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KF

(2L B

F 7 M Schmidt F1 A Noack (GBC, 2000, 777-793)%5 Lo H /] “VPEZSL” BiRE (B0 1

WK 6), IAHABRIM T PHE BN “WHER” KL,

XA AR T A FUS EEAT SR BT, SRR SO SR B R & T, R g
BIE Z SN TR, BRACERE, R R REDTIE Y “UE R B
(asphaltene). AL, i FZD T REECKHIGTHABRAMIR, —AREEE N UH L)
BT . FOE L TR 3 S B SCIETT pU, At . b “UnE R R HHE T
TR AR SR AW Cbitumen), T2 A il A6 52 20 B AA Sl R ) o ) — SR 384 58
(operationally-defined) #H77. #5850 b, fEAMBRRIERES, IE AT FHEi &, LR+
ARG G R R R

HI A9 B R A A P I RIS S g, TR, X BR AL A S5 R T 7T — ELAE
Frek. BANEL HILE SRS WE RS 7 HE T RITA R, MR HITH,
LR UZHTIRE NG o B0, BRIV R A SRR, B “RBEAL” AT “ R &
R (K 1D, —SSWHFURESE, SCRAATHE: 5 —SSUHFUAESE, SRR . mIFRITE, T
R AT L TRITRD .
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HOX IR AR .70, — MERYIAA VIR 22 RV EE R BE VR “OR2R 7, A
(TFYen), &4 7 HHE—b “4iy” B KER KA, B Yen-Mullins #2784, (K4
EREEEANZ R EBE S e, T FURUOE BRAK R R SR AR FRRY
ANEREARER, BB N Z R (K 2),

Molecule Nanoaggregate Cluster
15 am 2.0 nm 5.0 0m

& 2 Yen-Mullins #£&, —M (£), —RFk (), —HH (H), FEBRHN DR,

AR, F RS R A LA e, HAR A B R a1 0a . IRl Rg
FIRZ HAG A HRIERE SO B R 2 AN PG, TR, A AL TIE, AR
INFREETTVE, AL R R AR ES, DURE G IR Ny AR 64, BT B4 &850 15
EW) (bound molecular markers). e, IATHEKZHL . BEEOC, B LALZ AR
A, ETEX TSI TR R IAE, RANIMBRM S EFKE SRR E T —07

TR — A s

MR, RN AMI MR RRES IR . B “KREAL”, bt “RER
R K, TEE 1, HREE D7 HEE R AR, B UECRE] 20 D U5EE,
AU 4-10 4, HYL 354, BF 574, 6-8 M, . WA, AFRFEAMIE
J, F BRI DS IR EOAT R AR AN R, B TRE R B A e !

Mo, BAIRREHPERR LA U REAINEI? 17 RATHE B
[FlZA4E Lab 306 TS HE L UL? ],

FEESHEIR

1. ZHe, W, 2%, £ T 2014, AIMBE B EETIRT SR, A0 7, Vol 28, 3 1.
2. Laio ZW, Geng AS et al., 2006. Saturated hydrocarbons occluded inside asphaltene structures and their

geochemical significance, as exemplified by two Venezuelan oils. Organic Geochemistry. 37(3): 291-303.
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HEEMERE LT R Rt 12 Xt R Z AW IR
==Y 4

fEZ I ITRiT Qe HIRIE R HAR T, RS R AR R LT AT 10 11 22 9 45 25 1) A e 2O g
BEAEALA], DA — MR I RE R 7% HRT, AATDRE 3B A 22 34 55 e A I AL A A
U, CATRERI T, (B2 le IR W AT 23005 e BB B R 2 A5 B AR SE R 50K
AR ART A R AR LR R BRI Bria Y21 2 3455 s B 390 P REAT) 2 bR A1 Ak DR 1 ] AL

PN NI P RE s A2 IR A 3 b A K R — U s A BOR BRI R AT 2 - 28T
TR AR R, MY SEL TS EFR TR, WE Y pET L, i
FISMFEH 1 E K (Gao et al., 2010). S. LladofERFH (1 E B Trametes versicolor F1 Lentinu
stigrinus “EANSRAIE RIS e i B R I, FE IR TR AT T, WS BUTFRIMB R AL
R ARMAE SR ALBEAT B AR o, LB AR, P E R R TR R AKETE (Lado

etal., 2013),

SR, A —Ir &, L3 RO AE R KB A PRI RE MY, BN L%
BEAT LA I R, XA N SN S R R AR o 0 I S R s
IR T RET A W B ARG L AT BT FC , R A Bl T S e B g 22 A 7 A 39 P AR
AL R . Ry, G R TN B AN e F) 35 Dh B R AR VAR ELRC S P B, R AR
BAAR TR & B R A% . Kotterman ] FIJi B4 Bjerkandera sp. BOS55 F1-+-314
AR B 19C ARIC R ZE I (@) B, K IN Bjerkandera sp. BOS55 B 2N, 7E 15 KN A LL
B 82% MK T (a) e, (EZ RA DRI b, KA LUKIEHEARB - 072 . I
PREEJE , (@) BRI AT LR M 13.5% EFFZ 34%, [T 14C ARic KA AR = 61%

T %% 16%(Kotterman et al., 1998).

FITEL, $EAh AR SR EC R 5 e B AT A M iR A IR AR, I SN AN LA )
ERE T 2 Th el A= M 22 8] A i R B 5K AR (IR N 73 i & 5% L (Lladoo et all,
2015). H A FE 5 R CEYIREE < 18] A AR 58 R B T AR BRAE s ALl 7
HEVE LRI DL BT . S, Uado A i@ EM PSR, 5 1R ARIEA AV sa il T-B
(FIJE ECIM Trametes versicolor M1 Lentinu stigrinus) &= £ 5 e+ 3 e v -+ 25 A AW eV
ARG DL o R IR 17 338 b NG A 0 AR NN £ 4 3 A0 - B T A VR T& SR )

Fusarium F1 Scedosporium & T3EIER J5 IR AR R, B NBEIER 25%F1 23%, TMATEEA
3
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(R FLE Trametes versicolor F1 Lentinu stigrinus X -2 AP0 40H], A=K (Llado etal.,
2015). Covino Z&#iil | /EMEAE PRk 2 31 05 e i5 e T3 i rh, 76 B I§ Saccharomycetales K
EITHMRLRE T, 2 0SB R 1) AR R T A2 IR (Covino et all, 2015). Byss i
TR A ST 27T e D IRE N, AR E A, B5E - E M AR
FRIFEAR, P 4 22 R BT AR, (B 2 O NI T AT B D = P 22 ER P B 114
R R EMS G LRI AEDE R F, 1 2 5 TR TR 2 TR A2 V8 E PR I ) B e 2
(Byss et al., 2008). Anderson £ NHIRTFUA L, Pl (AN & FE =00 Z -5 EDI
Pl DT oy — R B R BT A, vaillantii (R13EN, AR b 35 AR W R B SR 1 47T 5 T

(Andersson et al., 2003).

