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SUMMARY

I . Subject

Screening and Development of Fouling Agents from Seaweeds and Plants

II . Objectives

In recent vears marine ecosystem and surroundings are being increasingly affected by

marine pollution. The decrease in marine productivity in offshore and coastal areas around

Korean sea is mainly due to the reduction of offshore grounds since the declaration of EEZ
effective from UNCLOS, 1944. Artificial reef is an alternative to reconstruct the marine
environmental resources. However, this artificial reef has a few toxic substances in their
concrete mixtures. This prevents spore settlement of seaweeds which eventually reduce the
seaweed population. Although artificial reef for submarine forest is well investigated, it i1s
not properly planned to employ artificial reefs and evaluate their performance.

In this study, firstly, fouling agents were screened from seaweed and plant extracts
which could attract seaweed spores. Secondly, those fouling agents were incorporated in
paint formulation and applied to artificial reefs to increase the productivity of the
submarine forest. These natural nontoxic fouling agents preserve the marine environment
and increase the productivity. Finally, the submarine forest can be used to increase the
productivity of offshore and marine ranching grounds which can also be enjoyable {for

people for their recreation.

IIl. Materials and methods

At first step, a study was conducted to extract and isolate fouling agents from seaweeds
and plants. To know the effects of fouling agents extracted from algae, their fouling
effictencies were screened by spore attachment bioassay using agar diffusion method
(ADM). Later PVC panel and artificial reef immersion tests were conducted.

The proven fouling agents were incorporated into the formulated paints. The formulated

paints were tested for their physical properties by ASTM (American Society for Testing

- Vil -



Matenals) before coating onto test panel and artificial reefs. Initially, the fouling paints
were coated on small concrete bricks and PVC panels. Later coated on artificial reefs and

were immersed into south coastal waters to examine their effects.

IV. Results

1. Laboratory tests

In order to know the efficiency of fouling agents, seaweed and plant powders were
screened against algal spores.
Selected seaweeds and plants were extracted and subjected to chemical characterization
(TLC, Silica gel, HPLC, prep-HPLC, GC, NMR).
The chemical characterization of a fouling agent, benzyl acetate was as follows, (Mw,
150.07) 'H-NMR (500 MHz, CDCI3) : & 7.19 (aromatic proton), & 5.34 (methylene), & 2.01
ppm (methyl) “C-NMR (125 MHz, CDCls): & 170.3 (ketone), & 20.7 (methyl), § 68.2
(oxygenated methylene), & 127.2- 129.0 <(aromatic carbon), 6 141.2 ppm (aromatic

quaternary carbon).

2. Bloassay

Spore attachment assay was carried out by agar diffusion method (ADM). When
compared to control (100%), two fold increases in spore attachment were observed on
benzyl acetate coatings with 203%. More or less similar effect was observed for
cis-3-hexen-1-ol (197%).Spore attachment on decanal, isoeugenol and p-anisaldehyde

coatings were 174%, 168% and 147%, respectively.

3. Field test 1.

To evaluate the efficiency of fouling agents, PVC test coupons were immersed at east
coast. On PVC coupons fouling coverage was observed in the following order: benzyl
acetate (95 %) > cis—3- hexen-1-ol (65 %) > decanal (100 %)> ethyl 2-methylbutyrate
(92 %) > p— anisaldehyde (98 %) > trans-2-hexen-1-ol (90 %).

4. Field test 2.

Similar to PVC coupon tests, Polyethylene (PE) rafts also immersed in coastal waters. In

which coating made with benzyl acetate (30%) algal attachment was found to be 75%.

9. Coatings made with fouling agents.

- viii -



Formulation for optimum paint stability was tested by abrasion resistance and saline
resistance. According to the binder proportions the order of abrasion resistance was: b 2%

> 15 % < 25 % < 35 % < 45 %. The saline resistance of control paint was 93% but it

reduced In trans—-2- hexen-1-ol with 85%.

6. Attachment test with PVC panel and concrete bricks 1n east coast.

- Immersed for 90 days (attachments) :concrete bricks - benzyl acetate, decanal (100 %),
cis-3-hexen -1-ol, isoeugenol, p—anisaldehyde, trans-2-hexen-1-ol, alunite (95 %), PVC
panel - hexyl acetate (100 %), p—anisaldehyde, ethyl myristate, trans—-2-hexen—1-ol
(95%), benzyl acetate (85 %), decanal, alunite (80 %).

7. Attachment test with PVC panel and concrete bricks in east coast.

- Immersed for 90 days (attachments) : concrete bricks - alunite (60 95), hexyl acetate
(55 %), benzyl acetate, decanal, ethyl 2-methylbutyrate (50 2¢), ethyl myristate (45 %),
p-anisaldehyde (40 %), cis—hexen-1-ol (60 % : hard fouler).

- Fouling agent-coated artificial reefs were immersed into south coast and tested for

fouling attachments.

3. Study for large scale production
- Determination of fouling attraction properties of four fouling agents.
- Standardizing paint formulation with better dispersion of fouling agents.
- Evaluation fouling paint by ASTM.

- Standardization of spray and brush coatings.

V . Development program for fouling agents

Fouling agent can enhance the settlement of spores and larvae of algae and animals
respectively, which will initiate the colomzation of soft and hard foulers. Ultimately, marine

environment around artificial reef will be developed with algae and animal communities

which also help the preservation of marine ecosystem.

1. Development for fouling agents.
- Expansion area for testing formulated paint.

- Need of preservation of marine surroundings as well as the construction of Submarine

forest



2. Checking methods of fouling agents.

- Bio monitering, their community.

3. Preservation of coastal and Information of marine ecosystem.

- The results offer effective fouling-enhancing coatings for the construction of submarine
forest.
(1) Bioassay for construction of Submarine forest
(2) Field test (PVC coupon test, concrete brick..etc.).

(3) Formulation of fouling agents.

4. The construction of submarine forest
- The results are promising to enhance the colonization of algae and animals, and the
developed coatings are economical.
(1) Development of fouling agent for the submarine forest.
(2) Decrease for spore settlement time.
(3) Preservation of marine ecosystem and increase marine productivities of fisherman.

