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Abstract There are large uncertainties in observation of atmospheric carbonecous aerosol. Sampling, observation

and analysis methods for aerosol organic carbon (OC) and elemental carbon (EC) are reviewed, including optical

method, thermal method, thermal optical method and optical/thermal real-time on-line observation methods. Sam-

pling on quartz fiber filter and laboratory thermal optical analysis are widely used for OC/EC observation, but they

are still doubtful in thermal program, OC/EC split and correction of pyrolyzed carbon. Moreover, accurate evalua-
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tion of sampling artifacts resulted from organic gases adsorption on the filter and volatile loss of collected particles

are needed. Optical/thermal on-line observation methods avoided the difficulty in alteration of the particles” property

during sampling and subsequent treatments as the case in filter-based measurement, but they still need to be im-

proved. It might be more accurate to distinguish the primary OC as those emitted from combustion sources and non-

combustion sources (e. g. , emitted from biogenic sources or vegetation) in estimation of secondary organic carbon

(SOC). Corresponding researches are needed to determine OM/OC ratios suitable for different ambient aerosols in

China in estimation of organic matter mass (OM). Chinese scientists should make their due contribution to the im-

provement of observation methods for carbonecous aerosl, and establish the observation schemes and regulations a-

dapted to the charateristics of atmospheric aeorols in China.
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B 7, R STN (Speciation Trends Net-
work) TOT J5is,
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3.1.1 DRI # b2 5 AT RS 52 86 77 ik

DRI Model 2001 $AS k73 A A58 FH 4O B 53
% (IMPROVE TOR) #17 OC/EC 43 #1. %AY
BRETRFANH (OO FTEm (EO Miks
PIAEASIR) IR B 45 0 N A 0 85 i 47 R R i N A A 1Y
RS 40 4. Al A DLA S 9 nT e IR
JERAEA M TR, (Hike EC A&H %
R, 1 EC 2378 05 i B2 A A A R B oS ik, 7
ANFEEA R B 4 ik 7 B9 % /- (Atmoslytic
Inc. , 2004), HARSGHPRAMT: D FEAFM
Uk RN A A AR AT 0 DA D8 RS ARE it 288 B ) 10 B v
PSS YR 2) FIHAAR] OnAm &
¥, MnOy) Sl S WAL COy s 3) it
Heiefbds CEEREAELRD ¥ CO It JFa, CH, ;
4 FIF KGR BRI (FID) K CH, & .

FEATESE 2 P A, &8 404 HLAR W] e i
A ot E e (RPRA IO . S BEGE
Kl L OC Fil EC B 5 X 4. %A A% % H 633
nm 2, — GO W I 8 R 1Y) B S SR 0
MR R BRSO i, S BUR S RS
SPRTR R ORI R S 2 g S R 0 A8 Ak B 4R R
TR E AL B AR 4R 5 AH Y TR A PLAK
1) 70 2R B g DX 43 P A b 1 1 A BILBR 4
G OC AR A1 P A0 5 248 A LA i 6k EC 5
filis J35b, W] R RS 2802 It 22 kA T SR il ik
B IE T X 22 S AT 8. A o Pl A 2 1 ik
PR AR TP ) Bk R 78 L S B O R R 0 R AT IR
AR PHIFI R CO, 58 M. WA TOR J5 ity
OC/EC 73 #7132 22 21 78 WSk (Chow et al.
1993),
3. 1.2 Sunset # s AT IE S F T ik

Sunset HOGHR ST HT LAY HE S DRI #O%G6k 5
BRI TR FE I AR 5 0 2R A BILA 1Y) DY 7 A
IEA A, TOT Jiikiets OC/EC 43 i) 3 %
SRR (Chow et al. , 2001), 3@ % W i
U IEEE St 2 0 AR AL AT R A HLIRAB 1. Ss
FHE 0 /9 W BE AT A A N BB AL IE (NIOSH,
1996), NOISH J5#: (Method 5040) 241X} 57
ERAIG YIS ITR . BT IMPROVE TOR
D7 R TE PR SOOI A5 Bz A

T AR 1 A [ 6 5 T B2 v RGN 2% Uk B2 B
FEEIP 71 . IMPROVE TOR J5 3 OC 3 I %

IR 550 °C & T EE B O 45 i ] B ke F FID
HHE B IA B L i NIOSH TOT J7ik OC
R fi R 900 °C o 2% it B2 B P AR I (] i 7€
RZiE R TOR F1 TOT J5 k5 0 22 5 K i 32 2 )5
B, 24A PRI IE TOR J7 3% A S 61T
ASC W0 R T A A A B0 B S s ek )
PRI Yo 5 000 SR 8 7 108 I 25 T 194 U ) A3 B T
TOT J5 2 025 565 D6 s 06 455 108 52 T 0K 4)
T BT P S R B0 A BILAA 1 v T A R 3 5O
968 114 728 Ak S A D R Bk i, R TOR
JriER) OC/EC R 43 5 e TOT Jrik#EH; (Chow
et al. » 2001; Chow et al., 2004),
3.1.3 IMPROVE TOR #= NIOSH TOT Z ik #)
EXApE: S ALY

DRI TOR 5 Sunset TOT J5 &40t 5L HAH[A]
PR TC s RARA Y, B TOT Jr k4% 3/
EC &5 5858 % e TOR J53:4i% 30% ~40% (Chow
etal., 2004), AN[FISEERE [A] TC 5 4G %5 B R
4.2% (Turpin, 1989); {HE OC, EC %4} fij&
Srprid B B ERAE E S, FEAS [R) S 5 A ] A2 AR AR
K. B8 EC s 2 7 ik 34% (Turpin et al.,
1990a) . X 2B BRAE BIr 77 2% a] i) — Bt 2 ik
S AR [R) Btk 23 A 5 kA B Y BCE AN BE R AT ]
LR aib)aa

OC/EC 735 2k 1 22 5K B 8 7 Hke i i +F
S T ER SRS, T AR o 23 A B BRI N HIAX
EESB AT FE (Chow et al. » 2004): 1)
FHEAR T CANFHRE R 25 B B i B AT B AR
FRED AN s 2) A UE TR i Pt 7 vp B S
REGE N R TR OE R 2255 3) 6
IS A MR s 4D AR BE IR Y <
REREE; 5) W AEa a6 BT BN A
FHCHE RN 7D R B i O A I 7 %5 8)
KOEFAbRE S bR e Ze iy s 9) AL FIL I A
AEFIREZ MR s 100 ek B2 M DA% Sk A X T4 o 1 467
B PR TR RS I B R B S MR
1) FR) R R A7 B8 0 2 Wi A ] Tl 8 ) T B 12 5
Chow et al. (2005) & FAEMIEE 5B EH LGN
R EE 22 10~50 °C o WG I Al 25 237 Wi %o B 2H 4
Y HERR I A