B IR OGEE5R T HE NG RCEYIRRER AR . RIS Y13, 24T 4
SEACHIERE T, Xf 25 B DI R AE M O E RS RIS . Oy T N4t 1 #2348 57
fefE LA AR AL I AR R, R4, BRAEMBE RS, AR AT B - R
W, el 2 DO RE R E R (R o R+ b B

76300
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VR RBIR T (2D
RER T

FEIRR R AETE R BRI . 2 AP LD, HEBOE R ZFE CRIE FZRET K

NAMIGRUR R EFFPRE R BORAEle. =R B, WA B RIS, RSk
{1 B AU, HL P A AT L X (R AR B AT Bl (8 T DTk 25% 01 COo, HAEMIBUABEREISIY CH,
A1 N2O i ARSI 10% "o BEAMEVI RS BRI R I I B TR . &2, WA
Joe o ity AL e 0 A B~ R ST R 1 DR 43 I B T 32% 1 65% s Gustafsson, O S F A C
RAFFERIN 67%+ 3% TOC 45%-62%] EC. 66%—76%(1) SC Al 46%-68%1) BC F1K H 4= i ##k
be ', WA EARGE X, R RARBE IR KA & 2X107g-5X10"g Bk AEPIRIA
Joe 2 AHRSURLY) (1) B TSR o BIF TR IRAE AR R BEITR] , PM2.5 1) H P B0k P TR 31 4 A f
i fE T, RS, FEREKLA 35%1 PM2.5 K HAEYIIRGE, FHAa T0-95% 8 TR A
BT EEARAEY R b I B B E B B LS R, R S BUE 2 5
AN BTG Qe o ) B Y BRI . WEFCARCEL, FEBEAEMI BB AL, IRAL A B
PBDD/Fs. PBBs Fl PBDEs IV LA &4 m s 2007 443K 16 FhZ A58 (PAHS) IRIHERUA
B (504 Gg) H, £ 74% (£ 373 Gg) KHBSAEMFMEE " AR (FHE) FRMERE
#uIX, 7S PCDD/Fs HSF3H R AT IR IX (1 4-17 £ 7. Behh, AWiskbe, JCHZ
FE R BIRGE, PIIE PR A By BN 358, A SERATAE T AR R A LS G4
(POPs): HWIHHLEARZ] (OCPs). AR (PCBs) 55, FRRIERIINKSA, A “fEE”
(¥) POPs —Ji5 %%, MO POPs I IX I o34 o MEAFHR H 2 A= T R = ) AT B
BiLH, Z5AERBER XI55y, o0 i ™ A2 5w A0 F0R IR FE L 1 A=)
JRARIERT I SRR S SR I ) B SRR R T, ST R T e A
JR R B Y DTHRZE IR B T 35-40% Yo BRI, M THRRBE SR AHE TR mI M A AR RS, A
JRRGEAE LA JRERRIBF A o AT, AATORIR I IR AR 77 VA B R B R R
U ERR R T O RE AL UC BRI E TC AR T,

E2UiREHBET

AW IR 2E R A R IAE AR R T A R AR BT AR, PR L 3 AN R T SR T 23R
ARG LHERAEIRRRESE L OGE TARM A SRRE, F4EZ 70152 7000 -
12, 000 > D] %] Bl B AR SR LR R TR B ik A, P27 4 30 2 202 el A i L H bl
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EFURE. AWEFAIWIEEIEAT M 2R G © o R REE 100-200 M EEFEA, H
AFRERE AR, RS AR ¥ R R AR SRR & TR MBI IT
TREIRTEED) ™ o R BRSO — 2R AT, BLHEFHT*BR (Tannins ) i 4 (terpenes )
PARSAAE Y o BORPIRN E BTN . =42, JEHARITERER, REWEF= AL & R iR

18

AYIBIRBPEE RE: IR, BB TR, AP T AR 7K A AL K
AR, IR MRS R R R i PR R ™o 2 I8 ik B4 R PR R B iR A7)
JREIRR L, WAGEIT AR . LT gEaR. PR NURB R ) W IEE S LA Bk 7 FBr
WA, EMABRIX 22 DR RBe 2158 SRR N B FEJEIRRT BL, 24 Sy R R it
BART JIGAEARHIRACAKT, RETE R 1L . FERIBERT B, R IR T] DLYERF R AL T2 A

AR IIIREIL

SERPETY: ARRPWEZA TS AREREZICT 300°C, 4tz
R A oK. MR UL, BEARUR. MIRERET 300°C, ARYER R TN HRE R
SURFBA S, FHAE BRE BT A A= o B 4 3 AR A B B M FUIRBE 1 43 T hs il
Y ZAF TR I (levoglucosan) . WRIEHE (furanose) A1 XU (dianhydride), JLIA 1
Yo B AT RS, BRETHOLT 8 ANRIRSEEE T, thAh, Ao R L BT
TETHPRA, HULRES T KIS ™, RREAY R BEARY) T . (FRH T
R I e SRE AN H B SRME T TR [ AR AR AR AR BEHE I, 3 2 F TR RE 7% b T b o
ARBGABT B ™ AR TR F A2 e S R R MR L (levoglucosan / mannosan) B &
T R RN 5 1 R AL LR BE A LS (levoglucosan / (mannosan+ galactosan)) [X
S R REAR e TSR A R bR e Horh, ER ATk BE A 2 levoglucosan / mannosan il
levoglucosan / (mannosan+ galactosan) (AR TE 0. 2-22 YRR, 1 B B MR IR 45 80 1 EL AR
Bmm, HHMERPE N 54, WR 17, Behh, AR FRINSCRE R B i 5%, /e
Ve A6 SRME % SR 3L SO 0 B R 1 AT A A AR A, BRI B2 2% X 1evoglucosan

/ mannosan 1 levoglucosan / (mannosan+ galactosan) i ELAE SEMIAS K 2,
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Cellulose, n = 7-12x10° D-glucose monomers

Burningfccmbuslioﬂ\k Other Decamposition

Products
o
HO' b

o, e o Q

“OH e P o

OH RO oH on !
1,4-Anhydride 1,6-Anhydro--D-gluco- HO™ OH %y
pyranose (levoglucosan) 1,6-Anhydre-p-D-galacto-

pyranese {galactosan)

o Q
@- 2
o] “OH HO™ ohH

OH

1,4:3,6-Dianhydro-B-D-
1,6-Anhydro-f-D-gluco- o r:noa: 1,6-Anhydro-f-D-mannao-
furanose Glucopy pyranose (mannosan)

Fig. 1. The major decomposition products from burning of
cellulose. Levoglucosan is the dominant compound and man-
nosan and galactosan are formed as well as levoglucosan from
burning of hemicelluloses.

