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observation site. Real-time monitoring of the concentrations of seven air pollutants (CO, NO, NO,, NOx, SO,, BC,
and PM, ) and traffic flow was conducted using online monitoring instruments and surveillance cameras. Vehicle
type and speed were obtained by applying the YOLOvS8] deep learning object detection model in combination with
the SORT tracking algorithm. Based on the emission intensity ratio method, the average emission factors for the
entire fleet and for different vehicle categories were estimated to be 1064.9 + 479.8, 496.5 + 209.3, 55.5 + 30.4,
578.6 +267.6, 6.3 + 2.2, 3.3 + 1.5, and 37.7 + 19.2 mg km™' veh for CO, NO, NO,, NOx, SO,, BC, and PM, s,
respectively. The overall fleet emission factors were 634.7 + 477.2, 266.0 £ 142.9, 26.4 + 13.5, 302.3 £ 159.5, 3.5
£1.9,2.0+ 1.1, and 19.8 = 12.3 mg km™" for these pollutants, respectively. During the observation period, the
average daily traffic volume on weekends was 88.6% of that on weekdays. Except for PM, 5, weekday emission
factors for all pollutants were 1.0 ~ 1.48 times higher than those on weekends. Hourly analysis showed that the
proportion of diesel vehicles during the early morning was 1.6 times that of other periods, with pollutant emission
peaks 2.0 ~ 3.5 times the daily average. Fleet emissions exhibited a bimodal diurnal pattern, peaking during
morning (07:00 ~ 09:00) and evening (17:00 ~ 19:00) rush hours at 1.8 ~ 3.3 times the daily average. The findings
provide essential data and scientific support for constructing high-resolution dynamic motor vehicle emission
inventories and implementing refined control strategies for vehicular pollutant emissions.

Key words: Tunnel Test; Atmospheric Pollutants; Dynamic Emission Factors; Image Recognition; Individual

Vehicle and Vehicle Fleet
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Fig.1 Layout of Sampling Configuration and Detail of the Tunnel
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Fig.2 Interface and Flowchart for Vehicle Detection and Classification
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R 0.53 6 6 6 15 3.75 20

A, a. COPERT #:%Y(Gkatzoflias et al., 2007); b. MOVES #%7%(Koupal et al., 2003)
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1.5 S ERIEALE
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Fig.3 Diurnal Variation of Traffic Volume and Vehicle Speed Inside the Tunnel During the Observation Period (a.&
b.: Variation of traffic speed and volume on weekends and weekdays; ¢ & d: Correlation between traffic speed and
volume on weekends and weekdays)
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X bb A B TE S IG S5 R, CO MIHEREFK T 2014 4F Smit et al.(2017)7E# KFIIE Clem
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+ 1.7 g veh™ ke )JF J& (0L S 5645 56T BC (IHERUA 7, ACHIF 7045 i 20 6 bk 1 1)
EGRMEL, KT 2017 4E Ho et al. (2023). 2019 4E Zhang et al.(2021)F1 2019 4 Raparthi et
al.(2021) I R% 3 WM 45 (5.40. 4.9 1 11.6 mg km™ %), {HEZ T 2019 43K 49%(2023)
MR 2.62 +0.60 mg km™ 4 F1 Liu et al.(2023)M 754 1.09 + 0.49 mg k™ 45 X6f 20 Hiik:
Y, AR PM,s IHEE T 5 Huang et al.(2017a) 2016 45T~ _F ¥ 4 22 45 1 00
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7" (Dai et al., 2015; Zhang et al., 2015), {5 T 2014 4 Clem Jones-CLEM7 FIRLIMIZ5 5 15 £ 2
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Fig.4 Per-Vehicle Average Emission Factors of Pollutants from Motor Vehicles (Unit: mg km™ veh™)