(4) Supplying continuously a marine food to people.
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19543 FH = w7iA Ao g AEAAE ZATER A QlFdojx Aljlo] AAHAG
EAROZ Aol AAlE 1974 o] F 9 HAAHL nw A 13 Aok o] HujptAE 77t

1 1976 ~ 19811dZtel &= 750 o] TR = Ao Al 22 A NEALY 71 7EQ) 1982 ~ 1987
A7 = 14009, 28] Al 32 AR 7IZEQ) 1988 ~ 1993\ A7t &= 14409 dlo] A o,
Al 42 AR ZIEQ 1994 ~ 200197HA = A3 2 E H £ AP =24 T AdHE
60009 dlo] Alg o] ). o] HH 19743 HE 1990874 A Hoj A= oF 7000 qlo] Q&%
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A 3F A0 = E 2 A4
1. =3 W&

[. 34 24 Als AF

1. Alek & 7]7]

Azt Alg AsolA Ex9) B2 7|5& @438 ote AlB
Eagy] AaA (4271 70 ~ 230 im) Alavl AES
(HPLC) 48 &£vl+ TEDIAAL, NMR £48 CDCl; -d3 (0.03 % TMS):= Aldrich A&&

TSt ARESATE 1 9o ALE-H *lowr FE &vWlv 59 EFE 143 AYE AFEIAT
= oA FASH A AR Bl Y EE7] (N-N series, EYELA, Co. Japan), 274 %7)
(Bondiro, IL SIN Eng., Co. Korea), =4+ Y& 31 (Sun Elelectronic, Co. Korea), v]%7]
(VS-1203P3, Vision Scientific, Co. Korea), 33 T4 (V-550, UV-1601- Spectrophotometer,
Shimadzu, Co. Japan)E, «w 8 AFHE 315 AA AZvtE 243 (prep-HPLC) (LC-908, Jai,
Co. Japan) 18|11 345 A AZvlEags (HPLC) (LC-10AT system, Shimadzu, Co.
Japan)&, 2w ol= 7t2AEvtE gy / 7baAwR37] (GC / MS), A9AM B33 A7)
(FT-IR), 5“7(}7] 3 29 EZ (NMR)E AF&3t9

g 22lstr] fste] wE Az
& 145 YA ZA=rtEYY

2 oA A8 ARt ANYERE, FHAYEE, YR SAA AFHse] o2AL
AAsL AAG F & Stk 75 FE2 207 Y8 B4r)S ol §ate] Easte] Bz
Bheo] AER ARSI MEhe 1 fo] B AR 100 g2 ¥ 24 hE BT @ F &

Gzl o 37 ToAA FAFE7]5 o] L3
eSS 1/ 108 SHAA AAS 5 022 m TEHZE A3g o -20 ColA Bisiad A3
off Al&35FS)

sto] Rt Wol

3. %% A=vlE2 eI (Thin Layer Chromatography)
Hets FEE2 7718 mE &I E UolHr] fsto] wrE mRwlE s (TLC)

(SIL G/UVZ54, 0.25 mm layer with fluorescent indicator, machereynagel Co. Germany)Z
°ol83te] it SREXE WEHA ARetol=, old ofMHolE, deg mMeIe M) g
AR a3, UV lamp (UVGL-58, UV-254/366 nm, UVP Inc. US.A)Z Rfg2 3ol13 9.




4. A7} 4 aA=vtEddy

A7 A (70 ~ 230 i< Ao 2 =3 33, F8F 2 (10 ecm x 90 cm, PTE
plate 722 A 89 o mep HEieto] ARRsIglom, A7t A AJlge] vl& 50 @ 19 H]
AT T+ A== [ 4 1 o E olAlHolE = 95 1 5, A4 old oA H o]
90 : 10, g2k @ oje ofAlHIo|E = 80 : 20, FA4F ¢ oY olAHlo]E = 70 : 30, A4 1 A E
ol MHIO|E = 60 : 40, #4t : oY olAHo]E = 50 : 50, o€ o}AHO]E, o€ olAlEoE
HetS = 95 : 5 o8 olAHoE : wWEeE =90 : 10, #WEere] 5o, £3-802 10 md min
of w&Ho 2 FFHeAT (Table 1).

T
)
©

=

z

M o

A}

Table 1. Eluting solvent gradient system of sillica gel column chromatography.

Eluting solvent (ratio) Volume(m¢)
Hexane - 2000
Hexane : Ethyl acetate (95 : 5) 2000
Hexane : Ethyl acetate (90 : 10) 2000
Hexane : Ethyl acetate (70:30) 2000
Hexane : Ethyl acetate (60:40) 2000
Hexane : Ethyl acetate (50:50) 2000
Ethyl acetate 2000
Ethyl acetate : Methyl alcohol (95:5) 2000
Ethyl acetate : Methyl alcohol (90:10) 2000
Methyl alcohol 2000




5 %3 A8 14 AF) AZnEIY T (prep-High Performance Liquid Chromatography)
- [HPLC 1AH2 2]

£ 2 9 -a:ﬂ% A3t g5 AF ZERuEIDT  (prep-HPLC) C18 reversed phase
column (Microsorb, 21.4 mn x 250 mm)ol} A 8stF o <HAE ZAs A 80 % WEek=3 20 %
2 23 8E ALY 602 B9 45 5 ml min B EEAAL, 254 molAd EREE A
steiA Zt ZETEY FHE TN YT EY A BY Hee Tl o X
&$4E vEd #8795 rtaaEvtEndgy [/ Jpad R3] (GC / MS), A9 £33 5471
(FT-IR), &27] 3% ~HEZH (NMR)S AHEste &4 4% 49 AgE AR

6. 1A s BA AZvlE 183 (High Performance Liquid Chromatography; HPLC)
- [HPLC 2x}&9].

=8 A 1S dA 2zvtEIHI o foj 22 F ¢ T A A4S
Uetd £33 +E AT AA Z=nE28 3 C18 reversed phase column (Microsorb, 4.6 mm
x 250 mm, Cosmosil)ell & %5’}03‘\31, AdAE FHo® 50% WS 50 % =9 3 EWE
AbgEhe] 60 Bt % 1 m min 2 §EAZI, 220 mollM FREE FAHSGEAM EFS

A4 st

7. 714 AEvtEOHy] AHEAH AHEZ (Gas Chromatography Mass Spectrum; GC
MS)
15 HA ARvtEIZH A SRS et AFRAZ F HEEd =<l

o
1 mg= 7|A ZEnEId s Ao ARE&h. VA aEviEafdd e BASR Zg
2 O
wo =
A

HP-5 (Hewlett-Packard, 30 m x 0.25 mm x 0.25 mm)E AFEstR o ol 7[A4dl& 3@
AFESER AL 9 HEE 06 e min—'o® FTFAY (11 500 AHEstlth. FA+9 &
230 Cola ZrH o] x7] 25+ 100 T, ¢ 2594 2283 4% ¥ 4 C min-'9
S22 150 CTZHA #olx 3 € min-'¢ £E& 200 T7HA =<9l Fol tA] 7 €T min-'9
HE2 200 CT7HAl oA 687 TAAZ . lon source electron ionization modeZ %] 280
ColAM 70 eVE AFE-3itt (Table 2).