B 1. 2P R I

Ratios of anhydrosaccharides in source test emissions from lignite and biomass

burning.
Sample type LM Lf(M + G) Data source
Lignite Jsp11 31 3 This study
S6s 92 92 This study
Lst6 40 40 This study
Average 54 54
Hardwoods 22 176 Nolte et al. (2001), Fine et al. (2002)
13-24 Fine et al. (2004)
145-146 85-99 Schmidl et al. (2008)
13.8-323 45-14 Engling et al. (2006)
33-84 15-21 Oros and Simoneit (2001b)
Softwoods 4 36 Nolte et al. (2001), Fine et al. (2002)
(conifer)
3.9-6.7 Fine et al. (2004)
26-50 24-50 Engling et al. (2006)
36-39 18-28 Schmidl et al. (2008)
06-138 04-61 Oros and Simoneit (2001a)
Charred pine 2.5 2.0 Otto et al. (2006)
wood
Charred pine 0.3 0.2 Otto et al. (2006)
cone
Forest fire 48-56 3.2-39 Ward et al. (2006)
smoke
Grasses 2.0-333 1.7-495 Oros et al. (2006)
Green 4 2 Medeiros and Simoneit (2008)
hardwood
litter
Green 36 21 Medeiros and Simoneit (2008)
softwood
litter
Atmospheric  3.5-75 3.2-14 Pashynska et al. (2002), Yttri et al. (2005),
aerosols Ward et al. (2006), Simoneit et al. (2004b.c),

Medeiros et al. (2006), Zdrihal et al. (2002),
Sandradevi et al. (2008)

L = levoglucosan, M = mannosan, G = galactosan.

R L ARG A ARG HE O 22 e s SR L H e SRR AN A LR 1Y EU A
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RARERIPIET=Y): RO S EEAEAE T ARIRL YL B, AR
FES . VAR NBIATII A= D RS TREEEY: cOv o HER. 2
M2 CBEFINERRE ; 20 WRIR/MEREAATA 4. PRI . B AN i /K L PR ACHE  (Dianhydro
xylopyranose); 3) HERF: MEMGAKERT Anhydroxylopyranose, LK 2 % 2% (K2 N 2 g
NG R ED . Hrf, ABE (xylose) 66.2wt %, FIHAANE (arabinose) 14.2 wt%, #i
EiFE (glucose) 3.3 wt %FIEFLFE (galactose) 3.8 wt %, FARH 12. 5% A/KAEKIKEY
T YRR R PR YA AN, BV e R CRIARE G — K= R4
I E IR, SR LT 4 3 1) BRI R ANE K=, W 37

Low molecular
weight compounds

0.07 ~ 2
0.06 Furan/Pyran r{ng derivatives
f Y
005 -
wm 9
5 0.0
?‘2 Anhydrosugars
~ 003 r | ,
002 { U3 6
1 g
0.01 A
H 7 10 11 12
0 L.L. 2o b . : h“_'_"r?—.-‘—h—-—.
0 5 10 15 20 25 30

minutes

Figure 2. Chromatogram showing the pyrolysis products of switchgrass

hemicellulose (see Table 2 for peak information).

P 2. MR - 1 4 3R (1 FA g 40 € T

Table 2. Retention time of the peaks, major ion(s) detected, and the
name of the corresponding chemical species identified.

Peak Compound Major ions

1 Acetaldehyde 18,29,44

2 Formic acid 18,45,46

3 2-methylfuran 39,53,82

4 Acetic acid 43,60

5 Acetol 43,74

6 2-furaldehyde 39,96

7.10 Other DAXP® 43,55,58,114

8 DAXP 1 27,43,55,86,114
9 DAXP 2 29,58,85,114

n AXP® 29,43,73,86,114
12 Other AXP 29,57,73,86,114
[a] Dianhydro xylopyranose. [b] Anhydroxylopyranose.

2. 1B 2 PR (E B
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OH OH OH OH OH
G \%\ HO o a Gx0, a Hmo ]
OH OH
oH O

Cellulose Xylan

‘ idic bond o
LGymsiﬂicbmd deavage ‘ Glycosidic eavage

aH OH
o I e AN
BTN S roly
(¢} ont
OH o
Dehydration, .

2 0 o Ot aon  Anhydride
OoH b I Hom‘m
H
0

Xylose

oH sh 2H-pyran-4(3
Anhydride ydrony- 2H-pyran-4(3H)-one
0.0

e

OH
A-hydrosy-5 B-dihydro-2H-pyran-2-one

Figure 3. Proposed differences in the pyrolysis mechanism of cellulose and
hemicellulose."”

3. LR YER AT AE R IR 0 22 57

RIFTEREIE = : AENARBA T EZR YR, RBTERFERE =Fo7 i, RIX)
AR AR T, PR R B R Y B I S A Y AR R AE ), T AR
MR, FETERI AR BRI IUREER (OH, 0CHs), W 2", K (ByiE
Y MEAR (1Y) BRGA A @ AIAREY (2-methoxyphenol), BEARJRA] A2 K&
THEERM (1,3-dimethoxyphenol) o FAARKIIAGE W) T 2R Bl . & H IR LD BN
B AR R AR, IR T &R T & BRI A R A I . AR S B AR e m]
HBCRER T &l T FRAMDETT B ARBUR ), T ARG 1 274
AR AR . A, AR DRRRETE R IR R &), BOR
WRIETE B — Ik — S AAL AW 3 EEALHE divanillyl (1,2-diguaiacylethane),  divanillylmethane Al

divanillylethane o A5 AR B8 7= A2 1) — R ARAL &9 £ £ & bisguaiacylsyringyl, disyringyl (1,2-

i
7/
=
=
7/

|

disyringylethane), bis(3,4,5-trimethoxyphenyl)ethane with divanillyl F bis(3,4-

dimethoxyphenyl)methane'?,

A RIS R BORBEAT AL SRR A bT» ARp e

EEPE N

1. Andreae, M. 0., BIOMASS BURNING - ITS HISTORY, USE, AND DISTRIBUTION AND ITS IMPACT ON
ENVIRONMENTAL-QUALITY AND GLOBAL CLIMATE. 1991; p 3-21.

2. Genberg, J.; Hyder, M.; Stenstrom, K.; Bergstrom, R.; Simpson, D.; Fors, E. O.; Jonsson, J. A.; swietlicki, E.,
Source apportionment of carbonaceous aerosol in southern Sweden. Atmospheric Chemistry and Physics 2011, 11,
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Contributions of fossil fuel, biomass-burning, and biogenic emissions to carbonaceous aerosols in Zurich as traced
by C-14. Journal of Geophysical Research-Atmospheres 2006, 111, (D7).
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MABIFFARLLE )|, 3] BPCA =il B Hk
Bt

i (WEIRLEE)L) 25, BEWE . IR )L” WP — B P kL.
B MGE P s — BRI, B8 SO RTE — BRI 3 1 BRI o AN XA B AR A
mAars, MBI TRZIRZH B RIS R ERARES R RIGRE 2L, WARIRGE.

