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Abstract: Polycyclic aromatic hydrocarbons (PAHs) with two or more benzene rings have
caused serious environmental problems due to their carcinogenic, mutagenic, and teratogenic
properties. Microbial degradation is one of the methods for the remediation of PAH
contamination, offering advantages such as low costs, high efficiency, and environmental
friendliness. Compared with single strains in degradation, mixed microbial consortia exhibit
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improved degradation performance, adaptability, and resistance to adverse conditions. This paper
reviews various natural PAH-degrading mixed microbial consortia obtained from natural
environments, as well as artificially constructed mixed microbial consortia based on the
degradation capabilities or other characteristics of different individual strains. It also discusses
the optimization methods for these consortia and the research progress in their application to the
remediation of actual contaminated sites. Finally, the paper provides an outlook on the future
development of mixed microbial systems for the degradation of polycyclic aromatic hydrocarbons.
Keywords: polycyclic aromatic hydrocarbons (PAHs); microbial remediation; mixed microbial
consortia; genetic engineering; degradation mechanisms
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AN [7] 1 BE A W A 10 (B 435 R 9K Tl ok A IR T 7
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KSR PAHs K o8 W | IZAATE T8 2K
PAHs 15300, i fb) . i Bl 45
Kumari %5 USRI Singh 4 U9 F % 1
(Flavobacterium sp.) . ¥ ¥ (Marinobacter sp.) .
45 FF & (Arthrobacter sp.) . # 1 #T [ (Bacillus
sp.) . ¥ BK B (Micrococcus sp.) . 5 F %
(Nocardia sp.). 434 #F I (Mycobacterium sp.) .
11 7% 7& /K 1% % (Burkholderia sp.) . 1% 5. i 1

1 PAHs XAPEFEEEE
Table 1

Naturally PAHs-degrading microbial consortia

(Pseudomonas sp.). YK (Mbrio sp.). #EHFH
(Corynebacterium sp.) 1 ¥ % 0¥ P
(Sphingomonas sp.)1 4 i UL AR f# PAHs [
TR JE . A IF 2R, SRR
J& (Pseudomonas sp.) Fil 1. Bk 14 J& (Rhodococcus
sp.) I 4B B, fig 8 A AUIN 4R i 4R AL 2 36 05
f2 P9, Romero &5 PU & B 4 4% R B0 M 1
(Pseudomonas aeruginosa) 1] 7 30 d N7 51 % i
JE. TEARME Y, JLHETERSS PAHs 154
Y, &R KSR PAHs FFRBATRMI L T KR
A VIR . 38 LU NS s G VR R
BRI Qe i e - E AR It T 2w A
BRI #4545 Fh K 9% PAHS 13 Ak W R ft o R
L YT A R R AR PAHs [ fif
PR R LR AR IR 1. Hu F2IDIEE | B0,
JiE AR I () SEAE it 42, IR g
RS 2] T 7€ 48 h INXT 5 Fl PAHSs R fig %

Consortium Main strains PAH compound

Degradation Source of the organism Reference

efficiency (%)

72.4 PAHSs contaminated [22]
64.5 soil

65.8

66.5

64.8

uo3 Gordonia sp. Phenanthrene
Anthracene
Pyrene
Chrysene
Benzo(a)pyrene
Phe Rhodococcus sp., Phenanthrene
Mycobacterium sp. Fluorene
Pyr Pseudomonas sp., Anthracene
Rhodococcus sp. Pyrene
PDMC Sphingobium sp., Phenanthrene
Pseudomonas sp. Dibenzothiophene
BP-W Chryseobacterium sp., Biphenyl
Pseudomonas sp., Naphthalene
Stenotrophomonas sp., Phenanthrene
Achromobacter sp. Pyrene
HJ-SH Pseudomonas sp., Phenanthrene
Senotrophomonas sp., Biphenyl
Brevundimonas sp., Anthracene

Curtobacterium sp.

More than 80.0
More than 80.0

More than 60.0
More than 60.0

Sludge obtained from a [23]

wastewater treatment
plant

Sludge obtained from a [23]

wastewater treatment

plant

100.0 PAHs-contaminated [24]

94.3 soil samples

99.9 Oil-contaminated soil ~ [25]
100.0

97.5

42.3

98.1 Oil-contaminated soil ~ [26]

93.1

91.6
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A3 AIER] 72.4% . 64.5% . 65.8% . 66.5%F1 64.8%
i) PAHs [ 1257 . Ma 88121 R) A A EZ /K b 38T
FIE M e B AR T 2 A4 HA AR AR
FERE I B HE Phe 5 Pyr, BX 2 M 45 A
IMARNEA 4 Fh PAHs %5 50 mg/kg f +3EH,
Phe WIHEFE 7 d N ZBR T -3 80.0% LA L1172
FEE, 0 Pyr B ATREAE 60.0% LA F R EFIEE
Zhang ZEPYN T X559 + 353 T —4 88
AR fE PAHs IR AR PDMC, %y i
N& & )@ (58.57%-72.40%) FI 1R P4 Jfl & )&
(25.93%39.75%)2H 1., REME A &5 R fige S Fn —
RIFWENY ; ZIR IR RERE T HIREAEZE L S .
2y, B R RIF@B . ARIT R L R
LA

