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2 TR T E Y PSR IR AT
L

ZEA (PCBs) J&— Mt A A R BRIEIS S it . A g 2
FAE AR PRI AR D 2 B AR o 0 A A0 S B (AR U 20 A2 498 b PCBSs B i
WEZ T AR PCBs 1 A nldd i A E A AT . IR S HI A
TSR AR . (RS PCBs (US4 T 5 18 PCBs) A ff 4 bt i 77 =X
BEAT M. E AR PCBs 7530 IR —F AU & 77 sUEAT PR 1 Zeillid IR
Jin A CEAR PCBs, 2 JE fEBF AU M AR F T 2R AT B fide

BT CE R0 B AR 7T, HEl, X405 M PCBs LA
REEM TGN . IR, PCBs FEMFAR 3 51 PCBs & & HFIELL [ ML
H, O R Z RN R Z B2 A . AR 1 FioR: PCBs it Bk
RIS (bphA) AR T EABER TR B 2, 361 (I
3400 RAMES, HEIR —ABREY (F2N 2, 3-74-2, 3- R RSk
R ARSI AR AR (bphB) LA EH, Tk 2, 3- R RRIK, Bk
o3t 2, 3- R FEBIRUINE NG (bphC)MTEHITE 1, 2 LB WiZY, A a7 T FR IR
EYI2-F2HE 6-5-6 K-2, 4- TR RE) . (AL TFIR-S W 1 T /K e (ophD) 1 H
KA, A R N B ERBR AN 2-F256-2, 4-XUF IR, I o il LAt 4 1 e
LA AAR Y CO2 #1 H2O(Field and Sierra-Alvarez, 2008). {EfFEE M, 4L
2R W] A ARFR B v 1 2R R IR e e o 220 o b — S AR AR A R SRS R
SR B A PR, FTLARAE PCBs HIMARE, MM R PCBs f 4R
(Blasco et al., 1997).

Cl Cl cl cl
| * | i | % /CI

7 Bphd Z y BphB 7  BphC ¢ _BphD Q N L/CKOOH

OH / F
=
| @H @ COOH OH
~ ~~OH ~ COOH
H OH OH

1 PCBs #f 4 AR 4%
PCBs (U AU T 2 415K bph JE KA 6 57 &0 QK R A (A 2L [A]
bph PR 7E7E T PCBs 55— 20405 (Kim and Picardal, 2001). % H R R4 i
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FEPRSRUE TR PCBs (28 —ZH 40P -28 IR PR AR, 1241 T 5T e AL = M) 5
RIRFER . 1FH PCBs FEMRMCHIEN, bph B[R 67 57 4nfilh (1) 7] K PCBs P i
NARTERIR, 25k B BAFAERAE )y Bl PCBs [Ef# AE T HIbR & . WEFEERH,
DT AR I SRR AR 1) bph J ] [R] i 0 AT A4S PCBs. BRI H IR AR AE J9 it 5%
PCBs i E AR B 51 . B 2 SRUBRAR B S5 AHARL, A 2R D R BB
VERAEAIE TS, P4 i) Bl — AN = FT [RIN 4k PCBs At g AR
IR . BERAE et PCBs PRI WILaIRY), CHURIIN T PCB 54
3. TR IA A i 1915 5 (Brunner et al., 1985; Fava et al., 1996; Lambo
and Patel, 2006).

IbAh, AN[E) PCBs PR b B Af & 1S AN [R], AT e 2> 520 Sk Frif 35 PCBs
A7 20 A M2 i 4% (Nielsen et al., 2000). 4125 PCBs & fif ) & Fhiily, i o] LA
WHEMKRHIP . R EIAZIE 2 R R A R AL A TE . eAt, 3R

7KL mosaic LML ILFEH, 24 Pseudomonasputida CE2010 6= bph i& 42T,
tod Fl emt 1152 it B A7 R 2E1T A1k (Ohta et al., 2001). X FfEAET
FAAN B PR B HE P 1) mosaic 4% AT BENT B 25 S A RS EE R . R,
RRAU AT 55 oA BRI FE PCBs  HIAR I HH I DG HE A FH 75 AR A 4%
PR HEATRIE A

225 3R
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YRR S (R
#HRE

AR FEARDPR KA T KRS 73 7 FR 54 v 1 20 e o S8 91 A=
Y5 R BERIt F0 f 32 L RN G LA

FLTE 1983 4R R, BRKEF= A I IR BT 4 R S 00 2 (Andrreae, 1982), &
>k, Meinrat O. Andreae (Andreae, 1983)7E X & 3] 2 b7 3= 17 # SF A5 4E WP A E L
SRR KA B R PU e R R I KB B (soot carbon) Alid & ) 211 5t
KEPIER, 2P S Rl AR DX A5 B 45 SR AR HARRL, 85 ) SR A,
gEA RS AMERTR (HEEMT L7mm) FAIRBERBEERN K (Mg -8
AN ER ) RN FURL B I EL A5 Sl 7~ 3K 5 Gt T Rty X ) A P o i e o 4%
TR+, K5ER (black carbon) [ i £ 4% 2 A AT N A= 40 B R e < v e )
fa/~¥)(Cachier et al., 1995), [FI, #i W Bk Ge ™ A= I o 2 ik — i 70 i
5, HIR A AR E B . B4 1995 4F, F.Echalar I A. Gaudichet (Echalar et al., 1995)
Wit Fe fEASHEEI K, P, Cl, Zn F1 Br 2 RSB IR IRFIE RS 7, 1M
ARMRIRBEI 3= 2272 Si Al Ca. 1 K24 F S IRBE SR A ARG, R4 T 6 I thbe
R (Flame) N K* & & E . Bk, MA1HE K] DWEAEM BHER JEIRFRES
T MERY . B, KB Tk BRI INE T Re sk 5 i £ A0 454742 5%
FE, £&'58d R ke (Jung et al., 2014).

