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ABSTRACT : When large-scale oil spill happens, it will put the fatal impact on the ecosystem, ultimately harm human being
seriously. Accordingly every coastal country invests to improve response technologies, of which oil removal by use of bioremediation
agent is taken to be secondmy or altermative deanup method in a specific spilled area. In this regards, the author attempts to find
out the effidency and effectiveness of bioremediation agent to oil slick by laboratory exben’ment as well as the possibility o
bioremediation application to future spill accident and gets the some results In this study, the effectiveness and efficiency of
bioremediation agent to oil slick is examined by short-term laboratory test and it is found that bioremediation agent cun degrade
oils effectively. however, considering the environment of spill site is quite different from that of lab, the author will carry on the
on-scene test of bioremediation for longer period to look into the possibility f biorediation agent as one dof oil spill response
methods.
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ol 2 AFRFLY WAZIEe] FAYS AFstn AY
g vlgor SFEAgo At 23] EAN Qe W
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AP A& A A BAE B3 ¥ A9 PAY
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2.1.1 o|4EHX

£ A AMEd vAEAAE vl= BAMIA £F o9
Ege B9800z sgsoye £ AEAAE f-5F9 2
ol -8 DjAESQ]el TFHo] HREF AydlE o
37t 71diEo Tk & vJAEA A AREAA, AR,
sty FPgd o2 W¥E 9 F9 Bacillus bacteriag X
it & Aol AR-E ol AEAAl = 20009 A)/gal 9
H &2 u]gBo] ¥gsHo] glu, 7IEHoz B AAg o4
B 22 Yz SAst ok o] wslsiA Hu ¥}
T 84S 9A gt AdgdAE 2 AAE 50 A
o -5 T 19 3Ee 9983, Hydrocarbono 2 o] %
o 3RES AN, TEAE AEAZ A ®A
vl B AR FIE BolsleE v} YIRS vlY B
ofFt AESE Bol3tEg E=9F7] SjF 7|3 BAER
olFolzlc} nAES Fg, A HA EG o} AL
utelglo} FolA FHEMY F719EHe Ealol g4
utelElolE Agsteo] wgst Aolrh

@A B AEL d7 2L v FRo)Eyg AR &
e FS3At
e U. S Environmental Protection Agency: listed as a
bioremediation agent on the National Contingency Plan
* USDA
* Texas Commission on Environmental Quality (TCEQ)
* Texas Department of Transportation (TxXDOT)

* Louisiana Department of Environmental Quality

¢ State of New Mexico - Environmental Quality

* Arizona Department of Environmental Quality

* Florida Department of Environment Protection

¢ State of California - Office of Spill Prevention and
Response
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2 Ad¥dl AHEE AW fFe dfe Ae okt
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AHg-sF T
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Table 2-1 Properties of oils for experiment

Offici| Gravi sG Viscosi Sulfur Nitrog
al ty ty en Pour
el APL[60/60| oo |wios| wige PO
Arabi
an 274 [0.8905 4772 | 280 0.16 |-49°F
Heavy
Arabi
an 334 10.8581 12.19 | 1.77 0.09 {-65°F
light
Diesel 164 ] 01 0 0.26 - 0C
Buke|  s53 1083 | 52 |1»| - |oT
r-C
* SG (60/60) : [specific gravity @60°FV/[specific gravity of
water @60°F]

* Pour point : the lowest temperature at which an oil will flow
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o8 AR K57 sl vXe 9%E Y] st
o] LB broth, Add 3ol AAuiF stsith LB brothe
10g/L bacto tryptone, 5g/L bacto yeast extract, 10g/L. NaCl
o8 FAHo] glon pHE 702022 Ao AR&slch
Ao AMER S dFAFUTgE 23 Mg A3
o] GF/C filter2 A7l 53 v|BES AASL ALE
sl ZE wjAE 121 CollA 1583 autoclavedt 4@ s}
Atk Z microcosmel ARGHE UAE AA FES} 59 F
F ¥ FEE Table 2-29F 23, 7 microcosmollA] 1] AE0]
sl vlAE 98-S Brieldth 2 microcosme 25T,
180rpmo.2 7Yzt ¥l shdch
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A gTe] HA¥E “Evaluation Methods Manual Oil Spill
Response Bioremediation Agent, Tier II, 1993"c] ¢]sle] ]
2kl sigen fHFEY ¥ 3FFEAH ODEFH ANITE
o] E0)3Th §FE4 2 ODER AdTe A% 250
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FA7re | WAE AAE 0%, 1%, 5%, 10% 52 H7eto
Az 2AR, 5% 33E& 919 Respirometer
A4 ANEgel 5 0me 44 FRE Hrska, CO2
EJASE NaOHE ¥ § 0%, 1%, 5%, 10% T=& v
2 AAE Fvtstd AYPTE A8

