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” H e & 100x250 4.2

5] HEHIE
HERE =L FEBHETRICE T

1. KB ¢ KEADRIFHOOEKREE.

. kB 0 KBADOEKHEE,

o SEBHGEE L EENEE . HEHMEEECHEBE Y 15amx 13 mORE JCYW L2 D
N AT Z AN OEKCEREL, 20°C ORETEZRME (500cc/min N LY 2EHOHH
BIEL1TZ oo BHEDEKTE #* TEOFETHTL ., BHEETRIE L Ao
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N B A|F|PREMK| B E | 10/21~20 ZHEF|1Z-8 KY-5 KY-7 Cu20
*x & A |# k0 f | B -~ | 1027T~31 GEHME B/ |IZ-6 I1Z2—8 KY-5 Cu20
7 1l i H = H| BE | 10330~ T=HF HE|1Z2-6 I1Z2—8 KY—5 Cu20
9% —-AF L] A ] BF | 1L17~20 JI|E®HF|12—8 KY—5 KY—7 Cu20
* 53 AL]EE A0 ¥ | B~ | 1L717~20 BI#MEN | 1Z—8 KY—5 KY—5 Cu20
BT # A|B =8 #£| BB~ | 1L718~25 Z=ZFKG|I1Z-1 IZ-6 [1Z2—6 Cu20
[ #n Ao B O HE | 1271~12 THIHE |12—6 [2—8 KY-5 Cu20
E=Z7Y 7T A|LTFTHFAE| BB~ | 12713~17 BIHE B |1Z—1 KY—5 KY—-7 Cu20
Tobkbok | B—PREE| PHE | 3/5~10 £ HEW | 121 [Z2—6 1Z—8 Cu20
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4.3 B2XREFRHFHOHAHER

431 Hey- BE

B2RFHEMER 3 0MEDS b, PHEAELNE > Tk 2 s WROBHERIOPIC &, RS E & 68

THCLERI DR EBIHHELTRT L TE S IBAC Wl 208 -BEiHRE O
R ore, BRLBALHHLABEOBEHELOWTHREITZ o%o

4.3.2 $EBBR
SA—1118M

4.3.3 HEREHDOBE/K
(1) 28 2 RIFMFRHE R

e = AR L, HEBRNERREY 4 — 7 —EHOMB T, REMY A — & — 28 L% o
BRI R ROED & T

7 B B B B 4 BERSER(ERE )
#F ® 1 @ 30

141
SA—-1118M 10

(2) BAMRES 75K

HMibe=2RRel, 5—1 (ERB3 0 $)IRBAL A —»—FHOMART. BHEY /1 —» -

HHER, 0t S H FRFERHICTAENLA. %2, S, H.FORSEER 4. 1. 3(KMF2,

4.3.4 REEDORE
4.1. 4 B4 D,

435 % ¥ *
4155,

4356 HBER

{1} BEHE
4. L6185,

(2) BB+ L OKBRELLEH
4.1 62 BF L,

3 FEHE
4. 1. 63T 5,

437 RBESR

SMARE (| 2 ARBARPOBRTERORMBEPTBETvALn, RFZIBHETTRL Tni,

438 = =

B RAEHEET R L Tnid, RBOHSG 203 8t BREB TV B+ #EEx T4,



4.4 B2XEHBRBFTAOEDEER

4.4.1

B« BB

F2RAMBEERN 3 0MBAD 5 b, BB FEE, LECEHAR. URTEHSER TR0 L,

O ERABEITE %o

4.4.2 HEHSR

7 5 7 I </ aHE(ERE) £ %
112 Fra8—13 20 g I g
134 PU7.=niBitmOHK TPTOH®HE 20 b7 =B F
5 E ® L # 40 -

4.4.%3 HEEHOMA

4 23CHRF2AA, 134 ( M7, 2nRBREAEK Y IC DT} HARMBIFMHR BRI TR L

o

444 % & F
4.2 45,

445 RBER
4.25 BT 5,

4.4,6 FRBEREETTEM

# & # = A ] SE . 7 B WLt
(l % Ll WFHBE =X g h— 51— 6 BExR & + E
2 78 A BM & R & H 51— 6 JIER & | -3
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Bl 38 A B & # #% T F 51—9 =EBRF A
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4.5 % =

2 XEAERNORBERIC 2T AMEREE, KY—5, KY—T7, [ 4—1, 1Z—6, | Z—8
DSEFHRIE S ETOR O 2357, ERIESBICHNETF S LR MSOBBHELRLTE, #E
SEFEMOP TR I Z— 6 ARLBFT MWTIZ—1, KY—7, 1 Z—8, KY=5DBLEZ>Twn
“Bo iAM, MBS, BLAUBMZ £ EER L ARAN ABEHIEC W T . SRMDAR L Th 20k HeH
MARERH 5,

B 2REESERI TR AN BEEYRLTWwWARL Y Y28 —13, P 7 . =rBXBESEKD 2BFEH
KonTid 1 8 HIKABHEELT - %o

HIRFEGEEROHBAEB TR IZ—27, /744 N— 96D 2ERL b ATFREESELR
LTwko A

F2RFHER(SA—1 11 8M) OHRABRRERFEBHELTRL TwaA, KEBUM GV
HEABREBREITZ %0
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5. 14 B Al FEBREEESERAES (14 th COIPM Ple—
nary Session) WICTHE 4 BEF & BEIERE S (4 th Interna—

tional Congress on Marine Corrosion & Foul ing)

oo ' &
_ = % =
%A & A8 Antibes—Juan Les Pins —Palais des Congres France
EIpEE E & 10 ~ 13 -6 - 1976
R ] 14 ~ 19 . » . ”