R 2 BGE T CRERNA T B SEER IR 70 TR RS R M S A= HE R 7, 2017 4R %%
I 3 5 BE3E (Luo et al., 2020) H1 T~ H OGB4 &7 FEBUR(69 ~ 82%) i il 2 B BEIE,  SUEHEK
D17 e 3 RS I HE TSR (Song et al, 2018)AUIIME L) 13.8 ~ 111.5 £, F B2 PAZE B4 okt
Pk T I3 (R SR 7 A 3 R A b X (R B SO AR L, 2019 4R ENEESRAT IINLEh 4
Fr#fE >y Bharat Stage TV FRIR EIE IV ARiE), 170 FE HCES AT B 9 A B V bR, 1X40
173 2019 EEIEE K Eastern Freeway FEIENLZNZ4E 1075 Gt Rl T A A H T 13.6 ~
71.7%(Raparthi et al., 2021). K 7L 4 B REIE A 2017 FH12019 G349 FF & T BEE WL S48 (Song
et al., 2018; REME, 2023), HHEFEINHIHIEER, HAFSH T 2IBAMOKF, ZATReZ
T HAMEEEE SR 2.3°0 N3, RN H D 2B AR BCHE %K (Yazdani and Frey, 2014).4H
BT 90 AEAR B S B0 LI 25 JR (RB IR 4%, 2000a; XIEESE, 2000b; XENREESE, 2000c; T

HEEE, 2001), AHFFT CO Al NOx HEFBUF T T B0 AT ik 5 97.5% 1 88.2%.
F 2 NIRRT BE S 15 B MIHLEN R RIS Y R A HEUN TR B (R AL g kmt B

Table 2 Comparison of emission factors from different tunnel studies (unit: g km'! %'1)

Hh A Ff COo NO NO,  NOx SO, BC PM,s S5k

il 1995  41.86 - - 3.88 _ . i (iléﬁﬁgis
74 %2 1996  33.28 - - 4.60 . . i (ilégﬁgii
il 2%
D 1996  28.73 - - 4.65 . . i (XEJ(II)J(\)&?,
ML 1999 15.40 - - 138 0.14 - ) (fofglf)‘c,
F#E 2004 184 - - 088 - - 013 g?h%% g)t
fi 2005 1.89 - - 073 0.02 - ] (Chiang et

al., 2007)
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KE 2019 041 - - 0.080 . _ 0-209 (xzy;oz;;ﬁ)ﬁ,
Mumbal 2019 160 - 0147 - - 0012 0.044 (}:ﬁf’grotgil)et
HE 2020 1.06 048 0053 055  0.0063 0'303 0.038  ABR

- R

5 AT 1995-2021 FIRETT R BEIE LI SRF MINLE 4 CO 5 NOx BZEHUA 14
P dA AE TR E HERAR AT i 1A 5 R AR A BB AR AR ) [F1 KB T (Wu et al., 2011),
BRANBIAEAR (I 2017 SRIZR0E 3 S REIE)Z R E M BGE AL, HEBUE 7 IR R
#1996 ~ 2005 £, [, [FIFRAERISEEEE | HRBERCE, CO M NOx HEBFENE 7 73k 93%
1 84%, ZIRTrBRAM( > 500 ppm)%f = oA E(TWO) R TII B IE T, JaFkE
NFEEHCO ~1.8 gkm™ ', NOx ~ 0.8 g-km™ #5™).2006 ~ 2012 4F [FH A5 #E 52 , ER DV
IS SR IR R G, I R HEAT IR B (B & & P 28 150 ppm), SEBL TWC
Xt CO HIRRUAL, CO M NOx HEBUA 5 3E— D FEIL 85%A01 88%. 2013-2017 FH1V. HV
FrAfEdRb] DV sk AL IE I R 45(SCR), HE5) NOx M 2013 £E 0.227 g-km™ %' (Deng
etal., 2015)f4 2 2017 4F 0.084 g-km™ ' (Song et al., 2018); 2019 4E[E /S a iFHSLiti, LK
PRETRR A0, AW H CO I NOx IIHEA Tt — 0 FE & 1.06 1 0.55 g-km™ 4
BRI & VR N RS IR bR, M EVIY B PRAE 2000 mg k™', B4 B & EIV/V(Z) 2014
FEYH 50 T5ZE 10 mg kg™'s IHFAEEVIFBL(Z) 2020 4F)Fa E 4ERFEE 10 mg kg™ LR JRIHTR & &
EREECR N WAE T HLENZE SO, HEEH 1AW R Bax —iadhrh: 1999 41 kil 5
WS HHERA Tk 0.4 g ke S5 BEE EITV/VARHER T 93 &, 2014 4EFE = 0.0207 g
k™ A, BRIEHBLE 85%; & 2020 4EEVIbRAE A THISCHI S, AP HEBIR 725
B2 0.0063 g km™ ', FHEL 1999 4EFFE T 95.5%, ARHL 7 RMIERFR X HLENZE SO, HERUT)
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Bl s R 30 4 R% 8 S B HER T A A (AL g km™ )
Fig. 5 Trends in Tunnel-Based Vehicle Emission Factors in China Over the Past 30 Years (Unit: g km™ veh™)
(1 XBMHEEZE 2000a; 2 XBMHEEZE 2000b; 3 ASHEESE 2000c; 4 FAH Y, 2001; 5 Cheng et al., 2006; 6 Chiang et
al., 2007; 7 Song et al., 2018; 8 Zhang et al., 2015; 9 Deng et al., 2015; 10 Zhang et al., 2020; 11 Wang et al.,
2021b 12 Huang et al., 2017a; 13 Song et al., 2018a; 14 Luo et al., 2020; 15 REHHZE, 2023; 16 AHF7T)

