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Abstract

Recently more than 450 incidents of oil spill a year have occurred in nearshore of Korea,
which caused unmeasurelable losses in fisheries and severe damage in marine ecosystem.
Two approaches remain paramount in any response to marine oil spill ; the enhancement
of natural dispersion of the oil by using dispersants, and mechanical recovery using
booms and skimmers. A technique currently receiving fresh attention is the enhancement
of the natural bioremediation of oil through the application of micro-organisms and/or
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nutrient. Oil, like many natural substances, will biodegrade over a period of time into simple
compounds such as carbon dioxide, water and biomass. Bioremediation is the term used to
describe a range of processes which can be used to accelerate natural biodegradation. More
specifically biostimulation is the application of nutrients, and biocaugmentation or seeding is
the addition of microbes specially selected to degrade oil. Bioremediation is an economically
attractive method for the clean—up of oil-contaminated area. Bioremediation has been
demonstrated to be an effective oil spill countermeasure for use in cobble, sand beach, salt
marsh, and mud flat environment.

Keyword: bioremediation Agent, oil-contaminated area, biodegrade.
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Table 1 Numbers and amounts of oil lost in terms of spill size during 1991 ~2001.

Year Total <1kL 1~100KL 100~1,000kL. >1,000kL
Number of 4,190 3,760 393 28 9
Total spills 100% 89.7% 9.4% 0.7% 0.2%
Quantity 43,741 493 3,942 8270 31,036
spilt(kL) 100% 1.1% 9.0% 18.9% 71.0%
1991 240 208 28 4 -
1992 328 266 58 3 1
1993 371 325 38 5 3
1994 365 313 52 - -
1995 299 257 34 4 4
1996 337 296 37 4 -
1997 379 339 35 4 1
1998 470 431 37 2 -
1999 463 440 23 - -
2000 483 457 25 1 -
2001 455 428 26 1 -
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Table 2 Major oil spills in Korea occurred during 1990~ 2000.
(unit © won W)

Damage :
No. Date Location Ship name Q't(kL) Cause| demanded Ol Cleanup
. Cost
(Copensation)
, AJdsFAH Feols B = 4749 .
L] 97D ) 4520 (24, 106048) | DO | FF | 500 0%
, AH AT Aok 2 73 2,000 | 45 1,020
2| W66 yaey (A, 25368%) |26 2288 T | (439 5%
3 | 03 927 | Baw ASEEE I pcims | 25| 9169 562}
T (24, 5328) ’
, . PETEN A% 4155 | . o
4 9. 723 | dFATALAER ($24. 1445672)| B-C 879 FHz 7359 198¢
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5 95. 921 | Fad A= (§24, 1501 %) B-C 2392 | A& 554 1249
3 A = =4 :‘5‘—‘\’:}}‘]'54010'] o) =
6 95.11.17 | 9 ZTHHF (S 2 M, 142448%) A 1,402 | = 29 849
; = 130 q3 . 1994 9 .
7 97. 4.3 | 39 B/% (§2A, 786%) B-C 1,699 A= (6%9‘%‘?}) 824 vt
, ¥3 753 ABEAS A% 400 | 4m | qasmer I
8 | 9L | g (24, 0378) | 430 | BE | 1H4RT jlelddsnd
9 971125 | ¥4 ¥ uE (BEA, 43928) B-C% 203 | &%= - 7329wt
, — THIEE - = . 3
10 | '98. 1.15 | €57 A9H (24, 400E) B-C% 301 | #=x 17434 7 14897
, - A0S - - _
11 00. 411 | H9 X5 (244 1458E) 5 290 | AE - 393x 9+
Table 3 Import situation of crude oil(1975~2000). (unit : thousand BBI)
Year 1975 1985 1990 1996 1997 1998 1999 2000
Quantity of inducton | 117,795 | 198,313 | 308,368 | 721,927 | 873,415 | 819,094 | 874,090 | 893,943
%1t - 68.3% 55.5% | 134.1% | 209% | 6.2% | 6.7% 2.3%
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Table 4 Currently Listed approval marine pollution prevention products(2002. 3. 31).

Total Domestic Import Others
Oil spill dispersant 17 Co. 21 ea 15 4 2
Oil absorbent 40 Co. 91 ea 69 22
Oil solidifying agent 7 Co. 8 ea. 4 4
Oil fence 22 Co. 78 ea. 41 32 5
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Table 5 Performance test items of marine pollution prevention products.

