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introduction 
Tlic pr-oblern of controllilig marine So~~lili: is common t o  s l i ippiri~ n11tIio1-itic 

I l c o ~ r i t r i e .  Fouling i ?  scvcrc in tropical ancl sub-tr-ol?ic:~l \\::rtcr-\. arld 
Sydney Harbour can claim the d u h i o ~ ~ s  dihtinction of hein? one 01' tlic \\or51 
Ihuling are:is in the world. Ellkcii\c anii-Snkilin~ nic:rsui-c\ arc. fhcl-cl'orc. (71' 

particular importance to the iloynl i l~istralian Navy and ;I broad progl.ainmc 
of research and trials is hcing carried out.  l l i i h  article is intendccl to cvplairi 
the irnporta~icc o f  fouling prevention. identify some common fo i l l in~  organisriis. 
describe the general development of anti-l‘ouling paints. :uid outline tlic proyes.; 
of research and  trials in the R.A.N. 
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Fuc l  C 'o l~su~~ lp t ion  
In  :I de\ t roycr  at ccot iomical  spced the f r ic t iona l  I-csistancc o f  the h u l l  i s  

: i~ i l " .o~ir i ia te ly 70 per cent o f  the to ta l  I-csistancc t o  mo t ion .  I h e  p ropor t i ona l  
cll'ect o l  1'1-ictionnl resistance i s  l cduced f o r  larger l1u11s :it id 11igller speeds, bu t  
i \  > t i l l  a n  i r n l i o r t a l ~ t  i ~ c t o r .  I ' h i s  Crictional resistallcc is sreat ly  increased by 
l ' i l t l l ing ;111d c;ln be ;ilmost doub led  ;~Tter sornc n iont l i s  o u t  of dock .  

l i i c  :ltlriii~-:IIo. :~ I l o \ r \ .  l i ~ r  design purposes, an incrc:~se I>T 1'1-ictional rcsisfanc' 
oi' j pri- cent 1"" d;iy or11 o f  dock  i n  tc lnperatc \r;alcrs. a n d  j. 11~1. c u l t  per day 
I c l  I r i c  i t e r  l ' l ~ c  c l k c t  o f t l i i s  resistance 011 l'ucl consumpt ion 
i, 111;il ;I I r  s s  m o n t l ~ r  o u ~  01' dock  ill tenrpcl-atc \\,ater5 I-rllrns a h o u ~  
.:O [ ) c l  L , C I ~ ~  1110re rr1c1 111:111 wi l l1 >I cie:111 l?ot101~1. ;11ici i n  lr.opici11 \j:itcSs 111) 
0 I I i i  ( S  I .  l .  'I'IICSC eslimntes arc supported hg pract ical  
c x l ~ c r i ~ ~ l i ~ ~ c  :I< i\ clearl!- <how11 ill C~o tnmn l idc r  ( ~ i o w  C'aptain) L .  . A y l c n ' ~  
:~ r t i c l c  ( \ ~ ( i l .  4. N o .  3 )  011 l l l e  elfccts of m a r i t ~ c  l ' o ~ ~ l i n g .  T l i c  n i ; ~ s i m l l m  range (11. 
:I slii11 car1 h c  rcduccd hy one- th i rd  at six mon ths  o u t  o f  dock.  and the incrc;~scd 
1-i.si~Iance : ~ t  I'r111 po\ \c r  \\ i l l  catlsc a spccd loss of fro~n r)ne t o  t w o  1;nols. I.'ouling 
I>II (?r.<~pcllc.r-s can cause f u r ~ h c r .  speed lnsscs as s l ig l i t  rot lgl incss has a m i i r k c d  
clfect on pr-~)l>el ler c l l ic ier~cy.  



Fouling in Australian waters, particularly Sydney Harbour, is severe, and 
it is estimated that the direct costs of increased fuel consumption due to fouling. 
for a n  R.A.N. destroyer, are over £20,000 per year. 

It  should he stressed that heavy fouling, and its associated efl'ect on fuel 
consumption,'is incurred as a result of time spent in harhour in rcgions of high 
fouling activity. Naval vcssels in peace-time are, therefore, Inore liable to foul 
than mercli>uit ships wit11 a short turn-round. Kcccnt trials on  a passcngcr 
cargo liner on the Antwerp-Congo rcrn showcd an  increased consumption due 
to fouling of two per ccnt per month out o f  dock. 
Docking lntcrvals 

1,itnitations of anti-fouling p i n t s  have made i t  necessary t o  dock ships So!. 
: I  ' J iairc~~t and shave' a t  six-monthly intervals. Consider-ablc finariciill sitvinp 
would result if this interv;tl corlld be extcnded to twclve monl l~s  o r  more. I t  i s .  
o f  course, of great irnpot-lance that i n  war-tirnc ships maintain their bcst spcctl 
and endurance without frcqc~cnt docking. The loss of the (;t.rrf'S/x,c wits ol11.i- 
buted, in Germany, to tlie specd reduction ca,used by fouling. 
Design Considerations 

It is reasonable to assume, that if prevention of fouling could he ensured. 
requirements for speed and range wollld be maintained with lower machinery 
wcights and reduced fuel stowages. Alternatively, iniproved performance could 
hc obtained frorn existing designs. 

