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Comparison of Secondary Organic Aerosol Estimation Methods
Guo, Song Hu, Min* Guo, Qingfeng Shang, Dongjie

(State Key Joint Laboratory of Environmental Simulation and Pollution Control, College of Environmental Sciences and
Engineering, Peking University, Beijing 100871)

Abstract To investigate the secondary organic aerosol (SOA) formation in Beijing, fine particle (PM,5) samples were col-
lected at an urban site (Peking University, PKU) and a rural site (Yufa) during CAREBEIJING 2008 summer intensive field
campaign. Several approaches were used to estimate SOA concentrations, including tracer-yield method, non-primary or-
ganic carbon method (receptor model, Chemical Mass Balance model), non-biomass burning water soluble organic carbon
(WSOC) method and EC tracer OC/EC ratio method. To develop non-biomass burning WSOC method, simulation of typical
Chinese biomass burning was conducted to obtain the important parameters. The average WSOC/OC ratio in Chinese bio-
mass burning is 0.48 +-0.04. This ratio can be used in non-biomass burning WSOC method to estimate SOC of China. The
results from different methods all indicated secondary formation has become major contributor to organic aerosols in Beijing,
accounting for 50% or more of the total OC. A closure study was made by combination of CMB model and tracer-yield
method. Five primary sources, including vegetative detritus, biomass burning, coal burning, gasoline engines and diesel en-
gines, and four secondary organic aerosols derived from isoprene, a-pinene, S-caryophyllene and toluene were apportioned.
To the current knowledge, about 20%~27% of the OC sources still remain unknown. Applicability of these SOC methods in
China was tested by comparing the different methods. Tracer-yield method, CMB model and EC tracer OC/EC ratio method
can be used to estimate SOC in China. However, non-biomass burning WSOC method can only be used to estimate wa-
ter-soluble SOC. Uncertainty analysis was conducted to help researchers to determine the proper method to estimate SOC in
China. Tracer-yield method underestimates total SOC, because it can only estimate SOCs from several precursors. Similarly,
non-biomass burning WSOC method also underestimate SOC. Non-primary OC method overestimates SOC due to unappor-
tioned primary OC, especially in urban area where the particle sources are complicated. The uncertainty of EC-tracer OC/EC
ratio method is mainly from the primary OC/EC ratio. The largest overestimation and underestimation of single point value
can be 54% and 64%.
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Figure 1 Contributions of biogenic and anthropogenic SOC to total OC
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Table 1 Concentrations of SOA tracers as KPA (ng/m’)
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16 8 K Rogge 2584 R, ARMIAEER T Fine 2%
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KA A KRB R*>0.85, Chi-square <4, ffHT4: %
ARSI AS S5, & 2 S TRV CMB
T AEATT 73 20 PR 8P — IR OC [ BTk, CMB ik R
FEAT R A FE ALK S AR A 15 003 7 OC 1) 60%FH
59%, AKX A A R TR

Compound PrU Yufa Precursor
Average Stdev  Average Stdev
2-Methylglyceric acid 21.0 19.5 29.9 19.9 Isoprene
2-Methylthreitol 422 28.2 63.6 46.8 Isoprene
2-Methylerythritol 77.2 60.2 121.5 101.4 Isoprene
Yisoprene 140.4 100.9 215.0 160.3
3-Isopropylpentanedioic acid 8.7 7.1 9.6 7.2 o-pinene
3-Acetylpentanedioic acid 6.8 7.1 53 2.8 o-pinene
3-methyl-1,2,3-butanetricarboxylic acid 4.6 4.0 43 6.9 o-pinene
3-Acetylhexanedioic acid 8.3 5.8 7.7 5.5 o-pinene
3-Hydroxyglutaric acid 51.7 31.3 57.5 27.4 o-pinene
2-Hydroxy-4,4-dimethylglutaric acid 9.9 9.1 8.3 6.7 o-pinene
3-(2-Hydroxy-ethyl)-2,2-dimethyl cyclobutane-carboxylic acid 8.5 10.1 6.1 5.5 o-pinene
Pinic acid 32 6.4 34 5.7 o-pinene
Pinonic acid 11.9 6.3 219 9.2 o-pinene
Yo-pinene 113.5 63.3 124.1 47.8
2,3-Dihydroxy-4-oxopentanoic acid 13.3 7.7 11.7 6.9 Toluene
f-Caryophyllinic acid 5.1 4.5 3.6 2.3 f-Caryophyllene
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2 —WIEX PM2.5 1 OC [T HRCT- I + ARHE 22, %)

