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Study on pollution characteristics and the influencing factors of exhaust particles
from typical vehicles in Jinan
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Abstract: Mass concentration and number concentration of exhaust particles from 10 different vehicles on the roads in urban Jinan were measured in situ
by using portable instruments coupled with self-designed exhaust sampling device with double idle speed exhaust detection method as a reference. Based on
the experimental data, the pollution characteristics, main factors influencing the emission of vehicle exhaust particles were analyzed deeply followed by
corresponding suggestions. The results show that; (D Under idling mode, the PM, 5 and PM,, mass concentrations and PM, o, _, number concentration of
vehicle exhaust were relatively low, with the average concentration of 0.035~1.434 and 0.049~3.669 mg-m™>, (0.95~21.69) x10* cm™ | respectively.
By contrast, the mass and number concentrations under high idling mode were very high. The average PM, s mass concentration was 0.350 ~5.132
mg+m™ | with the maximum value of 8.394 mg-m™ from large diesel van. The average PM,, mass concentration was 1.708 ~7.862 mg-m™ , with the
maximum value of 8.672 mg-m™> from large diesel passenger bus. The average PMy , ., number concentration was (6.78~40.68)x10* cm™. @ With the
rising engine speed, increasing vehicle size and constricting emission standard, the mass and number concentrations of exhaust particles increased
significantly. When compared with idling mode, PM, 5 mass concentration in high idling mode increased by a factor of 3 ~44 and PM,_, number
concentration increases by a factor of 2~33. Compared with small vehicles, the PM, 5 and PM, ., concentrations of medium and large vehicles increased

by a factor of about 5 and 2, respectively. The mass and number concentrations of particles emitted from vehicles with 92* gasoline were about twice those
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with 95% gasoline, and the particle concentrations from diesel vehicles were higher than those from gasoline vehicles. The mass and number concentration of

exhaust particles from vehicles of National III Standard increased by a factor of 2 ~4 when compared with the vehicles of National IV and V Standards. 3

The corresponding suggestions to the influencing factors can to a certain degree mitigate the particle pollution from vehicle exhausts, including constricting

the vehicle emission standards, improving fuel quality, reducing the transient changes at high idling mode in the condition of sudden acceleration or

starting, and strengthening the regulation of medium and large vehicles, especially the large diesel vehicles.

Keywords: vehicle exhaust; particulate matter; pollution characteristics; influence factors; double idle method
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Table 1 Key parameters of tested vehicles
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Fig.1 Experimental devices for measurements of particles from

vehicle exhausts
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Fig.2 Testing procedure for vehicle exhaust

3 ZERE59H(Results and analyses)

3.1 e H AN FRAFRN T A

I 10 FAS LB 2270 S T 00 il e 2
HCTHLT BRSO, R LB 4 R S HEL
AR (PM,) FITTIR AR (PM ) JiE
WL EGIORAURA) (PM,,, ) KO B BE S [A] 1922
TS FEAR—F. £ 2 AL 3 4050 T 4544240
FER AN R S T 00N B ARURL Y e B 1 Ge 4
S, Hop s B T T 80 €200 140 B 5
PM, o f i i PR AR5 55 B o Bl e

SVE L, BEUTOL N HLEh 4R AR ) i ik
JEEFIR e B B AR, S 2 PM, | o vk R R L R
0.035 (£0.006) ~1.434 (£0.916) mg-m™*, FK{H
K HRAISEM G AR A 5%, 4 3.380 mg-m™; °F
1 PM, e A FE A 0.049 (£0.007) ~3.669
(£0.452) mg-m™, FRMEK A F BB (54F) .
HERObRAERCAR (B D) A975IM 4 22T A, 44.908
mg-m”; ) PM,, Bk EANT 0.95 (£0.17) x10* ~
21.69 (£6.28)x10* em™ Z [i] , Fe KAE K [ K I 46
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MA TR, H2.6x10° em™. EAH TH L
SRR AR &, F 34 PM, BT vk Ik
#]0.350 (+£0.271) ~5.132 (£2.378) mg-m™, I K
E>k A RAILE IR A AR 02, M 8.394 mg-m™;
PM, i ik 1,708 (+ 1.842) ~7.862 (+0.323)

mg-m_3 , BORAEDR B RIS & 27l R M, M 8.672
mg-m%; PM, .4 Bk BIeE N 6.78 (+5.99) x 10* ~
40.68 (£4.96) x10* em™, T KME K A R Hwm HE
PR HERAR Y 4 22 L, 4 5.2%10% em ™.

