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ABSTRACT

Effect of the Powdered Natural Oil Absorbent on

Oil Degradation

The accidental oil spills in the world have been gradually
increasing due to a strong demand for energy and resources
consumption caused by rapid industrialization and population growth.
These oil spills resulted in harmful effects on the marine ecosystems
throughout the world. Physical and chemical oil clean-up technologies
such as oil skimmer, herders, dispersants, and oil absorbents have
been typically used to prevent an expansion and contamination of the
spilled oil. These technologies, however, have some limitations in
extensive applications because of geographical limitation and
secondary pollution. The objective of this study was to develop a
powdered natural oil absorbent carrying PAH degrading bacteria
which may have a less environmental impact. The PAH degrading
bacteria used in this study were the specific oil degrading species,
Sphingomonas sp. KH3-2, Yarrowia lipolytica 180, and
Corynebacterium IC 10. The control experiments was also performed
utilizing commercial oil degrading agents A and B of "V” company
and putative indigenous bacteria in the seawater. To investigate the
effect of the powdered natural oil absorbent made of dried pine
needles on the oil biodegradation, several batch assays were

conducted in Erlenmeyer flasks containing the powdered natural oil



absorbent (4.3g) supplemented with Sphingomonas sp. KH3-2, and oil
(0.15%, v/v) in 100ml MSM under a shaking condition. The extent of
oil biodegradation was determined by measuring the growth of
Sphingomonas sp. KH3-2 and the amount of TPH (total petroleum
hydrocarbon) removed. In addition putative natural oil degrading
bacteria in the seawater were examined in the same manner
compared with Sphingomonas sp. KH3-2. The oil degrading potential
of the three different bacterial species were tested on Petri dish in
the presence of the powdered natural oil absorbent (10g) and oil
(10g). The extent of oil degradation was evaluated by measuring the
weight removal of oil on a daily basis. Besides, commercial oil
degrading agents, A and B of "V"” company, were inoculated into the
powered natural oil absorbent at 5 different concentrations [0(v/v)%,
25%, 50%, 75%, and 100%]. Here 75% addition of agent A or B was
the most effective in the oil removal. However, most of the removal
appeared to be caused by volatilization of the oil because of the
obvious oil removal at control was also observed. In the experiment
employing the three PAH-degrading bacteria, the similar oil removal
patterns. In the experiment employing the microbial agents, the oil
removal effects seemed to depend upon amount of the powered
natural oil absorbent added. It was plausible that this resulted from
an enhanced aeration in the bulk matrix formed by the powdered
natural oil absorbent added. It might be possible to stimulate
biodegradation activity of the oil degraders when their nutrient
requirements and other growth conditions were met.

It is, therefore, suggested from this study that effectiveness of the
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powered natural oil absorbent could be improved by adding
appropriate oil degraders and nutrients that can stimulate growth of
indigenous degraders as well as the selected degraders. Once these
conditions will be fulfilled, it may be worthwhile to go through
various oil degradation experiments at pilot and field scales for a
commercial application of oil-degrading absorbents to be developed in

the future.
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AR NEZPAE #3245, Honam sapphires, A17+Y 5, Jutha,

Table 2-1 Source of petroleum input to the ocean (14).

Marine transport 470 %
Municipal and industrial waste 22.0 %
Atmosphere 10.0 %
Natural seep, erosion 8.0 %
Refinery 3.0 %
Urban and river run off 20 %
Offshore production facility 15 %
Ocean dumping 06 %

Jessica®, FElols 23 sl7ltts, Abass, AAS, 7wHES, AW S,
QAAOl =S Folr, oo wWE WAMEE 1993 olu] 1009 HUS

Hol M eH(1,8).

Fatg=z A AH6).

Alkanes®] E¥3} fFX#|Q alkenes< oAl ZolR7|7F =3
3 E=Avk cracking #Aol 9 1 £H{H7F oL wolxth oy A

o] A4 (phenols, naphthenic acids), & 4 (pyridine,pyrrole, indole), 3
(alkylthiol, thiophene)°] $Ff4¥ 3}3E = resins® HF+E4 oz A3y
i FE5H 3FgE JHE EA8E asphartic SFHESS GAE FHol

A 2R & gou dfdE dHslol UrkT ).



Table 2-2 Composition of oil (18).

