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Abstract Polycyclic aromatic hydrocarbons (PAHs) are a group of pollutants widely distributed in the
environment and have ecological and environmental toxicity effects. Therefore, the remediation and restoration of
PAHs-contaminated sites have received significant attention. Biodegradation is one of the essential technologies for
removing PAHs; however, it still faces limitations such as low degradation efficiency and long degradation periods.
The common PAHs-degrading bacteria and their degradation mechanisms were summarized, focusing on discussing
the research progress and limitations of applying them to real contaminated sites. The results showed that PAHs-
degrading bacteria mainly included genus Acinetobacter, Mycobacterium, and Pseudomonas. White-rot fungi were
common fungi that degraded PAHs. Compared to individual strains, bacterial consortia exhibited superior PAH
degradation capability. For PAHs such as naphthalene, phenanthrene and pyrene, the degradation process involved
ring opening catalyzed by enzymes encoded by PAHs degradation genes (e.g., nah gene cluster), followed by
stepwise oxidation, ultimately leading to complete degradation through the salicylic acid or phthalic acid pathway
entering the tricarboxylic acid cycle. The degradation of benzo[a]pyrene produced intermediate products, including
alcohols, aldehydes, and acids. However, its complete degradation pathway was yet to be identified. Studies on
PAHs degradation bacteria were mainly confined to laboratory conditions, and there was a lack of verification in
real contaminated soils. In application, the activity of degrading bacteria and the efficiency of PAHs removal were
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influenced by various environmental factors, including temperature, pH, oxygen levels, and soil organic matter
content. In addition, some cases utilized biological stimulation and/or bioaugmentation to significantly improve the
bioremediation of PAH-contaminated sites. Nevertheless, the application must overcome multiple limiting factors,
including reduced degrading bacteria activity, failed integration with multiple technologies, and high environmental
risks and costs. Further researches should include the mechanisms of PAHs biodegradation under conditions with
combined pollution and the presence of indigenous microorganisms, the regulation of physiological characteristics
of degrading bacteria, and the development of novel materials. Furthermore, promoting the application of PAHs-
degrading bacteria in real contaminated sites should be strengthened to achieve efficient, economical, and
sustainable control of PAHs contamination
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Table 1 PAHs degrading bacteria strains and degradation efficiencies
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Table 2 PAHs degrading consortia and degradation efficiencies
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Table 3 PAHSs degrading bacteria, associated genes and encoding enzymes

RS PAHs Wi figp s IK] i ity Kl AU
Pseudomonas sp. MPDS 2555 ATRIRIG . IR ITgEN) nr?:}ﬁ;‘nr?:}izc{ SCiHR[14]
Pseudomonasﬂuoresczzsa zigg _ (;thzizgomonas koreensis 2 AR nahAc S [ﬁ_ﬁ;}; |
Herbaspirillum sp. strain RV1423 e nag SCHR[43]
Polaromonas naphthalenivorans CJ2 % nagAc. nagAd SCHik[44]
P T o T o, o o
Rhodococcus sp. P14 B IE L R[] baaA . baaB CHK[47]
Delftia acidovorans Cs1-4 E[B phn SCHik[48]
Acidovorax strain NA3 25 JE, AIF[a]B. HEIF[a)tE phnAc, phnB. phnC FEILACKUMSARE  SCHik[49]
Mycobacterium sp. strain CH-2 25 3R KE pdoA2B2. nidAB CHR[50]
Mycobacterium sp. strain 6PY 1 3 pdoA1B1 SCHR[S1]
Mycobacterium vanbaalenii strain PYR-1 3 nidA, nrffD nidC, SCHR[52]
Roseobacter clade JE. B A I [a]tk pahE SCHRS3]
Mycobacterium vanbaalenii PYR-1 i3 phdG PAH/K & H-BESHRG  SCHR[54]
Nocardioides sp. strain KP7 P-NE N W B R =R phdABCD SCHK[55]
Mpycobacterium vanbaalenii PYR-1 4 phdF IZURAUINSERE  SCHR[54]
Sphingomonas koreensis strain ASU-06, Pseudomonas
Pacuiomonss o Shingomonds freensssosin ASU06, 2 T T R cro.cao s oLl