ERZER
1. Dr.V.Romanovsky BECZD., AarH L. ATPEERZOXEFT 4,
2. FASBEOES
2 R E D A DORLRERABCERTRBESAR LT B Lo 2dlidy, &
EBETLCEE RS,
3. ARE&OHK

3.1 #BwERETORHEE e (L) Mr Hougton (H)
BEEOCFEASHOMMEYE, b Wood Borer®Marine Fungi KIELIHEWCHTLER
A BN S EORRFTActive Member 235 HBEP. ¥4, ThEAMCHTLZTBT
O.TBCL .TBT FOBMMRMAEDT. RCA(FRETORA. TOHKCHEL TE#HSY ., B
AL, FOFRICHE B I EED -2 28COTPM# L3 THMBE LA [AABEC ST EMar ine
Wood Borers OHFESWT | OFRAS R 4 1| —F - 4Fl& L RENEASARECHET
RTLADT, @3RN, HBLTHICEYETH 2,

32 ERaHs B4 Dr .F.H.de la Court ( #3>%)
B TORBOXBEOKEHBHN T, FOHEAETCOIPMFI2TERAL(SR1 41 , 49
FEERE YA, BCHET®&Y, H2Ibaccelerate TA2AHK—1200mVEREpain-
ting spec ODRETH «ADHCOL PM* 1 3Th % (B o SEABFARBREITAL
panel ¥F Active members {CAA, ERCHELTOHELICREEA (BEXTActive me-
mber THAWDTENML ZWOIBRETE5S Do
HafDr de la Court HA0O%d - UEERE T LADZESE, BAT -N-0O,Delft @ A
FREETS 5,

3.3 AF~1 v FHBES _ Ha4REDr .E.Mor (4 #4—)
331 COIPM# 13 THHLAAZER, Fr=—2, #7778, (LB, ¥ Y. BEOCAFR
BOBRTFEVER S Ao BE. BHAHUIC T 2BHAMTAE T 2200 —HEL LTH
WAhAB-OBE%2 ¢ - TERBEIRMT 6N 5L 5 BRI ABRLTAL TOEBR TS5, B
KO SO, PERE, BEFAT 4> 7A7—» . » {#FEAEL) L, EXET, #EgEH
BIOBEUWT AT 1 » FRF—¥ 2 (HHPEERH IOLDTEA 1 EDOV L F— 2R/ LT
R L7z

BEOQ®HNEDr .E.Mor DOBREWHALLHET. Complete bockiet with all the
data of the experiments LEIE{(HFMIN, DNEE# AL (F  HEOBHR
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BHEC 2 2 A PR T =+ F— AOERERHERTRLI, AFDS 5 b)) — T - AR {RB#ET =

FEC L TR BT 2 b2 nEI2BBYH LS TH D)

—gm e EREEREE, F. (L, ) v 0BT, KR AREERNRLE, ¥ ¥ D
AR AN BOBROKREIZLCEA— b, v+ o—-A 220K REERARARA, KFEL
B, 45°HEEEFOPHTS 5%,

HMAF 2%, 2t Fr2— 2 BRAORHEA L~ ~A N T, AFPPOBHRICETBT FT i
Bt T afThbo Dr Mor REAEBELEFMLTV 20 BERMBOEREIREIATR
Bhfo 60 BAMEEMIT T AT LN E oo

hi, Fre=—o@d1976 .1 . RAOCABHERMY, (b, C.O.B{(7 LAt jdxs— tHEN
vH— VCELAD ofo BBHTEHT.N.O (47 v # ) TGN 5,

332 ZHIFY-—F R

FHODr . E. MorEED [Laminar sub-layerxHBEMCHITLEBOPRANK
s R b AAABOD leaching ratclEE ANERMALAT, BETWANSIELLAD
HBIN L 40 ] TGeneva TF— AEBRPALRILEBERE TS %o

Dr .MordBEFAEZDORF 2FEEIT TS (LLaboratorio Per La Corrosione
Marina Dei Metalli, Via Mercanzia, 4,16123 (Qenova)} ¥Y ¥+, Dr
Skulikidis HABEFEATOWMECHCRLTREAORBEVBE TN LBEONETH L ¥
Vv BREOEBEHRARRENMECH L Th oo 7 ¥~ — 27BA~ ¥ ~“rftRHydron %
M LAAF spec®turbulint flow FRFTHED leachuig rateFARICHESF L
Tra, BERILITETFETPTFTh 2o wadhCommercial OQHEDNENWTE ZnAT
v ZDOBHT — A BEC DN TR EHTHLLT EEHEL AV,

BELBBF 2 POAAELY. 787 P —F R FE2WTABNTIRELAVWERE., =¥ 7
FPEBRBF APCEBM( Ty MY THE) LA HtR.

Mr.l .Porcetz(U.S.Department of Commerce Maritime Administra-
tion, Washington, D.C.)i#U.S NavyHAC ,AFOBRIFA e THL ZWH
FOBEU.S Navy DF 2T ( ¥ 72T -2 2 » kBIRTOEREHS o ko 2HEHL Dr,
Romanovsky it Commercial Paint®F 2 'R COFRSOTFCRTHEENHDT, W
WL Lke ChIZFHRHBKROTETE L, BR. COFRGOBRTRATHHW 2 TER]
BEX T I VE W BBHCEE—H LA o XET R &1, SR T TO—ED A FOHGER
Wr-tor sl BEMEEMOHREBLEZRX L TnAIWAHOREY BAnOliZB T, 7274
PERTF v DN, DR TR LA o Tvnde FORESEIU.S. ATOT A & HERLE
KRR+ 5, T/, BAFECTD informatiousb BT HLVWIDTH L5, BHELELT
HEw —ECE+ 5 L BB LA v, T zhe, U.S.NavyDAF ey o 7+ F— kM
BEELLOIORE(RT2WERELDTEH L, MERDADT AT LAWERIZ 450 @
ADOBHTrive and take DETHEITLALELDGTH Lo U.S . NavyDEAACOER
SOFCHACHLIFHKEENTH L EEHEEL v

