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Enhanced Bioremediation of Phenanthrene Using Biosurfactant
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This study was carried out 1) to investigate the pH effect on solubilization of phenanthrene by biosurfactant in aque-
ous system and 2) to evaluate the pH effect on the biodegradation rate of phenanthrene in the presence and the
absence of the biosurfactant by phenanthrene degraders. Tween 80, which is a chemically synthesized surfactant,
showed greater solubilizing capacity than rhamnolipid. The solubilization capacity can be expressed as a MSR(molar
solubilization ratio=moles of organic compounds solubilized per mole of surfactant). The calculated MSR of Tween 80
and rhamnolipid were 0.1449 and 0.0425 respectively. The kinetic study of phenanthrene solubilization by rhamno-
lipid showed that solubilization mechanism could reach equilibrium within 24 hours. Addition of 240 ppm rhamno-
lipid solution, which concentration is 4.3 times of Critical Micelle Concentration(CMC), caused 9 times solubility
enhancement compared to water solubility. The highest solubilities were detected around a pH range of 4.5-5.5.
Changes in apparent solubility with the changes in pH are possibly related to the fact that the rhamnolipid, an anionic
surfactant, can form different structures depending on the pH. Two biodegradation experiments were performed in the
absence and the presence of rhamnolipid, with the cell growth investigated using a spread plate method. The specific
growth rates at pH 6 and 7 were higher than at the other pH, and the HPLC analysis data, for the total phenanthrene
loss, confirmed the trends in the p(specific growth rate) values. In presence of rhamnolipid, maximum W values shifted
from around pH 5 which showed maximum enhancement of solubility in the abiotic experiment, compared to the p
values obtained without the biosurfactant. In this study, the increase in the observed specific grow rate(1.44 times) was
not as high as the increase in solubilization(5 times). This was supported by the fact all the solubilized phenanthrene is
not bioavailable to microorganisms.
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B dfddMe ARG} volA AlHEAAl E49] pH W37} phenanthrened] 83 ZF7)of 1A
FEe T8N A" ZABIZA 819, PAHs-28l3F 71 phenanthreneg 2318 79 o3 L3 =9
3y BelgTel B4 AA 29 Fe e st sk AEAHEAA rhamnolipide} o]
AJAAEGA Tween 809 phenanthreneo| tI¥F solubilization capacity® ZAtsl7] 93k 322 A& Az MSR
(Molar Solubilization Ratio)e 7}zZF 0.04259F 0.1449% Yeldon MEARSHA H7l= 2§ phenanthrene
solubilization 7]Zto] W el mEalr] st Al7HE 2407 AR Yehgoh dAlFle]d 552 oF 4.3vo) sligshs
240 ppme) BEAREHIAE H7IAE 4%, SFFHS A7REINS 29 S3=8d oF 94 o}4F phenanthrene®l
|3=7} Fristnt. 3, AEAEEA ] pH W37t phenanthrene solubilityel & J3S AHE A3 743
E2 §3=E Jeld pHE 240 ppm# 2000 ppme] HEAHEAAE 718 24 EF pH ¥ 4.5-558 Vel
t}h. ¢l rhamnolipid®] A FE9] &3 Al717F pHel w2l g2elxje @At 71013t Aoz Bexc), AJEAA
g9A17F E=A)8IR) e A, pHe) W37} phenanthrene ¥-a#3¢l CRE7Y AAET Haso)] 2= H3S
21 A, #Ho) ¥A4FEL pH 6004 UEREAIRE pH 5-7 E9lolA =24 wWglskx] @it olesk vjAatge] 2}
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o7t Raliwol PIXE BFES WG A, w2 WIAHES AAFom 22 EHee Ueie ZoE RoFTh 4
EAUEEAE A7 AS, AEAREIAE A7k &2 Ad¥Fd vlas) £ 9, pH 48 A¢sia Ao
2 HgEe] S ARE Bion, AX FHex $VIshs FAE Uit A=ARg A e e
pH SellM el vIdAEL H7heiA] 43k Aol vl o 159 F7isiRen, ol AEAUE/EA7} phenanthrene
9] 8= pH 594 ¢F sulfeld S7AZ A3t wimsle B of, 2 7150 Ay & + itk ol2d Ade
AEARRGAS] A2 dal vleld 7L E 83Holx phenanthrene 9] 3¢ EalldF2 Ho] &olA &

o} £357] ol AL e, pHel wiel Yehles M2 o F29] phenanthrene-rhamnolipid®] &A=

B olgE wH I 4 8L omja.

