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Abstract: Currently, vehicle emissions have emerged as a crucial factor influencing urban ambient air quality, and the control of
vehicle emissions has received extensive attention. Based on the data on PM, ,, O,, Organic Carbon (OC), Elemental Carbon
(EC) ,and traffic flow from Wuhan’s Third Ring Road urban expressway, this study employed the EC tracer method and Back
Propagation ( BP) neural network to investigate the seasonal variations in carbonaceous components within the PM, ; of the Third
Ring Road. The research revealed that both seasonal meteorological conditions and motor vehicle emissions induce pronounced
temporal fluctuations in OC and EC concentrations. In spring, autumn, and winter, a strong positive correlation was observed

between OC and EC in PM

, 5, with primary organic carbon ( POC) concentrations significantly higher during these seasons
compared to summer. The POC is predominantly derived from motor vehicle exhaust emissions. Conversely, during the summer, the
concentration of secondary organic carbon (SOC) exceeded that of POC, with secondary formation becoming the predominant
source of OC. The concentrations of POC and SOC fluctuated in tandem with the total volume of motor vehicle traffic, with SOC
concentrations exhibiting particularly marked variations. SOC concentrations were observed during daytime in summer and
nighttime in winter,resulting in a SOC/0C concentration ratio of 0.46 during summer, which was notably higher than in other
seasons (ranging from 0.29 to 0. 41). Additionally, a non-linear relationship was discerned between SOC/0OC values and motor
vehicle traffic, with the exception of winter,where SOC/OC values generally increased with the rise in motor vehicle flow, except
for a trend of initially increasing and then decreasing in other seasons.
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Fig.2 Scatter plot of correlation between OC and EC in four seasons
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in PM, ; during different pollution periods

2.4 BBRASRESHNHEREZEANXER
2.4.1 SOC.POC ¥RJE 5180 % i ik Z [0 1 ¢ &

BL3h 4 B AR T 25 < P, 1 OC (EC
o F BRI 22— FL R S B L3 AR
HEYIME, AT SOC . POC W 5 4 i &
ZIPAE R ARG R T 2021 428 A
15 HM30 HM A EaEE KK P,
POC SOC ¥ ¥ 5 L3 /E— K P i 43 A I 00, 245
R s o, Hb.8 A 1S HWE EIG1 YN
0, , VR (97 wg/m’) HELFE 15.00; H1 T H 3
B RE NG B P 5] K WA A ), 8 H 15 H B i1 vk
2 38 W7 I H B R a1 608 Wi h, 8 H 30
HWE Z5 3R o, IEEHIRE (82 pg/m’) i
IAE 13.00; 38 E YK 2 5 A K | 18 71 3k 28 38 W
A H Y4 4 215 #/h, X P H AR 1
OC H ¥ ¥k #4351~ 3.05 wg/m’ Fil 4.36 wg/m’
(U YR B2 4 5 5. 28 wg/m® F1 9.48 pg/m’)
EC HIWEDH M 1. 16pg/m’® F11.96ug/m’, 8
H 30 H OC Al EC H¥WBEE 735102 8 H 15 H OC
FEC HAMREER 1. 43 £5F0 1. 69 15, IR A Z —J&
30 H BN 42 o B0 T B G 3 A A8 O
15 HIY 2. 62 15 75— DR Al g & 30 H K
SEAERST 15 B, F8HA E LW SOC 4k,
A ,8 H 30 HINAEL 8 H 15 HmfS £, #ig
EHO, WERIZAKT 8 A 15 B, {H 52 Fx Wi 45
RHMR .

