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ABSTRACT

Soil washing by surfactants is a technology to enhance mobilization and subsequent
degradation of oil pollutants by reducing the surface tension of pollutants which is combined
with soil. In this study, biosurfactant, rhamnolipid was produced from Pseudomonas aeruginosa
ATCC 9027 which had an excellent biodegradable activity in soil without causing secondary
pollution. Effects of chemical surfactants on the removal of diesel from diesel-contaminated soil
were compared to those of biosurfactants including rhamnolipid.

Diesel removal efficiency by rhamnolipid extracted from P. aeruginosa culture broth was over
95% in both batch and column washing test in 5,000ppm diesel-contaminated soil with 1%
surfactants after washing for 24 hours. On the contrary, the results of chemical surfactants
were below 50~80%. The chemical surfactants with HLB value(8~15) showed more then 75%
efficiency of diesel removal. But, when the HL.B values were below 8 or over 15, their efficiency
were observed as less then 60% of diesel removal. Rhamnolipid, biologically produced
surfactants, may also be promising agent for enhancing diesel removal from contaminated soil.
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21]7']6‘]- ] Ad EH 7 FoA AL AURBEAE AHES
g2g A AASE 7les ol&str] Ha ARGl
g A9}, Peudomonas aeruginosa ATCC 9027—‘1 o] &3}

Je SEAAGAA ] told MAFFS vluEY

2 AdTolMe EGd 299 ol 4i&
o EFUA 2=l e 3l f71EHY 3
o253 23 SHEA} Sl AEANSAA
Aard AEAHEAAQ rhamnolipide} 7]&o
stAtt.

384 A AHAY A9 told 0FJEY 7% % 5,000ppmelA AHEAAA 1%, MAAIZE 24412 7
3 & 2 Apdx AAE rhamnolipid®l /H]’QE%O] 95 oF 95%E AMEE AHEAA FolM T 3 Al
HELe Bt AU BAEASE hEE 50~80% viTte] A &S vehllen, HLBol 844 15 Al
olojx o] sletAMBAIAL AL T5%0]4de] EalEES Vehidtt. a8y, HLBgko| 8eldte] Ay 150]delA
T 60%°l38te] @& told B E&2 YehiUtt
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FHO] : ABEAA, BEAHEAGA, rhamnolipid, Pseudomonas aeruginosa 9027, %A

1. B 7l GadldteE 52 o 15091 7HA EgEAo]

FHE] o] Ede g f2d ol /EYH FRE

E¢e Faodedoze vy YUY 3dd FEH fAEE Asre 29 olge] 71 e
AYellA WiEee A&y, B33 SIZ_‘rﬁi'JraM] o3 7 1% (VOC : volatile organic compounds)el ©]
Eged. freledd #AAR A7, FRau EHA g W7 g EAle oln] FUES AT 9 YA

iﬁ_

d 22 #F AsAREAY 74, :lam, 5 2 —6}741 DELSEI=E

T3 BAE Aladl 93 wE T ol$ gkt Bl 2dE ARAES AAS] A3 ESAH
I BFEAS 2 DAE o] F Il A 7]%< NAPLs(nonaqueous phase liquids)2 29
o] Sil—‘:— Fia 2 FRAZANEL A58 22 8,300 9 Eokd RAF AUSHAS A}Lsle] B0kl
| o1 AbAE] L thEE dwk FAXG AFs A% de FAF7IEEY TR S e
the HeZ Hot 1 Rl R F840] 7MY At WMoz AW@AAe CMCleritical micelle
& & Qdok? dA, BARAM 1993~1995G 7] concent- ration)gt °ol4e] FEoA §7]1Q@EH ]
A= 1757040 FRA i 289 JUIE 5 micelle?® W52 FujEe 83138 (solubilization)
St ZARRE Hhell oJ8hA, oF 75% FES] 129704 F 33 E9hl NAPLs7}F AR &g Ad o) Awgd
S22 F99a glom ol Fgad AXH F A o] st o]FAde] A7+ o]& &k (mobilization) 3
A F o 36% A7t FEHI UE o= g 7122 dlo 9dEA AAs} ool Y,
Bt B3], s dEE AMRdHE kY 7]1‘:—4 AREYAZE UL FSAAEAIAE o] &
3} 73l TPH(total petroleum hydrocarbon)&t st ot AABGA AA7F dESgela, f<
%23 ¥& BTEX(benzene, toluene, ethylbenzene, EA4E 72N 23F HE el Zﬂﬂﬂ‘dl‘%]
xylene) 2 PAH (polyaromatic hydrocarbon), 285e FAME 73 7] e, HIZde 4
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waigdo] Holux 23t o #A7) gle HEATRE
A g @77t FeHer @] JPHn 3
o 23y, Sl BEAREAAAY Bde BEE
ol& o] &3 EFed AHsrle e tid Al=st
vl ekgk GAll ATk,