F2 MREWREFEIRT PM, 51 PM,,JRERE . PM, . BiRE

Table 2 PM, 5 and PM,, mass concentrations and PM,, ., number concentration of tested vehicles under idling mode
—— PM, s/ (mg-m™) PM,o/ (mg-m™) PMy,_, B0 /10* em™

WH (brife) RBORME FBoME WME () BKE RAME WIE (bRiE)  BRE fUMAE
ARG 0.048 (0.028) 0.098 0.021 — — — 1.11 (0.49) 2.68 0.32
ERETOT 0.281 (0.214) 0.559 0.020 1.256 (0.098) 1.885 1.089 1.06 (0.49) 2.19 0.30
JE&& Sunny  0.189 (0.173) 0.818 0.020 3.291 (0.036) 3.506 3.235 2.91 (1.51) 7.67 0.56
REFAESE 0.078 (0.050) 0.261 0.021 — — — 1.00 (0.72) 3.70 0.31
HEEHAL 0.033 (0.022) 0.222 0.020 0.080 (0.305) 4.908 0.020 1.69 (0.81) 6.68 0.30
YL L SRX 0.075 (0.090) 0.676 0.020 2.449 (0.164) 2.994 2.133 1.56 (1.14) 8.00 0.76
#£3b C200  0.035 (0.006) 0.058 0.014 0.049 (0.007) 0.075 0.028 0.96 (1.09) 9.23 0.34
TABERF BS 0.168 (0.169) 1.174 0.035 — — — 0.95 (0.17) 1.55 0.62
Ha 52 1.434 (0.916) 3.380 0.448 3.669 (0.452) 4.276 2.668 2.01 (1.11) 8.33 1.17
FEKRM 0.445 (0.271) 1.064 0.030 — — — 21.69 (6.28) 25.92 14.47

x3 MRXEFSRFETRT PM, 1 PM,,REIRE PM, . BiRE
Table 3 PM, 5 and PM,;, mass concentrations and PM,, ;, ., number concentration of tested vehicles under high idling mode

i 7 4 PM, 5/ (mg-m™) PMo/ (mg-m™) PMgop- K E/10* om ™

WH (brdE) KM w/ME O BME (bR  ROKRME w/AME WME (bRdEE)  EBRME mME
KAV W 0.350 (0.271) 1.483 0.218 — — — 7.22 (6.26) 18.45 1.81
AR LT — — — 3.405 (1.991) 8.302 1.237 6.78 (5.99) 23.30 1.06
JEZ& Sunny  1.227 (1.163) 3.685 0.316 6.758 (1.628) 7.909 5.606 13.18 (5.36) 22.06 4.43
KR AR 1.792 (1.658) 4.118 0.402 — — — 12.87 (5.66) 31.47 3.82
FEEMA 1.454 (1.523) 5.289 0.096 1.708 (1.842) 7.250 0.157 26.18 (14.99) 52.22 3.41
HLM AT SRX 2.267 (1.978) 7.552 0.477 4.573 (1.845) 8.456 2.856 18.99 (8.69) 39.34 9.25
TABERE BS  5.132 (2.378) 7.621 0.676 6.701 (0.925) 7.847 5.313 31.78 (13.30) 43.19 2.09
A 1% 4.347 (3.011) 8.394 0.161 5.146 (1.115) 8.502 4.281 27.76 (6.40) 44.99 12.77
FaERE 2.192 (2.125) 6.667 1.030 7.862 (0.323) 8.672 4.632 40.68 (4.96) 46.01 36.20

3 TRETRSHBHE T T PM,,
PM, JE e FE AL PM, B0k BE 40 A K. T LR
H, FEBE THLF, PM, i ik 240/ 7E 0.3
mg-m BT, PM, SR E 200 1E 0.3 F13.3 mgom™
BT AS DX 88k, PM,,, ., B0 2 40 0 T 2.0x 10
em BT, ERBHE T, PM, Btk E4E 4y
AE 0.3 A1 7.2 mg-m7 M, PM, liitik 4L F
4.5 F17.8 mg-m KT, PM,,,_, Kok 5 A £ ik
B L o A UG L HE BRAE 2.8%10° em ™ BT

Zr b, R TR LB A R AR R Y A

LAy Jo R R JEE RS AR g, UKL o e JBE S L
Wesl WA, FRWISEPRIE RS AT BRIl R
PURLIHECRAE AR W 2 2%, ZZFINERE . B
BRI 2 P E R SIHLAL T s FOR 2, i
Ty O T T D0 2 A R ) B ARORE e s WL T AR 5 A
50% FUE R AT OL T, T T S BRIE AL Sh
FRATHARGL. I, AT R BT FREX
2RO A) T JEE 5 MO BE R B 45 0K s AT T
O IR R HEOPRYE 4 A D7 TR A 3 A 2 ]
LN 7 R UL e JEE R )
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4 i (Conclusions)
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PM, ;F1 PM, 5t f2 ¢ PM, o, 250 2 193 23 531
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