AT, AR T “BPCA AN EGR”. X Bk CAH A tEIE, BAEA A
giky, WIRAFAE TG . BRI UM ISR R, H— R R IEA, R
RABBRE BRI K BRI GL . ATE 2 IR & 2R S AR 8 WA /AR A s
R o AT A SRAF IR R AR AR MBSO R A B > A W iR o A= 1 B > RR T A
MRS EAFAE T T > BN B U S BR A7, AURA G . KB BR MAER (1K
PR S WSS AR T 2RI COR BHAR 5 ) 58 o AR AN HOGIE R BAT TN 2 TR € FE I,
FRATT . BTN IX 285V M DL IRE G S 9o A i A 7 2 PR SRR o S A R £ BB e £ o5 A AL
ANEBI JEH B . BT BPCA %, RAERMIRANL T, PG EHE T MR H

ARIR, B
& COOH COOH
| HOOC COOH COOH
= COOH

perylene mellitic acid hemimellitic acid

SCYSUER], BPCA VAREAT RCEE G A= AL AR B | 23Sk — IR i A3 LRI i, 1R
FedRAT. SR, ERRAIZ IS IRIAT, 2B RIS RS, 02 B O E XS e —
MABEFERAE . F7E, EIRT BPCA IERIPISL. X P LM TiE, 20y 1 ERH T ARK

VUV SCHERL T BPCA V22 8 I3 S AR B 8
O 1998-0OG-Black carbon in soils_the use of benzenecarboxylic acids as specific markers
O 2005-0OG-Revised black carbon assessment using benzene polycarboxylic acids

O 2008-OG-The molecular level determination of black carbon in marine dissolved organic

matter

O 2011-LOM-Quantification of black carbon in marine systems using the benzene
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polycarboxylic acid method: a mechanistic and yield study

KRR AGE B BPCA IEELRIE, ASCE MY\ Eh—F BPCA VAR S

1998 4F, f#[E University of Bayreuth ¥ Glaser 1 X &% BPCA 1Al B hk. *tFutse, &
BEOGIBIANZ BPCA W B2 A ML BIHT, TRX QIR IR RIE,  CAT 3 A
WRARE R 1EEAR, FAE 1970 A, A FRKIUEFEH (humicsubstances) 7ERRME
R AT SR EUL T RE S 2E BPCAL BPCA K & 2R IR, RIS IR A 2 BREUR AL &
Y. 1980 AR, HWFFURIL S G AN EIEER (ATREUE E BC) BEFUL AL BPCAs. BC IE=Z&
A R GERY, MU S AE BC AL AT BPCA. IREFINE, A, EAHR . G4,
NEH R EM AR 2R 2 57, RIEAE, WEBR R, B mREr. R,
WIEERNE L TRIRE AR B RA 2.

2005 4, {52 1% E University of Bayreuth, Xf 1998 i:fEH T151E. 1998 AR ELER T
AEBRRE S RN A W I BBk . 1B IEVEF TRA OB IRERER, 38R T A=A a0 il
T, 2005 RS, JLT R T BPCA LI SCHRIET] . 481, 2005 ¥55 1998
PR HARIE . WARMEF BPCA VAR N AR AR T F 5 54

2008 4F, 3E[H Florida State University ] Dittmar & [ | £ XA A 2% (DBC) f) BPCA
%, #2HT BPCA-C & &AM DBC SR N 4 I SCAEIX AN [A] UK 42 ? DBC & — 2K
G RIGERRERKEE] Gtk BRELD BIREE T/KIKI/NT, WA BC B#A#RE™ 4= DBC.
DBC TERIAH it # LA . FL7E 1998 4 Masiello and Druffel i & i1 g DBC fJFFE(1998-
Science-Black Carbon in Deep-Sea Sediments). FE %l 2006 4, Dittmar 4 H FT-ICR-MS KA |
DBC 45K, IR, HTX DBC MIZHIIAIN, #H T BPCA-C &8 A DBC & & [ s
o 1998 SCAIN 2005 30, FARASHITC MG, 2L H R/ % 2.27.
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2011 4=, 3£ University of California Irvine [#J Ziolkowski 1 Druffel fiff 7% T i il A A 22
BRAOHLEE, P75 HBE AT 5Ef BPCA-C & RLA DBC & ik R4, WABHER AT 4. i
AR T i FR A A b P AR TR A 2 BPCAs AN BPCA-C TG $5E b, 1998-0G L
At R H VR I RV A BB e AR Ak BPCAs, (HIGHRFE, BE 205

Ziolkowski [ R I LA 2 8. B3 15, Ziolkowski % BPCA 1%, FL% /& BPCA fIHK
DY AR R S AN F A SO R AF 5 LA o AT 72 Ziolkowski ££ M. H BPCAs 1 2+
A Fr R B 5 #2009 £ Ziolkowski 7E UCI 58 1% T 18 =18 3£ (2009-Thesis-Radiocarbon of black
carbon in marine dissolved organic carbon); [FJ5F-EL T BPCAs [ 14C 4r#fi /7% (2009-AC-
Quantification of Extraneous Carbon during Compound Specific Radiocarbon Analysis of Black
Carbon); [F4EHRER | BPCA VEAEMEEH & BRI BRINAE A IR ATAT P, JF O a2
BPCAs Z4 N\ BC & &itH (2009-MPB-The feasibility of isolation and detection of fullerenes and
carbon nanotubes using the benzene polycarboxylic acid method). FH{&EH &K REH B HL&SXFE,

ARHEZ, L.

$% Ziolkowski 1¥E, Coppola 7E UCI 5% T H: RV 18 3 2015-Thesis-Radiocarbon Studies of
Black Carbon in the Marine Environment. 2013 24>, Coppola {f BPCA 7541 BPCA N _H#JH
AN RI4T (2013-Radiocarbon-Extraneous carbon assessments in radiocarbon measurements of
black carbon in environmental matrices; 2014-GRL-Aged black carbon in marine sediments and
sinking particles; 2015-MC-Solid phase extraction method for the study of black carbon cycling in

dissolved organic carbon using radiocarbon; 2016-GRL-Cycling of black carbon in the ocean).

A, —> University of Zurich fJ/NMk-F Wiedemeier . 7E 53 1) BPCA 2. Wiedemeier
B3 7 BPCAs ] HPLC 43 #172: (2013-JCA-Improved assessment of pyrogenic carbon quantity and
quality in environmental samples by high-performance liquid chromatography); 257 1 F#l 4%
HPLC 43 B 1) BPCAs B+ VU4 #112: (2014-0G-Purification of fire derived markers for mu g scale
isotope analysis (delta C-13, Delta C-14) using high performance liquid chromatography (HPLC));
HMEm—EHEPESHT TR H (2015-0G-Aromaticity and degree of aromatic condensation
of char; 2015-Chemosphere-Pyrogenic molecular markers: Linking PAH with BPCA analysis; 2016-
JOVE-Characterization, Quantification and Compound-specific Isotopic Analysis of Pyrogenic
Carbon Using Benzene Polycarboxylic Acids (BPCA)). A =B /)&, W4 Coppola 2% University

of Zurich X41#J5 T, R Wiedemeier #&[F]—/> &2 —Department of Geography.
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WL BPCA %, FRIBDGER K N 25 2 = J7 1 - 1 AF BCHI TR AR AL BE 17772 BPCAS;
2) BPCAs patterns £ BC YR RN FHHMEA 2 K 3) BPCA-C & & M1 BC &5 & [AI ) e
KFR. 1998 FEflcid % 18 MEL, BPCA KA R E BCllEE, 2) F13), U
Foo 30 MK E PEAE BPCA VRS 2 I 2 B A . 298, BPCA VAL AL B B %5 515
— 2 —iE A TR SR, BUE K BC/OC RIFES; Mo T4 15 X BC,

B MGE PSRRI, Jon G PR ERTE A S 0 83 307 XS R PR
BN FWR AT AT I g — . EER “E” AE TR “E7, MET
RUEHA o XA MEER GRS, TFEEEKRARNZRIIRR, £ AZHE, sl
N HE TR AR A IR TAE AN E TR, ZIEAUX AT E 1, AR
RS, AN E A I R BRI R e B B DREFIREE, 0 IR TT AN E
PR R QE 2 ] .

