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Effect of surfactants on microbial degradation of polycyclic
aromatic hydrocarbons: a review
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Abstract: The strong hydrophobicity of polycyclic aromatic hydrocarbons (PAHs) is the main factor to
prevent their microbial degradation in soil and water environment. Surfactants have been extensively
studied in microbial degradation of PAHs because the apparent solubility of PAHs can be improved. Up to
now, there have been many reports on the PAHs biodegradation promoted by chemical surfactants or
biosurfactants. However, some scholars have discovered the inhibitory effect of surfactants on microbial
degradation of PAHs. This article reviewed the latest progress of surfactants on PAHs biodegradation from
the aspects of surfactant types and toxicity, PAHs solubilization, mass transfer enhancement, cell surface
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properties and environmental factors. Moreover, these two conflicting research results have been

explained. In addition, a new method to promote microbial degradation of PAHs in cloud point system was

introduced. Finally, the research prospect of surfactants on microbial degradation of PAHs is prospected.

Keywords: surfactants, polycyclic aromatic hydrocarbons, microbial degradation, solubilization, cloud

point system
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%, Wang SEWFST T ki -80 XIS Y - e
PAHs A= ¥yt (i s 25 5 0 ds st BEAR EE
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38R AE SI7E Reddy 5511 R ZLAoR his 5k —2
WET, AR 1.5% (AFEL)HIR-80 Al
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Table 1 Surfactants commonly used in PAHs treatment and their effects

el Ey s PAHs 4bFHAE 5 Bk S 30Hk
Types Names Results of PAHs treatment Effects References
PESRIATG  Triton X-100 ZEAHHARECHEIN 100 4% 4F . RECHOTEARELHE N 1 000 £ 1 (20]

P The solubility increased by 100 times for naphthalene and 1 000 times for phenanthrene

Chemical and anthracene

surfactants fRi4> 18 PAHs FIRESRSEIN T 7.59 i 1 [21]

The degradation of PAHs with high molecular weight increased by 7.59 times

PAHs 2Bk 83% The removal rate of PAHs was 83% il [22]
L [ R fi52 E1 30 The degradation of pyrene was inhibited ! [23]
FEZE T AER AW R%f# The biodegradation of phenanthrene was delayed l [24]
Tween-80  RIF[aiEF#EM#K 57.2% The degradation rate of benzo[a]pyrene was 57.2% 1 [25]
320 mg/L A% f#R 1k 100% The degradation rate of fluorene was 100% at 320 mg/L 1 [8]
FEAZEBRZRIA 99.9% The removal rate of phenanthrene was 99.9% i [26]
1RA PAHs 2R 5K 92.6% The removal rate of mixed PAHs was 92.6% 1 [27]
fRUR LI IR-80 ] T HEHIEE A e it U [11]
High concentration Tween-80 inhibited the degradation of phenanthrene and pyrene
Tween-20 PR ARHEFILE T 1 £% The degradation rate of anthracene was doubled 1 [28]
AEFIEE AR 53 51 99.03%F11 97.39% 1 [11]
The degradation rates of phenanthrene and pyrene were 99.03% and 97.39%, respectively
XHEEMAfLr=A: T fA 2 A negative impact on phenanthrene mineralization l [29]
SDS B ABRRIER T 1 £5 The removal rate of anthracene was doubled 1 [28]
NN 25 ) A W) The biodegradation of naphthalene was not affected - [30]
AYREE BAERHE  JEEBREIAS 12.24 mg/kg The removal rate of phenanthrene was 12.24 mg/kg 1 7
P Rhamnolipid PAHs [&f#R4HLE T 4.2 £% The degradation rate of PAHs was increased by 4.2 times 1 [31]
Biosurfactants FEAI B 2RIR 99.5% The degradation rate of phenanthrene was 99.5% i [32]
TR 2R 52% The degradation rate of anthracene was 52% 1 [33]
AR REARER R 73.6%FE 5 23.4% ! [34]
The degradation rate of phenanthrene decreased from 73.6% to 23.4%
i T PAHs A9 4k The mineralization of PAHs was inhibited ! [35]
AN E 1 A W) %A% No effect on the biodegradation of fluoranthene = [36]
BT EE IR FA 22 T 2.1 ff% The degradation rate of pyrene was increased by 2.1 times 1 [37]
Saponin 28, e, AEMEE AR I3 T 178, 6.05. 35.58. 155.55 fi% i [38]
The apparent solubility of naphthalene, acenaphthene, phenanthrene and pyrene
increased by 1.78, 6.05, 35.58 and 155.55 times, respectively
FHEIE . EEURIRACE T IE 84.1%F1 81.4% i [39]
The elution efficiency of phenanthrene and pyrene in soil was 84.1% and 81.4% - [40]
PAHs [ %A% 7 B8535 The degradation of PAHs was not enhanced
FRARE EMREARAR R T 1.5 7% 1 [41]
Sophorolipid The degradation rate of phenanthrene was increased by 1.5 times T [42]
Mg BBEfRRAE T 82.9%
Glycolipid  The degradation rate of anthracene was 82.9%
R 53T PAHs ERRFE B E4RT} 0 [43]
Lipopeptide The removal rate of PAHs with high molecular weight was significantly improved = [43]