Table 2  Source contributions to measured PM2.5 OC (average & standard deviation, %)

Site Gasoline vehicle Diesel vehicle Vegetative detritu Biomass burning Coal burning Other OC
PKU 10.3+8.7 162459 1.41+0.8 7.5+5.5 58+5.5 60.71+13.2
Yufa 7.9+6.2 14.5+4.1 1.9+1.5 8.9+4.9 7.8+4.6 58.8+11.0
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Table 3 Mass ratios of WSOC/OC in biomass burning particles

Sugarcane leave Rice leave Southern cedar Banyan Pine Willow Southern frutex Northern frutex average
Average 0.44 0.45 0.48 048 048 049 0.49 0.49 0.48
Std 0.04 0.04 0.04 0.05 0.05 0.03 0.04 0.05 0.04
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Figure 2 Mass fraction of estimated SOC to total OC
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Figure 3 Closure of primary and secondary organic carbon from CMB
and tracer yield method to total particulate OC
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Figure 4 Comparison of SOC from EC tracer EC/OC ratios method,
CMB modeling and tracer yield method
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YR EE WSOC T Al 543 B 1) &K B HER) SOC,
MZKEPE) SOC 5 SOC 1) EbAE 23 Bifi 25 I TR) AT b 5
(1) AS T8 177 4% 4k . Kondo 25 P i@ it # £ W &
PILS-WSOC F1 AMS f##T Hi ¥ SOC {5 545 2|75 < 1<
KM 6%~26%(1) SOC NIAEKEFER, XA 7 A
AR M X FOAS R 25 #A FrAefk, HERAER—K
(ISR I B A AEAR K AR 4. ZEARBFFTH, it b
BAEY T BAE WSOC VM OC/EC UL R,
AR 5B K YER SOC w1 L F] SOC [#)(86
+29)%, e a K4 14%03EK BTN SOC %
B EE, BT XA LA AR A [H i B AR 4k
AR, RILAEAEY EE WSOC LU AT LA L
HORAERLY) 7K SOC BEAT AL 5.
2.4 SOC B E MR I E MR

AWTEs R 2 SOC MfLE 7, ¥15Hxt
PP ITVE AN 52 PR AT 08T, AU S 507
EIR BRI G 34T A E TERHS, I FFAS 2 RS A )
e AT, H YRR LRI A X e v ) st 4
TR BANTA 2 A PR

AT FEA P50 W AR FE A I 1, — R~k
A5 ) — SR e A A R g, R A AL E
(1) SOC XJEL5E SOC [MARRFERE. B Al A 2 1k
¥4 Eqs. 5, 6 1545331,

200 AR T B AR A I FR(MDL) B, R 2 2

Unc:%MDl 5)

240 5E LK T S (A FR(MDL) I, SR 23 3K

Uncz\/ (ErrorFraction X concentration)®+(MDL)*  (6)

A Une AN 2 7, MDL A S AARAS I R .

TEANHf 2 AT KA = AN S5 BB — AN
W BB SR T T U AN 2 k(LR BR O S B
FENE U,), WX 2k e A B 10 i i —
R, B AR R TER T ONEN SRR E . X
s W DA R A B Ik R 108 B rh o B AN T, B R A
SR PE(UL), AR ZE(U) R R ZE (Uy) %
TR, IXANRZE AR BB A THI 1) S5 A AR B A S R e
T AN s Py B A el A B D I R 1 25 T
Al B39 A B0 s A FE B (LA R AR A Sl 22 E),
TXAN AN R T S F R DA Aoty B0 D Lty A P AN o 12k

(D7RE--77 204

TNERY P B RE S HER IR A% S — 452 VOCs Ji A
YA SOC &, W™k s Bk, HARE =2
T BB RMTRE 2 SRIA(VOCS BT A% SOA BTkt J7
.