2.2.2 MIBHEENEAHTRE T

CO. NO. NO,. NOx. SO,. BC H1 PM, s (BN %= ZEBAHEARHE X 1 & 6 43714 634.7
+ 4772, 266.0 +142.9, 26.4 +13.5, 302.3 £159.5, 3.5+ 1.9, 2.0 + 1.1 #119.8 = 12.3 mg
k™ 8 BT AT (R B%3E SSAF 72, Kristensson et al.(2004) T 1998 4E1ER M Soderleds % i
MAHRA RN AR CO Rl NOx HEUA 743 #28 5.27 + 0.10+ 1.36 + 0.03 gkm'. Martins
et al.(2006) Pérez-Martinez et al.(2014)#l Nogueira et al.(2021)43 7 -T- 2004 4.2010 £EF1 2018
EAEEVE SR P Janio Quadros BEIE T REFEIE LI, =4 ) ZEBAHEI R 1 AW N B
#(CO: 14.6 ~5.8~2.5 gkm™; NOy: 1.6 ~ 0.3 ~ 0.14 g km™) Lin et al.(2019)7E & T & %) T
DV )3T PEMS [SE5e43 3] 7 PMys. CO I NOx #1430 2.01. 12.3 F10.552 g
km™'; O’Driscoll et al.(2016)JF Ji f{] PEMS 525645 H 117 [X 4 NO, HERUH T4(0.36 = 0.36) g km™.
AW FEAMIAN], AR GV (5 & T DV, H 4R C 4T S Y E VAR E A W52 s 1
ZEAH AR B DA T RASTT P IHE (Wen et al., 2023).%F F-5250 7 VA 2 5, BB 5056
S R TR AR R R R AR PRI T SR S T P X HEURAALE , 52 A8 AR A FHBE T 3 X
SEAERN; 1 PEMS TR A ST @I S5 i i L0 R HE D ORI, AT
73 25 S AU 1 (Khan et al., 2020). 51, AHF AR AR T 5 WA, REBORE
AR AR 5286 J7 1072 S S5 R R L AV P 5 2R
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Fig.6 Fleet-Averaged Emission Factors for Various Pollutants (Unit: g-km™)

2.3 TAEBFRE A HRE T35t

TESESRLME A, R H RSB TR H KT 11.4%, XN TRXAARIE S, &
T B 5P ZE TR BRL 1 AN ZE AR AR TP 7 B AR A e B e A B L AR H s TR R RS A
CO MBI LBy, H B Bl A 5 2 A AR 1.48 £, NO. NO,. NOx 5 BC [AlFf
S TAE A g & T RRRIE O, TAE H R R 752 AR H 1.0 ~ 1.2 5%, PM,s HHE
TR0 S B AR Y TAE H A 111 #5. i T30 ) PM, s RSRIEECON iz (i Tolk. =7
BUEE . IXIAR A AL 2 HETR SR ), 0f FESRAE S0 18] ) B 5 Tt e U e vl A B, SR T
JE A PMy.s (8.7 ug m™) 3 85 T LAE H (733 pg m), B A A PMy s HEKE 7 19 71 i3
AT RE VA A T S 56T PR 390 1) ) R B3 T o S B s v, X BB TE Y RO 7 A S i X — IRt
Hua et al.(2021) 7 2014 ~ 2018 4F & Z=AEAL 5{ 34 ANk mUOWIN H 0“5 (8 H 250807 25 51 AH 3K
L, JH H PMy s iR EERCR TP P IME R 1 5%, R H WS 22%, 10 NO, G & 25 A2 L 3
Z N B ZEBVEEIR COL NOL NO,+ NOx SO, BC Ml PM, s HER T35 8 TAE H i\ T K,
AR H B AR, A4S T 7202 AR 1.32 ~ 2.40 fi%. Wang et al.(2021a)%ET- CMAQ
RSN 5 2 45t A A AN i 1t DX S8 S8 A5 e S A AR T AR H A, o