. HFEEHERFETT B A8k

The removal rates of phenanthrene, fluorene and naphthalene did not change significantly
=R TT  PAHs BIRERRIER B 78.7% 1 [44]
Triterpenoid The degradation rate of PAHs increased to 78.7%
saponin

e AREE; | W - JCfER
Note: 1: Promoting; |: Inhibiting; —: No effect
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PEFIE I PAHS FAf o2 — Rl %), Zhao 571 )
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130 -80 ZH 14 BH - B F1R A 2R T 4 ) LA AR
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Py 2% T T A ) AR R R R A A A i 42k i 27 3]
RPN

TE PAHs 3§ A= VIR A b FH 0 AE W) R TG
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“Biosurfactant”/f “hy ¢ g 1] #6 2 3| 56 T A ¥ 26 1| TG
PR P e Sk 4t 4 812 K, Hohfg ok
“Rhamnolipid” (4 3CHA 1357 f, 5 28%; [AIFE,
v D 0 ) e L2 0 T A R A S S R 2
FhSC AT SCHE 1525 B, S5 R e A
BEVIISCHRAT 168 G, 5 1%, 2R TR
2R X 1 HER PAHs 15 LA IR 2 BRAICE .
7E An ZERIFSEH, TIN50 me/L FRASHERS AT ikl
YA R A+ e rhIER) KBR 85BN R 3.37 mg/kg Fl
7.98 mg/kg #2551 8.76 mg/kg 1 12.24 mg/kg, i HL.
B 13 b A S s, JEM R BRE R
B FFH. Wang &1 B, 7E PAHs 54 13
RN G, 60 d J5 PAHs MIREARIEE T
4.2 EPY SRR ETEERIA L, AR 7R
iF PAHs E IR AE 5 TR RO BN % . Pei 55
X EE T R IE-80 N ER AR AE X B 2 U B GF2B
R i JE RO SZ R, 45 SR B R AT I 3E B % A
(33.5%), iJaE AU T IEMIFER(99.5%) . LU
Wk, REEREIRRE A SOt e UE 5 PAHS
(285, & F I B

B BRI 2 A0, Hfth A 9 3 1 0 2 59 A 2

PE PAHs A=W TR AT A R . AT 2
—FhFEAS Yy P PRI A W R e R R, LR
L CMC B, JE . BRI [a] i 1428 LA i BE #1T
BERINET Zhou ZEXF I T BRI SRR EE
PRI IERIGEER, SRR, BAITXIEN
JEE IR My A g A B T RS MR 36 1510 B
Ab, Bezza 55 M A IHTG YL 35 v oy B A5 B — PR 2%
BT, IR AR EE ™ BE IRSS A Wy 2R T 3% 5]
KSR L, 28 K2 A P 2= 1R 1 550 v B Ry
400 mg/L Bf, FE. DB EBRR AN T
19, 33 145 54,

