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Comparison of Monitoring Methods of Organic Carbon and Element Carbon in

Atmospheric Fine Particles
PANG Bo'"'*, JI Dong-sheng’* , LIU Zi-rui*, ZHU Bin', WANG Yue-si'*’

(1. Collaboration Innovation Center on Forecast and Evaluation of Meteorological Disasters, Key Laboratory for Aerosol-Cloud-
Precipitation of China Meteorological Administration, Nanjing University of Information Science and Technology, Nanjing 210044,
Chinaj; 2. State Key Laboratory of Atmospheric Boundary Layer Physics and Atmospheric Chemistry, Institute of Atmospheric Physics,
Chinese Academy of Sciences, Beijing 100029, China)

Abstract; Accurate measurement of organic carbon (OC) and elemental carbon (EC) in atmospheric fine particulate is an important
scientific basis for studying the formation and source apportionment of carbonaceous aerosol. The selection of different analysis programs
will lead to difference in the OC and EC concentrations, and further result in the misjudgment of the results. The OC and EC
concentrations observed using three temperature protocols including RT-Quartz ( R), NIOSH 5040 (N) and Fast-TC (F) were
compared and analyzed in combination with the degree of air pollution in Beijing. The results showed that there was no significant
difference in the TC (TC =0C + EC), OC and EC concentrations observed using R, N and F protocols and certain deviation was found
among the TC (TC =0C + EC), OC and EC concentrations. For TC, the results observed using R protocol were 5% lower than those
using N protocol; but 1% higher than those using F protocol. For OC, the results obtained using R were 9% lower than those using N
protocol and 1% higher than those using F protocol. For EC, the results obtained using R were 20% higher than those using N protocol
and 11% lower than those using F protocol. The variation coefficients for TC, OC and EC obtained based on R protocol were less than
the other two temperature protocols under different air quality degrees. The slopes of regression curves of TC, OC and EC between on-
line analysis using R protocol and off-line analysis were 1. 21, 1. 14 and 1. 35, respectively. The correlation coefficients of TC, OC and
EC were 0.99, 0.99 and 0.98, respectively. In contrast with the Black carbon ( BC) concentrations monitored by multi-angle
absorption spectrophotometer (MAAP) , the EC concentrations measured by on-line OC/EC analyzer using R protocol were obviously
lower. When the BC concentrations were less than or equal to 8 wg-m—, the EC/BC ratio was 0.39. While the EC/BC ratio was
0. 88, when the BC concentrations were greater than 8 pwg+m . The variation trends of EC and BC concentrations were similar, while
systematic error existed between the results obtained using those two instruments.

Key words: filter sampling off-line analysis; on-line analysis; organic carbon (OC) ; elemental carbon (EC) ; black carbon(BC) ;
temperature protocol

Wi B 2015-09-29; fEiTHHE: 2015-11-30
EEWE: P EBER RIS E S R % (B 28) (XDB05020501, XDB05030203 ) 5 JLATHT A AR EFEE I H (8142034)
EE® N PEI(1990 ~ ) Lo WL AR A, EEWFR T 1 A KA S KA, E-mail: pangbo@ dg. cem. ac. cn

* IR R A, E-mail :jds@ mail. iap. ac. cn



4 3 Ve A5 RACARBURLY) A HILBR R T 3R B M I D7 5 0 1 1231

FHLER (OC) FIITE K (EC) & KA PR )
HFELA A Y R R AR ANEORLY (PM,, )
ME L S, 29 7 R E IR T RS PV, T 6 U R Y
20% ~50% "7 KRR R A5 AU AR
2y bl e () N SN e Y A b N 7 32
WFE4E 1 T2 &3E. T oc fl EC B £
Ff e e 20, HAL v R A4 b 5 I B ASTR]
KRR E KPS OC Fil EC 2 KRR IEEHF5E
PR T A5 RTIXEE #510) DRT e A f S [ SRS AR 0 A e
P 2 S X TS0 e o A I R WL 4 7T I e e e
OC I EC A U510 o IS 2 100 50 3IF (19 A 1 2
PEC AR RR R G S S B R L

