIea_~r and 

.., ......
~on~entrat1on ~ti';"es ._re .prepare!!. . 

ex 
..Pour. " pi.te .Jnl!it~ 

<If 

One. III of thestrailiwaStratlSf8n-edlnto apetrld1Sh~
"" 

About.1S .. 20 III of the nU1:rlelit &ger_<u'\IIIl was pOUred into 

theptridi8hell at' an ear l:IearlDg ~lIIp8rature' aSpetlcaUr. 

1'l'iII 4Ulill. ;,eft rOtated in ,C1oct:Wi•• Aln4ilnticlockw1.e dhec. 

tion for t~uqh adx1ng.· tfhent:heavU' sou:.dff1,~d" fCUr 

.Mllctl.cs _ftPlacedat~i~ points OIl theagu-a\rdace 

lh:id ••ch4i.c .... loaded With S u1 of each conceatratlon. 

.R.aUlt!· . 

BD~rat:10b Of Viable baCteria associated with Balanus !JII!?h1trite 

'!'be total .bacterialpopulat.1onin the .pour plat*s,tlhich 

a.re incubated at rOonI u-perature tor 24 hours ranged fran 

48 X 103 / 9 to 88 X 103/g on dry W1tight bllSi.. A total of 

eight .tra.tns wre i.olailed&nd identified upto qeDeA level 

With t.ba help of tbeKhe_ 91v.en.bY' Vdo and :·~Asfoe;-_. (962) 

and the resUlts ~re C~d with Bergeyl~ manual of Determi

natl~ ~ioiogy (975)~ . 

Id8nt1fi~ttJm of bacterIa 

.PoUr'pi~';8, which are incubllted at room. temperature. fa: 

24 hou.n ~obsemd for colony chllrillCt;ed.t:lcII. Figure. 1 'to 

3 Show4tf~.rent morphol~iC&l cMJ:'~cte~.Of. the colony. Some 

. 'are dUll wt:'4te 'or orange in colour.m1le others &recolourless. 
"

~ 

""" 

.... 

..... 
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Soma colonies are translUcent" .l':'OUrKi an.d regular. RhiZOid 

colom••.ui!i ds() observed•. 

ata", - stll1p:1nq 

The _in g~pa of 'bacteria" ue"cUsUnguiShed by 


III1crDllcopiCal obSenatiOllS of their IIIOrpholcigy' IIndlltaining 


re"c~on••. imt.1ally in the gram- at&t_a: prepaiatio..•.:Ia 


tt8 present obsenations" all the eight bacterial isolates 

\ 

are gr. - negati.,.. Table 1 aho. the idlmtificatiaa of 

baCteria on thebaaisof IIIOrl*ao1og:tClll" IIlcroscOpiClll oblleJ:'\'ll_'.. . 

tiona alld lIloc'hltlli1aai ana1!S~. 

Ant.1b!04:ic. SeOsitbitv 'Te8t 

!'hi &Dt.fbtotic, peac:111in, diffus.s tbI:'Ourh the agar 
" ~..' 

OCCUP]'!1l9 a circular 'zone aro\BId t... ongiaa]. spot. '1'Mgt'owth. 

Of the bacileria WU seer! in aU pl«ces e:a:iept the circular ZOtle 

where the antibiotic wu present. StralOi 1, to 5 Showed 

negati.a reaults. Figura 4 Shows the ~.Dtegar ;plates 

w.f.th stNir.ll, l' (A) lind strain 2 (8) Yibrto sp. tnd1c«ting 

&ntiblOt.1c pencil1!D resistance. Strains' to 8 showd pesitive 

results. Rut:t:1!8nt agei; plate with AlealeaeDes s1) ,strains 6,tA) 

and 1 (.8) 'bowing aat1b,1otic' senSit.1Y1ty 111 show in Figure 5.• 

Effect Of lIII!thylene chloddeem&c$ of soft coral_ on 

bacterial·tsolatea I 

'1'he -thylene c~or1c1t extraet 1.oiaB40D tttedbc,.' diffused 

outwards fro. eC\ch diac into the surroUDdiDgllV8l:- 1i1\4 

prOduced a diDd.nlI!IhlD9 gradient of C9l'lcentrlltion. On incubation 

I 
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I 

". . ~-. 
NcteJ;:1.a ~W 'at ar,Uofthe plate. except thoSe udWld 

. thelDBter1.1·to~chtheYere~~ri~itJ.~.an~ ~ w!'dth of . 

eacb'groiltb-free'&ze,he' of Inhibition I is ame~ure of 

th~ir "degree ofsens.itlytty ~ '~.·lIIIiter1&l•. 

