Huge oil spill accident and the environmental
damages at Taean Peninsula, South Korea:
Cleanup methods at sandy beach and rocky
beach in January 2008
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Huge oil spill accident and the environmental damages at Taean Peninsula, South Korea
— Cleanup methods at sandy beach and rocky beach in January 2008 —

TAZAKI Kazue', SUZUKI Sachie™ and FUIISAWA Eiko™

29

Abstract The oil spill accident occurred when a Hong Kong-registered supertanker (Hebei Spirit) was
rammed by a South Korean-owned barge that came unmoored from its tugboat in rough seas about 10 km off

’ Mallipo Beach at Taean Peninsula, South Korea. The 3 kinds of oil spill accidents started at 7:00 on December
7™ 2007, when a tanker collided with a barge, and blackened once-scenic beach along South Korea’s western
coast, about 150km, southwest of Seoul. A total of 12,547 k1 of both heavy oil and crude oil gushed into the
ocean, more than twice as much as in South Korea’s previous worst spill, in 1995. Local residents worked with
about 8,800 peoples of volunteers, civil servants, police officers and military personnel, were engaged in the
effort to clear away oil on the region’s shores. The seafood, oyster farms and tourism industries in the Taean
region have been devastated. Oil blanketed the sand of Mallipo Beach and the rocks of Euhang Beach at Tacan
Peninsula, South Korea, were studied on January 5-6th 2008, just after one month of the accident. Residents
wore overalls, used shovels, buckets, adsorption mats, tatters, oil fences, hand-made adsorption roller, heated
water at 50-70 C washing bath, and high-pressured nozzle to clean up the oil muck. The purification of oil on
the sand beach was made so quickly within one month in sandy Mallipo Beach, whereas abundant oil drops
between rocks with oil slick on the seawater surface on the rocky beach in Euhang Beach still remain. The oil-
contaminated hazard map by Marine Environmental Risk Assessment Research Division, Korea Ocean
Research and Development Institute, Korea, reported on December 18-19%, 2007.

In this study, on-site surveys for checking and observing the oiling condition have started on January
5-6th 2008 one month after the spill at Mallipo Beach and Euhang Beach. The values of pH and EC in two
places indicated that the bioremediation process of oil took place under neutral conditions. The analytical data
of volatile aromatic hydrocarbon concentrations for 0.5 £/min at two beaches indicated that the concentration
of toluene is quite higher in the atmosphere than that of C typed heavy oil from the Nakhodka tanker in January
1997 in Japan. In particular, toluene concentrations were unbelievably 100 — 1000 times higher than those in
the Nakhodka tanker accident in Japan.

They succeed to cleanup beach within one month by volunteer works of manpower, and keep the clean
beautiful seashore. Furthermore, we must find new defensive measure systems which are safe, low cost, easy,
and sustainable by using local natural materials without manmade chemical substances. It is right time to act

locally in Asian countries and think globally about environmental seawater.

Key Words : Oil spill accident, environmental damages, Tacan Peninsula in South Korea, Mallipo Beach, Euhang Beach,
cleanup methods, sandy beach and rocky beach, Toluene
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Korea Ocean Research and Development Institute % [E 535z 1)
A7 T7EARAY MFFEFT (Marine Environment Risk Assess-
ment Research Div) ®OFif& Dr. W. J. Shim OfEHRic X 5 &,

i U 72913 Tranian heavy (4 7 Y Eil), Kuwait export -

crude (77 = — M O#HFHEM), Upper Zakum (UAE O -
Y7 AHHEEM) O35 47 THEIEIHHELEZ D

SHEEOY oM L, fekE, WRE 2%E
PoRBNER) T ARMEEEZHER L. BENRDEA
TdH o 72WED T Bif#R (Mallipo Beach) 12IZE & 30cm
DEMIEEL, BEHPPORT U FATHET Y, THE
OEHF 6 BEOBIIEELTo72. H8I0EZNDKT VT
A7 ZBUREEOA R b3 R4, BI%RT, #8or 57, &
BHGE P OBEL, TATYhOMASITEE, KEHBL
WROER, BACEEOWREICHIZo72 2007412 5 30
HICREES#L L, BHICEIBEA-EITL 2D, 56
NOBENPIEAT. Tz, 2008FEICLoThD, BEERE
FB2H8VERL. COBRE—WIE30-T0m ORI BH Y,
BRI EAICEN, WMEIRREEOWRMEEY, ¥, TV
Y, OYOEBBICDWMA L0, BREEZEOHEIKE
 , WEMEICLRoTWE, ZOTBIZBIAHEDOIK
BiE D72 DI KED NBRYWE DIRANER SN2 2007
F£12F SHBRAERESH ITkm Ch ) BHOBEIESL,
HTHEROFEET Y bl EHo TWb R BRERELTT
ol L3207 VY7 0homENOS v 2128 TR
ELTHBIIABEE CIRIET o7z HEXS X2 300 &M
EvbhTwa, —F, RREBOHEMORREDERIIE
WMEHERTTA, B0V 7 ARK#EEE D OMEREICIZTE
RHERATHRZY, T2, 12830, 31BE 1A 3 HIZE,
HFF (6%), FA4v, TANH, BEO 25 MR 54 50
ZORFHERLEMRVPEBZ TN EEZEEZ D o 7.
2008 4 1 A FANIIRBEICE T NG LIEENI N & o 72