2R, E NSNS TR T R R R AR
OC A1 EC I & 75 ¥ A9 o e F 55 A%, 91 4 £
IMPROVE-A F1 NIOSH P F#fi ik BE Bip B30I 45 (1) TC 25
SN BAE OC HEC WL F A 7E S8R 1) 22
S Bl B (TOT) RO R 41 (TOR)
PIFP 2% EC Al & 1% 22 30 UL 55 T #2546k (OPC)
[k ST . Maenhaut %51 % 3 IMPROVE_TOR Al
NIOSH_TOT X} EC B He Al 575 Yok 5 A 5%
MRE ORI AR BERT , T & 20 oPC §
FOZWE R T . REE NSNS X 0C A EC I
IR IAFST, (H X T 24 157 KA 40 ok
YRR FENTH AR TAEFF A BLIR. CRIR M IX R AR
[T ) SR BE RS, Z R RE S A B B AR A7) 17
Ve BE AR RO R (v B | SRR Z%) P T OC
HEC RAEEIHTFIZES L IFAZ L. A, EABF
R LA XT TOT F TOR BYXF H, 1 % TOT A [A]
TR PR BN 25 SR 25 A g g A 2
SR AR N A R 2, HXF oC A EC
2 22 S DT A 20T, 5 0 2 X T Sunset 23 ]
WA Y F kR WARGE | I OC A EC Wi
D5 Z IR0 (R AT P A0 T S ) ST AT S R X F
TG Y.

FE R IR0 T 2007 ~ 2013 4RI A SE )5 &
AT B TR OB ) R B 2% B R R Bk
YO AR R S A [ [E R R B R P hR o)
FRABORL YR UG R ARHE B (GRXA7) ), TR
TR AR R i SR 4R 5 oAk 40 43 437, IF B
B AN [ 30 2 SR 25 2 0 A ISR i SR A 5
S, PR AR AR AR AN ST B B R BEK 3]
Bl RLE. Bl T oc M EC 3% A W5 Ay 2 &)
S ARSI S RS OC B EC RS IR R
WS/ OC A EC ARUESHEATTRERY, HAER

FHTERE AR 28 — F R S o it AR, TRt TE vk
FE OC 1 EC 46X R L, AR 2B 5 45 5 151
ARG 25 B 10 M L PR IR IE , A T S
SR FHIEATRAFE 2 R B AT HE ) 2 45 5 20T
Tk, B Maller 257 [ B X He 1 BAR00RE 22 A% W
WO BE 11 ( PSAP) 1 2R i A KT BC Ay W I 22 5=
Cheng %8 P ¥ % It T NIOSH, IMPROVE-A FiI
EUSAAR iX 3 FEEE T OC F1 EC AIE 25,
¥ 5 A5 200 A3 S R I A v R R R S A AR
PM, o RAEZR I T EL , BRI 2 2.

F 2012 47 10 A IF 4G, i BB 22 B I J v [ R
FHES P R LB 2K) “ RAKFEIB RS
i TAE, K KRR 0C F1 EC W50 7 vk
[ X T AR R0 H St 75 rh 45 ot it ARk Y 81 22
T, oM 4 X IR0 X SRR A AR Sk EE 4
BTl HAEZE OC/EC 43 A4 3 Fivl B Ui 3R A5
SR 25, A s KI5 P RIEM R T
TC. OC Fl EC B9 4> 11 Rk 5 MLAh, 734 1 7Lk
W RS TC . OC F1 EC 45 5 5 JE R AR5 2R 0
SEEE I R WO AR R LR A SR Hex T RN R
FH MAAP M7 BC ¥ FE 5 1E4E OC/EC 23 B AL I
EC ¥ B (1) 2 5 R ] BE A JRL A

1 #RE5FE

1.1 SEBGus s SRR E A

SR AR b 5t TR DX A 3k O B
WS IR o3 — b — 2 @ SR T (BE ML 7 m
B VBB AT 1.5 m AR TR R K I il 2, 340
F A 55, AN Gy 2, SR AE A R B 2 22 A 1, T
KA Tl R, SR AFE AT X R AR 9 A7 9% 2F 2 38 i
(Whatman, UK, 47 mm) S0 2 A 25 17 48 96 4Kt
FPTALER  AE D30 P 500°C RS Fhn# 4 h RLE
FEERE AN, RS HR)E, AR BB
BT TRAFAE —4°C VKRR NI
1.2 S5t