BPCA VLIRS \EN . PRIRTEEE . HERMPFIRIE.
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+3E POPs AEYH USRI
A

FUH AR (B2, H TIN5 TAE R YR Ko 1l — 2 2 AR B A s s
TSR T kT RIS QI — S, T AR & TR RS . R AR
JAHSTATEMRF Iy 5 — TR A, BRI D SR R S U—UF H RT3 X 5 T

FOIOEE:S 7

A R ESEARRE WA E IR R R 20 o X — MRS B P2 21 5 & R A A K I H- 2
REVE. AHXT NI, AL RN 2 — 0 ORI S T b, 72 H TR 211
EH, KT POPs ARGE KB AR AZ Y (gD SRS UL A A RIS
R PIR 7% Forbr, BERR 29000 DB AT SRS T AR S AR AE ) 8 B 1),
1Ak SR RS & B A BRI ) ik aeid 18K i B B A IR IR S, [RINHBERAG 1 RO AT {5
DESE 8

H AT VEGIIHEE (19 75772002 Tenax—TA 2% L3h POPs BEATHRIEN . 1% J5757E 1997 44
IEFRH BAR, 1B E AN A 52 IR T 38 POPs AW RES MR FL . 120715
W I —fAR B 15 T, R R POPs 1) 3 /MR B, FEidid B S SRR B T 1%
TR AT I o L R B AR, -3 b POPs 700 3 K0 1D JKVEIEER ;. 2) PRIE AR AT
gy, 3) GRSy AR, BB E AR R AR . FES Ty, AN RYIRE
PR AN 3 PRI SR TN AR, JEE S TR, FEZ AR, AL R i &
Fe KT A0 R FH R =2 1), DRI i) 240 55 20 aoh R o R 11 = 2 DR 3 P A AR . T3 =
AR5y s BTG G SRR SR AT R0 R0, B AR 2R3 5 KT 15 e O A
R, TR ER 23 ) 2075 Gyt NAE WL 2 SR 3O MR R 2 . (Rl PR, KA PR
o3 55 RO AR R 23 AN B A=A RGER 73, GeAR R Ty TevE R LE A

s

BT, DOBERAAIZ O R, A A

S
S—; = Faqe_kextrlL + Frape_krapt + Fslowe_kslowt

o, SOATE t I [a) 358 bR B FR)35 G IR &, So W 2 B 1) L 358 mh R B PR e i 2
Futy  Frapy  Foon ZFBINHITEEIT ZIKAH, DRI AR R 73 FH G2 NG RN 7015 B o5 15 e e 1)

DG Ko Koy Koo 70 KSR H,  BRE AR W R AN A8 S AR W R R AR R KL
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(krap>>kslow) o

RPN E (S, So, Fuy  kewr) BEAT— RPN RESE_ERIE, W€ S AT
(W1 origind X Fru, Faow Keapy Koo FIBUEBEAT /D ZSRIE G, DISRISEDA RESEH

XN OIS F AR 2 SR e MY HoAth A D6 4 POPs AR RS
HEAT RN

L PEN

1. G. Cornelissen, P. C. M. vanNoort, and H. A. J. Govers, Desorption kinetics of chlorobenzenes,
polycyclic aromatic hydrocarbons, and polychlorinated biphenyls: Sediment extraction with
Tenax(R) and effects of contact time and solute hydrophobicity. Environmental Toxicology And
Chemistry, 16, (1997):1351.

2. G. Cornelissen, H. Rigterink, M. M. A. Ferdinandy, and P. C. M. Van Noort, Rapidly desorbing
fractions of PAHs in contaminated sediments as a predictor of the extent of bioremediation.

Environmental Science & Technology, 32, (1998):966.
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5 BB R BOR AT XA Y BRI BERT 5L K AT AT 1

BRF

RSN RAFEFAR S X I B 9 e RSB 70 0 2T B H AT A 43R
PEES A L8 LR (AR B8, KM (X etal., 2005). 2B E (semi-
permeable membrane devices, SPMD) (XI|[EH etal.,2004). KZEEAMEL  polyurethane
foam, PUF (Harneretal.,2004) 1 & F %2 #t #f i (XAD adsorbentresins) (Wania et
al., 2003). ZRIM T~ LIAVEY) VAR S 2000, MEIBEAT 2 B0 5T: SPMD Al XAD
W B 7R SZ A% R 2R 2%, A AR KA BORLAS P AT B 5T (X1 etal., 2007). FHEL 322K
R, PUF KBS RAE 3 B AE K05 i 587 T 1 B AR AR IRAE, 1 AT, AR
ANy BRVEDTE EINMICHRE: 2 KRB IR ey, B, &SRR A A S i
AT 3 RElFII SRR S MBS G NS R (3K T and X[],2009); 4 FITERIHIN (5L
JD SERCRAE: S I T AR IE PAS ¥R, WP e ule & VP H PR LE JE SR SR v e
K5 6 BTS2 SN RIIIACT Y (TWAD, ST F AR 28 /K7 5 B REA (R 3
etal., 2012); 7 AJFEKRUE S A1V ] A 0 22 A SR et ) BF A 8 0 ) A6 AT R, 20 5
DX 3BT Bl P KA 4 R S T O AR B o LT 0 3 X KR SR WS il AT
W4, FEATRORRAEAHIGSY (POPs) %, Ja &I PUF f£— &2 LAk
FARZ/NT 100nm FIFRIAIFE S (Klanova et al., 2007; Wilford et al., 2004; 5KF] & et al.,
2013). S ES KA DL SRR E R I B SR S8 Rk 507 A B e, AT 3k
135 FFRFEV) & BT 1 B AR R SRS (MR 3 etal., 2012).

i PUF-PAS ¥ KA AR Al RCRE AV TR R bR 59 . DU B f5 7= A ¥
TP YA E W) /E e FHE (levoglucosan) A, &AM LLRBURLAS T 2RI KA,
AT LALLVS S AFAE . (Oja and Suuberg, 1999) B 58 & B e SEBE AT LE 70°C I 72 A2 - 4%
Ky GRS hEs (thermodenuder) i (Grieshop et al., 2009a; Grieshop et al., 2009b)t & Fi.
TEWERBRMELE 60 CILATTIRTER . BRULZ AN, AMIRBE 5 7= A BRI ) 11
% #1435 (Grieshop et al., 2009a; Grieshop et al., 2009b). [Fitt, {1 PUF-PAS # 5 RFEH A
] BRI A SRR 7= A 1~ R M TR 3R