HE 5(a) /T, 8 A 15 H POC #e B Al %t 54
B, HAR L 50U 8h 42 B AL B — 8ok, W
I, POC F 2R IR T HL3h 4 & A — Ik HE kL, OF
78 OC i RSy, SOC R FE7E— K iy A8 1k
TR K W H A A e P e S g Is . Hor,
T e A v U P RV s O IR ARR R AR 1 Ak
22N IR, 5 AT RE R POC BB 5] K 1 A J
N A B S, Bl 5(b) AL 8 H 30 H
POC .SOC ¥ A &84k, POC ¥k FE A5 46 5 HL3)
R B — B, POC,SOC kB 14 {H
HB P A L s N B (08 :00—11:00) , 3% A] RE J&
KEdlsh 4 RAHBIT R, s, Hlsh 4 HE
OC iy SOC My b - F+, Bl SOC/0C fHAE K,

Xf R 5(a) 518 5(b) AT AL O KBS H A2
b 4 5 WL 30 ZE i it AR fb A A — 3, (O,
WP DA 19 1 3L IS ) B89 95 I T AL 2l 2 I e AR
O R R HLEh B R HE R R AR s AU
WA AR & A KA R RO, kb
RN, T3 XS BRI R AW 8 A 15 H Y
8 H 30 HIWA M KA O, WeIE WM ZHL3h 4 i
IS LB LS e SRS O, Wk I (E
KN Z TE] 6 R 56 2 R B G, D R AT R 2 7E & 2R
SeAbE RN AR 0, B IRIE, & AR T AT AR SOC
R A A RO, T THAE T #6453 0, Bk,
EER U E RIS ERE S KR 0, IRIEH 2
P AEAH



=

106 Cu o5 oW FAarB HIW 202542 A

8000 40
BRI EE AR ERE 40
L xEsh R 8000 - ] KAMIBHER R B
6000 —=— R JE 135 —— B ,_/"'\ ] 435
= Z 6000 Il ™ hl
§4 000 30 % & q -
= - 13 = 130
1 B 24000} =
& K
2000} s 5000l 19s
0 ﬂ’_‘!_\f\ Tl ﬂr—J H 20 0 | |l I ] 20
10k EPoCHR B /' 10l POCHKE
«g SOCHFE 130 A 777 SOCHkEE Fl u Is0
2 8 —=—OJKME e ~ 28 ORE i /\ —
& / ) S = "---\./-\_ £
5 a = % : \ =
Sl faom 8 Z ol |40 =
5 ¥ 9 ZP ) S
’ | o . 7 7 7 o
3 || ;- i ll
00:00 04:00 0800 1200 16:00 20:00 2400 90:00 0400 0800 1200 1600 20:00 240
B 1] B[]

(2) SHI15HZbfass (b) SH30HZELja%s
B 5 SOC.POCHKEMIMEREMNTH ML

Fig.5 Variation curves of SOC and POC concentrations and motor vehicle flow
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Table 1 Regression analysis of vehicle flow and OC concentration in different time periods
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Fig.6 The proportion of SOC in different seasons varies

with the daily flow of large and small motor vehicle

H & 6 ATAL FE R it 0 #/h B & 2R 4y
) SOC/OC HAFHE —EZF , X EM T ARZET
235 PM, 5 5O R[], I, = PR H i
235 PM, s WREERZ LN Y 52w, Bl & HL 3 4
PRI, AR S0C/0C {1 5 B 5 28 1k
RS EEA AL WA — 2 5k

XF T /INBIAL N A0 5, AE — o 5 LN Bl A L
A NG, & 2 B FER S0C/0C 1E Wk
Z IR IFAEML SN ZE s F 4 500 /b BT E
R ER KM, SRE L, & 2 kFEH
17 i W B B 1 AL 8l 42 7 38 A 3 R T 4500
§5/h i 2 KA R 5 B G H R Ak 27 b
R F A2, SOC AR EIRKR 4%, Hit,
FH B ZE SOC/0C (KAL) 42 i 5 14 38 fin i 385
Ko [AIEF, BB L AT, & 28 PM, i OC MR
KTHE H BF, M54 S0C/0C H/NFH A
S VI (W E 3 e = S ) )
1) PM, s B OC &g K, A it 4 2% SOC/0C
B B 4 0 A2 1 B 2 B R R R, A M HL Bk
Ak 6 000 Hi/h BEA BT BT, B
4, HZE SOC/0C {E 1Y T M R B 8 KT F Bk
F JR R O b N s TR BT N
B2l 4 3 19 55 A BRAE 1900 247, It
B 1) ' R f 55