Table 2. Condition of gas chromatography mass spectrometry (GC-MS) used for the

determination of isolated compound.

Parameter Condition
Column HP-5 column
(30cm*0.25mm % 0.25¢m)
Injector temperature 2307TC
Detector temperature 230C
Initial temperature 100C
Programing rate 4C/min to 150TC

3C/min to 2007C
7C/min to 2507TC

Final temperature Z250TC for 6 min
Carrier gas flow-rate Helium at 0.6 ml/min
Split ratio 1:50

287] 75 Z2AHE ¢33t IR Perloin-Elner GX spectrophotometers AF2-&to] HE A3

9. A7 &4 £HAEA (Nuclear Magnetic Resonance)

A 24 FREAS A%t 'H-NMR "C-NMRS #A&vh. 4
Jeol JNH-ECP NMR (600 MHz)o. 258 dd eAh-3Hxp7| T
Jeol JNH-ECP NMR (150 MHz)=5-¢ <1t}

A7 AL A WMo R Sargassum  sp., Ecklonia cava, Arachis hypogaea,
Vaccintum spp., Citrus limon, Malus pumila var. dulcissima, Thea sinensis, Cinnamomum

loureirii 5N 842 5 % g AASY 12 725 435990



73
pertusa)?) EAE o] &3 ATh A AR gHe AF e AEY, delid, ol #,
&7, ot AFE AtlA APkl APA ewsgon, 54 AT 2HFIY

25 5 @A mde] BRRESS AAS] Aste] 124 33 vkE 253 A Fof AUEdY
(autoclave, 121 C 45 min)2 A3 =2 A FHsAY. 1 o 992 9% EgE
golo] 127k FAANA B ATFAAE & Fo W Az AATh W el g B sh el
2ol 80 und m %Y, 20 C WM%slol Wi FAWEL GEEACT (Fletcher, 1989). F1 =AY
24 1 mg & 10 w9 dimethyl sulfoxide (DMSO)E #7late] &3] (100,000 mg - ¢ HAZ F,
A7 wE2E 5 A0 FR FAELS 4000 mg- £ |, 2,000 mg- £, 1,000 mg - £
L 500 mg- £, 250 mg- £, 125 mg - £ o] HES HUbE Foll ¥ &5 75 FAAVT
(Olympus CK2)& o] &-3te} x100 ¥l &2 HAATH 100 %, & 540 A8 #A=A e
A9 ++e+E, XA $BA0] 95 % ~ 75 % AGFE +++, 5% ~ 50 % AGE 2,
50 % ~ 20 %2 AS-E +2 UYeen, ¥ Ao &gt A$-E -2 vERRich
72 g4FEd 4F del 5 W T 5 AdE s gEE vn Aesdd

(Sidharthan et al., 2006).
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M. Agar Diffusion Method (ADM)2 o] &3 A7 5 AS

] % dx AHF st = Agar Diffusion
AFstF ok, 2 AFE3 sgol== 10 %
HCI 24 h&oF &3 39 Al /759 24 h'est gdol A3 A3k Y. &=/ 100 méol

5 E 2ol 1000 mg- £ 9] AE A
Adol ALt AFE AEE 1 MY Stol=
AR HELOEE 2 % FHA =
gtefo] F2p e el EApy
Ao HHsidt 18 h Fol 3228 Z9d &gol=E IS A F Fst o
(Olympus CK2)& o] &3l x400 vl &2 ¥ x}9] {2 F55 #23sA ) (Fig. 1).
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Fig. 1. Agar diffusion method (ADM): experimental glass slides were coated by agar (2%)

impregnated with fouling agents (FAs), kept inside motile spore suspension and

incubated in darkness (18 h).
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. 7% 99 | Polyethylene (PE) 2 Q3% A&

. ¥, PE #d

FZ Hd2 PVC 2AE ©]& 180 cn x 60 cm (L X 2712 A o, 5 em A2
A7 3 cm, Aol 03 emo AEFE Fo] AR o, AP A2 ¥ PVC #e HAEHE WA
3tz Y&l 478 AF % 3} (Fig. 2).
Aol AR AFAE2E AlRFTQ Z2AYE 7% =9 4 200 cm
x 30 ecm x 30 cm (L X X TA ST B3 LxWxT) 154
polyethylene (PE) ¥-& A|2}sto] A AL&31A 1g. 3 ~ 4).

]

Apolel & Al THE
|

il

o M 2
lo
o
i
lo
£

1500 mm
I 2 3 4 5 6 7/ 8 9 1011 12 13 14 15 16 17 18

® ® ® ® ®
010]0/0]0]0]010]10]0]0]00]0]10]0]0,

0]0/010]01010101010[010]101010]01010
0]0]0]0]0]0]0]0]0]0]0]0)0]0]010]0]0
OCOO00O0O0O0O0QOOO00OOOO0O000

0/610/0]0]10]0]01010]0]0]0]010]010]0.
OCOO00O00O0O0O0O0O0O0O0O00OO0OO0

® by

1

6500mm

cm) etched with test circles.

Fig. 3. Structure of a polyethylene (PE) artificial reef plates.
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3 & 2000 mm

dm

300

Banzoly ME

iso MB Green MB
0% 10%

eugenal | 20% B0

Fig. 4. Concrete artificial reef blocks coated with fouling agents, before (A) and after (B)

immersion [structure of a concrete artificial reef (a). Plan of fouling agent (FA)
coating on the artificial reef (b)].
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Fouling agent coating

| After]

[Before]
Fig. 6. Square artificial reef blocks coated with FAs (fouling agents).
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Table 3. Composition of fouling agent coatings (FA formulations).

Ingredients Alunite( I ) (26) Alunite(lI) (%6 Alunite(Ill) (%) Proportion (26)
Fouling agents 60 20 10 15
Resin 14 30 30 40
Additives 1 1 1 1
Solvent 20 49 59 o4

Table 4. Composition of fouling agent coatings (FA formulations).