ofd] & ATolXE HEAREIANE Bk T
FENYH F2H ASAUEEAE ARSI HoldR
2Hd EdolAe AHddd & ¥ st
Z+ sttt RAAFFEAN Peudomonas aeruginosa
ATCC 9027 @58 AR o, AAHE A=A
2419l rhamnolipid$t SEAREARA F& A
o] E2Q EFAASS gt 48E 9

At
2. Mz A Wy
2.1 EFSA4AY

B AoA AHEE B 7T £R1A] ool A
AFsA, #12(1.Tmm)AS FFAZ F ARSI
th B E8ld SAHRAAE pH, &, 4= &
Iz 47184 = FEA e then 2ol
238t pHe s SHL Tl EYLETA
Al@el A8 e Foted EMEHL, EXYE
TITE 2957 ge Azxd AAEY 100gS 27
22 A7}&(mesh size: 0.075mm. 0.2mm,
0.425mm, lmm, 2mm)dtd Estden, =LA
sand¢t siltZ E2siden, 7 Zd FEL Y
¥ H% (USCS : Unified Soil Classification
System)& 7122 F&zl A7) wpat FE3HH
F718d FEFFH KA FEHE EFFAIATEA
Tkl SFA Y. FEUAL o RE Ax
E 2.85g9 F=8uj(IN-NH4F 15ml®}t 0.5N-
HCl 25mlE &%) 20mlE 43t 183 95&%
% duslga, a2 oY 5mid] Ed&A Smist SF
T 50mlE &8t 108 B¢ FAAZ F 620nm
M FH=E ST FIEATE BAAWPEe
2 AXEY 0.5g¢ 500ml Fgka=d ¥ IN
K,Cr,0O; 10ml®F 20mle] #3 H,S0,9 200ml 5+

FE5 Yol AR F, 0.5N FeSO4 HYH <3t
o EAFAG. ol AAFoTE o
phenanthroline& AM&at3oH”.

2.2 AEANEAA rhamnolipid 44k &

REAHGAA AL
aeruginosa ATCC 90275 AA3Isien vz z2Ad3
gkzAae g2 2u #F+= Peudomonas agar
P(Difco) slantell ggvith Achuidstd AHg-sd
o}, Kay's minimal medium 242 0.33%
NHH,PO,, 0.2% K,HPO,. 0.2% glucose,
0.5mg Fe, 0.1% MgSO, °l¥., ®j#] 25mLel P.
aeruginosaZ A3kl 250rpm, 37°CoA 24hrE<t
Az, g 2mLE PPGAS(Phosphate-
limited proteose peptone -glucose-ammonium
salts) viAlol AP Est wiFatict. MR Yo 2E
0.02M NH,CI, 0.02M KCl, 0.12M Tris-HCI,
0.5% glucose, 1% proteose pepton, 0.0016M
MgSO,019 pH 7.2, 37C ZgelA] wjoksiict.

3 AL 600nmelXe OD(Optical density)
oz AT Xxd AR%F S L HEEAY
o upet vjekel 1.0mlol| 5%(w/v) phenol 1.0mi ¢
5.0ml g3ahE B33t 3027 vortexing ¥ %
3087 WAE 1, 490nmolre] F3s oz &
et #F A S st dAE AAT
% pH 2.02 IN-HCIZ AH38AI7l t2 ethyl
acetate2 Al ¥l ¥HE &35, 80CAM 3TAIA
rhamnolipidg FZ3%th =4 AFE-L 0.05M
sodium bicarbonate(pH8.6)2 &3|A17 ).