2 KETEEERZW PAHS A: Yk i i 5 5
2.1 PAHs BYERNIER

O] ESI WS o7 N 2 s el i e S B 5 @ i 1 i €
W, FEEMERIZERT CMC A5 Rk A5
AR 57 LA (A ST Ak, DA T 2R VT
ik B AR E KRG, Kb
T R 10 S K S T e e KR, T 36 7K ik A B )
FHHERFKEY RS, EEEGZ)R, BT
2 T 1 ) 2% K SR DG s K M o i HE R VR
MTfEAE PAHSs M 332 g B

C]\i/lc O PAHs
; L
v Soil
g § g g ; § g ! Gas phase v FRIATEPEF]
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v IKAH
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™ - Ong

B /KA
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Figure 1 Surfactant solubilization of PAHs
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USRI T PE R M B IR B CMC, gy
FIHEEA, B 10-200 M40 FHFa & BAEK,
L FR A A B2l g e ok R 4 35
PAHs 2B 26 E ABCH B KZ O, i L3
MR, R B UG VA A RO . TESE PR B A
R, FERE RS AR Bl A7 7E 26 10 5 2 700 A7 i 17
Blo TRA R TEEFI A T A — R m G ER], W
WRIHE/NG cMC, XF 3T PAHs HAT P H
BAER, AT LA SRR PAHs 5 4B R
JEAR,

2.2 PAHs BYfER581k

TE TS VLR R R K WOF , KA PAHS
RERS IR A DDAl FR I A, ICHRA R % PAHSs
Gy F L 5 R KA R S A R s TR
F, PAHs 43l i 2 i o B m 40 a5 5,
B2 R, BEHHR Y PAHSs AR 3 N
R, B 1. BRI PAHs sk 2%
AT . AR 2. B AR I A I A
HJZ . AW B X — B4 AT DL T b
PAHs FYLEWIER TR s, 9% 3. PAHs M
KR B RN . FEIRE TR MIELT,
AR 1 W SRR PAHs IS &A%, £ 2 M
3 P PAHs AOA:WIREAR, ML RESZ A A
PAHs 5 21 g 2 W B 7 A s

o
— Micell;\

2SS WS

YR NI
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2 REFEEFIERT PAHs EfEYIMHBRYER
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Figure 2 Mass transfer of PAHs in surfactant micelles to
microbial cells"!
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9. T TP R PAHs K HLL IR TS
JEAKMGE EEMIEAETE, MAEYIREf# PAHs 2
Z R BREID, YK EE RN AJS, PAHs &%
SRR IR AL TR IR LR W A o 3R 1T 1 A
NN PAHs HAEIFAWahtE, XA L
s Ak A A TF i ). Bezza %5 [ 24 Wi
VG RS A Y RS RS, P RRA
P PAHs MIfRILEE ) 0w, LR R iR
T 1.5 1588,

23 HEFREMERMTH

FRIATE MR AT DAER A R0, Sma e
7% T B9 8% /K 4 (Cell Surface Hydrophobicity ,
CSH). CSH JZITAMML . 517K 5L o7 Fn & [ 4 3R
A E AR EE S —, — Bk, BAR
CSH 11 s A& W b dlie &4k & 90 A7 5k 2 1 W o A
FIB), CSH (3 finfit PAHS 5 75 5) 75 40 14 2% 1 Bt
%, AFMTHRAEPE PAHs [0 A4 ) 40 i 7 35
#5100, Zhang %K Bt -80 FEE KK CSH 1
hn, TR BE T EEFE A0 R A AW B, SR T RE
fR, SR Zhao ZEMIBFITH, WAWINEA L ¥
AR T 5 5K PE B bR bum 19 CSH, S il 1 1%
figp 021 o T Rl A T 3 P ) R O T 4 i 2 T )
li A 5L,

