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Evaluation of Affecting Factors on Formation of Oil-Mineral
Aggregates for Stranded Oil on Intertidal Flat
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OMA(Oil-Mineral Aggregates) B> FE72 EAtolu vJAE #3ll&S SUAA FE7 AAd B2 7]ol&
g Q1Y) wiel] At Zbfell A fEek ARSI OMAS] FaRIAbE Brkshs 2ls BA0E f&

2] 5%(50, 100, 200, 300, 400, 500 mg/L), HJHIEHAFE] F5E(100, 200, 500, 1,000, 2,000, 4,000 mg/L), S
FI(10, 20, 30, 40 psu), WHHAIZE, 2, 4, 8, 12, 24 hr), F3REAEAIL] =130, 5, 10, 15, 20%) 22 &8}
14 Q1zte] MskE Fall A FAste], vk 2 e AUt AEFER] Kaolinite’} RIFEFE2] Quartz
Hop fEoke] FAIERl OMAS] /el oF 3uf o] ads Zhal Gl Ao sfehH9lrh. OMA J4UAE
oA 7159 frE#eo] WSS OMAY] 3ol T Aow AFHoH, Y] di-sie 1lolMe ¢
7 OMASL] @Al G2 vIAA oF= Ao% gfe Qi) 1ear wrkARte] F7hebd HE3E<] Kaolinite
o A9 oMA®] 4ol 2HA ABL alol, Quars) A9 Arke GBE vAA Feks Aow sty
ek AzE {F3REAA7F Kaoliniteske] OMAS] @Al oF 13% 4% 71043 Ao w setw ] om, Quartz9he]
9= oF 56%7F 31 H= Zlow vt gl

Abstract — The purpose of this study is to evaluate the affecting factors on Oil-Mineral Aggregates(OMA) for
stranded oil on intertidal flat, because the OMA formation enhances the oil dispersion and biodegradation rates.
We choose the affecting factors such as spilled oil concentrations(50, 100, 200, 300, 400, 500 mg/L), mineral
concentration(100, 200, 500, 1,000, 2,000, 4,000 mg/L), salinity(10, 20, 30, 40 psu), shaking time(1, 2, 4, 8,
12, 24 hr) and applied dispersant volume(0, 5, 10, 15, 20%). Major conclusions derived from this study are as
follows. It was observed that the kaolinite interacts three times strongly with crude oil than quartz. OMA for-
mation was enhanced with increasing of spilled oil concentrations, whereas the increase of salinity rarely
affected the OMA formation. The shaking time for OMA formation affected positively with kaolinite, but quartz
was irrespective the shaking time. The applied dispersant enhanced the OMA formation by 13% in kaolinite
and 56% in quartz experimental condition.
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A Hebei Spirits.0] 71 5-F&A e} 22 O f=x4
kel 715o] dAlell ade® fEEr] el sie
SAZIA At webs] AAEjAl ] sl #H A3} shr]9feiA
A 27 APE deAlelet & = Sl

=% 7152 o1 Hebei Spirite 2] 71 5-=AkLollA el 12o]
352 ol 5 tEo] AJMA Aol mAtE =), ikl 22 7S
o] WA WS FollA Aol gt AARE: 7P A A8
E= o R |9 o] 27Fs e Al Addstar, #7154
o] A3 71 Foz 9% AYevt YFA ow WA} st
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spela] WS BTl AMAEA A9ES v low,
AESH AP Ao Az Az iy 927t Qlar, w3l
E57h ulg- =g FARre] g un, dYHe] s, DO, pH, &
ol W Pk vt

. eloMs FE8 715 rIAIERARS] $HI(OMA, Oil-
Mineral Aggregates, Fig. 1y5 ©]-83i= A137d3PH (Natural cleansing
method)el] &3l A7AE0] B IS ZE tH(Omotoso et
al.[2002]; Payne et al.[2003]; Kepkay et al.[2002]; Guyomarch et
al.[2002]; Muschenheim et al.[2002]; Khelifa et al.[2002]; Stoftyn-
Egli et al[2002]; Owens et al.[2003]; Khelifa et al[2005]). ©] OMA
& Aol FReol 24 ] REEARQ] RG-S whol WA E
H2HFine minerals)e} =% 715°] §AE o] Y= Ao=H,
- Qg He] B P Aol R FAOR ) EAHE <)
o AL Has)h o] B Ae] 37k Qs nYE R
5 golatA Frh(Lee et al[1996]). ©] OMAE ©]-&gh A%
B kel A 7159 ARIIAE FHAIY
E2o]ar, Al Tzt Gl vl A1 EAC] A
07 2% QltK(Lee et al.[2002]).