PEIEARE A B RS i 2 BB IE OC/EC #4
JGt 3 M 45 R 77 A Al 25 (Chow, 2003), £
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D) UM ORI DUVE AN 245 M i 5 30 OC
B ARG WD 22 . FE SR BN 5] 25
e BRI T4 A IR I b A Uk ) 11— Bk
SR B E I SRR AR R DG WA T 5 2) R
Yok A ik /b /5 22 SO0l 0k R 210 5 /i T
TOR/TOT St M A AR RAL I s 3) ORISR
B3k 22 R i 7 2% R I B S B 0 I ] (s 75
BRI R 4 AL TARTEUE N b i e B B2 HAE
B R v 45 R R R e Ak 2 OC I 5E 25
PR A 22 0T 52 e AR B A OE s 5) B RURLIE &
Y. PEIURL IR 5 W) RN 2 B ) 5T 1 B4 A T A [
HAR S AR 2 ot 22 S35 BC AT im A6 e iz
A—FOF5 W 25 6) A REAFTE 1Y Ik IR R
(CaCOy) TEMMFAISAE T R THCRR 14 52 Wi AT 368 4o 1R T3
SEFRIERR; 7 SRR AR P B RS AR
BUR B, HESH ARG Y B R b R
TR ARG IR, X SR 5 RS A AL Y L
JEHEI, AT A O R O A 2 E N PR AT OC,
EC I ANTAE IR 405 8) I MR A i v 10 B R
AbFRER B 1 7K Z8 AT B8 FID BRI % 434 7 A
SO, AT SR U BRI e L TR B (A
moslytic Inc. , 2004); 9) FTFRIEMM &5 1) 1E
HEFRAERE S 52 M s 10D THERR P 875 ek, LA
(PRI 8 25 A7 X0 A IS T 2 3 A R TR 0 4 3k
B 11 AR IE FARTE 55 R i X fin B )i
IR RO A3 AT sz e s 12) OC. EC S5k
by Jox 1] 19 ) BEAL “7 A 2 2 i UL 0 4 4
R AEAL B A B A 2 4 ) T
% (Na. K. Pb., Mn. Fe. Ca. V. Cu., Ni,
Co. Cr) AITERARIRE T 4k EC B RO 52
ke 73 W& 19 /r 47 (Chow, 2003; Lin et al.,
1988); 13) #ApHrad Fe v MURL YD G R P 2 A 1Y
A

Chow et al. (2001) KB A HEIEMIFE S, NI
OSH J5i: Ml & (%) EC t IMPROVE Jy ik 245 21
) —FR B A FZEH S NIOSH J7 ik 850
CAF TIFE RN OC Mk EC (&5
375 SR AR SR AR A G U BT 38 W T e 2R X O
BN R EC) . A a1 S8 A5 W 7R I T 2
PF T T BB I3 il I 0y &I 1 itk UL ) 2 A1 4 5 3
EC EfbB i, Fung et al.  (2004) 43 T 53
STN TOT F IMPROVE TOR Jy 774 22 5 1 Ji

. WEJH, STN kM EmEESS TES
A WL R A% e Al s 5 AT IRURE e 1) 3 B PT R 5
SR S B i B L R I 2 e R Sk B IR D
T Tt B i 22 1 A5 e 26 43 o 45 SR ke A AR A O
LR E R A 2 R R EE T, TOT
D7 AR T BE S5 A T DR Ap 220 1) B () fef A5 A 0 1Y
OC B, FECEZM OCFEF —/ 3 @ R &
PR, 45 OC H{ ) T2 e fb . 24 ik ik
RAEJ T, TOT J5 i v is S 25 s 0 5 8 FE 5% 1 A
TR 2L i AL P E AL i R R G R, & 3R
KIMEIE s 1M TOR Jy ik g R iy S 3240 52 3R
SR 728 Ak 1) 52 ) DT A B B /N B IE . B A
BRI T 2R AL E ) EC 25 R ARt (FE D8 B
FoRERRYE Z . BERBR IR, K
PR 4 RIA—3K,
3. 1.4 OC/EC #tF 547 7 ik A 4284 B4

POC2E A ik BRI B 3z . 3
e T il N A itk 1) D' 2 A L T AT AR AE A I
FF IR, NIOSH TOT J5ik s 850 C
IMPROVE TOR J5#:H 550 °C #) OC Bt = 1
BE, ER AR MR N B (SRS R
AR R FIWT OC 1Y e R 2 i A2 &5 58 i (HIA
AEG YR . AN E RS OC/EC Fr R B4 T)
L OGRS R HHGER R g R (B
BE WA THR BB REA T 25 R, WA XA
(] P4 T G U5 L R i e 0w ) 28 Ay 1) 2 S i
M FHEFET . IMPROVE TOR J7 AR 4 FID £
D5 2 15 38 B RO 2 J2 5 F A & 1Y FHR
B B a1 BT 4 2 R AR AR B B, XA
anH OC. EC BB FE I vl Be 5 R A 38,
VD 208 P 1% 2 S5 48 B S AR A AL R AT R kO A
EIE WA R 2 T W S R (Chow et al.
2004): 1)t OC 4 mAbmikny EC e THA R
EC kASAADE; 2) B OC mfbr=A4 1 EC 55
A1) EC BA MR G &5 (HF5E R WX
P EAR IR ESAS ST, (Yang et al. , 2002), Z4fEAY
EC Fllsi A 1 EC LMl R BAE KR ZHE LA
[, Jf HE#E S EC OB R BOFE e A48,
PRI s it 1 DG 24 R EATY SR A 7E U7 125 b Y s
A,

OC/EC B2 0 M r iz AR fe Ll
HAETHERR 7 F 2 o 1 D2 A 1 Jy 1T DA
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SERAT) 2 AN AT [ OC/EC WL R 43 4 (4 Al 52 J7
i HOC, EC & U IR S A B fb 22 i o
A CHRZ LS YRR GY) B 1 i
T3 TIAFSE PR AR 0 R X

3.2 ZMELWNTE

SISy BT R BT — I Al [R] R (12 5% 24
h) PERERIFERT . BRRAERZ SN, IRIRAE i 4
HFRE . . AR, IR S R X A A3
CCHRZ A MR OC 253 WL Y 52 ) v AR ME D
Hro Taob, IS BRI T2 T 224 I ] 43 HE 30
(RN 235 SR B e 7 e W 0 R AG s 47 . %
FE ARG BR 3l Ty b B, DR A Sk R R0 ) ik
OB BN B WA A4 BEE AR 2R 70 B vk T O
PEBRAIAR (B, BO) B0 ik, SEit
TEL ST HT AT A 5 S it (] [T B (i 1~2 h) RAE
LB R T VN ey (3T KL VSR SuR P Yl
TR AT
3.2.1 RFEAAELT X

FE MAGEE #1420 7] Wil i) Aethalometer
PRABANAT [R] B AE 5850 . AT LRI L1407 AN i B XT
RABRR IS AT B S0, 4 5~15 min
R0, SCHT I BC W . A A1 D
SR PEVEVEAT I (Ball et al. , 1992), #R4% BC
X AT UL (R W R P 3 o A T T VE AE R 4R
B BC B9G22 (Optical Attenuation) %A,
BCYREE, HAB 2 A & S

A=—100XIn (I/I,), (D
Horp Io A1 T byl ik 25 1 8 AR A i 8 4R 1Y Ol 5
(Hansen et al. , 1984), Y&2E3El A LA T
UEAR | BC 19 5T 2007 S -
A=oarn X Spe (2)
HA I KRB oarn & BC IR EEI ) HESHL, 18
i A T 3 A 0 e S 5 3 AT AR DR AW D A
MR, AT 5 S O AR B AR
ko AL R T R AR EC Fid i a2 T Bk
B9 BC n] LIEFT L3 (Lavanchy et al. . 1999),
7 G2 T BOJAT BC MR IE A SCHETE TR Ky
HiE .