F0 : ASAEEAA, S3l=, AR, g Esieas

LM £

Ediel el HER 28 f1ERY oY)
u-gk e} 8l 4 (Polynuclear Aromatic Hydrocarbons;
°oJ3} PAHsy= R FEoIME HA40] 7she e
< 7R sl dEAQ $7309 EFE ¥EA A
3L, 53] HwA BEAge] 22 PAHy} tds e
24 EZoliA Ho| 2] Hth(Facob, 1996; Kurt ef
al, 1993; Wilson and Jones, 1993). ti¥ %<2l PAHs=
naphthalene, phenanthrene, fluoranthene, pyrene -°I
o, ojgjdt §710d EFAEL e Aoz Qe E
W7o 2 FUHAL W B Al AsiA FAE
oz iz EAl5H Aoh(Karichoff, 1984; Edward et
al, 1991).

PAHsZ o d EYE 59T 7%, tiiee) A3t
4 BFyo] eAeHe] g FEANe R &
AdgS a2 32, §8Trt % PAHsO| AA
F&2 9% RolxA = rhShonali and Richard,
1992; Josee et al, 1997). WM, LHE] &3S
Z71A717] 918 AREHAE 7R AREskeE 7]
ol HgHold 4= 9lon, HI v]AE] oA
AAsoid BEARBYA Y 2R eE Ea)7} 4
& Fejoln] FEAolAt H4g0] FHol ek
XM= AEH A2 Yrk(Shoham ef al, 1983; Zajic
et al., 1997).

A7 AREGA7E H7H = AR ENE BT
2 JEe FAAIAY BAER] A M= S
© Ao, nlAEe] vXe 547 Ad= R A
HEgAlY] FRU ET3EE &Y qYole ozt
A% e a7yt 83 Aot Goudar ¢ dl,
1999; Tiehm ef al, 1997). AHEAIA L] H7P7t A&
AEE Z7P)e ALR HARE ZA0E, 21 &

ol loire] AL o} HFEFA Wt o E

B0, AREAL eHEZZIS] 2R £l (substrate
competition), AIHE/A 2 Ao EY vl E<Lol o
3 54 o= Q8 As &t el 5= 9lom, o]
gt BN & w), ARSEA L 2 BEH, 2281 1|
AEZR AEdEe 383 wele A7 875l
tHLaha and Luthy, 1991; Tiehm, 1994).

tiF2e] YEAAGIA I Sol2A AHEgAe]
o] pKa 3t 56 F== vepdrl. 899 pHr} Hs}
ol ulel BEARGALAZE LA vlold & opfo
2 EAT o FEAeIM 2 T2 777} W
g & glen o o) ue) f7]1eEER] §E
geakal AEEE Bl mlA ¢ Qe J3ke tar)
(Champion et al, 1995, Ishigami et al, 1987). L
Hu, o|=igt HEARLIA e et FESHY
2] 79 (bioremediation)S 2 g-5k=H o] F7184
o] ME8LA Baf&(biodegradation rate)d] = gk
I AEAHREIA 7 BERNE FYE Fo %A =
E R e FUYH R ofA] FHEA &
et

2 dApdMe AEAHEEA S pH W3t
phenanthrene®] £&f= Z7}o v G 48
2 AN 2FoA ZARBKEA 64, PAHs-B31FFE ©]
43} phenanthreneS B8 74 o]z &3ll=9]
W7} Bl @A AA Balgdd = e
afetalarat st

2. o7

2.1. AHEME ¥ BiizF

Aol es i AEAHEEGA] tham-
nolipidE ARSI, ol Pseudomonas aeruginosa
of of8] A=l AlEE A oltt. ©]#fgh rhamnolipid
9] ¢JAmte) A F%(Critical Micelle Concentration,
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CMO)E 0.1mM AHXo|wHBai e al, 1998), Jenei
Biosurfactant Company(WI, USA)olIA 9)sted ARg-s}
At EaldEe AAES 45 S8l ARSs R2Q
agare Difco LaboratoriesMI, USA)A, = £j9] 3}
8}& Z (phenanthrene, chloroform, methanol, aceton-
itril, water etc.)& Aldrich Chemical Co. (WI, USA)%
Fisher Scientific Co. (PA, USA)IA 748t AME-31%
=3
Phenanthrene®] 8l d5+= Pseudomonas putida
CRE7S ARg-813.om, ol University of Arizona®ll
A 7)1F ol ARSI o) e 718 el o
29, AEAUSHAE AP, BLUCE ol&
A e 2= 4eiA Uvh(Zhang ef al, 1997).