IR ZRE IR B S (Y fooa B fr) 2R EH T
JH 25 RS 85 3, SRR R I D2 T A%,
I 55 8 SI2 560 3R A5 1 2 B0 AR ME RS0 512 o KA 1)

http://sioc-journal.cn 663



W F F R

MR

T, DRI S B 5 0 254 T 1) 22 Sl 2 3 X Ay
TEANH E Pk ) g5 K TT T 980D 3P ANGf 5 PR ) 70 2 1
I 2 7R ERY), AoR BRI R AR DIy, RERORERY)
X T A G5 SR U e 2 3G, DRI 3 it B 5 R )
ANHfEPE. Bl H 2R SOC MR- A —Fh, PRl HE
K SOC REEYII AN, A58 S5 R IRz
SRR, XM S 0E AN e R RT DU RS
TSI 30 w12 2 H50 s 11 B B8 2 BRI e AR ) b o
M ZE RN, ISECAN E PE 73 0o 5 I W 25%. o-
TR 48%. B- T M 20%- HIZK 33%.
s Kleindienst %511 5% 5 #T(boundary analysis)
(R4 RN, A5 EE Rt SOC Tk v FEl (& A5 X TH))
SR 70%~130%. UM 50%~220%. B- 1 Tl
70%~120% HIZE 60%~160%>). &L & R 5
WK IR ZE, INE = RER IR s a-TRMG . - T
T SOC A B At 522253 7)) A (184.6 £

127.7), (121.0£50.9), (48.2+36.8), (404.0+ 164.1) ng/m’,

FHXTIRZE H(21.8£4.00%, (27.6E7.7)%, (27.7+£13.7)%,
(28.51+8.3)%. XHEHT HIF & SOC 2 H iR 2= 4y (1.12
+0.57) pg/m’, FXHREZE K (24.8+5.7)%.

MAREKRRSE FoRF, R INEA R H SOC £H
52 SOC f—i4r, PR SOC I—ANF4&. e
EC 7rif OC/EC FUAVEMI4 RAE AT, 52 AHELE,
INERY)- 7R R0 SOC Kk 5 22 E KL MEAS T (44.0
+21.1)%.

Q)AEED ke WSOC i

ERITEIN WSOC BIRIEANT, iz F 2R H MW
AMEGE: AR SOC KB o A7k PER; — A% &
WSOC KPS = IR EAL TN A ) TR e

MATFI 5 KA, T H D) IR GO )+,

WSOC 5 OC B LUA 2 LA AR 1Y, BHIXAS FUAE AT R 1
ATRIEYER 8%. &7 VAR & Tk R A A K
(11 SOC, {H & TRk ¥#E M SOC 5 OC 1 E i HLAT AR
KIARAY, Joid FH 7SI R BN LA TR 1. S Ah 3,
PEHERY WSOC 91 1 TV FNATL 3 25 46 th 2 6 4 i
BORZE. SEAE RIS R 2, AR ke WSOC
IO A E M 4% iR 2(1.024£0.35) pg/m’, #
X Z(19.3 £0.8)%.

MARENE 2k E, % EAS B 2K R SOC,
EFLSE SOC H—A~4. wrinth C&483), 5 OC/EC
FLAEVEAH LU, ARAP ke WSOC 2% SOC (Al 5.
2= KL AARAL T (14.0120.7)%, fili 50w 2258 K 1 b ifE
i 2£(20.7%) & B K % PE SOC 7E SOC BT fdy Le gl A% 4k,
RK.

(3)AE—¥k¥E OC ¥:(CMB 17¥%)

R VE R EA ) AU Z AR CMB &R
FEHT H A2 B A kU Dk, TR i B A B
BRAE 27V U RS R 5
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CMB J7 ik S BN E PR E 2ok AR, i
J&NE 43 BT (sensitivity analysis)$i 7. BUSYE 2> 7 2 il ik
BN 4 FPAS R AR ) TR e 1, A AU AT 45 AR A
SEVE, IX 4 PR ELAE R R BCIR B IR
BB — PRI IR, BTG BRI, 4 FhIEIE IR
PR LW ke DR K AR A R AE 0.75~1.30 2 Ja), 2
VB NP I2iBI D Gaw N bR e R (VRS ey P AINEAE S
BEBNAE 1.09 LAY, 5 R 2L 5T 1 D™ 4% BRI T iR 4%,
DRI A P BT R R 22 /N T 10%. SEEr s BTl
KR ZE, CMB 506t IR A B AT AN o P 46
SR ZE4(0.77£0.47) pg/m?, AHFFIRZE N (12.6£5.3)%.