Ralstonia sp.
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Wk 73% 1 52%; Staninska-Pieta 25 72 B 5% & i,
Burkholdarials H 9 3% 4= ¥) 78 & 4 J& W B2 2 51 A
50 F1 150 mg/L i, PAHSs A= YIRE SR FAXT T A S
4 @ A BRZH 3 0 S 0 17.9% H1 16.9%; Huang
SEBV G B, Pseudoarthrobacter phenanthrenivoran £
30 mg/L K,Cr,0, %4 ~, 17 d 582 F4 % 100 mg/L
Ik, E AR Z PAHs [4f# F1E PAHs- & B E &
TSI T B AR R AN A

AT Y M PAHs [ — N2 2B 1,
HEEREESIAFNEN. —EWENESE
RESfEE PAHs MREMET), B 5G, AR RESis
S B A AR, AR R R Y TR PR R
(ROS) . 4, Cu( 1) A1 Cu(Il) AJ LA Fenton
NS ROS, #H1«OH [ 7=4z, FF 1] G5 | KAk 2 hif
4k PAHSs; LUK, T4 & T RBAE N i T ik iR a2z
K25 PAHs WK f i B2 e, 48 T GE Al
PAHs P BHE U2 Gk, 25 %) PAHs (R, SR
1117, fe VA FBE ) T 4 J8 T RE 5% PAHs B B = A i 1k
S| PAHs FEAR RIS, S0 A K ZE A
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TEPE TR I, N — DR 48 5 PAHSs AH
AR SARR R REREHLE], DTS I E 428 i 52 PAHs
ok ot BRI A2 NSRS S A P I TR TS o
14 MEVREEPAEINEEMEERERE PAHs B4

HI R EMEEIER

SEPR PAHs 15 44 TIERUE YIRS R AP TE 2 T
PAHs [ L AE G LU0, T A W ie o5 rh AN (]
IhAEW &2 5 PAHs BYFEME, TEAEIE U A2 it 19
LM E AR . XL R BA R RIS
FNRE SRR T, A B2 W) 38 4 P IR A ke AR, 3
M2 5 PAHs MR FE . —J7 I, EATA] e R
PAHs [% i £ By Bt ™ A= 19 v 8] 7= 41, B W) 42
PAHs IR f#; 75— J5 T, EAT23 384+ [ —2 PAHs
Y, 30 PAHs MRERAZ BIBR S o LAk, AR R
W e o AR R B % PAHs. 2L 40 [ 75 7
A SRt #2 i A = % v i 2 5 PAHSs
IR At

SRNT, X5 T 1 AR W v v A [ D) 6 104 71 s o i
PAHs 9 ML il e HoAH B AE A5 AT SR 3 ik =
Gran-Scheuch U7 | H &3 & 16S rRNA 744 1l
FRGE T NN = e B2 PAHS B9 48 3 X & & 5 AT
150 IR A YR IE AR R S, S5 R R,
Sphingobium F Pseudomonas ~5 & J& AN T PAHs
A A8 g = R W N, 150 X S TR T B A
J& PAHSs AR ER, SN T & U BE PAHS (95 fie i
T e AR AR Y0 D PAHSs BRI B E 2. Ye
S US e AR A M v U 0 2R R 2-FP R 2R s A
Alicyclephilus F1 Thauera 7 )& i & 52, U INFEFTE
A2 HE Arcobacter. Acinetobacter 1 Thiobacillus T
JE ) E S, VLA INASE B PAHs 7] BB i1 & HEXT
IV A PAHSs BTG . ILAh, SNIRGSIIAY PAHS R fif i
i) HE AN + 3 PAHSs [ i B A LE A ELAR o Piubeli
FPVHSYE T US N Proteobacteria T & J5 T3 GUAE W)
HER AR e, 25 R, U I ARG N4l +
1% PAHs MREARZ 225K, 1B - I E YR i S an
TRFEES . TERBIN, Sphingobium T J& 1Y F 1
i1 L 3 B s MRS IN2H, Flavobacterium T J& 1)
FRE AT 1.6% ETHE 8.0%, BEEASMEAR I PAHS
R A e T BB 0E 3 b PAHs IR A0 . R,
T B A% DAY A AR TRV A B T Ak A T i
PAHs FUSRNE, I & s A= e = HoR

