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Characteristics of Carbonaceous Aerosol Pollution in PM, ; in Xi’an

MU Zhen', CHEN Qing-cai'*, WANG Yu-qin', SHEN Zhen-xing”, HUA Xiao-yu', ZHANG Zi-meng', SUN
Hao-yao' , WANG Ma-min', ZHANG Li-xin

(1. College of Environmental Science and Engineering, Shaanxi University of Science and Technology, Xi’an 710021, China;
2. Department of Environmental Science and Engineering, Xi’an Jiaotong University, Xi’an 710049, China)

Abstract: Mass concentration, seasonal variation and sources of organic carbon (OC), element carbon (EC), methanol-soluble
organic carbon (MSOC), and seven carbon components (OCl-4, EC1-3) were detected by thermal-optical analysis of 353 PM, ;
samples in Xi’an in 2017. The results show that the average mass concentrations of OC, EC, and MSOC were (17.56 +11.83),
(4.08 £2.95) and (11.10 +6.77) pg-m™>, respectively. The seasonal trend of the OC concentration follows the order winter >
spring > summer > autumn. The seasonal trend in EC concentration follows the order winter > spring = autumn > summer. The average
MSOC/0C value is 0. 64 £0. 20. The highest value is observed in winter and the lowest in summer. The correlation between OC and
EC is good in spring (1> =0.76) , but the correlation is poor in winter (r* =0.43). These results indicate that the source of the carbon
aerosols was different. The content of secondary organic aerosols was estimated by the EC tracing method. The average mass
concentration of SOC accounted for 51.9% , 38.4% , 37.3% and 44.0% of OC in spring, summer, autumn, and winter,
respectively. The main sources of carbonaceous aerosols were analyzed by principal component analysis. The results show that
carbonaceous aerosols originate mainly from coal and vehicle emissions in Xi’an.

Key words:PM, , ; organic carbon; element carbon; seasonal change; source analysis
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Fig. 1 Time distribution of the mass concentration

of PM, sand carbonaceous aerosols in Xi’an in 2017
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Z= PM, 5, OC 1 EC MYk BE ¥ d5cmy, S TP &
DXL DL B RIS G 56 800 5 1 2 223 Ak,
JEE RGBT RS, B A K i
K3 450 T OM( =0C x 1.8)™ DI} EC 20 43 %t
PM, ; Tk S 2= ARk, OM Fil EC 4FEF 34
PM, | JE Ll 56% M 7% , 2=, HZEK) OM 1E
PM, P B, AR | & BT RAL, EC
£ PM, s AR e, P 7% A5 A, B

3 AHRME EC ARSI PM, RS R ETEEN
Fig. 3 Seasonal changes in the contribution

of organic matter and EC to PM, s

A ZETT PM, L2 53 A ROR ISR AN Y. 7
H P PM, AR OM, BB 0T B 58
T OM A .

2.3 MSOC Fy 5T i B2 43 A FRAIE

Kl 4 J& MSOC 5 OC £ 41 43 Z 18] i #H 5C 4
. MSOC 5 0C1 YA KRB fe i (r° =0.76, P <
0.000 1), MSOC 5 OC4 fyAH ¢ FE B AR (F =
0.41, P<0.0001). FHt, MSOC 5 0C1 KI5 AH A
AT REVEEE K. OC4 By BERH) S0 M A% & B K43
FYIT, A5 P EEAR, HikS 0C4 #H KM
B,

Bl1(d), B 5(b) %l T MSOC ¥ B DL K&
MSOC 7£ OC () /7 tL g A Asfb ke $5. &5 3%,
MSOC ZEfb #4345 0C Ay 28 1kt # J2 A — 20y,
MSOC 7E 4 ZE ik J fe i, Bk, P on s,
FH Pt AT DAAE UK S BRr 4 v KR o A B, HOR
AT AN T e R F KRG, AwT
SERIVG LT PM, sHF OC A ZEBUR K 63. 7%
P dmm, B DR S Ib4]5 7E AR TR
AR T ALY I Bl RefF e 2 K T4
5, AT ORR T — R T 3 A 2R A S A R