Oil spill dispersant Oil absorbent Oil solidifying agent Oil fence
o Qg cHE, B | o 9g P AY
Types |, ez qa08514) P e "B%
- C3¥
1. a3HA 1. £xAE 1. &= 1. BB
2. 5A= 2. EHHAY 2. THEx 2. AFAAL
3. f3e 3 FFEAE 3. AzE 3 BEHAY
4 AREYA Y A= |4 IFAE 4 ZTJ& 4. VAR EAE
Melor 5 gl A% 9%AY [5 WaENE |5 Adwel #he 5. 714e) FAAE
lens |6 754 6. FHALADY) | 6. fAHA 954 |6 WAD
7.4 7. FEAY 7. AE g AFAE | 7 NWFAE
8 ¥x 8 A27AlY 8 &A%Y AR |8 7149 WA E
9. 33 E 9. 274 Y
10.4:74A 8
KS No. KS M 2800 KS K 1600 KS M 1720 KS M 3737
E3ta Aedyol AA WARYd HEE A AR, gt ol 8 4E FebsiA v A
& e, ot HEAIgsIEd Hg olsF ol o3 edEde HgE: FosAde @
= 2 J)ls9 o)A, ZleEy 73 F9 A HE&  bioremediatione] g #tH(Lee and Kim
dlo] 71913 AY = gloy FEHoR &Y [20011).
AegAl AEAsrEe] A§ 2 A& F
of A& ol A& FAR HE3 @ AHel 5.2 DM 20 olst 7Rl
o] dAdF R AR} BE A ko] @2
7] W& o] eH(Kim[1999]). 19008t = Afgsaire YR o8 &
sE & don ulyEe MY FaZ} 9Y
g4d 2 duxgez olgdittE Aol ¢
b. M=dsoPJ|= AA HQcE 2 o] Tl AE e84 2 (aliphatic
hydrocarbons), &< &3} 4(aromatic hydro-
5.1 42&s7l=9 HO carbons), 1#31 7} Hl 9] @3l 4(gaseous
hydrocarbons) 5 Ztzte] gk ]"85«1 o AL 2
35 A 3149 (bioremediation) S AAQHZ £ Holut grgtsrol g MAES §A Eoko|
Asle e ol R e ERS 2 EFY U SAs A A dhersieae] £9 81
v g A EF FdFE WA= FHE LS HNousias Raudzse oad Hass
#HA 3 AY, 53 §HEASFEE 77 WA Ho] Bt AT7t o] 2ol gk 1T FHo
g 2998 @739 FdeAY e A =T SolhE AAHA TFd Agusisrro 4
AL AE Sohel AT edBAE TAVL gm gusjee 9@ A7t AYHD o
ZA odd B3E A9 A= FH/AI= T Be A HET o]Rolx i gt}
Aol Ad@BAN dEdel ANE obF (Atlas[1984], Leahy and Colwell[1990], Rosenberg
248 AAczA, EAste 29EA] AFAT [1993]).
TR, BHZA, A EA3E EAA vAE o AEREI AT Sr)odBISe A4
TR Ao wet 2 AEHAY A58 A5t
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A et 3} & (petrol, diesel, crude oil, lubricants,
some fuel oils), PAHs(Polynuclear Aromatic

Hydrocarbons), oxygenate hydrocarbon(e.g.
glycols, surfactants, detergents), pesticides,
BTEX components(Benzene, Toluene,

Ethylbenzene, Xylene), solvents 59 EdE0]
}.

AukH o 2 FUIGAEA Z)Ee] HABEH
gEE AESHAGL g oz FAE 4
(L3 2}

Ikg Hydrocarbon +2.6kg Oz +0.07kg N+0.007kg P
= 1.6kg CO2+ 1kg H20 + 1kg biomass (1)

N RS o] &3 AEAL Wyle B - g
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ARES A7 F ZUEHY F3 X
Zafof k= Gl e wAYEd 93
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= °
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Hog FTRIAS At Bragg et al[1993], Lee et
al[1993]).
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%2 bioremediation 71&€2 AH&3F Ald=
1972 wl=r @l Aulyolse]l Ambler Ale] I
H 7lEd gelZeQlo 2Ry f5dH 7MEde
AEE § ¢ don, HTY AEE 198949 &
#2719 Prince William72] Exxon ValdezZ 2]
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6.1.1 Exxon Valdez oil spill(0] =)