FEASHBUZ T T AR, LR i —
R R, NI T G - 58 O kS TR R R R
BP-W . iZ IR H A R ALE 72 h 0] LLREAR 99.9%H
WIRHRBE N 1 g/L W, TRl IHZ IR B IR R X
100 mg/L %5, HE. BEA 3,3,4,4- P S B
(tetrachlorobiphenyl, PCB77) 5 d F&fi# 443 5
7 100.0% . 97.5%. 42.3%F1 26.7%>5), 1£ 5 —
T AR, DAAE A ME—f VR, MR B35 4L
1) R IR ENE A WA HI-SH, Jf4%a
7 A FEEMIER R SH-1-7, RARBHIKZR
HI-SH Al 7E 3 d PIFES# 98.1%(%) 100 mg/L FE2,
TRA A HI-SH X SR 3208 4.5 /L, B g 5 d
Ja, IRAHAE HI-SH X 100 mg/L BEZE | Al
TS BE W B AR e 1 ik B 93.1% . 91.6%
F170.1%.
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RS . BEAh, TR IR
pH. W E G PR R 5, A Y
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B ] LURPE AL A AP 2B AN\, 43 R 4
AR FEAR . BEANRMIEREIKR . HEH
B A TR AR R DL K AN B 5 B A R R
IR R (3£ 2).

2.1.1 HEMHBEREERR

Y 2 AR A T e, (A TR
RN ESAE TR PAHSs V54 A FRARBERES
H RTEE XS 4 R AR R X PAHSs R AR L
PRAYB S B IR A . Zhong 25PN A3 AT TR
(Mycobacterium sp.) A1-PYR -5 ¥ 2 i 5 il 13
(Sphingomonas sp.) PheB4 R4 15 9%, IRE KR
3 d 524l 10 mg/L JE, 7 d 4915 71.2%
- 50.0% Y FEAIEE ;1R IE R R 2L RS
Py KON H) T HE R R AR, (R38R T e
K, TIREJEH T AR PheB4 LU= A e Al
YIE R A KR T B R R & v P A= K (18
1A). Vaidya SFBUEE T— - 3 Fhgipg, RpfECR
JIi i (Pseudomonas sp.) ASDP1. /7&K
(Burkholderia sp.) ASDP2 FI£I k[ (Rhodococcus
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x2 RAMEDUER PAHs A TIERERF

Table 2 Artificial PAHs-degrading microbial consortia constructed from natural microorganisms
Type Mixed cultures PAHs compound Degradation ~ Medium References
efficiency (%)
Bacteria ~ Mycobacterium sp. A1-PYR, Phenanthrene 100.0 Liquid (aerobic) [29]
Sphingomonas sp. PheB4 Fluoranthene 71.2
Pyrene 50.0
Pseudomonas sp. ASDPI, Pyrene 100.0 Liquid (aerobic) [30]
Burkholderia sp. ASDP2,
Rhodococcus sp. ASDP3
Bacillus licheniformis STK 01, Benzo(ghi)perylene  61.4 Liquid (aerobic) [31]
Bacillus subtilis STK 02,
Pseudomonas aeruginosa STK 03
Pseudomonas stutzeri PheN2, Phenanthrene 86.7 Liquid (anaerobic) [32]
anammox culture (Candidatus Kuenenia)
Mycobacterium spp. PO1 and PO2, Pyrene 100.0 Liquid (aerobic) [33]
Novosphingobium pentaromativorans PY 1,
Ochrobactrum sp. PW1, Bacillus sp. FW1
Fungi Aspergillus aculeatus AA, Fluoranthene 98.4 Liquid (aerobic) [34]
Mucor irregularis M1
Trichoderma viride EXF8977, Fluorene 86.0 Soil (aerobic) [35]
Penicillium chrysogenum EXF181, Pyrene 87.0
Agrocybe aegerita EXF3253 Chrysene 78.0
Benzo(a)pyrene 86.5
Pleurotus ostreatus PO-3, Benzo(a)pyrene 86.1 Liquid (aerobic) [36]
Penicillium chrysogenum MTCC 787
Algae Desmodesmus sp. MASI, Phenanthrene 100.0 Soil (aerobic) [37]
Heterochlorella sp. MAS3 Fluorene 100.0
Benzo(a)pyrene 100.0
Selenastrum capricornutum, Benzo(a)anthracene  92.0 Liquid (aerobic) [38]
Scenedesmus acutus Benzo(a)pyrene 87.0
Selenastrum capricornutum, Chlorellasp.  Benzo(a)pyrene 98.1 Liquid (aerobic) [39]
Bacteria  Penicillium sp., Ralstonia pickettii Phenanthrene 73.6 Liquid (aerobic) [40]
and fungi Penicillium sp., Pseudomonas cepacea Phenanthrene 72.8
Enterobacter sp. TN3W-14, Pyrene 92.0 Liquid (aerobic) [41]
Pseudomonas sp. TN3W-8, Benzo(a)pyrene 72.0
Phlebia brevispora TN3F and TMIC 33929
Bacillus sp. SB02, Mucor sp. SF06 Benzo(a)pyrene 95.3 Soil (aerobic) [42]
Penicillium sp., Serratia marcescens Benzo(a)pyrene 65.0 Liquid (aerobic) [43]
Pleurotus ostreatus PO-3, Benzo(a)pyrene 75.1 Liquid (aerobic) [36]
Pseudomonas aeruginosa MTCC 1688
Basidioascus persicus EBL-C16, Pyrene 68.7 Liquid (aerobic) [44]
Pseudomonas putida ATCC 12633
Bacteria  Chlorella sp. MM3, Phenanthrene 100.0 Soil (aerobic) [45]
and algae Rhodococcus wratislaviensis 9 Pyrene 100.0
Benzo(a)pyrene 100.0
Synechocystis sp., Pseudomonas sp., Pyrene 94.3 Liquid (aerobic) [46]
Bacillus sp.
Scenedesmus obliquus GH2, Sphingomonas Naphthalene 90.0 Liquid (aerobic) [47]
GY2B, Burkholderia cepacia GS3C, Phenanthrene 70.0
Pseudomonas GP3A, Fluorene 76.0