PM, 5 /D B ATIE 6.0 pg m”.
* 3 TAEHAME AR B8R 1

Table 3 Average Emission Factors on Weekdays and Weekends

i HEK

et + AL Cco NO NO, NOx SO, BC PM, s
TE B mg km™ 4! 1409.5  508.1 60.5 581.2 6.7 33 35.8

H ZEBA g km! 757.8 252.0 28.6 288.6 3.9 2.0 17.9
R LS mg km™ ! 7202 4849 50.5 576.0 5.8 32 39.6
B ZERA g km’! 512.9 146.4 13.9 159.9 1.6 1.1 13.6

2.4 28 GV MER DV HEF
TR A TSR, DV 5 GV 7)E& 15 a3 R F LB B2 R
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DV 76 F 11555 NO A1 NOx IIHERUE 773 53k 2703.22 F1631.29 mg km™ 5", 1 GV I
531 450.54 F1105.22 mg km™ #7522 AR CO IHERIA T, GV [ CO HE A 1
FE DV I 1.9 1%, P58 FHEBIR T4 508 1159.05 5 613.61 mgkm™ 7, Xl g
T GV EWHE RIS, R ACB I R e B, KRB R T R TN, P
A TE S IRBE ) CO HIHRBAE I X TR IS L, DV A1 GV K411 PMy s
HEBUE T 5330 55.74 F12.79 mg km™ 45, ifi BC MIHEE 5 DV Rl GV 435l 3.31 Fl
0.88 mg km™ %", PM, s Rl BC [¥IAN A 25 AU A 7% L, b S Bk H o8 A8 A2 0 0 4l 50K
NGRSO E

S E AN HEATX EE 24T, Chan and Ning (2005) T 2004 575 7 (38 I8 I 25 5
FWITE 10 ~ 70 km h! ZEESE N, GV [ CO HEBGRE & DV [ 3.4 ~ 15.5 £, 1fi DV [
NO HFHGEEE NN GV 1] 2.9 ~ 9.1 1.5k 5 #I55(2023)2% T 2 u ek [FA A5 H A T 22 b
TE T Ji& (1) B 1 S 06 v i B ZE AT EE A 2 BC IR 20 5 R (1.51 + 0.24)F1(56.9 + 15.2) mg
km™ ' Tu et al.(2025)7E— 4 E R ZE 5 LA 1 (34 ~ 56%) 1 1R 23 B b5 T8 T e 0, B
R COL NOx Al PMy s FIHFIE 773 71108 2.18 10.79. 5.64 A1 0.18 LLJZ 0.15 A1
0.01 gkm™ veh™, FERIZEXFFEE N CO. NOx 1 PM, s I TTHRE N 61.5%. 94.8%7A1 89.3%,
I3z i T A T 45 . Pérez et al.(2014)[FBEIE R 7045 H NOx F1 PM, [UHEL R T A1 HDV /5
HOAFTE 5235 B 2R M5 R (R 4359000 0.79 F110.62) AT 7t 45 FL 15 DA 45 SR 350 S et AR LA Fr)
ghie: BUD ISR R E B TR T2 1) PM AT NOx HEBC H B T AN AL R shi L 2R R Fnis 47
TALIRRR i DA ST R S8 R, DV EZL DTk PML NOx IIHEG GV EZ Tk
CO HIHETR,  BRBHE BT & 75 G HE s B S R 3 2 —.

2400 -
< 2000- R o %
gL | N ety
- 6 -
E 800 - )
=T]
£ 400 L o ) I
M 60 -
K 40 S0, BC
= ]
H 204

0..