AN, 199741 B 2 HARBIEHREREEMD HAE
BCRELIUYTREDY Y h— [FF A5 OB
HERICEL, BEY240F0i2bzo TRKED CEMWD
EETHOHERZT. BELRZOERESRE,PORANEHE
AHBOBERE, LR EHINIATY, & OWMSH
MEOIEFAT A2 & TIEERICL 2 ZRFEROEND
%L, PEHNICRERLSEDOND LOFEREENTWY
% (Tazaki et al. 2006).
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& b A BFEMFHEROR & B LA (HE 1997 a, b,
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c,d; HIE - A 1997, HI&E 1998; Aoki and Matsumoto
2003; Nishikawa et al. 2003; Tazaki 2003 a, b, ¢, d; Tazaki and her
students 2003). F7& b A B OTERELIEZED 36 + A L 2
D, o, 10FL-RERRICITEZHSNICERIE
STWBDIIHLT, 74 M50 CEMTHE (6,240 —
8,660 kl) ™ 17-20fFL\v)EEL ERKOEHIZH Hh
bod, 17 ABTIELALENWII o R - HEH
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MERAE B £ OEEHERR
BiiRE
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TEFE (Tacan Peninsula) DR - HEFEHSE (Mallipo
Beach) & EAER - BHER (Euhang Beach) ICBWT, fH
MIMBEROBG AR L. BEREV A2 7EA XY ME
ZEHTOFTE Dr. Won Joon Shim D&% &2, DB
FATHo7-MERIIOWT, BREAE, KEHE, KEHE,
IR=VF VLT =%V 75— L EEEWEOREEIT -
7-.
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TROMEDZDHMOUEK, T, B, BOEMZHRRL
7z (1%K).
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=Y F VL7 —H% 75—, Sibata Scientific Technolo-
gy LTD @ Charcoal Tubes 8015 - 0542 & L7z {HHEKF
2—T7OW%%EA Y FLTRIEECEY ML ZOFEH
RKF2—=T13F 2 —THOEERZBICZoTEY, 20~
40 A v ¥ 2 OFEWR % B8 I 400mg, £ 1C 200mg TE L
Thb 7)) 7OREIF05 ¢ /min, ¥ 7)) V7
BIZ100EE L, RTBF2—-TOWKEICF Yy v 72D
17, REBED IO EITo7. SMEEIEIE3IEROEY
Thb., KEODICREHOBEERT 2 — 7 FEICHHT
#iTo7z HEROHE, BT, KiE HBOBEEZRE&EL
7z,

ZEEDItFEER

A OBBUFEFRRICKRORE L, BHEME A X
ruv v 7574 —HEESN GBIRA V) EICKY 2
REHIOWTHT o 2. FHERVEY MV, pTm ¥
YV, 0-F%v vy, F7EVY, TVEFLVVOG6EBET
b5 (F5FK).
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— DR X BT EE (JSM-3201), Rh-K a#R%E 4 |2 | rewes | 15 | #EsC |pmed BRI BEVH

. T RS AT B DU CER R

FH 7z, MEBEE 30KV ThoH (H4K). e A CEAl R
HE N 4 - S 5 R 1/5 B TC | BT 5A
’*EE’E 0)#&1% o B %ﬁi% . 6 | teEmE | 15| B9 7C | MAEOE AR, P 5B

AT RA S M (Q0g/L) LBAEMIEYE [ [ wmee | s | gwic | mmiea EOROBERK
# Bg/L) RIRMIL, BB AR EH BB A e L i

o 1ot HAZ7a< b5 — wT . 10 | FEHSRE 1/6 89 7°C | um WRDEN R

8L, oWMEkitof. HAY N5 7 4 —%HWTGC

FID - CHAMBILAKER (TPH) %%ko7z. %28, a2~ b
O— VR E LT, BUAERERISHMAEDBEER L RML 2 v
HEHZoWTH, 18R (2008.2.26), 3:EME# (2008.3.11),
6 WA (20084.1) ICHBELZ (B7H).

BHRE

BIDFBLEIRR

B CIIREO R & EIMANEE L, B 150cm
DEITTREVWENEAO O (B2 A, B, CXKH).
W XIEORBEREOERVIRFIZEF A V7 2 v R ERES
v P23 BICHRESN TV (FE4HB). BAEROBHE
BRI, BECIIINARVERTHY, FRl AT
b2% ) OEMH RS THBY, HMORKbBAP o7 BRER
AT B EE O N BOBAHEIR-> Tw: (B5 K
AKH, CEH) BBFOBKRETRIRATY P72 F
72, WETy PHEEL TV (5K DR, BHEER
BRRELEDT ¥ i e Ml - AL CBTBY, Ho
BRI UT W, EEB Do 2 KEOA L 56 D
BEFFEATEY, AETVABRMERDEE, UKD
HThotz. BEFLOBOLEEROERIIOWTL, &
AFIA YV TEDONBYMEOARICEA L, BRIIBW
TIIEREMEDT, CFE ) AT IC X o THli% Ha&E I
DNBEVWTWBREDZETHE. BEDT ¥ riEROERICE
P BRBREOANVITIE, K774 7HELORER
FHLAATHLEV), FRMIBEROBLE T -EALT
KENRRONZ. T riEETR, BREMIIfHEo 1L
BRESNEBADEICARESZ LT, HEROMS MR
D)X THLAEAZZ L 2R L T3 (Tazaki 2003d).
F72, BETO 1995 FEIEHE LS ¥ H— 5 555,000 ki
OMATEH L, BEVEHERCHERINLZERPIARTD
197 £ DO F A M A BOBEROLINBEBAENSNTED,
BRI CRAMEGROBA L T - 2 {frbheh o
BT OmENNE & EIEE

EIRNIR LI L) IEROBES, WL, ), ¥
B, BHOD 4 OOBREHT TEBALEES TN, R
PEBELTOy 7 3EREE ) ANV THEETo T (8
2@ B). KFVvFATICRIAZEF 7Y DD XD
EEMER TR IR TV 2EDT V=T E3F A VT =
VADWMERE, ¥V CIHEE R EL-> Tz (2D,
BE). TEOREREROEREV7F V TRER-> T

F1xk BERTIEOHEHS L OCREERCSET 2 RGAH
Table 1 List of the samples collected from Mallipo Beach and
Euhang Beach at Taean Peninsula, KOREA.