N, e A TR 73 URTRE VPR AR T Ko BRI, A Ik FU 3R ) e e

ERELLASTERAAE T 2 AP BT B (Xieetal., 2014) i ] — & ARFEREE 1K)
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PXP (PUF/XAD/PUF) R4E 39 MEMI S TE#RNE, 5128 E Fa st gasar 4R
BRI 2 e SRR BEAT R HE, RBIVRAS W5 EEAE 0.023—3.04 JE N /2 he i SR EAE U
(9 B B e & v T LA, P AN 0.230 R, 4R S B MBI BET S Yok, th
AL 53 BC 0 FEAE A o T L, E T A A 3 RAE 28 R AR IR AT H AR e B 2,
PR B g RS R IE . TEARmBRAHEE T,  H ARk Be S 5L A5 H b
PRI BEAE R BB S

FULZHITROAB], IR IV FURAE s R & B RIFHE M L2357
KoM 2 B 6 AAEE, (R Z I T7 e nZE, BABORKIEAZ IR AR R R R
FELIN [E] Y BRBESE PUF A RIVAT; 100 A (K 2 805 I 28 HF [aldE, #IF[ghildEss, 72 FEK,
FERMEAR, 2 DB A A s 384T 800 2 34 05 I MR AL SR A AN R L5 ) 23 T
wHE, B, HAlOf 2007 R PUF-PAS AIREFHIZ F T X3RS PAHSs 15 440 1i 5
FFOEXTEEWTTT, $E2n KX PAHs HOWREEMIAL, JFlid PAHs A SR 7875 4 1% TR IE

(Bohlin et al., 2009; Jaward et al., 2004; X[ etal., 2007; F1& etal., 2007).

DX A B BETS G HE TR BR T B B, BAT A ME”, T K fiife”, HAYR
WRJE 22 Ak T IR RS I A AR, VA B KR SN & 3 7 7 . il I 4R
FEREAR, ARSI S HRE F B 7¢ DX AN [ by () AR P R e 28 2 | 5 X R R X A 85 5
i B R (¥ SIE R, 38 TR 0 SR £ SR B0AIE K 5 A i TRk S R B R R A
WAE S (blue-sky) H XA BRIREESE ORI AL YR BET5 Yo HE OB AL A6 S 45 itk
1T (L et al., 2006), SHLAH B X IBAY) LR 7T MODIS 255 (Deng etal., 2008) £
PAHs LRI TS B (145 AT LT, S8 RI 310 32 AR DXOWIN 21 (¥ A 9 R MR B Y% (X
(BT RAE BRI S (RS PR X LEXHE B (Genualdi et al., 2009)% .

XEETE ] T3] PUF B BlRAE ST 78 X A B A W S MR Ge ¥ T AT 1K

S 3R«

Bohlin, P., Jones, K.C., Strandberg, B., 2009. Field evaluation of polyurethane foam passive air samplers to assess
airborne PAHs in occupational environments. Environmental science & technology 44, 749-754.

Deng, X., Tie, X., Zhou, X., Wo, D., Zhong, L., Tan, H., Li, F., Huang, X., Bi, X., Deng, T., 2008. Effects of Southeast
Asia biomass burning on aerosols and ozone concentrations over the Pearl River Delta (PRD) region. Atmospheric
Environment 42, 8493-8501.

Genualdi, S.A., Killin, R.K., Woods, J., Wilson, G., Schmedding, D., Simonich, S.L.M., 2009. Trans-Pacific and

regional atmospheric transport of polycyclic aromatic hydrocarbons and pesticides in biomass burning emissions
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3R FSRB AR 0T H R GE RIE R RBT SUE R
FPEFG

NI B RS 1 -t R A AR A o A R A L SR A A 25 R Gefa e AR BRI
1 (Foley et al. 2005; Yu et al. 2014; Newbold et al. 2015), 1 fif -+ R A4S A 25 R G R
AATRESE R e HA B S ST R R A AR o e BRA D S0, IR B 2 e,
W 51 T 22 42 A5 2 S MBI 22 5% () M4 (Lawler et al. 2014; Song et al. 2015). T4k, £ Hht
Fe % B R P AR Ak 45 BRI A= 0 2 #E 14 (Newbold et al. 2015) . 1T H., Z%f 7o 48 76+ 3t R
FHAS AT S AR P ) 501 (de Assis et al. 2010; Fracetto et al. 2012; Ferreira et al. 2016). 5T
RE IR AR, U G TAE AR RS 2R G0 28 50 B8 AL BT 4 (1 4ty AR bk £ 3% (Canadell
& Raupach 2008), X LI3ERUEY 2 FEVERL IR AR B . SR, HIRGEUEYIREE, JoHE+
AW, 2548 REYFRGERIEL, &4 RGNS 5 (Rodrigues et al. 2013),
B 54 ARG VIR fgfa e 1% V) A < (Zak et al. 2003; van der Heijden et al. 2008). A1,
PIAT FR T AR ) P AR A0 SR G MDA R 2 RE PRSI N SR SR AT RS R G )

BeANgE i AeE B A B 25 X (Rodrigues et al. 2013).

FERT L IR T AR Lt 1) FH A A of L SBAR A AD FRD B2 TR0 (R 5 AR A A A 2 B0 T 45 R
R, ARbR Lt FH 2 A A 2 50 - A A AT 45 W 28 B Lupatini et al. 2013; Kerfahi et
al. 2014), SN LIERAEVIREE o ZRENE, BRI B ZHEIE, IF S BOHLI 22 (117 44 (Rodrigues
et al. 2013; Kerfahi et al. 2014; Purahong et al. 2014; Vitali et al. 2016). #X1fi, AW 7TH KM
AR LR R AR A0 T35 o Z2REMER A 45 520 (Jesus et al. 2009; Tripathi et al. 2012)

(o MH, Lee-Cruzetal. (2013)AF TR BUARAR 1384548 N ARIIARARRY , b T AL 1T 484
IR B 2R

H TR A VR R 2L BRE  AE R AL 22 I R AR S R G ke P, T RIR SN T AR M
Vi 2 FEVE AR R A2 AN AR AL DR 3R AT Bl T A T B AT AR G0 WA R T - R AR A A 3 R
ARSI . A FERF R R IUIRS) st F) FH R B 2 oh S AR B R S et 2
FEFFBEERERAR, a0 pH. LFAHPUEA Al BF45(Hartman et al. 2008; Wakelin et al. 2008;
vitali et al. 2016). Jesus (2009)25H/F 5T & T pH FI1 Al B 1~ 42 540 7. Ty 38b -+ 1) F A% 56 o 4458
YT REVE LR S5 0 BB K . Vitali (2016) S it AR 2 4E R HEF 7k M, R FL
TIRAHUTA pH BEAR A MRS 3R F SR A b LI AE R 1R . RTINZERERE,
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WF S R B A WD T A R BB A (R e 8] RUBE 22 AL T 25038 (Lipson 2007; DeBruyn et al. 2011;
Zhangetal. 2011). Lauber (2013)%5 K I AE PR V& S5 A0 AT o Z R RIS () ARfL B35, (HB £
FEVEBER (542 AR KT 42 /N (Fierer & Jackson 2006; Wallenstein et al. 2007). 4R, 4%t/ X
s, 0 (5 R AR AR, A A 2 Rt R P I AR DR 1 R s A R AR AR e
b, RAEA TR IUESEREA R R LA I RRE SS I RI T BE B e (Scherwinski
et al. 2008; Berg & Smalla 2009; Wubet et al. 2012; Wang et al. 2013). Bossio (2005)Z& M 7% A& i,
) P AR B e SR TR AL A AR, B RA N TR AR A a5 R T . (EOC TR
A HRHT UEARESORAS [RD R SN TR S 0 - S 240 B A9 1) S i e 410
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Discussion to the paper “In situ biodegradation of phenanthrene in polycyclic
aromatic hydrocarbon-contaminated sewage water revealed by coupling

cultivation-dependent and -independent approaches”