2 PAHs BEfEERIN A

PAHs [ fiff T i 156 115 A ML AIF 5% A G o7 FH 42
HET SRR . SR, PAHS [0 1 X PAHs 1 [4f#

75| PAHs 4548 | THAE DR AR 55 A E &R
(ISR . E AT, XF T PAHs FEA# B ORTSE KR 5 PR
T 00 % FUAL, k2D vk sl 37 b A 0 Y 36
WE. UMbk, FESEBRR F Y, PAHS RS b B M e A
2 BHE PAHs 15 Y PRI | FRBE 5540, AR T 22 A0
Ko figk Bof [ 55 22 b BR324 U0 g, A S B
PAHs 15 4« b, PAHSs ¥k B 4 5 sl 3 2 AL st a] o
A FECLAEY TR EZ, BRI TR E 4
4, DT BRI T R R A RN (EL. SEBRI R, 7
FRRE ELARE B 2 S BRI R, LI PAHSs [R%
fif 3, LG Y i S AUE S . AT X PAHS FEF#
PRE SR I FH T i — M ARG 45 (R B AT T I 48, A
A= YRR A s Ak 4 7 FH S8, % g A 2o A rp
AT BEAFAE Y 1) RS N B A T T #R 3] -
2.1 —MRIMEFRM

TESEBRIS P, 5200 PAHSs [ B M RE I PR 5%
P EZAHE pH, IR EE . ASRE B, A PR
i DA S A e

T, IR pH R M AR DA AR RS M
BHE, M, Bak e £ 3 pH(Z0h 6~7)
AR T REZEE MR AR, I fEdE PAHs (K%
fir . ASTR] PAHs [ fife B 0 R Bl JEE (1003 07 BE ) A 22
5. PAHs A 6O TR BRUEE 035 N e, A1
PP PR B B S5 AR IR B, SR A
(1) pH MW R m Ak, 1] AE T30 PAHS R#Af o A= K (0 3
il A PAHs FEARBFYCHE . HOR, S HMREA BT
R it BT ) A KRG . 7E 2535 °C AR BE VS T Y,
TE B R AT LB % A B X PAHS (1) B i
RIS PR A Y B e AN E S G A T 1 A K
HR, AR PAHs B TEE. Ak, TR 3
WA T PAHSs DA [ AH 21V AH 09 A 0, A I 42
PAHs M AEP ] FIHMES, SR, 2B 60 C,
2530 PAHSs R i oA A 4 ) F PAHSs [ £ it 119
PGP, PR, PAHS (348 R 23 32 B S SR 1Y
Wil 24 o EAEAT LIAE R B R L F 324, 38 1T DU
F AR AL PR A S B IR LY. BRIt A
AR T PAHs HYRERES, d 215 s 2 rh
wHMTFEDY, sl s ] EER) |
20 A B B A A4 & b, RT3 PAHSs [ A 08 A9 7
PRSI BT BRAAN, 1 AT DA i A —2e s ),
AR RAMSIEMBESRAL AP E, R mik
ZHREE S EY, &a, AP TE R R R
PRAE SRR . e iAA BILST & ol A R T R i
K, TR PAHs FOREAR . F7 5 M, YR
B LAy 0% PAHS, 438 LA g 38 B &
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SRR R R U B, SRR Y ae g H
K 4 +F PAHSs B o 19 A 1, BN 2R 5 p Ak
PAHs A i BT AR, 24 3 U & 5K
B, AT DGE R B A MR E S 010 77 308 &5 PAHS (1)
Rok i 36, 200 o RO i ST BT DL %) 8 SR W o A R
Wi ZIRENFITN = E R0,