Pandoraea pnomenusa GP3B
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Bacteria
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H,0+CO,

1 AI#% PAHs PERREB¥
Figure 1
system; C: Bacteria and fungi; D: Bacteria and algae.

sp.) ASDP3 A iR 1A R PBR, ZIRH KR
HBRAEK B 0.060 h', B 05k R R
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EEHY 10 d BERERD 0 EA 5%, 14%7F1 18%:;
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W BN 3 AN [] b DX 43 2545 2] A PR M A 2F
f AT 1 (Bacillus licheniformis) STKO1 . A 5 25 41
FF 1 (Bacillus subtilis) STKO02 F4 43 M5 24 il 14
(P. aeruginosa) STKO3 #4 il 1R & 1k 2 B fig 45 5F
(ghi)it; LA A& ZERIFT IR STKO1 Sy 2%
filEER , TRIEIARR 60 d FTREAR 61.4%97K T (ghi) i,
T 3 ARG S BRI AR
212 EESERMAKREVREAR

LR LR A% PAHS BIRE ST AT A4 R 2 25
51 REARRRMEMEE, BN HAME,
MR BT R ol ALY . ARV A A T
1 S AL AN AR L R AL R B s 5 2 SRR
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A: MRER; B: HEKRR; C: M SHEE; D: 458k,
Artificially constructed PAHs-degrading microbial consortia. A: Bacterial system; B: Fungal

WA TR 5T 2R Ak A A A1 Bl R A A
P AETER PAHs WY RIS . HREAYRY
L[] 35 % AT RE R 5 A ) 2 R B A
B, PO REE SR G L L R bR A A A 225
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FEffat ferh, Bl . ARJBT 3R 2o A A W e A ik
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XSS FRIRE I TR TR Z X 9 B R

Vipotnik 45 BUF 5% T Al 4% {4 K 2 (Trichoderma
viride) . )= ¥ 7 % (Penicillium chrysogenum) 147
B 45 (Agrocybe aegerita)3L i 7= %f 4% PAHs
MRG0l s 76 pH R 5 B, 25 . e IR I (a)
EETE T BE TR R Ry, TAE pH (ECH 7 B,
BE (R B iR BT 5 5 24 85.0%-90.0% 11 PAHs # B
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ok it o R v ) 43 T e R
2.1.3 HESEEHKREREAR