Jibing Li

Some studies have successfully applied DNA-SIP in the detection of indigenous microorganisms
involved in PHE biodegradation.!* Our study employed DNA-SIP and identified five OTUs directly
responsible for in situ PHE biodegradation, such as the phylotypes affiliated with Acinetobacter,
Sphingobium, Kouleothrix, Sandaracinobacter and Kouleothrixaceae (genus unclassified) from

PAH-contaminated sewage water.

The genus Sphingobium was first described by Takeuchi,® and 41 species in this genus have
been isolated and reported (http://www.bacterio.cict.fr/s/sp hingobium.html). Sphingobium is is a
well-known PAH-degrading genus in the family Sphingomonadaceae.>° Some strains in this genus
metabolise a wide range of PAHs, such as naphthalene, PHE, anthracene, fluoranthene, pyrene and
benzo[a]pyrene.””!! However, no study has used SIP to demonstrate the in situ PHE-degradation
capacity of Sphingobium. The genus Sandaracinobacter also belongs to the family
Sphingomonadaceae. Until now, only one species (Sandaracinobacter sibiricus) has been isolated
and reported in this genus.'? The phylogenetic analysis of SIP-identified OTU 73 suggests its close
relationship to S. sibiricus RB16-17" (Figure 2). S. sibiricus is an obligate aerobic phototrophic
bacterium that contains bacteriochlorophyll a, which is light-harvesting complex II and the reaction
centre.!? This bacterium tolerates and reduces high levels of tellurite.'> However, this strain has not
been linked previously to PHE degradation; thus, our present results provide strong evidence that

some microbes in this genus are primarily responsible for in situ PHE degradation in sewage water.

The phylogenetic analysis of the microorganisms represented by OTU 57 suggested their close
relationship to Kouleothrix aurantiaca SCM-E (Figure 2). K. aurantiaca SCM-E was first isolated
by Kohno from activated industrial waste sludge.'> The genus Kouleothrix belongs to phylum
Chloroflexi (family Kouleothrixaceae, class Chloroflexi), which is one of the earliest diverging
lineages of bacteria and was first defined by Garrity and Holt in Bergey’s Manual of Systematic

Bacteriology.'* Class Chloroflexi is one of at least five major Kouleothrix subgroups, and all known
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species in this class have a multicellular filamentous morphology.'> A number of studies have
indicated that microorganisms in the phylum Chloroflexi are closely related to PAH degradation.
Shahi et al. showed that y-Proteobacteria, Chloroflexi, Firmicutes and d-Proteobacteria were the
most dominant bacterial phyla in petroleum-contaminated soil from a coastal site at an old
petroleum sludge storage pit in Turkey.'® Bacterial species belonging to y-Proteobacteria, &-
Proteobacteria and Chloroflexi change dramatically after treatment with PAHs, indicating that
PAHs play key roles in bacterial community diversity.!” Muangchinda et al. reported that indigenous
microbes from the phylum Chloroflexi degrade PAHs and provided bioremediation information for
Antarctic soils and sediments,'® although PAH contaminants such as PHE and pyrene decrease the
abundance of Chloroflexi during PAH remediation.'!” 2° However, Kouleothrix and
Kouleothrixaceae have not been linked previously to PHE metabolism; thus, it is unclear whether
these microbes are directly involved in PHE degradation. Our results provide unequivocal evidence
that some microorganisms in these taxa are primarily responsible for in situ PHE degradation in the

complex microbial community of PAH-contaminated sewage water.

Acinetobacter, belonging to y-Proteobacteria and to the order Pseudomonadales, is a GN, non-
motile and strictly aerobic bacteria. These bacteria are widespread in natural environments,
including hydrocarbon-contaminated sites.?’> > Members of Acinetobacter possess versatile
metabolic capabilities, such as pathways for degrading aromatic and hydroxylated aromatic
compounds.?® Since the early days of taxonomic research, the ability to degrade aromatic
compounds has been a common characteristic used to identify microbes in the genus
Acinetobacter.>> Hereinto, some strains metabolise PAHs, such as PHE, acenaphthene and
pyrene.?? To our knowledge, prior to this study, PHE degradation by Acinetobacter using DNA-
SIP has not been documented. Drawing together the results from DNA-SIP technique and
cultivation-based methods showing the observed dominance of 100% similarity with Acinetobacter
tandoii DSM 149707 from '3C-enriched fractions and the ability of 4. tandoii sp. LJ-5 to degrade
PHE, it is clear that A. tandoii LJ-5 can be linked to in situ metabolism of an environmental pollutant
(phenanthrene). The species Acinetobacter tandoii was first described by Emma et al. in 2003 but
was not previously associated with PAH degradation.’® Thus it is attractive to show the first evidence

that A. tandoii LJ-5 in this species has the PHE-degrading ability. Furthermore, our results provide
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A. tandoii L]-5 reference data for application to PAH-contaminated sewage water treatment.

The presence of the distinctive PAH-RHD, GN gene in the heavy DNA fraction from *C-PHE
microcosm suggests its functionality associated with PHE-degrading strains of Acinetobacter,
Sphingobium, Kouleothrix, Sandaracinobacter and Kouleothrixaceae, as identified by DNA-SIP.
Failure to amplify this PAH-RHD, gene from A. tandoii LJ-5 might be attributed to 1)
incompatibility of the primers used in this study with the functional genes present in this PHE
degrader or 2) a different PHE degradation mechanism present in 4. tandoii LJ-5. Acinetobacter
genes that catabolise aromatic compounds are enriched in five genomic loci within 25% of the
genome,’! whereas the metabolic genes of other aromatic compound degraders, such as microbes in
the genus Sphingomonas or Pseudomonas, are scattered throughout their genome.’> 33 The
mechanism is unclear, but some preliminary evidence suggests that syntenic localisation of the
genes associated with this metabolic pathway relieves the energy burden on the transcriptional and
translational machinery.>* Metabolism of many aromatic compounds produces the intermediate
metabolites catechol and protocatechuate via the B-ketoadipate pathway. In the present study, we
found that 4. tandoii LJ-5 expresses genes involved in two parallel branches of the B-ketoadipate
(ortho) pathway (CATA and PACH).? The presence of PACH suggests that 4. tandoii LJ-5 degrades
PAHSs and related aromatic compounds via the ortho-cleavage pathway for compounds funnelled
through protocatechuate (via PACH).*® Successful amplification of CATA also indicates that 4.
tandoii LJ-5 metabolises catechol through the catechol branch of the ortho-cleavage pathway.’’
Previous studies have suggested that the CATA route is preferred under low-contamination
conditions.?® 3 The presence of ortho-cleavage for catechol probably helped A. tandoii LI-5 adapt

to the low levels of PAHs in the present PAH-contaminated sewage water.
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FERE TR RIRESTITER OC YRR TTRR 04T
PN