B LR IR EE R F-41, e A RN B b 25 5%
ok i TR 1 25 KR PAHs B figf 3601021 SIZ B g ) o 22
LA T IR IR B AR s, BT LR Y5 Y
Hiu, PEAT AR R A R 4R R ks, AP TR R R 3R 5T, 41
WA T TS PR, TSP PAHS 15 Y437 M i s s 5
2.2 SRR FA LA

A YRR AR T 4 T A X 0B SR T s R 4
I 5 A R 1 i A AR A T CRE ) X B B e )
fEBES, — 5T, AT LAGE R IR pH IR
K, Ak PAHs A R P PREE 551 53— 7, B it
PEAEAE W E TR (IR B L BT S ) P4 AR
#E PAHSs P 10 AR KRG PE, T 5E PAHSs [4f%
., N, Ugochukwu 254 38 i Us in M EA AL R
i i2F A7 v 4 v PAHSs 19 B i, 76 X BEZH h, PAHS
RSB ALA 3%~ 30%; TAERLIN T 10%~20% (5
Fb) B9 AN A FLIE KL , PAHSs B R R 42w 2 T
39%~90%, Haleyur 25 BF5 T IR KK FR0ES,
] HE R PAHSs B RS, 45 R0, xHF&k . K
AT Y i 558, AR RIBOR A0 PAHS 5 4
YA 5 R

FEI S PR AT LA #E PAHSs B9V %, 3400 PAHS
B R M, AT fEE PAHSs HIRER . Peg Rim
T PRI PE RE G 2 Ak 2 R ORI A A MR B
5 5 J5 SR 114 2 T U M AR 2 PR 1 PAHs DA A4
FERT KA. P REE NS S L
HR A B E i A 8 A A ML A 0 A A W A
T 28 AR 29 T 3 A ) 1 00 B, 5 ) HL A 3 v
(A FHACRT 8 7 T 0% 1A 791 2 X i
A= TR, SR R R A A K AT PECS . M
B R IEEVERE b OR 5 e A v far A AR
T A 0 2% T 6 2 790 X e fof o ) BRI G . R, I
R RN A 2 T R A S
FHF PAHs 15 Y& £ 3 (/) 36 BEF0 A& &2 OO0, i 4n,
Dave % V2 0F 58 T 4 2 7 % 1 3 % 7 Triton X-
100 Al A= W 2% 1 36 Pk 77 B-2R BT ORE X v T AN B
Achromobacter xylosoxidans 5% PAHs 5200, 45
FH, TSN Triton X-100 F1 B-FRHIKG (i PAHS FIGAHR
SRR T 2.8~7.6 {51 1.4~2.2 ff . Rathankumar

AN BIE 58 B0, BRI 1500 mg/L A4 A 49 2 i i 551
BF, AR % B EL R H R LB TE 21 d X PAHSs BYF%
i 343 N 61% FiT 54% 5= %] 100% Fl 86%. H
S, A ST TS 0 A v TR R Y 3R T 1 R 2 %
PAHs [ fift P A9 A8 4 R0 = AR k] o100 R i,
FESE PR 6 M RS Ik BE ), T 225 5 5 18R
TR T PR R 6 PAHS AR 40 AT A1 TR A 42 e 000 o3 e o
A REAYAN RIS

— e, AR R, AT DAAE R Y
P[] P9 TG R 7T PAHs FAfifk B 114 A BBl A 7 s Rz, fof
TP IS N PR, I AR RE . AR, 7R 2%
MR, AR RCR T RE O RR A, T B R R
SR R, A BR LA A TR R B A e . R,
T B A AR T Bedl =5 PAHS MR
2.3 A4 A SEf)

