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ABSTRACT

The biodegradation of (C*)phenanthrene was studied in water and soil-water systems
with nonionic surfactants and biosurfactant: polyoxyethylene alkyl
ester (CyiHzCOO(C2HsO)nH) and sophorolipid. The extents of solubilization and
biodegradation were monitored by radiotracer technique. Experimental results showed that
surfactant concentrations above the critical micelle concentration were toxic to the
phenanthrene—degrading bacteria in soil or active sludge and the presence of surfactant
micelles inhibited mineralization of PAHs. Solubility and bioavailibility of phenanthrene
in water and soil-water system were enhanced by mixed surfactants system. The
optimum water content and hydrogen concentration were 30%(w/v) , pH 7, respectively.

Key words : surfactant, environmental factor, polycyclic aromatic hydrocarbon,
biodegradation.
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Table 1. Characteristics of Chemical Surfactants
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1. Ethylene oxide

M FFRdhs A9SYA EFH vAE
TR 4 Fo AH T %}%%H‘E 71298
ol tig n]AE Ealso 3= & F Uk

webx, ABBYA 8AE AHEE in-situ, ex-
situ AH ¥ AFshs AVEEAZ} L9489
Béllsel nixe doks FHE ARGA 8o
< ol&% AFH F g7 Y TR s ¢
el E2o] 7kt

£ doMes AREAA] A& o83l B
FE Az A+ A& 254 V19 Ed
% phenanthrene®] £l v|X= AAEYA
°§f‘"’°— Amr Al St AREAS FHE
F %o W& phenanthrene?] ¥aio] i3k
3 AWME I, phenanthrene?] ajd)] nlx|
T 9%, pHY 9%, A2 d8
. 718t Botaade] 9%, s o

T, EGAE 3 A gz d s
T—f‘%‘ﬁ} Foatth. = MESEQ] RAAFS

Z31817] f5te] AREAAE TR d9LE
—;F‘Q 3he A, STEHe 2108 FYslax 3
q_ll"lf!).

o°‘:{

fl "‘lU

o o o o
&
O

;31

2. iz W wy

2.1 o AFEAAe] 47

2.Water content and 3. Hydrophile-lipophile balance
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Table 2. Medium Composition for the
Sophorolipid Production by Candida

bombicola(ATCC 22214)
Components Composition {%)

KH,PO, 0.1
MgSO; . TH,O 0.5
CaCl, 0.01
NaCl 0.01
Urea 0.07
Glucose 10
Peptone 0.5
Cormn oil 10

PAHs®l ¥%<l phenanthrened #iAle] o
300ppm FFLE U] 2FE A F, 0.5
Ci phenanthrene-9-“C(Sigma Co., USA)E
labelingdlgt}. 50mlLe PP A3 tubel Z2+<]
ZA& PE3e ATE Azsld AP S APt
Aot

2.3 CMCz3 244

0.01~10g/L s=¥ 9 AGEIA g4 3
Al Az & FAGHA (Fisher Scientific
Co. Surface Tensiomat2l, USA)E AH&slo
FAZE] 3 ZAAU. AVEEAY 5=
7t gl wet x93 ke o A
2449 FRd et 53 AVEHA T ol
oA FHAHS 7]&717F 43 F7HHAEN,
olfe] AHTAA FEE YA AEE(Critical
Micelle Concentration, CMC)2}3it}t. BH#E
o] 373] ¥islsly] A - Fo] pES HAHA &
sl F 79 AA4E 7 F mAFHE ALt
o aue] AREAA F=& CMCeE AH3)
ﬂq’m.

Journal of KoSES Vo1.3. No.2 115~125, 1998

2.4 ARl w]XE geRIA

2.4.1 Alig el IE

o] 24 AHAEAA polyoxyethylene oleyl
esterZl ¥ ethylene oxide %7} 271 5, 9, 14
¢l POEs, POEs, POEu®}t Candida bombicola
(ATCC 22214)25€] A AEARLAIAR
sophorolipid, &°]A AAEYAQ] SDS7t @
d AReE THE 58 £ 24EeE 2Yd
3 AREYA sgdo] FLEU}. 0~1g/Le
AREAAA] s=HANN Ede] F28FS 30%
2 Bystn @YU E FF8l 30ToM 2 |
318 #FEA. AHEHR g ede AF 3t
FEUAZG E7|zoA FHald ARG, T
o) oJa) Z&l¥ phenanthrene?] 42 3%
371 98 A F dAE olEEaE 2M
NaOH F#&9cg 2 ue] Iy 2AL
methylamine $8%& o] &3l 354zt A
B3 F APEE 2 F, 1.5mle A8E F
3ld 1.5ml9] coctail solution(Ultima Gold,
Pakard, USA)$ 713 ¥ scintillation
counter(Packard Co. TRI-CARB 2300TR,
USA)E AHg-sld 33t