COMMON IK)ULLNC. ORGANISMS 
Several thousand difrerent fouling organisms have been identified and 

recorded. They range froni microscopic bacteria to the edihlc oyster, not 
~rnfortun:rtcly of major impol-t in  Souling studies. 
Plants 
Ruc.lc.ricr 

Altliough rnicr-oscopic bacteria have little obvious efl'ect on fouling lllcy forrti 
slime films w l ~ i c l ~  encourage attacllment of larger or-ganisrni. 
:t/,tre (Sc,cill.c,c~r/) 

The typcs of algae range fl-ern brown kelp wliicli grows to S 0 0  feet i n  lengtll. 
to microscopic diatoms that provide food for larger- 01-ganisms and form grcy- 
brown ~ r i t ~ y  slirnes on irnniel-scd objects. Tlic most common fouling itl,, m'ic are 
the widely distributed green cntcromorpha (grass) and  ulva (hen-lctt~~cc) : red 
al51e are fonntj niainly in tropical waters. and bl-own o l p c  a!-c pt-cvalcnt in 
colder seas. /\lgac rccluir-e light to develop and attitch mainly in the boot- 
topping area. 
;\nimals 
l ~ ~ l l ~ l l ~ ~ ~ ~ l ~ ~ , ~  

'Two pencl-al types of  h:u-naclc are cabily distinyc~ihlicd thc ' acorn ' and thc 
' goose ' barnacles. Acorn h;~rn:~clcs arc tlrose \vhosc sliclls att:rcli dirccl to thc 
fouled s\~rfuce. Se t t l in~  on ships' Il~rlls they not only incrcase fl-iction;rl rcsi\ta~icc. 
bul by pcnctr~rtion of thc paint l i lni  perniit corrii.;ion pits to forni hcncath tlici!. 
h:rscs. 

Goose harn;rclcs del-ivc tlicir nome frotn a nictliacv:rl belicf that tllcy !,I-oduci. 
[Ire yourig OS tlrc Eil~-opean sea goose. Tlicy attach h y  nicanh 01' :I Ilcsll\- 51;!lh 
ahoul tlirec or I ' O U I -  tiriics tlie Ieriglli 01' tlic tcrrilir>;~l sl~ell.  l'liesc ~ ; I I - I ~ : I C ~ C S  i11-v 

I'ollntf 1i1:1inly o n  stationary oll'sliol-c s lr i~ct~lrcs such a shuc))s ; ~ r i t l  liglit \ci\'l>. 
j&4011~i,~(~.~ (.S/I(,///I,Y/I) 

Only tllc hiv':~lvcs of tliis lirniily nl~!ssels. sc:rllops :lnil oyhtcl-S. :ire inipol-l;~n~ 
in fortling: :rnd the n i~~ssc l  is tllc Iypc ilsually encoul~rered. T l ~ c  common rnll~sci 
LY ii I L I S ~ S O I I S  blue-hl;rck colo~rr and rc:lclics 3 4  inches in lenglli. They Ii;r\:c :I 

\\sol-Id-wide dislrihution and ~ c t t l c  wlieri tllc w;~tcr lernpc~-:lltrrc is about h0 
riegrecs I-. 



.Sc'i.p~rlicl.s ( 7irhcl101.111) 
I I iesc  WOI . I I~S  sect-ctc ;I 11ii1i. \\,liite. calcat-cor~s t ~ ~ b e  in which thcy li\.c. Olicn 

thcy occur in sucli n ~ ~ r n l > c ~ - h  tliat llicy a c c u n i ~ ~ l a t c  a grcal mass o f  tuhcs ol'teti 
incorrectly tcrmcd ' coral '. T u b e w o r l i ~  is p:trticul:~rly severc in tt-opicnl \\;iter>. 
iidhercs lirnily t o  llic f o ~ ~ l c d  surface. and  is often f.ound o n  pl-opcllcl-s. 

~ ~ l ~ l ~ o z o l l  (.Yl,li-,~lo.\.s) 
Th i s  s ~ e c i e s .  ;llsi) c:illetl p o l y ~ o ; ~ .  occiirs citI1e1- in flat c n c s ~ ~ s t a t i o ~ ~ s .  n o d u l : ~ ~ ~  

Inasses. o r  as ;in cl-cc1 brancliing 31-o\vtIi. Wiitcrsipor:~. :I \v;ir~ii h::itc:r- v:il-ie~) 
o f  tlie cncl-~~st i i ig  type. rittacl~cs a s  ;I tliin. flat. hrilllc disc. dal-k r e d - l > ~ - o \ \ ~ i  i r r  
co loc~r .  I 1  h;i\ a liiyli I-c\i\tance to col>l>cr ancl its flat silt-kicc pro\itic\ :I I>asc 
Ihr tlie hctt lc~ncnt o f  other o l -gan i~ms .  Scli ifopo~-clla.  u t~od~il:r~- h s q o ~ i i a t ~ .  
~1cvclc)ps i~itc) ri l i ;~ rc l  ~ > ~ ~ ~ - ~ ~ l i s l i - l > i - o \ v ~ i  i r ~ . e g ~ ~ l ; ~ r  tiiass ~111 t c  t\vcl\'c i~iclics ; ICIN)Y\ .  

I L I I I .  a n  ; ibi~~ieIanl g1-0~11> of the h]-anching tyl>e. looks like se;i\\cccl. ancl 
?so\\\ in bu\h> t~ l f t s  10 :I hciylil o l ' an  incli 01- niol-c. 
I/l~l/i.~l;~/.s 

l i i i  lin\ ; I  [l-cc-like a p p ~ ~ r u n c e  u i t h  slclicler slcmc s ~ ~ p l > o ~ - t i ~ i g  1:irycl~ 
l>t~tis oi- 1701y[,s. 11 h~-ccds ill colonies in  water Icml>csal~lrcs bctwecii 0 5  :111cl 

X5 clefrcc\ t. 
~ ~ I I I ; ( . ( I I < , , \  ( ,Yc(I .S({II~I,!.S) 

711csc sol'~-hocficd ; ~ n i m a l \  ha re  a tough. r ~ ~ b b c r y  coat  o r  ' ~ L I I I ~ C  ' i i l ~ i l  \ \  1 1 ~ 1 1  

squccrcd c\pcl :I jct of \\;lres. '1'Iir) occul- cornmolily on slational-1 i ~ h j c c t ~ . .  
;is OI I  ;icti\'c sl i i l~s they ; I I - ~  torn au:iy hy ~ , : i t c r  Ilclw. 