A=Al RS )15 G 3K AR AR IR R 1Y
R TR B RTRE, LA It B FRis G R ae
WE 5] PAHSs (2B A bR SR RE, T LA B N
A 2R R i DA A P 2 RIVER B, SRR A R A A A
B YRS TAETS Y bt = PAHSs R
MIFESL . 1 Bao S5 #5907 7EAE YR I S W as th s
TANE 4N # BCP-3 X PAHs i & i 52, 4%
WoR, LB R HR  IRA K LT L, B
1B FI Tween-80 Hk B 45 45 14, PAHSs 1) B A 80U TG
W i A2 Ak, TS I AR A R BCP-3 J5, PAHSs F%
ff % E L . Zhang EUE TR B 3 MR IAFT B
AR T R TR O [a] B0 B AR, TR T AR X
10~500 mg/L AR [a] BUIAT R AFREARBE T 5 BEE
PRI T= 4 0 B IESE, 3 Fh T AR e R ad A2 bl
[FVEH, i1t LR A% FR, 78 21 d XF 2RI [a] B R
fifr ik 5] 90.7%, A= Wrsm AR B o

5 A YR B L, PAHSs B ik PR R ) e B, 4 fi
BCR AT B 3 A, PTG A A PAHS V55434
i N, Zeneli S5 LR T H AR AWK
FA Wy 5 AT AT T A W v A S G
PAHs 2 B 0952 M, 45 R, LE WAk 2510,
PAHs [ 4:% N 87%, B35 5 T H IR (37%) Fl
H Wil (42%) . Rathankumar B BF5E T 15 +
WEAPUE & BN EW Pleurotus dryinus IBB 903
X} PAHs FEFFRCRIGRZ I, 455 0, 125 LA L
IGiens g/ =i e we o Rhe N N R R X = N U 2R
Yo il P 2 AR A A S R P 3 P, AN I EL TR Pleurotus
dryinus 1BB 903 &b FR2H rhJEFI 2K I [a] B R
Fim T AL .
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3 FEREE N F 157 A9 8] AN A HE A9 R XS 48 e

3.1 PAHs F&EEEM

FESEBRI R, FEAEAEAEE NIJT iR PAHS 1
Rt S R AT, (PR Bt B A A 2R AT, PAHS (Y B iR
B TR, 75 PAHs M0 i, BREE 40
FIRE R A WAL, 56, PAHSs MMl PR iB AR
SORVEFRYIR, Mok, HALAN A ] RES PAHS [#fi#
PR S P T IR A AE AR 2s () UOY, MARUE R E Bl R AR
BRI BRI, PAHs R B 23 0008091, HOR,
PAHs TEREAf AR rp =2 i) =), vl B i st
2, M e dE Y R R B — o R, PTRE A X
PAHs [ B 36 M= AP0, )5, FEAEEAF
FIZAET, B B AT REE ARHICIRZS, 75 B2 e 2
(RS TR A RE IR B T P o SR = i S 3 T A
T, PAHs MR 232 BIBRHI1

kT ERAE PAHS [ R% A T RS DL, 7632 PR
JOFFH e W2 X 2R i TR P T A i R R A T R R
W, FEAR B W 25 SR AT R L AN Ak o Rl R
JEBAMERN B 7, 4EHE PAHs R 0TS PE, 8
AR A 4« ORI R R pHL oAy e i D 1R L
A AE IR BT s o WA S AR SR,
PAHs R A P 14 25 RIS Sl 0 PRI P 32 7 24 45
32 EYMBESEMARARNBSEA

FIFH B BA D RE AL L5 A W R A & Tk T
PAHSs R B PR RE . 2RI AR RE A% ie3s 1- ey B
AT, Shy Aot B AR T B A A BB, DT R n
Rk At TR A B0 o ZRAACMA R T LAIE 22 1= 4 v K 43N
SRS, WEIMREfR R BTG P . BEAb, BT RLE
RENR B AN s 48 PAHS, ¥4 INFEA# A5 PAHSs # il 141
23, NI H& 55 PAHSs [ REARRD10 A=W b R gl
KA RLEA LR F & . LR E AR A A
SRR, HOVE N B AR R AR . BN, Ren SE0Y
it FH A Ak A B8 0 11 2 AR 0 20 B R BK, X STk B
I AR | 3R He R T AR AN FLAARR, 38 m
T HErh PAHs FEfF o O ECE, NI B S T
PAHs AU, Qiao S5 6 PAHSs [ b A [ 2
TEREEBTR AW e -, B TEE . #9F [a] B
EfiJf [1,2,3-c,d] EERY PSR . Liang U7 (& 2
15 U6 AR W VR A R ik B 1) 4%, A o B 2R B
fift TRTE 24 h XTIERY ZBRAE N 58.2%, 35 5 T R
SRk AR B Y 2 BR %8 (38.7%) o Firoozbakht
AU B B, IR0 1.0 g/L B ALY K B0k, 72 h
X AR I R RN 37.1% BB 1R & 3] 77.2%. SR,
1A 28 HR A In AR B 75 2 2% R A B AT Rl i