3.3.3 EBRIMEAFOT X EETOAHDER N bR TwD 5 7 EMTYHA FORLHDLDTD
2, HHOU.S NayvyEOFAE®EEU. SEARA IR KEv, LNavy $BLAD HEE
HE RN DD A2 Th B,

3.4 RERWEEH HEEM.P.Barritlon ({L)

341 hydrodynamic friction @MBERCcOBOBTFRED topics THEU. S, Navy
HITTCHART{FOZ Fr@mE LA, CO1 PMD THBORETEMNET S Lo BET
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HRAOCERSHLEA 450 4 ALKAPDAY - F 20w ORBERDRICHRALLETE
EHEBTH L LORRREHRYD Ao ML, #HLAATF spec OHEEEIITE, F9L T4
hydrodynamic friction data OFENEBET, FORETEBILLABENS >~}
A Study of Frictional Resistance of Some Coated Surface in
Water (1968) #EHIA, 3 0 B0EMERDS B Th b, 7 v=—2FRARz T
tHydron % 2~ 20 Datar ME LTI, 2z -7 L AEFRORNCHBRAPEIA
bo BMERTRUE SN LB THOEAD [EM T KARTMAEXAM | ( SR139— HIMHERK
B)LHHB _FAO [~ 32 Fr 0RBECET L Low-—-cyecle StrainDEE| ( SR
14 0RF Y RHXCEHEDo [tem T MAFEBEL L TRL RS L “HRADARERCOWTH
Swedish Scales tOBAKDEERIZLLDOHMD AL, 24 - TEHEH. BMLOBRR
AL TR Shh c b oR#rGnke HXUADE A v —id (2 REBEENER | KR+ 5+ 0E
DHEFICD & LMW (Miss A, Woden) HIBE T LREFINK o KOEE LTORBINNE S
hbe

SR139 -HISMEORLABRGNE B TIvlow Cycle StrainBL THBEE
RERBORLD D, AKX Very Interesting Japanese Study CRBINAKCEE
b, CCTREMS TS - Ao

15 2FHS H&EMr D Saitvo (7))

3.5 1 $ALTOME

COIPMiI* 1 1H508ONACST 28LFE 2 RRETHET T T o, BAFCH ppb
Dorder Thh, PR TILLBELEAERLD) 4 1 IEILOMETbot tom sed iment
(WBELREY JFCERINARIBACE (. A2+ OR T OB AEWENC S ppm order
THRHINZBESESOGRE SN B E oo BT & LTI, BEEORRTH - Asizh U,
S.Navy b b KEEMEORELSWTEY, TOUELRBT ALK Z oko Hv 75 &
YA, FrY,—TTE100ppm. 400ppm Cu per dryweight in sedimentiC
A LD LN, BAOY - VIAQHBRATHRLT OO ppmAh E BB SHh T 2,85
HEARROCEB TR ZWOTR AW EBLR LA, BELIXTBNLAWL DTS L,

KTABRSNf Sed imen t OB EL TWALIFNKERZARTE L, GRITCuFRAF
DDA ESEL OGN D, FRERAFORRORCM T 284 BEAhARSE T L,
(H . FBRFRAFEEKEEART LR TBPCS L BE NI - TREOICEEOBOBRILIDIC
BHZEDBRESN T, )
3.5.2 HHMBEFAF omutilE

BEL:COERUFAHMISRI 41 - FEZHHES 056K O, Hb,

a) 2,3,5,6,—Tetrachloro-4-(methylsulfonyl)Pyridine LDgy 700

b) Triphenyltinmethacrylate Copolymer » >2000
Ll E2 BOBBERIOBERL DWW T OMBTH 5,

group members DHFBW I LRACAMINAL, R I3 CHESHEK [HREED, &2
WHAROBHET 2 VEAFEREAFOAMEENE L HET A LB 2 FUERBAL, Ok
BCBHEBH LEEEBTnED, SOOHTHERSD, &4 —CH LEAFOAFRE S
A PEOEHRB T ER L2 Mr.B.Sykes, Mr.A.Partington (FE)»J .Engle-
hardt (METH ) (2,1975) T THBLACILE > (BRTHAFE Do

Bl JEA3 5 20 ABEEMETE - LT, BE,. BT L TwiOTH b,

il A F o aHE, REEESSHSELHATH L TR ZV,
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4.

36 =roYU-—-+EHE Bt Prof Skuilikidis
BE(AABE=EIH, ABRTAF Y FRT—v ¥ ), @R, Fr=—2, (L, &1+, 8,
A EBRA L Tind, BETCHFTL 2220 — F OWMECHT 2 ERHT T, ZEHIETAC
additive DHELIHECL VHORRBBIE Oy, [Br# . ABREE | KHT5@7TH 2
P, BRYOBRER. RESHRMOC LAE A tBbN L, BHECHLE# A, AC.add-
itiveildA . Bl b, #0141 efhn k. TT7ADRKFTHENEIN S,
# &
4.1 NATOMHE
NATOZ LOBHC L HBRMARL, TORBHTRBEDLHTER Lo BREAZL (WM Lo Xk,
B, (L&fp, ¥ v oMY, AFrF Tra—sBBRERFHON T 1 R AEEHTRE L 2o
AXEEFENACLTEBATS o7
42 U.S.NavyWIiFouling & its Prevention(Woodshole, K 1952)
tEFouling MTLHNMORER S T BiCAlgae BFROLMOFTELERIN T LB
Fouling by Algae & its Prevention ORTEREMKU.S. Navyd RO L TR a2E
AE, KERO(AELYR ) A 2R L TBELHEOMr .De Palma RizZh%id
sk Moo SERNAIWAEEBRACLLAE > Tn b,
43 Dr MorEHLGEL —4FOT2T v 27—y . »BRABHEINA - KR CRE. A
£ BAMCERD LA, BREREIERE Lo AFOHTR T BaliCHad L ABREBR L %o
44 Ara-v,T77 —RB19TTEAFP.F.I500 %52 L&A LA,
4.5 R —F» rolig BT
ColPM 15th 24~27.5.1977 Portsmouth.UK
COIPM 16th 1978 Mykonos. QGrece
the 5th Congress 19809:6
¥ 1984t 6 th Congress® Tokyo KTODBEREENELEBEHNL, X1 YIHEROD
BfEA b the Journal "Corrosion & Protection” #0rganize T4 &Hi
RELIhro