AU AR T EC B, < e
RS % AT UG A S RT D) 220 s I DA S B il £
e EC FAEA WOEHER OC A, ik
AN B BC fRTak A, iR I i BC /6

WS TS DGR, i AT SR I R TR

D6 T BC WU B ANE S M S TE Ti%07
2 BOE OGN AR BON i A BEOG I UKL
PR TR ACE R ML, EIERM, G
BC TEIRAR - TURE MR I HAT OB TR
Rl oann By i, S FEAEEE BCIREZ G
DRI LS W i i R e TRl D= D ) | P Y N
AR R WY/ BC #eE (Kirchstetter et al.
2007), T Aethalometer M A #E & 40 1Y &F —
ASGrHTRRAGA TASSE ) BC YR BRI . S8 E
TEACIN A OB T TE 1 230 U B R — AT
143 A s HEAT WL F . BC ¥ BE B2 808 ) T3
(LaRosa et al. , 2002), Y& 0R 1) 68U 1)
SO, E TR UKL 1% ' B R R A R A D' I
W, 2xszmst BC BHERDULIN . 55 =, JGRRE
R BRI A R A2 4k . BC i B A Wi {E Fn
WS REL oarn RIHBFRA7 B Gl . RBIXD . 2205 )
TSGR R BC 7E R 1k (Age) IRG TR
SEP R B AS [F] A2 AR AR K A Rl 5 R Y
O‘ATI\'/E’pC?ﬁ@EIijj 5~20 m’
al. , 1993; Kirchstetter et al. , 2007); XZFEG
S R R E TEAR K, FEXS A [R5 L
VRIS BB A5 R AT LR T S 5 18RRI &R,
T3 0] 25 T BOA [7) 3, DXOUL I &5 5 2 18] ] Ho PEAR 2%
TRZ I TAEAUE T oarn B4 ) (BT AN 2E AT
T BRI A A R AL E s AR XE LR TIEZE A 1
HERRTE s TRl RACRE DL RS . A, 18 S 2 5
MW (Jeong et al. » 2004) , B HFIEHEHUUAE D)
OGS L0 28 B X Ol 2 T 4 SR AT R B AR I
AR IOULI iy m] S22 5 (H By T #0627 5058 % 4 i
TR T 22 AN BIARE T i WA T
AR, BT AR
3.2.2 MFIRMELT E

Rupprecht & Patashnick 2% ) Az 77 4 B 5L
Py SR ) Sl O PR DR ARURL ) R B 2H 0
AR # — CO, J3 i A ) S 43 o SR AT A Wi 4R
BRI H A BBk Fl Bk & (Soot carbon, BJJGE
o WS, JRREE R OC/EC R E ., £
BIUBS AR 5 1 20 AR AR A o g AR 3 340 C
FITE 340~750 C Z [AJ B i CO, 1A I 2 5 &
EATBE A 4 ARV & 3OR AR i #ak k47
81 (Rupprecht et al. o 1995), H FE i R AL

« ¢! (Liousse et
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FHRARHE AR LB BB 22, PRIGIZ A & 7T BE 1
TEMER AR B0 32 AR B A 20 . 00 352 22 ] fiE
VT RURLY) B % R 0 2k, U ) A 43 ol e il 4
B U BN A BLER = T 2
- B RVE R = Al HAR<<0. 14 pm {YB0RL
PRy ERaR . T B0 H SR P B B AR AL . 1
RAE RGN0, 2 porn FURL ) T A7AE AR 25 R 43
EC fWINAFAER & 5 MOUDI 5 X7 R A
X G AIF 5 26 B 2 B 29 20 26 1) UL 9 12 A Bk
RE-P FRATORIA WAL 0. 14 oY) 48 T R AR 2R
IgE (McMurry, 2000), HARIZIER AT H24HE OC/
EC SZHPULI B I ) 7 EE LR 7 5 ANk
TR ar, M4 R S TOR/TOT 43405 %
MZEER. 5ok, FEHPY SAEm T 340 'CHY
HEE N i REk (Fung, 1990), §E( OC, EC
RGP ANUERA s %07 AR AT A B M B Dy AR I
SRR AR A 37 TTRE S B s TR S AR UL 2R
E M. ki B SR

Turpin et al. (1990a) W& 1T #5800
PR OC/EC WAL, RAFRFLEMS (8] 1] Bl A5
ORI MR B2 A CINFEISAZ LR AT 2 h R A . X
AT PS4 T 38 T8 S 551 W ER OB ) R BIL A
FIH 2.5 pom B4 T DD 2 25 BROBLBORE 5 4 0K
RARTEAT VLT AR UE N b [P s R e 7 5
OPFERA RGN AILE; 72 —diE, FH
Teflon 8 B £ BRWUORL Y (H A B 24 HL AR
(McDow et al. , 1990), JFF7EJ5 B A S 8 Uk
BE WS PE A BIL AR A B0 AR BEE 5 30K 400 Tk vk
JSE 300 3ok DA T 3 T A 9 0 TR AR A 14 Bl R B2 179 22 0
BHE . SRR B UEREAE A FEAT I3 M AE 22 <
55 650 ‘CFIE OC, EC ¥ 5 8 12 0 12 g A e 75
2% O, 1y He FE5 A 350 “CFHER F 750 CH B
BB AAT s B S B Bl e b i CO, . R e
WA CHOIFF FID M€ . %07 E% 18 T OC S
A5 AR 7 8 S PR R G ORI ) 5 i) s (L LA Sy
BT 5125 [ L AR RS 17 B

SR 3 AT HOR A B T o I 208 R A 0 S
B % 53 M T3 VR i R B R AL LG R B0 R 22
R ILH A SR 7 o e et e

4 “HRENRGERERHTEHE
S 4T ORLA) S B 0 R T HE O U R — O

SRR R 43 H AT TR R 43 3RO 4
PR S T8 IR 5 490 Jo %o e 26 R B i A
it & PM2. 5 Jor i e B il 45 il BAT B S

WA ECACE A 15 G4 BRI 1M OC
AL TS YR BRI (priOC) F1KIE i (sec-
OC) R, RIAEHT Y8 1o b 2= F AT i Ik
AWk (Secondary organic carbon, SOC), SOC
SR B (totalOC) FI priOC 11925, FIFl &5 Bk
Gy CBIE AR D ke,
A OC 1 EC py2L[FHRE, H1 T ECAE R 18
PE. AR YA, R ] 7 i A [ HE ik
By priOC, [RImPES OC F1 EC WHES IR WHCE A
= Reoceop FHIE LA . B SOC B, K<
OCRE TR, BRI OC/EC (R R
xRN AE R I AR Cln A BHOGRES . A ] Ak
FIANRE « A Os MR, AN T A s 17 A A2k
ESHIE D (Turpin et al. » 19915 Lim, 2001)
TRAPIA LRSS . SOC BFALIE A BR .
M OC/EC Wi, a7 AR
TR R IE. R Ll % H OC/EC FeAH 1Y B /ME
R((X:,"EC)min%e/fﬁ 1:5"5 ﬁi\‘/{}? E,:J R(()(‘,,/E(Z)pri ?T:?E {E%{E i’+
secOC ik (Turpin et al. , 1991, 1995; Cas-
tro et al. , 1999; Lim et al. , 2002), B EC
INEEITE . BRI

Ciecre = Crouioe —Reoc/eopr X Cre
= Ciouioc —Rcoc/s0min X Cec » (3

s Cacoc I SOCHREE s Cooaioc N A BRI SE
Cec oy ECHRRE . 2k ny s fRPEZ OC, EC 4
T HE B 5 26 B A AN [ T 28 4k, PR kg 7 O Al
B Roc/mops IUIEZ R A HERCRA A 22 4
P H AL A Z= 22420 (Chu, 2005)

