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Influence of green belt structure on the dispersion of particle pollutants in

street canyons
LIN Yinding® , WU Xiaogang, HAO Xingyu, HAN Chong
Shanxi Agricultural University 030801, China

Abstract: Motorized vehicles are one of the main anthropogenic sources of aerosols in modern cities across the world. Road
green belts can purify air and improve air quality. Urban vegetation is considered to potentially filter fine and ultra-fine dust
particles ( particulate matter, PM,, and smaller) from the air through a deposition process that takes place on leaf surfaces.
Because of concern regarding pollution in urban streets, there is increasing interest in the ability of vegetative treatment
systems to mitigate the consequences of pollution. Performance of these systems can depend on the characteristics of the
green belt, for example, the type of vegetation, width, canopy density and porosity, among others. Generally, green road
belts have been used to promote the spread of air pollutants outside of the road, while non-motorized vehicles roads have
been disregarded. The focus of this study was on the efficiency of trees and hedges that are parallel to roads to reduce air
pollution along a non-motorized vehicles road. We investigated the effect of the green belt structure on the pollutant

concentration above roads for non-motorized vehicles with the aim of providing a basis for the design of a road green belt
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pattern. Concentrations of total suspended particulate (TSP) and PM,, were measured along both sides of an experimental
green belt in Yingze Street, Taiyuan city. Field measurements were taken using a horizontally ground-mounted tripping
device of 10 m in length, which was covered with shade cloth, branches and leaves, to generate a boundary layer for the
experimental vegetation canopy. Porosity, height and width were manipulated by installing different layers of shade cloth.
The results clearly showed an effect of the green belt on pollutant dispersion in a street side. The most important factor
affecting TSP was porosity, followed by height, and width. The most important factor affecting PM,, concentrations was
height, followed by porosity and width. The concentration of PM,, was significantly correlated with the porosity and height of
vegetation canopy. The optimum porosity, height and width were 20% , 350 ¢cm and 250 cm, respectively. The percentage
removals of TSP and PM,, were 46. 58% and 42. 58% under the optimum green belt design. The effects of different
combinations of each green belt factor on pollutant removal (TSP and PM,,) were 20% , 30% , 40% and 10% for porosity,
350 ¢m, 250 e¢m, 150 em and 50 c¢m for height, and 250 cm, 350 e¢m, 150 ¢m and 50 cm for width. By applying an
appropriate structure for urban road green belts, we can improve air quality over roads for non-motorized vehicles. For intra-
urban arterial roads, green belts of low planting density and tree species of high crown porosity and large canopy should be

used to reduce the concentrations of traffic-released pollutants in non-motorized roads.

Key Words: urban road; green belt structure; particle pollutant; diffusion
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Fig. 1 The simulation schematic of green belts
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x2 FARFKUBEE=EEREFIREEUIA (TSP) BZ 24T 10
Table 2 Regression analysis of purified TSP

Akt E iy Frifiz . P
Variable Parameter Estimate Standard Error

HHE Intercept -9.18x1071'¢ 0.0988 -4.43 0.0024
BiiEE Porosity X1 0.4257 0.0903 4.28 <0. 0001
¥ Height X2 0. 3890 0.0896 3.91 <0.0001
FEFE Width X3 0.2899 0.0999 2.71 0.0043

F3 FEAFKTEFEUYE(PM,,)) BEMESHT
Table 3 Regression analysis of purified PM,,

A SRt Prifisiz . Pr> Il
Variable Parameter estimate Standard error

FRIE Intercept 1.45227x107'6 0.0809 4.69 0.0004
BB Porosity X1 0.3237 0.0859 3.97 0.0002
= Height X2 0.5787 0.1016 7.72 <0. 0001
FEFE Width X3 0.2899 0.0827 3.87 0.0003

SYRT A F A T AR AR I S A SO AR <0. 0001, HEiE R ECH 0. 9457 , 6B 5 (BT A8 AU A B8 28 5 48
LA RE R o [T AR R [ 0 R 0 k2 MR A S0 A 32 4331 Ry 0. 0004 ,0. 0002 , <0. 0001 ,0. 0003, 13 B [ 15
PR SRR R IR 035, ST ERBE 4L PM o P38 0 B B PEAR R Ry v B (X2) (BB B (X1) (B (X3) , &exd
TSP H1 PM, Z5 & F5FR 1 A 2047, AR T AU S 3R (% 4) .