Table 2-3 Experimental conditions for microcosm test for
oll degradation effected by microorganisms

agent.
Concentration
Microco materials added of
sm (v/v) Microorganisms
(v/v)
1 100mé MSM + 0.5% glucose 5%
2 100m2 TAB 5%
3 100mé sterilized seawater 9%
4 100m¢ sterilized seawater 1%
5 n 5%
6 5% Bunker-C oil 10%
7 100md sterilized seawater 1%
8 ¥ 5%
9 5% Diesel oil 10%
10 100m¢ sterilized seawater 1%
11 + 5%
12 5% Arabian Light 10%
13 100m¢ sterilized seawater 1%
14 + 5%
15 5% Arabian Heavy 109
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Fig. 2-1 Mimetic diagram of anaerobic and aercbic
respiration rate measuring equipment
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g e RN AFERR 1 T3 ““%l:% AH8-3t 5
ok AFULE 5~-200mg/Lol i EEUXE 20~5%0ith A=
T Al EHA e 9l g@skga fEA, 2l
fFEEdol = u3o EeHe AAS o83t Yiloz
NEE AR ARdt] =T HAFEo] JMed BAS F344
71 dnsle et g FRAA JRES] FAE SHE
of 27] FEHA TS} vjna) FFch

=YY 328 &

[prm] = (4 - B) x 252

A: A% Fol w87 T
B:ad el Zugr]e B
VAR o

i B Methy} Orange

HCI (1+1) dropping

'

Add
Normal hexane(20~40mt)
and separate of water and

hexane
- Reneat the separation
D Filter after add sulfur

trioxide sodium

Volatilize hexane at 807C
Measure the weight of
evaporating bottle
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3.1 00D.E o|8¢% o|dE A 2= 53

B dFME vAE AR A KHFEN anE =234
&7] 984 microcosmE A8t Microcosme 4749
microcosme 1 setZ 8t 4 setE AAsIM o, 4 FHe
5(Bunker-C, Diesel, Arabian Light, Arabian Heavy)&
5%(v/v) AL olAE AAE 0%, 1%, 5%, 10%(v/v)
o] n&2 AZsIY, 24A20 660mol N RREE A
& OD.& 33t

3.1.1 Bunker-C+#

o] 4 E A9 Bunker-CH9 E3E Yolnzl AF uvA
B A 2EE SAH% 43 Fig. 3-13 #Zol et

Fig. 3-15 o}, wigd o] »BES PA *xn
Bunker-C#5%H2 713} control®] 74§ Al7be] Austes A
3 F@sh AE&H o2 0D AR M7 T3 s
AR, vhde] vlAE AAS A/ AYFE Ao
ZAegte] wel ODI YRAFENA AFZH R Fukste A
o2 yehdth olAdE A4 Fxe] W& 0D.9 F/M8e 2
7190 1% el 5, 10%90X] F7180] o ZA JeEdn
Alzbo] A48 Frtgo] vlxdAE AYS VeI

Bunker-C

Time(day)

Fig. 3-1 Variation of O.D. on Bunker-C oil with
Bioremediation Agent concentration.

3.12 Diesel &

o] & AA2 Dieselfre] E3lE Lotrr] A% Y= i
A dx& AT A3 Fig. 3-2¢% 2] UEsith Fig. 3-2
€, WGy o] vjdES YA &3 DieselwrS H7He
control®] ¢ Al3te] Wslel wet OD.9 3 A22 YA
Al RAIEIAR, vl vl AE AAE A7 APTe Al
Zro] Aol wet ODJt YAFENA A&z F7tet
t Aoz yeyrh vYE A Fxo #& OD.o $7H
2 zlele 1%, 5%, 10% 2F vl ul&2 Frksiloy
Alzrol Aol we} 1% 5%, 10%62] F7H&ol o =27
LHERSLTY.

Dieset

—e— 0%
— 1%
-—5%

> 10%

0.D.

Time(day)

Fig. 3-2 Variation of O.D. Diesel oil with
Bioremediation Agent concentration.

3.1.3 Arabian Light
D48 AAS Arabian Light®) $418 Qopur) 913 v
4B X UEE 23 AT Fig 333 Lol ueih
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Fig. 3-3% @el, wige] ol nlAES ¥A ¥ Arabian
Light?tS #7118 control®] A% Azte]l Husls= Az 53
A A&£Aeg OD7F A2 st s Aus §A38
Adx, v PAE AAE AR AddTe Aol Angt
o] utg} OD7F YAFEA A&HA o Zvlsles Aoz U
Elsith olAE AA =] ul& OD.9 F/8e Z7dE
10%, 1%, 5%9] #22 ¥ F71e-S Yo Ajzte] Ag
o] mal 1%% 4A F&& KA W 5%, 10%9] Z718
& o 274 Jehgrh Dieselfrth Bunker-Coll B]&ke] Arabian
Lighte] Wstgo] A vebdit zvldl 19%71 5% vl =
A VERd AL A8 o2 daAgk A g

Arabian Light

v 0%
——— 1%
——5%
—>¢=- 10%

oD.