Alkanes 15-35 %
Cycloalkanes 30-50 %
Aromatics 5-20 %
O-,5- N-containing aromatic 2-15 %
Sulfur 1-7 %
Nitrogen 0.8 %
Metals 0.1-100 ppm

2.2.1.1 &zt (Alkanes)
orz+-e H EH(methane), ©ll ¥F(ethane), 3 2 3 (propane)©] tE 4 <l
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Fig. 2-1 Structure of alkanes (7).
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gH2-CH2—CH?

ﬁHz—GH 2—CHas

S

< alkylbenzene >

< alkylnaphthalene >

QH2-CH2-CH?

(H2-CH2-CH?

< alkylhydrindene >

< alkyltetralin >

Fig. 2-3 Structure of aromatics (7).
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nAEol fFFE TAT F Aok A2 18954 Miyoshi7l 3hehd-&
ol&ste= HAES Aot A A 7] A At A TH2)., ©steie
el= oy FR/ dEH|golEo] #ostal Jov ARkl FEE

Pseudomonads, Achromobacter, Arthrobacter, Micrococcus, Nocardia,

0

O

Vibrio, Acinetobacter, Brevibacterium, Flavobacterium,
Corynebacterium, Candida, Rhodotorula, Sporobolomyces, Alcaligenes,

Mycobacteria, Penicillium s°] €& A4v}(1220). AA {7 ol

HEAE F7 490l ke oL FHa WAL &, 2d 9
Aol A 5 Aol Wl$ B Foz WAL Frh ATHae] o3
WA gesat dxgd Ade] R 44 v o3

g g7l A, 5
g Fol B Ade] fF AES B o Ba@ £E gtk oo, @
#7h 91 BalHo) oluEEag ol Hiv: Aol oy Fqol ¥

ok A zkgo v]dsitt SdEvH2,3). Sphingomonast naphthalene,
fluorene, biphenyl, dibenzothiophene, phenanthrene® %2 aromatic
hydrocarbon compoundsE #33l= 82 7IAaL 9o, o] Fo F
Q2 EAL Gram-negative, rod®]™, yellow colonyS 374 3%t}(13,22).

Yeast %9 4F2 Yarrowia lipolytica= citric 2HS A stE=d ol &

FiEao A AEAHDA A (biosurfactant) o] &S sl ol Y E
Al & A Al (biosurfactant) &= 7+ XHAH S dojrmgd oz F7F &

= H} golstA dhrH(14,16).
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Table 2-3 Major genera of hydrocarbonoclastic bacteria and

fungi isolated from marine and brackish water environments (5).

Bacteria

Fungi

Achromobacter

Acimetobacter
Actinomyces
Aeromonas
Alcalogenes
Arthrobacter
Bacillus
Beneckea
Brevibacterium
Coryneforms
Erwinia
Flavobacterium
Klebsiella
Lactobacillus
Leucothrix
Moraxella
Nocardia
Peptococcus
Pseudomonas
Sarcina
Spherotilus
Spirillum
Streptomyces
Vibrio

Xanthomyces

Allescheria

Aspergillus
Aureobacidium
Botrytis

Candida
Cephalosphorium
Cladosporium
Cunninghamella
Debaromyces
Fusarium
Gonytrichum
Hansenula
Helminthosporium
Mucor
Oidiodendrum
Paecylomyces
Phialophora
Penicillium
Rhodosphoridium
Rhodotorula
Saccharomyces
Saccharomycopisis
Scopulariopsis
Sporobolomyces
Torulopsis

Trichoderma

Trichosporon

_23_



2.3.2 3t73 2 &} (Factors of hydrocarbon degradation)

AR BE 7 A2 MAEI] FE3dd o HFH o

2 o] AFstEF A (COr) 9t & (H0) 2 AZFHETH2).

Petroleum hydrocarbons cells+ weathering Products(CO; + H0)

Table 2-4 Limiting factors in oil degradation (5).