1999 4, B.R.T. Simoneit (Simoneit et al., 1999) B /X 42 H ¥ 72 Jie i 56 b

(Levoglucosan) {1 NAEY e H A1 4L 2 AR IC T . AxF A2 4 o SR JoeHIE T8 )

FEP) R BT LD JSFEAT BIF 5 R0 e I o SRR I T e JH v e v ) o T RS 2 T
MNATHE FH B 2 BRI B T i SR A il 2K 415 7= W) oK P 22 P Jo R )58 (Simoneit et al.,
1993), 4, B RRERIRA T UnE 28 AR P A 0 B AT HEAT B AR RGeSV B 45
. B, FEAE A AR ISR BE SRR AL AR I FE - ). T B.R.T.
Simoneit ta 1A AT 7 IXA ] B At H ) A e i SR RT3 T A AR R RO
HAMRSHRE, e ORI 7> T SRR, HAER AN B
FEARM o AP 4R PR 7 SUAE NP ERIGE S 23 i« 55— A, <300°C I AL T,
BFEREER, KMER, 7R EMRE FEIBIE . M, >300CH
THOLT, AR RS R R OB SR, SRAR RIS FH 7= A5 0 5 AR A4 5 A

6



HH&E 2015 FE 10 B F/\H

Y, Fod AR 1 R IERAES MRS, PR T AEYI IR E R TR
Yo, FEGEL, 6 KA AN, B/t ZEnE, RS R 0 i 44 . 1985 RN
1988 4, 7 e S pEAE 2= S P A I >k (Hornig, 1985; Locker, 1988), J & Bl
FERAFAE TR ARRLAR  (BURIAALERURLAR T, AR SRR BRI
#IF[a]EE 40-400 fiF, KRR E, 8h = AhZFE MG T 6 M (Locker,
1988). 74k, ot RpE Wk iR IE R AT 4ER AP R A (peat wood) A
F=¥)(Galletti and Bocchini, 1995). # S AIGE #) 75 S Ll AR ST tH RE A i A e 8
FHE(Lakshman.Cm et al., 1970; Lakshman.Cm and Hoelsche.He, 1970). X1, =
T, R BRSSO T B T I R PR A B A SR AR AR AR, X P
T SRR AR & S N E Y BURIR AR S

T T SERE I 5] o S Al A~ 2T 4 R bR e H 2 88 (Mannosan) A2 2%
B (Galactosan) W[RINBEATHIFT. 5 H R A SRR, 55 15 Gzl B 5K Bk 5
SEIG S AE 2013 XS AL U IHEAT IR SO RN, e B pE S KL plpetg it —0
TRORBRIR TS BRI, W A=W BRI T ARAEDIE R MR, il 7 i@ 78 S p AN T
& B I B X 43 AR FN 3R R A BE (Cheng et al., 2013).
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VBORE B BE FEWT 5T HULIS A EI R
Eaz
HULIS E 5k WSOC Iy T ZE40L 1, TR 0 JEHVR AL 25 7 5 A+ B

JESFEL R AN B ELRAE L, BT AR RO R BT . 2 AT FE R I HULIS w] LK B
TFLEMIBUR B IR R HEBOR A 1 R A SR TR RS s 80D,
BT A 50 7~ M SO IR A A A 24 1 HULIS. BRE VF 2B TS L
RS HULIS kil —, (HRERA HEMIEE SRR —m. BiCSH
VP2 HOR RN THEST HULIS 2, Wiz dtdie . EEMZ040, 20k, 2%
SERE AR SR . AR SCE S B S FE HULIS 14y T2 5 B RER I
87

Krivacsy et al. (2000) i FARARHERL itk (SEC) 403 I0 T F /K F1 ks
P i) HULIS BFAE, R 7838 B E 1 %5 /KL R ROki i 1) HULIS #5676 Al
LR 34T, XA HULIS 78 Z K MBIk 2 G %) iZ A E 40, SR
PRUEY) 5 SRR 1 HULIS 6 AT A BT AN E, FTREZ BT3RS PH ANIH
WM. 4k, SEC R LT HULIS 19 T B R/, SR FbriE &R
FUAE S H R HULIS 23 F R ZE0AH 2K, #iE — MRS HULIS AL AR
HERVIBATNEE, BT HULIS RILH KA Z JCRAFE, Samburova et al.
(2005b) {5 I 7 5 FF 5k PR 94 B b v R 31K Ak B 4k X 4 28 HULIS (119 F
®, EEFN HULIS 4 FE5 R4 HULIS/IOC FEE 2HLIEMK , HAKR
5 HULIS Wy7r s T, B w42, KUY HULIS B &M IR AR
5 R ) HULIS AUEE m A s i AR 5 . sl BE B HULIS 5otk oy
W

WA R R T R LN A SEC A5 HULIS B4 72 4h, 3] LURIF R i
M2 HULIS P38y &, FEMAHU AR,
xm/z* 1y,

X m/z
M/z I B Nz JAHS LS T EE S 5 R 5

A HULIS 7> TR R ZBONEW, #8662 R E HULIS
o3, HEBAE —ERRKM: LHULIS & —FRMEEINEEY, AR

AWM =
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BRI B AR BR8P AR & Mon 28 88 -1 1 A B 23 ) 2536 ik
AMW A AT o 3.2 FLr B 1 I AR Bt 23 06 1 AWM IRl o 44N IR 30 AH
21 oy %o B AL R A B2 K (Kiss et al., 2003; Krivacsy et al., 2000; Rostad
and Leenheer, 2004; Samburova et al., 2005a; Samburova et al., 2005b). & 7 _Fik
JRRZ AN, A RS2 5 HULIS (7 7 B 2 B S W,
Nguyen et al. (2014) % B HULIS (15375 [ 5 421415 03 f v Bl FgE AR oA B T v T
Thar, SRR S HIAE 15ppm L EA Al ikt H ATy 1k F B Al
HULIS f 7373 A#7E 500Da AR, il BIEROR BIESE T HULIS £ 500Da
PAF B[RS ZR AR AE 100% 7 45 o I HLE I o i 5 AR AT DA I 5T 1% F&] 0 15 g 1y )
B4 14 57 16 amu, AJYFE CHa B O Ji A At -

o o W 25 1) 5 b —A~ P i gk & FH R 72 HULTS Horh B Re 12, A
HIAAE 74348 (precursor ion scan) Fld 2 491f (neutral loss scan) i id %
AAAT LU & HULTS R E Be G, HAFAEE T AR I B BERTAn T -

M/zZ Precursor ion Functional groups

97 HSO« organosulfate

113 CsHsO3 carbohydrate

121 C7HsO2 aromatic carboxylic acids
44 CO2 carboxylic acid

Nguyen et al. (2014)#f 5% T AL IX —4 HULIS AR LLRFAE, HULIS 3
53R ORI AN e H R E AR DG R AT, BB AR A & HULIS J H R
BRI HIRTE . B FH [FIFER) 5 Stone et al. (2009)%} k35 2 AN X 38 /) HULTS
BREHHHTHE T, HULIS [0 & R4/ 5K RS, AMTRENS ot
RERABK AL SIS, SOA M 5EA HULIS 44406, H5HI 2 HULIS 3
A MU IRV R I v, IR B SRR S A S, A LR R
HULIS 54 1 E fe 4.