1.1 OC JEARHT IR ZE LLEL

BESHIEAT B AL BT S PR MEATEE SR (R 1D, Bk 14C Z AN OC A=W0RR DTk 3 fE A
3 (5) AR X HE i 22 A0 FE, 7] DLBASHE T 140 25 R 28, (K 3). Hs, kR
4C Z AN LB 72 OC AEMIBR TRRIME, X, 9 “C 1) OC AEMBR sTmk I . 3k 3
Jir

8 = (5)

s AXHRZNNEIRIR 72508 CMB. .. PMF. CMAQ. CMB f#ffréhi s 1*C fif
Wi Rz, X EZRHT CMB 1) OC T R Z e 17— RIANIE R
ERP, PR T URARNTIUERRIE . RASEEE N CRAeAE, 2005) ZEH T 11 Fb PAH 50 HLR R
Y1, F CMB BEBLJRMENT T AL 2000 4E 28 2001 4E[H] PM2. 5 H1 OC [AEDIBR DTHR, A 46%;
HHgSEN (Zheng et al., 2005)iEH 7Btk AR, 2357 M2 et S0 119
FRANLRERYD, F CMB BEALYEfARHT 7 AL 5TTT 2000 4F OC AEMBR TR, N 54%; Wang S8 A
(Wang et al., 2009) W& JGLfERE. HEEM. TR, Bk, BE. SIS 114 f
AIMEYD, T I 37 B E A NIRE, H CMB JE AT 1 AE 5T 2007 4F 1 H &
2 7 0C BAEDRRTTRR, Ny 56%. FLk, OC RS B MM 45 AN 19C Ml b 45 SR 22 il L),
XU T URIE AL AR OC &5 R J7 A A BUF IAERR B . 5140 Cao %5 N (Cao et al.,
2006) FH I HLm# AT 7 AERTTT 2000 4 OC ARk ok, J9 41%; H§HERS: MIX FREOE 5 (Li
et al., 2015) f@#r 7 4L5TTH 2008 4EH1 2010 4F OC (AR TTHR, 4 HH 38%H1 39%.

1.2 OC JRENTI(E HLE

JEIEH. OMB. PMF. CMAQ f¥) OC LWt sk 4l R 5 3 14C 88 RIMA LA R EIR, 18
95%I1 B AF X [y CMB BRI ARSE A 14C 45 Ry BBV E T JEIE SR PMF L1
AR FINCT UC B UL CMAQ BB FLE AR EE s T 14C 45 (B 2). g Bt
CMB B8] OC b 45 RuERAFE =, 1X 55 0C JEMRAT I 22 L 4 SR — 85, KRB 2 h T
CMB 284 [F) OC JEARAT R T — RINMIAT WIS ER) o 45 F AR s 5088 B (75 B R PMF A7
(%1 OC VS AT 45 AR, X U8B AT ) L4 SR A R SR PMF S E VS A AT OC 47 7E XS
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A FUREHARA,, AR PR i TR B R AR G A IVE A ANIAS T B4 B A T R HE T
PR 5~ I K LA K2 PMIF B~ B80AN B T8 PEARAEAE AR IR, 51 B AR MK HETB 1K 0C HEfi%
PAUEFE T AR, B, 0@ Tl 4 28 (Li et al., 2015), {451 2008 4F1
2010 4F OC A=4W BTk 537910 38%1 39%; 1fi Cao 5N (Cao et al., 2006) [f) OC HEHH L
&7 B AMRBERI LA DO R IES, 55 2000 4 OC AEABRTTRAA 41%. AR (Song et
al., 2007; Song et al., 2006)F PMF HLB4JEARHT T 2000 4EF1 2004 4E (% PM2. 5, 4404
SIS 7 KA1 6 25, HUTIR B BIIAF] 80%, RN H I OC A=K 5k 2> A 31%A
30%, SRR MC. R, S5RMEERIEERIN CMAQ BULs Rfim, X5 CMAQ il
Ze I B2 B2 A e R A 06, R BT 5 i v 2 AR IRAT OIS, R 2
B MR B AR S B IS 2 (S7E =, 2014).

1. 3 OC JRMEHTEFRZEAL K EEIRTTRR

3181 6 7 dilee th T AR IR L PMP BEAY, OMB AR DL e 1C R OC £ BT
BRAEFRAZAL . A 6 Frz,  14C 19 OC ZEMIBR oTHR Y 42%~59%, A EIRIZE LTHHES,
i 2007 2013 SEAL T AP BB E AR F BB G0 A ORI H BB g b
Y55 5 OC AEWIBR TRy 38%~41%, SRR RBE NG, AR (E3); 5 HC
[ 42%~59%AH LU, VRIE B SRR AIC, Ui I LA SR IETE 50F OC AR RAY, X5
BB RS R — 3. PMF R BYENT Y OC ZEMBR 5Tk g 30%~37%, MEMTZ RAEFR LA ] R

(E 4: [FIFES 14C (¥ 42%~59%HH FL%, PMF &5 MK, XA U8 743K PMF % 0C 4=
PIBRIOAAY, 538 LU AL — B, OMB BRALEE AR —Sukek s GHARAED rosem, 3
0C LB TTRR Y 46%~T70%, SfA ERIBFERIES (& 5), XMyl i+ LRIk
R FUREME BB, FR, 5 UC SRR, AR, XS
B b g R — 3.

W% 2 R, WETE S PME AR, CMB REHY & A A AR AR KU R 73 TR Bk
B, OC JH R EAHEEIRRL, BFAMIREE. ), 2@l Tolk 5 K3, & B 1Ak
TR0 0. 59~0. 78, 0~0. 11, 2.98X 10~~0.0045. 0.032~0.076. 0.16~0.26; M
PMF HARE, OC I FEAFEMR . VR, 2o@ic. Tk, —RBHAER (B
& IR AR # ) 77k 6 K2R, & B AR oTER 7708 0.23~0.55, 0.12~
0.30. 0.027~0.38. 0~0.33. 0.0040~—~0.078. 0.040~0.19; M CMB #AIKFE, OC L%

BUAERER . BB SCEis . k. MRS . B, TR 7 K38, KA EK
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AR BTk S AN 0.034~0.29. 0~0.34. 0.21~0.79. 0~0.47. 0~0.028. 0~0.49, 0~
0.052, LA LAT%n CMB A7 1¥) OC YR B E BTG M 5e B g2k 4, FF H i3 0C JE T
g5 BUERE R, XU T RO ISR e B IR SR R G BT R AT AR

Bl 2: JEEAT OC # IR HT 77 i A e 5 ek P Bl 3: LB HVEE HA OC A= MIBK TURRAE AR 4k

H J5ie
ol , 0.41
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D 0.4
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