Barcelona. Spain
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s oM
ABERLLTOEFOESESEESD. $2AC, AFL 3ection RN TED . XOBEMOBRE %
Bahofkd, TELTAFMEBEBEEZEBREOT A0, v 7CHHESRE IO
1. The Edge of Discovery U.S.A De Palma
T AL AGRMETE L, KEDFouling HROLME FRNEONBORBRSEN, Tv
Shy. B, E— ToakS, AAMT A= TKE YT 2T 27 THRAGAOEE
EANEROS DT, BAEEHOREER DA AECERZCZ L, BEADENT L, HEMSE
DBEEHIRNT S, 2 b F—2Thbo FRAKDME EFouling by AlgaeXHRIFROMET
ERIh BOERE TS 5o {E L. BEREMOTERRISD 5. FEC A HhEXLECEE
LThio
2. AFRGROEZIO
2.1 A Screening Method for Bio-Active Materials in AF Panits
S.Jonnsen , Danemark.
LROIB T, SR141D3DEB 5B, Toxicant REFTOA2 Y — = ZHEETRLTN
LFouting Process LLTHREoORNL LS ECRFETRLE Tvb.
2.2 The Leaching Mechanism of Some Organotin Toxicants from AF
Paint de-La-Court Holland
TBTF , TPTFd 1~24ug o /day
TPTCL ,TBTCL ,TBTOWH S 4g/ ® day
LAEpAF L LTORDLBERTS 50
2.3 Accelerated testing of underwater coating aystem in the U. S
Maritime Admimstratiois Rotating drum paint test machine
Dr.Porety U.5.A
ROtar(lS/?}/hr)Xl2¢‘H}@37\-_’,'2\*-'/;7-?zhgﬁ@ﬁﬁa
® 5 At x27 %A
Thhbo CHL LD BHIAFHFELRETL. SELife s BRETSo
24 The effects of underwater scrabbing on Ship Fouling Algae
Dr.B Moss England
AWaeﬁﬂ%T&Dﬁﬁ%ﬁafﬁ&TLTm%oSuﬂangT%&ﬁﬂﬁ%Kﬁb#iaf
HERRETDL, BIDh., Algae IHMMACIINATIRETS 50 Dr .MossitAlgae O A%
HRETSH 5,
2.5 Btasting & Coating Combined System,Christensen Danemark
BERPaintmg & LTEENAARBIRAGCHLTL 5~ 2F0h~ S~ HAE %,
2.6 High Speed(Velocitylice Particles for Cleaning Ship Hull
Sandwith ,U.S.A
Non Toxic THHBEBKMT %,
2.7 The effect of surface roughness on the frictional reducing
property of a Hydrophillic Top Coat
Fergason ,England
Fr=—RROH.T.CLO2 XETRASBACEH L Tvb, R.0.5.C. MOBELZ TS
BEGERMERL S 50
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2.8 Hull Condition Penalties and Palliatiues for Poor Perform-
ance LL.Townsin England
Bottom condition ®RLCDWTDShip owner DM LHRHTNDE Do

3. BEMCOBNE .

(1) HEMEY MAKEK LS [Macro Cathodic Heaction Ffficiency of Low
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MELE 5 1

The Distribution of Marine Wood Borers along Japanese Coasts.

This investigation is the co-operative work between Japan Ship-—
building Research Association and Wood Research Institute of Kyoto
University.

Kunio TSUNODA
Division of Woeod Bioclegy, Wood Research Institute,
Kyoto University, Gokasho, Uji, Kyoto, Japan

The summarized results of the initial three months of the investi-
gation were shown at the last meeting in 1975. In this report, the ex-
isting species and the breeding season of marine wood borers at each

test site are presented.
Experimental

A test panel ( sapwood of Pinus densiflora, 5 x 2 cm in section and

20 em in length ) with a hole for rope penetration was used in the pre-
sent investigation., Three test panels constituted a test string for ob-
taining the precise information on the monthly settlement of teredine
larvae at given test sites. A test string consisting three test panels
was submerged in the sea from the floating experimental raft or some
other structures, as three test panels were bhetween 30 and 100 c¢m below

the surface of water,

The test string was replaced every month to examine monthly settle-
ment of terefine larvae for a year from May, 1974 through April, 1975.
After removal of test panels, surface debris, barancles and other fouling
organisms were scraped off for counting the number of teredine apertures

on both upper and lower surfaces under stereo-microscope.
Results

In this investigation seven molluscan wood borers were found:

Teredo navalis, Teredo furcifera, Lyrodus pedicellatus, Bankia carinata,

Bankia campanellata, Bankia johnsoni, and Bankia bipennata. Limnoria

lignorum was identified as a crustacean wood borer.

The results at each test site are briefly mentioned below.