BEES SRR HOEC Gms/em)
4 B EEEROMK 7.2 43.9 /5
7 SETEYEE DK 74 26.1 1/5
SRR i ECmS/em fﬁfg
TR R K 8.2 435 7/21
Hl TR K 8.3 455 7/21
FAE MK (FRAK) 6.2 0.0953 7/20
SRTERRTHIK 8.3 37.5 /21

g2k BEFRTFEROHEHERELBEERICETWKOK
HHEkEt GREFEHE1IRLAL). HFBRELAINEALOB
A OMEARRERR & OWE.

Table 2 The measurements of characteristics of seawater pH and
EC at Mallipo Beach, compare with seawater around Niigata and
Ishikawa Prefectures in Japan.

72 (2K F). BINSN-EMW (5 3H A, inset), HK (55
3MB), FA4 V7V A (BEIRC), BE~y b E3H
D) B7FAFyr0aryrF &L, TR MFOY
EDEIIZ T AREIEDN TP, BROBITHE
WZRMOENTL EFbhTuid, FHOAKICEEY Y
FEBWiO—F%#EF LT (B4R AR, C D).
—F, BAEBETIE, K5 V74 7TOFTHAE ES5KAB),
Mg (5K C, D) #—23 20V —Fr THlEHV T
FREEBEROEIHIZIE, Yy VAL AHERER
DHEIITONR TV BE6RA, B). ¥¥X\)Lh—0O
IZid 2m WHOWK (a) &HK (b) ODEHEVEBINL TV,
HRan-EBAE, TTFRKCEASH magELZES
ATTLVWELR, WrLHEELEAREOEKICZANT
HESh, BOY 2B IhERENS (F6HB-c) .
TR M FORICHERE L-<EEKESHIZTHHEHIN
T2, BHEFEUCTHS. 20 DEKIZIE T 2R
PHESTW2 (BOC). NS—VFNVIT—HF T T—IF
JECOW, BEIEARS V74 7TOODBE Ry b LI (5
6 KD &EN). HFFHh o EMBEATIELHEEORE
dEbrEEIcEmML 7 E6R D).

T EEEREROZE I, WREEEN LTV LI,
HEVEDON, O L) REPOHERIBL, s
WARE S o TWAHBEDOZWED 7 V—THEML Tn
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> 2007.12.18 - 19 72 6 E, F). ZOEIZIRES VT4 T7DDICATY

e 7, TLEH, TAFE EFLLUPEE-BEIATEDY,
ryE— - BHTRASATY (B6HG H). T OHHE
x b BRI EE R R, EE S 2AEDOHEREIY,

BEHOEEP O DEEIHMATVWARTI VFATOELH -
7.

036 12 18

gt " Km ?‘_’,
S e
&1 BERZEE. FERHEROWTHIE L himERx
(2007 % 12 A 18 ~ 19 HORENBHREY X 7 7 L A XA v Mii%
B Dr. W J Shim DFAEIZ L 3)

Fig. 1 Oil-contaminated hazard map by Marine Environmental
Risk Assessment Research Div., Korea Ocean Research and

Development Institute, KOREA in 2007.12.18-19. (after Dr. W I
Shim in Marine Environment Risk Assessment Research Div.)
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FoM HEEFRLZFXEOFTEBERICBITAMBEEE
WIHER, BB, B8, K5 V74 THRMBLUCEMZHETY |
ROWTBRELTWS (2008.15#%%).

A BREORESRSH - FU—VINEEANTH S, B BR. &
EANVIZE AHMOBEEE, C, YA2%2 LEXRS Y TT, B
BORBEOREES T THARAZZLEERLTWS (KH). D;
ANT 2V ADHMENZHENTEER > TWAEVWRI VT4 7,
E; BREOKE)OMEL ¥+ VTRWE- TV AEZD S V—"7T,
F; MEANOBEHNTLEER o TWIRTERT VT4 7.

Fig.2 Local residents, soldiers, police men, and volunteers
removing, scraping away and scooping up crude oil spilled on
Mallipo Bach of Southwest of Seoul in January 2008.

The spill is the worst in South Korea history, a disaster for the
environment and local economy.

F3H BERZFIEBOFEHERICBITAM. @A BE<Y
MEOFHERZ (2008.1.5 HE)

A, IBORS VT A THENT I POLMEBRRIIBLTVWS B
BOMODESBLEMWM (BTFTA) B HRELUIOEBAKERET Y
b, C;MEANDFIANT = VA, D;IRRELY Y FEAN
Th AR

Fig.3 Local residents dump dense crude oil retrieved from a
beach into a jar at Mallipo Beach in January 5th 2008, showing oil
fences and adsorption mats covered in crude oil take refuge.
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F4R BRERZERBOTEBERICBTHMREOBITLR A%
), BEBOFA VT =y ALHBOREY Y b (B), WAy b
EARICEEOFLFROT-F (C, D).

Fig.4 Volunteers try to soak up crude oil on a beach of Mallipo,
using hand-make adsorption mats and roller.