2 ApoME F£3 crude biosurfactant®] A
FEAZ 98 AL =E chloroform:methanol
‘water:acetic acid(65/15/1/1)& At£3t4
TLC(thin layer chromatography)Z #4J&A3s}
At

T3 2 Peudomonas

2.3 3B ERARARZA

AREA T/, = AR #2 A3 43&
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Table 1. Biosurfactant for washing on diesel-

contaminated soil

Surfactant | Commercial HLB Maker
Type Name
Tween 20 16.7 Yacuri(Japan)
Tween 60 149 Yacuri(Japan)
L. Tween 80 15.0 Yacuri(Japan)
Nonionic ;
Span 20 8.6 Sigma(U.S.A)
Span 80 4.0 Sigma(U.S.A)
Span 85 1.0 Sigma(U.S.A)
Anionic SDS - Sigma(U.S.A)
Biosolve - Jeil Co., Korea
- Nature'
Biosurfactant SR e s‘ Way
Rhamnolipid i P. aeruginosa
P ATCC 9027

38, d&d oz Fytd ADEGA ] 2 HH
told LAEWAF 270 disk] AEG.

LEHRA ¥e HRE lkgol 5g9 telA
(5,000ppm) & H7sl] AHAEE FFPsilon,
QdEGe Uid AHE 0~4T dAAdHE By
o] Agel AMgslgin, E A A tolAe
Ul LA F3Ae] AlFE AFRet T

AREA FFel we ol AAZES ¥m 7
B3ttt AR GAEA HAYA] vlo| A AHEA
A2A HLB (hydrophilic -lipophilic balance) kel
T2 AREHAE Agsle] HLB# WeE AAEE
o dAME AESNT AP0 ALLIAVEGA =
Table 1o YeRAATE. 50ml vialdl 2719 +F24
E bgt B AFoM AAG AVLAEA (1%, w/v)
247y 25miN & EFst] 250rpm. 25ColA 24413t
B ESFAAE it EXAY F ASS Imle
FHstA 7,770xgZ AAEA7IZ, 45 0.5ml
¢ n-hexane 1ml& &3t F EE AFxL, 3
A Aol dolgle FEE AA] Y3lq F
FIEAIYE F(sodium sulfate) 0.1ge F7IetAT}?,
tjold BAL uZe] EPA method 8015 28}
TPH 2oz FFEAsgeH GC-FIDE AHE3t
Fet. EAo AlE¥® GC model2 Hewlett-
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Packard Model 6890 |1, detectore flame
ionization detector(FID)E AM-3l.2™, column
< HP-5MS capillary column(30 m X 0.53 mm,
0.5% Phenyl Methyl Siloxane)& A3t}
Detector?] 2% 250CE A8, carrier gas
2% helium$ AM-3IAT. Ovend %7] 45CE 3
B2 $A41% o2 12C/ming] $2&552 275C7A
FTEATIR, 1285 A F £

Z AREA Y] FEE 0.2%14 10%2 3
A ARGHA F=o GE ol 2AE}S] FF
NAE&E ZARBIAY. &3, ZF ARIAY 528
1%2 23T F, 24AZEX AlE F AFH AT
e told AAs] el FUI 2ACE AYP3}
Aok,

2.4 AFA] ERAXAE=A

324 Setaa AFdA dold 28 EdZ A
&4 Age s3] Astq FEZo] 200mm, 273
50mme 9% o} columng AT, FF
SHEFS] Alxe 354 Aol A vie T3t
o B¢ fdE UA8] 98 column W LEE
o BHE AXSAT. 74 columnmitt LEE EG
300g% ATz, AHEZA |94(1%)< 5mL/ming
fZo 2 Masterflex BEZE o] &alo] AgkF whajo
2 FY3gek. AFHAIZE 1~6 A7kl wE tjold A
AR & g Ad S FPsiach