CO NO NO, NOy SO, BC PM,,

Bl 7 & 75 sl 4 5 4 RUHEROR (A mg k™ )
Fig.7 Emission Factors of Different Pollutants by Vehicle Type (Unit: mg-km™-veh™)
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2.5 BEFZEARIHGE FRISERT L

K 8 45 iz I I L ZEHEUA T, COv NO. NO,« NOx. SO, PM, s Al BC [f°F5 5
A ZEARHE R T AR FE 43 )R 528.5 ~ 2636.7.273.4 ~ 1002.1,13.8 ~ 123.2,308.6 ~ 1287.1,
33~10.9. 5.5~77.7 f10.77 ~ 6.9 mg km™ %",

Xf HE A NI LB ZE AN 5 G RO AR 5~ 7T A Y B 25 AN [R)35 e HEIRUA] T 397
#/2(0:00 ~ 6:00) L FLEE, CO. NO. NO,. NOx. SO, PM, s #1 BC 7E 1% B I B i
1823 515 HAJ(7:00 ~ 23:00) A 9 2.5 3.5, 3.4, 3.4, 2.0, 2.5 A1 3.0 f5.iZ M 5 5F%iEN
KRG REALRET 22:00 ZEIRH 6:00 WIEATHIZSGEEHIBERA X, BEIEN 0:00 ~ 6:00
1 DV 5 HE 7:00 ~ 23:00 f 1.6 1%, SHEBI DV A2 A 5 EEIE & i B 15 Qe i 4
FIFFR 735 5 (Yang et al., 2019).X — B M5 2017 FFAERE T2 BEIE UL (Song et

ha!

al., 2018)I 45 B iR, #/R(00:00 ~ 05:00)iF Bt NO. NO,. NOx 1 CO HI - HE A F 5 5
& H I B2 (06:00 ~ 23:00)/%) 2.8+ 1.8+ 2.1 F1 2.5 £%, T /RABAIER & L& H el B
[ 1.5 £%.[F ¥, Zhang et al.(2015)7E) M ERVLFEIE ) 256 45 5K 5 AHT TR I — 30 PM, 5.NO.
NO,. NOx M CO 7E# R BUIHFBUA 770 702 F RN B 4.7 2.8 1.84 2.1 1 2.5 5 ™
15 %5(2014) T 2009 F-7E A6 R 7 B AL TE B F UL 45 21 BC 71 H 8] A 18] i HE R 543 700 9 (9.3
+ 1.2)M29.5+ 111y mgkm™ #7540 78 B /N HEBUR 284k R 34 A £

Bl 8 g B s g i S (AL mg km )
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Fig.8 Hourly Dynamics of Per-Vehicle Emission Factors for Pollutants (Unit: mg km™' veh™)

K9 45 thh 1 HLah ZE EBNVEBAR /NN 7 6 T VAT S, COv NOL NO,.
NOx~ SO, PM, s Al BC IR 726G il 737304 36.1 ~ 2083.7. 24.0 ~ 513.8. 2.9 ~ 56.1.
28.17 ~586.6+ 0.2~ 6.7+ 1.9 ~46.0 1 0.03 ~ 3.8 g k™. 4575 4 (1) 4 A B (A HE OB 7 L
R B (7:00 ~ 9:005 17:00 ~ 19:00) 5 E 440, WE(E N4 TRFIIER 1.8 ~3.3 fff, X5 HEHE
TR I G2 2 N B R AR R A E AR B S 2 e, X T B ER T s WA 1) R AT % R
R AL TR R AR T R B, (R KR R BRI N T AR HE R
B X228 HARAH GBI i, Jiang et al. (202 1){ERTM T FDILINEE KB, TAEH CO. HC.
NOx Fl PM, s FIFEILAE 08:00 1 18:00 73 7 HE HLUEEAE, & P IHEHOK 1) 2.2 ~ 3.4 fi%; Wang
et al.(2014) I 7 [ 45 H 7] 06:00 ~ 11:00 A1 12:00 ~ 17:00 FIFHERCE T 1443 31 o5 4 R
I 41.0%F1 33.2%, 1fi 00:00 ~ 05:00 1 18:00 ~ 23:00 FIHEAEAL 737 5 4.9%F1 20.9%.