XTHUAESR OC/EC 43 ANAE R i, N LA F i
FHIEZE S EEL 2014 4E 11 H 27 H ~12 H 12
H BT H R A0 F ik, AR 2014 4F 12 13 ~
19 HAEYEIEXT e R BA0 N Bk, RN S2 560 A B0
IR BEN A2 3 & A [R]85 0L, (5 iy T2 L[]
— IR EE PR R VA AR RGEEA X L, EOUE I e ] 35
SR, V5 LU AR XS R, PR SHUEI] B[] (14 25 S AN 2%
NP VPAR 8 S A R SR R A I K S A
A5, K R 5 S T LI 5 S A 7 ) B S A ] — SR



1232 2N 5%

B 37

g

FE i FIEFSR R LR, ISR TC, OC FEC Wi
WA R B IR 0. 99, FHXHR 227E0. 1% 5 0. 4%
Z (8], A XR AR T AR 0. 4 pg-m ™, AL
PR AR R B R AT bR A g, B 2 0 F AR
T] ST 5 s 45 S0 UM %) &4 SR e R A7 % L, %
P FAA AL

X HEA I SRAFETT X OC F EC BYWLIMN 22 5 | 7
SRSl 28 E AR A R A R V =16.7
L-min ™' 9 R FE #% Partisol 20251 % 4£ b 51 KX
PM, SBEdh AR ILAE A 16 AN U8 B & T REAR I8 1%
FE IR s B e, 78 TC N T WA IS 0 T 475
21 JFRCRAE. SREERTEI DY 2014 4F 11 H 17 ~23
H. SREEJS {8 1] DRI 2001A OC/EC 43 #7500 o
1 OC/EC 4143, 5 MR BLAE LR OC/EC 4 BT fi i
W55 5% L.

Xif L3 [ B 28 ] A2 7 1 5012 7 2 B I
FEE T ( Multi-Angle Absorption Photometer, MAAP)
XF BC BWLI S5 7EL OC/EC 23 HT A%t EC B 2%
St RO E] A 2014 4F 11 H 27 H ~12 H 12
H &Y BC 1 EC 303, MAAP [F]RHI BC X% H9 1%
WIS , 38 2o 1 TE R BT 3 ] e BC ik
JE. MAAP B 6 W SR 5 P 4 R 45 57—
L, TR T RO e a2 SR A e, 3 T BC
AEILIETA S
1.3 iSRSk

K 35 [ Vb 5 FT iR ) A9 DRI 2001A OC/EC 43
MRS KA 5 RE A R Y OC/EC B EATIN E | %
{X#5K H IMPROVE-A i FE W03, i BE S 80k e an
1. fEPSEYR il Al He , E TSRO LR 2
I R AR A, AR OC(0CT, 0C2, 0C3
1 OC4) % I 1L OPC, 41 2% 0,/98% He iR
BAGER AR BT kg i, fERE 5 i oPC
M EC(EC1, EC2 1 EC3) E b/, & L oC
=0CI +0C2 + 0C3 + 0C4 + OPC, EC = ECI + EC2
+EC3 -OPC. ZTEHNFEM AT RESEA 5% 1)
CH,/He #RUEIR & SA/E D AR, WARH — A 1
mL FE IR IE IR (40°C) RARIEE A, RLAIE 4RI
FEASRRFE . 5250 1 0], B R XA 4T
Kol , SRE SR JI7E 15 s INAR4E <0.01 psi MK
AN, TR IERE AT S LS R L 9 10 min BR
R B RS (d ] CH,/He SEA7REHE 1R IER) IR
FIRZ FID 5 SISATE = 3% LAN |, A% v 1 A A
MHRZELE + 5% VAN, BARESIETT 2 UORATRESY
BT, B30T 10 A FE SR — AN 2R 17 51 52 404, i

PRETJE PRI R 22 7E 10% VAN FR9E A7 )5 S2kE i
SR, R AT I T A HE AL RS SRR A, i
HLS5 ~20 pL FERARER WO E 25 A b, 50
HEME AR R 0 18 AR, IR 5 CH, AR i i B L 8, R E
CH, FRhRaE RO MERA T