R N A, Chu (2005) #1 Russell
etal. (2004) & 1 ARABRIRARE R OC AIFEM o
Saylor et al. (2006) FE b AN R IR B HEHERUR
priOC K53 R I AE BB IR HE AL (non-combOC,
T B A U5 B A Sk HE SO R0 R R A
A CcombOC, 5 EC H:[FHEHD A Pk, W
FIADRIEE  (Crasureaoc) IR N

Cmeasured( x— Cpri( X _'_ Csec( )Xo ( 4 )
/ﬁ\: ':F' s Cpri()(}%%i—\‘ {g%/ﬁﬁf&%ﬂ;ﬁ& E/‘J priOC {;{ETE ,
Cpri( x Cnolrcoml)( X + Ccomb( ) OR) ( 5 )

iﬁ: EFI Cnonfcomb()C iFI:] Ccoml)( x éJ\ %IJ %\:_{ ZT_\‘ MEHE % %’% ‘y/?\ *n J:%



2 M JESCHAE - TRTPF A EOUL I A 72 P AN o

No. 2 QU Wenjun, et al. A Review on the Uncertainty in Carbonecous Aerosol Observation and Investigation 211

BEHER ) OC W . FEABE HERIR Y Reocme e
FHIES B 25 BRI E B 28 7F R+ Coomoe HR

TEX%?}H\H EIJ E/\J EC %Erg (Cm(‘as 111111 {EC ) 167%;ﬁ[]‘|< :
Ccomb()C :R (OC/EC) pri >< CmeasuredEC ’ ( 6 )

B, Cucoc ATHTT AGHE
Caecor = Crreasureaoc ™ (Conrcompoc TR /80 pri X Crneasuredie )«
(7

£ 5% non-combOC [l 877 15 A F| T i ¢ 1
W1 SOC AT WL sl e 55 1 OC/EC B 8
AL = 52, H I Ty vk B T 6 AR A A priOC
(combOC-+non-combOC) 5 EC ¥k & 2 [a] BA7 [
JERFRME B, BRI combOC/EC A A non-
combOC ANB I [A] #1245 [A] A8 4k s T 32 AR 3 5 A i
. combOC/EC LUAE PEIHEE R A R A R K 22
5 (Gray et al. , 1986), HiZHHE— KN B
KA E (Turpin et al. » 1995), 3% 4 55 H T
WA SOC TEBLAMEIN H - Otk 2 i #RAR 55 54
PEik s BRI AR REHE R, 2K OC il
EC AHRMEARSE) » FFRI A 753 1) OC/EC 255
Ky priOC 1 EC fyRAR . 2 OC fl EC R
A A UKL P — UK AT LA 43 B SR O ) 2 T B
B2 BRI BT Tk Z —. IR Z 0 5E
TAERH .

R AL SOC 19 R MEFE T X non-com-
bOC iFn R(()C/’E(‘)pri E‘Jm‘%’fﬁ-ﬁ[‘o ﬁFﬁi?ﬁ%‘ﬁ*ﬂ'ﬂﬁH
TARGEX e SR, H R R B HERR P B R A
TER L, S H AT T noncombOC, A I 462 %k
EEFIHXE OC, EC WL 25 5L i 22k ] 19 5145 .
1E AR D 8 W A secOC JE A Y & 14 F
Reoc/mop AT 30 38 B A3 4006 2209 R AL B
Cooncompoc i y BIEAG S (Russell et al. , 2004;
Saylor et al. , 2006),

5 BYRREBREEREARHEN

EEFIROEA 5 50 OC/EC AN i Bk A
SASEPIW A A, A AL B, SR AD
TR . ANHATIR AT RO B P, RIS TR
A2 A S O A S R, &
TR ) OC Al 5843 45 FoAd R I FE ST R AE N
AN (Organic mass, OM), OM fi&
XPRAA LYy AL F P B P, X e A

LIRSS o R IR LA B o] s 42 il %) 55 i) 9T 58
AR B L

F[E IMPROVE u§ W F ] OC #9 1. 4 £ Al
B OM (Malm, 2000; Watson, 2002), 454
(NH4),S0,. NH,NO;. EC. ¥k f PM2.5
JRTE MR R 5 I it A DX s A o el A R Al
THBUREY) BT SGRON o 3X A 1. 4 B4 R 5 110 52 5t
J& OM/OC WAl BIA LY BV 50 112 5 H
BRI 7R HE (R 1.4 & Grosjean et al.
(1975) AR X5 S Tl A it b A AL Ao 8 2 A o 38
B R . DLROR B A BRI BRSO 58 M50 56 2
sy #r (Turpin et al., 2001; El-Zanan et al.,
2005), Countess et al. (1980) it & 41 i ki ¥y F-
Boyv 2 5 H e b Ay I 1.2,
L. 2~1.4 1) OM/OC HAH S #) Z H1 THRE OC
b OM & & (Gray et al. . 1986; Vasconce-
los et al. , 1994; White et al. , 1977; Turpin et
al. , 2001; El-Zanan et al. , 2005),

A2 = A 1 R B 4 e H R
Wy ONTG IR EHAEO AL S &, AT AT
1 OM/OC b {H bl 4 0 1A% i o & b 2 4k
(Age) 28R, it OM/OC HAETEN: T3 ivs
Y5 XUk B 2 A st it A0 28 3ty 5 AT BE B 30k 1T
X K (Turpin et al., 2001; El-Zanan et al. .
2005), Turpin et al. (2001) %% FhdiE Ry OM/OC
FOER IR AT 16 Fe iy, HEN 7E 3R 31T 3 X i
TAYIR R IR R R (B AR B0k ) o1
MREC R T AE S BB 1 OM/OC L fE. ]
A 14 B HCIEAT T S I LU A B, 1 1. 9
~2. 3 XA R I HER . 2.2~2.6 1YL
{ELDU SE A 3 AR 1 52 AR R B HE AR 5 e ™
L. RE Rogge et al. (1993) FESCEEAZ
WLZEh 4 A>3l SR S W 0 A 4 2R, AT 77 7E Ik
AT M DX 2350 SR 1. 6 0 2.1 /Y OM/OC
FEfE s R . o 2.1 B FHE & T &
B2 YO8 U & A & W A I T HL
FREWFFT A B AE A A R] (Turpin et al. ,
2001), El-Zanan et al. (2005) HLH 8 % 76 IM-
PROVE 3 [ ] >fe 52 g 0 I 0 & 0T DG e AE 7Y
1.4 1 OM/OC #&45 A 7w A% 78 i iz 1) 3 3 Tl
i AN T, BT 2 B9 OM/OC L AT XS M-
PROVE ffi izt b 5 54 A3
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OM/OC 55 1 e KA & PR B OC il
i, — i OC 1 EC ¥ B2 B9l & 52 73 A i i 5
M (Chow et al. ., 2001), 5—JyH OC B)RFE
2 BV AR AR D) 16 D8 WL T i e 45 DL S BORL Y 48
PRS2 (Turpin et al. » 1994), & & KA
X A OM A B PR 7 N7 24 38 2o 6 S i s L 2
PR A ORI 43 A sl ot et - TSR B . R
W L AE ] T R A D RIS, DA S A TR
AR IR B S IR B A B
6 HMERARMNGEBFHRRAIMG