3. MR ¥ TE

3.1 ESAAY

2 AFdA EFHHAEE0R AHF EL pH
o FrEd EGLGTHANEH wet ST A,
pHE ¢ 6.4, 3482 9 16.5%2 Ui, #7]
E39 ¥ fFEdidsEe 4 1.5%9 7,501
ppmoZ FAEHAT EF AMSEH EQY] YxEX
< sand¥% ¥ coarse’} 51.65%. fine°| 46.25%
2 AA EFY 97% oL AR YAeH, silt
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Fig. 1. Time course of rhamnolipid production by
Peudomonas aeruginosa 9027.

olgt A719] EFE 2.1%%ATh

3.2 AEAMMEAA rhamnolipide] A4 8l &

P. aeruginosa 9027 @5 AFJAE B4 2%
HAAEE (e 0.024hr 'S, Wi 96417 & Ald
A AP 1.46g/L(Vyy 0.0152)8 EGT

(Fig. 1). o= batu 57l & A4+ A3} (specific
product formation rate, V., 0.0062 h") 2t} of
S e ABAUBHA A4S Jehigit pHE
27] 7.20014 72/ A3 ¥ 6.62 ZAEen, ¥
T AR 12X A F 4.71g/1914 0.49g/12
81%7F 32 ol £2RHATH. EF LRI TETo

—

A9 a¥ET, 7Y F2o] MFVNE AAM FAaHe
Aol A rhamnolipid®] A4tge] A% Frt=EE F
ME BId. odd wIFxde sty
rhamnolipid& W2 F237193 2HE 0Dyl
2 7Y F4E s JUdFEd =¥ ¥ 7

Table 2. Color reaction of the biosurfactant on

TLC
Biosurfactant Rf 1 2 | 4
Type | 065 | + - + 1
Type [ 0.40 + + o+ o+

+ ! positive reaction
- ! negative reaction

# Y fiJ—TypeI

8 | i [ e 4—Type I
c » i

k.

1 2 3 4

Fig.2. Color reaction of the biosurfactant by TLC
1. Thymol-sulfuric acid reagent
2. Ninhydrin : free amino acid
3. DPH(1,6-diphenyl-2,3,5-hexatriene)
4. 30% sulfuric acid

AHE A-dA BjgE BRG] FEs%T. FE4
HEARGAYA S 8-S TLCE EA3 23 Fig. 2
7} Table 29 A3E AU 7|4 type [
Rf=0.659] glycolipide™, type 1€ R~0.42 &
FA Ay fARE BFE FHHYGH T
Type [ 3 28 JEARNLEIAE TLCE EA&HA
1, standard rhamnolipid®} ®¥lwdt A3 type |
°] rhamnolipid® 1A, A4k rhamnolipid
T FEdt EFANHAP AHsiATHFig. 3).

3.3 &4 =FA8Ld

EAH G A ol vl&] AEAHSGA ] tolAd A
AREC] 20~30% =X (Fig. 4). BEABEAIA
rhamnolipid. Biosolve, SR9] told AA&EL 7t
Zy oF 95%., 88%, 94%=. P. aeruginosa 9027 dF-ol|
A} A4HE rhamnolipid®] MAEg&o] 7HF B3] &
A=A}

setAAEN A 5 HLB# @& AAZEL
HLB#tol 8~15¢w AHR&HAE(Tween 80,
Tween 60, Span 20)2] AMAZEe] < 70%HoH,
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Fig.3. Color reaction of the biosurfactant by TLC
(thymel-sulfuric acid)
(C : Standard of rhamnolipid
I : Type [ of producted biosurfactant
I : Type I of producted biosurfactant)

Diesel Removal (%)

Water S85 S80 S20 T80 T60 T20 SDS SR BIO RHA
Surfactant (1%, wiv)

Fig.4. Diesel removal rate by various surfactants
in batch test.
(S85:Swan 85, S80:Swan 80, S20:Swan 20,
T80:Tween 80, T60:Tween 60, T20:Tween
20, SDS: Sodium dodecyl sulfate,
BIO:Biosolve, RHA :Rhamnolipid)
(5 g diesel/kg dried soil, washing time : 24
hr, soil:surfactant=1:5, 250 rpm, 25C)
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Table 3. Efficiency of chemical surfactant in
removal diesel from contaminated soil