A A3 5 1R R G R 5 A AT R R
PAHs MR, TEIRBIGFRIEZR S, PIETTREHD
A EAE, A —ac i ISy, trl geER
FHIL AP g [R) sf  [] 4G PAHSs 3R AP,
T TR0 D RO R B T T Sz, AT AT
REIH 214 A B 15 YL WIS W Ak ok mT ik v el A
B s A W R R B sk 20 T G ok TR AR 1 A R
SO, DTS 2l PAHs [EA% 5 170 24H A1 U4 gk 2
AR AR AR S I W 3T 64T i — 25 i AR B
(E 1C). FLIEH 22l i fEFE P FUER PAHSs ok
B BV T7K Y PAHS, ffEC TR ISGHE A 4R,
SR e, 4R e o R AE X A N AR T
AR R T R EGEP Rk, (5 FH AR B U R A
TR 20 o RN L TR 35 72 ) AT DAAR W R A e e, il
PAHs R fiff 1 A5 B0 5 34 A A 4d . Chavez-Gomez
UMY 4 FhELTE S 4 FPAR TR A AT IR ARG SR
DiREf LR WMEAE, SR KT EWRE
(Penicillium sp. ) ELIA 55 4 Ff 4 17 [ 4] ¢ A5 5
I (Pseudomonas aeruginose). J [ % /K17 [
I (Ralstonia pickettii). {5 .Jifd % (Pseudomonas
sp.) . 7 25 B it 1 (Pseudomonas cepacea) |45 A
BEREmR, &5 18 d FREN 73.6%.
Harry-Asobara £ 19 J& 1 (Phlebia brevispora)
TN3F il TMIC33929 5 % 4T i#i (Enterobacter sp.)
TN3W-14 Fl f& 5 Jf§ [ (Pseudomonas sp.)
TN3W-8 IREH T, IREKERXE AT ()l
915 d B 042 T2 92.0%F1 72.0%, 4R
T VR TR 855 2 % JE 9 [ i e 16 T R % . Morales
A6 O P 68 Bz Bk 481 (Fusarium  solani) 1 21 3 2T
BRI (Rhodococcus erythropolis) ik & F fifk B i |
HORFR I () el , A5 R R IIREE LTt
B g2 HAA TR CO 77 3R CO, | 43 b= 4
2.14 WESELHRREER

FHAST AR S5 B, BEIEXS PAHs H AR
WEoRse /b, SRMARYE Sivakumar ZFPYRIFSE,
ol AT AP ™ A g ik 46 G690, N1
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RN AR Y, BRI S A
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W 53 B FF 7 (Mycobacterium  sp.) [ fif 26 19 A 351
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I FE A O () SERE AT . Patel 5077 FHAE i i
(Synechocystis sp.)Fl 2 Fl EL I H A HE 1 Y
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P REMEIE O 45 REBEMTEM A AATERE LT,
AR M %) A TN AR ) I i R T R4S 31 T AR OR Y
s 16 d PZIRERRXT 50 mg/L (LS L BR
FH 94.1%, BTE HAHEENET HEe kbR
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22 ERFRTIEEFEBIITFTE

W& RS AC T RS e YA R &
Jig, AU I 4 st 15 1 S5 T BT 1Y) D AR B fm DA
R T2 s o FH T A LIS B A i 5
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T4 R Bk NAH7, I 57 A K R R A e H
(Pseudomonas putida), HH TFEE K G7; 2 1>
RO\ 53 g 28 A K e R b
e 3 42 FICHE K Az I 8 5 Ak S D9 T i 5 FD 2 T 1)
TR KRS T H AR IKET,
AN o E WA T NahR IE RSB T4
SRR L nah 5 Kk,

H5ERBES . b2 | ORI KRR
PREAH L, R TR R AT BT B s s e it
raspieti Somik, R R ToRfL AR AE
K, BRFHEHLPR PO, M R R
PRI R R, I S TR T B e
PRIEAT B MR AT 5 BEAS BE IR A ML T i G4 L R 5
B AAE DA S TR Z M B CR . T
PAHs HYAS [F] AR ATLEE , 5| A S BHAH O R ik Sk [H
sft. PAHs R0 B AR IR R AR EE 1. 8
b5 A TH I P A R B S IS A= P A1
FERYER T, R 3 DR 1R e S 45 40 B 1) B 3
RE G EE o JE R TR F By i PAHs [
HEALR N R 7 S a N1 B~ 7S W 37 73110 2
fife Jer PR T () BC 5 ML, 366 DR TR R A T T R
F R L AT g b o Rl iR . AT
P85 1. HEITE Je R A
2.2.1  BINERZBEREALE

PAHs ) 458, 20 B 1 15 A0 32 AL i 2 7E XX
TR B9 VE R R 2R BRI bR AL TE B =X — &
TRE. X TR TR EUY B R SR ) v ]
A, SR a3 1t LS B i — 25 A R — A e
7K o PAHs B IR 4840 o A 45 38 o FR Sk | 5%
FAb B R SN B R R, SR JE MR TR
. KRS LI RN, A R TR AL
LGP E 2). 15 BA E o i fE
e, EBR TAE M IR T2 AR5, 255 R
FRIAL AR R B LY .