BEBEEEEAXMAREEZEEFED
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o3 AHXFSAE R G0 53 3 B A 0 R FAss i i1
OC F1 EC FE 0 43 Bt v i ] 2 16 A 16 B 2 A
TN Ty 30 s B VA B 1 SR A O A 52 36 2 4
Mo, ALK (SOC) fliE., HHLY R
 (OMD b5 R AR 58 55 7 TR AFAE 3R
AN, X2 T AT TAE KA [R50
D5 5 1 A 5068 Bl X6 AN [) DXl 0 J A 3
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SRR 00 LR ok AR e BB
WFSE 77 AN 2 PR R CEBAESE, 2002),

e SR ISR 7 A R A e ) ) 9

(1) @ EBRANBCAIE W 1) OC,
EC (Jt BO @ L. HHES BC. EC & XA
ORI, FURMRIED G R AL 2= R ) AR X
OC W LARSEEE T3 B i TR E L XA F)
XA A B A ) T A O8I R
TEAY BT AU L vh % OC, EC 1y & A i ik — 40

A

(2) J5URLW) 55 B 2 43 WL A7 AR B 22 Il L, /<
VAL S B0A B S P I, 22 850 o vk FURL
HWAEEAT A “HHR” A UK. A
WK “IERE” X453 OC F EC 145 k5 BT 5
e ARIRVIZE 2 X ] — R i A9 B AN R 16 43 A 45
o FTRETE NS AL A YR I B 22 6 T AR
e VRS TS LI 43 B 17 1k () B R

(3) TEHr TOR #l TOT PO Hris. oK
FEWL . PE TR RRILI kM 22 . AW
TF IR AL LI AN SL 0 2= M 7 I T 12 X L
ST AR A R ARE A R P A R R
T I URIIN K i B AT X B . TR AT T A L
BRI SR S A AL T
FEPRHE ARG (7 . A 1R e P A A T UL 5 AR
FEAES e AR A R b 522 R0 R 0 30 X0
PR AR T SRR R

AT A4 g [ 2 SR 5 sl S [ B TR A 7
TARRR VA WL KLY . 7 sk RbR v, LA
LSRG — BTE RN IZ X e, 33 X TR A e
RRUBE AR S A2 R A5 3500 R R AL B 5 LA
HEE L,

) X FRSE2E AN, WE B T
U JIE 5 T RN B P B OC B iR B4 ek, ok
75 Gt SR T S S 3R A I 1) 22 5 M) A5 () o
PEA IR M Ok 4 . WIS I L I A
LRBE . BRIREL W T e mT 2 (46 4800 1 40 %o ROl ke
R AR

(5) 1 STl 2T 4t i Xt R = AR RN e 1k
UL A 0 B S g B T R B R B 5 K
PRI SR RE 7 B xt OC/EC WM 5 M i itk — 45
WRTEHY

(6) MFRAFRME 2 FrE, HATwMK
BRI KB OC. EC P bR 4 i
X AT R B AR F R A, 7 B SR 5T BE A8
PRI FIHE IR 38 A S e OC/EC 438t i br
Y.

Hh Bl A I — 32 B [ Ah 2 1 D) O
Hh ] KA BC YR B EL W) 45 2 [ S A0 3k s 10 ORI P e
(=A%, 2005; VFEEAE, 2006), i AR IE IR
AN, X2 Al H U A AR IR IR, sk
FHEE (2005) WFFEIN N AR 0 b XA 2 ) B M 1)



2 M JESCHAE - TRTPF A EOUL I A 72 P AN o

No. 2 QU Wenjun, et al. A Review on the Uncertainty in Carbonecous Aerosol Observation and Investigation 213

R B A6 T G b RSP 9 9 R 1 PR A TS vk
o AT BN, HEmKRER AR
FEZ T TAR R R B = . X3 U) 75 B AT]
I 4O A Ry T A TR A R GE 0 A,
AR T e ] i VS e 1 I JCRR Ve B D % AE ik /b
T SV HE il T BT BE R BRI R i . S BRBE A 32
FRFN P T BRI

IR E A R B SEA W TR, (AFEVF 2y
AT S R GE 0 LA, TR Rk = UL I A 52
J R

(1) BT MBS ORI 32t D) g i — A8 LK) R 15
WCHE LI 25 e XA M, IR E KRR
S SR A RUNE 11 28 8] 43 A IF o B AR S At B dle . 3R
] e A T L 3t ) 5 A BRAS T oty . XA i o
AT O AR5 Sy R0 o0 I 5 i 55
Huly, CAWAS), XM T /E £ 25 H B, Bt
AR S I ) SRR R L BT S XL
DA B 2k — 2B iR AN SE 3, R B I AR
ER SR IBUR S

(2) Jinsim e SV BE R AE LI 7 1 i AF 5 At
ST A TR I AR TR R Al A T SR AR SR
TR AR . TR 2R Go TR A B T s O I
Mrirge i ok 4 B A, 454 EAE oy R AT Al
BRI OC/EC RAE . W A3 Hrde AR Kb
WEJT LTRSS AR o B, SRR IR I A
TIE B L35 R 9 9 A 1 AT 4. FRATTINE B T A WL
LT RT3 18 S S 0 At A o A R A
A ST AR RN DT RR . >R AT . s 74 A SR A R )
B i, MW R IR AR T 5 X
SENRZE R IX A OC, EC A SR AE #3547 WE i,
#ar HA T 2l et p X3k OC/EC 5 Y HdiE 22
TV Sl L ) S R

(3) S ML 28 5 Ry 5 AR AR LI 2 #4ok
PSS A M R AT A R EL X RS B, A T W A
BRERIE R SR E R B [R5 &S
JeURARE oS . AR R E R Z AR, DL e
SEL A AT SR

() IFFE 00 o A T I B DX T AR A 1Y)
WAL (SOC) A8, HEAT RV ok
VRIS HERN AT, Ry PRBE I AN 3k B4 41 H bR 4
HERLEAK I

(5) IE A K Hh X S0 A LY T

(OM) AR 71 24 38 3 % s e P A ML & 4
ELOR Rl () LI 43 B B80T o P A T ROk A s
T TFRRAHR AT . DURG O 38 A TR 1 A0 I
i) OM 53 7,

(6) BHAIRAMBIFE I T E OC/EC By HEL
T EA EEME AR PR IR IA I
T Y B N B R KT B A R e,
JEAA V)T B R AR, RIS 56 1A N T I A
UKL B 2L - Hh R Rl S BB 1 et it S e
SERENTE N . EAMSTRNG YL U8 0 5T kR IF AT
B,

SZ Lk (References)

Andrews E, Saxena P, Musarra S. et al. 2000. Concentration
and composition of atmospheric aerosols from the 1995 SEAVS
experiment and a review of the closure between chemical and
gravimetric measurements [ J ]. J. Air &. Waste Manage. As-
soc. » 50: 648 - 664.

Ashley K, Birch M E. 2002. Occupational monitoring of particu-
late diesel exhaust by NIOSH method 5040 [J]. Applied Occupa-
tional and Environmental Hygiene. 17 (6): 400 —405.

Atmoslytic Inc. 2004. DRI Model 2001 OC/EC Carbon Analyzer
Installation & Operation Manual [R]. Calabasas.

I, FRR. 2005, BERAUAIHISEHIERE [J]. B8R
TAE, 5 (9): 585-591. Bai Jianhui, Wang Gengchen. 2005.
The advance in black carbon aerosol [J]. Science Technology
and Engineering (in Chinese). 5 (9): 585-591.