Timelday)

. 3-3 Variation of O.D. on Arabian Light with
Bioremediation Agent concentration.

3.1.4 Arabian Heavy

8 AAL] Arabian Heavy? E3E golnz] i3t o]
A2 AA dxE 2% Ax Fg 3-49 2o] Jehdrh
Fig. 3-4¢} 2Zol, gy il uAEE YA %3 Arabian
Heavyih& 713} controld] A9 AlZro]l Axtstes Az £
A A&A R ODIE AR kg FHg AdE F218)
A, v vlAE AAE H/R A7 Aol Bugt
d wz 0D} GAFENA A&ZHo R FUlshe Aoz Y
ehteh oj g AlA) FXo] W& OD.9 718 uAE A
A FEE2 A Folrt A gkon], d4F FEAA A%
How F7}staich

Arabian Heavy

—e—Blank
——1%
——5%
—y— 10%

Time(day)

Fig. 3-4 Vanation of O.D. on Arabian Heavy with

Bioremediation Agent concentration.

Fig. 3-5% vlA& AAol ¥ §88e x3e 27
S15k] microcosm& AT Abxlelt,

23 mpel iy AT

Fig. 3-5 Picture of concentration on culture flask
320|828 & &3

A Fe 27e tidE OD. 2 I 279 FEA9
microcosm¥ Y ZU2E v|AE AA FE, 479 FE
g s on ZilE olgsle EfEAR 2 frfel o
F 3EE SHBIAE Fig. 3-6, 3-7, 3-8, 3-99 o] YEE
o}, zt f-Fel o) viREe] FEE gYdly 58S
& Az 4 FHY FF ZFAA vAE AA s 285
g dar 3FE0 A JEYE A& A Fig. 3-6,
3-8, 3-99A =i ui9} Zo| Bunker CH, Arabian Light,
Arabian Heavy®] 345 AY ARL2RE  20~2443F )
e 3FE A2 Aoy 20~24M3F AETE AV
3&E°] F38A F/ME, 40~48A17 =0 Avat &
F8ol 9AY #&& AU 28y Dieselt9 A&
A NFALYEZRE 601 7Rl EFE] AR dHov
60~70 Azt Alelol E{FEo] FHSA F/EIHA YA FF
< AR

Fig. 3-6°14 R2E uiet o] Bunker CH-9 3¢ vidE
AAe =7 1% 4 AF 12mg 02, 5% 3% 17mg, 02,
109%9] 3% 2mg, O2 AEZ A=Ak, Arabian Light9]
7% Figure 3-7% 2] plAE A =71 1% 4 35 A4
ng, 02, 5%9 3¢ 30mg, 02, 10%6 2% 3%mg, 02 AE=
A=) Arabian Heavy® 74-% vlAE AA Fx7t 1%
g A4 18mg 02, 5%° S 25mg, 02, 10%9 739 30mg,
02 RA=2 ZASAHFigure 3-9). 2213 Dieself+el A%
1% 4 39 6mg, 02, 5% 3% 12mg 02, 10%} 7% 14mg,
o2 A=2 SAFIA.
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Fig. 3-7 Vanation of Oxygen Uptake Rate on Diesel with
Bioremediation Agent concentration.
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Fig. 3-8 Variation of Oxygen Uptake Rate on Arabian
Light with Bioremediation Agent concentration.
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Fig. 3-9 Variation of Oxygen Uptake Rate on Arabian
Heavy with Bioremediation Agent concentration.
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Table 3-1 Data of Oil weight after treated  (unit. mg)
Bunker Diesel Arabian Arabian
C Light Heavy
Blank| 389 333 347 387
366 311 313
% 378 (98%)
61 910 (98%) (93%) ?
341 287 2.8
5% 3.43 (89%)
° | (88%) (86%) (82%) ’
284 219 2.6
% 2.76(71%)
0% 1 o300 | (6620) (65%) >
4. 3 E
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TR Ard lerE ARgste] vjAEAAE HFD
F HREN AT Hd R FFREN xRS Fn AY
73S Gl iy zA}- EAEtA] T 22 A8
< AU
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slo] FMEE 2AF A7 FBxE9 OD. ol dAF
FE7A Z7189 R B AR A8 Yeldn &
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2. Dieself+ RUHE Bunker-CH, Arabian Light, Arabian
Heavy 3379 %7} 0|42 @45l 39 Z4a0|9)
2 459 AAxEe] ¥ et Bunker-C, Arabian
Light, Arabian Heavyell 24l £3€ w42
gol o olgab] 4 4F LASE ¥4 vehdeh
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