%6 BESRRIEEOHBEHBRICBIZ2EARAOMWDOBRE
EER T2V v ~\UA— (A, B) , WESRVZHEK (C) , 8-V
FVLT =% T 7— (DERA) 2OULRERELRT VT4 TD
AFFARE D) , WBEEEZICHER L2ANh (B), ftlho
HATEELT2HBERT VTF4T7 (F), KI¥FATHORA
v 7 (GQ), RFVFATHADTAFHELETF (H) FEEIATY
5. WREORT VT4 TRBEEEL, EEIOAELSELTY
5.

a; 50 ~ 70C DIRKIE (xR LIE5), b; WAME (AEEY B
WIZERERED), ¢ ENVIRE o T2aR0KE RIS BV,
Fig.6 Company volunteers washing away crude oil from rocks
beside the beach of Mallipo, using heated water at 50 ~ 70T (a)
and cold water (b) by shovel car (A). After washing, cleaned rocks
dry on rag (c in B ). Oil slick on the sea water surface ( C ) and
personal air sampler (D, an arrow) for measurement of volatile
aromatic hydrocarbon concentration in the air. Canadian
volunteers helped us for our survey in this area. Mountainous rags
(E), shovels (G), and rubber gloves and cotton work gloves (H).
Middle aged volunteers try to sort through rages and set up wipe
towels (F) without manual labor. Only young volunteers share
with manual labor on the beach.

E5H BEFTIEOREGREIIHITLAE (A, B) LHE (C
D) ORMEzE-> TV 2MBREEE . —E—BOEROMEHEN T
SEWMo TV EEEE WMERDOTA ¥ (KH) PHETH S
Fig.5 Young volunteers try to wipe over oily surface of rocks
one by one at Euhang Beach, Taean Peninsula, KOREA. Oil
polluted line indicated by arrows.
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No, s 54
Benzene Toluenex prarXylene O-Xylene Naphthalene Fluorene
1 T-1 23 [460] 4 <3 <3 <3
2 T2 <8 [1300] <8 <8 <8 <8
3 T3 <8 [1100] <8 <8 <8 <8
. 4 T4 <8 [1300] <8 <8 <8 <8
%?;ff 5 T-5 ® [1600] ® 8 <8 <8
6 S 24 [550] 5 <3 <3 <3
7 s-2 <8 [1600] <8 <8 <8 <8
8 S-3 <8 [1300] <8 <8 <8 <8
9 S—4 <8 [1700] <8 <8 <8 <8
10 S-5 <8 {1400] <8 <8 <8 <8

* : Toluene J&F ¥ T—AF=—7 2BE b 1 BB L FRITRH SNBSS RO D, THIBEETHD.

. IR Y .
Ev S X, X bis .
No, | #¥HA 2008/1/5 &R B H Fig
1 T-1 | 800~ 830 (30%) | B 2°C | FEMHEHEOER- KEOH
T B RE RO & TR IMOIRA LT K
2 T-2 11:50~12:00 (10 43" { . ,
W | WEEC | o vrennmic s semeage | 0
TEEEFIKOBEROEIZEDHR
3 T3 12:55~13:05 (10 4y) | 1 6° N
1305005 | R 6C | et it 7 | O
T-4 16:00~16:10 (10 43) | 1% 8°C | BTEERE, REVEE (fEER) 50 5A
5 T-5 16:35~16:45 (10 ) | BEN 7°C | BEEMEREYEC, DO CHEE 5C
S-1 8:00~ 8:30(30 %) | E 2°C | FEMERKOER -REOF
TR ER DS TR T AN
7 S-2 12:00~12:10 (10 4 g 2°C o .
W05 1 WEZC | by womal i i i B
8 S-3 12:57~13:07 10 %3) | tR#E 6°C | DEBEROAAN T 2 AL 4B
9 S-4 16:00~16:10 (10 ) | 1R 8°C | BTEBR, REEDMERICRILSS 5B
BB DR 2N, i CIHDREIE
10 S-5 16:35~16:45 (10 4 7C ;
W) | mn ¥2L QOB ADER °C
St Date - " Atmosphetic concentration (¢ g/m’)
© (Y/M/D) me weather Benzene Toluene prarXylene O-Xylene
No.1 | 97/1/30-2/1 | Before noon cloudy 102 2.06 085 0.29
No.2 | 97/1/30-2/1 | o8& | coudy | 136 482 886 380
afternoon
No.3 | 97/1/31-2/1 | Before noon cloudy 1.15 222 1.16 041
No. 4 97/1/30 Before noon snow nd 11.70 33.84 16.32

nd ; not detected
SEYH FTHRMESEHRHERI LI REFOEERRILKREE (after Murahashi et al. 2003 DIEHE )

E3X BEFRLEBOTEHERBIVEEERIIBT S/ Table 3 Volatile aromatic hydrocarbon concentrations in the
VY YT Tl L B REAFOFFRRAKKRRE (K5 DE atmosphere at Mallipo Beach and Euhang Beach at Taean
505 L /4. Peninsula, KOREA, using personal air sampler.
Eavas o TR (wth)
gl BREUETT - -
B5 Mg Al Si S K Ca Ti Cr Fe
5 R 1.066 | 1.767 | 11.592| 83.556 nd| 0906| 0.096| 0411] 0.602
6 EREE 1.227 | 3.079| 17.607 | 69.358 | 2.637| 3.208| 0.498| 0.197| 2.184
8 el 0525 | 2659 | 13.573| 64.945| 1.166| 15477| 0.302| 0185| 1.165
9 T EEEE 0.704 1.829 6.979 | 84.956 1.663 2.413 0.204 0.066 1.181

F4xk BEREZIEOBEEELHERERCBVTRILAMBOBL X BN REEFIEIREAL)

Table 4 Energy dispersive X-ray fluoresent analyses (ED-XRF) of contaminated oil collected from Euhang Beach and Mallipo Beach at
Taean Peninsula, KOREA.
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Sample No. Concentration (u g/g)

Benzen Toluene m- + p- Xylene o-Xylene Napthalene Fluoren
5 (Euhang) 5.8 2.4 <1 <1 <1 1
9 (Mallipo) 4.7 2.9 13 15 19 17
Nakhodka 8.8 120.0 43 88 408 126

EE5XR BAMWTOFERRMAKZRE (FRMIFOCEME
&)

Table 5 Volatile aromatic hydrocarbon concentrations in the oil
at Mallipo Beach and Euhang Beach at Taean Peninsula, KOREA,
compare with the Nakhodka Tanker oil.

