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Abstract

Biofouling on ship hulls has been a growing concern due to its environmental impact, such as the translocation of aquatic
invasive species and higher GHG emissions resulting from increased hull resistance. Currently, the use of antifouling paints is
one of the prime means of mitigating biofouling. However, it is not possible to completely prevent biofouling on ship hulls. To
address the negative impacts of biofouling on the marine environment, the International Maritime Organization (IMO) adopted
the 2023 Guidelines for the control and management of ships’ biofouling to minimize the transfer of invasive aquatic species
(here after, the Guidelines) as well as for the in-water cleaning of ship hulls depending on the degree of biofouling as presented
in the Guidelines.

Microfouling, which is the initial stage of hull fouling (biofouling), is not visible to the human eye, making it difficult to assess
the degree of fouling early on. Assessment methods for in-sifu monitoring systems are needed to objectively evaluate biofouling.
In this study, two methods were investigated: the first is to evaluate changes in ultrasonic transmission at two points on the hull
due to biofouling (ultrasonic bipolar method), and the second is to assess changes in surface parameters using CIELAB color
coordinates (color space parameter method). These methods are characterized by the fact that they do not require sampling of
attached organisms from the hull and enable in-situ observation.

In laboratory tests using specimens, actual states of biofouling were simulated, and both methods showed a correlation between
the degree of biofouling and the amount of change in physical properties. These results indicate that both methods are applicable

for determining the degree of biofouling.
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1. FL&IC

ETOEBAAD, AAEE T 2 L5 O 7 EE CERZREEICHERF T 2354, M) 5 O 7e GHG HE
HEE, D7 & BAEM19% CUT 1{E 9800 5 k> COy) B TEX 5L ENTWD Y. ESICHADAMIEHE
X, AAWEEERENC X 0 MEEBREE N 2 RIE. EO—BIMAD R T 2 R KA LT KA O E)
TH5H0, TTICEEEFEE IMO) T, ZOMIEICELT 35 2 MK K OB O K OVEFLD 7=
DOEFRSHK (NT A MKEFISHK) | & 2004 FIZEAHR L, 201749 A 8 HIZIILTVD 2. Zo&NICky,
RT A NN DA E~O RS - FHEICE LT, BEAMNAREENROND L) IChhoT-. —F, o
SR AT E LT A OB NS, WHEAREROBRELARET 5 50T, /37 X MKIZH- TRO D, BRI L -
TRERMEE 2> TN 5.

ZZTIMO I, FEFEHOMEAED I EEERICBET 504 KF A4 ATFHA RIA4 2 L587) % 2023 4F 10 A
WCEHR L, A KT A 23S, BRI IAM EAMOEEIC O\ TR 2R LIz Y. T4 RIA4 0, 4
Y1548 % Microfouling & Macrofouling {24308 LiEFE L T 5 ¥, Microfouling & 1%, AU, EHE, HoimadE, A
T OB AN A T A LJE & LI D AWM (Biofilm) Z AT 5 EMiHE % L, Macrofouling &
X, EAKAEEYSOMAN B, BEAME L, TO%RENOET D2 E TAELLEMIBIRT, 7UVR, B
PEZES, THE, BEEERE, Av, ZofXAOME, O, BEAEYSE, AFOBICR A% (Visble to the
human eyes) KT CHMZRZMIAOMEA T a v =—ROEYEETe, LTERINTND.

WO 72 A ARG BRI KR U C, BifER bR G, MRG58 antifouling paint) Th 5. Bhi5
WEHT, AOEKEEE ~OEW BT HEEICH Y, BRI OEIIEZ RISy, T 7eb bLEEH
(biocide) & FEF AR EE (1 H 72D @ lem? DEFED © ORI O EITE - ng) THKHFIZEEH S,
R T CHHTERI O Sk « AW R L 0 EMOEEIET 5. Y TR B A OB 4
BT D72, WG ORI 5 AT — VR, 37005, Microfouling 35 1 OF Macrofouling (22T, FEfi
¥ H 2% OY(In-situ) TEMIGEEZ R TE AV AT LERE L, EWIGHEOPIHERE T, EUICRET S Z &N
FEFICHETH D, Fo, PG AT LAOFIECOWTY, BIEOMEORENNE L 12D.