Limiting factor

Examples

PHC composition
Physical state

Weathering

Water potential

Oxygen

Mineral nutrients
Reaction

Microorganism

Structure, amount, toxicity
Aggregation, spreading, dispersion, adsorption

Evaporation, photoxidation

Osmotic and matric forces, exclusion of water

from hydrophobic aggregates

Influence on initiate ; Oz NOs, S04 to sustain
PHC biodegradation

N, P, Fe may be limiting
Low pH may be limiting

PHC degraders may be absent or low in numbers

- 24 -
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trans-dihydrodiols= 3= 31 o]ojA] dihydroxy AAEZ AbstE )
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of ofsf g Well shupy aelgrxrh Fals = el v Bal 9
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st 71d =25 AREH A etk Y9 asphaltic 3HtES AT Z
2 g ¥ ooty 1 A T TEAE g AR A HAY FE
g FUAZA APHDR AR AA F 3|8 o] 5= T
(5,7,9,12).
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R—-CHz2—CH2—CH=z Alkane

R—-CH2—CH2—CH:200H Hydroperoxide
R—-CH2—CHz2—-CH20H Alcohol
l —2H
R-CH2—CH2—-CHO Aldehyde
—ZszO
R-CHz-CH2-COOH Fatty acid

l P—Oxidatlion

R—COOH Fatty acid

Fig. 2-5 Metabolic pathway for the

degradation of alkane (2).

2 ; . f
/.ICH \ L /CH \ — ™ CHs-C-CH?

CH: —CH: CH! CH-0H

Cyclopropane Cyelopropanol Acelone

Fig. 2-6 Metabolic pathway for the degradation
of a cycloalkane (7).
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Fig. 2-7 Metabolic pathway for the degradation of benzene (2).
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noglom, g EeHl:, AT 8 - 309 Ame] /Fe FI
& & 90T HHA ATk Table 251N A Adel /& FHE

Air & Volalilized
contaminants

Qil-Degrading
bacteria

Powdered Natural
Oil Absorbent

Qil Phase

Fig. 2-8 Schematic representation of oil absorption by the

powdered natural oil absorbent.
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Table 2-5 Properties of various floating oil absorbents (23).

Ease of
Materials Availabilit| Ease of Oil Efficiency Oil recovery | Ease of
v application | absorption | when wet | leakage from disposal
water
Straw ++++ ++ ++++A + + ++ +++
[igg%itstd ++++ ++++ ++B + + ++ ++
Pine Bark +++ ++++ ++B +++ +++ + ++
Peat +++ ++++ ++B +++ +++ + +
Vermiculite + b +
Polystyrene
+ ++ +
Pellets
Pol]};{z?;;ene ++ ++ ++++B ++++ ++++ +++ +4++
PO]%?ES;GHG ++ +++ +H++ A ++++ ++++ e+ +++

A : less effective with thin oils B : less effective with heavy oils

Note : The more +, the better

2413 44 FFA

FAADL FRol weh old 54 AT gom, 4%, UE 2
FA43 5 AfMeE 24 5 A AAAA FER FAAZA

Z o]+ el & (polyurethane), &g ol g Z(polyether), 84 A dHol=
(urea—formaldehyde)2] A%, W< Z(nylon), =]l @ (polyethylene)
T 22 Ad=E wE ARet 82 (polyster) AEZ WHE AR F
< AHgska gtk olF EFAEd AAe] = A ES t
A ol FFel FHRHo] Hold Ao deA 3

AA vk st A A QA AN FE OAMEHE Pp
(polyproprene) 2139 7§ 259 15-20019] Sf%5S UEUO] H]

WA Az

Ol

=
T

o

WA fgol ®e 1% FAYEL AL AFe) manE

’

_31_



A7t

st AE A

= Ao Az

i

s}t

o]

vael

-

!

G

AAEL A FEA

4ol ATH).

FHAY 1% F2

oF

B
~

.F_H

.F_H

_z_o
~
iz

)

T

—

0

_1!
.F_H

=3
"o

(monomolecular layer)©. 2 ¥ zj& o] o]

)

ox

™
o

olo

el
NV

<7
el

=a
o

i
A

Fol A=

Aol s

9

o, &

B
<

N
W

of

HH

i
A
o}
oF
Ny

+

257 23 H (capillary attraction)ol] 2]

2

U

EHARS el §R

A

es)

I

EEAE

59

[e)
5
bol, fiel HEs)

I

ol

°

S

o]
H
B Rl HlE

o

R

=

=
78 (rate of penetration)

o

=
-

4

S
5

]

N
2

)|
i
%A

wE
of

o,

T

;OL

HER]

-
R

o]

o
|

3
%

—

.?_H

ojm

!