() AR AR R XU T BRI, e SEBRR W EEA
J675 TR AT I BAR M BE, 456 BRSO, X2k
PR R RIS Ik BE A T LA

27 S AL e 8 R [ A - S R (R LTS B,
FEARILAE et . ATl fh 2 A 5 A W B At
AW, X PAHSs V5 42 1) H AT I R IE 2, LIS
AR . BN, Liao %5 BF5Y & B, # Fenton,
WP Fenton, {1 £k i i R 491 1 oy R 190 A ALk 1R &
5+ R A YRR ARSE S T A2 #F PAHS (1Y
fi# 3R o LA Fenton 14 22 S ], 28 F1 6 M 1 B2 A e 42
12 45%, e . 25 FMEERY A4 = T 29 30%.
Mora ZE!M7 &1 % 140 mg/kg MOFET5 YL+ 1, R ISk
AR AR E AR G A YRR R R, 75 28 d NIAEI T
60%~80% MR MFA . SR, fh2F A AT BE S
IS g A, AR 4 38 HLTE 2 A 3 pH, fh2#
SRS ) F ] 7=t ] R 2 XoF AR A T s G B e ) B
FARERERO R g, R A A A A
VIR R A B B 25k — I, SRR A I8 1k
AT | W B R ATy =X, R ikt e SRR 2 3R X
Ra itk DR (R AN R S 5 g — T, R Ak S Al 0T -
BRI B SR A RS, Sl I AN SRR SR, T R
AR R AR R R . e g R TR, T3
ARIL . SRR T K ST R 5 2%, I 2
XoF A2 AL R I e 17 Ak 38 3 R AT 78 4 i
1k, LI B 3 A 752K

40 AR o 88 At o1 =2 0 114 P TR 50z B A 2 - 458
HROMERE fR A AL G R PR, — 7T, £ PAHS
(1R A ) 5 e 5 52 B T AUV At B8 R v /K e,
FEYIAR ZR 53 W AR & W SR PR ™ A 1 A=
T TG PR T 0 PAHSs (2R R A, R A
VIR BEPED S 5y — 7 T, AE A O] AR PR P SR
TR, AR BRI P AT AR R X PAHS (14 A
WU . Gao FFUPIESE & B, 5548 B 16 ( Medicago
sativa L)TE 70 d N KB T 98.1% 1Y AEFI 88.1% 1Y
BE, AR PRI A 0E T PAHSs MR f . SELE R PR
B, W0 R BB B ( Pseudomonas sp.) . 3 18 FF &
(Bacillus sp.) F1AS s AT & (Acinetobacter sp.) NMHBE
AR RS B, i BA AP IR AR PR (e dh
WO AT I FE D) B R Rk AR ), (R R
U BEEEAR BRAE AL A RS AR G- Hbadh NV W% 45 1 1 48
S, SRR XS Yo TR G RO, SR, X
T A AR R TR 19 075 12 AN R AIE 32 2 )R PR T 355 7 1L rp g
FEFR TG, e/ 3 2o 7 1 5 56 (A AR B v 3 [
FaYMEE PR PAHs V55 HIEAURCR . R, T 2t
— LW 5 e i TR R ) 9 A B AR AL, DA S AR5
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13 &