Surfactant | Commercial HLB Removal
Type Name Efficiency(%)
Tween 20 16.7 52.14
Tween 60 149 65.21
Nonionic Tween 80 150 7531
Span 20 8.6 74.05
Span 80 40 62.21
Span 85 1.0 50.80
HLB#te| 8¢]8kQ! Span 80, Span 859! % 60%

oj3te] e AAZES BYch HLBZto] 15041
Tween 209 A5 & 52%Z <F 15%9] AALES
2ol HLB 159 Tween 80 Bt} @& AAZES Y
el ZictH(Table 3).

AREIA e E2Ael S vISAZIE Ad 3
StEA 24 Bl AdE =
HEH AUAYE A ol EYCZRH B
A7, AREAAAE A57]2 head
447191 tail groupd] F FEOZ o]F
AeQ717F B B o Fole
2 A%, vlolARl A4t dded, o5& 7—}7—}
Fol&Al, oA, Hle|2A l“ﬁ%‘*xﬂi
o} AEEGA BAte] 4T a7 "JEH@.
A7) (HLB)Yl wel ARl L8z S0 ¥
g}, HLB#2 micellS A E o A95E= AW
A 3¢ 2 278 Fr1edERY S3lxd Ui
A A X2 AHEETE HLB# 0~204k]] 423
2 Yy W@ RdrE Aae =2 #deE

A5AAE Yepdtta BaE et ?,

B AT B HLBgko] 8~15% AHEA
A7F 7P & AAZEES Bed, ol FYH<
Aol AY AFH RO AT A5 43
B2F 72 JE | dold AATEC] 22 v
g} = AL A5 HAAL 2 sRlm
= & &3 toldd] HA fal=o] 7 riod
< EFAIA delde] 44 A2 F Ao AARE
o] golRiti AlRET

o
2
l‘l



HEARGHAAE o] 8% Yol SAEIMA S| BH AF 19

ABRZAA L] FEF 0.2~1.0%° w2} 24747 F
o AHdde Ax, ARGHA =t 2255 A
AR gol #4vHFig. 5).

ARG 2B 1%2 atd AT AHES
o] ¥iglE gold AT AHAIE 6AZt A F 318
AREZA F Span A¥E-E HLBako| 8|31 Span
80, Span 859 Z-$ oF 35%cleke] Azxg AMHFE
< 129 whA HLBZko] 8.69 Span 209 A a &2
ok 58%E HAHFig. 6-a). HLB#te] 12! span 85

13
2

100

—&— Span 85
80 -| -0 Span 80
—~w— Span 20
¥
o -
= -
= ~ e
g 60+ P BRI,
o - e
& T R b
o —
'3 e
T 40 4 x Lo
a / o
/s
04/
4
0 T T T T
00 0.2 04 086 038 10
Surfactant concentration (%, wiv)
a) Spans
100
—e— Tween 80
80 -0 Tween 60
T | —»— Tween20 s
g
© 60+
-2 P s o
£ L s 4
[ -
© v’//
® 40 A ~ .. e o e
@ / ———
2 A
a Vv
4
20 4
4
0 T T T T
0.0 0.2 04 06 0.8 1.0

Surfactant concentration (%, w/v)

b) Tweens

Fig.5. Effect of surfactant concentration on diesel
removal in batch test.
a) Spans, b) Tweens
(5 g diesel/kg dried soil, washing time : 24
hr, soil:surfactant=1:5, 250 rpm, 25C)

¢} HLB#©] 49] span 802 fAHE tlold AAZ %
< B0 HLBgtel 8.691 span 209] 7% 6A1%t
AAFAE AAEC] F o] T/ 7S BAFA
o}, =3 Tween A€ HLB#tel 1581 Tween 80
o] 71e} TweenAIE Rt & 25% o739 2 AHE
&% HAH(Fig. 6-b). Tween Al¥-& HLB3ke] 15
ol Tween 803 14.92 Tween 602 Z7] o] |
A 7ol FARBIATE 5A17ET &, Tween 80
AMAZE] A& TV, Tween 609 AAZR
&2 o ol FTRIA Tt AE ANEEAY A
< B Ao F%3% rhamnolipid®t SR, 233
Biosolve 25 frAtgk told AA A HIoH,
o] % rhamnolipid®} SR 6A17t A9 AA &
&9°] 76%% T5%= zto]7k §l13L, Biosolvew 64%
2 Rz A JETH(Fig. 6-¢).

