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Abstract To investigate the pollution characteristics and sources of carbonaceous species in PM, s,

samples were collected at three sites simultaneously from Dec.5, 2018 to Jan.30, 2019 in Tianjin
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(TJ), Shanghai(SH) and Qingdao(QD). The result showed that the average mass concentrations of
PM, s were (116.96+66.93) , (31.21£25.62) ug'm™> and ( 74.93 £54.60 ) pg-m™. The spatial
distribution of OC and EC shows the order of TJ (18.69 +7.65) ug'm>, (4.98+2.08 ) pg:m™) >
QD (16.45+8.94) pg'm>, (2.01+1.04) pgm>)>SH(7.28+3.11) pg'm>, (1.05£1.25) pgm™).
The good correlation between OC and EC indicated the similar OC and EC sources. The OC/EC
ratios were 2.37—7.53, 5.47—46.41 and 4.77—13.36 at TJ, SH and QD, respectively, showing that
SOC exists at all sampling sites. The SOC concentration was estimated by MRS (minimum r squared
method). The average mass concentrations of SOC at three sampling sites were ( 5.09+4.68 ) ,
(3.90+1.65) and ( 4.21+4.31) pg'm>, accounting for 27.2%, 55.8% and 19.5% of the OC,

respectively. Among them, the secondary carbonaceous pollution in SH is the most serious, and
which is caused by severe pollution emissions and favorable meteorological conditions benefitting
the secondary organic carbon formation, while carbon components in TJ and QD mainly comes from
the primary emission. PCA analysis shows that the carbon components of PM, 5 at TJ are mainly
from coal combustion, biomass combustion and motor vehicle exhaust, while at SH they are mainly
from biomass combustion, road dust and motor vehicle exhaust. The carbon components at QD
mainly come from road dust, motor vehicle exhaust and diesel vehicle exhaust. The backward
trajectory analysis shows that the air mass from the northwest has a great influence on TJ, and the
concentrations of PM, 5 and carbon components are the largest, while for the sties at SH and QD, the
concentrations of carbon components and PM, 5 originating from the air mass in the middle of Hebei
Province are the highest, indicating that the two cities are more affected by the transport of the
surrounding areas.

Keywords typical cities, PM,s, carbon component, minimum R’ squared method (MRS),

source analysis.
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(TC) Y 5%, WA B3, — M EC i M T5 4y, 2k FURBHA S8 2 BRE, 15 e ik 1 2k
i, B EC EZ 5 AR (Char-EC) I 52 (Soot-EC) 2 N34 %), Char-EC & SUABEEHR SR 5
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Fig.1 Temporal variations of PM, 5, OC, EC, Char-EC and Soot-EC mass concentrations in three typical cities of China
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PM, s [ EL BB 4300 24.8% . 22.1% F1 31.3%. FH UL AT UL, B 4H 3 PM, 5 (1) 3 B2 4L A 43

F2 P EMANERENTT4ZE PM,ys H OC. EC., Char-EC F1 Soot-EC ¢ & /K-

Table 2 Mass concentrations of PM, 5, OC, EC, Char-EC and Soot-EC the average rations of OC/EC during winter in
Chinese cities

B IR/ (ug'm™) )
bty A ] Mean concentration LCE S
Cites Sampling period PM, 5 ocC EC Char-EC  Soot-EC  OC/EC Data sources
KHE 11696 18.69  4.98 3.77 9.41 4.03
i 20184F12H—20194F1H 3121 7.2 0.99 0.54 0.51 14.72 AW
i 7493 1645 201 131 0.70 8.20
2017414 1533 235 7.8 3.0 [36]
Kig
2016-2-22—3-22 131 43 3.7 0.7 3.0 [37]
20184F12H—20194F 1 H 312 84 10 0.40 0.5 8.4 [38]
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2014421 1340 205 22 9.3 [29]

H 2 2 AT, 5 2Z A0 XF X 3 T PM, 5 B AL AIF 5T 45 AR HE, AR OC F EC Y BEARA Fr T
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i POC W7 ER9), 1531 SOC MR . 32 I A58 A F
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Table 3 The result of principal component analysis