SHHER

2008 4E 1 A 5-6 HIC BB X OBIEER CHRI LR
L ZzoROR&5G2E1RIIR L 1H5 AL, X
BEh~PETHY, [RIZ79C, 1H6 BREYT2T
ThHolz. MHEROEITHLBOMPEK. K7 V74 7ikE
EXToTWBEIHDEREOM, HOWIHFBIRIFE-> Tw
5EZH, WKEAOME, FLL7:BEOEEM, L %2R
L7z (B15%). wihd $EEREWEC L 20BN
Ko Tz, B ThlEoRmWIIZEMN, B citdhk
DOHHMTEMEERbNED, LIELIXEALKEDLZED
LRZORHIZEL Y. AREZEML-BEOEER2EDA
MR L 7.

KEEE

20084E 1 A5 HICHRM LT BH B L CEHEEROKE
AERHREE2RITR L. WEAD pHIZWTRAOFED
7 #RL, ECIi¥26-44 mS/em 7R L7z, —f#KD pH A58
THbHIehb, TEEOEKITIMGERIC L 5 PE L 5N
HOEBARBENS. 7B, 200747 H 21 HOFERES
SRR O BRELFICBT 2 KkOKENEEZ LEBED
2O L7z, BRKIEWTRBET VA UHED pH 8 &R
L, WADpH 36 THb. ECHIWINOMPEERL
TW5.

ARFOERUEFTERR{LKEDRE

R=YF VLT =%V T T =% Bl KA OB ERE
BRALKRFZEDREZEIERIRLZ. RBTLE STizwT
NLEENICBITZ 0 SHOREETHY, MOMHEITES
TIOAEOBEMETHAS. AERHLRA - [ (Bh~
g, 28C), BEBIUVHBOBEELXHEIRITRL .
BB ARV EY, VLY, FIILY, TAFLY
DEERIVTRI< S ygm’ EEWEZRLE. &5,
MY DREIRNEND 2BOERRE T L —7 AN —
(BH8) 513 L DEVE 1100-1700 4 g/m’ 277 L7z (Mura-
hashi et al. (2003) 12X 5FF b I FEROKRPOEEFE
RALKZBEDOFHEEEIROTIIRLE). XVEY,
FULY, FIELVY, IVFLVVOBREZ—-IEBRVT

(35)
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WERD 19 p g/m’ E—HITHHDIH LT, BEDOER
B MVIUPEECRRETH L EVRENTH L. 1B,
SHOBETERALLZZ 7T =YY 75 —idF kR F I BORRC
FRALZDOEFAMURBRTHS. IhEOBWHEHIERED
BVWEME 3% E LICAVWEBRIICERT AL E LN
5. B, AREEED 2002 EOKRRHICBITHRKERE
185 4 gm’ Thotz. MVIVIEYVF— (EOHE) OF
BESTHY, BRIVEVD, THICZENRTL, Hh
WABNEZEL RITT. K V74 THIERIETEST
BREEEZTEHER, GHERAVRZ OBERPLETH
B ERERLTVA.
EEMDES X AR

FER L7210 Na L EOTRIZOW TR L B4R
AL7: B THERIML 2 4 A OMOILFRRITVIND S
DEFENVEMIEE D 65-85wt% L BWERRL. 77
Sii¥ 7-18wt%, Al 2-3wt%, K 1-3wt% Z/RL. ¥+8¥7%s
EDOT A BIEFMORBALZTREL, Mg lwt%, Ca 1-1.5wt%
BEASHERAE LMY g VORERZRELTWA.
EHI, FRMEFOCEMFIIILENS L & HITS
ClL K, CadSf8doh, MEDT, Cu ZnZEOELED
BRHEERTWAEZ LD D, Ti, Cr, Fe DHETE (0.1-2wi%)
BEHMPEMOFICEINLIRMY THLLEZONS.
EEMOFOERUFEERRIEKEDEE

BEEEE G5 CHEHER R 9 TRV THRIL
TEEMOSFEIRVEY, PVIY, p"m FY LY, O-
FYLY, F7FLVY, 7NVFLYO6EBIIOWTITo
(B5FK). WThOBREFEFRRIKEORED 1-2HT
b0, NVEVERWT, FEHEER GH9 oFrEiE
BEThol. TRMIFOCEMERET AL, FRIA
FOHF250RkEL, BiZ, vvy, F7FLY, 7V
FUVVHEHEETHA. bbb, 27— 7512k 5E
BEOMIVORBEIIHTFO M Ly TEEWI EZRL
TWw5,

EERMOMENIC & 5 PERE

T B BE 74 MRE (20g/L) & AEREN
# (Bg/L) z@Eml, 1:BM#%, 3:A8% 6EAEEOMWS
EHEEOEALESM L (BTH). CP-C* 0B MO REH
BAkEZEDTED, CCPRAV) VOREHFTH 5.
MR 100mg/L \Th LT, SAEWRE L -5 188
#% T2mg/L, 3 AR 55mg/L, 6 B <30mg/L & @A L7
F72, avbuo—VERERELT, BEDLELHERD
TPHEE (mg/L) 1 1B 100:72, 3 BRI 100:55,
6 M H#I3100:<30 &% 0, HESEAL THEFBAMTO
C— 7 PR TE. BREBOWEIBED L ) S
NTERER (BEFR) L2h, #RTHILICE- TS
BEMETLTL A2, ZoFBRIE, BHMHELSESICHLT,
AW & B WA SRR RI IR TE LI L ERLTY
5.
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36 FHIRFAITL - SARBHR - BRIRBET

£ B

BRI R EBEBNDER
BMHEESE— D AP LB EEOWRE, FRILIC
BB EATV, EROBIE - FRERERICIE, T8
OFHEF 2 Mo TREAPOLRBORT VT4 THEEY, Hi

] MRE VOVEEE R ETHLR S NP Y S ilE 8T o 1EE

5 ot o180 EBThoTW (B26 ). BETI 1995 FIREZR

8 cum4huLTw@ WHHER [V —7) v 2 BEH) AHINKT V574 7O

ULUJ , WG B EROF A FI4 VHREHESNTVUS, LaL

T B, BBk REETYF47, KEhEOEREEIE

Retention Time (min.) Y CEEITRNTEST, TR M BER TR PEAL

Rl St 100 BRED 7 GHKE M 16D FOLRAUBMEYEL TS, 55T EORIMRE
1AM BEEImyl  AEIE S8H00m!