HPLC & A 7 i A &P (K8 F BORTERT 58 HULIS _EA3 2R AF (R H ,
H 5 HULIS /58— R 22 TR &40, HPLC Rede i@t 2> TR AP fa sy

B2, IR HULIS SRIESE AR . 1] J& HPLC A A RS
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B, FEXF HULIS Ryt —2B4R st b, N5 HA 5o R S5

2 BN
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Long-term Monitoring of POPs in the
Atmosphere

Mao Shuduan
Because of Persistent Organic Pollutants’ (POPs) persistence, bioaccumulation
potential, toxicity, and the potential for long-range transport are global threats to
wildlife and humans. In order to establish levels and trends of POPs, as well as know
the temporal trends and spatial variations, some long-term monitoring networks were
established globally. A lot of researchers worked on it and published some articles,
especially Hayley Hung and his team. Overview of their work will be given based on

what | read.

1. Monitoring sites and networks

Untile 2013, there were 21 long-term monitoring sites in global according to
Hayley Hung et. al.(2013), and several new stations and networks were initiated to
increase. Stations are given in Table 1 and Table 2.

Table 1. Air Monitoring Networks (Hayley Hung et. al.,2013)

Monitoring program/ Site names Abbreviati | Region of interest
on
Arctic monitoring and Assessment Programme AMAP Arctic
Northern Contaminants Program (Part of AMAP) AMAP Canadian Arctic
(NCP)
Casey - Antarctic Station (Australian)
European Monitoring and Evaluation Programme CLRTAP- Europe
EMEP
Chinese Air Sampling Network for POPs CAS China
(POPs)
East Asian POPs Monitoring Network EAPOPs East Asia
Global Atmospheric Passive Sampling network GAPS Global
Integrated Atmospheric Deposition Network (US & | IADN Great Lakes
Canada)
Latin American Passive Atmospheric Sampling | LAPAN Latin America
Network

12
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(Continued Table 1)

Monitoring program/ Site names Abbreviati | Region of interest
on
Monitoring Network in the  Alpine Region for | MONARP European Alpine regions
Persistent and other Organic Pollutants OP
National POPs monitoring network MONET Central and Eastern
Europe, Central Asia, Africa
and Pacific Islands, Europe
National Air Pollution Surveillance (Canada) NAPS Canadian Urban
National Dioxin Air Monitoring Network (U.S. EPA) NDAMN USA
New Jersey Atmospheric Deposition Network NJADN USA
Passive Air XAD Monitoring and Archiving Network PAXMAN Australia
Mexico’s National PBTS Environmental Monitoring | PRONAME | Mexico
and Evaluation Program (Programa Nacional de
Monitoreo y Evaluaciécn Ambiental de STPB—
Proname).
Spanish Monitoring Programme on POPs PNA-COP | Spain
Roshydromet (Monitoring by Federal Service for | Roshydrom | Russia
Hydrometeorology and Environmental Monitoring, | et
Russia)
Chinese POPs Soil and Air Monitoring Program | SAMP-I Chinese rural, urban
(SAMP), Phase |
Chinese POPs Soil and Air Monitoring Program | SAMP-II Chinese urban and
(SAMP), Phase 11 background
Asian Soil and Air Monitoring Program SAMP-Asia | China, Japan, South Korea,
India, Vietnam
The UK Toxic Organic Micro Pollutants (TOMPs) | TOMPS UK
Programme
Troll Troll Antarctica (Norwegian)
UK-Norway transect UK- UK, Norway
Norway
transect
Xarxa de Vigilancia i Previsio de la Contaminacio | XVPCA Catalonia (Spain)

Atmosfé&ica
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Table 2. Air Monitoring Stations Currently Co-located at GAW Stations(Hayley Hung

et. al.,2013)
GAW Station POPs Monitoring Programs
Alert (Canada) AMAP/NCP, GAPS
Ny-Alesund (Svalbard) AMAP, GAPS
Pallas (Finland) AMAP/EMEP, GAPS
Barrow (United States) GAPS
Cape Grim (Australia) GAPS
Bukit Kototabang (Indonesia) GAPS
Danum Valley (Malaysia) GAPS
Mauna Loa (United States) GAPS
Samoa (United States) GAPS
Mt. Kenya (Kenya) GAPS
Zugspitze (Germany) MONARPOP
Waliguan (China) SAMPII

The main research of Hayley is the Arctic environment. Key results of them are
from Arctic research stations under the Canadian Northern Contaminants Program
(NCP), the national Norwegian pollutant monitoring programs (SFT), the Arctic
Monitoring and Assessment Programme (AMAP), the Paris Convention (PARCOM-
Comprehensive Atmospheric Monitoring Program-CAMP) and the European
Monitoring and Evaluation Programme (UNECE-EMEP). Some stations have been

established since the early 1990s.

2. Examples of results from long-term monitoring

Hayley published an article in Environment Science and Technology 2001, named
“Are PCBs in the Canadian Arctic Atmosphere Declining? Evidence form 5 years of
monitoring”. A long-term database of weekly air concentrations was examined to
establish temporal trends of PCBs in the Arctic atmosphere. Declining trends for several
of the lower chlorinated congeners in the high Arctic atmosphere has been revealed by
using digital filtration technique(DF).These trends probably reflect falling levels in
source regions, as a result of long-range transport to Arctic site. Apparent trends for the

higher chlorinated congeners has not been found in marked contrast to temperate

14
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studies, indicating a lag time for decline between the Arctic and source regions.

Hayley also revealed the temporal trends and spatial variabilities of atmospheric
PCBs, OCPs, and PAHs in Canadian Arctic, which obtained from a decade of
monitoring under the Northern Contaminants Program (NCP)(Hayley Hung et.
al.,2005). Those samples of air were collected at four Canadian and two Russian arctic
sites. According to Hayley, long-term trends can still be developed with less than 10
years of data with the DF technique. Emission of old soil residues is replacing new
usage as an important source to the atmosphere, which has been testified by the
evidence that provided by significant decreasing trends of chlordanes along with heir
chemical signatures.

Deguo Kong et. al.(2014) used three statistical methods to analyze the long-term
monitoring data of POPs in the atmosphere, which were collected at 20 stations from
seven countries in Europe, North America, and the Arctic. Through statistical analysis,
significant decreasing trends were identified in 75% time series, indicating that the
atmospheric concentrations of POPs are generally decreasing.