Ingredients Proportion (%)
Fouling agents 2
Resin 24
Solvent 4
VI. =59 54 4%
1. J}utR A (abrasion resistance)

WokmA e

ASTM D968, KS3321 Sl @& AL ntx Ag Wi g A&3td o
kIt (B)<F A (S)9] vl& (B/S; A- 95/5, B- 85/15, C- 75/25, D- 65/35, E- 55/45)& &
g)ste] AY S8 E A*slgon Tk 2o
Hy-8 ASTM D968, KS3321%

SIC #24F 90 cm 1ol A 45 ° 71-&7]2 A A3dle] A7 5 4w R A drbA
Sd Ede i = 7AF T4 o3 oy AEE FA4sAT YA vk A 9o
2|05 FA7F 7Hsd ASTM D4060-8 Tabor U}E_ Al 2 Wttt Tabor PFEA &2
RSO R CS-178 o838ty mr A =k 27 7AAaz2 A4

49§ Aol sAsY. ¢ dxE 298
o
) .

of W A} vhE A b

pe E3 AEsAt NE 21

O E_‘__Fﬂ—

=3

—.16_



2. W94 (Saline Resistance)
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Fig. 7. Process of immersion of concrete bricks (A) and artificial reef blocks (B) coated

with FAs.
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A7 A3}
[. &4 52 A5 A4S
. Agst A agvtEadgy 239 ST

=
Hed F2E2 A7 2 24 A=2vtEad49E T3 #7718l o8 EHE 28E=

=
T3 A8 HME &35t hexane, EtOAc, MeOH ¢ T8 =4

i AERREINIE
sto] Egsilon, #E ® RETE A2 E motility A 54 2 ADM testE A A F

A1 EtOAc : MeOH 1 : 1 fractionol A 7% =& A =2 33& yEyoh

& iy aAzutE 189 (prep-High Performance Liquid Chromatography)& % 3§
=49 #2 - 1x HPLC

el FEES 53 AL 15 AA] m=EntE Yy Cl8 reversed phase column
(Microsorb, 21.4 mm x 250 mm)ol] A28l otAH AL He&y 58 22 80 %9 20 %
53 &= Mol ALEsted 608 B9 945 5 m min-'E® SEAF o 254 ol 2 FAEE

A
1
zA5EN 74 275 B8 247 rdAY (Fig. 8)

2. A
X

O

w B 2
i |
S ;}
et :
od ?
W j
g eS| 5@
& E
:
: PINER L S ik
_____ ", o e

E:'{i o

Realume (min}

Fig. 8. Prep-HPLC profile for the Jasminum sp. The fraction was subjected to HPLC C18
reversed phase column (Microsorb, 21.4 mm x 250 mm). It was eluted with a isocratic
of 80% methanol for 60min at a flow rate 2 mf min ' of 20 m¢ volume fractions. The

absorbance was monitored at 254 nm.
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3. & A ARsEIHYE T EF 9 AA (HPLC) - 23 HPLC

23 AL & AdA AzvEIHIE AMEE 2T 7 EETEES 14T AA
AzulE 193 Cl18 reversed phase column (Microsorb, 4.6 mm x 250 mm, Cosmosil)el] 2]-8-3},
e Ao vgkey B8 42 50 ¥ Y &7 S9lE AFE-3te] 60 ¢ 75 1.0 ml
min—'2 $EAZ o, 220 molA FHEE SHSHEA =22 AASAT (Fig. 9).

Ik B e I O e T o I e o e L B T T e e e T T L T e et e e e oo e e el S T A a0 o e o el e

yels .:'3.-!-5-_‘ o
A B iR

- SR .
Lot T . PR . . .
) b b e 'L. b - . b
P - . .. e T - .
A B B B e A bbb g b e
1 N '::
T . : "y
R A R e g . A A b ey At B R P R B e L e

LR e

PR

Fig. 9. HPLC profile for the fraction Jasminum sp. The fraction collected from prep—HPLC
was subjected to HPLC Cig reversed phase column (microsorb, 4.6 mm x 250  mm,
Cosmosil). It was eluted with a isocratic of 50 % methanol for 20 min at a flow

rate 1 m¢ min *. The absorbance was monitored at 220 nm.

—

4. 71A AZ2vtE 19y A7 B4 A9 ER (GC-Mass Spectrum)

145 A ma=vtEady (HPLO)O A €47 E (MEs F5 80%) WS 345ty A%
Azl 5 HlEREe] =<l the 1 mgs VA A=RvtEOYY d9 £4 SFEY (Hewlett-
Packard, 30 m x 0.25mm x0.25m)el] A-&3lo] o]EAre] 7IAlE AHFE AL AY L, FTARSL
06 m¢ min—'22 £ FAH (1 : 50)& AH&stel 48t Jasminum sp.oll W7 7] A
AgvtEIY Y A A AFEYH (GC-MS)E Abgste] BEx=s 3t (Fig. 10). dfol
o]~ A ZHi benzyl acetate (Mw; 150.071)E 22l = Aot
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Fig. 10. GC-MS analysiss of benzyl acetate. Analysis was on a HP-5 column (30 cm x
025 mm x 0.25 um ID) maintained at 100 C and programmed to 150 C at 4 T
min , 200 C at 3 C min ', 200C at 7C min' and held at 200 C for 6 min.

Carrier gas was controlled at 0.6 m¢ min ' with a split ratio of 1 : 50.

0. FT-IR spectrum +41& =3 #-87] 39

Perloin-Elner GX spectrophotometerS AF&3lo] IR spectrum= &2lst A3 maxgra
17186 cm ', 14856 cm ', 1443.3 cm ', 1371.7 ecm ', 12478 cm ', 10214 cm ', 7455 cm '&
Efwtol (Fig. 11).
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Fig. 11. IR spectra of benzyl acetate.

6. A7l FH A~HEZ (Nuclear Magnetic Resonance; NMR)
AT AA A2etEOYEE ALEste] B3 B8 gid A -A ] 3 2 g A
Ax}7] FHo] 93 A Az 'H NMR (500 MHz, CDCls) : & 7.19 (aromatic proton), § 5.34

(methylene), § 2.01 (methyl) °C NMR (125 MHz, CDCl): § 170.3 (ketone), § 20.7 (methyl),
0 68.2 (oxygenated methylene), § 127.2-129.0 (aromatic carbon), § 141.2 (aromatic quaternary

carbon)® 4] = 3L, T2 E benzyl acetate® FHE ) (Table 5; Fig. 12).
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Table 5. Biological and chemical of benzyl acetate.

Benzyl acetate

— Molecular Formula | CoH160»
— Molecular Weight : 150.17
— CAS Number : 140-11-4

GENERAL
CHARACTERISTICS

— Physical state : liquid.
PHYSICAL = Boiling Point : 210 °C (410 °F)
CHARACTERISTICS => Melting Point: -51°C (-59.8°F)
= QOdor : Fruity. Flora.

= Synonym: acetic acid, phenylmethyl ester;

CHEMICAI benzyl ethanoate; alpha—-Acetooxy
CHARACTERISTICS — (S:OIOE-I-COIOSGISSI;I Cl-ear |

— X

AND USES olubility: Soluble m. diethyl ether,‘ acetone.