B ET2me/l FIR L7 2 0L EED, EENICENTRIEREICHL
Lh'ﬂhnn i TWBEEZ TS, SEORET, BELBBLLARLY
‘m‘“ J?h T ml\-:- .,...—n.l#-‘;"‘i‘nmﬁnpr rl'ﬂ‘ri% %) OTU\E) : tﬁi\ﬁ%;jg\‘f‘gf: ?%‘BJ%O 7‘:‘}}_:/70}1/%

! ' t 1 1 ' i ¥

10 15 20 25 0 g 15 20 25 30 O - BELLERE, HRIUABEATWL IEPEBT

ﬁﬂi%tﬁ:b %ﬁ*—‘l»ZOOmI %&E%’J’(FGHKEﬁDiTz%G) ﬁ) ZJ .
SEM{E HEEomgd  SHEIE ot 1997 461 H 2 HiIC HAOBHE = EES O A ) B
i Mg,

UAMMMMJ Jl FREERLIT b0 SRR ER OGS L S HORE
J ﬁMLHmmm“mlmﬂmm” B EREOMMHTFLE BT L L, & M A5OHREL
EENR36 2 AL 200, »o, 10FE2o72kBEREICIX

25 0 20 25 30

i TR EMAR > TV ADIINLT, TR MIEDC
?ﬁ%ﬁag - ] gﬂiﬂiﬁmér %GHKH"K;Z:;M EMFHE (6,240-8660Kk1) 1.7 -20 fe v ) BERE
H - R 0me/| BROFGZE»2boT, 1rHETIELALERVIIE
f&, M - o7z BEDBUEXEDN L ERALTMASTELD, ZOE

ammﬁmemm"wit:; e s Eﬁowé%ﬁbt.

10 15 2 5 @ o s b - IR - WG

Retention Time (min.) Retention Time (min.) BEGELEFAVNS W20, BHOY 7 VIEATRT

LHIRY CHEZEHN, BUMEELFEI LN TES. 15
DOLEEZ LB TRWZ L PEN THEFN R
57E EERORENC L3RR DREE LA CTRNCESREOXT o7 1 742D

R EWC RN YA B (0gL) & BEMEER gLy 0 CTHEEo TR S5, FROBHERNTESE

%ﬁmt 1,3, 6 BEBOMASEEREOEEFA AT} TS REFRICEINZ LD, BUEENA L - XITEALEKRE
74 -THRLL. REHEELONS, ZOWNEIEEReOREICE 5T
Fig. 7 The representative gas chromatograms of aliphatic FEThHo7:. BERTLERBIIRELELIZIZFEUEEIN
compounds between control and bacterial weathered heavily oil BL, o, BEHEELECEEZEED BLHMTWE

after 1, 3, and 6 weeks.

BIZIZERELBOTEEREERD2 - 3BEFTREEERERTS
D, WEOT iR IZBRALKE SOAL 8 (X
) BEVSREOBERETHS. WERIERY I VHD
NARHET2HMRLVWINET, RIUvFATICLoTT Y
LADLVEHTHY, THEEO6RFEOADIEXEERZ T
HEWHRTEXAEETH-72. LrL, BEFLEBRIES A
N, BILEAIRD EXVEAAEPLORT ¥ 74 738N
PLETHo7. Tz, RrLBHTE TORMEY AT ADR
PolzdS, BOFEE2RAA—XITLANE, HEH#BLMEIC
Mb o THEEICSMT I LD TETH o2
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BERZLEBICBT AR MERIC X 5 REHS

K& - [ERE&H

BEOEA, 2001E12A7THOFEHIEI B LA T,
12 A 30 BAREDBRETH o I2MUIBERIF 72, Kk
ERT v F A THEER I LD B HH02 C, KD
BHEEIZIZSICTH Y, AD L {NTOEEITLERHET
hotz. BEROFF M AEDOEE, 199741 A 2 HOFEK
Lk, BEOHWRE, KRDFEILEL, BEO-OMKE
BENESIEL, BHOLDIEEPTL kol 1997
FE2HHICLIRKEFESAZTENLANY ITF—ITX
LRAENTE. T/, BENLMOSSERED:OERE
CHEINZEFICL), BHTOBEIBEEREICK LT
NEFECEBEH 5. 48 M BORESRSH 5O
rAUERW20IIR LT, BEOREE, BEL-320%
YIOFOMWMERNOY Y7 BT R ELCHRBIZ12ZA8H
BETICIEE o/ 12A8HHAEREN 1Tkm ITh72 ) K
WMOTWIERE LS, 225 mERSPRE~Yy bl
o TREEERITo22 LW, ZORDEEXEFITL
oo TOXIBRREBLRIIICMEZ, RECETNZ L,
FEPOH 1y ACHEHERP OWNHEZ - RELERT
b5,

