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Al ElElgea AlRe| v]ge] =2 Bunker C fuel oil®] F-&
Azl e el ms(2) PHC AE 3 Rl Aol
Exe] 75 ohelulekE BralsA(polyeyclic aromatic hy-
drocarbon, PAH)S #AAS 98 A7) Ahde] 22U
o}, ole] ¥ dTfA e et sefRAdelse] PAHS]
e} Aalokitel dlgled Falstedn) wHEs| A PAH A
B daing e @ olFelzl pyrene?] = © shalela] ] A

ARds 4 FeEg =40 52 del mglord o)) AlA
E 2|3} || bioremediation W S-& FAIGITL
e Yo
AR 5 HE A%
clsukskE eilpi 2 benzene ring 4702 o]Feiz
pyrene-S: A=elgl om AfRESARR QA o A

s el AN AT e} A A
Alde| o]&3lele). BalgFas g okd T iela] ek
uhe Pseudomonas sp., Acinetobacter sp., Moraxella sp.&
HzEg Aastech I 75 05% glucose, 0.1% yeast
extractZ 715t Bushnell Haas brothel] & Fsled 25°Cefj 4
707t RRPSH(1S0 puyet F A4l EE|s . Al ek 3
28 wMEElA 2 R L R EHE 2
107 cells/ml, =3 34 5}e] 10°, 107, 10° cells/mt2] 7 A=2
6]20)2) ipjerobial consortiumE- THE] bicaugmentation-&-
9 AZEE olgakdeh ¥EF 25 AAIE AT 2
mm ©]&ke] @4 vermiculite(Aldrich Chemical)el| inoculum
5 FAAA L.

Microcosm?| A
#H= 10 mie 100 ml ARz} flaske] @2 F- acetones] =
3] pyrene solution® F3}3}51 acetoned FWhA|Z] of-E &)
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< 20 & 93 nutrientsr 7lel HFFES 98l alu-
minium [oil® o] &< microcosmE FAAET). afA}
microcosm®| A-¢-oll= WA 30 g2 #HALE 250 ml vla]A
o] 2 F pyrene solutionS 957 AR pyrenes] ¥
F Ao 2E AE g fF|SvE Ak F5E
o] Apdge HAps} Ak fi Bi5oE WE vhy 7]
e} ohE S F9dkw v]o]AE aluminium foll 2 =4},

Bioremediation &|2|2H

Bal 72 consortinm2- #<E8}37 NP source=4=- Inipol
EAP 22(Elf Aquilaine, France}s pyrene %52 10%(w/w) &
e T I R IO P
o] gk malalr] old] MekeEE 7i 5 10, 15, 20°C
2 I pyrene -1-‘-5“ (00, 200, 500, 1,000 ppm == F
7lat = AA 77 wlek 3 AGERe &35l

‘-Q_._J A7) AR glucosed =t 0, 0.01%(v = w/
W) AP AR B B3 EAE, v
A, A2E 7 9lE 32144l PRP(Petrol Rem, Inc.)
Bre 2] Sla) pyene 9 EUT 4 Aol
v}, #3240 A (surfactant)2} mineral cil 4 7k2] dgkg- A}
slgd=d 2 Al dAdAle] CMC{critical micelle concentra-
tiom) Fke] #pe]r} vh=d] Brij 30, TritUnX-lUO, Tween 40,
Tween 308 zrz} 32, 105, 62.8, 60 mg/l. = A ge &
sl el Mineral oil(Squibb Tne)2| » —?—C’?]L Z5apd]] F
B 7] A ek AA 0.8%4] 0.24 g2 AR 10&6},114—.

Pyrene RHFEF LA

F| A} A 2= methylene chloride® A7}sfed 2F o] =2
T F FEAOIEE 22 BIAA 3R AN AR
& ol ¥lRa F %% pyrene solution?] HE R E-
methylene chloride 2 30 mlZ} F4stgdch A4 A 85 me-
thylene chlorideZ {32 187 4L & Separatory funnel <]
wol 1087 "hA]sle] Zo] ¥-2]r) =AgE 5 methylene

chloride &7hg Halglc), o] A& 33 slEg F Lot
AEE S5 A e AASsk 2% pyrene

solulion®- 30 mlZ 2 £ L4s)9lt), Pyrene AZRS gas
chromatograph(}-lcwleu Packard, HP-scries 1}& A&kl
GC ¥4 x=AEL v}ew 2}, Column HP5(23 mx0.20
mm><0.33 um), Injector 300°C, detector 300°C, oven temp.:
initial 200°C, 2%=%7} 10°C/min, fnal 250°%C 10 min. Data
RBAL 25 WAEFEL dodecaned AE3lgen Azt
o A3 &7]E Autochro-WIN(E =77 e 2 shgnt