'1111'  l'l<l~:vl~'1'1( )Y 01: l V 0 L 1 l  ,!h-(; 

t l is toriral  Notcs 
l (  is iic:i~-ly two Iiundrcd yc2i1-s since llle ~ l s c  of copper  shcalliing. tlie lir\t 

I-cl:i~ivcly cll'cctiuc methoci of fo i~ l in f  pscvcntion. was I-eco~nrnendctl t o  thc 
Admi~.;ilty a s  p~-otectioll against wceci and worm.  Since the  days  of tlic Phoeni- 
cian ~ s ~ i d c r s .  scafrircrs Iiatl co:rtetl their ships wi th  pitch, wax. ~lrscnic.  



<1111ili~11-. c 1 1 1 t  ;~nim:~l hai r .  a n d  o r  I I I I I  I I ~ I  111 ~ t i  t o  ili+ 
c o ~ ~ r ; ~ g e  the ravage\ o f  tc redo a n d  hi l ip  slop1i i1iy g r o \ \ t l i .  I n  1720. t l lc  /\'oI.~I/ 
I~l~ii1ii1111 w:15 bu i l t  1,s l h c  Adln i r - ;~ l ty  c i> ln l l le lc ly  [I-oln chal-recl \vootl. i n  the 11i10c 

t l1;11 foulir~:_. rni:rlil be 131-c\,crlled. 
I . o l l o \ \ . i ~ i y  \~:cccssl'iil I I H . M . S .  l 1 1 1  i n  176.3. cci1ipc1. \ I i c ; ~ t l ~ i l ~ ;  \\:I\ 

\bit icly ;rdolitccl f o r  a l l  \voodcn \,c\scl\. b u t  s c r i o ~ i s  d i l l icu l t ies :~l-ose i t  t i l e  
i1111-od~lct ion o I ' i r o ~ r  h~111~ l ( 1  ~ h c  N : ~ v y  a I i i ~ n d ~ - c d  yc:rrs ;lye. ('oppcr. i n  co l i tac l  
I i s  01- \tccl.  ; iccclcr;~ted h~111 co r ros io l l  t o  h ~ l c l i  ;l11 exlent t I i ; ~ t  oric i l i i l >  
I . L , ~ ~ I ~ I ~ C  I\I:II >lie W;I~ o~i l !  kept  ;~I l (x t t  l>! l i r r  lh:11-11;1clc\. !\\ L Y I ~ ~ ~ C ~ I  ~ O I I ! ~  r i ( > !  
l ~ l h c i l  i ) n  il.011 I i t ~ I l s .  I ' c~~ l l i l i g  :I~:I~II c c ~ i i c  1 1  ;I ~ p s ~ h l c ~ i i  I I i i ~ r  \ I l i [ i>  \\<.I.C 
ol.ten 1 1 1 i c r 1 l  unm;~nageablc d u r i t ~ g  t l i c i l -  I-ct111-11 11.0111 I 'osc iy l~ \l;itit111,. 
Sonic i r o n  \ I l ip \  \\"-c sl icat l led l i l - s l  \ v i l l i  \ vood arid t h c n  \\it11 c o l > ~ i c ~ .  1x11 illi, 
11ict110d o f  l i ~ ~ o t c c t i o r i  \+;IS s o  c \ l > c ~ r s i \ c  lli;~! elT(11-l5 c ~ > ~ i t i ~ i ~ l e c !  t o  l i ~ i c l  a11 : 1 1 1 t i ~  
~ i i  c o : i  I c 1 1  c l i c  t ! ~ c c t l  I l I .  Su r l i  c i i \ c l \c  nlatcsial. 
:IS Ie;~cl. c;II~~,~I>. ~ . ~ l I > h c r .  co rk .  t i le>. I>I.I>\\ 11 lp:~pcr. I~~:~I IL I I~C :11>c1 \LIL,I. I+ ~1.1. ir.ictI 
\$ i t11 111iil'o1.111 l;~el< or  \rtcccs\, Sc \c r :~ l  L.:I~c\ <,\ere r c p c i ~ - t c ~ l  ! j I ' l>igg~,l  :111ci l > i l 1 ~ , 1  
l > ;~ r~ i ;~c l cs  y ~ - o \ \ i ~ i y  011 ~ I IC c ( ~ l ~ i p o \ i I i o ~ ~ s  oll 'crcii 1.01, t l l c i r  c o ~ l s t l ~ ~ i p i i i ~ ~ i ~  

I n  I .  l l i c  lil>! p r ~ c l i c ~ l  : I I I ~ ~ - ~ I I ~ ~ I I  {i:lilll I ~ I I ~ .  :I 1101 I i  \O:II-~ 
c o ~ i i l ~ ( ~ s i t i o ~ i  I I ~ ~ I I ~  ;I c1ip11c1~ \III~II;IIV III\III. :111cl l?? lc)OO. III;II~\ i . c l : ~ t i ~ ~ ~ : l j  
~ ~ l l ' c c ! i \ c  C~>I I I~O>I~ IOI~~ i ~ r e o ~ - ~ i o ~ ~ ~ ~ l i r t ~  c<ipl?cl.. ~ I I ~ C I I I C  : I I I~ I~IL,!.I:LI~., ! C G % ~ I I I \  II., 

I 1 1  l i \ C  1 1 1 1 1 1 1 1 1  l ! ; i l l~i  111<11 il:i:i s l ; ~ t ! i l : ; /  j i i ( i ; i . i ,  . 
l I 1 1 ~ 1 1  I I I ~ I ~ I I  i i i r l  ~ i i - I ' I I ~ I I  t i c  1 1  i i l l l i l  I ~ L . I : L ~ ~ I ! ~ \  

1 1 ~ 1 1  I C I I ~ ~ L I I  I ~ c l ~ i c l  I I I  I>> tri:ll :111d c1.ror. 
l I l '  I I ~  III~~II:III~~:II c i c c  us i l ig  I i i  : I I I~  I I I>ci:lt 