The test localities should be referred to a figure.
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Hakodate

The investigation was made from May through August, 1974,
No molluscan borer was found but only cne limnorial wood bhorer,

L. lignorum existed,

Onagawa

Very slight marine borer attack was observed for only two
months (September and October).
identified,

T. navalis and L. lignorum wvere

Oppama

Teredine attack (T. navalis) began in June and ended in
The extent of attack was very slight; the heaviest
Slight

November.
attack in August was 10 borer apertures per 100 cm2.
limnorial attack by L. lignorum was observed for five months;
May, June, September, October, and April., But heavy limnorial
attack was found for sample collecting panel submerged from

August 27 to October 30, 1974.

Aburatsubo

Teredine attack was observed from June through December,
Limnorial attack was

1974.
observed from May through December, and also in March and April,

But no attack was found in August,

T, navalis, B. campanellata and L. lignorum were identified.

The extent of borers attack was generally very slight.

Shimizu
The experiment was made for only three months from May.

No attack was found.

Kashikojima (Tatoku Island)

Teredine attack began in June and ended in November, The
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10,

extent was quite slight, fewer than 10 apertures per 100 cm2.

Very weak limnorial attack was observed in May, January and

February. T. navalis, L. pedicellatus, B. carinata and L.

lignorum were identified.

Aioi
Oceurrence of teredine attack was observed for six months
from July through December with a peak in July (40 apertures
per 100 cmz). Very slight limnorial attack was observed for
six months from May through November. T. navalis and L. lignorum

were identified.

Uno

Theredine attack was observed from June and ended in Decem-
ber, 1974, though no test panel was received for three months
(August, September and October). Very slight limnorial attack
was observed in May, June, July and April., T. navalis, L.

pedicellatus and L. lignorum were found.

Miyajima

Theredine attack began in June when water temperature went up
to 20°C, and ended in October with a peak in September, about 100
apertures per 100 cm2. No attack was observed in July, Very

slight limnorila attack was observed in August, September, October,

November, December and April. L. pedicellatus was the dominant

species, and T. navalis and L. lignorum were additionally found.

Sakaide

Theredine attack began in June, and was still obhserved in
January, though test panels were lost in September and February,
and no test panel was submerged in Oétober, November and December.
The peak was over 1000 apertures per 100 cm2 in August., Very
slight limnorial attack was found in July and August. T. navalis
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11.

12,

13,

14,

15.

was by far the commonest. In addition, L. pedicellatus and L.

lignorum were identified.

Koniya

Test panels were submerged for only two months (May and

June). L. pedicellatus, B. johnsoni, B. bipennata and B.

carinata were found. No limnorial attack was observed.

Nagasaki

Teredine attack was observed for six months from July with
a peak in October (60 apertures per 100 em”). Slight limnorial

attack was found through the year. T. navalis, L. pedicellatus

and L. lignorum were identified.

Shimonoseki

Very slight teredine attack was observed for five months
from July through November. Very slight limnorial attack was
observed through the year except December. T. navalis, L.
pedicellatus and L. lignorum were identified. I. navalis was

commoner than L. pedicellatus,

Maizuru

The investigation was made for five mornths from May.
Theredine attack was observed through the period of the in-
vestigation. The heaviest attack was more than 2000 apertures

2 . . .
per 100 c¢m” in July., No. limnorial attack was observed. T,

navalis and L. pedicellatus existed. The former was commoner,

Noto

Teredine berer apertures were found for nine months from
June through February with a remarkable peak in September

(660 apertures per 100 cm2). Very slight limnorial attack was

—139~—



16,

17.

observed for ten months of the year except September and

February. T. navalis, L. pedicellatus, T. furcifera and L.

lignorum were found.

Sado

Slight teredine attack was observed for eight months from
June through January. No limonrial attack was found, T. na-

valis and B. carinata were identified.

Naha

Slight teredine attack began in June and ended in December,
though test panels were lost in January, March and April. Very
slight limnorial attack occurred in June, August and December.

T. furcifera, L. pedicellatus, B. bipennata and L. lignorum

were identified,
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BHLE 5 2

STUDY ON THE TOXICITY OF TWO KINDS OF ANTIFOULANTS

OSAMU WADA, TETSU ONO AND MASARU NAGAHASHI

Department of Hygiene and Preventive Medicine

Faculty of Medicine, University of Tokyo

January 1976
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Preface

Two Antifoulants and antifouling paints containing them were examined

regarding an actue oral toxicity (for mice), an acute percutaneous

toxicity (for mice, guinea pigs and rabbits) and a patch test (for men).

These toxicity were compared with those of cupreous oxide on percutaneous

toxicity test.

1. Chemicals and paints tested

1-1.

1-2

Antifoulants
A, 2,3,5,6, -Tetrachloro~4-{methylsulfonyl) pyridine

B, Triphenyltinmethacrylate copolymer

Antifouling paints
a-1. Vinyl type A/F containing A (20%).
a-2. Chlorinated rubber type A/F containing A (20%)
b-1. Triphenyltinmethacrylate copolymer paint
(organotin compound = 20%, calculated as TPhT-0H).
50 (50%).

c-2. Chlorinated rubber type A/F containing Cu,0 (308).

c-1. Vinyl type A/F containing Cu

2. Methods

2-1,

Acute oral toxicity (Antifoulant A. and B.)

Male mice of D-D strain weighing 19.5-23.0g (4-5 weeks age)

were used.

A group of five mice was used for each dosis. A given chemical
was homogeneously suspended in salad oil to desired concentra-

tions, and administrated by oro-gastric tubing (0.2 ml/20g body
weight}, LD__ was calculated by counting dead animals after 48

50
hours.
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2=-2,

(1)

(2)

2-3.

Acute percutaneous toxicity (five paints)
Mice

A group of ten mice was used for each paint. Five of them
were used for observation of body weight change, and the

remainder for pathological and histological examination.

Each paint was applied at the center of rear back of mice,
each in a circle, about 2 cm in diameter, by brush, and

bred as used, The weight of applied paint was approximately
0.4 g per mouse. On the 3rd day (acute stage) and the 18th
day (curing stage) after application the paint film was
removed with thinner, and the skin under it was sampled for

pathological and histological examination.