2 o

sHr2} SJALOIIA] pyrenel] XIPIRS=

A s} s Abel| A 2] pyrene®] AdEs] e v ok
b Akl - BE pyrene FholA wlkEE 5°Cst 10
Coll A= pyrene®] ¥3l7} A4 Uefuir] ghgher 15°Ce}
20°C| M & wljekir| 25T = Ay RE A4 pyrene
o] 37} A=A wdok(Table 1). Pyrene?] E3E-2] 7}
7z Egkel wlgkEAE 100 ppm, 20°C2 B2 11%2
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Table 1. Natural degradation of pyrene in fresh seawater and
beach sand

Residual percentage

Tem(png)a fure Pyrene cancentration {ppm)

100 200 500 1000

Beach sand 5 100 160 100 998
10 100 59 100 100

15 91 97 96.6 99.9

20 89 93 a8.1 99.4

Seawater 5 100 100 098.6 95.7
10 106 166 08 95

15 100 100 99.2 923

20 100 100 98.5 96.4

A kA 9] Alms dA Ak AlE s
(transformation rate}2 314 ng/giday 2. 7} =A== okl
AsHge] 7H Z2ebd mljekzAE 500 ppm, 15CE =
= 34%a| AN #EEe] 486 ng/gidaye]gich Sl AL
o 2] BE uferfcoa] 100, 200, 500 ppm E =g
pyrene®] E-s7} #aks|=] eigbed) 1,000 ppmd] A% 15
F pyrenes] RaE7] Azbslg e 57 F EHEE 15C
oAl 77%% 7I1AF =okal o)l pyrene FEF-ET 2,200 ng/
mlfday 2 713 =4 eyt

Microbial consortinm2| pyrene 25lis FAL
slape} Aalell A BhaEla EalAl AEe] gEke )
| ur]a}ﬂ'i pyrenc 55 200 ppme g LAIA FY8
T Inipal-& A7}EE & ek delsio] 20 Ccﬂw Bl eka}
HA pyrene?] Ba|gALE FAlEtGT. EeldTE AL
#akell A pyrenes] ¥ t BE HEwkel A "ﬂrﬂ Al
Z—]_ﬂij——_' alefido), wll 7]ell= inoculume] 107 cells/ml<l
A7t Ealge) 2k 24 fAFH e 35 Fee W
cells/mle] AEeF 2w o] 8o Falgo] FAHE +52
Vel Gel(Fig. 1), Aok 55 3 107 cells/iml®] AEak Alg
7} #s)n 54.6%= 1A A vebgr ol pyrenes] A
82 3,120 nglg/day T A2 Fod e Aol SslEH ) 7.84)
v =it Sl E 550 2 107 cellsmle) &R A
27} 196%Y 7H B8 Bl =g vhepyo oy dEs
& 1,120 ng/ml/day7t SHivh. sabet s|<=ell A pyene2| &£
MEE glws] B 22 Agskl Ao siafollaje] Eale
7F =rhs e o S alE=u 107 cells/mle] 75 #Alt
FReb Fe] 286 At o] FA vheldet
sl alet 4ol pyrene 200 ppm3 Inipols A7) s}A] F9)
3}1 ETF(10° cells/e) B A FE Fof kg wrbe
st pyrenee] EsiAEE wlastg el @lalella] i
Dﬂ W= pyrenes] EafokkE Byl Aledalele] Beel “}
bR = 20703 o Bt uﬂobm Ads el 7k
Loy njekfrEr)l deld4£E Rawrl alelae AL
4/} oledc}(Fig. 2). Pyrenc & 01137} 51.4%= 71 =9
Cell A 28] pyrenes] #H3hgL 2,937 ng/g/day 2 v}l
57} wolale® P el #Agge] Fhide g ¥
7} sldk, Fe = Slalnct FAEo R Feare oha
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Fig. 1. Eifect of inoculum size on the biodegradation of pyrcne 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).