AmOiEsE
SHEROBEOERIIA TV OEM, 7 T— ORI, ¥
LAWBMOFMO SEEARM L7z, FF M AL CEMD
ADERTh o720, —pTTeNY g AL L THBED
WL, WMEESENE -7 AR ko7 —F, BEO
BEE, EREOBVWEMTH 2720, HLOBVETHR
HOYMmEL3ERETLEALN TV L, RY)OMDIRE
HrHY, HUNTH LIS TERITMYBR 2 &P
T&7 WELEE< Y bR T VTEGICRVES Z &3
T&7.. oL, BRTEL9H1IC, Z2ORVEREDDIT,
BREEEZORESEEINS. BEEEICHWOLV Y
N, Bt TAFE Hon (Frurvs) ITRELH
BEMBE Do 272D BSHICBY B I LATE. FF
M BOGAIEER, THE LAREELEENRETHE
Holds, I7Fv2ABREDH ROV ERIRET
TELL o7
EERORESE
BEOBRERERINEICHAINTWIRVERFTH L7
D, WHOWMANTETS, TXCKF V74 TOFEET,
BRE—ETOHMTHIFER L T —F, K4
LR R BEREETIIRS V74 7T ORIBEIRTRE
DT TWwWiz, Ny, Zay 7ofl, BE~y b2
AKIZENT, BITHBEOWMELRAID, REBNZA5F
VCHEZR)BWTW2 ZOBEOERRBERIZOT,
FANT 2V AL EE< Y NRRET A2 TH 5
LORERHB. LIPL, BROBKE, R, SEEFIE
BROEMIIS-6EDTA V7 2 v AZBRELTOMEAN
D, FANVT 2V APREERD, WENTbER. 2
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ZEMARETRE—RCLTERVWAA VT 2 VADELBRY
—t—YDEHIhY, HBREHbLEFOA TV SR b
HEDE SRR L<EEKE> (HE 19972) 252 C8
EFREHEETRHASH, KREOBREADY ¥V A—T
MBEENTW ERORDYIZ, 50-70C DKM S
ntw. 5az—HEdoV—-FrTRIDLEL, L,
KEBIZ, LY ERWITRZoTW $7-, BEREPHEE O
v 7 IRE LMEEREE ) AVICE ) BEEEMTOI
TWieds, Bl »r AT, RUBOEHIZ(ROLN
7z, BETIE, FIEMEWE VBRI Ahbh
TWirhoiz, TR MNIEORICHLMIENZ, L) ER
o IMEEE O L EOWMAMEEREIC Lo ke hb &
EZzbhad, 352, #F) v EOXTEWIC L AELE
BRI ENS (Asada et al. 2003; Chaerun and Tazaki
2003 a,b, 2004 a,b).

R T4 7O

KT VT4 TITERTHEEEVEMA SN TV, Th
F7 o EBEMIASATEY, HAELRPTVENZDO
THholBMEETZL V) BREOAN OIRERCFE,
A2y TREDHY, LNHEBETHEZL (BE6R). H—
DTRTHRT VT4 TURETELRENI BTV, &
ED20DRICBTERS V74 7 DE#HH 10 555 40
REFEIEL, WhOLHFEERIZEALRNT b0
RN TREOHEZ M5 LT A HREOLZEL R
J70AhTHE. BVHHAFTHEENTE =y 70 L)
WKEMLTWARLE L ARiT7. NEEPLREE T TH
TW—THEETEMLTBY, »o, 47, Wi, BE,
ERFE THMEAORT V74 7L LTHRE DEEICSIIL T
Wiz, EREICLELRDDEITRTERTELHELEN, KT
YTFATEEMLRT WEREIDE S T 5 Z LS
Zohhiot —F, TR NI BORIIEEILSEA TV S
BEERETIE, SREIERARET ISP TREEELZITS
7:@&&17(% ZRENH 5.
FEEEPORZERBE
SHOBEOERHRAL TEFEER A7 TiI L ETRBO~
A7 EERL T BEZOLEWEOBRIEY A 7 5HESE
IBIZINEKP L DBEZHIHEET S vz vid, KEHF~
BN, LERIBCL-oTHHEL, 13 HTEFORER
A, Tl KB A MV VIERERIZ L - THH#R
Sh, BEHTEOREIZENICRA. 61T, MVvIVidt
BROWAMII Lo TOHREINEY, HEORVERLHT
KIBATZEEZICITER L2, VY VFZEDED
CHMEBOMVIYPREEoTWEY, Hig2E05 LI
AFVIVE, MVIVOREENEL BoTWwh. RRIC,
BEOHEFELENTIT) L &1k, HHRRICEEILE
THY, ENOFARBEIAROBEANOFEELHREINT
W5 (Tazaki et al. 2002). F7=, F& bHBSEMTHER
ROEKETOLRGFEERKZRBES LA L (FEIEIHL
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1997), FEEZ C BEMHBHROFEERRILKFZEO 0 TV 7 Vit
BEOREE & HICELL 7 (Sampei et al. 2003). X 512,
EWREFRBB BT, BEEYOLLHBNBERORER
BEEBRRAAKZICLAZENERICEIVIEHINTVS
(Tazaki et al. 2003; {34 - HI% 1997). SEOFHETHRIL
TEEE, FREL - BERERLTEY, 0, FHTH
BRI ABICRLERLZEELONS. B5ERITRLE
EICFAMIBFDOCEMERBEL, FERRILKZRE
FHEEIRY. LEL, 27 %75 —ICLAKREHO T
VIVHPERTHLOVEP20E, HEFODDOL o
BH, BlZIEHEE LI TWABRIOBELR ENE LS
nas.

