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A wslea A2 vlEo] %2 Bunker C fuel oil®] %
Aparh g #He]umZ(2) PHC AR 3 asAl Aldold
EAo] 7k3l thaulekE whal=2(polycyclic aromatic hy-
drocarbon, PAH)] A|AZE $J3F ukA|7|42] 7ol st
o} oole] & AfelAs $2ue} dokstA el PAHS
Tk A ekdel diste] zAstdch sl PAH A
FF 4ring 0 2 o] FojZl pyrene?] 5 B Aol AL =
AEde 4 B3 27 58 gof Mgk o] AlA
£ 9|3 oJ2] bioremediation B 5-& FA}skgich
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chalgs

Z- El3} 425 benzene ring 472 o] o)zl
pyreneS A&3}g] o MFrRbE AT 2 EA] L 3
= ofokrt 24re] 9 silolA A7 dle} siAbE ARl
Aol o g3i5ich. RAFFEE BelATAA Hop
"h& Pseudomonas sp., Acinetobacter sp., Moraxella sp.Z
HEEZ ARSI 4 355 0.5% glucose, 0.1% yeast
extractE- 3 7}3} Bushnell Haas brothe]] %] Z3}o] 25°Co|A]
707 AR50 pm)T F WA Es} AR 74
& 28] Whaely 7 FREES 2L 42 T B2
107 cells/ml, T2 3]4135}e] 10° 10%, 10° cells/mle) 7 A2
0]50]7] microbial consortiumg- W59} bioaugmentation-g-
A AETEZ ol g3l ¥53 5 AFA = A8 2
mm ©]&}2] T3] vermiculite(Aldrich Chemical)ell inoculum
< FAAA AEstdr)
Microcosm?2| T4

< 10 ml& 100 ml AF7} flaskol] @& 3 acetoncol] =

¢l pyrene solutiong 54]8}7. acetone-d ZHFA]Z] ]S 3
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I 20 ml-S Y7 nutrientst} 7€} A7MES Gl alu-
minium foil & Yo #4 microcosm-& FAIEIATE dAL
microcosm®] 7 $-olli= WA 30 g2] SAFE 250 ml v]e]H
of Y& & pyrene solutionS- $+]8} 1 AL pyreneo] v
# Ol AGlE e I8RE PTG, TR
ol AL A4St 4 RO e o)

e} T} 5218 F9lElar v|o| J;; alummlum fml.'i j=Cel=

}_ Z 2 A2

Bioremediation & 2|t

HalF2] consortium-g- %3} NP source 1= Inipol
EAP 22(Elf Aquitaine, France)E pyrene 2] 10%(w/w) %
7helgiel. Balarae] AR vHs 2ve) sAEE

_g] o] k-9 }_/\}5}7] Hgﬂ HHOkiEE— 7L7L , 10, 15, 20°C
2 ukE3 pyrene % 100, 200, 500, 1000 ppmo.w A

S PR CF St e CICE,
wWicol AA7|A R glucosed 22 0, 0.01%(v 3= w/
w) A7kakel Aelel o173 FaE bk, vl

Ak ARgE] T 9l frAle]Alel PRP(Petrol Rem, Inc.)2
E5% 2] 98 pyrene oF7h Bold ofg A7lsksd
t}. A 34 A (surfactant)e} mineral oil B7F2] 3 8kS A}
stoledl 24 A A Ale] CMCeritical micelle concentra-
tion) gtel zko]7} vli=vl] Brij 30, TritonX-100, Tween 40,
Tween 805 z}HzF 32, 105, 62.8, 60 mg/L =@ Al gl &
7}&ksd . Mineral oil(Squibb Inc.)e| 74-$-oll+= ZF-ol
81271 ek AA 0.8%9] 0.24 g A Hol Zalshelct

Pyrene ZhFgt B4

AL Al g melhvlene chloride & #7}sfe] & Mo 25
&3 PRPMIER 3¢ B $22 AR
S 6 wiE3 = riﬂ pyrene solution®] #Z Hi]=
methylene chloride 2 30 ml7} & A8l a4 A 54 me-
thylene chlorideS 3 187F 412 & separatory funnelel]
ol 1047} Hl-i]fs}m] Xo] F-2]7} w18 & methylene
chloride 21} glglt}. o] AL 38 whEal T s
AhlER =22 }/{]?:1 PRG A AstaL FEF pyrene
solutiong 30 mlE W 3 EA18lolc}. Pyrene 32 gas
chromdtogmph(HewletL Packard, HP-series I/& A&-3}3] L
GC ¥4 #=AEL g3 #c}. Column HP5(25 m x0.20
mm X 0.33 um), Tnjector 300°C, detector 300°C, oven temp.:
initial 200°C, %27} 10°C/min, final 250°C 10 min. Data
BAE 98 WE-HEL dodecaned AMS-slod 0w A
o] £xl3} A2l Autochro-WIN(QG&17]7]) 2.2 3h¢irt.
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ot pressl ) Aol el ket 157
20°CoA XA & wllefzr] 277 ALl E AlsellA] pyrene
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Table 1. Natural degradation of pyrene in fresh seawater and
beach sand