S A M E AR, 5 PR
Ay A S Y BN S S S TN
TG A E o i U 98 T LT,
AH B 2 T PR R S ML 53 sk 8] 1 4 SR,
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AR S AEVE 2 B SR RN TS Y 3 i (AN
KZ . ARATURY R % ) AR L, R4
PRI AN IR AL | AR R sk B T E IR A
T2k, MR AR AT AE P AR,

MR, RAH BT LR 2855k
VENME— i A RE BRI, AR — R R
AP, IR EAF PAHs FHLEE &
Ay I AN, BF PAHSs Y95 7R B0 i R
N, SRR HE AL A T i — 2
N, 25 PAHs P 0G5 A I 2K AR
NI UK f b7/ 5% W N iU =R a7/
EATA LI L £ PAHs, HEBIE 0+
PAHSs!®®l, 255 PAHSs [ fiff it 1L il 6. 455 41 it €,
R P450 HINARE, © RS =
PAHs*,
2.2.2 HEEREAHIER

Bt 2 WA W A PAHEs FOAIL R 728 W Bl #8 7s
FEA TR figp el R Hp ) S B DR DA T S R T 1 4
WA ARG A . JEF H bR Ts Y Wb f o # v i)
R L R 5 OC B, WFOYE A O A R
T L R K S B R ks oAk, A
M esE PAHs fUiHETE, & A5 2 %A GE )1 E
PR TR AR (B 3A) . I I S TR P Ak b
F R T RE B R RD AT R — b R TR R R R
PAHs MM, Saito ZE107VR H 1 JE KA K
WAATEE TREBEXT 1 mmol/L JEMIMEMEIAT] T
80%, [AIFHIBATIESE T phdABCD K %} 174
PR F B AR R R TG ME A B . Mardani ZE SN
SRR W 2,3- X4 i (catechol 2,3-dioxygenase,
C230) % 5 5 A (nahH) S5 A R R B4 i 14
(P. putida)ta 2 T FE I bR, SIh#E @ T T+
(500 mg/kg, 60.566%)FIEE (500 mg/kg,
43.123%) K P& f% . Maxel ZE9F) I 5E i E Ak )5
%t K FF i (Escherichia coli) MX203 B4 &,
T RS AS SCPEREA T, 457 HH P450-BM3 %%
AFR GVQ-AL I GVQ-D222N, T RER R E
KA TG PE AMIBRCRAS B T 5
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Figure 2 Representative biodegradation pathways of PAHs.

223 AIFIHTL
E%ﬁ%ﬁ%%%1$%ﬂET$Afﬁ
i M R SE R . SR PAHs iR IT
7433/\F?ﬁiémﬂﬂEP%EiETtﬁﬁk;féﬁﬁ%&/‘iﬁim
JE#E A0 M B A R E AN T R A A S 1 Y
PEAFUO ST 578 TAYREE, NsE PAHs 15
Yoy e (Rl ™ 4 P e A AT LA R AT v ) A 3 ™
YIXEsRBEENE , BRI AR A, 2T
BRERE, Yan SFVIHE T —HREH camA”,
camB’. camC J:[H 1) TR KM CYPL01, Jf
H 5 KSR T & B (pentachlorophenol, PCP)
A it T 44 24 2 741 (Sphingobium chloropholicum)
ATCC 39723 HBURWEEKR; LK HE
CYP101 22 S I 7S SRR i 1A B, T

Z&: 010-64807509

KARME R B ATCC 39723 40 TS My ik
— A0k EREN, ZIREKRRTE 24 h X
4 umol/L 7NE R MMl R4 40%, HAEA 1
S 1 I B B R R BT S A

ARSI A BT, T AamE Yt
8 3 A B B R R HE AR A DT R A 2 A1 B i AT
(P. aeruginosa) PH1 #4752 58 1k P12 ff WU
A AR R R T AR PH2, MR T &
A 2 ARG ER B A 1 SRR
TARERIHAFIE(E. coli) HY 1725 FEAERE AR 1 FE b
TR HY 1 BCIESUM A B R 25 T 38, 1
e R AR 2 PH2 5t o WU 4L
FIRERZR 15 d X 100 mg/L FEREMER N
71%, % 100 mg/L FEF 2% 7 KR 25 80%,
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X 100 mg/L FEFN 2% I1E + ke bR h 88%,
R AR A9 3 T B3R T . ST AR A

IEES mﬁﬁ¢H%W%QEM17Aﬁlﬁﬁ
T A BHEIRRRAE . KRG B A LAS By
RIFEEL I 5 T AKBFFE BL21 1, 153
TITREKXBFE M1, M2, M3, X3 LK
Wk EA S R E A E, 7 d BERT

72.67%H9 100 mg/L €, @il BEkE 7 d o deeb s
TR R AR AR RE T, 21 d Bfi R
K3 90.66% (& 3B)7,
224 RESENEVFAE

7E PAHs FEfadfh, 5 2 UK AR
SR ACREMELAR T, TR T PAHs K
WK A= IR FBE , ] LUV N 4% 2 i 336 1 7510

A
ey T
Strong promoter Terminator \Di.recled evolution
l Lo T
Loy T — PO e
A — 7 Screen @
Ly T LT Ll ¢ 53 4 T
Enhancement of key metabolic
B
-L-l
H,0+CO,
-00C SCoA r F E T
B C J
Artificial MMS labor division
c