BELRE

BrEMERICE VI Eh b - EOREEBE

REFREOEGRERETH HEEWEFICIT 200841 A5 H
B, $RZREOWMPEARAIMAEL TV KF VT4
TICEVERE—ETOV—F V CRENZEETREEIC
BETET, WY anhhotilid EEOMAEWIZ X 551
TERCHRESNG. TR M5O CERTICOFERTL
IZEKE, BE, RRE, STARLREORLZAZNIFYTH
WERICHEL, EWME 5L T (& - WK 1997; M -
A 1997; Tawara and Tazaki 2003). EHAFEEDEMSEM
Wi EEED ), EWREERE 9 FRET 5 LEREY
BImEITEREL, poBlkL, RERNICEIEZRLESD
NTTAVIIEDLLZEFMONT WS (Tazakietal. 2006;
W 20072, b). 3512, ZOSHEMBEIZFERRILKED
TROALLT, EAETHIESGEREOIMYBIEAEDH S
(Wakimoto et al. 2003; Tazaki and Asada 2007). —7, Eili%
BHEOEEZRETADIOELTAFT YT M LKL
FHPMEEN TS (Asada et al. 2003; Chaerun et al.
2002, 2003; Chaerun and Tazaki 2003 a,b; Chaerun et al.
2004 a,b; Chaerun et al. 2005). F & b » HFEMFHEROH
i, ERFEENERESNEBEET S rERTIE,
BOWUTFHEE SN, FolLodo HEREIERE
SRLUREBEZRLED. BRICEHEEA T2 HED
HoHH, BEOIA L, ERE BXRBMOBRELEZZLL
ME D 2. BEORELEEOEER IR, HEs, &
BALVERENTVWEIDOTEORILERE LTAA Y 4
MEETHL. S8 RETHETRE KIX MOBTO
TR EHEHT A HELRET S (Chaerun et al. 2005,
HIE 2007 ab). & 7HIIRLZ L) CHEEMERNT S
LT, 6HABMTHILITETDH S, FOREGRABOERR
OEALICER T HLENDH 5. '
FENREMENDRES

HEIRDFEATH o BiEOT BFERIIZEES»S
880 EZNDERT VT A THEEY, TEHKEOEHK 6 KR
DEALEERTo72. ZOXIHERETH - THBHE
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PRIV - SaARMHRE - BEIREBELF

Cldiz, VFERMEZRETAIEIVLETHS. BEDY
&, BMPELmBLEZZEICEY), REFO MV YO
BEAAARD 100 - 100055 L ol BEHRAYVORZAZ O
ERELBHP S OBERRT DT HERFLETHS. T
72, ZLDANAMPEET BB, RAFOEBERTADE
HlEEBELRETL L L.
R7274T7OBBLICET 2485

1995 EDRMIKBEHED L XK V574 THEEIFER
L7228, 1997 EDF ok b h B TREOFEHFEL OEREH
LIS EPEINEh ol E612, 2007 E 3 BORERE
BHEDOLED, K5 UVFATOBEZEDRRI LD o7 K
5 VT4 T OMBALIZHIER T 7 LA RERZEDOELEOADE
WTHAHID. EEO—ANRZERAETEELZ L -THDY,
BIEOHERLKEOB N ICILTEEICF 2T 5D, B
BUCHI DT 2 ZENEL RS LT 5, HBIERBREREICOW
THE, METHLELHICHEER, HAEROEREFTO
VEEZBELAL. B, BIIESLVO CHERRIIASE
PHELHRETH LAY, BRET LREBEOMENLE T
na.

E: )

2007 £ 12 B 7 H LB ERZEEW CRERKOMKHE
WARREELR. 32005 7 OEMEEMAT 12,547 k1 #i
WL, R EIERIN:. TREWESE (Mallipo Beach)
ICIES 0cm OEMPEEL, HEFIRIEHATH 72,
BEPPORT Y TATHEED, THERIZEH 6 FEHO%
1LEER T o7 BT VT4 TIRBEHFEEOA L & T4,
WEeRT, o s 57, LEdEBREbEmL, hvss, F
& Bt CERTES SN EEFEA—ZDPTLLRY,
EWEEEN2ZEZ L. HHE, WERIAEROFTE
BICRE< Yy B EI N0z, KEDFENL, &b
HEOR 2 BEOWMMKIBEICOED ST, W1+ ATIZIZRE
BiREhwithorz, ZOERERIE, EEWOEE, K7
YFATEBMLEVERE 7 7 X0 L&, RiEKERE
DOBEFEZEEHITONE. RFETIE, FREE,PSL1
y BB 200841 A 56 HICEERELEOHTEHER L
BRIEMES (Euhang Beach) OEHRFAEEIT-7:. BHoHHE
WRERT V54 T2 X BEAUEEORT, 61T, KRHF
OEFBRRAKZEOUE, BAOKENE, BMDOLFERS
SR, BEWIC X Bl REEICOWTHRE L 1997 4
CHATRE2FF M SEMHRHEROR LKL, BE
DB, KEHD M VI Y ORED 100-1000 5 TH - 72
LaL, EEHPO M VEEIMEL, BbEEREE
HENBH L EORRBEZONE. RI VT4 T OMEE
FOREN L EREEILETH L. Y ENhho MDD
BEBERLET V74 7T OMBILL ZEHICHET 5 5BOR
BERERTo 72
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BE BEEEREVRAZTEAA Y MVREHO DL W. 1.
Shim FTES X O°Dr. U. H. Yim THMFER, VU VAKELE
#Hi%  Soo Jin Kim ICIZBUOBEHERME L THWZ. &R
KSR —HR ISV F VLT —F VT 5—D
THRERZEN A YAV T, NV FYIHKFED D
Siti Khodijah Chaerun Bi#d# 213 EMA MBSOV TITH
REW. $72, HIFHEZOESEHT, EEMBRKIC
REEOER TBHRFEICE o 7. BFEOHEABHEED
KN FRKEBEZOEFEICIE, XEBRICOWTHELER
TBERWVR UEOoFAIzBLBELLEIFS
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