Guinea pigs and rabbits {pathological and histological ex-

amination)

A group of three adult male animals was used for each paint.

Test method was similar to that of mice except next terms,
. Hair was shave circular before applying paint.

. Diameter of painting was 5 cm.

. The paint weight used was 0.7 - 0,8 g per one animal,

. Sampling was done on the 3rd day only.

Patch test

Subjects; Twenty five healthy adult of 20-38 years old (13

men and 12 women)

Method; A standard method using adhesive plasters for patch

test was adopted; Each sample was suspended in vegetable oil

(0.1%, W/W) and applied.

The plasters were removed 48 hours after they had been applied

and judgement was made one hour after removement.
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3. Results
3-1. Acute oral toxicity (LD5O)

LD for each chemicals are shown in Table 3-=1,

50
Table 3-1. LD50 of mice for two antifoulants
LD, (mg/kg)
Chemicals 20
58 hours
A, 2,3,5,6,~Terachloro—4-{methylsulfonyl)
pyridine 770
B, Triphenyltinmethacrylate copolymer > 2,000

3-2., Acute percutaneous toxicity

3-2-1. Changes of body weight and clinical observations of the
treated mice. Body weight gains are illustrated in Fig.

3-2-1.

A temporary slight restraint of weight increase was ob-
served in b-1 group from the next day of application, and
in a~1l as well as c¢-1 group in the period from 7 to 12-13

days after treatment.

However, after several days the restraint disappeared in
all cases, and the body weight on the 25th day, as shown
in Fig. 3-2-1., showed normal increase in all groups. This

suggests that the restraint was of apparent transition,

3-2-2, Pathological examinations of the treated skins,

Results on mice, guinea pigs and rabbits are summarized in

Table 3-2-2 (1), (2), (3).

On gross observation, slight depilation and thickening of

the treated skin were found in the acute stage (3rd day) in
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some of the groups. In these groups various grade of pro-
liferation and keratinization of eqidermis as well as swel-
ling of basal cells were observed histologically. However
they were very slight except guinea pigs in a-1 group, which

showed moderate changes.
Necrosis and desquamation were not observed in all cases,

Dermal abnormalities of a-1 and c¢-1 groups were not sc severe
as supposed from the restraint of body weight inérease, and

were rather similar to those of a-2 and c-2 groups.

The histological figures of epidermis of mice in a curing
. stage (18th day) showed little difference to that to normal

untreated mice, with the exception of having swelling of

basal cells which usually were found in healing stages as a

defence reaction., (Refer to photograph)

3=-3. Patch test
Results are shown in Table 3-2-3,

Slight reddening was found on two men out of all twenty-five
subjects, and the remaining twenty-three showed negative

results,

4, Comment

4-1, On acute oral toxicity

Antifoulant A, and B. showed larger LD as compared with

other organic tin antifoulants which wzge tested previously,
For antifoulant B. there was no dead animal even at the highest
administration. If calculated on the assumption that mouse
might die at the dosis twice as much as the highest dosis in

this experiment, then its LD_.. would become still larger.

50

4-2., Influence of the paints on the body weight increase of mice.
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4-4,

The restraint of weight increase in early stage disappeared in
a relatively short period. It seemed that the intake of diet
was suppressed by the applied paint, the weight of which had a
relatively large proportion as compared with body weight on a

mouse,

Influence of solvent should also be considered.

On the pathological findings

The proliferation of epidermis and the swelling of basal cells
are to be considered as a natural reaction of animals against
foreign matter. Inflammation (e.g. infiltration of leukocytes
and edema) and intense lesion (e.g. necrosis and ulceration)

were not observed.

On the patch test

Excepting one case, there was no allergic reaction in all 23
subjects. However, slight reddening was observed on two sub-
jects for antifoulant A., whose qualities in producing skin

reaction should be tested with much more subjects if necessary,
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Fig. 3-2-1. Changes of body weight of mice after treatment
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Table 3-2-2 (1).

with A/F paint

Pathological findings of the skin of mice treated

Applied A/F paints
Date
a-1 a-2 b-1 c-1 c=-2
Gross findings **
Loss of hair 3rd day - - - - -
18th day * + + + +
Thickening 3rd day x - ps - -
18th day - t - -
Histological findings

Prolifieration and 3rd day - + - + *
keratinization of 18th day - - x - -

eplidermis
Swelling of basal 3rd day - + - + +
cells 18th day * - - * —~t
Edema 3rd day - - - - -
18th day - - - - -
Infiltration of 3rd day - - - - -
leukocytes 18th day - - - - -
Necrosis 3rd day - - - - -
18th day - - - - -
Desquamation of 3rd day - - - - -
epidermis 18th day - - - - -

no change, t;
moderate change,

a-1 and c¢-~1 groups became somewhat inactive with or sithout slight

minimum change,

slight change.