Yong YU et. al.(2015) investigated the monthly variation and time trends of OCPs,
PBDEs, and non-BDE flame retardants by analyzing the long-term monitoring data that
collected at Little Fox Lake station operated under the NCP. Possible source regions of

these contaminants at Little Fox Lake have also been assessed.
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REMEPARRAN 20 B S & R ZE R A SRR PAHs [
B AEMIBT SRR (1)

FH

BE AT K BRI PRIE A » AR AR 9 S A A K RTURE £ A ) 2 ek 5 e
THENANEE ) IZ MR (Gupta et al., 2005; Jeong et al., 2007; Xu et al., 2006).
FEPELN K FesOa UKL 5 UKL K /INEFIZE 5~100 nm (K HAT 9 A 458 ok R A4
Bl T 28O0 R UrBRr R BI5E., 2007). WG KBORL B A 91K R~
RN CRIETBN . B SR ARFRRN AN 20 &7 BRE RN s bk
TR R 2 TV 1 A G E AT 0 O R B 2 B Tl i R A X S R e 8 S 1 T AT T 48
W AP SR (Teja et al., 2009) o 4 PE G AR BE 4 AV 70 TEM I AT 5 A4
SEARAMRZE &5 T AR T IR R AE ) SEARSR A | — R TR IR 72 . REVEANK
BRI B R sk e itk . UBRCRiE /N T 20 nm B, HR T I
PEGYARURL R I I v, BRI S b AT R I R, & S IT A AL,
RIURERE IR 2R o TR MK TIORE e 0% 38 I A N 37 K 5E Tl 58], JE I IR PR L B A
SRR, TR B H AR S 2 A B A b P o 3 ok, BET AT e Al
TEAAE S K IURE R RV AR A0 PR AR A ) [ 7 R AN 3 5 7 T R (L= 2258
2007; Zhang et al., 2015; Zhang et al., 2011).

FEAY A0, o Al B ER ERAE 7T 55 N, 38 R EER T TR A P
wMNPER Z A IR o . H T, AT B G ARORE H IRE P, Refii
R R AT SR SR TR R R D) BE B A AT o G Tt 4N K
KT B EOR FEAFE LT AN PR (1) FHREE G KTIORL I B £ K ZERE F 1
AR L ()R IR e br e BT PR 70 B R, SR )5 R IX S
EHTVSIN B A B HEAT R IR o AR A0 O B0 0 SR 2 T S R B 4 L PR R A 4
K RIURL I8 i 8, DTS 453 40 1 T 7 AN 5 v R P 328 /D BT 2% o R IR —
FRIERENS 70 B8 AR R b i 2 0 70 2R O A T, FRATTRT DA 9 I LU 4T T 7
KA R PRI AR E A S 5 RN . F156, FraRAs B A Bt i 51
2, EAERS P BA R rEE BT T2, X TIX— 0 i
YiReds, ATREATIR — BRI T . BUR 2 st A s S
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PERT R ED 3 AU
MBS ERSAII T, BHEAKE
LIz B Tk 2 W B AR I
e
0% 4| |a®¥ 8 2’8 =, = -,
. -; 7 - =
o o L I L ad \;,‘
. g 4
9,“10"’-9.-;‘:"”{?./ 20 MEXS
e PN \@ @ /<o 0" \Nin, &
HEPMAY B WA B mimEm Ry KR OIRE
e Alksspp A

)

I A B R, SR ARG E GO 3 70 B B AR AR I R 9 K R A
O P R A N B SR A AR R by, FERE VR ZKFAIE 50 B2 R IR B b U AE ) I
UGG R, 3 88 th B B D Re IO AE M B T 1R AT IR AL 3R AR, g SEIR ZHh
TR B AA R v DI RE AR 2 FE VTR BRI S 3R 78 D e T B M &
FEAE F 5200 PR 2R, A (503X R A W0 52 0 PR 5 v R 4% B K A P Aidg A F (Zhang et
al., 2015).

23 3k
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B RS I7 R ERESRE
Z 5 E

LT RE(PAHS)E — K A T 2 MAZ RGET NS, HHBT
FOBAERI B0 . B, BUORARMNL, SR ATAERASE . BT el skt
MR AT R M, K257 5 T [F) 38 i [ AR RORE V) AE 45 6 0T K
FAAET LIRS b . fEZ M 138 PAHs WERRTBh, HEBEEARAGLUNR
#(Harms et al., 2011):

1. PAR 22 M2 B mti i BE B s s, 19K T PAHS IR ARRCE ;
2. AR S TR M TR,
3. WX EEFR-AIME G RTIERITER.

FE LA B AR PAHS HLEE RO 7T 7 T, 70841480 1 K& B TAE (Cerniglia,
1993; Harms et al., 2011; Johnsen et al., 2005; Peng et al., 2008). % [%f# PAHSs
BUHIRT 730 AR 2R i Bl A SR AR o - PR AR 3R o AR 3R ik 31
TEAET AN, FE@ET AR PAS0 E ALl R Sk 25 PAHs I E ) (&
D. 4R PAS0 VXY MY R E T E ALK — 3K
MIGeFK. 7€ PAHs 5159 T, HW R4 EER P450 FNER, I— MR T

PRI b, A EEY): e B ENYDKEREER], A X i BOR
AR E A S . B2 Bt — 0 SN IR ER . AR AR ECE
PERERRAE & AT HAE, 1330S AKETE . REEIERIFEAE P R ). AR DT 3R
AR 2R AN BAT 58 20K PAHS [15E

P J TJ Ct-P430 moncoxygenase mijj/ ::’]r::::t: r \)
N
\/I\ L /_’_\ "
J O -Methyl
’/\ /’J/\ / D-Glucoside
-Glucuronide

NADH +H" \>J 0803 -Kyloside

NADH +H*

Cy-P450 monooxyEnase
\ A
NAD

@
AR
[ Tﬁw
S A

0S0,H
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Kl 1 AR R PR AR B AR PAHS 845 LIEA )

A5 2 ARG 2 53 DL H202 LT 52 A IR S A S AT DL O2 732 4
1 (Mester and Tien, 2000). i S8 LM & LM A RIHEE A, WL
JEJEPIAE, AT o3 AR AR LS B S AR TR R AL AR (LiP) FI%
e 55 B AL SR L AL Sl (MnP). XSl AR IR, HAT L%
fEEFE 2 5 RAEN I ZFE MR 71, FAERPUEI P IA9 5 8~ L5

LiP+HO, —— = LiP compound I + H20
LiP compound | + AH2 — = LiP compound I+ AH
LiP compound Il + AH2 — = LiP+ AH

MnP + H,O, —= MnP compound | + H20

MnP compound | + Mn'! —————= MnP compound Il + Mn'"
MnP compound Il + Mn'! ——— = MnP + Mn'"

Mn"+AH2 —————> Mn"+AH

Laccase

O2+4AH2 — > 4AH + 2H.0
AH2: EJEEERY) o B AL R IR SRR

AR =Bl E T A EE, BHEERT, HEREWIILE T4 PAHs 1
ZKIN, PR PAH-BEAN PAH-IR . [ Gt — D2 IR, RALIT 1 (K 2).