AE7H€] OMA . A= Faienl glom], selelxe=
OMAGAl M= A 552 F&(Floch er al[2002])°] st
Aol mEol AR o] Fox dgellr] OMAC] <Jst AFI7 s}
o aizof] o5k ko] ARl (relocation)ell ¥aliA A7 34
Th(Lee et al.[2003]). 12]1L Lee et al.[2002]2> Rio Desaguadero
A OSSAII o] ko] 29,000bbl2] A7} =¥ A%
oflX] OMAS] &/dell THsliA] A3 0™, Harris and Wells[1979]
& FERRAA ] Fol = QIsiA AR 1 AP Ao B
Foll F2E= Ale ARSI

el olF A1) iR OMAS] FAel mIA|= iRt

2.1 AEE

2.1.1 ¥-f(Crude oil) 2 315

2 AFelME 2007 FAHO] 14,941,526 kKLE F HAE 2
a1 BREX| oM Hebei Spirite 2] Akal DAl 2% Kuwait crude
oilS AREBIATE. Kuwait crude oik> GS CaltexAFZHE] A3 e},

FZE 7152 e Felx gt o] 7o) IS A
v =] 3etAl o] Wsleto] S8t (weathered oil)2] FEIZ
SIS AL QISIARI FAA 2] A Bm T o) 22 EEHQl 9
ol ol FAaki-(dispersed oil)2] FE|Z HFE| o] Akx|S %
ZHhof] 32 ek, weba] 2 AFtllM= dEAS Ads]
21314 Kuwait crude oils 1 L&2] Hlo]#e] Wil 110°CE 124]
7r 3 EAA F3HE ko] A3el ARSSISItH(Floch ef al. [2002]).
2AZFERE AT Fei A AAQ) T vlwellE o ok
23%8] AR} Adwo] FLE it

= Sl Y(sea saltye W78kl s 2Hs] AlF

ol ARSI

2.1.2 WM EH XK Minerals) %! F-SH-AHA| (Dispersant)

OMA B35 I8l A& nMEHAR= M EHFE<] Kaolinite
(ALSiOs(OH), Fluka)2} B E3HE2] Quartz(SiO,, Fluka)s AR
sttt

3R A= Hi-Clean(ti Y 3keh)e] Al¥-5 s oked vl ate
ZHE A Fkol ARESIGITE



B Qo= 2. 101]*1 Agh AAAEE o83t OMATA
o] QERIALE a1 == FHE] FUZHS0, 100, 200, 300, 400,
500 mg/L), PIAIEZHAFS] 13100, 200, 500, 1,000, 2,000, 4,000
mg/L), (10, 20, 30, 40 psu), LRIAIZH(L, 2, 4, 8, 12, 24 hr),
FARAIEEO0, 5, 10, 15, 20%)S H3}AA 7P AES 3
sttt

OMAS] ¥d< 913 AL 500 mLe] Hlo]A e sll+&
350 mL A2 o, Adzde] gto] HAANEE Folska vid
2 Ugste] Y= ] (Reciprocating shaker)ell setting 3 160
cycle/min, 22 mm stroke length®= WHFSI3ITE.

wke] T Hjo|A= AZFESH AXAZ u]—o— %ag_gug )
FrIEE o]gsto] HAM W EolglE 7] 3
7155 AlA sk, OMAS] &/del| olgh i
D8l thee] A ol st