FFAIXT SR K BB RR PYR-1, TG 7514 2%
7K FE AW R 20 S TR, 6 /KRR R R R A PR
Hh, FICHEH CSH #5im, sR 1%t T s gk
PAIPR bum, R THITE M550 AR i 7K I AT R o 240
FT, IR K i 5% BE AE K AR, AT RRAR T
CSHI®, 2 FiBUBLT, 2 11T 1 590 120 = 1] g
R T3 FFASARIRD, i 30 R e Y5 T 2R TRT T 1 700 AN 4
Mo RSS2 A A BAE R, ana s .
e, Frepal e Y, WG RN R
PR KRR 5 AR i R T AR MG A (g . BB
F1R) 2 8] i i A 1 Fg AR 1 SR
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A 51 R 5 40 o 2 1 e R S TR S SR K
PETRAR AR F i K MR PR, 5B K PR TR R A2 SRy S 7K
PEBARCL, Biln,  FUARE NS Ak BEF A AR K P 1
AP ETE AR BUK PR RS, B8 CSH 4
R BN I EAR T . #E Ahimou % BB 5T
Hr, BERRASUR BN RIFEREAR T 2 PRETK A FEAT I
() CSHI®,

X RS A TR R 10, AT I PR R {4 e Ah
JEERAEZ M, XATREEMAE CSH 1Y 55—l
#1176 Al-Tahhan ZERBFFEH, FEE R2HEE
FIES N, 2 {15 50 M e 200 G A0 S %) g 22 B ol A
B, CSHEAN, Chen %5 F B4 7 540 4
AL TR A M 2= TR RSkl 2 W, CSHL T 4
ST B KERR S A P A T A B RO,

GG R e R R, MY+
TR IGURL ] () 7 20 4 2 2 i) o A 8008 o 3R T 9
F) 43 3k O I My A i ) R Y, e
SEIMUE M SRR, sRAbAE R W
ZEWENE TR VB DERD b A0 B 0 fE e, BE A RS
A 2% T MR v BE A3, ATE S A bz
() ) AF B AR R 8055, DT ZD 1 40 B 7 A b rh
R, HESR T AN RS ET,

2.4 FRIENE M A 49 20 B AR B9 52 1

A AR AR = S S e R A A S
B, LARE SRR s I i Y ok B an
JHLRE R B Ao -2 Al i, HA MR, 454 1
KA FRIATEER o BT X Fh b 2= 551 AL,
FRATE TR SR M e E Y A B R L, IF AR ik
AR I LR A AET), AR -80 A
Jot S B 1R M Ak B ) A A i, O H g s R
B &R BRI, Xami T AR s, I
PEE T 5 Rt i o R UV (A 3 v e 3 ) 3 1
TG MR S IR i e 4 e, S TR RR 19 IE H DRk
A kU, Bz, FEREWM SRR T,
G S INF G MR A B F A xs PAHs B4R
B A

3 RWREEHREA PAHs YR
HE®
301 FREFEMERIENRE

— B, PAHs A2 ULYA i i B % 2 115
P 5 e B ik K B BT, 7.5 me/L Ayt
JEL-80 AT LU JE I EE 75 K Hh B 2% 00 7 At B $2 v
171 A5F1 2.31 8% i 40k JE-80 W EETHE 10 £5
J& ., 2 B PAHs WU AR B2 73 n BG 3] 2.62 £
13.25 5771 Congiu 256 FRZSMH 5V M\ 200 mg/L
PERE] 400 mg/L B, JEFIEE 09 R R 43 5
M 29.7%F01 44.9%HE T3] 46.7%1 61.7%7*, Pan
5 (0 BIF 9 () R B0 P ik 2 o 2 1AL P 50 ok
fgs i At