5 L:p MnP Laccase > co;
COOH
\0 COOH

Phenanthrene Phonanthrene 9,10-quinone 2,2-Diphenic acid

2 R Z B RRG A PAHS 1842 AFED9)

H B B Al PAHS HLER AR 78 32 22 DU IR 2307 ke Ze . MR
BEATH), WAEZIH)E 715 PAHs b, iZBEMEHLER SREER? 25
BT IB AR T AR R PR 1A R AN AR A P iR R RIS A7 AT, BB
RtE s FREZH RN, EARATE PR B,
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¥&iR OC/EC
H*E

B I R KRR rh B R 2, B R AR )
PM2. 5 [] 20%—40%, HZEEA LRI 1L 80% (Lim and Turpin, 2002). EX}
RERAEAA . TR TRIE . RELEE . PREE J N SR R & S (B
&, 2007). FREFEAFAE THBR R AR (— AT FE PM2. 5 I AT 20 AN it
B R P BR 25D, BRIV I 7 A WL OC FHIT Bk EC.

OCFREZ, Ml E L TRaNALE AR, EEENER, —Ba ik
TR KI5 TR G TR Kekess, Ferh gl o ZOCEAE T H IR M 2
BB GERENEY) (Reddy, 2000). FAHMRIS, OCHIHAKEMEAHLEENSOC
AAEKIEEA R, HHars T ORI, 2ok, MR, —uRmR. &
il B 2 EIR S, G FEARIEMGE. HEIRZRKR. 2HERE.
Wil WEIR R 205w . HATC& %5 H G LA &SR A G P R =
[110%—40%, i AR LR % A BB /- B8 R e S N SCREBE VR & 05, Tl I
XFOCH R ) 8 S A — AN K 7 . ECR TR 2R e M EL R . B e
JEME R ) — 28I . OCKRECTERE Bk e Itk Bl (R IAC £ P 9 A S 14
DB, R—ANEEILE . ESARII A (Peterson and Richards,
2002) , JFHOC. ECHUE 7 ksiuilE e 3.

0C E ZLALHE— AT WL e POCHI e it — L8 57 & J R Ak 2 AR A ) — A AL
RIRSOC. B HARUE R UL, 1T 3 ZRIE T AR A B KA 58 ke T
JE#E EERETVOCS 516t R B, HAT, X TFPOCFISOCH) B H: 5 Bl E &
A FEETE, AHTT DU — 28 I 72 L VPl R I RIS0A, T sz H
14C/12C ) O0C/ECHE%S (Castro, 1999) . MILET0C, ECHIRIEELEMH, *
TLRAEVI A A BRI BT =R 1, — MR RAEAE T— IR IR, @R E N
RAFBE A —IRA D IR 3%, 2006) o ECHIYERR, & FEKH
FRERFEVIFUREE N I, AN 835 B N2 5 2 Ji 7K v 10 2% 35 e X A0 e
FHOIX o AR 0D X AR W) S5 AT 7R o) FE DUk ) R — MBS IR TR 1), g e 1]
FR ) SR 2 A AE T ACTN 5 RN 2e e Al SR T 46, B 3 RO L B IR SE AR Y
RIS AR TR RVRME B o R HIER— NG — 1, FHIRL AT X Tk
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BURIERIN S, FEAFERATTE, BORSRFUIREARITRE: Kbl ass
HL AR I B A SRR 7 Bl SR A, TP 60458 R v IRl AT 7K

H Al B IR 2 AIE S B o bR 5k 2 B i il A iy
R, B B R ARIEOCHECH L A B A . Pk ket
WRE PR FRIAN [T 73 Sl 0 5 o B 8 Y AR 2 M I 59k 2 B PP IR L
I RFHETORMA I EIETOT . (EANR R MR 5 %A S HAFAE VT 2 A2 AL,
R EZRON B HTFRA 2N TeR AR HEE, e RARETHMITE T
RIINE S5 2R, IEUAT I Pt 0C K BCAEFE A E e 1 KRt G KR e/ FH 9 JE W
WP ER, NI BRI RS (Peterson and Richards,

2002) , BIOC. EC{XZ iRl LiI5E 3o

2 BN

BOARE, SR, XRE, EAMBE, MRS R R IR T BE e A HLBR AT G Rk
[J]. PR 5L TRE 4. 2007, 1(8).

R, 35, B AR B R AL B BORFERR 5T VA A AT o N P AT 78 33t e [3].
HhakFHdE e, 2013, 28: 62-70.
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BREALR SR

BBET
F AR AR RARTE IR EE DL 12, BC M1 Y =M, Hdh 2C
Be Jgfag iz, HAENHEE 5] 5E 98.89%F1 1.11%, 1M “C fH IR FE AR
ik, #£91.2x10%%%0, FFHEARE M, HF324 5730240a.

— RERAMLR
[FIALZR B ] 6 13C o, Hog anF:

(13cflzc)sample (13cf12c)vaB

§13C =
(13(:}12.:)

x 1000 %

VPDE

N T BARAS [EE 5 R0 B PR e, JE R A HE TR, R T T (3R,
— M AE %o I 20 . Hoh Vienna Pee Dee Belemnite (VPDB) AAR#Ef . (YB3C/A2C)
sample F1 (B3C/*2C) vpep 73 AR FE S AIBRE i 13C A1 12C % L. (BC/?C)
veep = 0.0112372. §'3C>0, Ui BIAHX TARAEPDTTRE f O S R A 3 s 5 A
# 813C<0, RN T HRAEY) BTRE R R IR 2% A

ENIIFRN BN (KIE) RAT AR RN, & SCONERAL R
H AR NV IR R, DO R, W KIE=kio/kizo HIT[RIAL R RMAR
/0N, DRIEIE P AR OB %o R T 0%, BT

€= k‘zk—m x 1000 %o= (KIE — 1) x 1000 %o
13

T RO R (313C) iR e AN G WL A WIRIAR e Bk RO 3, KA vOC
TR 2R B E BB TR AR R (D ARHIRK A RS 5; (2) VOC 1E
KA PGE R HI AT 25018, WK 1(Gensch et al., 2014). IR 81°C HR
FERIT VOC PR 5 e Ho /A B4R 470 T H (Gensch et al., 2014; Rudolph et al.,
1997).