Residual percentage

Tenlgecf;l ure Pyrene concentration (ppm)

100 200 500 1000

Beach sand 5 100 100 100 99.8
10 100 99 100 100

15 91 97 96.6 99.9

20 89 93 98.1 99.4

Seawater 5 100 100 98.6 95.7
10 100 100 98 95

15 100 100 99.2 92.3

20 100 100 98.5 96.4

7Wab mobAIRl =8l Almw A kel AR Ak
(transformation rate}> 314 ng/g/day 2 713 E=x]3= Agho)
Aghgol 7h4 E9kd Wik 500 ppm, 15°CE Hai=
= 3.49%0] AR A3hgo] 486 ng/g/dayo]drt. s wlAb
o} whe] RE wjek%olA]l 100, 200, S00 ppm EE2)
Pvrene"] ﬂ-sﬂﬂ ﬂf—m 2| ekgkon} 1,000 ppme] A5 15

& pyrenco] Hafju] 7] AlAtslgl on 55 & Bl 15°C
]/'] 77%% /}7‘]' %9kar olu pyrene AZHE-% 2,200 ng/
ml/day 2 713 A vhepge}.

Microbial consortium®| pyrene 235l XA}

saee} sfatell 4] whsbra el AlEe) dds
817] 9]stel pyrene F5E 200 ppmo 2 AR s}HA
A Inipol& A7keE & AHFekS delsle] 20 C‘ﬂW
] pyrene®] Fslofag zAbstlch ReldtTE
aj Akl 4] pyrene?] il WE Aol J]?ﬂ ]—?
Ao g olojudr) mjoF 7)ol inoculumo] 107 cells/migl
A9} Bajgol 7 T Ao 35 Fele 10°
cellyml2] AFek A8 o]elelli= Hslgo] FARE 5%
el o (Fig. 1). weF 55 3 107 cellsymle] xF2k A8
7} BAE 54.6%2 7P A Vepda olw pyrene®] A
ZHg-& 3,120 ng/g/day:r 218 A9 AlodHa]-gyc} 7.8n)
v gtch sl M E 57l A A 107 cellsmie] AEeF A
h/]' 19. 6%4 7}*‘ =& Balng vepllon o) Aghg
21,120 ng/ml/day7} = ich. siate} siseellA pyene] ¥
HEE v s Bl v AEekel] dA 3”4"*]‘3‘”4 el

_/1"
Hj<
A

7} EOE S d 1 =t 107 cells/mi] 7% s|A7} 3
SRt o 2.8 P Falge] = Urbam

afAke} 5ol pyrene 200 ppm3} InipolS- UA sA 54
&t 5 FAFF(0° cells/g)ys GEgE Foll wiofLmwls &

2]} 37 pyrence] F-3|AEE wlasisich sfAfellA] ek
o) wh2 pyrened] HalokA-S md AledAtele] Eafel vt
A7 R 20°C W Eel o) wiek7|zh ANk 53 74
smopom wlep@vl gopdpR Ryl st AlE
2 47} 9)odch(Fig. 2). Pyrene #-8) %7t 51.4%2 7V =9k
1 20°Cel|A19] pyrene2] A &8-S 2,937 ng/g/day 2 Ebyt
T en) oprl e B} Adtge] ashs S o
C el A siabRel AAF R Hef s oha

,|A7] 011_
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Fig. 1. Effect of inoculum size on the biodegradation of pyrene in beach sand (A) and seawater (B).
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Fig. 2. Effect of temperature on the biodegradation of pyrene in the bioaugmented beach sand (A) and seawater (B).