KHE 1 i
' Tianjin Shanghai Qingdao

components H+1 2 H+3 HF1 H¥2 HF1 H¥2
Factor 1 Factor 2 Factor 3 Factor 1 Factor 2 Factor 1 Factor 1

OCl1 0.844 0.034 0.434 0.882 0.213 0.710 0.648
ocC2 0.697 0.106 0.663 0.767 0.501 0.794 0.562
0C3 0.910 0.248 0.092 0.833 0.490 0.932 0.244
oc4 0.931 0.023 -0.230 0.930 0.291 0.969 0.089
EC1 0.217 0.920 -0.027 0.903 0.369 0.897 0.353
EC2 —0.035 0.135 0.944 0.664 0.700 0.368 0.815
EC3 0.121 -0.421 0.632 0.246 0.937 0.107 0.870
OPC 0.059 0.978 0.028 0.864 0.460 0.820 0.473

5 2 DT 37.0% 25.9% 24.8% 62.3% 29.2% 57.1% 32.1%
E Yyt & 37.0% 62.9% 87.7% 62.3% 91.5% 57.1% 89.2%
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Table 4 Comparative diagram of PM, 5 and carbon component concentration under the influence of different air masses
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3 %518 (Conclusion)

(1) RAEHA ] E 3 AN SR T PM, 5 MR BE I 25 (8] 50 A 25 S5 B B, R RV RTS &) PMLs 1)
SF- 349 J B A (116.96+ 66.93) . (31.21 £25.62) . (74.93 £54.60 )ug-m>, PM, s (Y H 2474 & 8 A5 R 43
TR 66.7%. 6. 7% FiI 34.0%, X & W riv [ i 78 3ok i3 48 A4 RS0 e Ry P d. 3 P i OC 1Y JoT it vk 32 43
4 (18.69+7.95) , (7.28+3.11) . (16.45+8.94) pg-m™, BC 5 29 5 43 51} (4.98+2.08) . (1.05+1.25) .
(2.01+1.04) pg'm™>, OC F1 EC 1Y% 0] 4345 ¥y K HE>F &> L. Char-EC 5 EC ¥ B2 A2 fb e 35— 3, 1M
Soot-EC ¥ B H AR fb /N, Kt IR 5555 3 AN o Bl 9 o5 L 23 501 24.8%. 22.1% il 31.3%, £
B 41532 PM, s B B4 O

(2) M EPEA BT 2B, 3 S RAE A ZE PM, s 1 OC I EC 3 A S M 244058, B8] OC Hl BC 3k
P — 2 P [ RV R R T 3 Nk 5 OC/EC A YE FlAE 2.37—7.53, 5.47—46.41 F14.77—13.36 Z [f],
AR A UE W4 SR A R AFEAE SOC; SR /s R YA X 45 3 2 (19 SOC HEATAG SR, K. g AT 5100 3 4>
K AL A5 SOC fY - 24 it ¥k B (5.09+4.68) | (3.90 £1.65) . (4.21 £4.31) pg'm™, 53 %) 5 OC E & 1
27.2%. 55.8% F1 19.5%. KEFTE &1 SOC 7E OC 11 (5 L /1N, & WX BT Ak 4 4 £ 2R A
15 YRR ) B R, T B SOC 7F OC Wiy i i K, =138 56.2%, 2 B A Hb X 1Y — ¥k i5 Y /™ .

(3)PCA S Hra S, Kt PM, 5 Wik 4] > = 2Ok IR T ik B9 kb bl sh 4 B A, Lifg
PM, s 4 53 FBORIE T W ks . B L AL 2 B 5 PM,s HHkZH 4 5 BRI 3
L RA.

(4) J ) BIas SR 2 8 2R W, ok 11 P IE Ty 1] 140 3 B 8 A %o K A S IR 35S, ML, VAR RN 41 43
AR 85 A5 s T VI o, BB A2 b R I 28 el g T A% i 08 9 S (0 B i) 5 7 5 0 0 R B A7
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