T TEEDIL, MEBEEZ RS E T D5 AT JMTBWT, AW O BHIB N K OSEY) 72 G B
VAT LAOMFEE A E LT, BEE RER LORZERM T A —2 & AW SR EIRIC B 2 SRR
DEAFEIZI Y MATZ. BARBYIZIE, AIEIZOWTIE, {GHRAMZEMREL T2, 7Y RGAEE Wi mtE,
K OBEE B OWE FIEIZOWNWT, BFICOWTUE, HHRAMEEYFE L 35, WA HOTEBREEIZ OV TR
FHLEOTI ZICHET 5.
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2.1 BEEZIEEERWVEB BV AT LAEEFEDOEE

ARINES GIRROMRER ) I35 LT 7 2 R %, IRRNED O OB IREIC X 0 it T 5 FikZ et L.
PEFITB T IR 1% — DT 95— BRIE TS AR OB 23 2 e > Tz Y. ABFZE CIxaHlx g
FPH A IR S H72018, 2 DSOS RG24 3 5 “8EE2 Ot EE R Ls. EBREN CRlbR
FC7 OV REAHE « lE S, REOKBEMEICBWC E T a—%2HHIL7z. 0%, 7OV ROEEIC
TE O BEH T a—OZB a2 T L, BERIC LD 7 DY R SR EIR O EBLRTREME IOV TRE L.

2.1.1 2OVURMEERN-REAE

B 1 (ZSERREEE O E 2 7R T, 200mm X 150mm X HJE 10mm O — A% i 8 SS400 (Zfh Rt (Fh[E ekl
/R /=500 % 100pum OFEE CTEEL) 2l L= b 0zl & Uiz, BB OIS 2 ROB SRRk (i
TEIFFEATY, AR 5210 10A45) Z 3l S CTHRL FTHEE L. BEREMo—FIMES2 %5 L (3
B, b9 —HIZOEFEZITMD (ZET). BEFLOEFESNTEETERIE, X1 OLEMOBIEBRA N
RIS U CZEHICBET D, 2oL E3BR OSCHTH (85 1238k L U2 1 O SCeHRI O 1)
W27 VAP E LTS, BEET o —ORGNTELY KIET. BEMICE, 7OV RAEICL D RBA &
I COTA—HZBRRENET 570, ZlE T TRESN2T=a—BNMETFT5:E2605. £2C, ZOxTa—
KTFEREL, 7Y AR5 EZRET 2 5EERA T

TV RENFE - ESE LD, BB XAk T SR BRK R RIE L, BEE T e —TIC
WK EEEEL L7 W XD ISR T T AR v 7 A 85 LKL Z i L7 (B 1 oFR). X2 1338k #&
HTOT7 Y REEOREA 277, BEROEICHEN T DY RAE L T BN S, —#D 7 Y RS -
R X OISR, R KN C 3 L7z,

PAFRDE - KR
BEROE -
=%, ZEFT —
h3Ta—HE SR ER A (2 4R)

e ERIn—D

TSRy

X1 REBREEOHE

PAAVEH

& BHiR B E7B#% E1481%

B2 HABHRETOIDYROEE

(515)



82

2.1.2 Z2OVROBEICHESBERTI—DEL

ZE T TRl SN B E . 2 —DOREOR Z K 3 (IR T. 2o a—F oS a i+ —-FEL LT,
Ta—DOENEE B 2 T-. X 3D & Bl cH E o mE CUF, ma—fEoMEE ) 2R,
T a—Z{bDOEEE L L. ¥ 3 (b)ldm 2 — R EORRFE LA R LT 5. [ 3(b) D AE % B0 HIZX 2(a)
WZRNST D, FHAIORER, 7Y RORREICE, =3 —fEoENED LT <BRA R 7. SEofHn &
LT VY RMERORE BB Z 213 8= a—F0EMET LT, 2T 7 Y RORRICE > TRk
F#mE (ZVYRBMIELTODHE) CORGEORENEEL TND I EEZERL TS, KEHEOREIRT
DFRIE, 7ZOVRPMIET D LI L0 RBRARE CORT~OFER R (KIHEAERE) +57-20L%
2%, I EOFERNG, =a—fSEZEHT S Z LICL 0 7OV ROMNE - R Z M TE e 2R LTz,

3 1650
| | @ (b)
2 1600
_ 1 1550
= @
H 0 R 1500
B H
1 1450
2 U U 1400 I
3 1350
0 0.5 1 1.5 2 2.5 3 0 2 4 6 9 11 14 16
RS [us] fTEEREBEE [H]