K2 (1): AFEHEBOER K 8°C 174F 2 St o kP 813C 5 A HLIRAE & VA,
FARS A BC S, MHREE = A 1 81°C fem, AR §1°C &b
T-rhlAE (Widory, 2006). LtAh, EYIFDGERAE (W1 C3/ICA) . HMMEAFZEE
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BRAZY (M 268 BRI (AWl KIS O MR B, HOGH 2R A=) AR
FEHERCGmURLY) ) 813C [RIAFTEIR K 22 5% (Cachier et al., 1989; Cao et al., 2011). F|
FI 813C I TC fHE S v] LUSH B X 73 B SV IR AN R SRR, AR DG k) ik g
PRI T S VE B IR I 2 B AR (R A etal., 2013).

K2 (2): BT ATEARRGE, BRI PRI 5 B bk [ A 38 7018 (FH a®C %),
TERBE SR B R, ABC=—1.3%0, T7EMRYIHITE KL FEF, AC=0.
FERARMEFEF, BT KIE>L, —KANIERK §8C 1, —IREHS
B BC S BEANIEY B . BEE — R IR ENET A 813C rsgm,
TURAENVRIBIR R BC BRSNS S WU I e R AR5 RN,
813C IRt — B R AT . KBTS, FURARMAHLE) §1C BH LN R
TAMBIAENY, & 1 FrR(Gensch et al., 2014). FRATTFEA LB F AL
G0, AB SRR ) (1) Je B2 51 S BB AS B WAL S W) R 3% B A 1) 284 o 2l 7
I FR B E A 2R RN A P ad B /NS 22, BRICR S A UG S R (R 25 701 32 22
H 3 1 R 2 RN g o (TR ZR 3 AR RN A2 48 B T AN [R] R A e M [R)r 25 2 [
P B ZER, HHEACMEBAY) . DB 5 I B AR B R AN AR R, A
T3 BUR SR e AL R A S B2 5 o)

°c A 8¢
Chemically processed 1 »
secondary organic aerosol
Physical ) Chemical |
Processes ‘ Processes oBC
—_— 03, OH, NO; >0
Mixing Kinetic isotope

Partitioning

J Effect y/
Primary gas- and particle

phase emission

BLBC(:D_ S gl 613Cmu
KIE

13
! “ 87°Cyyq
Lﬂ Precursors Products
gas / particle

Fig. 1. Schematic of the determining factors of ambient §'*C values of VOC. Generally speaking KIE will increase the §'C of a precursor. Reaction products are initially
depleted in 13C for KIE> 1 and then become heavier due to the ongoing increase of the precursor §'>C. Secondary OTC can undergo further reactions in the atmosphere, in
which case additional change in §'*C occurs, depending on the KIE of the reaction. In equilibrium, partitioning between the gas and particle phase results in larger §'*C of
particle phase OTC than the corresponding gas phase OTC. If the partitioning between the phases is determined by physical processes such as adsorption or absorption the

B 1 K54 VOC eBC R E

=\ BEHEBR R
1C U RRILT 1936 4F, I EAMBERA TARPH. Jtd, FAK
RRH MC EER A RIE RS, EITEXNIR 12-16km Ab, 57 46 2 0 T
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HRAF MR EFEMNER N P74 (UNAne—MCetH) . YC 7E RS HER
HEAGTE B M CO2 HENARZE K ATERT L ZE R &, AEBUE I [a] P38 mT 9
BRI thAh, YCO2 I e &1 R ISCEREL, 7 BN A1 AE
BRAZEIR IR AL PR B A AP D 2 Re i 5 R AUR AR RS e Bl 2,
IKEEL LS. TEAZ N RTESI M &M, VR4 ariE s B S KA
YUC AT —ATPHPIRES, SRTH— BAEMIREE (kAR driB s, HARN Y C 545
B, $EANfT 1L, AP 24C H L BE R R AR MR ET R« A R T
RIS TR T 4C (I ], RGBT TE YC, T A4 TR e RS
B RS I I 4C IR KA HR MC IREEAIAL. di ik, B AT IX 2 A IR AL A
FEYIE . BT EC M 24 FRB AL AR b i — UCHERM, 1 OC 1
KRB Z R, —BEFERRR I — 5 A — s 4w, BRI T OC, EC
¥ 1C AEXS DX A A BRRHR S AT AR W IR I8 BE AT 35

HEPIRIRBE I TTIRL % . foiomass= (2C/2C) samplel (“C/C) biomass
(MCI2C) sample 1 (M'C/I*?C) biomass 73 M AFEm AT A BT R 1C K. T

AR B TTRR L2 1T 2R~ A 1= foiomasse
BT TN HEARR RIS R MC IR R BT, BRI ) 1955
AR IR ARFE IR v 95%1F) 1C Mk B2 (1C /P2C) 2 1950 i MC IKEI S 1H,

ReERA R AR E BC =19%, MBI ST E RN Fm= (HCH2C) sampe |
(MC/*2C) 19500

Il fbiomass: fm <samp|e>/fm (biomass) (&4 etal.)o
225 3k
Cachier, H., Bremond, M.P., Buatmenard, P., 1989. CARBONACEOUS AEROSOLS
FROM DIFFERENT TROPICAL BIOMASS BURNING SOURCES. Nature 340,
371-373.
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RE e, MUK, XIRFe, FMEFE, FEE, ZEOCE, 2013, B UL IX K RIE K
PM_(2.1) " f2sE ik [ A R AL i 7. SRS 10, 3727-3732.