7b 3 7EA el ol2an, AE sk Ayl wit ol th(8,23).

o

=
o

_32_



& FAAZ fRE WA= GG S AAA wAAE
Sphingomonas sp. KH3-272] f-R{tsllse] vl g flste] F2A1E 34

of A HEFTHE AFY el AA AN FR £AS PE P

al
L AFFYFAKS) wek BFH A o gkel At

3.1.2 A8 #F

R so]l v 459 (3,15,22), Sphingomonas sp. KH3-2,
Yarrowia lipolytica 180, Corynebacterium IC 105 dFH=raf 9kl -4 & 9kn)
AEATANA G wrol ARgtHTh =gk F83td vAEAY AAZ

© VAR AAISE, VAL BAIRES] 285 ARE8Faith
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Table 3-1 Degradation of aromatic hydrocarbons by
Sphingomonas sp. KH3-2 (22).

PAHs Degradation
Phenanthrene +
Naphthalene +
Fluorene +
Biphenyl +
Dibenzothiophene +

Table 3-2 Degradation of aromatic hydrocarbons by
Yarrowia lipolytica 180 (15).

Aliphatic hydrocarbon Degradation
Iso-alkanes +
n-Alkanes +
Cyclopentane +
Cyclohexane +
Tricyclic naphthene +

FRE dFAFUsa O Setdsdl Asn e Aug /F

71 B & ol&std e, 71529 542 Table 3-4 ¢} 2t}
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Table 3-3 Physical characteristics of bunker B oil (SK

Corporation).

Characteristics B oil
Gravity API@60°F 21.8

S.G.@15/4C 0.9225
Viscosity Kin. cst 37@50C
Flash point (C) 78
Water and sediment (Volume %) 0.05
Sulfur (Weight %) 2.48

3.2 #F9 wjgxA

9 FHA FREA AT 9P, Aed AdA vED

Sphingomonas sp. KH3-23%¢] FFEa59 vaE ¢sto], TSA LA uj

A (Korean Collection for Type Cultures, KCTC)ol A 48A1 7+ =5
W Fste] Table 3-17 22 MSM Aol A A wjgstglct Als
HiekS 9l 250ml A7 ZEtA~aE AT BAaAdow T4
£ Abgeden, e de WASyl fste], Zhzhe] d4e sk
E3 A1 71 & Autoclave(SANYO Labo)oll A 180T, 15 min 2H+f3}
% th. pHE Electrode pH meter(Istek, Model 735p)E A}-& 3}

IM NaOH ¢ 1M HCleZ ZAstgth. wuk AFuogeA 25T,
150rpmo. 2 vj st} sl A A B2 v A E I} Spingomonas sp.

KH3-2¢te] f7#35& nwsts] fiske] 598 2aolA sl =

Q7 MAER A5 5%(V/VIE FAsen
FHE BT £ FAAS £AS] 148 8 gl v 4B



Tl wE fFREe S dotnr] 98kl Sphingomonas sp. KH3-2
= TSA A8 2] (Korean Collection for Type Cultures, KCTC)el
A, Yarrowia lipolytica 1802 YM A v x| ol A, Corynebacterium IC 10
< NBAAM Aol A dFA3r w3t vjdste] /7 29 &9 &
A e Zb 7 A4 MAES 5% (W/W)H F9) s d ok (&Sl (10g) -
Oil(10g) : Microorganism(bg)). " AE FY A Sphingomonas sp.
KH3-2, Yarrowia lipolytica 180, Corynebacterium IC 109] O.D.:= =}t
2 Z+7} 286, 2.89, 3.27°) Atk Al &) &2 Glass Petri Dish (90mm in
internal diameter)E Alg&3tR o, 25C <A FH o] E oA (Dong

Won Scientific system Model:D-Es-3)o| A 43§ 3} % t}.

T3 vA= AgAAY] HEFl wE FRLee d&Fe d¥ET
Aste] AlAEIL 3= VAR AEstE mAE AEAAl A, B 2F =

Glass Petri Dish (90mm in internal diameter)E AF-&3to, A &=
A A A L] v &S 0%, 25%, 50%, 75%, 100% = HF3ste] 25T <

o] Blol A AlZtel] W& FA HAS A RSk

Table 3-4 Composition of mineral salt medium(MSM) (19).