I - i  I ~ i i  I I I  t o  t ~ i i c .  I 1 ~ c c ~ i l  1 !04 i  -14. \\,IICII ; ~ ! l c ~ i i [ i l - .  t o  
I I ~ I C ; I  t c s c i  o f  I I ~ ~ C I I I  I i I I l I I I C  IIIC! ii i t11  
IIIIIC, \ ~ ~ c e c h s ,  SI~:IIII l i ; ~ s  l >cc~ i  t~.iecl. ; I I I ~  c l ~ : c t r ~ ~ l y l i c  ~ i i c l l i o d s .  l h ~ r i  IICIIIIL.I. 1i;1> 
I > c ~ ~ ~ ~ i  c l k c l i \ c .  A r ~ , c c ~ i l  i i i i i ova l i o r l  i \  I l t c  n,c i l l '  ~ ~ l i r : r ~ o ~ i i c \ .  noir ir~rtl i:r 111:ll. 
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hu t  i t id icat io l ib arc that  it.  too .  i s  i n c l k c t i v c  ~ ~ n l c s s  prol i ib i t i \ ,e ly I l ig l i  sound 
c l icrgy le\,els are used. 

I lehaviour of 1;ouIing O r g a n i s n ~ s  
1 1  i, k n o w n  that  f o u l i n s  organism5 : 
( ( 1 )  W i l l  t lot at tach a t  water s ~ x x d s  o\lel- I knots  
( h )  At tac l i  mol-c readi ly  t o  roug l ie~ red  SII~~;ICCS 

(1 )  .Are :~ t t l -ac ted hy  l ig l l t  b u t  perfer  d i ~ r k e r  SLI~I;ICC\ 1.01. ~ c t t l i l i g  
[ l  M;ty bc encouragecl l o  settlc b )  sl ime l i l lns  
( 2 )  A r c  discoi~l -aged by  \,cry h igh  encrsy sound level\  
( 1 ' )  C'nli bc  shed f r o m  cx fo l i a t i ns  surlhces 
( A r c  k i l led  and o r  rcpel lcd b y  eel-tail1 to.\ i i i \ .  
t i ~ i  i t  l iar  not  bee11 c o ~ ~ c l u s i v c l )  cstabl i \ l icd \vlictl iel- tox ins in  at ir i-  

~ i ~ i  i s  1 c t ~ 1 1 1 1  k i l l  the i>ul in:  larv;~e o n  x t t l c m e n t .  01- r e l x l  the larv:lc 
;I\ t l lcy ;1~1-)ro;1eIi t l i ~  \LI~I';ICC. \LICII poison heill-in: ti iatcrials arc the on ly  pro\ 'cd.  
p~.aclic;rI i i iethocl of foulin: p rc \cn t io l i .  

l l ~ c  . \c t ion  of l ' o u i ~ l s  on  Orgaoisols 
S;ilt!. o l ' ccs t :~ i~ i  1iict;11\. p:~~-t ic~l I ; t r ly  e o p p c ~ -  :l110 ~ i t c ~ . c t ~ r > .  ;II.C lctI1;11 t o  f'o~llirls 

I i l l  I I I I I ~ I I  I i t  i - ' l ~  i t .  Sotne ol-g; lni\ni\  ;II-1. 

II~OI-c \ c l i ~ i t i \ c  10 coppe~- .  a11ti SOII~C t o  I I~CI-~I I I~~.  \o i t  c:111 lhe ; ~ d \ ; ~ t l t i t y c  l(> 
c t > m I l i i ~ e  Ibotli to \ i l i s  ill t l ~ c  one pa in t .  C ' c r t i~ i t l  o r -g i t~ l i~ .  [o\i11\ l i : ~ \ c  \IIO\\II 
I I I s l c c i c  I l I c i s  c l c  : g .  I) .L).I ,  i s  l e ~ l l a l  l o  b ; ~ s t ~ : ~ c l c \  h ~ i i  

1101 i ~ i l ' c ~ . ~  <)~IICI l ,o i~ l i~ ig .  
Sc\c1.:11 i l l \ c> t i y ;~ to~ .>  II;I\C SIIO\\'II :I d c l i ~ i i t c  r c l ; i t i o~~b l i i p  l x t \ \ c c 1 1  ~IIC I c : ~ c l ~ i l i g  

I o i ~ i  I I  I I i 1 1  c .  t l lc  rate ;II \ \ I l i c l ~  a tos i l l  cnlerb ~ 3 0 1 u t i o ~ ~ .  ;111tl 
t11r l'oi1Ii1i.g re\ ibt;~l icc of the l xk i t i t  1111dcr tcht. Tile l i l i ~ ~ i ~ i i ~ ~ ~ i i  1;1tc\ t i i  [ ? I , ~ \ ~ I I I  

So111i1is t11.c : 
C o p p c 1  or c u p r o ~ l s  ox ide 10 '  :~g ' cm%ia)  
M c ~ ~ c u r y  . . . . 2! : J .~ !CI I~~ 'C~; I )  

:111cl if' ;I( ;111y \[;lye l e : l c l ~ i ~ i g  t-:~lcs l ~ c l o \ \ .  t l ~ c h c  f igure\. i ' o ~ l l i t i g  I~I~I) \I:II-I 
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I,eaching Rlcchanisms of .4nti-l:ouling l 'aints 
I t  11;~s been sIio\vn t l ia t  :I m i n i m u m  t o x i n  l c a c l ~ i n g  rate i s  \ i t a l  t o  the cllicc- 