Promotermremu nator

—r.—-—-—l— Gene2> -
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.
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Figure 3 Genetically engineered PAHs-degrading microbial consortia. A: Enhancement of key metabolic;
B: Artificial MMS labor division; C: Increased bioavailability.
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FLFE AL W) R TG PR AN A R G YER . 2
F 58 4 TS 0 & B G R AR T TS PR DA A
PAHs WYFEM#, S22 REGVERIM L, £
AR R A i A ek,
o ) AR P R i AR RA P DA R A 5 3 PR 1)
pH . I B RNk BE Y [ A Ak B2 R AR i e

I BE 3% 431, Tbrar SEUSWA #E T 45 4 #1208 2F
#1 A B (Lysinibacillus sp.) . 28 ZF 4 #F
(Paenibacillus sp.) . X% [X#(Gordonia sp.) I %
i & (Cupriavidus sp ) AN TIREA R ; ZIRE
A 2% RE 6% ol FH 317 36 J CRBOE it A vt 0 )
F1 PAHs 5 L9 (ZEFEONE J o — R il , [R] B 2R
PR REEER, R AN TIRER R
PAHs &Y FAK BRI, 10d R T 99.0%H)
ZEH 98.7% M . AR WA T REfE A ™
AR ) TR R R EE KT-159 .
KT-AB #l KT-ABRI, F 5 EM A T35
Sy THIRBEAARZR E. coli M1, M2, M3 L1555,

&3 REPERR PAHs MK

F R 3 F N A R UK 3C) IR ER R 7d
XF 100 mg/L JF 055 s FEAR R M 61.15%F2E 5
F|T 73.86%

BT R REIRA DR LIS, i n] LUt
Fo B A 22 TR A U 40 I A 4 1 /N o T SR TR T
TR AT DA T L R TR A 2R A0 e A T A 8790
FrEpiih . Pibksn pH B9 PAHs MR EIK RS
TR RS T RR TR RS H R4
LN T AR R R M PAHS 154 Rrk— 5%

3 RUWMRMEZAFTRAERL

TEIR IR R %A% PAHs LR, BR T HRE
ST Y S REE AT RO A& S AT
WRY IR SR | P2 IR R 2R SR
WEEAME . WAREERN LG . R AR R
) e R NN AW )L 7 e U7 5 A A T PO K /Y 1
Horp B —Fh ek 2 Fp 25 R 1T DAE— 2 i BRI 5 15
S (R 3),

Table 3 Optimization of conditions for PAHs degradation by mixed cultures

Strategies Mixed cultures Addition PAH compound Degradation Medium Reference
efficiency (%)

Surfactant Bacillus subtilis, Tween-80 Pyrene 80.0 Liquid  [82]
Burkholderia cepacia (aerobic)
Basidioascus persicus Rhamnolipid Pyrene 68.7 Liquid [44]
EBL-C16, Pseudomonas (aerobic)
putida ATCC 12633

Immobilization Selenastrum capricornutum, Alginate Benzo(a)anthracene 92.0 Liquid [38]

Scenedesmus acutus
Pseudomonas monteilii P26,
Gordonia sp. H19

Bacillus sp. SB02, Mucor sp. Vermiculite
SF06

Pseudomonas aeruginosa
PA06, Achromobacter sp.
AC15

Acidobacteria,
Alphaproteobacteria,
Gammaproteobacteria

Co-metabolism

Lignin

Calcium alginate

Sodium citrate

Benzo(a)pyrene 87.0 (aerobic)
Pyrene 88.9 Liquid  [83]
Phenanthrene 60.6 (aerobic)
Naphthalene 20.8
Benzo(a)pyrene 95.3 Soil [42]
(aerobic)
Pyrene 74.6 Liquid [84]
(aerobic)
Benzo(a)anthracene 8.7 Soil [85]
(aerobic)

Z&: 010-64807509
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3.1 REEEVFAE

R IR R WS RT, WRE R EY
R IEMEFN 25 PAHs Y0 A=Y H HE .
T 224 5 ¢ (A TR TR A R rh i D R wn T PR R B, 38
T AN IR S TI0 A B 2R 1T R0 38 R R DAAR 4 b A2
NP B AR B $E T Chen 8R4 Tt
T 80 X PAHs & fiff 1 v 2411 v 2 ZK G A
(Burkholderia cepacia)[f# te 1 52 5 45 38 8w
iR 80 ¥ 500 mg/L B, 1 v A R R A
50 h N XT 100 mg/L BE 19 Z2BRZRF] T 80.0%,
W EUGE TR EYIREAE . SR, FER s L
T G BRT 149 AR 0 1 T R Ak R TR A R A
PERTII A . Chen SE2HFSY T TX-100 Fl B-FFHH
KX JE AR W A B A A DR SR RCR B RE 5 7E
A [ 5 b7 [G B (Moraxella osloensis) CFP312
FefpAEry e b, EMERESMT, 2 Fhakim
TG PR H e A 2F JE R A, H e v Tk B AR
TX-100 5200 T A= 9 B 9 265 4 DT R AR T JE R
3.2 WEYIEZEX