2.2. Solubiization of phenanthrene

AEABGAAE 213 phenanthrene solublization
717e] By keshs A7 ERIEY] 93, Eeks
g o]&% 3EA AFEL AN /718w
chloroformol] 43 %e] phenanthreneg: 715 3 o]
48 125ml flaskd] WjFoll FUEOE» phenan-
threne layer7} AAAAEE= 310 THZhang ef al, 1997).
Lri7t FUEEE AdGAIZE WA F 30 ppmt
240 ppm rhamnolipid & 20 mie} ¥H83kA 3 F o
A A7 HHoR FeYger EIH 2
phenanthrene?] 58 243}

YEAYU AEAHEGA] rhamnolipidet ¥lo]-2A]
AHEAA¢] Tween 802 phenanthrene] 3t so-
lubilization capacityS ZA817] 1814 thfst =9
AREGA gAg Azt &4 20mi¢}t 100 mg
9] phenanthrene2 45ml centrifuge tubes®] ¢
& orbital shakerollX] 48 hr &<t WA Rk &
¥ 4000 rpmell] 108 B d4leel F e
W= g5 o7 phenanthrene®] %2 HPLC(High
Performance Liquid Chromatography)E ©|-&3} &
A5ty =35k pH 3}t phenanthrened] solu-
bilization®ll FlX&= IS FAE] M= 240
ppm™ 2000 ppm¢) rhamnolipid &H& AZ F,
NaOH¢} HCIE o]g-3le] 8-lo] pHE 4~752 &
slo] 20mb FYsek o]t AL centrifuge
vialZ} Ze}AAE o] gsle FA] AAstE e, &t
sag olgd dge 4Eel Aol A8 B
¢l 240 ppme] rhamnolipid &-Aol7+ 2-&=9)}.

2.3. Biodegradation of phenanthrene

Phenanthrene?] AE3& AFeMe F 7IA] 3=
< zAERAT FY ©A9 0 249 phenanthrene ©]
LAEE dolny) g3 HA BAYEE SHEIUL,
phenanthrene S ©]&3le 459 A& (growth rate)
L zAMEL7] o8] FHBEIH (spread plate count)S
ol g3l @F /MAFE Z7g3lsict. 8371zt HY
AME 2R3 28D 2L WHoR FEkk3 Wid)
phenanthrene layer® W53, NaOH$} HCIE ©]&
3] rhamnolipid® T3 = XA %2
Mineral Salt MediumMSM)(Zhang ef al, 1997)¢]
pHE 4~82 23 ¥ 20ml 4 FlaiAdh. #5=
n|g] WY &, 27] A7 10°cfwml FE7t 5
TE HE3I42, 150mpm, 25°C 2 59 E<t
vjFsieh, AALEE TEEr] HEA] AT 7L
Aoz AZL AH3t] standard method(APHA ef
al, 1992)°] we} TAHIHE AAsK ATE &
#3}9th. Phenanthrene®] XA 2882 59 njst
Lo 40mle chloroform #7sked liquid-liquid
extraction & chloroform &2 % o]|%3% phenan-
threne®] %2 HPLCE o83l #4519t HPLC
BEXe 35% water®} 65% acetonitrileS mobile
phase® ©]&35t93 1 mi/min®E F9], UV detector
E olg3t] AT

3. &% & u¥

EA AEAHEE/IA rhamnolipid®} de] ©]&
HoR 22 e o)Al FFAIHE A Tween 80
phenanthrene®] T|&} solubilization capacityS ¥oli
7] 9% 3E2 d¥e] A3 MSRS Zb7t 0.04259
0.1449% }epstchFig. 1). ©]2138) rhamnolipid®] MSR

15

© Rhamnolipid

A Tween 80

0.5 4

Phenanthrene solubility (mM)
]

0.0

Surfactant concentration {mM)

Ag. 1. Solubility of phenanthrene in Tween 80 and rhamnolipid
solution.
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e 71EY] Aol BRIl 0.021~0.057 EHol &
Sh= ZholtH(Zhang et al, 1997).