Composition Liquid medium(g/L)
Heavy Oil(carbon source) 0.15m1/100ml
K-HPO«(1M) 10m¢
NaH:PO«(1M) 3ml
MgSO4«(1M) 10me
Trace element stock solution(1M)" 10me
(NH24)2SO4(1M) 10me
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*Trace element stock solution

Components (mg/L)
CaS0Oy 200
FeSO, - TH20 200
MnSOqy 20
NaMoQ;, - 2H20 10
CuS04 20
CoS0Oy4 + TH20 10
H3;BOs 5
3.3 53 %y

331 33
FREHde wE "AE AFS ZA4s7] st EEE T
(Jasco V-500 UV-VIS Spectrophotometer)Z ©] &3l 660nmel A A

7Fe] @& Optical DensityS =4 3¢ t}.



Ao Fig. 3-13 2t}

= L
vabelak 2%84 5% [ppm] = (A - B) xiﬂgﬂ
A AR Fo ST FA
B:dd Ao F287]9 FA
VooAme o
Sample dillution
l B Methyl Orange
HCI (1+1) dropping
Add
normal hexane
(20ml~40ml)
and separate of water and
hexane
B Reapeat the separation

Filter after add sulfur
trioxide sodium

Volatilize hexane at 80 C

|

Measure the weight of
evaporating bottle

Fig. 3-1 Protocol for oil measurement by normal hexane

extraction method.
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Table 3-5 Experimental conditions for microcosm test for oil
degradation affected by powdered pine needle

absorbent and natural seawater®.

Microcosm Materials added
1 Spingomonas sp. KH3-2
2 Spingomonas sp. KH3-2 + carbon source(oil) 0.15ml

Spingomonas sp. KH3-2 + carbon source(oil) 0.15ml

+ powdered pine needle absorbent 4.34g

Natural seawater + carbon source(oil) 0.15ml +

powdered pine needle absorbent 4.34g

a

Each microcosm was set up in erlenmeyer flask containing 100 ml
of MSM.
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holes
{250 ml)

.0000.0.0.0‘0.0000.0.0.0..‘00.0.0.0 >

o o Jn 2

s

)

o R e e e e e e e e e
) ) ) )

Jilicone cap with

Medium
(100mI)

Fig. 3-2 Scheme of microcosm test for oil degradation by a

known oil degrader Spingomonas sp. KH3-2(growing

in MSN) and indigenous organism from seawater in

the presence of powdered pine needle absorbent under

a shaking condition.
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Table 3-6 Experimental conditions for microcosm test for oil
degradation affected by powdered pine needle

absorbent and PAH-degrading bacteria.

Microcosm Materials added

1 Heavy o0il(10g)+powdered pine needle absorbent(10g)

Heavy o0il(10g)+powdered pine needle absorbent(10g)

2
+Spingomonas sp. KH3-2 (5ml)
] Heavy o0il(10g)+powdered pine needle absorbent(10g)
+Yarrowia lipolytica 180 (5ml)
Heavy oil(10g)+powdered pine needle absorbent(10g)
4

+Corynebacterium IC 10 (5ml)

Imooulation of
Microorganisms

Absorbent + Oil

L < Glass Pehi dish >

Fig. 3-3 Microcosm used for oil degradation test under a static
condition. The experimental conditions were as shown

in the Table 3-6.
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Table 3-7 Experimental conditions for microcosm test for oil
degradation affected by powdered pine needle
absorbent and commercial oil degrading agents under

a static condition.

Microcosm Materials added

Heavy oil(10g) + powdered pine needle
1

absorbent(10g)

Heavy oil(10g) + powdered pine needle
2

absorbent(10g) + A(2.5g)"

Heavy 0il(10g) + powdered pine needle
3

absorbent(10g) + A(5g)”

Heavy 0il(10g) + powdered pine needle
4

absorbent(10g) + A(7.5g)"
5 Heavy oil(10g) + A(10g)"

Heavy 0il(10g) + powdered pine needle
6

absorbent(10g) + B(25g)™

Heavy 0il(10g) + powdered pine needle
7

absorbent(10g) + B(5g)”

Heavy oil(10g) + powdered pine needle
8

absorbent(10g) + B(7.5g)"
9 Heavy oil(10g) + B(10g)™

Commercial oil degrading agent A of "V” Company.