Very shightly soluble in cold water.
— Stability: The product i1s stable.
O
Structure )Lo/\©
ECONOMICAL = Aldrich: % 36,000 / 100 g

CHARACTERISTICS = Aldrich: W 71,000 / 1 kg

A7 BAES FAstA st Sargassum sp., Ecklonia cava, Arachis hypogaea, Vaccinium

L] E

spp., Citrus limon, Malus pumila var. dulcissima, Thea sinensis, Cinnamomum loureirii ==

o

= % w2y A st I FRE BAsIR o, 7tz 2HES BA pdeigion, FEER

_1

s =
# H EZE  (benzyl acetate, cis-3-hexen—1-ol, decanal, ethyl myristate, ethyl 2-

)

methylbutyrate, furfuryl alcohol, hexyl acetate, methyl salicylate, p-anisaldehyde, hexyl

alchohol, isoeugenol, trans—-2-hexen-1-ol)°]| %l t}.
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cis-3-hexen-1-ol ¥ ¥4 6712 o] F o2 CeHpO ol A2 100.1692F CAS No. 928-96
-1o]2 (Fig. 13), 2 EFdg o ®o] &F Hojdow =T rpE o|F O 2+ cis—3-hexenol;

cis—hex—3-en-1ol; Hex-3(Z)-enol ©]t}.

AN

Fig. 13. Structure of cis-3-hexen—1-ol.

Decnale= %4 1072 o] F9 2 CigHxpOolH, B2 156.279F CAS No. 112-31-2¢]1
(Fig. 14), &2 A9 JFo] o] & Hojgdomw = tlE o]F 0 &+ n-Decaldehyde; Decyl
aldehyde; C-10 Aldehyde; 1-Decyl aldehyde ©}t}.

/WMO

Fig. 14. Structure of decnal.

Ethyl myristatem™ B4 167012 o] F 2 CigHpO20lH, X2 256429 CAS No.
112-31-2°} 22 (Fig. 15), T2 W& %2 ofxjfFol Bo] &/ HoRom I OfFE oFo=2+

Myristic acid, Ethyl ester of tetradecanoic acid; Ethyl N-tetradecanoate©|t}.

WOW

8

Fig. 15. Structure of ethyl myristate.
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Ethyl 2-methylbutyratee= ®©4 77HE o|FofR C/HiO: o, x5 130.189F CAS No.
7452-79-1°] 11 (Fig. 16), 7% EARbF Rol] g EHojlom, & & o]F o=+ Butyric
acid, 2-methyl-, ethyl ester; Ethyl 2-methylbutyrate; 2-methylbutanoic acid ethyl estero|tt.

Fig. 16. Structure of ethyl 2-methylbutyrate.

Furfuryl alcohole ®©4 5702 o] F A CHigO: o), X2 98.109F CAS No. 98-00-0
ol11 (Fig. 17), &2 EXPHEFo| ®ol I Hojgdow W tE ol&0Z = furfuryl alcohol;
a-Furylcarbinol; methanol, (2-furyl)-; NCI-C56224; 2-furfurylalkohol ©]t}.

O

Fig. 17. Structure of furfuryl alcohol.

Hexyl acetatet™ ¥4 87|ZE o] FoA CgHigO» o™, B2 144219 CAS No. 142-92-7
o] 1 (Fig. 18), 2 XEXHtFof] Wol] &fF Hojglom T t}E o800 F &= acetic acid, hexyl

ester; n-Hexyl acetate; hexyl ester of acetic acide]t}.

()

/’WGJ\

Fig. 18. Structure of hexyl acetate.
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Hexyl alchoholt B4 6702 o] F oA CsHi4O o], 2= 102.172F CAS No. 111-27-39]
1 (Fig. 19), 32 Al o] TF Hogdom T TFE o|F°0E++ hexyl alcohol,
n-Hexan-1-ol; n—-Hexanol UN 2282; exxal 6; n—-Hexenol °¢]t}.

TSN N

Fig. 19. Structure of hexyl alchohol.

[soeugerol¥ &4 1072 o] F A CigHi202 o1, #2222 164.209F CAS No. 97-b4-19] 12
(Fig. 20), 2 @& o] FTH Hojglow I e o|E 90 2= phenol, 2-methoxy—4-

(1-propenyl)—; Phenol, 4-Propenylguaiacol; 2-Methoxy-4-[(1E)-1-propenyl} phenol ©|t}.

HO

N\

Fig. 20. Structure of isoeugerol.

Methyl salicylate ¥4 872 o] FoA  CeHiO-0l, A= 1521590 CAS No.
119-36-8¢|22 (Fig. 21), % X Aluto)] o] { Hlojdow I g o522 += methyl

salicylate; benzoic acid, 2-hydroxy-, methyl ester; synthetic; gaultheric acid®|t}.
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®

Fig. 21. Structure of methyl salicylate.

p-anisaldehyde= ©4 8/MZ o] Fof R CgHgOr0lH, B2 136.15¢F CAS No. 123-11-5
ol]31 (Fig. 22), & XKXA}gto]] o] a5 Hojglomw W T2 o|F S FE = p-anisaldehyde;

p—anisic aldehyde; anisal, methoxybenzaldehyde©] tt.

0
0 < 000
Fig. 22. Structure of p—anisaldehyde.
trans-2-hexen-1-ol& B4 672 o]Fo|A CegHpO o|n, A= 100169 CAS No.

928-95-00] 11 (Fig. 23), +% Sxtol] Bo] TF Hoyglow T ffE o5 o2+ (E)-2-Hexen
~-1-0ol; trans-2-Hexen-1-01; (E)-hex-2- enol; Hex-2(E) -enol®] t}.

MM OH

Fig. 23. Structure of trans—-2-hexen—1-ol.
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I. 23 5 &34

=k

==
o

13719) 1 HAEAZ o]&sle ¥2 53 E HAESSHUT A4 2y benzyl acetate,
decanaldl A} Z2 &EA0] 1000 mg- £ ' 7HA LAHA edow 250 mg- ¢ 'HE ¥ &
=S Hol7] AR} cis-3-hexen-1-ol= 4000 mg- £ ', 2000 mg- ¢ ' 74A A LA Qo]
Ao 500 mg- ¢ 'BE a9 HF3o] #FHAUU. Ethyl myristate, ethyl 2-
methylbutyrate, furfuryl alcoholo) A= 1000 mg - ¢ “7FA] 249 XA §3o] Harx|glon
500 mg - £ o] FHEE YxTRY F83 29 $Fo| #AHAT Hexyl acetateol & 125
mg - ¢ 7HA Y] e $ES #AI 5 2Aon hexyl alcohol, isoeugenol, methyl
salicylateol] A1 4000 mg- £ %, 2000 mg- £ ', 1000 mg- £ ', 500 mg- £ ‘o)A 25 % ©]Fe]
EA &F At 2d Hdo, 250 mg - ¢ HE diEed vsd &58 FA F 5 AU
p-anisaldehyde, trans-2-hexen-1-ol]A%= 4000 mg - £ ‘oA S5 Aol A RolxA &gor}
500 mg - ¢ ' ol8tRE ¥EAo] &wrd f3o] #AEAC} (Table 6). 23 A3 A3 A9
TR A = FH4Y IA EFd dig AL F OUHA AwE EEES XUt Benzyl

acetate, cis-3-hexen-1-ol, decanal®} Zo] EAF w23t FE=x}9

Zlolo] T R] =

& 2
74%-9} hexyl acetate, hexyl alcohol, isoeugenol, methyl salicylate?}t #Zo| ®HFZ 5o X

=
gutet 249 $AYo] AAHE RHS woth AY AHE Fa) T F4BHo| T
Q
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Table 6. Effect of FA candidates on motility of spores of Ulva pertusa.

