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Reconstructed Ambient Light Extinction Coefficient and Its Contribution Factors
in Beijing in January, 2010

ZHU Li-hua', TAO Jun', CHEN Zhong-ming’, ZHAO Yue’, ZHANG Ren-jian’ , CAO Jun-ji*
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Institute of Earth Environment, Chinese Academy of Sciences, Xi’an 710075, China)

Abstract: Aerosol samples for PM, 5 were collected from 1* January to 31* January 2010, in Beijing. The concentrations of organic
carbon, elemental carbon, water-solubile ions and soil elements of all particle samples were determined by thermal/optical carbon
analyzer, ion chromatography and X-ray fluorescence spectrometer, respectively. The scattering coefficients (b, ), absorbing
coefficients (b, ) and meteorological parameters for this period were also measured. Ambient light extinction coefficients were
reconstructed by IMPROVE formula and were compared with measured light extinction coefficients. The results showed that the average
mass concentration of PM,  was (144.3 +89.1) pg+ m ™ during campaigning period. The average values of measured b, b, and
extinction coefficient (b, ) were (67.4 £54.3), (328.5 +353.8) and (395.9 +405.2) Mm ™", respectively. IMPROVE formula is
o Was (611 =
503) Mm ™" in January, 2010. The major contributors to ambient light extinction coefficients included ( NH,),SO, (24.6% ),
NH,NO, (11.6% ), OM(45.5% ), EC(11.9% ) and FS (6.4% ), respectively.
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1 RS

1.1 SRFRHLAS

SR A b, A5 15 7E b 5 R A BB T (39°59 N,
116°18'E) , FEESHLIE ) 25 m, RAE 5 JE Fl 2 b
FREX, 5 km JEFEN TR K548, 5 FITC
SIS, OLEF LT, W B A — R
FAREE T IR X R ARG YK
1.2 FRAhCRE

F2010 1 A 1 ~31 HFIHM S frmOMNI™
(BGI Co. , USA) UKL ) R A 4 1 K [m] 20 R 4 — 5k
PM, , f1 %< i ( Whatman QM/A, England ) Fil — 3k
Teflon JI& ( Whatman PTFE, England ) FE . SRR (A]
4 H K 1000 FYRKH 1) 1000, REEGS T E R 5.0
Lemin ™", A JEPEAERAERTHI 800°C Hil K58 3 h( %
FRATREMBRTS YY) |, ¥ 20 J5 T3P TE R TR A (TR S 20
~23°C  AHXHREE 35% ~45% ) A7 24 h, FAEE
M1 wg BT R (Sartorius, Gottingen, Germany ) i#f
TTRRER , RAESE S FE S A VKA YR AR - 18°C
IRAFF AT A 22 2 AT
1.3 HAhEdERE

WHEIL T AL G (4T 54511, 39°48'N,
116°28E ) AU AUk T EE AR B | KA TR R
ARG T WU T E R RS B 5 T
(39°58'N, 116° 22" E ) it J& 1 ( AURORA 1000,
ECHOTECH) £ 5 min #5250 (P74 520 nm, TSP
YISk ) FIERRIL (AE-31 ,MAGEE) 45 5 min MRk
& (P 880 nm, PM, (VIHIk) . EEALIN A9 2 1K
HU 2B (MBI <40% ). T AR 75
(0 2 SR 3 | AR 5 R P 2% 55 T ) O 75
) PRI BE (< 880 nm ) 5 S Y KM R £K

Z IR 0R 2R 8K 8. 28 SRAG S AL Bt iy AW #= 4K,
A RO 2 e BT X AS R A PR A
FEEE T ARE AT,
1.4 FREESSHT
1.4.1 JKENEE 500

ST 53 2 — B £ e A 10 mL 28 17K
(R>18.2 MQ) , M5 #H 1 h, >R 0.45 pm £H4L
TEUE AR E [ R 2 B R IR BT A 5 T S
SLESZE Y Dionex-600 7 B 1~ {6 3% AU 7K 1 1 B 1
AT Na® (NH, (K" Mg** Fll Ca®* 3X 5 FliFH S
TH ] CS12A 23 HrAEFI CG12A 1474 K2 CSRS 11
il 2 AT R A B, kR WA R uk B A 20
mmol - L") MSA, Wi~ 1 mL-min~". 4 FHE T
F~ Cl™  NO; Fl SO;~ i | AS11-HC 43 #7 k1 #l
AG11-HC {53474 E K2 ASRS 11751 28 #4746 00 43 H7 | ik
VEWE 32 20 mmol - L' KOH,?}IKLE%:’ I mLemin"".
B T 45 1 SR FH 5% [ VD B UT (DRI Joi 2 425 il A
HE B A 10 ASFESY E RS 1A, B S R R AE
0.030 ~0. 100 g-L~" JuEE;, R bR 2R +
30 % ; FREWIEALE 0. 100 ~0. 150 g- L~ Z [a] i}, %
RERUEIR2EH <20% 5 FE&TTERIE >0. 150 g- L'
B, ARV AR R 224 10%
1.4.2  AHWRFICEMR ST