sk

Commercial oil degrading agent B of "V” Company.
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Absorbent + Qil +
Microorganisms (A% or B%)

l

A <« Glass Petri dish >

Fig. 3-4 Microcosm test using commercial oil degrading agent

under a static condition. The experimental conditions

were as shown in the Table 3-7.
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0.5

—@— Control
--(-- Pine needle
0.4 | | —w— Without pine needle .,Q'
OO .',O ........ 0
E 03 o
c R
3 o
© K
Q: 0.2 4 a
o O
.:.. —_— _ w
014 5 //'\ Yy ¥y TN
._'(_./.—./.—.\.\:

0.0 T T T T T T T T T
0 2 4 6 8 10 12 14 16 18

Incubation Time (days)

Fig. 4-1 Effect of powdered natural absorbent on the growth of

Sphingomonas sp. KH3-2 in medium.
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--(O-- Without pine needle

1500

1200 +

900

TPH (mg/L)

600 -

300

o T T T T T T T T T
0 2 4 6 8 10 12 14 16 18

Incubation Time (days)

Fig. 4-2 Effect of powdered natural absorbent on the oil

removal by Sphingomonas sp. KH3-2 in medium.
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0.3 1

0.D.(660nm)

0.2

01 .0

—@— KH3-2

--(-- Seawater

0.0 T T T T T T T
0 2 4 6 8 10 12 14

Incubation time (days)
Fig. 4-3 Comparison of cell growth between indigenous natural

microorganisms in the seawater and Spingomonas sp.

KH3-2 in the MSM medium containing oil (1500ppm).
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Fig. 4-4 Comparison of oil removal activity between indigenous
microorganisms in the seawater and Spingomonas sp.

KH3-2.
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Fig. 4-5 Time course of oil removal by Spingomonas sp. KH3-2

in the presence of powdered pine needle absorbent.
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Fig. 4-6 Time course of oil removal by Yarrowia lipolytica 180

in the presence of powdered pine needle absorbent.
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Fig. 4-7 Time course of oil removal by Corynebacterium IC 10

in the presence of powdered pine needle absorbent.

[

4.4 2&3 & HAE AHUAAE o] &3 A=

AEFol Be FFEA 9%

= =
T=

Ho
il

]I[o%
D)

g A FHAE FAAstel st @ AEige 7HE Sl
EAF2AN(10g) PAYE A AA "V'AF A AFEL VAR B Al
2+7+ 09%6(W/W), 25%, 50%, 75%, 100% %A 4718k thg, AL ol
Fol Azl WE fH9 FAS =A3te] Fig. 4-8 Fig. 4-99 #& 2

o

e,
o2l
O
1o
il

oo M
o

ol



o ue}

RS

S}
=1
3

7heel =7t

=
=

Fig. 4-8°4¢} Zo], mAE A9
2T 30U A 1.29%, 1.4%, 2%, 2.2%, 2% = W<k

o ey, 25%

bl

7}s

Far 75%2] mlAEA A4 A

5]

%

1

1
™

NR
T

il

o
4w
~

n
i)

g AE 2% 25%
AAA AS wols Aol 02%
T 3tk Fig. 4-99A ¢ o] md= B

St
=

-
X

o
=

?l_

glol 100% vAEA A4 A

M

0

=
=

tar 75%2] A

st

hyaA
fn oY

_EH

o
e

7
o] 2%, 14%, 25%, 25.7%, 5%

&

Fodoh e, 25%

2 =7}

A 2] A Al
Far 75%¢] W BEA 2 AA B 47t 225%78 =

S

=]
=

FAl - flol 100% w4

[13
=

Ry
fn oY

A=

Z]l—

_Eﬁ
o
4o

Nro

i

Shatal 75%9] mAEAEAA A

3L
g

_Eﬁ

of

Royxm 25% &

ol

o

n

A7) ol AlmHTh o]7]A

.?_H

FI7b o] FEHem mAy

= 7=

_53_



% Oil removal
1

—@— Microorganism 0 %
--(O-- Microorganism 25 %
—w— Microorganism 50 %
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Fig. 4-8 Variation of oil removal by a commercial oil degrading

agent A of "V"” company.
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Fig. 4-9 Variation of oil removal by a commercial oil degrading

agent B of "V” company.
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