X RBHLEN M5, B Bk SOC/0C H 2
B HS S b TR T e 9% 0 e 1 AR ks B 3R] g
HRIUTH A B 0 AR A 25 A8 K CF 3 1L

S35 19.5 CHI17.0 C)F K,

XPHRIE 6 (a) AT 6 (b) A1, A [A) 2= 95 1y
SOC/OC {H B /N1 K BRI Bl 42 3k it 110 185 K 3% BEL
A AT 22 5 ST R — Rl
T AR R J5 3 38 DS T kR T AE
AT 2 F T, P AR A He S B b T 78 43 5 — k4
WML 4R PM, , A1 OC HEfL T2 He 353l L 3
FERUE HAER M NO, Il VOCs 1 BE 45 i 3 1
HE SOC 7= 20 = R B AE , = PR 4R 3 %
f£ 07:00—20:00 H[A] 2% (|- 5 AU 0% 23 47, 7 Al
MLEh A amtr. 5o, 86 hiyfH &2 Bk F
SOC/0C fH 1 K5 W /N IR B 2 — 02 0C HEJiL
2 B 4 0 S ORIM 3G £ 1 SOC 3l IR AN &
5 oc FAHm ™,

2.5 itig

CA A R S A S LR ) b oA S R[]
JSORE Y HLIX OC FIl EC ¥ B #f A6 & 5 ik 3] #;
L AR HA % 0C 5 EC R ER H
ARAR S 5 A B g AR AR AL AT S B R g
[ S (PN (SR 22 S =2 5 h L I 7 RSP (S E
VYRR, UL AR G R E X PM, | B T 4 43 Tk
AL R N 2R 2, M SOC/0C 2 5ok F
S T FT g 50T 7R A 4 22 I HE O LA R B IR R 32
Iz 5 e e DLy 8, 5 80 S0C/0C (A1 F 4 2
et O B BH TS R AS A g e i 2 T )
SRR Ry, Ut W] T8 P R 2 IR HE 0 S B
JBEAE B SR PR i R ek T, AN



108 L ES 7

iy FarE F 1 202542 A

WEFEXT PM, o v 5T 4 43 1 Ak 24 4 Sk 47 T 4%
B AR A SCoR W K, it PR 2 A DG 4l Bk = 07 3 S
filt, MELA S BRIR A S Tl 5% . & A 43 B iF 98 ¥ 36
By AEA R YRR 26 s AT Tl B E T,
VR4 R A0 Y Btk JB A= S 1) o 288 R I Tl £ 22
B i B A% AR A6 G B 0 ™ 2B 0 R R b TR HE
JHCHE L) 20 s L3t 4 HE R X OC (EC Y K 5T
MR R A, B, R T A
OB BE— AL TT R PM, R R4 43 B9 Ak 2
B AR L, T LUBA ) 23 B 45 5% 500 20 004 2,
RE [A] $% ENIE EC 7 B2 VA A BP R B2 24 ) Jy ik i v]
itk

AR SC LA g U TH = 2 S 4l T P s B S Bl R HE
R FERT G BT T FEAS TR ZE 1 AN [R) 5 [B] B AN
Wl 25 W IE e T, L8l 42 HE O KA i<
VS T BE s ), R AR R DA RS

1) 25 PM, Rk 4 4 1 2215 25 57
B R A Wk T AR R R R
FBLSN EHE O R A S5 3. B RRP 2R 1 HL
B4 — U, B RO A E ] & R
()AL 5 25, 02 T | e A DG 275 Al Jot 20 49 ik
AR EEHE

2) RHEZM OC R A U e o3 240 4k i
AL TTEk, 7E OC 44y, SOC 1 5 Ltk £ 78
30% VL &, TEEZE HEER PM, T 0C LI
AR Bl R , L IR e Ak 2 )R SOC AR
WHEATEEL W, 7543, PM, o & ik 4 5 1)
WEMR R, H 0C . SOC RE¥ S PM, , IRIE 2B
HR R ) A A8 b 34, ks Gl i A b B TR
JEEAMR LW B v (]

3) BB 4 HE O X B3R B8 25 K P, R OC
TR A —E T, R RIEER K
M — W HERL b, ZZ R REm, A ERE T
1) SOC MR FE AR AP E W 3 25 7

2 % 3Lk ( References) :

[ 1] S8, 3 H{, KUNWAR Bhagawati, &5 J JH 1
W Xl A28 PM,  IF (] AR Ak B Rk A I A 3 4 AR
FEAE[T]. AP E IR W ,2023,39(1) :81-91.