CO M fhia st g N3, 7E 7:00 F1 18:00 MIHERAE 72 AiE £ T 1487.89 F12083.69 ¢
km™, A RCFEIHEBIA T 2.3 580 3.3 £F, CO LS TR T migm Bt b 58U %
WS T B OIS FR E8UCT 40 km b, BENVRHRBEAR 5e 4, 6@ FREE RN T e
Bt CO MIHBUE (B A 55, 2020). 413 512 TS5 2282 0 T 00t S8 in HoAth 5 B I HETR
(Qiao et al., 2021), NO. NOx. SO, Fl BC 7E 7:00 F1 18:00 Z= B\ HE A (1 HE R 714 2| AH
5351 513.85.586.60.6.71 12.69 g km™ 15 481.4,519.32.5.08 fi1 3.83 g km™ . Wang et al. (2023b)
(AU, 45 SR I AT A B ™ B A 50 PMasy O3 NO, 55 CO AR IOK BE 1) BY i vl ik 3.5
ug m>. 1.1 ppb. 2.5 ppb 1 0.1 ppm. NO, 1A K544, 5 NO Hl NOx AL -AF1E
Z 5, HAHTE TR B ILAE 7:00 F116:00, 435109 56.11 1 42.24 g km™ %I 51 Gantt et
al.(2021) (1) 203k PRV 45 2R — 35, B NO, 34 5 1UEAE (9 ppb) H ILAE 4 Hu [H] 14:00 ~ 16:00.
R4, ASHIE TR PMy s R HIET R T 72 R g 8 T B e o P SR VA, 0 R A8 A A M il 21 LG
B RLUEAE, ABEFLH PMys KAESNE N 1 h, B EHHAEA & F] R @b ikl 4, i
P A I R B RAEAEAEA . HAFAE BRI
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Bl 9 %35 G AR A BN HE TSR (347 g km)
Fig. 9 Hourly Dynamics of Fleet-Averaged Emission Factors for Pollutants (Unit: g km™)

2.6 HlEhEKATHIME FSEREXR

HIE 10 ATRVE Y, BRE S AR 7O 2B I B2 AR S, FiiE
(BRAL I TR IE R A R ) 5 B HERUE T 2O RR R, MR REUSRT-0.40; TS ZEBA
BARHE R 7 R I EAR LR, H NO. NOx. SO, # BC ffIAH K R &5 5 T 0.60.51
ZEHEA 51N B T RES i 4R R A T BONARE I B LA K R LR 1 IR W 4 is
ITHONIESL, TR, AR A SINIESE TIOR3 BT S m ARG R, I B (I 5
A LR A5 G HEI 10 4 DA AR TSR] A v U T SCRir i e AR S e i 8 o iy ok
I RBRRON, A BRSO B b, (BRI ] A RS B 2, S BUR TS S bR
ETb AR AR S AR P RS IEIA S T, TSR 5 R A RAR IR JR M RS AR



Bl 10 s SHEBIR 1 1) Pearson AHCHE (a. ZEBAEEAAHERR 7 b SR AP HERUA 1)
Fig.10 Pearson correlation between Traffic Volume and Emission Factors (a. Fleet-Level Emission Factors; b.
Per-Vehicle Average Emission Factors)