K HIJEE Sunset 2y Fl il & B9 Model-4 %4> H )
AR HOGEE OC/EC 43 B AURHRE i 0C/
EC MUk BEHEAT 40 0. B e A4l He AR, FE LR
BT T AR BRI, % R AR % OC (553 ilk ik
9 OPC) ; ¥ 2% 0,/98% He MIIRGS, IRE
AN E R IR, XA 2598 b ir = A 1 3 i
PRI 20t MnO, AR B R €O, , SR A FHAE
IAMA L (NDIR ) E K50, 7638 L g0 ad ft vp
ABA — IO RETER AR |, 78 OC WAL IHZ Ot
V18 375 S G ) R 2 0 T DA 550 , 243 B O 1) iR B W R
B4R 3R B I 5 K OC/EC 4381 . 7E4MRE
SN R, R w CH, bRkE H shiE A RGE/E RN
B, CH, AR 5 2 A i 43 A1 45 SR JF 4% IE NDIR
FERAFE S A BT B R T B8 R AR RS . 2 AR
IFRA 0. 4 weg-m ™ KGHAEE >95% , IR 43 HEF N 1
h. SERRTUEA T PR E R R G A FUE ST, PR IERE
i 1 OC/EC WREESA R TR R I B &5 5 € Joe
RN 4. 207 we - pl BRI RS RO A AR A
bR, B AR EHEAT 5 UK, BEUR SME A BRI (E 1Y
WETE £ 5% VAN, b, B F X RAE T 2T
HECHE V=8.0 L-min ", iR2:<5% ) , kit S &
TR E R FEIERE . W E AEL OC/EC A3 SR
FHIR 2 2 EPMEEER N B, i H Al S8
— () i E R YA 5T HLA NIOSH #5455 i) DPM ( Diesel
Particulate Matter) OC/EC Rl & Pri. 1M R ¥
Sunset 2y 5 BF 5% HEFE TR E TR, F 2 5 — Fbple
TN A TRLE DML, HL D LR S R R G I ) EC, 7
A THEMAS TC, TC F1 EC I ZEEN R O0C. 41
HESHILFE 1.

2 HR5ITR

2.1 RiE, NEMFERXTEH

E TR F7EZk OC/EC ShHH b iA £ Rl
FEPM, Horb 45 22 B EPA AR IF T2 Y
NIOSH ¢ H: F 2 ¥p i W1 STN ( Speciation Trends
Network in the United States''* ). ACE-Asia ¥ |
HKUST-3"'F1 HKGL"™ | [R5 4 Sunset 2\ R T
TP AR IR RS RS R VA AP S TR UM F k. AR
37 JE FIRE R I 5E A 1 T 2 AL XS Sunset 24 A #E



4 1 Vet . KA YNEURLY oA HLAR AT R i DU 7 32 6) e 1233
xR1 LMBXZEFRBREDINSHY
Table 1 ~ Summary of temperature protocol parameters for several thermal optical methods
e g IMPROVE-A R % F N %
it BIRE 7/C RT/s 7/ RT/s 7/C RT/s 7/C RT/s
ocl 100% He 120 150 ~580 600 95 310 70
0c2 250 150 ~580 840 90 480 60
0c3 450 150 ~ 580 615 60
oc4 550 150 ~ 580 840 100
(430 25 40
EC1 2% 0, +98% He 550 150 ~ 580 550 5 550 5
EC2 700 150 ~580 550 10 550 40
EC3 800 150 ~580 550 25 625 45
EC4 650 45 =ik 10 700 45
ECS 870 115 850 240 755 45
EC6 850 120
1) T AR EE( temperature ) ,RT R BN B 8] ( residence time)
Y 3 PRSP R 125 N A F IEGEAT 0 L. 120 _
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TOR/TOT

i SRAEISFR] = oC n SCHEk
Milan University Campus, ltaly 2010-01-17 ~2010-02-09 0.99 — 1.59 [43]
RIS N o O R 2009-01-09 ~2009-02-12, 2009-06-20 ~2009-07-20 0.99 0.95 1.33 [28]
The Greater Cincinnati Area, USA 2002 ~2006 0. 88 0.79 1.54 [44]
s, 2000 ~2001 0.98 0. 81 1.23 [45]
Jarbidge Wilderness, USA 1999-05-26 1.00 0.83 1.01 [12]
Py 0.96 0. 84 1.34
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