MARERFERE LR, %7 T I 45 A T 43
) SOC A # 73 BeA flbr i 1K — il OC (POC). il
O A FE R B, R 2 AL R AR A H LA
FIORPEP (B SELEAWI I, A R B HE U R
WINE 2 T FEARAIG, T FUB R R N VT B Al
B IEAT 85 AT e, KR 74 MRS 32
AR 99 AMFESL I 21 MAREIA BIREALZ T BK,
DR AR 58 A 2% FE AR (B, Gn SR R T8 )
XPRUREAA HLAAA DUk, HoTiREs sl g b 21 HoAth OC 24
W R AT HE— YRYE OC YA R4S 11 SOC &2~
85 3. # OC/EC LUAEEIM 25 A K BL5E SOC (1l
W, B URUE OC VAl S AR 2 Mk il 7 £49(33.9+
41.1)%.

(4)EC /i OC/EC LLAH i

IR EC AR — R 7R Y, FHs
1) OC Yk 2:— PR OC Hif33] SOC, WK MFEE I,
il B 25 PSR BSOS 1) SOC. RS, %7
i d B B E R HE. OC/EC WLLE, [H
2 12 VP B K R AN o

J3RTE OC/EC HAHIEMSEAH 1, AR
F bootstrap Fr 7k, SF4s3r) AR B E B L OC A EC
s FEALERE (P SHURE), SR )5 FH BEALELAS 1) 5 1%
HERT TR BN 55— OC/EC L, BRI
100 X, 15211 100 A5 OC/EC LUAR Y br A 22 R
h B HA e e, R X R 7515 B S B e R
(28.5+21.6)%. 132X NSHAH MG, BT LA
R ZEAR A, AT A AT AN 5, B e
13 B0 J5 V5 SR AN PR R 4806 1R 7 (0.65 £ 0.44)
ug/m®, AN ZE A (11.3+£3.8)%.

XFF OC/EC ¥ WAk w22, AW AR KM
10%5e /M BRI 20% e/ MEAFE A — W OC/EC
ELAR T BE BT 1R 1R SOC BRAAS 72 [H) 1) SOC. 5 CMB
Tk, M Sb T LA H, ADEUESL T CMB ik
&5 FARAI, T HLIX RS GRS 23 (IR 1R B
T X L I Ji PR AT B A T A 9T . OC/EC HUAE
A RIE BRI — U OC/EC EUAE, IXAERT figid il
SOC [y fli. XS 7B AT BE KT 54%. SREEY)
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W F F R

PEREANEL, KZHUGULR, OC/EC LA Ah S 45 1
B TR e &k, WE Se PR, (B2, D%
UL OC/EC LUABEVEARAR, Ik i 020t IAE 14 1)
e, XA RESE TR IR IR S — X IE OC/EC
RIS ). XA B KT RER T 64%. T 20sE i) —
IR OC/EC ELAB AT %0, 1y HARALAR K, PRIE A I b
AN Pk ) 7 e s e, G R B NS
) 5953k 45— P OC/EC HufH.

T 4R T IREE P R AR R GE WSOC .
EC 7REE OC/EC UAEERIEE—IRIE OC VLA 2 M5y
T g . BRI, A5 EAH R A R A 5
G5 W% 7 VE A Sk ST AN e 1, FEAS R R
SOC (i, #iltn OC/EC HLfHVEMIfhsIitER A, N
(43.01+4.9)%, {HIEILRAEMZX R SOC M H 1R 2%;
S, AR FIREE WSOC Rk AR 52 P BLARIR N,
H(19.340.8)%, {HARHELAE 26 KENE SOC k%
RZEH(19.310.8)%. AT H LRI VAN B ok
JEIX A SEANf s PR R 22 LA S H .