SR WeFEe] W Folsh WA FlaA vehiet,
5% &<t 20°CollA] pyrened] EEE AL Egkow ov
7} ol g5 Balesk gaselnh

AL} spoll A pyrene?] EEE 100, 200, 500, 1,000
ppm o2 F2]3t & FIHFF(10 cellsml)E % £3}7 20°C
A4 pyrene2] B3 kAL wAFIch Al A] Halre
2 B#f Aok ko] 100 ppmell] 7P ke 200, 500,
1,000 ppm A2 ey} zhasisichFig. 3). Ea=rt
58%=2 7} A viebd 100 ppme) AgHg-e Hawme} ub
2 7P & 1,657 ng/g/daysitt. Pyrened] E%o} =9
TE s} il AA Adee Fro) 2o
2 Z7ks}e] 1,000 ppme] - 4,857 nglg/day 2 100 ppme]
3 s Jeuigde) sl siakel o) R wo)

1,000 ppmell Al 7H dgkont vma] prede ket
Aol & ol Qskeh(Fig. 4). FHEE FEA Z7el
2 ghasiglAt AdE2 At Ad st Sl
& Fohxled siatel 2] 5002} 1,000 ppmel|4]2] pyrene
o A2 fAlstsdct. st siake] Ealee)l HE-g-S
Bl jAb7b BE pyrene ol A o Eo}l Mol ¥
skom} AledFelmol AFHgo M FrEo] Y%s] & A
& o 7} Qe

a2l 3 }01] pyrene 200 ppm, inoculum(10’ cells/ml) In-
Foi8k 3 glucose H7}7} pyrene -3l x| of
& Akt slAtell A= wleF 5Tl

glucose w1
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Fig. 3. Biodegradation of different concentration of pyrene in
the bioaugmented beach sand.
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Fig. 4. Biodegradation of different concentration of pyrene in bioaugmented seawater.
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Fig. 6. Effect of surfactant addition on the biodegradation of
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Fig. 7. Effect of PRP addition on the biodegradation of pyrene in the beach sand.
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2|4 F88k A7} =) Kasner S(9)S EofollH 10'~10°
cells/g A129] AFeko] Aslrly B gk u} glow] B &
e A9 1010 cells/igo] $-A18F Ax2] Bunker C§
Eale-S vhehd Bk alvk1). & AFeldE sixke] A 22
10°, 10°, 10 cellyml-e- FEaS W] 25 mjof 55 Soli= 1)
53 59 pyrene RS HoIA|W wlokzslel= 10
cells/ml AEA 87 7P 52 AASE 2 olrhFg 1). 5l
A= 107 cellymle] Fako] 714 & pyrened] ]2 o}
ERfdAE sk 2 Aol °M°*‘~tﬂ 2 ol A
pyrenee] HEA FA| R <lgk o FAEr)

257} pyrene £ Tof Ul% o] f‘fob.% olAbabe 2 wloF
257b w8 20°Co A R wrt B8 o Jehygt) 8
[°h SE7t vl G (10~157C) 8 Aol A e kel
A ESAITe] BAe] @Al Ak dherhs 2 A
(13) sAke] A 15°CollA 2 20°CE] ol wof TAE 4|7
& By % 1 59 10°Cell s kel Fal7} 7o) oo
WA sk mbd Aol os) o] 2 WglelAx
35% 12} pyrenee] AlAE Az} 4%%9 v (Fig. 2) 25
7} olA £ R eat A3kgo] 7h4sls A % ol 47}
stek. sl 2 Zhael] wlet rleJ} A8k 7
S & glon FEAEA 10, 15°CellA] o B} 2uj
A pyrene AlA&o] Esict.

S Abell AT pyrene?] FErt H&4E Fallt sy
| gt *'HI Gikia-sp s i—rs—— Z7Fsted 1,000 ppm
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. aH*MW FFAEA Ad R zet vlae] Bel 100
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ol Aeel Z7ie. o142 Sl glucose B7H
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ABSTRACT : Biodegradation of Pyrene in Marine Environment

Soon-Suk Hwang and Hong-Gyu Song* (Division of Biological Sciences, Kangwon
National University, Chuncheon, 200-701)

The biodegradation of recalcitrant polycyclic aromatic hydrocarbon, pyrene was investigated in mi-
crocosm simulating the beach sand and seawater. The natural biodegradation rates of pyrene were
between 30~2,200 ng/g(ml)/day in beach sand and seawater when the pyrene loading rates were 100~
1,000 ppm at 5~20°C. The effects of the inoculum size, pyrene concentration, incubation temperature
and surfactant addition were investigated in fertilized (Inipol EAP 22) samples. Generally the biode-
gradation in beach sand was higher than that in scawater. A mixed inoculum (Pseudomonas, Aci-
netobacter, Moraxella) showed the 3,120 ng/g/day of biodegradation rate in beach sand with 200 ppm
pyrene, which was 7.8 times higher than the natural biodegradation rate. The highest transformation
rate, 4,860 ng/g/day was obtained in the bioaugmented beach sand (1,000 ppm pyrene). The glucose
and surfactant addition to enhance the removal have negatively influenced on the biodegradation of
pyrene. In case of surfactants, CMC (critical micell concentration) might be the control factor for the
biodegradation.