3.4 A%4 EPARIY

Zetaa AgdAe 8 AE EdE FEn
71 A&AA MARES FA8] Y5t 3
AR EAAQ span, TweenAlet BEAALAGA 2
TEE 1%E 1Al 42 RS ol &st] 4N
9 Aoz do|A AALEES YT AAYE
Fig. 7 Jepfidict.

AIZHEE A12E AFstd Hold AARSEES vl
A% A7, M2z 2447 F rhamnolipid®] 72
o 92.5%2 AHEHE 3 3 AE AUDEA F
AHEEO| 7MF F%Fo] SRAHAT. SEHAHEA
Ao MHEEL o T0% vlre] Az3 AHELES
Hol wkH AEAHSEAAE SR B¢ oF 86%.
Biosolved] ¢t < 82%2 Awtdoz AYEAWUEG
AAY AHEEo] IJTAREYA B} 5 Ao
Z Yebdrh of Aol BH, Z7] 2417h €] to]
A AAETA Aol7} USS & F Utk &, AE
ARGYA ] AL 271 242 A7 Fo] AAE
40%°1¢elvt, sEtAAEdA Y A Sol= 10~20%
2 Apo|7t & B, 24T o} FolE AAL & A
ol7} gllt}. ol& Z7] AAEY Pgo| F& HAF
W, 27 AAFE ARSEAZ 23 FUsl] AH g
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c) Biosurfactants
Fig.6. Time course of diesel removal rate by

various surfactants in batch test.

a) Spans, b) Tweens c¢) Biosurfactants
(5 g diesel/kg dried soil, surfactant
concentration:1%, 250 rpm, 25C)
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Time course of diesel removal rate by
various surfactants in soil column.
a) Spans, b) Tweens c) Biosurfactants
(5g diesel/kg dried soil, surfactant
concentration:1%, 250rpm, 25C)



AEAREEAE 018 tojd QAEFNH7| & #F A7 21

HE Y e
Al Eo},
ARGAA 23 FROIAES Y dde F=2
ARG GA ] o8] o] FAAH Ko 2 Exxon
Valdez L83 o] % & A3 & AFA AEAT
gAe Aol ol 7t m Ut?. AEAWEA
AE o] &g AA AgelA Michele 57l 943 A3
A8 A3 80% BEolv # A7 & &E2l¥
rhamnolipid®] t]o]d AAEEL 9% Fo2 v-$-
3 told AAE MEANEAGAYe] ¥R

M ANLEE 9E 4 dee

4.8 B

._,

2 AdFedMEe ASAREHAA H¥ 539
Peudomonas aerugionsa ATCC 90278 A% g}
biosurfactant$! rhamnolipids A4tsted 2 §A4&
ZALSIR 3 SEAHEA A 9ke] fRA ATl g B
3 AEE FPsiAe.

S|4 EEtAaAd g A AW 1%, A3
AR BAZHE Ve R AYESE v Fdd 2
AolM AAstd EFAH] AMEE rhamnolipid
7b F 95%2 3t 9 AE AAGAHA FToM 71
3t MHEES HAY. =3, AU GAA 9
HLB 3ol o2 Axaes dES 43 38y
gta3 AAAE AN ARSEA 1%, AHAZE 627
£ 71Zo2 HLBZe| 8~1540]9l Span 203
Tween 209 24 AT E&EL & %2 FAHAL
M, 1 ol olslollMe o 60% m|Tke] A2E Al
HELS Bt HLB#] 16~204t0]] AR A
T IF40|BR toldd g &al=rt ¥, HLB
gro] 8ol3lel AMBAAE A2FACE B i3 &
vt womz AHEIHs gojvkan AlgdT o
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