A gk ek w2 alels} vlwd] FElal] eyt
59 Z2l 20°Co| A pyrene?] Balris AHlE grow 2
7f wolda2 Fsl o) Zbasiedl.

sl Aks) sj<eol ] pyrened] FEE 100, 200, 500, (,000
ppm.2. 2 ge|§ & EF-FF107 cellsml}E A L5l 20°C
oA pyrene?] ¥ kS FaElgct. sl Eafm
Al el A2l o] 100 ppmol|4] P Egkoes 200, 500
1,000 ppm A2 Wa =7} shstedchFig 3). 220}
58%% 717 FA vIElE 100 ppme] FHEHE-E L ko) nb
W2 R k2 1,657 ng/g/daysivh. Pyrene?] Fwr) g
5 WAL AN A HREE B s
= Z7lale] 1,000 ppme] #d-$- 4.857 ng/g/day = 100 ppm)
3 A=F el sieh sl = dale} sle] e r)

1,000 ppmell+] 713 ekeond Juim] Tmeas Aot
zhol & BelA] sFith(Fig. 4). W= %%J} F7 Vel u}
zh FhaElgd 7l AL il AAY FEot FTkr
Z wolzled sirte} @e] S0054 1,000 ppmel42] pyrene
2 AFE-L frApEtd ). diget slaly] Belme) HEgg
] wE] AT 2 pyrene Fwol A Bl HE-Eo] T
shem zled it =o} gl SotEde] H5E & A
L ot f~7}_ C:T-[;]_

e

Mol 57

#<ps} siA}el] pyrenc 200 ppm, inoculum(107 cells/ml), In-
ipol& T8 ¥ glucose 717} pyrene 2o mlale o
e 2Abskch AL o SEACE ghicose 714
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Fig. 3. Biodegradation of different concentration of pyreme in

the bicaugmented beach sand.
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Fig. 5. Effect of glucose addition (G) on the biodegradation of
pyrene in bicaugmented heach sand (B) and scawater (S).
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Fig. 4. Biodegradation of different concentration of pyrene in bicaugmented seawater
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Fig. 6. Effect of surfactant addition on fhe biodegradation of
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"]E'L‘*“ PYTBT'@ F4)sla PRP2} H4b-5 A Arla
F pyrene®] ¥ 2F FAstodch sl = EE pyrene
el PRP 37148 pyrene B8 =7} Bl HEA
o] Falmret Wl el g 7) el N
£ pyrene?| o4 B2 pyrene #IFEt =
A vhebdel{Fig. 8). 422 pyrene el thk EREF2]
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gleFgA ol 4] Pyrene] AlEE 57

Qo vebghen sl A= 27} 83, 54, 3.0, 7.5% W &

2 Bz E ryr}t 53%] pyrene 1,000 ppme] PRPES- F
gl ‘H“P" Ae EgATE HFAEH] pyrened Xﬁ&rtﬂ

1.99) =& e vehled olde AhEE 4571ng
mifday 2 71w AFES Jehlidld BaRE AT
& 1,000 ppm s ARA B2} f-AlaE sE0] 9ok
= 9

PAHsZ-2 U2 S8 <ls] Ao x5t 9= '
Fera FalHEES 7R o] 437 TJZT Ls‘ ] o1 RS
=7b o e Alew dE TS, 7). @ ol A=
PAHs Hel5¢] &2 59| olcophilic fert1hzer—~ T—%—E} =]
sfefgtA el ] W EHA L) 4aing PAHRL pyrenes] v
1aE ZAlstedel #Als) @< microcosme] pyrcne"‘l ZH
7¥ak 3 A pyrene®] ApARFEE SFARA 4 AN
1‘1 10%% 9] 1‘5"}”““«1-- #atell s pyrenes] FEF

T wloy st 2 A st E9kAl wlfeellA]

£ pyened] FErl wE 274 Rt & ZloE
vrehgom AFee] pyrened EAl7F doiubx| gkl
ol B e o] pyrened| viEtell AAEH T Rl =m got
vl ETRe] FHEo] of#{HA pyrenes] A& ‘3']&57}
sALRTE AblE o s olaly] wlgal Hlew FAldt ¢
2 239 PAH<l anthracene® phenanthrene2- =3 7~]"ﬂ°]
ek bl 4] 1,000 ppm 8] Abed e =2} wlaF 10~
209 F 20~40% AEZ H ¥ 9= (3) o pyrene 1,000
ppme] Aol FSw 73%3 ) 3-5.74 Eow o]RA pyrene
9 2aler) AdAoes e AL 3qing PAHsHT} £
bl o e Ade] 2 708 Astr) "t

o|Bl A ABFH T} v]-$- - pyrened] F&F el AHE 9
3 5] 7% boremediation B &8-AA Rolew w1#]
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Fig. 8. Effcct of PRP addition on the biodegradation of pyrene in seawater