BN, XME, ZEZE, KT, B TBUR R T 22 057 KRR AR AT -BOR B R
Tt PPy

& 0%
1A
B } [ t%ﬁt'f&
L] 1 AENE 18
1 H } 2 He
V| & ) AfA%<19 K 2 . ot B
1.007% 2] AEEH e 47 1 FE % A 2000 R BRAF 4, 0 12C=12 BA, WA, VAl WA, VIA,) 400260
3 Li |4 Be RO 3 AR, 5B{6 C|7N|8BO[9F |10 Ne
2| o | e oaaax | P03 2 TaaMtORFARMLRUENAER. | m | & | % | R | B | & | L | f
694 {9.01218 i 10.8) | 12.011 | 14.0067 [15.99943]18.998403) 20.179
1 Naj12 Mg .ﬁ,:f‘f L 13 Al|14 Si{15 P[16 S [17 C1|18 Ar M s
3 L] [ o 4 - 3 #* *® £ -8 1 8
p2os9nr|24z0s | WB 1 N8 | VB | WB 4 MB | W, I8, | 1B haeosisa|28.085s 5097376 32.06 {35453 | 9mas | X | ?
19 K[20 Cef21 Sc[22 Ti|23 v |24 Cr|25 Mn|26 Pe|27 Co{28 Ni|20 Cu[30 Zo|3t Ga|32 Ge|33 As|34 5c|35 Bei36 Kr| u | s
4| 1) [ & # ® L 3 % | & |, ® & # o - L] * E- R
39.0983 | 40.08 [44.9559 | 47.87 |50.9415 | 51.966 |54.9380| 55.847 |S8.9332| ®.69 | 63.546 | 6541 | 69.72 | 72.64 |74.9216| 7896 | 79504 | 83.30 k 2
37 Rb |38 Sr!39 ¥ |40 Zr[41 Nb|a2 Mo|43 Tc|44 Rul45 Rh|46 Pd|47 Agld8 €d|49 in |50 Sn|SI Sb[$2 Te|53 1|54 Xe| o ¥
s| & | ® & 8 8 | @ | 8 & | | & | & | & | & |® | &8 F | x| o8 | ¥ |6
85467 | 87.62 [88.9059 | 91.22 [92.9064 | 95.94 | (98) | 10107 [102.9055) 1064 |107.868 | 112.41 | 11432 | 118.69 | 12075 | 127,60 1269045 13130 | & | 2
¥ []
55 Cs |56 Ba[5%71 (72 HI|73 Ta |7 W75 Re|7 Os|77°Lr |7 Pr|7 Au(80 Hg|$1 71|82 Pb(83 Bi|84 Po|85 At[86 Ra| o | 1
| # | B |Lele| # | @ s o4 [ R | % | & | 2 | & | & | & | & | x| & |50
132.9054| 137.33 | & | 178.49 [180.9479( 183.85 [186.207| 190.2 | 192.22 | 195.1 [196.9665) 200,59 | 20437 | 207.2 [208.9804| (209) | {210) | (222) :( ;
87 Fr |BB Ra [89~103 [104 Rf|105 Db|i06 Sg!107 Bh(108 Hs|109 Mt|116 Uun(l1t Uuu|112 Uubl
T | # ALl ool ow | 8 | & | & | & | ' :
(223) | (226) | A& [ (261) | (362) | (266) | (264) | (2773 | (268) | (281) | (272) | (285)
4|57 La|%8 CelS9 Pri60 MA[6] Pm|6Z Sm|63 Eul6t Gd65 To|66 Dy|6? Ho|68 FEr |60 Tm|7%0 ¥b |7l Lu
® & | & s E | 8| s /8| &8s |8 &
A |138.9055{ 140.12 [140.9077) 14424 | (145) | 1504 | 15196 | 15725 [158.9254] 162.50 1649304 167.26 :16r.9342] 175.04 | 174963
o789 Aci90 Thi91 Fa 92 U9 Np(S4 Py|95 Am[96 Cm|97 Bk |98 -Cf|{99 Es!|i00 Fmj0! MdI02 No[103 Lr
m e |8 | e | 84 | & | & | & & | & % ow ] e
R (227) [232.0381{231.0359(238.029 | (237) | (244) | (243) | (247) | (247) | (Is1) | (282) | (257) | (238) | (259) | (262}
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T Be U A= NIt FC 5 ¥ /NG
BF

FEILA IR BP0 7 a8 B R BRI 2 —, & R AR O FABEAE fi o
W IIReRE A B ik, o AT VEH e B p st A% . AR o AR R alins 3%
M &y 8 SR I 85 97 ik LA AR ft P i R LR DD BE AR, B RS
AEERRHE . AT DL S8R5 B A AT % e AU 7T (Avery and Leland, 1927). %A
TR 5 R AT B IR AE A A 1%(Rappe and Giovannoni, 2003), 5% 7 #1171
R/ css % NUWi S-S 7 N TR

VT AERBEHE L) 70T A BRI R » AN T A 1% 5% T 0 B A VAT 5T 92 1)
TEENATS, HEE g AME: T IRk MmE T 7. o, B
T IhRERI T E T BB I AN A T B K BOA B AR DD e A Pt AT ARad
WIS 7 R, ARG RS IR LR AE M) BEAT PRI 7T . A e M (R 3R
(SIP) HiA(Boschker et al., 1998), R FREEAE S a8 0 R bt 1) H stk &4
JEAL 5%, DhEEAEYI bR SR TR R bR s XA S 4 i h 2 BOR (Li et
al., 2012), MIFEERE S AR AR YR U bk A7 AR A 2 f 2 A U
ZRITEIEIE — RN ITER I AEYIPRIC S, AT 00X e T e A AT I
R HBEE R LEARNER, LT B A R (o SIP SRS &
FFHERMFHAR): WA AE g M EER, Kl 145 Rt — P AT )
Efie CANE BRI H P B R GEGH GRS HARD

5 DNA I FPEOR IR AN EE —ACS 38 =AU e BRI 1, 00 Ffe 75 9
AR R R BEAIG, DA v it 5 I A% O BT — AR AR R 23 7 A 3R s i e ke
RICH 2 N TG AR BEAC SR 2 Ak DAIASERE St o Ol A R 4
FERH W T R0 223 R ZH 2 (Metagenomics) 454 2B W15 8 2410 7712 (Tringe
etal., 2005) Al 5 B4 1 32 i e 52 2 PR B ity P O Th RESUAE ) . X —J5iRELE R
IR, SeiRI B YA 5 B5, T A HR I2E A7 A7 Ry 7 T RE IR Tl
Ao 1K TG RE ] ERE A S BB T A T, WEAE B SR T )
REHIITVEM S & i 5 BRI SE S 410 6 1% 5 153047 I Fe TAEAMUOROR I
M T BT SRAS A D EVE 250 B B2 2 1, TRIE 4 s 1 XHRR e D R AR M 51 43 T 1
R, W R R 2 2 e e Ve R R AREHFASE 4 (Chen and Murrell, 2010), 954k

X,

pani
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TR A EAIN R SR ) — R A e e, AR 7RI A R A R Y
Z BB IRTCIEY KT A RS A & 3 SRR (Neufeld et al., 2008) ) 17] &,
PLR R A A5 ) 4 3B AR T IR 12 TC VR AR U348 J5i (Venter et al., 2004) [ in) & . SR T IX—
BORAYRAFAERI, SIP FARA S GFAEF WAV Z B EAER] (il &%) 1M
FRIARIC IR ZE o BRI, 32645860 1) e 77 VR AN D7 VELE Th RETSAE AT 98 A
hERHEE,

27 3CHR

Avery, R.C., Leland, S.J., 1927. A simple method for the isolation of pure cultures from
single bacterial cells. J Exp Med 45, 1003-1007.