FIF A FEA ) OC (organics carbon) Fl EC (element
carbon ) 73 MR FH 5€ [ VR BEAE 5% B ik i) | o R} 2 e
3R I B B 5 i O S 52 89 %5 ) DRI Model 2001
POE KR 43 BT A2 ( Thermal/Optical Carbon Analyzer) .
I IMPROVE #4016 5 5 A9 5256 3k iy i 1)
FEMNR R P 7 JC W 4 He B, 400 75
140°C (OC1) . 280°C (0C2). 480°C (0OC3) i
580°C (OC4) IR T, % 0. 526 cm® Y IE K A HEFT 0
OKEIRAR i BOR S BR B A6 CO, 5 SRS PR AR
MmAE T 2% HAMARXKHET, 40l T
580°C (EC1) . 740%C (EC2)F1840°C (EC3) &N
P ERTRE i P TR AR B . bR AR B A
FERFEAER CO, , 48 MnO, i fk, TR JFREE F 1k
AT 3E S R B A DU s (FID) A Y CH,. FF i
FEIFGT R R4 LR AT K A AL B G T E K
PR fol R AR B PR b, 7E N AR R, SR 633
nm A0SO W T 3 2 A0 58 SR, A DR Y
AL A S 7 70 2R EUA I A B AL A LR B 1k
T FE S B R AL P FR 2 S G2 A I S gtk (OP)
IMPROVE PMSCEA ML E A OCT +0C2 + 0C3 +
0C4 + OP, JTLE M E XN EC1 + EC2 + EC3 - OP.
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1.4.3 JLEMT

FH e IR B b sk PR B W i A0 1 2 96 2 i
B AR X 2% Ot 3% {2 (Epsilon5, PANalytical
Company, Netherlands) X Teflon #£ i H A9 + 3T R
PEAT AT, L IEOCE M IEANT A (AL B (Si) V55
(Ca) EK(Ti) FEk (Fe) , BT WICHR[ 25 ].

2 HBRESH

2.1 PM, RERNHEREOKT

142010 4F 1 Hdbat PM, H E 224 4)
JhE R BE ST O R BOK . PM, 5 H {5k
JE N (144.3 +89.1) pg- m AR FLYL Iy 48.4 ~
354.8 wge m . OC Fl EC JEEH /250 (25.5 +
15.6)F1(7.9 £7.7) pg- m >, (5 PM, | Jii & 1 1)
(17.8 +4.5)% (4.6 +2.0)%. KistEE 1
SO;~ Ml NO; Wk BE fem, 23 0 (16.6 = 11.2) Al
(1.1 £12.4) pg m > AHMFEEZ, CLHKEY
HILF) (6.3 £3.9) pg- m ™, HEx KL F 14. 8
pe e m R T AR ) A R TR X b T A XK
SWBE A —E MR E T E Al S,
Ti Fe Fl Ca ¥t A F AT 55 51 (R 7K SF, 1T LA %
P LR AR XA R R B A — 1. 5
M R EL(b,,) U REL (b, ) FECRE(b,,)
PIE Ay 9 (67.4 +54.3) . (328.5 +353.8) Al
(395.9 +405.2)Mm .