Concentration (mg - 2 ')

Fouling agents

D

4000 2000 1000 500 200 125
Benzyl acetate ) ++:“--~+:~:; -—~~-—---~1+: + 4+ ++ | -
c1s—-3-hexen-1-ol 4+ +4+++ +++ + + _
decanal + 4 ++ +4++ +4 ++ +++ ++ —
Ethyl myristate +++ 4 +++ + + +
Ethyl Z2-methylbutyrate +++ +++ +++ + + ~
Furfury! alcohol 4+ +4 + +4+ + + -
Hexyl acetate = — - _ _ B
Hexyl alcohol + + ++ ~ _ _
Isoeugenol + + ++ + _ _
Methyl salicylate + + + + _ _
p— anisaldehyde +++ + ++ n + _
trans—-2-hexen-1-0l o+t ++ ++ n n _
Pentadecanoic acid +++ + 4+ ++ ++ + _

The motility responses were classified as

- 30 ~

20, Moderate ++, 75 — 50 %, Week +, 50 - 25 %, No response -, and 25 - 0 %

follows: Very strong response ++++ 100 2%: Strong +++, 95 - 75



M. Agar Diffusion Method (ADM)< o] &3 A7 5 AS

Al (2 %) FE A4S nntete] I ﬂ-z}ﬂ HE5o] A= sl B7F 18 h
ob otAo) R So 2, AEE H (1000 mg- £, 10 mg- ¢ ) 2FEE 24319 2 ¥
A7 gRFoE ARE SHuWA 2 %)) RIALEEZ 100 %= e 10 mg - £ 8ol A
cis—3-hexen—1-ol= WZT Y] 153 %, benzyl acetates= 148 %2 HEZTFERUY 2 FEA&E
BRPon HE FH A EFo] nud SefolmolA RTRY & ¥ FIFHE g9
& 4 Aok 1000 mg - 2 'Sl A& benzyl acetate’} 203 %E M =S HALE Ko,

cis-3-hexen-1-ol= 197 %, decanale 174 %, p-anisaldehydedl A+ 130 =2 tixa- Ht
A4 Zdo] =dd sdolmdAM tfExdoex AEH
A5 Bon, 1000 mg- £ A 10 mg- ¢ BT}
Bago] velydr)l e A A3 benzyl acetate, cis-3-hexen-1-oldllA FEH
(1000 mg - 2 ', 10 mg - ¢ ') A7} RT3 143% ol e RZA8&E Bt} (Table 7).
A wiA] (2 %) FE A=A S wvkete] Azl ZE e 27 BEE 3
27F 18 h5g 9o ® H (1000 mg- £ ', 10mg- 2 ) HHAEE 5F
s, thEwr o2 AREH Al (2 2%)9 F2<E 100 %= ErlT 10 mg - 4
decanaloll A it ti¥] 224 %= 7HY & FEAEE H 991, cis-3-hexen-1-ol (190 %),
ethyl myristate (186 %), p-anisaldehyde (177 %), hexyl acetate (167 9%), benzyl acetate
(154 %) ¢o.2 45 BAY. e 22 AdM e s £xo 293 v =eA 7%

r\r
—l>
2,

TH A Fdo] EE Soio]lEoA fgiRToE AEE A uijA] e ¥ sdo]lEHT
=0 B2 vyt 1000 mg - £ A E benzyl acetate (323 %), p-anisaldehyde (236 %),

ethyl Z2-methylbutyrate (235 %), trans-2-hexen—-1-ol (212 %), cis-3-hexen-1-ol (197 %),
decanal (193 %)¢] #&&o] #&AEHAUTH & Zx} 1000 mg- ¢ oA 10 mg- ¢ 'Br} =&
2k o| YEYT (Table 8).
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Table 7. Agar Diffusion Method: Ulva spore attachment on agar (2 %) coated slides

impregnated with different fouling agents (FAs). Mean + SD (%)

Fouling agents

Concentration (mg - ¢ )

10

1000

Benzyl acetate
cis-3-hexen—1-ol
Decanal

Ethyl myristate
Ethyl 2-methylbutyrate
Furfuryl alcohol
Hexyl acetate
Hexyl alcohol
[soeugenol

Methyl salicylate
p— anisaldehyde
trans—2—-hexen—1-ol

Pentadecanoic acid

594+66.79 (148Y)

617+75.44 (153)
539+42.08 (134)
501+36.38 (125)
43216591 (107)
618+34.78 (154)
506+19.72 (126)
025+47.43 (131)
030+£18.24 (132)
464+35.55 (115)
089+23.15 (147)
415+21.05 (103)

011+33.65 (127)

816+82.32 (203)

792+100.84 (197)

701+75.28 (174)
613+42.18 (152)
519+80.72 (129)
764+60.03 (190)
590+43.96 (147)
651+44.17 (162)
677+32.79 (168)
609+46.77 (151)
022+38.84 (130)
492+45.87 (122)

635+41.36 (158)

"Spore attachment (%) compared to control (agar coating) (%)
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Table 8. Agar Diffusion Method: Ecklonia cava spore attachment on agar (2%) coated

slides impregnated with different fouling agents (FAs). Mean = SD (%)

Fouling agents

Concentration (mg - ¢ )

10 1000
Benzyl acetate 212+65.54(154") 446+75.40(323)
cis-3-hexen-1-ol 262+22.38(190) 271+45.55(197)
Decanal 310+24.43(224) 266+51.51(193)
Ethyl myristate 256+15.23(186) 166+34.25(121)
Ethyl 2-methylbutyrate 182+23.60(132) 352+47.70(235)
Hexyl acetate 230+47.04(167) 252+50.68(183)
[soeugenol 185+33.63(134) 276+28.98(200)
p- anisaldehyde 245+33.63(177) 326+28.51(236)
trans-2-hexen-1-ol 197+26.44(143) 292+52.69(212)