B3 ZOVRHERIZHESITI—DEL (2 BERII—0OF, b TI—EIMEDEIL

2.2 BERINS A =2 FAWNVERE AT LEEFEDEBE

EBIGEBEL O EFEEAA~OFBIZOWT, ZHUETORFTIE, BEICEENIOHR (a7 1 VE) &
HHEREE (N, N-dimethylformamide: DMF) CTHiH L, ZOENIREDOWFICL VEHMEi L7z, L L, FV /= DMF
DOFMERENZ &0, i TREEXOHEICBW GBI 22T 0ERZH 5 2 &, RBREICHET 230
JEAENZE D 5%, FHIFEOMBENHI L. ZVE TOEBRFEROIX, MEGEREHI RO AT
bz 52TV Z L2 MR L TRY, AROWINT 2O ER, T2ROLEHNPEITLBLITEALT, B
O, ¥, BIE%EZO%(in-situ) T/37 A—42{t (422,37 A —% : Color space) 95 & T, HEFADM
BB BRI OB BEIINCTHMII CTE 5 LB 2 2. FOFHMITEE L TERRO AR LE, 2B/ T A—HIT &
0 ERHT B Z L OFNEIC OV T FRR 2 3206 L 7=,

BB NT A—H1%, K418 T LI CIELAB(H-E: L7, a": fkR, b": H-H)DK/NT A =20, P,
CBEROEEZRETIRIET—ZE LTERLELOTH S Y. FEARMISHEEE TH 2 BiEa ftaldy L
L, MREERIO—>TH LML (CwO) EA &N, MZER/NT A —X TR INDHBEDOAIZ KT T
EREL. £, BBOQAZER T A —4 & RO lEO G O 2T 5720, @Y Miade s A R
AL, THEMWT, BEOMILAEFR L RS A& & OMBEEZT~T. £z, KA REREERE O &l
b, FMESRICE DS OBRE, BBREE, ROBEOHRASM M L 7 RAEWREBRO 7= D
g R 2 ERE LT,
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Em L*=100

=
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L* : BAE 7r
g% BECRE e T2
b* 1 BELXE

=
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E L*=O

X4 HE4EY (#8FE 4 2 R0 Ectocarpus sp.) (&), RUBZERM/S A —20HER ()

2.2.1 \ROBEM/NS A —5 ZRWIABEHEFEDEE

Cw0 Bl % Owt%~40wt% DEIFH CTRETANICE L X723k EE 2, Sem D PVC (Polyvinyl Chloride) 4
~BREL, InAaMEEERA & Lz, RGBT, RS A REI I R B, JKIR 20°C, (RIS 20 />

&, 45 HOBRAESFMIT STz, BAEZOREBT (FBRX L T5), KOPVCH (X ET25) 12, Bk E
TE U725 A 2 B0 A1), ZBBALER L7 RARMEK G, JKIE 20°C, SERRST 20pumol/m¥s (12 HFRIAA/12 HEfKE
A7), 24 RO ZBERERZ EE Lo, BEWERE, FEBRXEB X UOSRX 0B LT, B A
(RM200QC, X-rite f1) #HWTEZER/ ST A —4 ZHE L. ZORER, Cu0 BlG®EICx LT, BEEdERX
EXRXOAZEMNRT A =2 EOMICHELZZRL, AZEMNRT A= EHWMIEIIZ S THDH I L EmRL

7= (¥5).
701 10+ 40
- k¥ l nS
ns 8- 354 ns
65 = *kkk

Control O 20
Cu,0 content (wt.%)

40

*kkk
- o 89 30+ FEEX pwkk
60 - ’l‘ ’J_‘ |l‘ ddedk ’l‘ Fekedek kkkdk
4 -~ kkkk 25 - ’l‘
55 T T 2 20 T

Control O

Cu20 content (wt.%)

Control 0

Cu,0 content (wt.%)

H5 Cu0BRE=ELBZEM/NSA—42LDFEE. BHFDNS (L Non-significance &, T5—/\—IIBZER/S
A —A DIZ#E(RZE (Standard Deviation: SD) %, ZARAA YRS * = ™ ** FEHEOHMAMNEEE (p <
0.05) #%9.