SRIM, 4R TET V6 Mk 7] A0 e FE 2 i i, PAHSs 119
FE O AT, EEESRERAL, Peng H XA
P75 -80 A Triton X-100 MR E AR S o/L Z )5,
PAHs [y LRI AR, 7E Pan S5 HIBFST
1345 Brij 30 Fil Tergitol TMN-3 (1:1, Jfi:H)H)
WG 60 g/L W36 T AEMIREMR, ARG IRA
FE NS PR FRIVR B A i — 2140, JE R R R I
REAEL),

3.2 FREAEMFEEME

AN]SR ) 2R T8 39 A 790 0 Ak 2E 4 e 1 R
SEANF . EEAEOT, JE R TR S X
YRR T S T R SR VG R . Garon S5
i SDS (A& 7)Ant i -80 (AR B T)%) 18 bR Bk
17 #4500 oK AT E W T R A
K, MG &R Az " R
AR EEER T, IR RS s E RN, 1
R EWE T AR EE. IRE, 45
WePE kIR -20 At iR -80 M| HEAILE B AE W
R,

T R R, AR mE TR
BEPE SIS, XA AT . (R A WE R S5 A %
THI T PE SR — P A R BARH T, A
R YV E—Fh e A fF s I ke, A A 2t JE R
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FCAb i A== e B, WS T I CMC R
i ot 22 F B B 2 AT B A SR AU
Fuchedzhieva S5HF5Y K 30 ERASWHAE XoF I R fik vl e
ZERUAT IR A RENE , B TR R el
33 FEFEMEFMEAMERY

FERUE YIRS PAHs (Wt fErf, A BRI
PERITT eSS He PAHSs B ELG 5| 1 iIE . 7E3E
SIEOLT, AR e SRR TEER], A
JFEXT PAHs [IREMRE, X138 5 18Rk
. Kim ZF]FHrEIR-80 300 T IR R F WA IR,
F T AR, AATIA X R -80 HEE
KAV BRI A RS A T8 . Ghosh %
TE LIRS e — R J5 Y 15 7R L HP S I Triton X-100
J&, EEMIREfRSZ 2], LA Triton X-100 fE A0
— R TR AR RAF, R, MR A
Wi L R AT BE & Triton X-100 &A1 MR Y
RICIEY); BLoh, WFoRiR &8, WARFAIAH Triton
X-100 JE&r A MY, XL TR
PR A SR X T B R A AR W R T T
PEF, BT IR ALE, VR 5 R A
AT B IE AL, Wolf 25 &3, 10 CMC fY il
ZWERE A T R R A AR AR SE B UR, B T PAHS
B LR
34 RE

FEEPERIXT PAHs (VA TE— & 10 B 50
FERUE . FERBEVEHRIMIERT, 28, FEMiE
(1R 5 i JE R JEE ) T s TR, MBS T 30 °C
BF, ZRAVS R BERRAR, X AT REJE i T 2R #E K
JEE B 5 30 1) v bR, DA T el 2R AE K I R
(VS AR RRAIS , VAR A8 fb ik — 2520 T PAHSs
(IR, Sartoros “EMIFSE T ik FE AR A Bk 2 I T
FIXF PAHs Ak iysEm, Z58 &8, #HN 100 mg/L
Tergitol NP-10 50T, IR 25 °C FEKE]
10 °CJi, BEUFIEE RS L2551 A 48.8% 1 66.1%
TREF 18.5%F1 61.5%" . 3 Ui B i B & A% 4o
PAHs [ kA5 67 T2