2.3 EAM I:CIJ-EH
OMA?] @Aell 7]o13t 552 ft S5 gotar] f1siA
G5 FEldF T (GF/A)E 21781 oZAE Dry Ovens: ©]
8311 60 °Collx] 241 KFsRE 213 A7 ThE-, 40 mLe] dichloromethane
< FY3te] 1537} Ultrasonic Bath(1'=71%], KD-06AB-073-2)%
FE3R= IS 28] HEESE & dichloromethane2 5715197 100mL
2 S9it FE2 90 3,000 rpmelA] 153 ot ARt ¥ uv
390 nmelA S SASY. fsims AFAE ©l851o]
TYTEHEH 32 3HMISISItH(Floch et al[2002]).
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] 2 Uepd Aajolt}, Axte e 7189 %S 50 mgl
Z 39S A9 FEFE2! Kaolinite?} FA¥ OMAS] 71 55+
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Fig. 2. Variation of oil concentration of OMA formed according to

the oil dosage (Salinity: 33+1 psu, Mineral dosage: 200 mg/L, Shaking
time: 24 hr, Temp.: 22+1 °C).

2R OMA B4 FaRIAe] 37k 153

433 mg/Lo|A, HIFEFER] Quartzet FE OMAS] -5
= 3237 mg/Lelglth. 718 Fe] F7lel whebA Kaolinite2h
¥ OMAY] 3 55+ Hako® Frlehe A3 vER
H, 7155Y%Ee] 500 mg/Le] F-g-ol leire] oOMAEA
S5 1574 mg/Lo|Sitt. 3HA 715 T 7ol mebA
Quartz®} FJE OMAS] - Tt 715 4% 71t &
u|agt S7F AEE JERISeH, 715570 500 meg/Le]
490 o142 OMATA FE-55E 474 myLo|3lt).

ol 7158 FFel SRl whebA wAlERAke} A5 sto]
P9 OMAZL F718E 7 QIS7] Wi ® vy, vFEd =
21 Quartzell B84 FEFES] Kaolinite2}2] OMAS] 3/do] &
o]t o7 iE) o) thEZ 9 FEFEQ] Kaolinite= B
E33EQ Quartze} 9178 Al Ix2l niEHAo] oF 15 m¥g
O % Quartz®] HI3EHZ] 1.5 mY/gRth 108] 2 =17 wiel 715
QIR AI7F fols)7] wlEo|tHOmotoso et al.[2002]). 17|l

7188 = OMA BT S vehdlle AT gt
(R*2 Kaolinite?} QuartzZ} 22+ 0,933} 0.86°.% 743t k] AF
yjr;”ﬂ_ oL‘—_ 7433 TL]-O]'Q%E]—.

Fig. 32 ]EJ FRIEEE 300 mg/LE 3kl vHER A} (Kaolinite,

P

gkl
o

E& FE%ZOBL

o

Quartz)«] RIS 100, 200, 500, 1,000, 2,000, 4,000 mg/L=E A3}
NRE A5 OMAJ @73l 71998k fEe] s=E yehd dae]

o} A EHAF] F57F 100 mg/Le)! 7ol Kaolinites} #4%
OMAZ] % 5+ 113.6 mg/Lo| 1L, Quartze} FAE OMAS]
s 24.3 mg/Le]Stt. Kaolinite®}t 3/d¥ OMAS] - &
S vMERARS] FEe] Sl weEt A oR Fhaske
AeE vEhlo] EAEe] F90%0] 4,000 mg/Le] 73-9-oll 3lojA]
o] OMAFA] -5 77.4 mg/Lo|Qlt}. 3HA B} 913k
7l WA Quartze F/E OMAS] -7 s EHAF 79
Ze] St} Tl A2 Wt qisler, Bkl el
4,000 mg/Le] 750l oM OMAEA FE55E 253 mg/L
o]dtt.
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Fig. 3. Variation of oil concentration of OMA formed according to
the mineral dosage (Salinity: 33+1 psu, Oil dosage: 300 mg/L, Shaking
time: 24 hr, Temp.: 22+1 °C).
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Fig. 4. Variation of oil concentration of OMA formed according to
the salinity (Oil dosage: 300 mg/L, Mineral dosage: 200 mg/L, Shaking
time: 24 hr, Temp.: 22+1 °C).