A W 1 A B AR AT DA S R A AR 2 i
AR | AERR IR R U YIS MR B R R,
BB 2 T8 PAHSs 15 A T /K sl £ 307,
AN [7] B AR FIAN [m] 1) [ 2 Ak it & B2
M A 0 0 PR D RIS, Ay To ML 4k
(9. BEBG . 4 9K IBORL 55 FI A HLER AR (R
. R, SIOHLEIRMLL, RIRA L
HIREGEFESE . QU R . S, IR
B 5 W B A 5 G 4 DA T B8 AR 22 % 15 e 4y
)2 BRAE S Garcia 25 FOM V0 15 G (Serratia
sp.) AC-11 TE#k &€ TEse MGk b, Fl 75000k
B AR BE TR RS AE 1 d NFEAR
56%I1M 7 E(100 mg/L), FEAfZZ [ b 40
B 2 5. Alessandrello ZEB31) B & FR o iR B |
Vb FIE S R B R ) 25 [ 2 fb. PAHSs B I 54
FC A1 B4 it 12 (Pseudomonas monteilii) P26 Fll % &
[CT# (Gordonia sp.) H19; & i [# & 1k 1R 18 4
ZTE 12 d NIRRT 88.9%MIEE, X ZEFIFE W fE
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AR L7 1 2 i
3.3 ARINHRHES

R 2 MR A R, R YR A
KE TSI KRR AR L. BT
o7 F it PAHs WMREEAR, MELAGEAIAT, Bt
A P 04 A A S B — AR X 8 T S I A4
RS0 AT LA TUA: ) iy e A K 4R R 5 4 1 g
a, NTARIERE ™= A= S 08 i S R Al PAHSY),
VFZRHRA Y, WAVRGETER . =R
SERR) . AK5r T PAHs FIAJRESE, #Rvl Rk
B PAHs PR B AEIACHRHCY, Li 0
DL A2 IR BN AR Sk ) 2% A5 B S 7T (P. - aeruginosa)
PA06 F1JC {4 /NFT I (Achromobacter sp.) ACI1S
TR AR B ILACIRIE, 7£ 600 mg/L 65 1.4 g/L
FrE IR AN IACHHA R rh, EERIRE R R R T
74.6%; FrBERRANAIAFTESR & T LAH 1,2-XU0
SR 2,3- 00N A B P S 1 . Gu IR T
AR 5T 28 e P - SRR i DU PR ORI (a) G AR P, B
WAL PAHs b STUZE VIR BRI R
45 R R BT ZR PR B T A AV 6T O B
I (a) B REAR T RE S5 AR ot 2% EUAZ A A 741
WL MAALIE A T 2,2 A BL-3- 2 F
I mE Mk oMk -6- B R (2,2-diazo-di-3-
ethylbenzothiazolin-6-sulfonic acid, ABTS)H) )<
A G, W5 EEE A G,

4 BEMBELIFTENA
FESEPRTG YR b v, W AR 2R Y
Yy, (HATE Gk R R R EE, kT
FIEESHE B AL S R GG, Hi
BYY(ESR . KL )RS RIFREE 514
(EEE . pH. W . BIRAMH)TRESH I
T A 0 e 7 R AR A 1 R IR ) AR
FXt PAHs 15 Ye¥ A 1 S  E0F 98, s
Hh R A B F 52 4520 . Benjamin S5 0020%6 76 BE 55 B
YeHRZ AL T BRI 2 75 Y 3 AT T8 E 22
R WA AEY TR ISR T PAHs R
fEYr, I S0 S O BRI R
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SEATAT T AEE S AT AT M, W B — 221k
AEBEZA s AEXT 900 m’ 5 Y -3 A= W ie 42 Ak
FEEE AR, 161 d J5 PAHs (94.4%)F125(98.2%)
2 R . 7R KR e A Tolk X
T3S KE PAHs [WRY), HkEKY-z
i T2 s G B BRI o Guarino 24 E T 15
Je - A YRR . BT IETE S A
Yy -1 e I A1 B R A8 &2 SR I
[X f) PAHs ¥k ¥ .

TE S PRz TR B A 2R W A R 53 75 L W i
FER T AR BE & BB R 2552 1Y
TeEARE, LA R B B 48 B2 i P o R
PR AL A Y W A B AP, e H
BRHARRBREAKREMNTREEG . HXE
SR B B A R 0 B O R SR A T
R FVFE L bR e 2 g a5, (A%
FEAE W A a) R, AT DLIE o A AR X d5 P PR EE T
&SI A — R 2 AT AR KB TR
RECEE, W HATIEE L EH B AR B AR
TRERRR, M PEPRAENEAERE R e BUS A Zhi TP,
o Bt 5 DR Al A A b i 4 ) 3R AT 381 32 ) [ . T2
A F5E B (National Institutes of Health, NIH)#:
WL RERbRIE 107 IR, Liu 0 g T
— RIS SRR A R 3
BEH ) TR R IR bR s 3 M2 Bl ) a]
AR RIS, IFFE BAR TS e K R s FE R
JETERAIMNE B WS T RIBABEEN
CcdB fE 4 F A, 38 2d 20U kA g py L A
TR AR R A B AR R R A B 5 Y
Y 51 3k B A= )4 A A G 1) )