FEIREEIRE A 15-50 °C JFEIN, Peng 2515
PAHSs (14 5 2 it 45 10 52 1) T v 22 B0 18 s Uk Py
P, MRS IR N 35 °C; EIRERT 35 °C
INF, S T B2 & A AR i 1 o A L R
WAL IAE 10-40 °C Z[A], PAHs Iy ZFFRFIE
ARARZIRE R BT IR B, ARG
TIREE M ASBA G . Aok, LM IR
RIEWEL
35 pH{E

pH B2 2 11 1 1 71 G 7% PAHs 19 CHE %
—BEOR UL, pH B 25 R S TR 1A I R
PAHs 34 . 1E Zhou S HBF5E Y, Bl 5 pH
(LN 4.0 38N E 8.0, 5 A T X6F I 14 EE /% 38 V5 R
KT 70%P%, KRR, 7EME N 150 mg/L Al
240 mg/L 1Y BRAEME IR W, fERRYE pH fH
(4.0-7.0JG N, FEMFR AR pH {H5cH
JrkE, T pH B GHE(7.0-8.0) WX JE 1 1G VA I
A7 E ™, (L 5% B pH {E A 3.0 H 5]
13.0, PAHs FJ¥FREERGIN, 7€ pHAE A 11.0 B 15 5]
AR, LA L, pH X 3 i I 0
PAHs [SZNAAEAER L S TEZ5E, 2 ML
GRA TS . pH (EXT PAHS (14 4 M it th A 1
WRm . ERRIEMMSEAZENT, biE pH
2.0 FFEE 6.0, BURIEE R fif 5 S I SEHE J5 )
S22 Bl PAHS MR AR pH A 4.5,

3.6 B& PAHs

1Ei5 e+, PAHs KRZ LIRS WIERTE
TE. CAWBEZEETITETIRG PAHs RUBGENIST,
SERRTER NG MR R, PAHs Z A7
FEE WA /EHEYS, ZEMFEAE Triton X-100
A 3 AR h R DA FIE A, Bernardez %%
I R T AR BT 2 B PAHSs A FAYSH KPS
0, R PAH BEWEAIEG, SEANE [N AZ]
Triton X-100 JG5t k4 TRVMIEN, W& HERE
AR T 15.38%F1 18.19%% . 5 R 2,
HLA AL K 19 25 AN AR B 2 1 sl i 7w
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RIN, 3 Fh PAHs fEAEMH B354 o 3G A 6 1
(TR L, 7K P B SR 119 25 43 1T B A 2 1 0 A 7 e
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W RIUNTEA BOKHEEAR PAHS IUFEFE R, BiK
PEE R 1 PAHS 1713 2487

4 CPS v PAHs #:Y

4.1 CPS

A B - R T T R KV T e v s R
SN R, R HE 3R s
P 90 e B AR /0N A9 A A R B % T TR T T A 9 SR
A, XFRARIA R RN CPS. FIF CPS 14 & 25
FE AP Y Y, B
PRI A3 1 Tz

¥, CPS EZHFH/KMA WYL
Ao FE A A3 BORE TR AR AT IR B ) A P e Ak
if, Triton X-100 i Triton X-114 £HJ%f CPS
PR TR A F L i BE R A% Beor Pl BJE Y
LB, FIF CPS WHARIEK Y B 5] 4 i o]
DAEE Pk, (00 W AL I B i vk
JEARFRE R KPP i, CPS A LLTE R
AR 1 P4 g AR B

Pan Z5[EEETTRE T CPS Wi M At A% UK 2 A
Jupl AP RFIE, CPS AR E T RE il
(R 77 d, T EL S R B T — v 4 RN Al Ak 1 AR
L BRAR T R A AR e ekl A i €
Jo1Ei, CPS ALIHSLEL T — 2R3 B b yehel fid €25 L
HHEHT, XS T CPS fEmXIA LS
Py Yt FRB R R B o R ARk RE , A T
MBI R 5