1(e) MIKE A PLAK ( water-soluble organic
carbon, WSOC) W T &Ik E, HF . B hAFML
ZARIR A (4.65 £1.95) , (3.32+1.29) . (3.36 +
1.44) F1(9. 84 +6.02) pg-m >, JLila# 5 Pz Al %
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Table 1  Contribution of carbonaceous aerosols to PM, 5 at different PM, 5 concentration levels
PM, 515464 PM, B/ pg e m 3 OM/PM, /% EC/PM, 5/% MSOC/0C/ %
P 0~35 78 10 63
=3 36 ~75 55 7 63
L REES 76 ~ 115 43 5 65
T4 116 ~ 150 27 4 66
HPET5 R 151 ~250 33 4 64
ST >250 23 4 68

KB VYR GBS TE R I, Rk, BERIX
B, T3 SOC T ™. & 2=l IR 8 I fi]
A, AR RIS I AR W B R 2, 4
Z= SOC/0C WEH &, miFoiditin, &ZEn Ak
s TR 2, HAE P E b 7 4 200 AR A IR 8
T, FARMIEASA BN T SOA A Al 32 2235
AP0, &2 OC TR E R, RERER
JeAbst KA R 2. (EAS U BRI OC/EC
AR 7 AR MEHEIIAS A 19 SOC &, ks Z s
HERG T A EC SR IELL K OC/EC{H, #m A
OC/EC HARIEITTE R RS R
2.6 TRV BOREEAT

OC/EC FUABTE A 5 B JiT <0 IS Y F2 2k U5 I
HATZ/EM. AUF5AIM OC/EC HEAHr T
TR BT R FEOR TR, EC SRk beid B2 BT ™
A, K EC AT RARAEBR B IR SR A FoE,
SeamATIm 4 1) R S HEO R 414 OC/EC HAE
H1.0~4.2, BRIEHECH 2.5 ~10. 5, A=Y B Rk

BEHECH 16. 8 ~40. 01" E5(a) 4 T OC/EC
HAE RE R [ AR b ke . A5 H, OC/EC [ LS
FEI7E 2.85 £0.76 ~5.71 = 1.42 Z[a], | OC/EC
() EUAE AT LA A A e o S B () SR T, A5 R PG 22
T T I 1 2R R T ML 8h A HE il LA IR HE
. PE iU ZE OC/EC B V- HI{E MK 4.58 +
1.30,3.29+1.32,4.39 +1.55 f15.10 £1.70, &
i, AT Rm, BEFEGRIE LS ZEIR,
2R ) BT YRR AR TR

A G F2 53 43 B 7k X Al 2L 4 R A U
TN, 322 25t T ASTRI 22790 & 19 20 B 45 2R
0C2, OC3 F1 OC4 == 2 2 F AR SRR 09 FE A 241
4y, EC2 M EC3 F AR T 4 4 HE )
B BB T 1 Goi g R A Y 2 4
Jr4E 0C2, 0C3, 0C4 F1ECL, 2333k %) T 90. 1% .
95.1% . 95.3% M 97.2% , KT f1 183 T 484
HEfk 5Tk LA SR TTHR. R T 12 B8 0 e 28 AT
o7 0CL, IR T A R beHEL.
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Table 2 Results of the analysis of the principal component factors in each season

%
fl 2 fl fl 2 fl 2

0C1 0. 583 0. 696 0.382 0.482 0. 827 -0.237 0. 651 -0.703
0C2 0. 901 0.281 0.530 0.725 0. 907 -0.212 -0.029 0.251
0C3 0. 951 -0. 069 0. 839 -0.308 -0.129 0.028 0.926 -0. 105
0C4 0.953 -0.241 0. 894 -0.341 0. 940 0.093 0.912 -0.079
EC1 0.972 0.074 0.920 -0.271 0.919 0.202 0. 858 -0.261
EC2 0.612 —-0.740 0.568 0.716 0. 590 0. 052 0. 560 0.748
EC3 0. 151 0. 115 0. 466 —-0.348 0. 089 0. 985 0. 557 0.789

HRMHF {1 By w2215 0C3, 0C4 Fl
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LB ZEHER. P 2 8T Em iy & 0C2 il EC2 4
g3, YEWT A SE M ATLRE S HE L.

=0 R 1 0% o far 241 4 OCL, 0C2
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BRBERAEFIELL 53 5 EC1 2L 8 427 HE R 1 45 1
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TR 15 G R F B HE .

KA T f1 7£ 0C3, 0C4 F1 EC1 4 2% ff 48
B s R T 92.6% |, 91.2% . 85. 8% , Hiig Y
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