SHI Luhan,ZHANG Yingyi, KUNWAR Bhagawati, et

al. Temporal Variation of PM, 5 and Its Carbon and

Nitrogen Isotopic Composition at an Urban Site in
Guangzhou in Winter [ J]. Environmental Monitoring
in China,2023,39(1) :81-91.

QIN D S,GAO C Y. Control Measures for Automobile
Exhaust Emissions in PM, ; Governance [ J]. Discrete
Dynamics in Nature and Society,2022( 1) :8461406.
KIM S W, HEO J, BAE M S, et al. PM, ; Source
Apportionment in Seoul,Korea: A Comparison of PMF
and SMP Receptor Modeling Results [ ] ].
International Journal of Environmental Science and
Technology ,2022,19:1-10.

HAMA S, OUCHEN I, WYCHE K P, et al

Carbonaceous Aerosols in Five European Cities;
Insights into Primary Emissions and Secondary
Particle Formation [ J]. Atmospheric Research,2022,
274.:106180.

ful WS, B A SR AN AF L B T RRE PM, , BRUAE
W58 g A T B3l 22 R AUBURL W HE A RRAE [ )] . BR BT
Blaf2: 4 ,2021,41(11) .4 430-4 438.

HE Yuxuan,CHANG Yunhua,ZHANG Heyan, et al.
Emission Characteristics of Particulates Emitted by
Motor Vehicles in Nanjing Based on PM, 5 Sampling
in Tunnel [ J]. Acta Scientiae Circumstantiae, 2021,
41(11) .4 430-4 438.

GENTNER D R, ISAACMAN G, WORTON D R, et
al. Elucidating Secondary Organic Aerosol from Diesel
and  Gasoline  Vehicles  Through Detailed
Characterization of Organic Carbon Emissions [ J].
Proceedings of the National Academy of Sciences,
2012,109(45) .18 318-18 323.

ROBINSON A L,DONAHUE N M, SHRIVASTAVA
M K, et al. Rethinking Organic Aerosols: Semivolatile
Emissions and Photochemical Aging [ J]. Science,
2007,315(5 816) .1 259-1 262.

CHIRIZZI D, CESARI D, GUASCITO M R, et al.
Influence of Saharan Dust Outbreaks and Carbon
Content on Oxidative Potential of Water-Soluble
Fractions of PM,, and PM, [ J]. Atmospheric
Environment,2017,163.1-8.

VELALI E, PAPACHRISTOU E, PANTAZAKI A, et
al. Redox Activity and in Vitro Bioactivity of the
Water-Soluble Fraction of Urban Particulate Matter in
Relation to Particle Size and Chemical Composition
[J]. Environmental Pollution,2016,208:774-786.
LIANG C S,DUAN F K, HE K B, et al. Review on
Recent Progress in Observations,  Source
Identifications, and Countermeasures of PM, s [ J].

Environment International ,2016,86;150-170.



X EAR 2 - BCDUIRTT DR XIS 25 P, R BR B 0 B 2 T AR AL

109

[11]

[12]

[14]

[17]

[18]

[19]

DUSEK U,HITZENBERGER R,KASPER-GIEBL A,

et al. Sources and Formation Mechanisms of
Carbonaceous Aerosol at a Regional Background Site
in the Netherlands; Insights from a Year-Long
Radiocarbon Study [ J]. Atmospheric Chemistry and
Physics,2017,17(5) :3 233-3 251.

WK, TR BH . BRI A R 0C il EC HE
BT LW BT [T]. R A%, 2018,39(7) -
3 110-3 117.

HUANG Cheng, HU Qingyao, LU Jun. Measurements
of OC and EC Emission Factors for Light-Duty
Gasoline Vehicles[ ] ]. Environmental Science, 2018,
39(7):3 110-3 117.