EA= F2)Elecl. Consorium®] 7HAl9= bioremediation ]
2] F=03F A7) ¥ i=d] Kastner (9} Eokof4} 107-10°
cells/g =2 AFapo| Hrsjrlz Ewglh vl glom B &
7o A5 10107 collsige] FAEE AES] Bunker G
S vehd v) lok1), B dTelA= dlake) 7 2kt
107, 1oﬁ 10° cells/ml-2- z]j}—f;af u] =% ujef 555 Fojli= w]
=gt 2] pyrene EE] = E_c’ﬂl]‘ﬂ' wlekzrolls 10
cellsfml & Z-A 87} 714 &= »<ﬂ7—]ﬁ Belch(Fig. 1. el
A 107 cells/ml ] Rdz—?*o} 7V %';—E pyrenc2] ﬂﬂ =E )
ERfgiR| g ok F Alele epigiedl 1ol AAE
pyrene8] A FA] FA = 74_1 SR= )

+%7} pyrene 5=l A= 4 fﬂ & oflakghd] 2 ulek
257b & 200 A st B plew vehdeh §)
At exr) v)wA WUE(10~15°C) S8 A ube] A = BhEl
A EalATe] Ao zA AHH HGovhe ERaAE
(13) &)412] 7% 15°ColA = 20°Ce] Faj=e] 2§ A7
& Hyh 53] 52 10°CHlA £ Al a7t Ao Lol
vbA] ekgtdl wbl dAdEe] fE] o] Rx WfdAx
35% A9 pyreneo| AAH A=} vlgke ] (Fig. 2) 2%
7} ol Beeal dgige] Zaste AE o9 57t
glvh. sl £5 ki wel Ra]ert shishe 7l
& 2 5 gl FRYEA 10, 15CelA AR 20
A= pyrene AH|HEo] =4ich

glaloll A pyrene?] FE7F 2505 EEHwE 3084
et AA] ABge Frrl TosE 17?6}04 1,006 ppm
o] A2 4857 ng/g/day® 100 ppm2] 3H] A xE vjepld
o}, @AbellA] dA A FdRs =) v)=E] ¥e 100
ppmellAle Aghge] 5300 Zr)sle] 2 500 ppmel A 13.7
wl, 1,000 ppmel| £ 288v} F7laksdrt. sljarel 48] Ea)
akAbS w1 dfale) e R 1,000 ppmelld  ZRF-ae|
B wsker] Uwa] wmel w Ralee] glelA 7k

Aol 2 ol gkl WAL BE pyren FEAA E3
Faf Axbge] Fghad Aldse] Sr1Ew o% 2 A
2 % ook Aadgele Belsh A pyrenc 48

& sl EolEAE Zrbekded] ol & Fmel
E:i‘ o] E Bl gFEe] pyrened] Z4o] L oJFRE o
| whow vldz Adste dEes $ErF FoR “’H Ji
A&Ao] FErlElr] wEd oz FAHEC o|E s

g Aol BaE 8} gloi(3, 16).

gubd o2 ool ek HEek 2 7l s =2
£ PAHs®2| o H}?ﬁ] wol A= ZeR odwA glA
wh AR A s AT ERRAEES] Al
PAHs2] H3]|«]| %‘4?-?5} °—d| 12 Fhobar guhe). o1H g o)
2 RAN QTS #4E Folr] #ls 1A o189 5 4
L gasiel slucose Hrlsledsd] 2 fabs d)alelA]
glucose H7}A| pyrene Bl =7} glucoseS A7fahA] 52
OETE o} Sgpes] B8] 27| 1-2F AoldlE 24
o) A3l Z2rshedsh uﬁ GT 29| = glucose A4
P SaTuc 22 2eed GeReF 5. ol
Aule glucnser} cometabohsm“] A2 E o)gx] A
pyrened] TAMFES o|fLsH= second populationg 1A
#H7| w2l Yot §= gleo = glucose?]— pyrene -5 o]
synergistic effectE- EME]"' g 4 glor o|B FAE
L phenols?] A3l ol A= JL]_% vt gloh(1s). zefvt
glucase® <1&F catabolic repressiond Tejsl™ o g T
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ABSTRACT : Biodegradation of Pyrene in Marine Environment

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

The biodegradation of recalcitrant polyeyclic 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 pyrenc 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 (Inipal EAP 22) samples. Generally the biode-
gradation in beach sand was higher than that in seawater. 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 bicaugmented beach sand (1,000 ppm pyrene). The glucose
and surfactant addition to enhance the removal have negatively influenced on the biodegradation of
pvrene. In case ol surfactants, CMC (critical micell concentration) might be the control factor for the
biodegradation.