2.4.2 7|Et QIXte| A

Polyoxyethylene oleyl esterdl AH&A &
S99 gisl SHE CMC# #25=4 0.1g/Lst
CMC3 olslal 0.01g/Le] ARYAA] +892
20%~50%(w/V)E g st EF W
phenanthrene®] vAE Fa4dS vlu 43I
t}. v Eel o3 F&¥ phenanthrened &
=3 A9y g 35 St

7IAzAde] %S AR 8, AREEA
o 5=t 1g/Ld AS ALE BT 3713
7A3%9 A8 /1% 713 20E vlmsle
ARsAc. s eAFIM AFHT BP



EhH Phenanthrened] &2 el vlAe AREIAS 83079 9% 19

£ AF AR ALY, ARG A7F CMCol
3 = 0.1g/Lst 0.01g/LY) A% A st
7 && B HF dAE 483 Ao JEA
A ALK ¥a AFHEE AXA S EF
o 243 A EFE AT F AFH AT
2 o] vl A3E

e ©4de JgE AHEI] 93
0.1g/Let 10g/L9] glucose?} A7He A$-E vl
3o} Agsiict.

pHel 43S A¥Er] g8 & 2de Ae
o Ay FYstA AdAsia pH 59 pH 72
Z7A&}o] phenanthrene?] #3814 v w3t}

2.5 5459 ¥

£ dFoME B/t FEQ Fol FHEZ A}
5 7248 va 4¥9sq*?. 3& 4
4~SmmAEE YA I & UAYHe=
phenanthreneo] 28¥ &Y 50gel thsld 5:
0.5, 5:1, 5:2, 5:3(w/w)e] vz &2 £
3lo] vlm At 8] AriHe B¢ £
ol vjxe AREYA Y] GTS A9RT] HaiA
Z} wxo] AAGYA LR E 30~50%(w/v)e] &
THF FELRE 2R 4 AYTE Az
55celA At

3. a7 ¥ 1@

3.1 CMCakst iR

Fig. 1ol AAE4A] 849 Fxol ut& FA%
go] H3lE dAJsit. CMCa#tES W33l AW
B4 Fxol g EBRFHo] FH Fkh=
A& ¢ 4 Ut Fig. 13 2& W) 98 &3
ol Z AAEGA] A} CMCge] WHsts
Table 39| WA Polyoxyethylene oleyl
esterd] ¥lo]& AHEAY POEs, POE;s,

Table 3. Critical Micelle Concentrations and

Surface Tensions of Surfactant

Solutions
Suface Tension'
Surfactant CMC
“ L) (dynes/cm)
POE; 0.086 32.09
POE, 0.101 36.62
POE,, 0.083 38.69
SDS 2.310 40.69
Sophorolipid 0.083 40.81
1. Surface tension was measured at 5g/LL of surfactant
concentration.
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Fig. 1 Variation of aqueous phase surface
tension at various concentrations of
POE; (0.001 - 5g/L).
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Fig. 2 Degradation of “C-phenanthrene at
various concentrations of surfactants.
Water contents were uniformly
30% (viw). Type of surfactants ;
1: POE,; 2 : POE, 3 : POE,,
4 : SDS, S : sophorolipid,
6 : POE.+SDS and
7 : POE;+ sophorolipid.
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Fig. 3 Degradation of “C-phenanthrene at
various water contents. Surfactant
concentrations were uniformly
0.1g/L(w/v). The percent of degradation

was the cumulative value over 35 days.
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Fig. 4 Effect of micro-flora on the degradation
of “C-phenanthrene : 1. Inoculated

subsequent to sterilization ; 2. Neither

sterilized nor inoculated ; 3. Inoculated

without sterilization.
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Fig. 5 Effect of supplemental carbon source on
the degradation of “C-phenanthrene.
Glucose concentration is 10g/L.
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Fig. 6 Effect of pH on the degradation of “C-
phenanthrene. Surfactant concentration
was 0.01g/L.
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Fig. 7 Degradation of “C-Phenanthrene by
compositing at various water contents
in compost (5 : 1, w/w) for 35 days.
Surfactant concentrations were
uniformly 0.01g/1..
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Fig. 8 Degradation of “C-Phenanthrene by
compositing at various filler contents
for 35 days. Surfactant concentration
and water content were 0.01g/L and

50%, respectively.
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