kiveness of a l l  an t i - rou l iny  p ; ~ i ~ i t .  l h i s  i s  achieved it1 ' contact  leachiny ' paints 
b y  t l i c  t o x i n  a lone go ing  i n t o  solut ion.  and in ' matr ix -so lub le  ' paints by  t l ie 
co tnh incd d isso lu t ion  o f  b o t l l  t o x i n  and mat r i x ,  t l ie  \,eliicle o r  bir lder o f  the 
pa in t .  I n  t l ~ c  l i n t  me thod  direct contact  o l ' t o r i c  p;~r t ic lcs i s  necessary s o  t l i a ~  
;IS e;~cIi i s  d issol \ed.  i ~ n ~ t l i e ~ .  is cxposed. a n d  t l ie  t o x i n  i h  yt-adually extracted 
Trc~n, the rnntr-ix so lu t ion  .l'lie leaching r:Lte w i l l  fa l l  \\,it11 t l i c  t ime i n  IISC. 
re i lcc l i t i s  e x l ~ n ~ ~ s t i o t i  of ch;~i t i \  o f  pat - t ick  contact .  a n d  ;I very l i i~li pt-o1,ot-tio11 
of tox in .  approx im;~te ly  h5 per cent by  vo lun ic  Sol- six m o l ~ t l i s '  lik. i s  rcclltired 
1c r ~ ~ a i n t a i n  elli.cti\e ant i - fot i l i t ig  pt-opertics. I l i e  ell'ective lil'? ol' i h i \  l > p r  ol' 
p ; i i n~  cai i t>ot be 131-olongcd hy inci-casing i l l c  iilm t l i icknc>s :tho\.c the c r i ~ i c ; ~ l  
c x I r ; ~ c l i o ~ ~  dc1>111. ,2 f ~ ~ r t l ~ e r  (Iis3dv:lnt;1gc is t11:tt i l l 1  C X C C S S ~ \ C  ; ~ t i i o ~ i t i t  01' I O Y ~ I I  

i s  l i ~ r c l ~ c i l  it1 l l i c  ear ly part  o i ' i t s  lik in orclet- t o  rn ;~ i t l ta in  at1 c l fcc t i \c  \ o i ~ t l i o i ~  
I.:IIC ;II'ICI- some m o n t h \ '  i t i i rnet-sion 

In  I I ~  soluble paints. cot i i t i ionly i g  i i  as t l lc  l \cl i ic le. h111l1 
m;~lt- i \  ancl t ox in  d i \ \o l \ ,c  logellict-. T l i c  desired t o x i n  leael l ins 1-ale can hc 
a c h i c \ c d  cit1ii.1- I,> using ;I r n p i t l l  c I is io l \ i i ig  matt- ix w i t l l  ;I I to'tiii 131.opor- 
I .  1 I i c l i c l i i ~ g  ~ i i t ~ i r  i t  1 i i  l r o ~ i o t ~ .  l l i c  ;r l i t i - .  
I I I I  I i l  o l ~ l i c  I i c l i t ~ c t l  p r ~ l i o ~ - t i i ~ n ; r I  t o  i t \  t l~ickne.;i. L l ~ ~ i ' o r t ~ i t ~ : ~ t c l \  
1111h1 o l l l c  m a l r i h  pa i i i l \  arc co t i i p ;~ ra l i \ c l y  sol'l ancl l i l n i  t l ~ i k i c  i t  l~i. 
l im i l c t l  h) mcc l i : i~ i ica l  s c r e n ~ t l i .  

( . c ~ ~ c r a l  I<~~~II~~~IIICII~S of l \ ~ ~ t i - I ~ o t ~ l i ~ ~ g  I'ai11t$ 
I n  a i l d i t i o ~ i  t i ~  i 1 1  pro tcc l ion  I I ~ l i  l ho i t~ t i i  p ;~ i i i i \  

t ~ i i i \ I  i c \ i \ t  c i ~ \ i o t i .  at i l icrc l i r m l y  t o  the skirkicc. :i~itl p i - c l cn l  ct,i-~-i,\ioii. 
l i n i ' o r l ~ ~ ~ ~ a t c l y .  c~1p17cr allcl nict-cut-y ;\re h~ i t l i  cathot l ie 10 \[cc1 a n d  ;~ccclcr;itctl 
cor l -os io t~  can i )cc l i r  : i t  13o i1 i ts  o f  coa l i ns  brcahdo\\  11. 

As I f r ic t iona l  r c \ i s l ;~~ icc  i s  irnl>ol.tanl sa in  f ~ - o t l i  I 'oltl ing ~ I . C \ C I I ~ ~ ~ I I I  

the coa l i ny  iIi11111cl lhavc :I srnootl i  s i ~ r k t c c .  T h e  expcnsc 111' : ~ l > l l ~ i c a t i o n  ani l  
s i c  I I 1 i 1 1  l c i I ;I\ 1po\sil>lc, A l ) p l i c ; ~ t i o l i  ~ x ~ ~ ~ i ~ s c s  111;1I,c 



"1' t i le  greater p r o p o r t i o n  o f  these costs. pn~-t icul; lr ly :IS l lrrodct-11 ant i -  
f i > u l i ~ ~ g  i t  I-ciluirc h i g h  s t a ~ l d a l d s  of L I  prcparntiorr.  alri! \ l>ecial 
; tpp l ic i~ t io l r  p r ~ e e d ~ ~ l - e s .  

I f  \Irips XI-c 10 be f i t ted wit11 cat l iod ic  prc~tect iot l .  the o ~ r t c l -  1>(11:(,rn p;lints 
al7plied mllst w i ths tand tlrc a lka l ine  condit iorrs exist iny a t  a catl1odic;1lly 
~I-OICCI~CI \II~I>IC~. 1-'i11. cc1-1ai 11 p t~rposeh l~itr1ic~11:11- c o l < ) u n  i11.c I-CC~ 11irccI. ~ I I I ~  

I thc ; ~ t l c l i ~ i o n  of :I c o l o ~ ~ r i n s  p igmel i t  w i l l  ~ C ~ L I C C  t l ic  e l lb i . t i \e~~e\ r  (>I' 
; ~ r i l i - I ' o ~ l l i t i ~ .  

l?otlri.n .t~~ti-l;oulil~g Paint? 
I : \ c n  t c l t  i l lc l-c nl-c extremely ~ i d c  i 1 1  i n  t l ic  type. I ~ i r i l  

i ic l . l 'o~-ma~icc ol 'nnti-Soulin$ pni i i ts  i n  c o n i m o n  u\c. A l t l r o ~ ~ y l i  cl i l l 'crc~it S C C ~ ~ I ~ I ~ ~ ~ -  
11ic1i1\ c \ i \ t  ilr c l i l lb rc~ i t  loc:~l i t ic \ .  : ~ t i c i  d i l l i c ~ l l t  :tppIic:ttii>ri t c c l i ~ i i c ~ ~ ~ c ~  p rc \c l i t  
n ~ o l - c  ;clic~-nl ntloj,liotl o r  ccrt;rin p:titi(h. I h c  r o n t i n ~ l c c l  LIW of  ~ ~ t r t i - I ' ~ ~ ~ ! l i ~ i ~  
I I i i  i t  I I bc att l- ihuted 11) lack ol 'kno\ \ l i . i lye o n  t l ic 
1p:~ri 01' \ l i i p  i ) \ \ ~ ~ i e l ~ s .  