opdelA 7159 FUETE AT Aol oA mAEHA}
o] el ST OMAS] Aol vkt d3S
HAA] ks the Zle & 5 SlSink 1Ela vAIER RS OMA

AYo)e] R Kaolinite?} 0.930% 7t &9 AlakakA Zk1 913l
O}, Quartze 0.16°%2 78] AHAATE e A 0= gt gict,

Fig. 4= 7129 341552 300 mg/L, THNEHAAS] 93-S

200 mg/LE dlo] G552 10, 20, 30, 40 psu® WHIAIA G&

EE7F OMAS] @Al mIA= Yas AES Arfolrt. Kaolinite

—4 A9 FEEE7 10 psud®l OMAS] BAel 7]ofgh At

FEE 101.4 mg/Lo|®low, T 2o Quartze} F/dE OMA

9] FA-sEE 37.0 my/LelQith. a8al G-I SISk B

Tl F mAERARS P48 OMAL] FEsSe AL FTo]
= Aow et

A8 A5 (Floch et al.[2002])14= 3E557F ©F 0~1 psu 7HA]

o] WMleM= ite] SVt o] OMAS] o] 57k Sle.

U 71 o] fisolis OMAS HA I Fsiths Ay
5 Hasiolet, ek 2 Al 715l sl AR v
£ aEsle] Rt EEE Ao o] dd Fieelis AR

7ok ARl OMAS] GAJF= Fadh 210 vebsit)
oM -2 riAlEHAE SAdskE Hr, Z15dAk gt
=2 H3HE Hrh(Friberg [1976]). WEbA] o5 Atolelxl= Whit

(Zeta potential force)0] 245101 A5 ko] Fzlof WS kA ¥
o 2eu 9] w5t 57t A HW EfAF o 5{5‘ 3%
A712%550] Saro] EfAte] el F4% wblEo] 1hasiA

Ho] Asgte] F2to] GolsHA|l Hrt. sHAIRE o] kS AT
ol A7l FHEEETE ol w2 oF 0~1 psul] W lelx @A
i OFLOMXW 71 ool fi-sit 2 WiSlelMs o ol
9] A7N25FY] FAah 2 A2 doluiA o] wWiEel OMA
2] /g 1 A= sl G A wHjgh Zlo J&%ELE}
Fig. 5 7189 FUEEE 300 mg/L, "IHEHALS] 913k
200 mg/L, 9E-FTE 331 psuz 3] wHHAIZRS 1,2, 4, 8, 12,
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Fig. 5. Variation of oil concentration of OMA formed according to
the shaking time (Oil dosage: 300 mg/L, Mineral dosage: 200 mg/L,
Salinity: 33+1 psu, Temp.: 22+1 °C).

24X7ro 7 WSIAIA A IZIo] OMAS] FAe] wX|= d3=
AESE AF}o|t}. Kuwait crude oil®] AiEAf Adito] AAE 33

e} mAEHAE FYsto] wnksls
stroke® FEWHZ| 2 1AIZF Wik A17] A3} Kaolinite?} /9%
OMAY] f &5 89.1 mg/Lolal, Quartzel E4d%E OMAS]

160 cycle/min, WHEZE 22 mm

5T 45.0 mg/Le]Slt). Kaolinite®} 3/d%¥ OMAS] A5
T THRAIRE 4712 Aol o) fiasle S uglont
817 ol TR F71810] HEAIRIO) 2441312 790l 1034.93
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Fig. 62 71529 %% 5300 mg/L), PIAEHAFS] 39155200
mg/L), °§:-_~‘LE(33i1 psu), WHHAIZH24hr)y S TAAA E31, BT
Ale] 9IS 0, 5, 10, 15, 20%E 7M1 OMAL] FAdol #-l
23g et Ajo)tt. Kaolinite®] 7-¢- w4HA|S] 9]%k0] 10%
M= OMAS] 340 S7FsI o 1 o] Fell=
Fg ARl Aee LrERNQITE M Quartz] -9 wAkA|S] 59
ol 5%/ 343] T7FItF 11 ool tha
ohek WskE YRR okghet.
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Fig. 6. Variation of oil concentration of OMA formed according to the

dispersant dosage (Oil dosage: 300 mg/L, Mineral dosage: 200 mg/
L, Shaking time: 24 hr, Salinity: 33+1 psu, Temp.: 22+1 °C).
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Fig. 7. Mean value of oil concentration of OMA formed with exper-
imental factors.