'" . No I zOne: of lnh1b1tica t , 1I8S observed in&llthe eight 

strains when four different concentratiOils of methylene 

~hlOrideextractfrom S~lehoee:ul.on tocl:UOllUm ,70 119;' 

Ech1n!?go!gta .~~pl.exa 105mg', and Juncella Juncea 205 1Ig, 

, bued'(Xl the wet weiqht of the Ox'i9iJialllDimal.· other th.tee".- " ... , ". . "'. 

'c:ionCe~trat1on~_re '10 ~. 100 JJ9.aridl 'JIg bUed .on the wet 

Wl!iqhtOf the ori~irial aniJna1 (Fi9ures 6 _ 8). 

It wU 1nteres ting to note the I zone of Inh1b1tica I 1n 

all the a'ttains when Suberogorq1a s\lbe.t-osa was lQaded ca the 

disc .td.thfour differentcoDOentrati.ons i .•_., .195 .;1, 10 .;1, 

100 ~g and 1 PC] .based on the wet weiqht of the oriq1n81 ani_l 

(FiguJ;'e9) • 

DisCUS.lon·· 

.·araal-Degatiw bilcteda pcedominate in the sea. Moat 

Of. ~baC:ter1a ~. small. rodS, beinqdtherstr&1qht 'or heli

coidal ~.DCnilOt1i~ (ZoBell_nd Uphaill 1944). In ciur obser

.. vations ofbacteri~l isolates aSsociated with cOm.on fOUler 

Balail~·!Dwhilli.~. ~'mc~ia1 pc;pula~ion' -'is pred~l)ated 
by 9r-'~9~iift' foms. '1'hi:ee ¢o~ Ofhe~rotroph1c bacteria '. 

Were1dent1f1ed'~sed'On.·ve.J:ious IIIOrPhological, phYSioloq1oa1 

and biQChemlcalche.racters.'l'hey· areVJ.brO~ Alcaligenes and 

Aeroinorias. 'Hangi~9dro:Pi pteparatJ.onsshow that COlllnOn 

-8

sl~lI1D1 strains of ~ are 1'IIOti1le. OUr o,*r1ent' aqar pO~ 

plates show peak density of morphologically different strains. . . . 

: Org&Diams tMt cannot be distinguished by mOrpooioqy; 

exhibit distinct diff~.tence. in thc!iJ:' biocbtlll1,C:~l·react1orur. 
Bacteria differv16isly in their ability to .atabo11se c:arbo

hydrate to "'e thelll as a soutce of carboD &Dd enerqy. 'l'hI!I 

present analtsia shows that .i~ theatraiQ Aercmonu •. all 

the other s....n str~ns produce, no6istectable gas .ZObell 

aDd UphUI (1944) stated tMt although .ost _rine bacteria 

can ..aillllate the siQIPle carbohydrate, 11ttle «c:id SlId DO 

detectable gas is pro41c:ed as a rule~ 'fba COrrosion enhanciag 

effect of awfate reducsrs of the genu. oaaulfov1bi-ioOb 

cQr'rodon ~oceaaes hUbeen attributed to the~r ability to 

~'hydrogen by hydrogeDUe act1v1tyfrca cathodic aitea of. 

corrosion cella (oerch&lto,,", tt !!.. 198'). I ...rson (1966) 

presented direct evidence for cathOdic depolarization. SiJillar 

obeemtions were _de in the case of nitrate - reduc1nq 

becteria .vh1ch use M0 - as a teradn&l electron donor. 1n our
3 

eight bilct:erial isolates aeven ahow nitr&tereduction. 

!!. terosoi"gia dtrina contains caqx,\ID&I atructurally 

related to the fatty acid deriwdbuteno11des# vh1i::h exhibit 

antibiotic activity from !. ancep!! arid !!. !j!Uadalupensia (Sebild tz 

. and LoranC:e,1971). On site biou.ats indicated that alcOhol 

extracts Of aeveralqorqon1anapo$a.s~ed considerable cytotOXic, 

ichthyotOJd.c arid antibacterial activity (Jacobs !i !!.,198l>. 