Ball J, Willie C. Young C. 1992. Evidence of a new class of muta-
genes in diesel particulate extracts [ J]. Environ. Sci. Technol. ,
26. 2181 -2186.

Cachier H. 2003. What are the important parameters that need to
be defined for a carbonaceous aerosol analysis, How should these
be documented for different analysis protocols [ C] // Interna-
tional Workshop for the development of research strategies for
the Sampling and Analysis of Organic and Elemental Carbon frac-
tions in Atmospheric Aerosols. Durango, Colorado.

Cadle S H, Groblicke P J, Mulawa P A. 1983. Problems in the
sampling and analysis of carbon particulate [J]. Atmos. Envi-
ron. , 17: 593 -600.

Castro . M, Pio C A, Harrison R M, et al. 1999. Carbonaceous
aerosol in urban and rural European atmospheres: Estimation of
secondary organic carbon concentrations [ J |. Atmos. Environ. ,
33. 2771 - 2781.

BISE. Fk—22, #RBE. S5 1999, RABURYIRE & A HLs A
TERMMIE [T P EFRSE . 15 (4. 11 -13. Chi Xu-
guang. Di Yian, Dong Shuping, et al. 1999. Determination of



5 H & O R 14 4
214 Climatic and Environmental Research Vol. 14

organic carbon and elemental carbon in atmospheric aerosol sam-
ples [J]. Environmental Monitoring in China (in Chinese), 15
(4): 11-13.

Chow J C, Watson J G, Pritchett L C, et al. 1993. The DRI
thermal/optical reflectance carbon analysis system: description,
evaluation and applications in US air quality studies [J]. Atmos.
Environ. , 27A. 1185-1201.

Chow J C, Watson J G, Fujita E M, et al. 1994. Temporal and
spatial variations of PMs, 5 and PM, aerosol in the Southern Cali-
fornia air quality study [J]. Atmos. Environ., 28. 2061
- 2080.

Chow J C. 1995. Measurement methods to determine compliance
with ambient air quality standards for suspended particles [J]. J.
Air & Waste Manage. Assoc. , 45: 320 - 382.

Chow J C, Watson ] G, LuZ, etal. 1996. Descriptive analysis of
PM, 5 and PMj, at regionally representative locations during
SIVAQS/AUSPEX [J]. Atmos. Environ., 30. 2079 -2112.

Chow J C, Watson ] G, Crow D, etal. 2001. Comparison of IM-
PROVE and NIOSH carbon measurements [ J ]. Aerosol Sci.
Technol. . 34. 23 -34.

Chow J C. 2003. How does the sample affect the measurement of
different carbon fractions [C] // International Workshop for the
development of research strategies for the Sampling and Analysis
of Organic and Elemental Carbon fractions in Atmospheric Aero-
sols. Durango, Colorado.

Chow J C, Watson J G, Chen L. W, et al. 2004. Equivalence of
elemental carbon by Thermal/Optical Reflectance and Transmit-
tance with different temperature protocols [J]. Environ. Sci.
Technol. . 38. 4414 —4422.

Chow J C, Watson J G, Chen L W, etal. 2005. Refining temper-
ature measures in thermal/optical carbon analysis [J]. Atmos.
Chem. Phys. . 5: 2961 —2972.

Chu S H. 2005. Stable estimate of primary OC/EC ratios in the EC
tracer method [J]. Atmos. Environ., 39; 1383 -1392,

Countess R J, Wolff G T, Cadle S H. 1980. The Denver winter
aerosol: A comprehensive chemical characterization [J]. J. Air
Pollut. Control Assoc. » 30: 1194 —1200.

FERGE. XS, ARME. 45, 2004, JABURIA) b IG K BREAY 1
2 L1 PEFREENI, 20 (3): 20 - 23. Dong Shuping, Liu
Xiande, Qi Hui, et al. 2004. Direct determination of element
carbon in the atmospheric aerosols by CHN elemental analyzer
[JJ. Environmental Monitoring in China (in Chinese), 20 (3):
20 -23.

Eatough D J. Aghdaie N, Cottam M, et al. 1990. Loss of semi-
volatile organic compounds from particles during sampling on fil-
ters [M] // Mathai C V. Transaction of Visibility and Fine Par-
ticles. Pittsburgh: Air and Waste Management Association, 146
- 156.

Eatough D J, Wadsworth A, Eatough D A, etal. 1993. A multi-

ple-system, multichannel diffusion denuder sampler for the de-

termination of fine-particulate organic material and the atmos-
phere [J]. Atmos. Environ. , 27A: 1213-1219.

El-Zanan H S. Lowenthal D H, Zielinska B. et al. 2005. Deter-
mination of the organic aerosol mass to organic carbon ratio in
IMPROVE samples [J]. Chemosphere, 60: 485—496.

Fung K. 1990. Particulate carbon speciation by MnQ; oxidation
[J]. Aerosol Sci. Technol. » 12. 122-127.

Fung K, Chow J C, Watson J G. 2004. Rationalizing the differ-
ences between thermo-optical OC/EC methods [ C] // EMEP
Workshop on Particulate Matter Measurement and Modeling.
New Orleans.

Galasyn J F, Hornig J F, Soderberg R H. 1984. The loss of PAH
from quartz fiber high volume filters [J]. J. Air Pollut. Control
Assoc. s 34 (1): 79.

Goss K U, 1992. Effects of temperature and relative humidity on
the sorption of organic vapors on quartz sand [J]. Environ. Sci.
Technol. , 26: 2287 -2293.

Grant K E, Chuang C C, Grossman A S, et al. 1999. Modeling
the spectral optical properties of ammonium sulfate and biomass
burning aerosols: Parameterization of relative humidity effects
and model results [J]. Atmos. Environ. , 33: 2603 - 2620.

Gray H A, Cass GR, Huntzicker J J, etal. 1986. Characteristics
of atmospheric organic and elemental carbon particle concentra-
tions in Los Angeles [ ]J]. Environ. Sci. Technol. , 20; 580
- 589.

Grosjean D, Friedlander S K. 1975. Gas-particle distribution fac-
tors for organic and other pollutants in the Los Angeles atmos-
phere [J]. J. Air Pollut. Control Assoc. , 25; 1038 - 1044.

Hansen A D. Rosen H. Novakov T. 1984. The Aethalometer—
an instrument for the real-time measurement of optical absorption
by aerosol particles [J]. Sci. Total Environ. , 36 191 —196.

Highwood E J. Kinnersley R P. 2006. When smoke gets in our
eyes: The multiple impacts of atmospheric black carbon on cli-
mate, air quality and health [J]. Environ. Int., 32; 560 —566.

Holgate S. 1995. Non-Biological Particles and Health [R]. Lon-
don: Department of Health, HMSO, 87 -127.

Huebert B J., Charlson R J. 2000. Uncertainties in data on organic
aerosols [ J]. Tellus, 53B: 1249 -1255.

Huntzicker J J, Johnson R L., Shah J J, et al. 1982. Analysis of
organic and elemental carbon in ambient aerosol by a thermal/op-
tical method [M] // Wolf G T, Klimisch R L. Particulate Car-
bon: Atmospheric Life Cycle. New York: Plenum Press, 79
- 88.

IPCC. 2001. Climate Change 2001; The Scientific Basis [ M ].
Cambridge: Cambridge University Press.