1989¥ 3¢¥ 249 H# =4 Exxon Valdeziﬂ
Alaska Pn'nce William3 g ok 40,0002 €
& FE&AA 20901(1’11—’] ¢ LEATE /‘]”
= 2R dFE 29dE SR ge dA
2 B9 - 5}3—}2—‘]‘3 g o]Fo AEIHEY
Agd LA =HA ANPTHE sy
995%2 uvlle} AZZ o]FoiF o, 05%
ot FAZ FAHAUL oln 2 AFd=
glehE 2HAZE £ AT EFUAE] =
TFOF _x_z}]o]»“l gl?j\OEq 7]—?2]6]- ZE':] =
o HAF AAFFo] o]Fotte A
A ddAzng vgozr AfAd  AYgA
(oleophilic fertilizer)¢! Tnipol EAP-229} %] &4
FEE A Woodac®t Customblen 2213 &
AASFGAE ALESFE E3], o] AFy AE
gt VeEde df FHAS AYE HAAs)
noem WEAI/ & tsds FHEE AV
7F ¥ A tHKim[2002], Crawford[1990]).
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6.1.2 Amoco Cadiz(Z &t ~)

Amoco Cadiz Abie] 98] 1973 39 ZH~
v elr ot < 202WES  Arabian ¥
Iranian Light7|&o°] §&=Hct A o o5
71%4&7 o8 uF@e f&dH J1ES ug o6
27 FAE b2 digte] 2 HFH U o] Alx
AN B7tE S EHAZ WEREY FEFE FH
o gk Z|AA wHRos AR YR
BeR e A Vo] AFHAY AERE B
Y7t AE dve Fol 93] Fgol ofEed
U &2 71AA @A el d9x Rty

o)A AGEL AHE] 5t 47h4 Pl
BEASL Jee =98kl Fasat. R 0
2t 3gste ARAE 288 PBAY o) A
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o] ®3r5o] glo] AFH A ¥ ol EX v
AEe 48 AN ERE 7IYE +
A1, F AAZE FHAAZAZ fFE&AT,
A 2 AFHAE ETFEE 279 A
Aastdch A HAZE sd & gne 3
SAAL, wRHez 01%2] AWEHAZS A
gte T9 vg3 ANEE FHdg 28y 718
AdEo] ¥ Hoy EFH =2 AESHH 2
£AA ek A Aye dx Eiot
(Kim[2002], Swannell et al.[1996]).
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6.1.3 Haifa beach @Y AL2(0} ~atA)
= 2] 0] ©

1991 8¥ oF 100€ AxY FAYH(heavy
crude oiDfr& 2 o|2et A9 Haifa® AkkoA %
Atolel $x]8 Zvulondigt %o 3KmAE 2
g€ Abazk dAdeh o] A9 Rosenburge &
2 F-1ol2te IAFAISDAS olAAZE 23
d F e FHFEHAUNAE RT(Gluconobacter
sp.), RL4(Pseudomonas sp.), RL3(Pseudomonas
alcaligenes)& &8sl A d Az dlx=Fol
Hastel o AHal&ert 84 waA I3
o] A s 25U Fo] 7] 38g-oil/kg-sand
A X o] 0.6g-oil/kg-sandZ 2k 845% A L7}
€S B uag tHKim[2002]).
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%o A9 e FHEAAES FALH
‘U.S. EPA National Contingency Plan Product
Schedule’ A =& 93tz Yt} vl=9 ‘Clean

Water Act’, ‘The Oil Pollution Act of
1990(0OPAS0)', =2 x ‘National Contingency
Plan(NCPYsl 27%  ‘National 0il and

Hazardous Substances Pollution Contingency
Plan Product Schedule's US. EPA Qil
Program Centerol A Te] 3},

‘U.S. EPA NCP Product Schedule’e AA€E

AEEF, AFEE, ALA 28z AALA 5
e F£E23F Aol ‘NCP Product Schedule

Notebook’® Federal On-Scene Coordinators
(FOSCs), Regional Response Team(RRTs) &
o] ThekgE AlmAtsle] gure WAAAE AHY
g F A=E AAd AFY 7ledr 2L AFE
A% T& F£EI FaASE 5 Uk

MNE, st
5 Agu¥HLe ‘National Oil and
Hazardous Substances Contingency Plan(59

Federal Register, September 15, 1994)'o] #%
H AP FEe]l yleHodrk, NCP  Product
Schedule®] S A7) Y= 712Xz §3
2 Al (dispersant)®] 2§ EAl&&o| 50:5% A%