Na \ ; l l  I I I I ~ - I ' I I I ~  i t  c  ~cc lc l -a l l y  of  l i i yhcr  \caci~larcl tliarr t I i ~ ~ > c  III 

C~IICI.;II c i>~r i~ i rcsc i :~ l  11s~.  (1-lie t c r t ~ i  /\clti i ir:~lty c1~1;1Iily . i\ c1fte11 ~1,eiI 
d c ~ c r i l i c  ;l I I~~ I I I I I ~ ; I ~~L ISC I - ' ~  I i i g l r c ~ t  ~!~-;rtle [>rodc~c-l). -1.I1c 1J1i11ccl S~LIIC, N ; I \ ~ .  
l l i;r\c I lccl i  I I I ~  fol- y e a (  y e s  I o ~ i  ~CI~;II.CII. L I ~ C  1101 

l,l;li' ( l l l l > l l l l  i P )  c ; 1 t c  (-0111111 0  l 1  \ l  ( t - r l l l l I ; l  1 2 ) )  
; ~ l i l i - I ' o ~ ~ l i l ~ y  1.11~ l!ot i111cI co ld  l>l:r\tic l p ; ~ i l i t s  arc ~ i l ; r l ~ ~ i \ - \ o l t ~ I ~ l ~ ~  ;11i(1 I I , I \~ .  
S I \ L , I ~  :I \ c r \ i cc  lil'c \if "11 t o  t \ v o  ye:lt-\. 

I l i e  o I I l ' o c ~ t i c .  i i  t o  I I I I S N ,  colt1 ~~I;I,I~L.. 
;~IILI ;lsc c;~rr ! i~ ig o11t 1ri;rIh wit11 oilier ~ i i ; t t r i ~ - ~ o l r l l ~ I c  I ~ o ! - r i i ~ l l : t t i o ~ i ~ .  l ' l i~, l<,>!;~l 
( ' a l ~ : t t l i a i ~  r c q ~ ~ i r c  ;r! i  ; t ~ r t i - I . i ~ ~ ~ l i ~ r y  t11:tt \v111 \ \ i t I i s ta ! i~ l  I l l c  : r l k ; ~ l i ~ ~ r  COI~LII- 
i i o l i h  1111 cat l iot l ical ly  pr i>tcctct l  s11rSacc5. a ~ t d  L I ~ C  h i t ~ ~ r n i n o u s  ~ I I ~  \ 1 1 i ) 1  ;IIII~- 
l o ~ i l i i i ~ i  p;r i i~ts.  Vinyl5 li:rvc g iven cxccl lcnl  : ~ n t i - l ' o ~ ~ l i l i g  ~>t~rl'orrn:lni.c I,II~ \e \ i .~c  
~ -a l l d i>n i  I ' n i i ~ ~ r c \  l ia\.c occ~ l r l - cd  clue 10 loss 01' adhc\ ion.  ' l ~ r i ; t l s  :trc ;II pl.c~ic11~ 
I I or11 i l l  c l r l o r i ~ r ~ t c i  i-rlhbcr \ \ \ tern5 ~ \ ~ i t l i  ~ o i r i i ~ i  r c 5 ~ 1 l 1 i .  



Of the m a n y  paints tcstcci ill the se\,crc fou l i ng  cond i t io t is  of Aust l -a l ian 
\\;~tel-s. o n l y  Llie [J.S.N. v iny l  l ' o r m ~ ~ l a t i o n  ( f ' o rmu l :~  121) has y i vcn  s :~ t is f i~c tory  
~>er formancc.  arid i s  bc iny  gcnct-ally at loptet l  i n  the R.A.N. T l i i s  paint  shows 
negligible I ~ I .  i l l i d  t I i c r ~ S o ~ - c  11~1s little e t  c111 I'LICI c o r i ~ ~ ~ t i i l ) t i o l l .  ;iIIer 
t\\,elvc l i i o ~ i t l i s '  i n~n ie rh io t i .  L)if i icr~lties in o1~t;iiiiili: g o o d  adhesion l i ;~ve bee11 
I;irpcly overcome b y  in\i\ti.ncc o n  l i ig l i  st;llidat-ds of s r ~ s k ~ c e  prcparal iot i .  There 
1 s t i l l .  I ~ I .  1-ootii I i ~ i ~ o c ~ i i e ~ i  ill I I ~  c i ~ t ~ i t c  l '  I hest 
an t i - fou l i l i g  syhtcrns, a l i d  research a n d  {I-ials a[-c c o n t i n u i n g  (311 a n  incri:asing 
x a l c .  Some rccelit cs:lmple\ o f  fou l i ns  :uid \.ai-i;rtion i n  pa in t  pcr fc~rtnancc XI-e 
\ l io\ \n i t 1  F'~c;s. 2 t o  7. A l l  p l i o t o ~ r : ~ p l i s  ;lrc o f  ac l i \ c  R . A . N .  dcstl-oyct-S af ter  
wl.viec i t i  t ro~> ic :~ I  \v:ttcrs. 

'1'III:iI.S l lCl;sl:ilC'l I N  I t 1 1  1C.A.U. 