*4 AREAFTETFHLIL(prinl ) BEES T
Table 4 Regression analysis of purification based on different factors

A SRt PRz

Variable Parameter estimate Standard error ! Pr>1il
HHE Intercept -1.2673x1071¢ 0.0983 -4.61 0. 0005
BB Porosity X1 0.2153 0.0970 2.17 <0.0001
EiE Height X2 0.4701 0.0981 4.75 0.0337
FEHE Width X3 0.3794 0.0951 3.83 0. 0003

2.2 A[ESA A SR G B8O 1Y 22 P4 #r
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23 77 z15 12 216 z1 26 29 213 25 7 0.05 /KF L EF L FE ¥ 214 24 212 211 723 77 215 22 216 .z] 26 .29 .
213 75 7£ 0. 01 /KF B2t % . & A6 XL TSP BOR R B/ IMEIRCY 28 (210 214 24 (212 711 73 |
727 .z15 722 216 z1 .76 729 z13 z5,
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0.01 /K-F- 225l 2, 4G X PM10 3B sZ M R BE th R B /MK R 28 212 210 211 74 27 (714 716 |
79 z15 z3 .26 .z13 .72 .25 z1 .

SR BB 20% B 350 cm TR 250 em B, TR PM, O B e R W 2 Ak o 3R 3
42.94% |
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R5 TSP EULBMAENN R6 PM, HLBRE (B) FES
Table 5 Variance analysis based on TSP purification Table 6 Purifying PM,, analysis of variance
ma s RN Duni‘un%;‘fi . o g AR . BEE

Combination Mean Number of e Combination Mean Number of .
samples 0.05 0.01 samples 0.05 0.01

z8 0.4658 4 a A 8 0.4258 4 a A

z10 0.4130 4 b BA z12 0.3775 4 b B
z14 0.3819 4 cb BC z10 0.3554 4 cb CB
# 0.3719 4 chd BCD z11 0.3531 4 cb CB
z12 0.3616 4 ced BCD 4 0.3360 4 cd CD
z11 0.3599 4 ced BCD 7zl 0.3262 4 cd CD
z3 0.3409 4 ced ECD z14 0.3224 4 cd CD
71 0.3305 4 ed EFCD z16 0.3165 4 cd CED
z15 0.3274 4 ed EFCD 79 0.3164 4 cd CED
72 0.3191 4 fe GEFCD z15 0.2980 4 ed FED
z16 0.3135 4 fe GEFD 73 0.2716 4 ef FED
z1 0.2787 4 fg GEF 0 0.2657 4 ef FG
0 0.2755 4 fg GF z13 0.2584 4 f FG

9 0.2731 4 fg GF 72 0.2223 4 g G

z13 0.2728 4 g G 5 0.2214 4 g G

z5 0.2557 4 g G z1 0.1367 4 h H

2.3 ghrgiiit sk

27 BN TEH BB S HE RO BRI R, GRS BB T 20% I, Hog b ki 5 H
3 ANBRIEREKTE 0.05 /KF B 225 3 ,0. 01 K b okt 38 22 5% S TR B 358 B s (1R e A 5 17 Fh K 31/
WK 20% 30% A0% 10% .

KT HERBESSUBEHFTESN

Table 7 Variance analysis of purification based on porosity of green belt

BB i A4 N 84 Duncan grouping
Porosity Mean Number of samples 0.05 0.01
20% 0.7291 16 a A
30% 0.1647 16 b B
40% -0.2327 16 c C
10% -0.6611 16 d D

22 8 RN T4 5 FE R AR B X S v AL OB, 52N . 25 SR BN 350 em B, v Akt 5 H
3 ANEEEKSEAE 0.05 KSF 2R B E X 150 .50 em PIAN 1 EEKSEAE 0.01 KSF Eoh 22 S B 2. AR s E
X R v Al B G AR5 BRI/ MY R 350,250,150 .50 em,

R8 FHBESSURENFTESN

Table 8 Variance analysis of purification based on height of green belt

o PIE UL A% N 1M Duncan grouping
Height/cm Mean Number of samples 0.05 0.01
350 0.6705 16 a A
250 0.3338 16 b A
150 -0.1123 16 c B
50 -0.8919 16 d C
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9 WoR T 467 v BE AR AR R g AR U0 (52 e, 25 SRR, £l FE R 250 em BFERAREN 5 150 .50
em FEJEIKEAE 0. 05 K B2 B E 760,01 K L2300 8 3% %% 0 350 em BFE{ER 5 150 .50 em F
FEIKEAE 0.05 /KF EZEF R E,0.01 AP SN EE . AN TS FAE R0 R EB) /MK R 250 350 .
150 .50 c¢m,

R FEERESSFUREHFESH

Table 9 Variance analysis of purification based on width of green belt

G lZ HE WL AEN {2 %1 Duncan grouping
Width/e¢m Mean Number of samples 0.05 0.01
250 0.5329 16 a A
350 0.3544 16 a A
150 -0.2078 16 b B
50 -0.6795 16 c C

3 i
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