d Aor Hrt = 5= Q7] wiell, ATl 23t Bakg el
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Fig. 7> OMA2] &3 nAEHALeLe] OMAS] &7 ¥]
& AXtete] Hlast A7e) {3747 OMAS] B4 o=
AE 7|1 =AE Felsl] g ALt Aol

Aol AX3E ule) o] OMAL] AR 113 7] 9
| AEHLY] F, GEsn wkA7Re] Wl wE HEGE
Q1 Kaolinite®} Z/JE OMALE H<t 1004 mg/Le]$loH, vHE
FE91 Quartz®] 9= 3 30.0 mg/Lo]AT . ©13 7 Kaolinitel]
oJ3iA /3" OMA7Z} Quartzell 234 &3 OMAK.TE ©F 3ul
o]Ake] e 7158 el}. o= Quartz®] 739+ Kaoliniteo] H]3|
A vlgo] F337] wfiEell F-fr(suspension)® A %k HEgE
(beaker)®] vietel] F7Eo] OMAS] Fel| 7]e1g 4= gl 713
7} A7) WiiEo® gkt

ShE FAkA 2] FElef] 2J8t Kaolinite®+2] OMASA]S- 115.5 mg/L
2 S T 8k 7392 OMAE/] % 100.4 mg/L

T2 OMA 4 gERIze] 7} 155

wr} oF 13%Y % 713t

O

Aoz oty o Quartz®] 75 &
2] e e 67.7 mg/LE EAMAIS F9lekA] kS A
off HlalA] oF 56%2] F7HEITL Qe A0 SetE gt
—‘?L"}Zﬂ% As|r] 71 50] FE i Ak T e Ak
& BE] HlE(1.025)E T 7PE7] wel] Aol s o
T}i'i?‘:?o] AEH2ZPL $iE 7ol AR WS A1
INZFE2E BAE AIF7IA HH AL BE ik
FEHA Eet, 12 AHAE FelEA ke
YA =HH OMA7E BAEe] XS A AIAR FHOE F
AtA] sttt kA 2 ATl AR FAAAF] “H%Oﬂ
AA el gk Eakaapt ol Ak 71849APT O
o A3 wol Frkar Aket
T=)ar flellA 7]sst vl ol AE TSI S x4
oA QuartzZ} Kaoliniteol] 8|3l B]ZFo] Z7] wji-ol] Kaolinitex}
o] Ff3tA] X3l OMAL] Aol 7143t 5= Sl 71371 A%
O, FARATE 9 EE wHg ol A EAkAle] oJElA ke 2
& 71592 QuartzdAtel A5 o Sl 71317 wel A9
7] wiEel] FAAIE F1813& wl Kaolinite® U} Quartzel tish
OMAS] 34 T7Fam7t o =LA bt 2102 ekery.
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o] AE<2] Oil-Mineral Aggregates (OMA)2] /el oF 3u)| o]
o] mES 2t gl Zlow getdgint. uEh HEGES] 2
AGelxe] OMA B ow AEda7t #Hast = HsEE A9
S7FE Qlef nAE Helw gold Zlow ot

(2) OMA F4IAE FolA] 7129] §Eo] BS 52 OMA
o] gAo] S o7 HEE o, doke disr Zd
AE P57 OMAS] B0l d3ke wR|A] o= Ao = Tle}
Hict. 28 wHkA)7le] E7)sbd A ESES] Kaolinite?] 3%
= OMAS] &/goll 3 4AR oJgks 3k, Quartz] -9+ 7tk
& G mAA] Fehs Ao vfelE gt

(3) AEE FBREAA7E Kaolinite?h2] OMAL] &/dell= ©F 13%

A 7)ol 20w sefEglom, Quarzshel Z9= ok 56%7t
=7 5 A0R etk

AL AL

@FH7)eT) Adow dnskexl
1% (KRF-2008-313-D00540).
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