K1 22010 4 1 Hdbst PM, s 240224155
B HAME . K2 2010 4E 1 At T8ES 4
R 732 H A ka3, f & 1 mr 2, S ie) 4 3 v i
R PM, 15 e B A BAE 1 A 4 ~8
H.11~18 HH24 ~26 H,PM, , fix K EE 43514
252.8,354.8 f1272.8 pg- m . 3 Wit FE PM, 1k
EWOA—ERNES 1 H 4 ~8 H OC EC FUKE
PEE TR . 11 ~ 18 HER T OC EC /K% 1
BB A, TR A T 24 ~26 H +
BOTZE WA B BT, el W, 2010 4F 1 A4t
LR EE ) PM, MU S A HECEA OG0 5 AR
I K B5A R 2 AL 3 BB R
PM, 75 Y st A a8 s 3 22 1 i/ N IR A, il DL
INAR A S SR IE PM, I EES LT K 3
J92010 4 1 7 b SER S E R EGE A ARk
FOXT R 1 RN 3 ATAE, S b, 5 PM, MR AR L
IR —F, B b 5 PM, He B A CPEAR 4
(VLE 4) MM 28045 0.96, H PM, SFHITH G

BOREH 4. 4 m? g7 LT AR IR EE PM, TS 42
SEALTRE UL EE T B al g R A e AR A
R S
F1 2010 £1 A4LEPM, ;FEEUXZERS
R BN ST S R K
Table 1 Chemical component concentrations in PM, 5 and

measured extinction coefficient in Beijing in January, 2010

WH Hfy ¥l RRME /ME
PM, 5 pgr m3 144.3 +89.1 354. 8 48.4
oc pge m 3 25.5+15.6 58.6 8.5
EC pge m~3 7.9+7.7 28.1 1.2
F- pge m 0.4+0.5 1.5 0.0
cl- pge m3 6.3+3.9 14.8 1.8
NO; pgs m™? 1.1£12.4 46.7 1.7
S03- pge m 16.6 +11.2 43.6 5.3
Na* pgs m™3 0.3+0.5 1.8 0.0
NH, pge m~3 4.9+6.3 21.0 0.1
K* pge m~? 0.9+1.0 3.5 0.0
Mg?* pge m > 0.3+0.4 1.3 0.0
Ca** pgr m3 0.3£0.5 1.8 0.0
Al pgs m~3 2.3+1.7 8.0 0.5
Si pge m~? 1.9+1.4 6.8 0.6
Ti pgs m3 0.2+0.1 0.6 0.1
Ca pge m 3.1+1.8 8.0 1.1
Fe pge m3 2.5+1.3 6.9 1.0
by Mm ™! 67.4 +54.3 199.2 11.0
by, Mm ™! 328.5+353.8 1307.6 45.9
by Mm ™! 395.9 £405.2 1483.7 59.0

2.2 HAERSIHCRH
H T 3 gl = X6 ORI O R BB R GE i
5%, IR IMPROVE J5 23155 2010 4 1 A b st
TG & B, JF 5 92009 Ot 2 Bk A7 g, Ak
IMPROVE J5 R #43d JH . IMPROVE J5 R IIF
biy =bi, + b, (1)
b, =10 x [EC] (2)
b, =2.2 x f(RH) x [Small (NH,),S0,] +
4.8 x f,(RH) x [Large (NH,),S0,] +
2.4 x f,(RH) x [ Small NH,NO,] +5.1 x
f,(RH) x [Large NH,NO,] +2.8 x
[Small OM] + 6.1 x [ Large OM] + 1.7 x
f(RH) x [SS] +1 x [FS] +0.6[CM] (3)
[Large X] = [Total X]*°/(20 pg - m™),
for [ Total X] <20 pg* m™
[Large X] = [Total X],
for [ Total X] =20 pg + m™
[Small X] = [Total X] — [ Large X]
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2, X 45910 (NH,),S0, NH,NO, Hl OM.

N (3) T
NH,NO, = 1.29[ NO; 1;

I:OC:I [29] ,

(NH, ),S0, = 1.375 [ SO;™ ];
OM (organic matter) =1.6
; SS(sea salt) =1.8[ Cl™ ]; FS(fine soil)

=2.20[ Al] +2.49[Si] +1.94[Ti] +1.63[ Ca] +

2.42[Fe]; CM(coarse mass) = [ PM,,] - [ PM,,];

coefficient in Beijing in January,

2010

Lobl R B B M~ [8027 ], [NOS ],

[OC]\[CI JVLAL[Si] [Ti],
[PM,, ] Al [ PM, ;] Joi & v B B0 K g m >, AR X
TREER K LR £ (RH) £, (RH) Fl f(RH) W3

[Ca] ,[Fe],

Wk[30]. FITHF IMPROVE J5 R FH 0 A X
BERCIE SR I T AURORA 1000 3t J3 43 PN 3 1R 08 i A%
TR ) SN B . AR 78 R [A) A i PML ¥R B2, HL
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