AEAHEAGA F7}E 218 phenanthrene solu-
bilization 7]&to] ¥ =Es7] A AR AR
Az 2477 Aol HYe Egsle Zoz el
dAT] A F= o3l 30ppme] rhamnolipidE A7}
3 B, FRTE AIRE A FARE 32 1.3~
2.3 ppm A %=2] phenanthrene ¥to) {8153t CMCY
0.1mMe] 4.39l sjE3l= 240 ppme] rhamnolipidS
H7¥st 744, phenanthrene®| £3i=7} 9.77}] oF o)
ol F7RleE d9E JepdckFig. 2). ol2idh Hy
AY A3 vlEko g o}% aE o)zl solubilization
AEEL 487 BRAIZ & B3l =8 S48tk

Rhamnolipid solution®] pH % 3}7} phenanthrene
solubilityll = G F 7] HRSE ZAHT
tjoket pHollM 9] 835 E centrifuge viald} Sak3
£ olgal] St viale ol g$t dEAsH, 7Y
xe 2352 Yehd pH: 240 ppmzt 2000 ppm 7

12

10 o

—&— Rhamnolipid 30 ppm
+©-- Rhamnolipid 240 ppm
—— Control (Deionized water)

Phenanthrene solubility (mg/L)

2 M
S
0- T
0 2 4 6 8

Days

Ag. 2. The Equilibrium time of phenanthrene solubilization in
the presence of thamnolipid.

100

—&— Rhamnolipid 2000 ppm
—4a— Rhamnolipid 240 ppm

-3
S
L

Phenanthrene solubility (mg/L)
8

pH

Fig. 3. The Effect of pH on phenanthrene solubility in the
presence of rhamnolipid.

- A%

$ 2% pH ¥ 4~452 vERgtHFg. 3). ol#$
pHell WE 83i=e] ¥z} AL flaskE o83 so-
lubilization HEIME LRI (Fig. 4), ol A3 4
F2ZME pH HEE At 3= Zo|7t epd
g G4 = IA SED F 7R 5Ee A BE
A} 83l== pH 7elMe] Saimdl vls] 4 A==
Z713190H, o= rhamnolipid®) 44 2 &4
3t Al7)7k pHoll met geiRlE @gel) Flels Aos
X At(shigamiet al, 1987). Zhang and Miller
(1992) A7l W=, rhamnolipide pH 6 =9
A lamella %= lipid AR} 22 128 2 =,
pH 6.8 FEolNE micelle 722 WalslA Boix 3
t}. 28} Champion et al.(1995)2] 3 Azl wj=
9, pH7} 55004 874K Sl wel, thamnolipid®]
2 & lamellar sheetollX, vesicles} micelle -2
gt} 2 AdAd7e) 7129] rhamnolipid 7329} &
He E3E 783 & |, rhamnolipid®] phenan-
threnesl] th3} solubilization capacitye =2 T3/} la-
mellar, vesicle, micelleZ ®W3lslol] wa} 7adle Zlo
2 Hoyich, g3 2F 43, pH W3l A% M= v
& 72 AEARGIA JPA = geleddm &
2lolE Héor, ol AFEE o8 (bio-availability)
M= ThE ks = 7= didnt
AEABVE A} 7222 H7HR7E EASA
7oA, pHe] W3}7} phenanthrene £3l75¢ CRE
79 AAE el Fu FTE FARIAY. £
o5-2] ARG pHell w2t 2Abskar, th<r7] (expo-
nential phase)®] 71A4= W3l= linear regression$t
Az 2RE ¥)A434E (specific growth rateys ALFeHA
TH(Table 1). Hd] HI4HFEL pH 6014 VHERA|EH
pH 5-7 ¥ lollA A H3lslA] eksict. ol2ig vl

e
oe &

~—#-- Solubilized phenanthrene
—v— pH variation

Phenanthrene solubility {mg/L)
Final pH

Initial pH

Fig. 4. The Effect of pH on phenanthrene solubility and pH
variation during the solublization by rhamnolipid solution
in flask system. (Concentration of rhamnolipid=240 ppm)
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Table 1. Specific growth rate in absence of biosurfactant.