2.2.2 &R %RV MERSZRIERESTM B I 5 FiRaomEs

CZEMNT A= Z 2 VIR 2 Y TH D 2 &b, MRIEHGEBIOMERERHRO 720 0 7 R A sl B4
D TARHIRET 21T - 7o, EWalBRisE (M 6) 2B L, M & o TGS i o BIEEORE (X7),
ARk A= (0.67 turnover/h) CZFRMIM] (24 F§f]), KR (20°C) FORBRAIM 2 it L, WHOMRASMT
(CEMITEME) 2Rt 3 2%, AWk E e Lic 7. AWRBRIEO Y A2 R~ 72w, mUAaMia g Eikd v
T, TAEWRBRE OO AZER] T A —2 &, MilladFaR & OB AR L.

ZORER, BZEENT A =2k o TUE, MlAEFRE OEWHREEZ R L, AZEHANT A =2 OFBIMERL LOA
Pt EfEEE CE T (K8). ZDZ Linh, FEERITHASMICAAE LB istEcR L T, BRI T A—22H
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T in-situ, 7P OFBEETHERI T D rlRetEavRSivic. BLEX Y, 1gmed FIV 7o eBhiG ek O PERERHm I Z >
W, TiKGAME T T T RAEYRERIC LB R R S R T & 727,

RYRBT49Y
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Hegm HBA
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Side view
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3 Substrate
4 Silicon rubber band
5

Affixed algae on the surface of the substrate
7 #EHABRFOLER (ER) RUAEE (AE)

(518)



W L HAN R ST GErGE 235 45 (GAILEE) REHRE 85
70 L*=-0.07575 SR + 64.79 10 35 &
- : a® =0.05521 SR + 3.580 (i L*=0.08012 SR + 24.39
8 (R?=0.4919, n=54) (R2 = 05485, n = 54) &8, (R2=07228.n=51) o %P0
8- Al o]
304
6_
‘© ‘o
4
o 25
8
218
o]
50 T T T T T O T T T T T 20 T T T T T
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8 BEZAVEIREMHRTOMBEFRLBEH/ T A—42 LOBEKR (BP(CHEEX, HEERER) R
UEME () 27Y.)

3. FLOBLUSEKRDTFE

AW TRRE LT, (1) BEE CFEEE W, 7OV RISk 21EROB S M FE, Q) BZEf/ 5 A —4
Z W, BEERIC L ATER ORI TRL, WIS RN GEEFHAIN /0 YRt 2 855 B2 56
ML, ERMbE BfETISHRE CH D, AWF7EE, ek L b U TBGOFNENE ST, 53D in-situ THIZE
NTELRETHY, IO TEOFEMEROEBRMZ/R Uz, £70, ANRBRE T L7k RAEYRER
T ORHE D2 4% PRI L, 22T A —X 2 X 55072 b OIS 2 B/ L=, BE,
A RTA4 0T, REWRIBREDTH D, 7Y REYESCEIEIC X DG 2 ERC B CHlT - §Htid 572
D OFIERHIIESE SITWVRVIRIL TS 5. ABFZECTHEEE L7 Tk 2 EMICEHEE ONEHAT 5 2 & IR S
NBN, ZDT=HOITIE, MVESROWIR, MENTEBLOHE, FHIAEORFEE, S SICELETORBIN %
HThbHI b, SHBOPEE L TURINTZ. A%, BEKRIC X DA E i N e CE iU, Seit
HIZL ARSI A T T AEORREL 720, [EEEHS ) Om BICBN D Z E iR S D, £z, BiEd v
AWFFEDRERZ I, ZHNETEWRE (A, 7PVR) &9 ZHNTHEIELTZ 18021716 2 ) — X 10 11 12)
~OBEIRZE (part-4 : HHH) MOZEORBLREIRISND. ZOFE, Eifi ST SMIEBHEEEIOH NG,
BTG TERE D BIREZR X, 36 L ONEEN 2 S O A RIS IR, GECHTEL L OICR Y, BBEHOBEIA —I—
DFIHHENANEICSONT, BED Z EnifFsns 9.

i
At FEfiT H12H 720, #ERFO)HIER AL, WEERFE = L2 2 3 - (The Kobe University Macro-
Algal Culture Collection: KU-MACC) D8 (KU-1372) D438 T, F7z, HPEBEMESHEOR R LKL O
AR RITIE, BB DR M ORAET, REBIGERIZ /R~ ZZIEHOEEZERT D,
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