BAME SR M XU e B8, 56 Hlsh £ B S UK v i
T I 20 43 HEBCRRAEWF 52 [ C ]/ /7P [ 35 355 Bl 2% 2
23,2019 P EAREE R EE SR E R AR E SR E
(B—8). bt (T EERBET OB ) B+
FReEA AR R ,2019:1 079-1 085.

TR BTN SR W, K LR - KA R,
. BERFFTT PM, A1 PM, ,_, HERAL 5 Z 5 1
AGRHE [J]. B E 3 5 R4, 2016,36 (2) : 356-
362.

WANG  Guo, DILNUR Talip, MAILIKEZHATI
Maihemuti, et al. Seasonal Changes of Carbonaceous
s, PM, ., in Urumgqi [J]. China
Environmental Science,2016,36(2) :356-362.
FREIRE S M, RELVAS H, LOPES M. Impact of

Traffic Emissions on Air Quality in Cabo Verde [J].

Speeies in PM

Environmental Monitoring and Assessment, 2020, 192
(11) :726.

WU C L,HE H D,SONG R F,et al. Prediction of Air
Pollutants on Roadside of the Elevated Roads with
Combination of Pollutants Periodicity and Deep
Learning Method [ J]. Building and Environment,
2022,207.108436.

ZHOU Z H, TAN Q W, LIU H F, et al. Emission

Characteristics and High-Resolution Spatial and
Temporal Distribution of Pollutants from Motor
Vehicles in Chengdu, China [ J]. Atmospheric

Pollution Research,2019,10(3) :749-758.

WANG H, WU Y, ZHANG K M, et al. Evaluating
Mobile Monitoring of On-Road Emission Factors by
Comparing Concurrent PEMS Measurements [ J].
Science of the Total Environment,2020,736:139507.
LIAO K R,CHEN Q,LIU Y, et al. Secondary Organic
Aerosol Formation of Fleet Vehicle Emissions in
China: Potential Seasonality of Spatial Distributions
[J]. Environmental Science & Technology, 2021, 55

[21]

[22]

[24]

[25]

[26]

(11) .7 276-7 286.

SUI X, XU B, YAO J, et al. New Insights into
Secondary Organic Aerosol Formation at the Air-
Liquid Interface [ J]. Journal of Physical Chemistry
Letters,2021,12( 1) :324-329.

GHADIMI S,ZHU H W, DURBIN T D, et al. The
Impact of Hydrogenated Vegetable Oil (HVO) on the
Formation of Secondary Organic Aerosol (SOA) from
In-Use Heavy-Duty Diesel Vehicles [ J]. Science of
the Total Environment,2022,822.153583.
INFEG, IS IKREIRE, 55, 3L T BP & M4 1K
UG e BTN [T, IR BE R 2E 4, 2017, 37
(5):1 864-1 871.

SUN Baolei, SUN Hao, ZHANG Chaoneng, et al.
Forecast of Air Pollutant Concentrations by BP Neural
Network [ J]. Acta Scientiae Circumstantiae,2017,37
(5).1 864-1 871.

W RS VAR A FR [ AL A UL HE i
52O JBURL T 1% R A LA SR [ )] AR 2 4,
2022,42(5) :83-94.

XU Jiao, ZHANG Yinglei, FENG Yinchang, et al.
Particle Mass Spectra of Typical Fine
in China [J]. Acta
Scientiae Circumstantiae,2022,42(5) :83-94.

SR, K oF AR T R I A 4 400 I P 22 4
UKL v g A R AR AR AE (0] b E PR M
M ,2023,39(3) :67-77.

ZHANG Chun, GAO Fei, GAO Yanfen, et al.

Single

Particulate Matter Sources

Characteristic of Carbon Components Concentration
Variation in Fine Particles in Xi’an During COVID-19
[J].
Monitoring in China,2023,39(3) .67-77.

Fele B b, B A A I T A 2 0 UKL B T ik 20
SPARAESP AT (D] I PR I, 2023,39(2) ( 87-
94.

CHENG Long,WEI Zhen, DONG Hao, et al. Analysis
of Carbon

Pandemic Control Period Environmental

Characteristics  of Fine
Hefei [ J].
Environmental Monitoring in China,2023,39(2) :87-
94.