I 11' Post-War I'ositiou 
111 1935. t l ie  I < . A . N ,  rlsed \i;itictard conimercin l  t i - l o ~ l i ~ i  i ~ s  01' t l lc  

<onlact  l c a c l i i ~ l ~  type 1 1 s i 1 1 ~  a c o ~ i ~ I i ~ i ; i ~ i  o f  coppcl- allci rncrc~ l l - ia l  to,\i l is. 
7 1 i i s  p ; ~ i n l  lia, a p o o r  pe~-l'ol-nlallcc ancl. ;I\ the necessary I-;I\~ t i ia te l - i :~ l \  k?ci.;~llic 
1 i 1 1 e  io  I I ~ ~ I I ~ L I ~ ; I C I L I ~ ~ ~ \ .  ;I ~II:III~C \\':I\ 1i1;ldc t o  1oc;iIly ~I-~CIIICCLI 1 ~ 1 i 1 i t \  0 1  
t i le 0 . S . N .  l I I ~  r 1 i i 1 1 1 1 t i 1 i .  I { o \ \ c \ c r .  d u r i i i g  scvel-al ycal-h' c\l>cricnc.c 
\evere f'uilul-cs l i tyl>c ol' ; tnt i- f i )r l l ing [~ccur l -cd ,  and r o r i t r  hrancih 
(>l.' t i iet-c~~ri: i I  . ; i ~ i t i - S ~ ~ i ~ I i ~ i ~  \\ere LI\CCI o ~ i c e  II~OI-c. I>ut ag:~i l i  \ v i t I i c ~ ~ l t  ; ~ c I i i c v i ~ i g  

I c T I - ia l \  mere c ;~r r icd  o ~ i t  b y  clual-tcl-ilig s l i i p s  w i t h  t l ie  1>1-oduct.; 01' 
~ l i l l k r c t ~ l  rna~ i~~ I ' : l c t~ l re t - s  to dcti : l - l~i i l ie \vhicl i  l > ~ - o d ~ l c l  s l i o i ~ l t i  bc genc~-ul Iy 
:!clopled. I l i c  be51 o l ' t l i csc  paints fouled aHcr SII~I. or l ive  mnnt l is '  i lnti iet-sion. 

Solnc biologic:il r c x x r c l i  o l i  l'olllin: org; i l i i \ms was c;lrricd o u t  ;I[ th is l i m c  



5 .  Apply I co;it Wasli I'riiiicr (bill. 1' 153220 
3 coals Vinyl Zilic C'lirolnatc (MII, 1' 15'130) 
2 CO;II.; Vinyl I<cd 121iti-fi),r~ling (MII .1 '  - 1 5 0 3 I )  

~ ~~- ~~~~ ~~ - .~ ~ ~ - .  ~-~ 

'I~<IIK.II-III~ I<I.I>.AIN~IN(; ( I ~ i ~ c r i i i c ~ l i : ~ ~ ~  Dockiiigs) 
I .  S c r ~ ~ b  ~I~>\vII I~LIII. \V;15ii  bill^ I'rc~li w:lIcr> 

2.  arc;^.; 01 p~ i i n l  klilllrc lrc;ll as for co l l i p l c le  I-cpaillting. 

3. Wlierc [>;lint I \  gcr<xi o~.clcr ;rl?ply 2 co;ils Vinyl I<cd Anti-rouling 

by t he  C o m m o ~ i \ v c a l t l ~  Scient i l ic  a n d  i ndus t r i a l  Research Organ iza t i on ,  a n d  
t h e  M a r i t i l i l e  Scl-vice5 Do:II-~ o f  N.S.Mr. tcstcd va r i ous  a n t i - f o u l i n g  c o m p o -  
s i t ions.  Tlicl-c \\;as. I lowe\,er. ni l  con ih ined  elTorL to a t tack  t h e  f ' o u l i n ~  p l -oblern.  

Rccent l'rogress 
In 1952. a n  i~ !n t le l -~vatc r  I 'a i~ i t  ancl 1;oulilig C o r n m i t t c c  \\,;IS for lnecl to  

c o o r d i n a i c  an t i  f i ~ r t l ~ c r  I.CSC;I~CII 11110 I ' o ~ i l i ~ ~ g  o ~ - g i ~ n i s ~ n s .  and to deve lop an t i -  
S o u l i l i ~  mc;\sLlrcs. Memhel -sh ip  c o ~ i i p r i s e d  Il1c C.S. I . I I .0 . .  t he  M.S.13. o f  N.S .W. .  
and  t l ~ e  C o r n n i ( ~ n \ v e a l t I ~  L)cpartnlelits ol ' N a ~ y .  S h i p p i n g  nncl ' I -ransport,  slid 
S u p p l y  ( I l c fe l i ce  S~a l i t la l -ds  Laho~-ato l - ich) .  