YSpore attachment (%) compared to control (agar coating) (%)
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2Z1 DX250, DX600, DX700& AH&stth. 3 #Hdy 27
[High, H (100 ~ & %); Medium, M (84 ~ 45 %); Low
b vl ) B2 Aol Yehfiith 2 AFdAM e 27 ZE (Enteromorpha sp.)7t
FAsHA FAeith DX200s vt ®E AR A3 xS 1 ml, 2 m 25 WA ] 45 %
AEe I (E sp)7F F&FFHAS] #EEHAY), 31 A B3 2 ethyl 2-methylbutyrates
1 méollAl HA dB] 70 %, 2 meollA] 100 %9 F23 &2 & 4 Ao, benzyl acetated A=
1 mollA 40 %9 F2eE BYou, 2 molAs 100 % F&5 BRI vkely DX65000 A
HET2 1 mold 20 %, 2 Mol A= 8 %9 FA-&o] Yelwtth Ethyl 2-methylbutyrate
HA g 100 %o F&FS 292 T & AUew. decanal®d p-anisaldehydeoll A= 1 mgoll A
65 ~ 8 %9 FEEE 2 mollAd B 100 %2 FAo] vertth vide DX70001 A9 dizT2
1 méolf Al 50 %, 2 mb TAIANA 25 %9 BEFEE RAY. p-anisaldehydeo] A 1 ml, 2 m¢ EF
100 % 742 EHth FF gdE ol &3 H2 {52 #= AT} ethyl 2-methylbutyrate,
p-anisaldehydeol| A BFIT Y =5 o] <ol Ad#glel 2R/ H3& &A + AU (Table 9;

Fig. 24).

-
N
?
o1
X
L
Fid
N
of
b4t
|0
£
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Table 9. Fouling coverage (%) estimated on perforated PVC plate etched with test circles

est circles coated with 1 or 2 m¢ of fouling agents with rosin matrix (DX200
X650 and DX700).

ouling agents - —_— : B

Benzyl acetate LY H
cis—3-hexen—1-ol L
Decanal L L
Ethyl myristate L M
Ethyl 2-methylbutyrate M H
Hexyl acetate M M
[soeugenol L L
p—anisaldehyde —~ M
trans-2-hexen-1-ol L
Alunite -

Control

Y High, H (100 % ~ 85 %); Medium, M (84 % ~ 45 %); Low, L (44 % ~ 5 %); Control (45 %

o
2 E

Fig. 24. Pouling assemblage on perforated PVC test panels after 30 days exposure to

Avann harbor waters.
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V. Polyethylene (PE)
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30 2 benzyl

t} (Fig. 25).

o

xg

I

L

O o3
= AA

2 (100 %)

mj-

]
T

72

O

acetated| A= =3 HA o] 75 9 o]Ato] )

cr

-

S

£) plate after 30 days exposure to

=

Fig. 25. Fouling assemblage on test polyethylene (P

[

Avann harbor waters.
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VI. €5 BA A=
(7)) Wul2 A (Abrasion resistance) A<
HA T8 B&L 37 98 JrlRA AFEE AAFdeH, Ald 57 2H4H AdE

492 ASTM D968, KS332150] w2 A vke A9 wie 53 23sac 2% 23

A 7222 (ng)2 A: 197 mg, B: 147 mg, C: 225 mg, D' 333 mg, E: 523 mgl. & A, B, Co
Hl&]l D, E¢ mtE=o] =4 vyt 43234 A9 B S8+ ufE&2 AA YHERoY
wobe) A7) ol A4 %3 2Ae AAwo) Wojd S8zt Qow, D E Lre AREE

y y N L

:
o} vhEE E Fol A4 B WE 2Mo| el o FAE B3 AHFY =z
e 24 uee 24AAY

‘>«

(h) A

TH A FW E5E EFAT #HE HNEE T olokxl Widd AdAsilen, 304 4
o] =&Y g FTH s|go &% v &S dolr vt I A benzyl acetate (94 %),
cis—3-hexen-1-o0l (95 %), decanal (92 %), p-anisaldehyde (94 28)ol| A tizx=v3 -AFSH U}_]_
AEE VEFW ST trans-2-hexen-1-ol (85 %), isoeugenol (86 %)dlA 7} W& wlE S
HAGY do £ 7IE A 28zrEe sty = 39 B AR £AE dotr7]

9% APoH dre BAL 95 9 HFBACl ol ANEE ngod

A

trans—2-

e

hexen-1-ol (85 %)# isoeugenol S WZT3 vl A] @4 2 U3 Be& J3FL e A

o #ZAEHAY (Table 10).
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Table 10. Abrasion resistance (AR) against seawaters.

Fouling agents %
Control 9
Benzyl acetate 94
cis—3-hexen—-1-ol 95
Decanal 92
Ethyl myristate 88
Ethyl 2-methylbutyrate 90
Hexyl acetate 83
[soeugenol 36
p—anisaldehyde 94
trans—-2-hexen—1-ol 80

VI. #8s 89 A5

b £A2E B% % PVCE |88 4 i% W%

2)
HA3lE 85 ¥EY (Table 3)o 1R A &3 &

49 goltt. Fal ofopxiol A X3 PVC
fde& 30¥ A § 2T E AFSS 71E LgoA WA gib] A AN E (soft fouler;

A2 A E (hard fouler; HF), 30 %2} vlol2 HE (biofilm; BF)o| &4
gRem, PVC tix2a E=3 vlole HE A (30 %)o] +F ol F ATk cis-3-hexen-1-ol,
ethyl myristate, ethyl 2-methylbutyrateol]l X W24 4] 60 22|, decanal, hexyl acetates= 50 %,
p-anisaldehyde, aluniteolA+ 40 %9 uvlole HEFo] FAE Ho] TBEHAUY 0Y A3 ¥
712 =5 dEZ2dAAME 75 %Y AR AAAES FFo] e, PVC tE2dTE 95 %
A ZAWAE 2ol #EE YTt Hexyl acetateoll A 100 %9 F-2o] p-anisaldehyde, ethyl

myristate, trans-2-hexen-1-olol|A 95 %, benzyl acetateol A= & 26, decanal, alunite?l] A= 80 %Y
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A= F-2o] BAEHJAT (Talbe 115 Fig. 26).
A 2= Az 2% PVCHE 23 30 B3 § dEdes A
gA g 4 gled, PVC izl s o

O
=
15 %7k #A% AL BRAYE B A RN e gl vehgor A4, 34

F o] olEgch 902 AT T /|R 22 dds PVC dY BF sl BEo] 4

oo
o
=~
e
M1
i
2
Rnd
uls

HEo] AAMENOH, isoeugenol (25 %), benzyl acetate, ethyl 2-methylbutyrate, hexyl
acetate (20 %) A YN E Hzo] AAFT) (Table 12; Fig. 27).