Jacobson M C, Hansson H C, Noone K J, et al. 2000. Organic
atmospheric aerosols: Review and state of the science [J]. Rev.
Geophys. , 38: 267 —294.

Japar S M, Brachaczek W W, Grose R A, et al. 1986. The con-

tribution of element carbon to the optical properties of rural at-



2 M JE SRR - TR PR IR BV I A5 P A AN o

No. 2 QU Wenjun, et al. A Review on the Uncertainty in Carbonecous Aerosol Observation and Investigation 215

mospheric aerosols [ J]. Atmos. Environ., 20: 1281 -1289.

Jeong C H, Hopke P K, Kim E, et al. 2004. The comparison be-
tween thermal-optical transmittance elemental carbon and Aethal-
ometer black carbon measured at multiple monitoring sites [J].
Atmos. Environ., 38: 5193 -5204.

Kim Y P, Moon K C, Shim S G, et al. 2000. Carbonaceous spe-
cies in fine particles at the background sites in Korea between
1994 and 1999 [J]. Atmos. Environ., 34; 5053 - 5060.

Kirchstetter T W, Novakov T. 2007. Controlled generation of
black carbon particles from a diffusion flame and applications in e-
valuating black carbon measurement methods [J]. Atmos. Envi-
ron. , 41. 1874 - 1888.

LaRosa L E. Buckley T J, Wallace I. A. 2002. Real-time indoor
and outdoor measurements of black carbon in an occupied house:
an examination of sources [J]. J. Air & Waste Manage. As-
soc. » 52: 41-49.

Lavanchy V M, Giaggeler HW, Nyeki S, et al. 1999. Elemental
carbon (EC) and black carbon (BC) measurements with a ther-
mal method and an aethalometer at the high-alpine research sta-
tion Jungfraujoch [J]. Atmos. Environ., 33: 2759 —2769.

. AR, SKANEL, G 2005, 2003 ARRK R P 2R A Rk
VAT AL R A B HOR IR AR AT LD ] R 5 EEHESE. 10
(2): 229 - 237. Li Yang, Cao Junji, Zhang Xiaoye, et al.
2005. The variability and source apportionment of black carbon
aerosol in Xi’an atmosphere during the autumn of 2003 [J7]. Cli-
matic and Environmental Research (in Chinese), 10 (2). 229 -
237.

Lim H J. 2001. Semi-continuous aerosol carbon measurements:
Addressing atmospheric progress of local and global concern [D].
Ph. D. Dissertation, Graduate School-New Brunswick Rutgers,
State University of New Jersey.

Lim H J. Turpin B J. 2002. Origins of primary and secondary or-
ganic aerosol in Atlanta; Results of time-resolved measurements
during the Atlanta Supersite experiment [ J]. Environ. Sci.
Technol. , 36. 4489 —4496.

Lin C, Friedlander S K. 1988. A note on the use of glass fiber fil-
ters in the thermal analysis of carbon containing aerosols [ J]. At-
mos. Environ. , 3: 605-607.

Liousse C, Cachier H, Jennings S G. 1993. Optical and thermal
measurements of black carbon aerosol content in different envi-
ronments: Variations of the specific attenuations cross-section,
sigma (¢) [J]. Atmos. Environ., 27A: 1203 -1211.

Lioy P J. Daisey J. 1986. Airborne toxic elements and organic sub-
stances [ J]. Environ. Sci. Technol. , 20; 8- 14.

Macias E S, Zwicker J O, Ouimette J R, et al. 1981. Regional
haze case studies in the Southwestern U. S, —1. Aerosol chem-
ical composition [J]. Atmos. Environ. , 15: 1971 - 1986.

MacNee W, Donaldson K. 2003. Mechanism of lung injury caused
by PMj, and ultrafine particles with special reference to COPD
[J]. European Respiratory Journal, 21 (Suppl. 40): 47s-51s.

Mader B T, Schauer J J, Seinfeld J] H, et al. 2003. Sampling
methods used for the collection of particle-phase organic and ele-
mental carbon during ACE-Asia [ J]. Atmos. Environ., 37:
1435 - 1449.

Malm W C, Sisler ] F, Huffman D, et al. 1994. Spatial and sea-
sonal trends in particle concentration and optical extinction in the
United States [J]. J. Geophys. Res. . 99: 1347 —1370.

Malm W C. 2000. Spatial and seasonal patterns and temporal varia-
bility of haze and its constituents in the United States, IM-
PROVE Report III [R]. Cooperative Institute for Atmosphere,
Fort Collins, CO. Available from: http: //vista. cira. colostate. edu/
improve/ Publications/Reports/2000/2000. htm

Matsumoto H., Inoue K. 1987. Mutagenicity of a polar portion in
neutral fraction separated from organic extracts of airborne par-
ticulates [J]. Arch. Environ. Con. Tox., 16: 409 —416.

McDow S R, Huntzicker J J. 1990. Vapor adsorption artifact in
the sampling of organic aerosol; face velocity effects [ J]. Atmos.
Environ. , 24A (10): 2563 -2571.

McDow S R. 1999. Sampling artifact errors in gas/particle partitio-
ning measurements [ M| // Lane D A. Gas and Particle Phase
Measurements of Atmospheric Organic Compounds, Advances in
Environmental, Industrial, and Process Control Technologies,
Vol. 2. Amsterdam: Gordon and Breach, 105 -126.

McMurry P H, Zhang X Q. 1989. Size distributions of ambient or-
ganic and elemental carbon [ J]. Aerosol Sci. Technol. , 10: 430
- 437.

McMurry P H. 2000. A review of atmospheric aerosol measure-
ments [J]. Atmos. Environ. ., 34; 1959 -1999.

NIOSH. 1996. Method 5040 issue 1: Elemental carbon (diesel ex-
haust) [R] // NIOSH. NIOSH Manual of Analytical Methods,
fourth ed. Cincinnati: National Institute of Occupational Safety
and Health.

NRC. 1998. Research priorities for airborne particulate matter: 1
— Immediate priorities and a long range research portfolio [ M].
Washington DC: National Academic Press.

Nunes TV, Pio C A. 1993. Carbonaceous aerosols in industrial
and coastal atmospheres [ J]. Atmos. Environ., 27A. 1339
— 1446.

Penner ] E, Chuang C C, Grant K. 1998. Radiative forcing by
carbonaceous and sulfate aerosols []J]. Climate Dyn. , 14, 839 —
851.

Peters J. Seifert B. 1980. Losses of benzo (a) pyrene under the
conditions of high-volume sampling [J]. Atmos. Environ. , 14:
117 -120.

Possanzini M, Febo A, Liberti A. 1983. New design of a high-
performance denuder for the sampling of atmospheric pollutants
[J]. Atmos. Environ., 17: 2605~ 2610.

Ramanathan V, Crutzen P J. 2003. New directions: Atmospheric
brown “clouds” [J]. Atmos. Environ. . 37: 4033 -4035.

Rogge W F, Hildemann L. M, Mazruek M A, et al. 1993. Quan-



5 H & O R 14 4
216 Climatic and Environmental Research Vol. 14

tification of urban organic aerosols at a molecular level: Identifi-
cation, abundance and seasonal variation [ ] ]. Atmos. Environ. ,
27. 1309 - 1330.

Rupprecht G. Patashnick H. Beeson D E. et al. 1995. A new au-
tomated monitor for the measurement of particulate carbon in the
atmosphere [ R] // AWMA. Particulate Matter: Health and
Regulatory Issues. Pittsburgh.