Table 2. Specific growth rate in presence of biosurfactant.

pH 7 5 6 7 3

pH 1 5 6 7 8

e 0.0895 0.1107 0.116 0111  0.103
R® 0.78 0977 0961 088 0.94

u? 0.0463 0.1652 0.17 0.1848  0.1545
R® 0.92 0.90 0.93 0.94 0.92

specific growth rate(1/hr)

b - . . . .
coefficient of correlation for ordinary linear regression
througth the exponential phase data

0.120 70

—0— Growth rate
0.115 { —®— Phenanihrene amount 60
£ g
§ 0.110 50 g
g 8
= =
& o105 Ll 2
§ g
E s
& 0.100 a0 2
o
= £
3 £
2 0.005 4 L0 B
i S
o
0.000 10
0.085 _—— 0

pH

Fig. 5. The Effect of pH on biodegradation of phenanthrene
by CRE7 and the growth rate of CRE7 in the absence of
rhamnolipid.

0.20 45

0.18 4 |40

0.16 4

0.14 4
30
0.12
25
0.10 4

F 20
0.08 4

Specific growth rate (1/hr)
Remaining phenanthrene (%)

—O— Growth rate L 10
~—v— Phenanthrene amount

T T T y
3 a 5 6 7 8 9
pH

Fig. 6. The Effect of pH on biodegradation of phenanthrene
by CRE7 and the growth rate of CRE7 in the presence of
rhamnolipid.

g9 Ao7} 3Tl wXe
2 HFES A9Rez e Faed vUehle
Zlo B HeFThFg. 5).

AEAHZAAE F7He A4S pHY W3}
phenanthrene AJE3fol v]xj& kS Fig, 69 B
Ak, BEAREIAE FA7rekA] 92 dd= 22 %
HO R HAARES AMet Ax pH 45 A stz 24
Aow F7Ikt AE R SH(Table 2), AA Eall&
= F7kehe 418 JERIRITE A7RI7E SxisiK) &
¥ 2a Ad¥He 22, Hd 9jAEES veld pH
e e g8 Aol A B fA= 7S v
Ad pH 52 o533 WEATLAIAE A71st A

specific growth rate(l/hr)
bcoefficient of correlation for ordinary linear regression
througth the exponential phase data

23 AFME, 5 wY$e A phenanthrene
Baes ST A3, /P 2 vAES Ve
pH 594 713 =& E3&L Hth Zhanget
al.(1997)8] A5+ A7l 3k, AMEIA A7k
2973 §184e] g3y falew IA FIATIA
Tk Bl = A8 ol8Ee £ ekl £
TG dEA ok B A= pH5e H¢-
AEANEAA| 2] H7)1E <18l phenanthrene®] £3]=
© MSMRrHE #71815S WEch 58 ol F718tAl
g, BAAES Zle 1.5 Aot ol2st Aal=
AEARGGA S 7= Q8| wlold Fxeloz 43
=o]2] phenanthrene®] 7.9 EalldFe] o] o]
3kA] ot =] ok A welEH, pHell w
g Jelvde ME 9& Fx9 phenanthrene-
rhamnolipid®] 3= YESH ol4w 3t e
T ASE 9u|gic,

4. Q0 ¥ ZE

54 47199 £42) PAHsE R0 491
A o EF il A3 FEEoR AEE 24
3174 =1, PAHsZ 24 EYS B29E 39, &4
E7} 2 PAHsY AlA &8 Al$ wolxA "k
A2 SHES SM=E T/HI717] f8, AEs=
7t & BEAUEAEAQ] Hristaat she A7t 3
A Yrk B A7AFe] wEHE, AEAVSEAA
o] pH W3}/l phenanthrene solubility2] 3}l
A FFE FE ARolH, ol A Edelre A
71&&0] pH wigld] we} Aol Uehd F UL-S
onjgit}, B4 pHell me} Uehks M2 e 72
9] phenanthrene-rhamnolipid®] AgAl= AESHH o)
S 3 gukd F USS AES A¥S T &
A = ATk olE A AEACEENAY
rhamnolipid®] 4 82 %13} M7]17} pHel u}
o} Rl @Al 71913 A2 2 BRI, o) A
< AAHYAEE o8 BAMol, size EX FAE
B3l AEAHEEAY 225 sl A7y} 8

js]




380 ANAF -

Sk serEn
nEL]

APHA, AWWA, and WEE (1992) Standard method for
the examination of water and wastewater, 18th edi-
tion. American public Health Association, American
Water Works Association, and Water Environment
Federation, Washington, D.C. p. 9/34-9/40.