ZA4E E59 =42 =858 XS ol&dto 2 ~ 33 W& AR, 2 ~ 343t
s3] &A Ax Fo AlEsId e, ZARE ERd E4dH L8599 Hd FAE 2014 ¢
6.73 golTth. w3 olopxlo] M3t FTAYE EEF 309 A F #HF 43 gL e=
APERE 71 R85 B EE53 it EEoME 747 12 %ok 25 %9 AAdAAAEC] 35
A o™, isoeugenol< WA tH] 70 %] AGAAAAAES FEo] &gl ow, ethyl myristatet
45 %ol A2 BE F2 10 %9 vlo]e "HE Aol decanalol A+ 30 %] AAd2AYA
E3 15 %9 Blo]Q HEo] benzyl acetater 20 %9 AW AE Hzyl niojo EHAo
H2EAT. 0 B F 2L oE AR 718 EE B E5H At S50 A A A
Zol(Z2F 90 %, 50 %) FA3}F e | benzyl acetate, decanalol| A& 100 %9 A 24 A & 9
B9 gelstl e, cis-3-hexen-1-ol, isoeugenol, p-anisaldehyde, trans-2- hexen-1-ol,
aluniteol] A 9B %2} AP AE F-2o] #aE Y}, Ethyl myristateed| A= 656 %68 A ZF AN E
H2to] #zE T (Table 13; Fig. 28).

AR AR dAgE FAE £59 0¥ A F #F 2 gR2ToZ AERSH
= =FdXe 14 dib 25 %9 dARAAE FFo] BEen dvt £
= Fo] #2E X &Zt) Hexyl acetatedl Al 25 %] AAZABAAET 10 Q.
HEdAo] YES O™, benzyl acetated| A= 20 %69 Hiolo HEIJ Mol HEHE AT
cis-3-hexen-1-ol, decanal, ethyl 2-methylbutyrate, isoeugenol, p-anisaldehyde®l 4]
ol HEFo] ALY 0¥ A} T JXTFoFE AFRS 7|E g =& 522 309 A
Aot U3 AyE Ao, AdFAAEY FFo] =2 EFE = alunite (60 %)% hexyl
acetate (55 9%), benzyl acetate, decanal, ethyl 2-methylbutyrate (50 %)ol| A F2E| Yoy
AARAZAANE 2+ cis-3hexen-1-ol (60 %), ethyl myristate (45 %)= Y E}YTh (Table 14;
Fig. 29).
PVC 323 FI8E &5& o|&3 5 A benzyl acetate, cis—3-hexen- 1-ol, decanal,

p-anisaldehydeoll 4] 11 & F-2& k30| Sl x| ] o Fajel HFalo] F 2 AEo EojHo] &A




Table 11. Immersion test with PVC panels at Avajin harbor, east coast of Korea.

30 day (%) 90 day (%)

Fouling agents -
S-F H-F B-F S-F H-F B-F

Benzyl acetate 10 3 25 85 5

cis—3-hexen-1-ol O 10 00 o0 o D
Decanal - 10 o0 30 - 10
Ethyl myristate — 3 60 95 - -
Ethyl Z2-methylbutyrate 3 5 6() 75 5 8
Hexvyl acetate 3 H0 100 - -
1soeugenol D 3 25 7o S —
p— anisaldehyde 5 10 40 95 — —
trans—-Z2-hexen-1-ol 3 0 20 9o - -
Alunite 3 10 40 30 - 10
Control paint 10 5 30 5 5 $
Control(PVC) 3 10 30 95 - -

"Soft fouler, S-F; Hard fouler, H-F, Bio film, B-F
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Fig. 26. Immersion test with PVC panels at Ayajin harbor, east coast of Korea
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Table 12. Immersion test with PVC panels at Cho Do, south coast of Korea.

Fouling agents * 30 day (%) 90 day (%)

S-F H-F B-F S-F H-F B-F
Benzyl acetate 3 3 S 20 10 20
cis—3-hexen—-1-ol - 3 - O 25 40
Decanal 3 3 O -5 35
Ethyl mynstate - - 5 — 3 30
Ethyl 2-methylbutyrate = 3 — 20 D 30
Hexyl acetate — 3 - 20 5 40
1soeugenol D 3 - 20 5 65
p— anisaldehyde 3 1 3 D D 30
trans—2-hexen-1-0l - 2 - O 10 7
Alunite 3 3 - 10 O 30
Control paint 3 - - S S 35
Control(PVC) 15 2 15 5 5 80

"Soft fouler, S-F; Hard fouler, H-F, Bio film, B-F
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Table 13. Immersion test with concrete bricks at Ayajin harbor, east coast of Korea.

Fouling agents - ) day ¢ 0 day (%)
S>-F H-F - S>-F H-F -
Benzyl acetate 20 - 20 100 — —
cis—3—hexen—1-ol - 20 -
Decanal 30 — 15 100 - -
Ethy!l myristate - 10 65 -
Ethyl 2-methylbutyrate - -
Hexvyl acetate 15 = 15 - —~
1soeugenol = 10 -
p— anisaldehyde - D 9o - -
trans—-Z2-hexen—-1-ol - O 95 - -
Alunite - o 95 -
Control paint - O 90 — -~
Control - - o0 -

“Soft fouler, S-F; Hard fouler, H-F, Bio film, B-F

Fig. 28. Immersion test with concrete bricks at Ayajin harbor, east coast of Korea.
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Table 14. Immersion test with concrete bricks at Cho Do, south coast of Korea.

30 day (% 90 day (%
Fouling agents -

~-F H-F — S-F H-F -
Benzyl acetate — ~ 20 | 30
cis—3—hexen—1-ol - - 10 30 60 -
Decanal - 10 35
Ethyl myristate - =
Ethyl Z2-methylbutyrate _ - -
Hexyl acetate 25 - 10 oo 40) -
1soeugenol | 10 ~ 10 20 35 20
p- anisaldehyde 10 - 10 20
trans—2-hexen—-1-o0l - - 30 30 10
Alunmte - 60 10 10
Control paint - - 25 - 20
Control = - 20 15

Soft fouler, S-F; Hard fouler, H-F, Bio film, B-F

Fig. 29. Immersion test with concrete bricks at Cho Do, south coast of Korea.
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L = ( %, ) 52 aEsiden, T8 AlE
of 2ol EAEL FHAAE s HE F 4 Ju, ER AE 23k HXR (resin), &
Al (solvent), &7 (rosin)e] &S Fdislslr] st AP HF9 o2 5= Aok
o S88 87 6500m)o] £4 (methyl isobutyl ketone) 27 %9+ 47 (wood rosin) 12 %E IRk
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