4.2 CPS 1 PAHs B4 Y& R

CPS 1 PAHs WAYIREf RS A %, (HH

RIBFSE AL TR B B, 2T bl ix F
2 DR Ay 25 T 4 791 g o7 A VP ok s T 0 14
S AE Ak URPY . AL A AR, B
G SRR L SRR R BE (781, CPS A7AE
KR IS, 7E 5% Brij 30 KV (F R
LB R CPS Hr, FERMLV R EE A3 s £k
TOE B A DSMZ8368 SHEMIREARY, Pan 2
IR T CPS H PAHs MAEYIRERG, TF5E KRB, A
7] 2 THIVE PEFITE .09 CPS % PAHs 4% 1) 5% it 2
AEY, 5 Triton X-114+Triton X-45. Triton X-114
1 Triton X-45 2K .19 CPS A, Brij 30+Tergitol
TMN-3 142 5 A5 1) T4 2 e o e
4.3 CPS FERRAZE S PAHs WEYFIAE
AR R A P A T e )
B I 4% o ARG SO IR, FETEE M R T ARV
WU, TSN PAHSs AOFA MR . 1
SETERCAR R R v, TS 1 R0 A B 10 2 1 S BRI
AR PAHs, ARFREM, fEM SRR DT
S FRIE MR, HAKIREE h R A
ARG A0 AT 2 Wy R R R O 5 3 T T e
IKVEWAH L, CPS HAT KA1 2R WA 78 L5 [T
Pk Pan 250 f TR AR F 2R TG M5 Brij 30
i TMN-3 53 5B U AR R A CPS, Ff i Z8F3E
ATV LR, SREN, ERKEER T
PAHs 125 8 2 Bl o 2R THI TG P 700 1 v B2 185
B, B7E CPS AW REIE— AL THAKK
S,k EEHE 2 PR R T PAHs AR AR A
WAL SRR RAEL, CPS AUBERMITEER TR
PR RS e AR KT 5 T A=
W#fibE; 78 CPS v, MT CPS MYMGIE/EM, PAHs
PARICEIBER A, UL, B PAHs HikPES ML
A R A R SRR B A T, AT AR 1 T 2 B A
s TR PAHs BARECEIEER A, FERAH
R/ mE) PAHSs, iR M Py an 74 ¥
FAE HERIVR B AR R AR, HIE CPS o PAHs
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CPS BEA IR WA X HI(# 3). J5#7E# 1k PAHs 13
A= YR F R R PR A S XA R R i R 2 AR S
B AFEMm L, HArd a5 IRALZ
HXF PAHSs A IR sZ madLl i e8], A R
FRATTXT 25 Fh v IR ST R LI
5 AEfREYE

H 3 S AR S A VI A% PAHSs 15
YRRy A ARG L 6 PR B A AN
A, I H 2552 #IAF s N R R AT ARG
A PR TEPEFI IS PAHs FISE A Yy 4% A
PAHs )53, ULH TR IANETERIAEAL B PAHSs 15
e OLFFI R FHET 5. B S BUR TR S MR 52
Uq PAHs f/E WM NZP, 7585 Rt

FNAEMN ., BJFHESCRNANA T —Fpi o =i
TEHEFIE K CPS KA A= VIR A% PAHS B9 7
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FEEE R, (BAELNT i ZIR AR R (K
3 E?)%%Bﬁ’)

(1) ¥ PAHs HySEPrpEfgatfed, +geifin
(i) £ 25 B A /NN - BB AS B A HLAH A9 2, 25 52 i)
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A, RIEA B S R G PERIXT PAHS
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Figure 3 Microbial degradation of PAHs in micelle and CPS
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(B VRO, T ELIA 25 5% ) - 39 rP i3 A 9 9 37 36
P FTLABFGY - 3EA S Rt AT LR

(2) TG MR A 00 40 M ) S I R 5 AR AN
Mo 5E38 . ERTSCE A B3 R 1w 6 M) 2 (i i A= 1
20 100 S 1T AR K R K AR AR AR, B SE TR
290 60 J5 3 175 A 0 40 A A S AR Ak B F 9 i RS
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(3) FKIE MR B 2P0H PAHs A ks
i, R AT BE R SR P AR TS R A T
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