~ cHterpenes jeun1dn~d.eun1cin haw been isolated. &Stile 

http:S~lehoee:ul.on
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f~i. 	 I 
ln the 9Or9cOian Euni~a ~. frO. 

II.".'.. 'c' .tdi:1~ andBt.tni,respect:$..,e1y. 8c:It",~refound to .. cytotoxi

a\ a9a1~i~~ NaUonalCaDceJ;8Il3sUtutAil'. KB cell: li.... 'I'ha . . . 

it 	 erild8 . filxtraeti . Ott~Btnd..ni 'gorgOnian .heMd.'· cOnfined .anti 
. ..

iff 	 neopluttc activity in MUonal cancen InsUtute lnvivo 

,lilt. , . 	 b1OU••~A9&1nstP -388 ll'l"Phocytic (Alfred et !l., 1980). 

Intblpnaeat .tady bioact!". __italafra. foUr .oft

•It carals are neither highly toxic, nor exaet111lke anUbiotlcs • .. 	 T'hII crUdl _tbyl.ne. chlo.ric)!l. ext:rtIlct frQIja sul?erogorqia eul?eroea .. pr.....nt 'the 1Iiot1le bacteria frOlll 9roviIll] on the treated .udace. .. other ··~lIIthyl.ne chlo.dde,SOlubl.e crude extracts frOil 

soienoe.ulon. tortuosUm,Echinogorgia complexa and Junce11 a jU!1eee,.it are n~ _ toxici.TheSe crude extracts shOuld be purified and 

itls U8Ulllllc!. that the pur1.fied fDIlterlal. COuid be used u a!it 
l'II!IIanS of pte".nUn9 IIl1crobial biofUm formation on the _dneit 
eurface.'1'b1S t.chnique.-y provide proad.ainc,J result in .cotltro-It .. 
 hin9 slime' rather thantbe toxic heavy IIII!Ital•• 


Reference,.it. ·Alfred. J., J"s, A.M., Helm, D.V., and PollD9, M. 1980. 
. JllU1M anticancer' agents : 13, i4 - BIS ..Epijeunicin. A

it _Ii cellbl:'anol1c:'le frota the gOrc,Jonlan, Eunicea mammosa. 

it &a~r,J.I.,aD\1HurphY v. 1976. Handbook of Marine SCiencer 

I 'co.po1UI~ fro. M&rine Organiams, '101. ICRcere8S, . 

Cl• .eUDd. ·Ohio, 226 .pp •..• 
• 

sergey>e Manual of diterminati:ve bacteriOlOgy, 1975, 8th Edi-' 
tion,BIlchllnan,R.E., and N.B.G.t.bbones,Eds. Wi,lliams• 

• 
 anc! .Wil1d.n co. , BalUmore. 
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Pour.. pla~,s .with nutdent '!iI9ar ill which 
bact;edel colonies are" developed' at 
incubation ·pedod.Note several, morphological 
diffeientcolonies~ 

~~·pi~t;8 wit:liinitri~rit agar in .which 
.bacterial COlODiesare develooed 

<liiCi.i"aUotiperiOd.' Mote i!ieveralmorpholog1cal
dif£erent(:oloriies~ . 
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24 h . 

'. 

• 

at :.!4 h 	 . 

Fi9.4 

...._.____-._0

Fi9.3 	 Pour plate >lith nutrient agar in. which bacterial 
colonies are developed at 24 h incubation 
period. Note severel.. ftIOrphological different 
colonies. . 

-:.

Nutrient 	agar plates with straInsl CA) and (2) 
(8) Vibrio .p. showlr.g antibiotic pericipin
resistance. . 
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V~bdo .p. ". Nutdeilt agar plate showing no . 
seils'itivity When methylene chloride extract 
of !,olenoc&'Ulon tortucisum vas loaded•. 
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Fig.7 
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l'ig~8 

. 
AlceUqene sp.Nutrienteger pi.i. showing 

slight sensitivity when ..thylene chloride 

.extrec:t of Echin9$2orqiaC!l!!!plex vas loaded. 
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AlC.Uoen$ ap. ~tdent:eger plate shoving no 
sensItivity when methylene chloride extract of 
Juncella j~ vas loaded. . ... .' 
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1':1.9. 9 ·V1.br:losp.MUtrt.ebt ac;,u.plate ahow:l.ng 'ZOne 
. OlIiiii:lb:l.t:l.on'when methyleneehlodde extract f 
of Suberosavas loaded. ' 
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