T 2B 5 B NS G HE G SRR R 2 RO SRS LA T “EF < VKT” X —
% (Sun et al., 2021; Feng et al., 2023; Wang et al., 2025).1% J51% B AEMIE K FHdE 1T+
o 2 AT, HL 2 T HEOR FAER I I, ZEPASEAG . IR FIBhA T, 1l RE T
HERAN 5 R G 22 AN TR) S 7 VE (IR AT AL . B 556 . PEMS 45 RIRE AL A
KFEALE BT HSHREMZERRIEHEZER, B— MRS OE s
(AL 40 (Chen et al., 2022). F 2K, % 42 BA M) 52 MU0 I S 30 58 R HE O DR 128 BR 450 ZEBA
ik, BTSSR RS E L LR, RSB NN, ERELEESBR LREER
Deng et al. (2015)JF & (M F51E 5L 56 45 RN, BBE-3% ~ +3% ) R a2 AR B RS IE N CO 1IFE
AT 1.266 + 0.89 ~ 3.974 £ 2.19 g km™ ", HF-6% ~ +6% KD EHBEIEMN CO Al
NOx HEE T4 594 0.754 + 0.561 ~ 6.050 + 5.940 H10.121 £ 0.022 ~ 0.818 £ 0.755 g km™ 4
T BN 10 ~ 20 km b I, CO HERBIR T LR 2R R w2 50%, BEFEERB CO
I NOx [ 5L A=A ] I T 0 34 P82 98 DR 2 B AT 8 K e A, 5028 B A A (A sk
SELLITSEAFAT NEE)CO S5 TS e HESUHE 7 1 RE M SB35, X AT R I A Eh U S B
Kendrick et al.(2015)7F 3¢ [H — & F18 5% I F M &5 R R I . NOx FIR BETE R LI B =
WEAH —EMRE (NO I R*=0.10 ~0.45, NO, 1) R*=0.14~0.27), T3] 1 000 B LT
AT HIRIE(NO I NO, [ R* = 0.01 ~ 0.05), it B NEEEE IR, (H ARSI H R &
VEAHEBAE T R (B AR AR B, R 5] NFE T2 BRAS « 2 b G544 A S 0@ Bt 1 3 S 1 1E
WU, AR FHHERORE S iR 5 B s 1

3458

AT U I 3R T P PAY RS 2R IR R S 7 R T e I TR 3 R L Eh R 1, JRR



PRI FE LA 2528 1 WLl 22 HE R 7 70 2 B fe A

(1) JRATRRIE R HP R R R 16664 + 2878 i, Hh GV Lbfm, N 94.9%. 15 TIE
e 52 300 4 255 P L G e W DR I 3, T DRI B RV o A R AR IR O LU AT 43.0 + 2.1%:
A3 P () 97 B A R MR a3, R OE R EON-0.42 ~ -0.35, {H RN
0.12~0.18, R BN 22 AL IR RERE FEAN .

(2) AWFFMIMAE LK CO. NO. NO,. NOx. SO,. BC Fll PM, s () FZEHEHUA 143 )
9 1064.9 + 479.8. 496.5 £ 209.3+ 55.5 + 30.4. 578.6 + 267.6+ 6.3 +2.2.3.3 £ 1.5 f1 37.7+ 19.2
mg km™ s B BAEEARHE R T4 B 634.7 £477.2. 266.0 + 1429, 26.4 +13.5. 3023 +
159.5. 3.5 £1.9. 2.0 + 1.1 F1 19.8 + 12.3 mg km". 547 A 5T LU 845 R WANLEN ZE (bR iR
TR B) 4= HEBOR o 525 1, AHAL 90 SRR 78 45 R 705 Y i HE
T 7 B M P55 88 ~ 97%.

(3) WA, AR H AR ER TAE KT 11.4%, BR PMys 4 TAFE H RS 7
NFRHE 1.0 ~ 1.48 1% BEIE N 5475 G iz it HE s e 5 SR BRI TRDIC AR T 5 B 9 %
R DV (5 R RIS T 1.6 %, &5 QeWIE R RN B 2 B0 B 22 H il R -1 de s 20 ) &
e FORIS BB 2.0 ~ 3.5 %, X R UIAZIE A 2B B HFBOE OR300, /£ DV
ECHE SN, NO. NOx Ml PM, s (HET 23 Bl 2 38 w8 4 BA )35 e age iy it 8] -1~ 52 300 4 25 11
XU, LG e WA DAy 4 RSP ML) 1.8 ~ 3.3 i

4) FRESREHRE T REAMRKR, 54 HRE 5 MRV IEH R KR,
NO. NOx. SO, BC ] Pearson % %70 7| £ HUK F-0.40 AT 0.60. KM i At
FER T S T AR AR B R AN R, NG S HAB SR (R 3 A S BOIRAS |« 18 B S AT
RZIE.

AHI FEARAT BB B0 4= HFBOR 5 e sl 2 HFBUE] 5 7Ty DX sk vaobs B2 HE TS0 S 4 11t
SERAECE S, AT TR BT EHBAR B SOR LB 2 73 42 R 2 e AR TN s ST Fe
A4,
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