Russell M, Allen D T. 2004. Seasonal and spatial trends in prima-
ry and secondary organic carbon concentrations in southeast Tex-
as [J]. Atmos. Environ. , 38: 3225-13239.

Saxena P, Hildemann L. 1996. Water-soluble organics in atmos-
pheric particles: A critical review of the literature and application
of thermodynamics to identify candidate compounds [J]. J. At-
mos. Chem., 24. 57-109.

Saylor R D, Edgerton E S, Hartsell BE. 2006. Linear regression
techniques for use in the EC tracer method of secondary organic
aerosol estimation [J]. Atmos. Environ., 40; 7546 - 7556.

Schauer J J, Rogge W F, Hildemann 1. M, et al. 1996. Source
apportionment of airborne particulate matter using organic com-
pounds as tracers [J]. Atmos. Environ. , 30 3837 — 3855.

Schmid H. Laskus L., Abraham H J. et al. 2001. Results of the
“carbon conference” international aerosol carbon round robin test
stage I [J]. Atmos. Environ., 35: 2111 -2121.

Seinfeld ] H, Pankow J F. 2003. Organic atmospheric particulate
material [J]. Annu. Rev. Phys. Chem. ., 54. 121 -140.

Stein SW, Turpin BJ, Cai X, etal. 1994. Measurement of rela-
tive humidity-dependent bounce and density for atmospheric par-
ticles using the DMA-Impactor technique [J]. Atmos. Environ. ,
28. 1739 - 1746.

Subramanian R, Khlystov A Y, Cabada J C, et al. 2004. Positive
and negative artifacts in particulate organic carbon measurements
with denuded and undenuded sampler configurations [J]. Aerosol
Sci. Technol. , 38 27-48.

Tang H. Lewis E A, Eatough DJ. et al. 1994. Determination of
the particle size distribution and chemical composition of semi-
volatile organic compounds in atmospheric fine particles with a
diffusion denuder sampling system [J]. Atmos. Environ., 28
939 - 947.

Turpin B J. 1989. Secondary formation of organic aerosol: Investi-
gation of the diurnal variations of organic and elemental carbon
[D]. Ph. D. Dissertation, Oregon Graduate Institute, Beaver-
ton.

Turpin B J, Huntzicker J J, Adams K M. 1990a. Intercomparison
of photoacoustic and thermal-optical methods for the measure-
ment of atmospheric elemental carbon [J]. Atmos. Environ. ,
24A (7). 1831 -1836.

Turpin B J, Cary R A, Huntzicker J J. 1990b. An in situ., time-
resolved analyzer for aerosol organic and elemental carbon [ ]].
Aerosol Sci. Technol. , 12. 161-171.

Turpin B J. Huntzicker J J. 1991. Secondary formation of organic

aerosol in the Los Angeles basin: A descriptive analysis of organ-
ic and elemental carbon concentrations [ J]. Atmos. Environ. ,
25A; 207 -215.

Turpin B J, Hering S V, Huntzicker J J. 1994. Investigation of
organic aerosol sampling artifacts in the Los Angeles Basin [ ] ].
Atmos. Environ. , 28. 3061 -3071.

Turpin B J, Huntzicker J J. 1995. Identification of secondary or-
ganic aerosol episodes and quantitation of primary and secondary
organic aerosol concentrations during SCAQS [J]. Atmos. Envi-
ron. , 29: 3527 — 3544.

Turpin B J, Saxena P. Allen G, et al. 1997. Characterization of
the southwestern desert aerosol Meadview, AZ [J]. J. Air &
Waste Manage. Assoc. ,» 47: 344 —356.

Turpin B J, Saxena P, Andrews E. 2000. Measuring and simula-
ting particulate organics in the atmosphere; Problems and pros-
pects [J]. Atmos. Environ. , 34; 2983 -3013.

Turpin B J, Lim H. 2001. Species contributions to PMs 5 mass
concentrations: Revisiting common assumptions for estimating
organic mass [ J]. Aerosol Sci. Technol. , 35: 602 -610.

Vasconcelos L. A. Macias ES, White W H. 1994, Aerosol compo-
sition as a function of haze and humidity levels in the southwest-
ern US [J]. Atmos. Environ. , 28: 3679 - 3691.

Vasilou ] G, Sorenson D, McMurry P H. 1999. Sampling at con-
trolled relative humidity with a cascade impactor [ J]. Atmos.
Environ. . 30. 1049 - 1056.

EBAE, SR 2001, JARIEBIF M ATHT R [T, RS
NS, 6 (1): 119-124. Wang Mingxing., Zhang Renjian.
2001. Frontier of atmospheric aerosols researches [J]. Climatic
and Environmental Research (in Chinese), 6 (1) 119-124.

THIAL, IF. 2002, AZSTR BRI ABE L OSSR M
SEiE (] RESHEERSE, 7 (2): 247 - 254. Wang Mingx-
ing, Yang Xin. 2002. Study on the effects of human activities on
climate change 1. Green house gases and aerosols [ J]. Climatic
and Environmental Research (in Chinese), 7 (2). 247 — 254.

Watson J G. 2002, Critical review—visibility: Science and regula-
tion [JJ. J. Air & Waste Manage. Assoc. » 52: 628 - 713.

White W H. Roberts P T. 1977. On the nature and origins of visi-
bility-reducing aerosols in the Los Angeles air basin [ J]. Atmos.
Environ. , 11. 803 -812.

Wolff G T. 1968. Particulate elemental carbon in the atmosphere
[J]. J. Air Pollut. Control Assoc. s 31: 935-938.

VB, ERSR. BRIRAK. %5 2006, BERAHEIHISE IR T HE
T IEBRENREE [T, MERERERE . 21 (0. 35-360. Xu Li,
Wang Yagiang. Chen Zhenlin, et al. 2006. Progress of black
carbon aerosol research I: Emission, removal and concentration
[J]. Advances in Earth Science (in Chinese), 21 (4): 352
- 360.

Yang H. YuJ Z. 2002. Uncertainties in charring correction in the
analysis of elemental and organic carbon in atmospheric particles

by thermal/optical methods [J]. Environ. Sci. Technol. , 36



2 M JE SRR - TR PR IR BV I A5 P A AN o

No. 2 QU Wenjun, et al. A Review on the Uncertainty in Carbonecous Aerosol Observation and Investigation 217
5199 - 5204, Asia during springtime [ J]. Chinese Journal of Geopysics (in
TREAR, TR, KA, ZE. 2005, ZRIEHLIX 47 TR ST IR Chinese). 48 (1): 46 -51.
HEf B e B 40 A [T, M ER¥p FR22 4R, 48 (1): 46 - 51. Zhang X Q. McMurry P H. 1987. Theoretical analysis of evapora-
Zhang Meigen, Xu Yongfu, Zhang Renjian, et al. 2005. Emis- tive losses from impactor and filter deposits [ J]. Atmos. Envi-

sion and concentration distribution of black carbon aerosol in East ron. , 21; 1779 -1789.



	86-90.p4.pdf
	86-90.p5.pdf
	91-95.p1.pdf
	91-95.p2.pdf
	91-95.p3.pdf
	91-95.p4.pdf
	91-95.p5.pdf
	96-100.p1.pdf
	96-100.p2.pdf
	96-100.p3.pdf
	96-100.p4.pdf
	96-100.p5.pdf
	101-105.p1.pdf
	101-105.p2.pdf
	101-105.p3.pdf
	101-105.p4.pdf
	101-105.p5.pdf