Boschker, H.T.S., Nold, S.C., Wellsbury, P., Bos, D., de Graaf, W., Pel, R., Parkes, R.J.,
Cappenberg, T.E., 1998. Direct linking of microbial populations to specific
biogeochemical processes by C-13-labelling of biomarkers. Nature 392, 801-805.
Chen, Y., Murrell, J.C., 2010. When metagenomics meets stable-isotope probing:
progress and perspectives. Trends Microbiol 18, 157-163.

Li, M.Q., Xu, J., Romero-Gonzalez, M., Banwart, S.A., Huang, W.E., 2012. Single cell
Raman spectroscopy for cell sorting and imaging. Curr Opin Biotech 23, 56-63.
Neufeld, J.D., Chen, Y., Dumont, M.G., Murrell, J.C., 2008. Marine methylotrophs
revealed by stable-isotope probing, multiple displacement amplification and
metagenomics. Environ Microbiol 10, 1526-1535.

Rappe, M.S., Giovannoni, S.J., 2003. The uncultured microbial majority. Annu Rev
Microbiol 57, 369-394.

Tringe, S.G., von Mering, C., Kobayashi, A., Salamov, A.A., Chen, K., Chang, H.W.,
Podar, M., Short, J.M., Mathur, E.J., Detter, J.C., Bork, P., Hugenholtz, P., Rubin, E.M.,
2005. Comparative metagenomics of microbial communities. Science 308, 554-557.
Venter, J.C., Remington, K., Heidelberg, J.F., Halpern, A.L., Rusch, D., Eisen, J.A.,
Wu, D.Y., Paulsen, I., Nelson, K.E., Nelson, W., Fouts, D.E., Levy, S., Knap, A.H.,
Lomas, M.W., Nealson, K., White, O., Peterson, J., Hoffman, J., Parsons, R., Baden-
Tillson, H., Pfannkoch, C., Rogers, Y.H., Smith, H.O., 2004. Environmental genome

shotgun sequencing of the Sargasso Sea. Science 304, 66-74.

30



HH&E 2015 FE 10 B F/\H

-2 R RIS SN FURE R
I

SERER Ao P4 (Pleurotus  ostreatus)fE4» 252 & 4H T 1 1]
(Basidiomycota). /= 49(Hymenomycetes) « <> H (Agaricales) . | H-&}
(Pleurotaceae) | H-J& (Pleurotus). ~F-%# i % Fi k& 5 il H-(Pleurotus ostreatus),
I K N S b AT DA B i Az BROV-F %6 (James et al.,1999) . s 1SR 2 —
il B A AL IR 5 B, WA AR BRI, HILBE. B
P BE. ISR mocR (EHESRER, 2008). ~Fai AMUE FRIME S, 1 HE
A2 HME. BAER A, 78 BRIB. WKIE, FTEL. e
R PR ARG IE TR, SR AR R KT (Jayakumar et al., 2008) .

B, BIEEFUNPRE 2 &7 SRR BRI . BIR. BRI
THLER A K PR R (EF5F4, 2013).  H T AT T°F % Rk 1 56 o £ 28
Ao, B, SR MOBMERSE OFZEEE, 2010,  HA ek
BrRa L (23:1) &E, FFHEBHERR . BRI BORCR/NE S, R,
BA REGFEIEIR, DKEAWREGE . &SR, - FaidREs i skt, #r
NCTTREREIRAE” (EHEZRER, 2008) . FR[E W FUR IR AT IR S ik el &
AE P B W2 A KR iR RIF . EHAL R S R R
SRS, ARG ONREATRI IR 50% . MEAFSE  35%. EEk  15% ([ ELE,
2012),

SRR A LIV EMA NS G, JUHZ PAHS, HATIRES
FIFMAGFEN S H PAHs BJAEVA RBIEEAR, s 23557 8 —Boeikit
N SR TR 200 B T AP R, ) 2 ) ) S A B i 3 2 A DT R RO
(Crampon et al., 2014; Fernandez-Luqueno et al., 2011). 1 HJE B, JLHE T1ERE
AT 4 it ARG 5 ZCPE A hydrocarbons (PAHS),organochlorine pesticides
polychlorinated biphenyls(PCBs)55 5 Hli5 4+47)(Cajthaml et al., 2006; Covino
et al, 2010; Kanalyand Hur, 2006). {H H BT 5T 22 4 B AR AL A 30
5, fELIENEN AR, BRI ZEOVR — 257 RS R, T
SR % N E A 15 Yk (Haritash and Kaushik, 2009) .

PHERE MMM LIIREIN TR, H PAHs #H. AL FRERER
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RS R (Aggelis et al., 2003; Bezalel et al. 1996; Pozdnyakova et
al.,2008). HIHEZH BB (ZHB=I0) B O . Rochaetal.
(2013)15 754k 15 d J&, HXSEHELACHEM (30 ppm) MIBEMERE N
65.8%, TfiXT IR (30 ppm) HIFEMRR IS 86.7%. £ 75 IRHIE &4
T A R s ARt FO R RUR . Beckles et al.(1998)  BIF 7% & B¢ 1 B pih
AR S TG IR AT I o IR AE YR, (B 523007 I AT DL R T
Rochaetal., (2013) #t— DRI 5t & e 4 A0 2 - TRl B B A3 5 A7 £ 001 2 B e
TR JITCREC, Y 23857 e B B BT AE T 20 2 B e )
SOMREL/N o IEAL,  EEFRERT SR w0, PAHs [FEARE . Young et
al.(2015)F) 8% 75 3L i (600 mL wheat bran, 2400 mL P. strobus sawdust, and 1400
mL water, 20 g of Bunker C oil) #57%F# 180d J&XfIEHIPEMER AN 94.9%, 1M
Bezalel et al.(1996) AR FATES -5 11d MIA[IAE] 94%HI 4% . Garcia-
Delgado et al.(2015)i3t — P W 0 & B, FIH EY R ks 72 ME P45 (42d) A LA
A H SR PAHSs IR fFRE 7T -

Keywords: Pleurotus ostreatus Biodegradation Polycyclic aromatic hydrocarbons

(PAHs)
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