+++, strong change,

paresis of hind legs in a week after treatment.

b~1 group showed an appearent depilation after ten days.
However, all these symptoms disappeared until the end of the third

week,
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Table 3-2-2 {2). Pathological findings of the skin of guinca pigs
treated with A/F paint

Applied A/F paints

Gross findings e a-1 a-2 b1 c-1 C-2
Loss of hair 3rd day x - = =
Thickening " * + - - -
Histological findings

Proliferation and

keratinization of

epidermis " ++ + - - -
Swelling of bhasal cells " ++ + - + -
Edema " - - - - -
Infiltration of leukocytes " - - x - -
Necrosis . " - * - - -
Desquamation of epidermis " - * - - -

Table 3-2-2 (3). Pathological findings of the skin of rabbits treated
with A/F paint

Gross findings
Loss of hair

Thickening

Date

a-1

Applied A/F paints
a-2 b-1 c-1 c-2

3rd day

1+

I+
1
I
|

Histolegical findings

Proliferation and
keratinization of
gpidermis

Swelling of basal cells
Edema

Infiltration of leukocytes
Necrosis

Desquamation of epidermis
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Talble 3-2-3. Results of patch test of two antifoulants for men
(judged after 48 hours)

Applied liguids
Allergic | Linseed Antifoulants
Subject Sex Age history o1l A B
1 M 40 - - - -
2 M 38 - - - -
3 M 38 - - - -
4 M 36 - - 4 -
5 M 35 - - - -
6 M 31 - - - -
7 M 30 - - - -
8 M 28 - - - -
9 M 27 - - - -
10 M 26 - - A -
11 M 26 - - - -
12 M 22 - - - -
13 M 22 - - - -
14 F 38 - - - -
15 F 30 - - - -
16 F 30 - - - -
17 F 27 - - - -
18 F 27 - - - -
19 F 26 - - - -
20 F 22 - - - -
21 F 22 - - - -
22 F 22 - - - -
23 F 21 - - - -
24 F 21 - - - -
25 ¥ 20 - - - -
- i no reaction, * ; slight reaction

* The reddening gradually expanded thereafter, and became an in-—
duration with a diameter of about 10 mm, afier two weeks, which
required five weeks to remedy completely,

*¥* The reddening disappeared on the next day of diagnosis,
It seemed to be non-allergic.,
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Document for CCIPM,
Surface Condition Group
(This study was finished in 1968)

e Sk

NIPPON PAINT CO., LTD.

2.3

A Study of Prictional Resistance of Some Coated Surfaces in Water

In this study paints actually used for bottom part were used.

Various kinds of paint film condition were made artifially and fric-

tional resistance in water on each condition was measured with an

aim to find out to what extent each factor affects frictional re-

sistance.

1. Test Method

1-1.

1-2,

Apparatus for measuring frietional resistance in water

A sketch of the apparatus used in this study is shown in
Fig. 1. The capacity of the water tank is 50£ and in which
city water is poured up to the depth of 30cm, Test pieces
are coated steel or sluminium discs of 20ecm in diameter and
3mm in thickness, Each disc is put on revolutionary shaft
followed by immersed at the depth of 10cm below water sur-
face and revolved at a constant speed by motor, Resistance
at the moment is given as Torque. The number of revolutions
is continuously changeable up to 2,500 rpm, which corresponds
to the perimeter velocity of about 26 m/sec (about 50 knot)
at rim part and about 13 m/sec (about 25 knot) at center

part.

Comparison of frictional resistance in water

Comparison of frictional resistance in water is made direct
not with Torque measured by the apparatus (Fig, 1), but with
value representing each test piece, namely, calculated co-

efficient of frictional resistance in water "Cf",

Torque of disc revolving in water is found theoretically
from factors such as size of test piece and speed of revolu-

tion, and which is expressed by the following formula:



R2U2r

T = 2g

¢f (2R+5b) e (1)

T Torque (kg . m)

R : Radius of disc (m)

b : Thickness of disc (m)

r : Density of water (kg/mB)

Cf: Coefficient of frictional resistance in water
9.8 m/sec2

Perimeter velocity (m/sec)

When "p" is regarded as revolutions per minute,

P
U+ 27R x )

Therefore, the formula (1) is ;

Rzr

2
g

Cf (2R+5b) (2 =Rx gg— 2 - (1)

Substituting each value in (1)' gives the following;

T + 1,20 x 10'5 c£P?

From the real data the relation between torque and revolutions
per minute is shown in Fig. 2., The inclination of line is 2

and T and P relate as below,

The formula (2) accords with the theoretical formula admitted

by authority.

Therefore, "Cf" is available for making comparison of measured

value.
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2.

Results and Observations

2-1.

Variation of frictional resistance due to type of palnts

Paints generally used for vessels were used. Coefficient of
frictional resistance in water of discs coated with various
kinds of painting system was measured and the ratio of CIf to

Cfo (Cf of standard disc) is shown on Table 1,

By coating of paints, frictional resistance in water was
reduced by zero to twenty-odd percent, and the reduction
rate differed according to paints, As the cause was con-
sidered to be due to the grade of surface roughness, rough-
ness of each paint film surface was measured followed by

being divided broadly into the following two groups.
i) Paint film spotted with protuberances wide, low and smooth

ii) Paint film spotted with smooth protuberances and also spot-

ted with many small and sharp protuberances.

As for i) frictional resistance was all low and was reduced
by ten to twenty-odd percent. As for ii), anti-corrosive paints
of vinyl type and chlorinated rubber type contain aluminium

powder and the frictional resistance had no reduction at all.

From the above, as for roughness grade of paint film, existing
of protuberance with mild inclination gives little affection,
but when there are many proluberances with sharp inclination,
though low, frictional resistance is not reduced, rather in-

creased.

Variation of frictional resistance due to painting

Commercial sandblasted steel disc which has roughness of about
20~30p was coated with paints and the frictional resistance was

measured every coat.

1) W/P x 1 coat (10 u/coat in dry film-thickness)
2) W/P x 1 coat
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2-3.

A/C of vinyl type x 1 coat (20 p/coat in dry film-
thickness)

3) W/P x 1 coat
A/C x 2 coats

The result is as shown in Fig. 3.

The more the number of coats becomes, the more the frictional
resistance is reduced. But the 1st coat, W/P, is much ef-
fective to reduce frictional resistance. And, reasonable value
is considered not to be able to obtain without covering rough-
ness of paint film surface enough., Therefore, general anti-
corrosive paint of vinyl type is necessary to be coated on
sandblasted surface with over three coats. But, highbuild

type paint would be enough with only one coat,

Variation of frictionalresistance due to attachment of marine

growth

Anti-corrosive and anti-fouling paints for bottom part were
used., As for anti-fouling paint, two kinds of paint were made
on an experimental basis, one easily attached with barnacles

only and the other easily attached with barnacles and hydroides.