¢ 9T S44EL vhA AT QA e
AR AALgA s SAE T F QA

Hr  AE3SHA A 2 Al (Bioremediation Agent) )
749 284 A & AFA7 &S (effectiveness)
< Y4FsA HYE FA @ 4 drk &, NCP
product scheduled] S A% ¢itt A EPACA
A Eo s 5¢l(approve)o]tt K ZF(endorse)&
glth= 9ml= olu™ Table 62 20019 12¢
A AANE AFLFES Jeld Toly HA
5% 497 o]¥ Table 72 NCP product schedule
of SAE v nAEXNYA AE FFHS
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Table 6 Currently listed product by category.
Product Type Number
Dispersants 7
Surface Washing Agents 19
Surface Collecting Agents 0
Bioremediation Agent
o Biological Additives(11)
4 - Microbiological Cultures (10) 15
- Enzyme Additives(1)
o Nutrient Additives(4)
5 Miscellaneous Oil Spill Control Agent 8
Total 49
Table 7 Bioremediation agents of USA(Dec. 2001).
No. Product Name Product Type Manufacture Listing Data | others
B-10 | Inipol EAP 22 Nutrient Additive | EIf Aquitaine, Inc* 1996. 1.11 {France
B-19 | WMI-2000 Microbiological | v, i Microbes, Tnc. 1990. 6.18
Cultures
B-29 | PRP Enzyme Additives | Petrol Rem, Inc. 1995.10.25
B-35 | BioGEE HC Microbiological | oy Bioremediation 1996.10. 6
Cultures
_ Oppenheimer Microbiological . .
B-36 Formula Cultures Oppenheimer Biotechnology, Inc.| 1996.10. 6
B-37| BR Microbiological | g\ i 70 e Tne, 1995.10. 6
Cultures
B-41 | MICRO-BLAZE Microbiological | v 40 Enviromental, Inc. 1997. 1.21
Cultures
o | VB591™Water, . . .
B-42 VB997™Soil &BiNutrix Nutrient Additives| BioNutraTech Inc. 1997. 5. 2
B-43 | STEP ONE Microbiological { p¢ o pecearch Inc 1997. 3.21
Cultures
B-45| SYSTEM E.T. 20 | Microbiological 1 o0 Bnviromental Tech, Tnc.| 1995.11.14
Cultures
B-48 | BET BIOPETRO | Microbiological |y b o) Tech 2000. 831
Cultures
B-52 | ENZYT Microbiological | \ - Biotechnical Corporation | 1996, 2. 2
Cultures
B-53 | Oil Spill Eaternr | Nutrient Additive/| oy < 1y b ternational, Co.| 1996, 8.26
Enzyme Additives
B-54 | PRISTINE SEAT | Microbiological |y, o o vstem 1999. 6.28
Cultures
B-55 | Velite Nutrient Additive { Land and Sea Restoration LLC | 1999. 9.10
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Fig. 1 Decision tree for consideration of bioremediation.
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Table 8 Characteristics of spilled oil.

Group Characteristics of Spilled Oil Type of oil
Very Light Refined Product
o very volatile and highiy flammable .
. S . gasoline,
> high acute toxicity to biota
Group 1 - . naptha,
o specific gravity less than 0.80 solvent
= not consider for bioremediation due to high
evaporation rate
Diesel-like Products and Light Crude Oils
o light fractlons.wﬂl e\{aporate tp no residue West Texas Crude,
o moderate to high toxicity to biota marine diesel
Group II'| -°tend to penetrate substrate ; fresh spill are not adhesive o
o . Kerosene, jet fuel,
o specific gravity of 0.80~0.85 .
. o . No. 2 fuel oil
= bioremediation most effective on lower molecular
weight oils, with faster degrading component
Medium-grade Crude Oils and Intermediate Product
oup to one third will evaporate th the first 24 hour
o variable acute toxicity, depending on amount of light fraction| North Slope crude,
Group II| ° variable substrate penetration and adhesion No. 4 fuel oil,
o specific gravity of 0.85~0.95 lube oils
= bjoremediation most effective on lower molecular
weight oils, with faster degrading component
Heavy Crude Oils and Residual Product
o low acute toxicity relative to other oil types
o little substrate penetration ; can be highly adhesive Venezuela crude,
Group IV | e specific gravity of 0.95~1.0 Bunker C,
= higher molecular weight and fewer number of No. 6 fuel oil
straight-chained hydrocarbons makes bioremediation
less effective than on medium oils
Very Heavy Residual Product
Group V| o very similar to all properties of GrouplV oils, except that
the specific gravity of the oil is grater than 1.0
Asted HFFE 7IELE WALGA AHEEZ WARA - A A SEAFSE S Adeto
T UdFE HAEAHIAE AEE F E AEF AFE Aueot HAFAFEEN 5 TNE B3
A AR5 vhdE Fojn. A AAAg AHEY AGYAE HE
AgAAD el B4 BRAHHA W Folof @),
AE FASA fAAE PARALAY G4 %
QAAY gAAwd, FAAFREL, 48N A DPH
92 ALE Ao A Y AEAIE H AR
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