3 #Hr

FIH Z M7 7% CAREBEIING 2008 4F 5 2= KA
AR PM2.5 Hr () IR AWV IR AT A 5. Al 25
FRIN, IR T IEIE FORL A AL v i) T 20 i
43, SOC 5 OC WL T LLR B 50% £ 4 8 iy, {H A
[ A iR A Sl IR 2 AP R AR R ZE 0. R URER
Wik, G4 CMB B AUEHTRURA HLA— UCRIE R ER
7= FEEAEATTRORL A — UK, S RORAT HLA) KA A &,
TR, H BT RER A, AE RS Rh A B
TTRAT 20%~27%HIRIFEAGE 2. AWFIELE G R T
HarEpr LN R Z 2R SOC H Ik, Ho s
IREEMIFE AL A IRUE OC ¥:(CMB). AEAEM ke
KA HLER(WSOC) /73 A1 EC 7ni OC/EC LU,
WEITah MR WIREY P~ k. CMB J7iEM BEC IR
OC/EC HHZEAh5 M) SOC fash—5%, PHut#inr LLE R
KE SOC Ik, (HAE T EF BRI L M7
TEMRGRZE. ARV TUAKE WSOC VA4 G H kXt
Kt SOC HEATAE 5L, AHFFTIE XS IX JLRF 7 1 AN
SEMEA TR . 45 RERW, SOC AR = ZEAH
SENESK AT S BV 8 R A S AR SOC X

K4 BI SOC A HITIEMAH E M ¢
Table 4 Uncertainty analysis of SOC estimation methods

& SOC MRMERESE. BEICEAEIEMAL S AN M ER &
2 L8 5 Ak S AN o TR B4R 2 DA S D .

4 LWBERS
4.1 A S AIRAERT (8]

A5 A CAREBEIIING 2008 (Campaigns of Air
Quality Research in Beijing and Surrounding Region)[)—
oy, T 2008 457 H 16 H~8 H 31 HEEM I skt
K RO DR RS ROK R BURY) PM2.5 #F
a2 K (39°59217N, 116°18°25”E)fir Tk 5t K2
B R 1 ST, JbRURE AL T OO X, A7 T
JERI PG ALES. DT A7 T2 el A B BEA AL T, BH b
M%) 20 m iy, JEIFEGAT B S 0y e, At s
(39°30"49"N, 116°18'15"E){EIb K miIEF 77 M2 53 km,
PEFAC ST R EX [ fe g ity KA AU TR ERAFE A K
SERRTH, B HLIRIZY) 20 m. ) B B R iR b i R
X, JGHA Sy Y HE .

42 R#EFESHH
421 BRBERA

AT FEAL I (1) SO ) R A 25 2 R AL 2 =] 1)
VU3 8 R 25 (TH-16A, sOREL), DY/ E 1) D) # R
¥ PM2.S, REANEIE SRR S 16.7 Limin.
A Teflon B, FIERUREMKEE . KEMER 14
S RUKAE A AU 3 AT 2028 s — 0 =0 PUmiEff
A SR, G lIE A S EY)E] 1 cmX 1.45 cm
T AUIAE ECOC W2, o — T i 7 4 i 5 70 M1 26
= VU PR A S R AR SR AT HLA (1 23 #

422 FEADIEF LR

FIOREAT LA (1 20 BT 6 ZEALRR B 5l /T AR AN <A
BT I AL(GCMS) 73 T I FB J, VEAH 1) 73 i R AE
SCHR P VEAN IR, Bk, AWFsdtE i T 154
FERAT IR, P dE 14 R KA HURERYD, 59
FhAISCRAE 70%~115%2 1), IXHAE LR 0~12%,
B TR SRR 224 0~ 8%, il A TR BERE T 40 HT
423 % OC/EC 2 #7L
A FAEAL R iR 6 E Sunset 5256 % 1114
4 OC&EC 43 MY, FAEAEL I & K4 Bikid PM2.5

Uc
Uy/% E
Us/(ugem ) Ua/%
Tracer yield 20~48 0.76+0.33 24.8+5.7 Underestimate (44.0+21.1)%
Non-Biomass burning WSOC 8 1.12+0.57 19.3£0.8 Underestimate (14.0£20.7)%
EC tracer OC/EC ratio 28.5+21.6 0.65+0.44 43.0+4.9 Single value: overestimate max 54%, underestimate max 64%
Non-primary OC (CMB) <10 0.77+£0.47 12.6+5.3 Overestimate (33.91+41.1)%

“ Up: uncertainty coursed by parameters, U,: uncertainty coursed by parameter and calculation, E: estimation error by estimation theory.
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MR

tHOC Fl EC W, UESIF I HER 0 1 h, RAEE N
8 L/min, 70417540 NIOSHTOT(HWEIE $1E) 5k, T+
YRR 5 SOk A AR R P044 23 iRk ) & 15~20 min.
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