Test pieces coated with above mentioned paints were immersed

in the sea at Kobe Fukae on 20th July, 1968 and a change with
the passage of time of frictional resistance was measured on

10th, 20th, 30th and 60th after immersion. And, so as to be

attached with slimes only, test pieces were immersed in tank

of Mitsui Tamano and in the sea.

The result is shown in Fig. 4.

As days of immersion become longer, frictional resistance in-
creases, Test piece coated with anti-corrosive paint only shows
little increase of frictional resistance after immersion for

30 days.

-154—



2-4,

The above is considered tobe ude to the fact that barnacles
attach uniformly and rough surface becomes nearly even around
30 days after immersion and thereafter, frictional resistance

hardly increases.

On the other hand, test pieces coated with anti-fouling paint
show straight increase in the attachment of marine growth and
frictional resistance after immersion for 20 to 30 days. The
cause is considered to be due to the fact that attachment of
barnacles is severe in the sea at Kobe Fukae and, even through
anti-fouling paint is applied, anti-fouling property is worn
out 20 to 30 days after immersion, Test piece of disc coated
with anti-fouling paint is attached with barnacles from brim
part toward center part, therefore, even when attached with
barnacles to the same extent as anti-corrosive paint, anti-
fouling paint film is considered to make greater resistance

then anti-corrosive paint film.

Increase of resistance due to slimes is extremely low com-
pared with that due to attachment of marine growth such as
barnacles, but about ten to twenty percent increase was ad-

mitted.

Variation of frictional resistance due to physical damage of

paint film

Variation of frictional resistance due to peeling of paint film

Paint of epoxy type was applied and exposed for 10 days out-
doors, and then anti-fouling paint of conventional type (for-
mulated so as easily to cause peeling) was overcoated. After
immersed in city water for 10 days, frictiomal resistance in
water was measured under the condition of peeling off in about
20% area of exposed part and in about 10% area of back side of

test piece. The result is as shown in Table 2,
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3.

b)

Increase of resistence due to peeling is not so mueh, but the
ratio of the increase is seemed to be in proportion to the

peeled area.

Variation of resistance due to blister

Paint of epoxy type formulated easily to cause blisters was
applied and immersed in city water. And using test pieces of
being peeled to the grade of about 2M, 2MD and 4MD according
to ASTM method, frictional resistance in water was measured.
The size of blisters were also measured by Roughness Inspector,

The result is as shown in Table 3.

Blisters little affect frictional resistance to the extent of

a slight problem,

Smooth convex surface due to blister is considered to be no

factor of increasing resistance.

Conclusion

In this study, the factors considered to affect frictional re-

sistance in water were taken up and made artificially. The fric-

tional resistance was measured by the revolutionary apparatus for

measuring the frictional resistance with following results,

(1)

(2)

(3)

Compared with blasted surface, surface coated with paint was
remarkably low in frictional resistance in water, Several
coats were applied, but reduction of resistance was remark-

ably admitted after application of 1lst coat.

Damages of paint film little affect frictional resistance in

water, That is, peeling in about 20 to 40% area and blisters
to the grade of about 4MD (according to ASTM method) are very

small factors to frictional resistance,

Frictional resistance in water is remarkably increased by
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attachment of marine growth, especially attachment of
barnacles, And, compared with blisters, slimes less af-—

fects frictional resistance.

(4) In putting the factors of creasing frictional resistance

in water according to effectiveness,

Attachment of marine growth roughness of surface fouling

by slimes only peeling, blister,

This study aims to measure frictional resistance in water of
revolutionary disc of test piece. Though the reéult would not
be applicable direet to vessels, the factors concerning painting
taken up herein would be able to be useful as a standard of the

grade of affecting frictional resistance in water.
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Table 1

Table 1. Variation of frictional resistance of
some marine paint films in water,

No, Disk Coating system Drying time Cf/Cﬁ]
1 Aluminum | W/P+oil type A/Cx3+0il type A/Fx2 7 days 0.79
48 " ¥W/P+oil type A/Cx3+o0il type OPA/Fx2 " 0.73
3 " W/P+oil type A/Cx3+B/Tx2 " 0.90
4 " W/P+vinyl type A/Cx4+vinyl type A/Fx2 " 0.81
5 n W/P+vinyl type A/Cx4 " 1.01
6 " W/P+chlorinated rubber type A/Cx3 " 1.01
7 " W/P+tar epoxyx2 " 0.74
8 " W/P+mastic epoxyx?2 " 0.88

W/P : wash primer paint
A/C : anticorrosion paint
A/F : antifouling paint
OPA/F : A/F containing organic poison
B/T : boot topping paint
Cr

Cf : coefficient of frictional resistance in water

-

Cf of standard disk

Table 2
Table 2, Variation of frietional resistance due to peeling.
No, Disk Coating system Area of peeling Cr/Cy,
50 Aluminum | W/P+mastic epoxyxl+oil type A/Fx1 o 0.78
, " " weathering side 20%
>0 the other side 10% | 0:85

<1 " " o, 0.90

weathering side 10%
the other side 5%

51| " nn 0.95
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Table 3

Table 3. Variation of frictional resistance due to blister

] Blister
Immersion
No. | Disk | Coating system time ASTM Size Cr/Cy,
39 | Iron | W/P+mastic epoxy - - - 0.88
3mmg
tt "
39 8 months 2MD 100% height 0.92
40 | Iron W/P+epoxy - - - 0.88
40 " " 5 days 4MD - 0.87
5mmd
° "
40 8 months 2D 100~150% height 0,92
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