5 REHRE

H SR RS Hh 4 Rl IR I Z R I5 I A T
faE K, B XTI L MR A T ™
FU, MR ST AV IR A U A
VIR Ry 2 B0 ARz e . Mg T
FEBEA TR A B TR R 5 A% PAHS , T TR 1A 22 [ fi
PAHs 38 # A7 5T = 1) R A A0 % | J SR 9 35 )/ g

Z&: 010-64807509

J1, HATENXT PAHs FAR A PR @Ak & T
RITEIETESE— 258

AR TIRA A WIR R M PAHs 1
T2 R 24 R HL A g 3 DA R R X SRR A e AR
YR R WL TF-BE . £ %152 PAHs 5 Y¢ny+ 3
a5k, a1 YAk Ik 6 7 ST AIRAS 45l K
SRR TR R, SR X 4L K AR TR B K RAFAE
SRR A2 | RCRIRAESS . b T
E— 20 B TR A 3R Y i B8 0 5 PR 38 1 e
J1, MR ARFFRB T AN THUEDREERR

BT A F AT VR A A K SRR AR, K
YR . LR . SRS SEILE IR AT LIAS B Th e E Ab
PR EARZ . FXT PAHs AR FIHLERAF Y
B R TR N B 4 A 2E ) 40 T - R R R R S T
BrgE, HEAE TR oT R AR 5 A Y AR
ML o B P - R AR 2R T 45 5 L DR AR 2 M A B T
S R T 1237 T A O R A= =3 (=R B A 732 80
4 PAHs FEFRERG, MAEiER R X BAsis 58
P4 R A o TR -5 200 TR % 35 2 80 1 20 R - TR AR
E NN DONIA €73 = R S = O T O
A TS YW W e A R ] Vs v ) (AOR 4 v A
W) R sk 2 75 e ) R AR B A E S, A
M58 PAHs [, T4 5 308 o i
Yt —0 M. RN - RS, a2
WAV e = AR g B AR &AL A, A
HEZH TR 9 2B K AT 3l PAHs B fif o

Bt 2 G A TR G AR WA H R B &
&, BAEMRNT 2R PAHs AOACIEHLRE 5 6 b
FE | SCHERC MW B, R N AR LUTF
KR PAHs WL TRIEEARR . Eid4&
b 7 s DA SR R 7K SF X 5% i 3 PR A7 ol v 5
fb, MR PAHs fRi&4e, nrLigs Ha
Rk E 0 o v ) TR BRI B, R T X e T R B
Ay e e R TR R R B ] — A i TR AR R X
PAHs MIFEMRAE . ST 5780 TIJRPE, #gd
Jnag PAHs 15 44 a7 4 R A 1) TR TR
AT DA P R = 0 5 i A W iR B, Dk
PATA A A, SRR AR, AR
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AT M 7R A BE D TR TR AR PT LA S e TR TR AR 3R
XS RYR Y AR L . H AT H gk
D T RE R REREAE PAHS 41375 2T K S 2 i g
B, FRHE— 200 45 TR R 2 18] B AH AR F AL
M EEXER AR R EAF PAHs SRR RITE S
RN R, @ AR SR AP E
e A IIA R P 45 T ik Al LAE— 2048 1R
AR AR SRR OR . 7ESEPR Y PAHS ¥5
QeI , SRR =N TR B R X SRR
R HTBEE N TR RS, T2
ol T BRI ER S5 25 B2 i AR A e ek 0
PR, IR R EE# PAHSs 55 2E— L 0H5T

TERE AR R AL R e d, A
[F) S A 0 2 ) ) 0 ) E AR 8 A AR
SR H R T 5 2% 1 T A R PN R T A )
it A 1R S M RE R A2 A5 MR AT ik = TR
WSS o T8 3 ik — 2 T R IR T A AR A P 3 )
PES HE MR R I G 2, WIS AT DI A 3
Z W R AR RAR R RIS TESEPRR T
R IEE TARRT, T ZX 2Rl BER A
W AR Y R I R AT AR A, S
SRR EHNAENAS A RRRE I R R
W TS BRI . Rk, B A T AR A
FIEY BRI AW R R, SR A RARAFIA
TARG WA IR R % PAHs BT 5 AH B A
MRRZBVFFRAWTHRA , HAEIEE R EOAR
R R gE— P58 Mdews, 9 PHAs 150G
PR SEOAT R A AR DR T 5

(-

KPR TRV SRR WIRR S
R OB S, it TRBOE. @SR
WrEEE BN . WEES . MG
B,

16 A 25 ¢ RATE = WA

VR P W B AT A AT BB 22 52 W AR SO AR 4
TAEME AT i sl AR R
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