IR -6 5253000 Hh IR A FH S [ i TR - A 40 166 FH
ZB% PAHs $#EHEIERY
3.3 IME XU FRPE AR A

BARAEYME E R — P AR KA a8 2 4
A, {H 2 PAHSs B DA 04 I FH 0 AT BB AE A6 PR 58 AU -
IR B CT AR TR . o R A v 4 ) sl 2 i i 41
VR bR}, R 16 P 70 5 ) Dl B8 s - & Tk ke
fift PAHs A5 3K, Al g2 x) A T M RER 4544 |
S B T AN S, R X R B R
I R AT R R A R A A AR R AT R AR .
PAHs [l B A SRR 72 PEAG T | A A SRERER, Al iiE
XF R AR AR . PAHSs [ A 0T GE
IR A YA | 23 KUK SRR B LA 34
b, DR GBSO AR 35 R A T X N S A A XL
R O4120 A, E PAHS [ A B G FE rh Ak 2 24
O G T 2 7 Wl w7 I we S R ol N 2
[, At b [, 5 X PAHS R 11 1 FH 38
B2 RS AT 70 0 PEAL , IR BGE Y i F B it . H
i, TR FTEATIOR LA PAHS ¥ JE I AR R pEAr 28
S BN A 25 R G U R AR A28 A TEA

A, B1XF PAHSs Fff i 00 B FHBFIRAEAE HOGHE
RS, HIZmE T A )8, PAHs A9 fi 4 AR By
N FH AR BB B AR L KR W AR
s 4% 2 A, BT PAHs Ml A B 0Fa e
PERBEAR AR S 2, AP PAHs PR FRE
A S BRAEA ML A b Al A 7 ) S PR R P,
HFFE R, A EDE S H AR AR K ZE
5o Wit FH AR a AR MR AR B PAHS 15 4% + 38 A A
AR50 170 2650/t F 130~260 2£70/m°, FHXT I
T, HENE B BAS 2 AR T, AR AE 50~ 140 32
TOM BTN AR [R]85 X PAHSs Ffiee A 0 FH A
AT RN D A a5 AT VEAS , A B de A 1) i ke
%, [RIBHAT X g T 23 T4k, DRI SA

4 HESKRE

PAHs 74 BRIRE AP 492 70 A Al SR BR R LA
TR, 51E T AT S BBy G B Y
HRKTE . YIRS — 2RI B A B BOR, B
A1 PAHs 15 YR 1. PAHSs B9 AE Y7l 1 T4
2%, LR W9 TR B2 B 4% B A 0 IR R 2, B
PAHs [ A= W R fift R B . B R . HRT N I,
ATyl D REAS 2 S RS Je b Hu b R AL 25 Bk PAHSs B
BT ARSCIAYN T PAHS A B B LRI, I
X P A T TR 92 PR TS e S b B I EA T T R e
W FELEIBUR: 1) PAHSs MR H + Z A AT

# J& (Acinetobacter) . 53 K ¥T 1 J& ( Mycobacterium)
FBCEA B T & ( Pseudomonas ) 55, B F 2 I H
W SR TR PRAH L, R B R LA 471 PAHS [%
fEvERe. 2) 2% JEMEESE PAHSHY 78 & Bl 12
i, MAIF [a] BERSE ML AT 3)PAHs
WA ik TRT 1 17 FH 32 38 A58 TR 1~ 1 52 i, A4 0 R 2
Yrom Ak &4 = PAHSs PR30 % WLF-Bt . 4)PAHs
R itk R E SE PR I vh, AETE R BRI TG PEAIC e/ 5
1A A BRI T« P XU R 3% A A e 55 )

Ak PAHSs B R A58 AT A DL JLAS 7 T8
TFJ s 1) BRIE R 11 10 A PR AR, B9 R A 1 5 20
B0 A e v 0 AR B RN AR 00, IR R B AT
H SR IS R B AL 2) FF & R0 T B HR, 141]
i, 308 S B T R R T I 1 R A AR e A T ik DA
& 15 WA TR SR IR E I o A, IO — 25 i sk
o fite TR 2 AR B 0 FRAE T, A2 B R A 77 ol Ak &
J& o A EARBNHT, FF R B R R R, B2 5 PAHS
(1) R i 28T B AT BRSAR , i T R H AR, )
R DR A o WIS R Ak oy SR iy, DA S 9
Xf PAHs 154 H R, 485F, AlRREHR B,

SE
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