Bai, G.Y., Brusseau, M.L. and Miller, RM. (1998) Influ-
ence of cation type, ionic strength, and pH on sol-
ubilization and mobilization of residual hydrocarbon
by a biosurfactant. J. of Cont. Hydrol. v. 30, p. 265-279.

Champion, J.T., Gilery, J.C. Lamparski, H. Petterer, J. and
Miller. R.M. (1995) Electron microscopy of rhamno-
lipid (biosurfactant) morphology: Effect of pH, cad-
mium, and octadecane. J. of Colloid and Interface
Science. v. 170, p. 569-574.

Edward, D.A., Richard, G.L. and Zhongbao, L. (1991) Sol-
ubilization of polycyclic aromatic hydrocarbons in
micellar nonionic surfactant solutions. Environ. Sci.
Technol. v. 25, p. 127-131.

Goudar, C., Strevett, K. and Grego, J. (1999). Compet-
itive substrate biodegradation during surfactant-
enhanced remediation. J. of Environ. Eng. December,
p. 1142-1148.

Ishigami, Y., Gama, Y. and Nagahora, H. (1987) The pH-
sensitive conversion of molecular aggregated of
rhamnolipid biosurfactant. Chemistry Letters. v. 5, p.
763-766.

Jacob, J. (1996) The significance of polycyclic aromatic
hydrocarbons as environmental carcinogens. Pure &
Appl. Chem. v. 68, p. 301-303.

Josee, E, William, A.J. and Michael, A.A. (1997) Enhanced
removal of trapped non-aqueous phase liquids from
saturated soil using surfactants solutions. J. Cont.
Hydrol. v. 24, p. 247-252.

Karichoff, S.W. (1984) Organic pollutant sorption in
aquatic systems. J. Hydraulic Chem. v. 110, p. 707-
713.

Kurt, D.P, Linda, M.A. and Walter, J.W. (1993) Enhanced
octadecane dispersion and biodegradation by a Pseu-
domonas aeruginosa rhamnolipid surfactant (biosur-
factant). Environ. Sci. Technol. v. 27, p. 2332-2340.

Laha, S. and Luthy, R.G. (1991) Inhibition of phenan-
threne mineralization by nonionic surfactants in soil-
water systems. Environ. Sci. Technol. v. 25, p, 1920-
1930.

Shoham, Y., Rosenberg, M. and Rosenberg, E. (1983)
Bacterial degradation of emulsan. Appl. Environ. Mi-
crobiol. v. 46, p. 573-579.

Shonali, L. and Richard, G.L. (1992) Effects of nonionic
surfactants on the solubilization and mineralization of
phenanthrene in soil-water systems. Biotechnol.
Bioeng. v. 40, p. 1367-1372.

Tiehm, A. (1994) Degradation of polynuclear aromatic
hydrocarbons in the presence of synthetic surfactants.
Appl. Environ. Microbiol. v. 60, p. 258-263.

Tiehm, A., Stiever, M. Werner, P and Frimmel, FH.
(1997) Surfactant-Enhanced mobilization and biodeg-
radation of polycyclic aromatic hydrocarbons in man-
ufactures gas plant soil. Environ. Sci. Technol. v. 31, p.
2560-2576.

Wilson, S.C. and Jones, K.C. (1993) Bioremediation of
soil contaminated with polynuclear aromatic hydro-
carbons (PAHs): a review. Environ. pollut. v. 80, p.
229-249.

Zajic, J.E., Guignard, H. and Gerson, D.E (1997) Emul-
sifying and surface active agents from Corynevac-
terium hydrocarbocalstus, Biotechnol. Bioeng. v. 19,
p. 1258-1301.

Zhang, Y. and Miller, R. (1992) Enhanced octadecane dis-
persion and biodegradation by a Pseudomonas aerug-
inosa rhamnolipid surfactant (biosurfactant). Appl.
Environ. Microbiol. v. 58, p. 3276-3282.

Zhang, Y., Maier, W]. and Miller, R. (1997) Effect of rham-
nolipid on the dissolution, bioavailability, and biodeg-
radation of phenanthrene. Environ. Sci. Technol,, v.
31, p. 2211-2217.

20033 5¢ 229 YvAHS, 20033 102 119 AAS2.