I11 a d d i t i o n  t o  c i ~ ~ ~ t i n t l a t i o ~ i  and c x t c 1 1 ~ ~ 1 1 1 1  of the b io log i ca l  s t~ i t l ies  h! 
<'.S.I.I<.O.. ra f t  t e t i ~ i g  l:iciiitic\ \\cl-c p r o v i ~ l c d  b v  thc  Na\ .y .  and  ;L h l -o;~t l  
I I I I I I ~ ~  l c I t r i  S i i i i i t c  I ' r~ l i i i \ i~ ig  I~CSLII~S \\,ere ~h t ; i i l i e ( l  
fl-om b u t y l  t i t : r ~ ~ a t e  pa i l i t \  i l c \ c l o p e d  h y  the f ) c l c~ i c i ,  St;tndn~-d\ Lnhora tor ies .  
I)uI-ins t l ic \e tc\ts i t  hcc:~mc e \ i i l c t i t  tl1;11 the p c r I ' o ~ i i : ~ i c c  o f  U . S . N .  v iny l  pair11 
\$:IS SI-cally s ~ ~ p e r i o r  t o  an! ot l ic l -  ; rn l i - l 'o l~ l i l is  compos i t ion .  illid lotis t e r m  t r ia ls  
\vc~-e c- :~ l~~- ic i l  o i i t  o i l  \liilp iii scr \ icc.  Sevc1-;11 c :~ r l y  ; ~ c l l i e s i o ~ ~  lhi1~11-CS \vc~.e 
corisidcl~ccl i l u c  t I - ~ ~ I I I I I  co l -~ - i ) \ i on  i n l i i h i l o r  a t  the p r imer -me ta l  i l l terface. 
l < c \ i \ c ~ l  : ~ ~ h p l i c ; ~ i i o ~ i  ~ ~ r ~ ~ c c c l ~ ~ i ~ c ~ ,  ~ l i o \ \ ~ i  iil T A ~ I  I l. II:I\C l i o \ \ ~  l?ce11 :~cloptc i i  
i r i i c l  c \ c c l l e ~ i t  l x r i ' o r m a n c c ~  o l ~ t t i i n c t l .  I t  Iias been ~ 'OI I I I~  that  I-cduccci I'llcl 
b i l l s  \\ i l l  i n o ~ - c  t1ia11 c o ~ l ~ p e i ~ \ : ~ t c  l'or : ~ p p l i c a t i o l i  co\ts, a l i i l  i t  i~ l iopet l  t o  clli.c~ 
1'11rtIicr >:I\ i 1 1 p  lhy a11 e \ t c ~ ~ s i o ~ i  OS c l o c k i ~ ~ g  i ~ i t c ~ - \ . ; ~ l ~ ,  

0 I l ~ l  s i c  i t  I i l  I i l ~ c  best n ~ c ~ l ~ c x l  ol' i nves t ig ;~ t io l l  
LIOIII(I c l I l o l i ~  ~ i i i  l I t i ~  I I ~ I  .1;1gc h!. clircci 
\ ~ L ' I c ~ - I ~ ~ ~ c I . o s c ( ~ ~ ~ ~ c  o \ ~ ~ c r \ ; ~ t i o n  01' 1lici1- ~.c;lctioii t o  t o x i ~ i s  ;III(~ i o l i c  \~~l-l ' ;~e's. 
L I ~ l i  I I !  I I :I (:ci-Iiliri \ t ~ i g c  or t l l c i r  l i i ' c :~ or clit:. \h111 

cxc~.i.i\c c l lo icc 01' lI!c >urI':~cc o ~ i  \vi~ic:ll the!. \v i l l  5cttlc. 11 ib 111>t L111nvri \ v l i c t l i r ~ ~  
I I I ~ ~ - ' I ! I ~ ~ I I  x i  t ~ l l  l I l i c  ~ g ~ i i i s  ;is they ; ~ p p r o ; ~ c I ~  t l ic  s ~ ~ r l i t c c .  
1 i.cpcl il11.111 r >  that  ihch :,IICCI. ol1' t o  \cch a f r i c r i d l i c~ .  s i  l ; iliii, 
l ' ! l ~ i t i a ~ i i ~ ~ n l a l  poi111 I ~ I L I S ~  hc resoI \cd.  A s  tl icsc o l ~ s c ~ - v ; ~ t i o l ~ s  ei11111ot I l c  l i i :~dc or1 
r a f l  I l iti:!Is i l  i\ IICCL'SS:II.~ 10 j > i ~ v i ( l ~  ;I c o ~ i t i ~ ~ l l o ~ ~ \  S L I P ~ I ~  of I i ~a l c l i !  
sc t t l iny  I;~rv:le i n  the lahora lor ) .  ;III~ c ~ ~ ~ s i d c r : ~ h l c  171-ogre~s II;I\ IXCII r ~ i i ~ d e  ill 
h rced ing  tl iexc l : ~ r \ a c  ancl ohscr \ in ,s t l iei i -  be1i;ivioui-. 



1:uturc Kesearcl~ 
A broacl pr-ogr;lninle of rcsearcli has no\v been established and will hc carried 

out  jointly by tllc C.S.I.R.O. and Oefcncc Standards Label-ntories under tlic 
spunscnrsl~ij? of tlic K . A . N .  The aim of this reseal-cl1 is to  dcvclol? a ship's 
t,ottoni coating. colnpatiblc with col-rosion prevention methods. Illat will 
maintain a n  ell'cctivc anti-fouling lil'c of two years in Australian waters. 

Tlie problem is hcilrg attacked in tllrcc stages. Tlie first and current st;ige 
consists of tlic bl-ecding of settling stage larvae, the development of valid 
tecllniq~les 1'01- the ;lsscssment of ellkcts 01' common toxins. tlic application of 
these tccliniques to  assess the ell'cct of ' new ' organic and inorganic toxins. 
and tllc invcstigntioti of the mode of action of tlicsc.toxins on the settling stage 
Iiu-vac by histological rnetllods and observation of the efl'ects of selected toxin 
gI-oLIpS. 

In the second stage ol' reseal-ch. pro~iiising toxins will he incorporated illto 
pailit veliiclcs and tlic pcrfol-mancc of tliesc paints cllccked by lcaching irate 
measul-crne~its, and direct microscopic examination of their etl'cct on scttlins 
stage larvae. I f '  cll'cctive results are obtained. coated glass slides will then he 
tcstcd hy immersion i n  a natural fouling co~nmiinity. 

1-in;llly. anti-fouling paints suit;lblc fnl- ship's bottoln application will he 
mancti;~ctitr-cd ancl tested on raft panels and on ships i n  service. I.argc scale 
itnrncr\ion t c s t i n ~  of tlic bc\t products of commcrci:~l suppliers. and  01' slieci;~l 
Sormulation\. \ \ i l l  be contini~ed coticu~-I-cntly with tlic hl-oadcr programme 01' 
~-csc:~l.cIi. I t  i \  iiopcd that nitliin a Se\+, veal-s some definite ndvnncc will hi. 
matie in metliotii t11' I'oltli~if p~-e \ . c~ i t io~ i .  
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