SAFFARI A, HASHEMINASSAB S, SHAFER M M,

Composition

Particulate Matter in Winter in

et al. Nighttime Aqueous-Phase Secondary Organic
Aerosols in Los Angeles and Its Implication for Fine
Particulate  Matter  Composition and  Oxidative
Potential [ J]. Atmospheric Environment, 2016, 133;
112-122.

T SR AR SF T BRI ML BIIR X PM,

BRI T AR AR TR AT [ )] BB LA 2



110 T ®ok oW Fart I 202542 A

4%,2021,41(5) ;1 703-1 717. Journal of Geophysical Research; Atmospheres,2009,
FENG Ting,CAI Yiming, LI Zhenliang, et al. Seasonal 114(D2) :DOOGI11.
Variation and Source Apportionment of PM, [33] XU X M,ZHANG W,ZHU C,et al. Regional Sources
Carbonaceous Aerosol in a Typical Urban Area of and the Economic Cost Assessment of PM, 5 in Jinan,
Chongging [ J]. Acta Scientiae Circumstantiae,2021, Eastern China [ J]. Atmospheric Pollution Research,
41(5) :1703-1 717. 2021,12(2) :386-394.

[28] 3R IR PM, 5 09 k27 5 P T A e IR [34] ZWIFR, 5 3K/NEE A8 b i o I I AL AL
SR A TS AR [ D ] R UK ,2014. At Je Z AT HLBR I A L[] v B 3R B 5, 2022,

[29] WA, EHR,BER,F RUBTHX KA 42(6) :2504-2 513,
PM, Mk A SIEMAT (] A S A E %W, LI Chaoyang, YUAN Liang, ZHANG Xiaoling, et al.
2012,21(9) :1 574-1 579. Characteristics of Carbonaceous Aerosols and
CHENG Hairong, WANG Zuwu,FENG Jialiang, et al. Estimation of Secondary Organic Carbon in Chengdu
Carbonaceous Species Composition and Source [J]. China Environmental Science, 2022, 42 (6):
Apportionment of PM, ; in Urban Atmosphere of 2 504-2 513.
Wuhan [ J]. Ecology and Environmental Sciences, [35] TER, MBS, T&, % fRemas XK PM, Pk
2012,21(9) ;1 574-1 579. oI5 YR E BORIE AT (1], AR E 5 H A,

[30] =W, M5k, e, 5. IUR X KA PM,, #fk 2020,43(9) :163-169.
FHARBME S X Em[T]. RER % 5H R, WANG Huijie, MENG Xiaoyu, WANG Jing, et al.
2018,41(8) :79-86. Pollution Characteristics and Source Analysis of
YUAN Chang, ZHOU Jiabin, XIONG Ying, et al. Carbon Components in PM,; of Ambient Air in
Chemical Compositions and Long-Range Transport of Baoding City [ J ]. Environmental Science &
PM,  in Downtown Area of Wuhan [ J ]. Technology,2020,43(9) :163-169.
Environmental Science & Technology,2018,41(38) . [36] WS, B Rt db B RR B A0 I8 VR B AR AL BR AR K ok TR
79-86. BEFED] HEat R B TR K2, 2022,

[31]  AKMS,5A4, X0k, 4. b3 PM, , OC/EC 1728 [37] MM M0, TR, RHTARBEK X KX
L0 SOC AYAl B[ C 1/ /3 A K2 MR Be IR w] i A PM, ;B BT T Y AR AL R AE ROk TR AR AT (]
TR ) 1 T2 W5 2 Al £ R B8 B F 5T 2007 47 4 WEiRL#,2024,45(3) : 1 337-1 348.
AWFIT S8 0. Lo W FE K%, 2007. GUI Jiaqun, YANG Yuan, WANG Xiangin, et al.

[32] LIN P,HU M,DENG Z,et al. Seasonal and Diurnal Characteristics and Source Analysis of Carbonaceous

Variations of Organic Carbon in PM, , in Beijing and

the Estimation of Secondary Organic Carbon [ J].

Aerosols in PM, 5 in Huaxi District, Guiyang [ J].
Environmental Science,2024,45(3) .1 337-1 348.



