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Abstract: [Objective] The present study is to analyze the dynamic change patterns of fine particulate matter
(PM, 5) and the blocking effects of urban road forests, and further explore which type of forest belt has the
optimal dust and haze control effects. [Method] Three types of urban road forests with a total of 12
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configurations were selected. Firstly, the daily dynamics, interannual dynamics and horizontal spatial variations
of PM, 5 in and out of the forest belt were analyzed. Then, the dust reduction rate was used to evaluate the
blocking effect of different forest belts on PM, 5. Finally, the Pearson correlation analysis was carried out
between the dust reduction rate and microclimate factors to explore the possible factors affecting the dust
reduction rate of vegetation. [Result] The results showed that concentrations of PM, s in roadside forests were
highest around 8:00 and 18:00 and lowest at 10:00 and 14:00. The annual dynamic pattern indicated the most
obvious change in winter (136.74—194.18 pg-m™), followed by autumn (63.48—-104.96 pg-m™), spring
(28.68—36.31 pug*m™), and summer (13.30—19.13 pug- m™). The variation of PM, s in the horizontal space of the
forest belt varies with seasons. In the spring and summer, PM, s gradually decreased from the edge of the forest
to the interior of the forest, while in the autumn and winter, the dust margin increased at 25 m in the forest, but
decreased at 25—30 m and was lower than the outer edge of the forest. The blocking rate of PM, 5 was highest in
arbor-shrub-grass structure, followed by mixed conifer and broadleaved forest structure, and lowest in uniform
arbor type. In spring and summer, the blocking rate of 12 kinds of roadside forests on PM, 5 was positive, while
in autumn and winter only As (mixed conifer and broadleaved forest), B;, B,, and B; (uniform arbor type) and
C, and C; (arbor-shrub-grass structure) were positive, and the rest were negative. There were seasonal
differences between microclimate factors and PM, 5. PM, 5 concentration was negatively correlated with wind
speed in spring, autumn and winter, but positively correlated with relative humidity in autumn and winter, as
well as temperature in spring and summer. The block rate of PM, 5 in roadside forests showed a significant
positive correlation with temperature in autumn and relative humidity in autumn and winter, but had no
significant correlation with other microclimate factors. [Conclusion] The belt width, the proportion of
evergreen coniferous trees and shrubs of urban roadside forests should be reasonably increased to reduce PM; s
and improve air quality. [Ch, 5 fig. 6 tab. 32 ref.]
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Table I Vegetation composition of 12 urban road forest plots
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Figure 1 Diurnal variation characteristics of PM, 5 inside and outside urban forests
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Figure 2 Horizontal spatial variation characteristics of PM, 5 in urban forests with A structure
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Figure 5 Blocking effect of urban road forests in 12 configuration modes on PM, 5

24 [EEFHEI

241 AZBFHAkAG A PMys RERAEGMAE WK S PR E—CHE RN, PM, s Bs ik 5 KH
FERADE (P<0.05), FH. Bk, &3 DFWAHESAAS BE . HiEE . B& (=06190. —0.8620,
—0.680 0), M FAHXALE; SHXNEEALEEMAX (P<0.05), . H 2 FMHCHAR B E . WM E
(r=0.670 0. 0.767 0), HAMZETAHCHEARE ; SRBAATEIFEAXLER (P<0.05), Bk, £ 2 MM
FIM B E (7=0.924 0, 0.853 0), HAMZETH A BE .,

242 AZWTFLHMRATERM PM, s A FegMEE K6 WM PM,s R S5SLHFAE—EM
M, 4T G ROEFEAR R AMSE, (HASEMEAR L PM, 5 B 555 A0 X 18 B 7 Bk 25k 3 bl 2%
IEAE (P<0.01, =-0.847 0), HABTTIARE; SRR LR (P<0.05), Bk, £ 240FT
AN BIA RN B . B3 (=-0.8620. r=—0.6540), HAWZFETHCHA LE

x5 PMs REREESKETHREEXEH *6 ?zéﬁﬁi PM, s B Z 5K EFHIR
AXRE

Table 6 Partial correlation coefficient between PM, s block rate and

Table 5 Partial correlation coefficient between PM, 5 concentration and

meteorological factors

meteorological factors in urban road forests

Z 1y Rk AEXR S -
Zy Rk AR iR
K -0.619 0% 0.670 0* 0.440 0
HE -0.5710 -0.183 0 -0.301 0
— ok
CES 0.508 0 0.767 0 0.307 0 e 01350 0.075 0 PPN
PSS _
ez 0.862 0%** 0.5530 0.924 0** " 01500 0.847 0%+ —_0.862 0%+
X —0.680 0* 0.0250 0.853 0** p & ~0.299 0 05170 —0.654 0*
LR . *7E0.05/KF i AH5E, **7E0.01 /K I i A YL *7E0.05/KF [ i EAHIE, **7E0.01/KF I e

3 it fmgEas
WA PM, s FEERIEFAETRHER . i A Sl HESE . PM, s AR LT B9 A5 36 25 15 % D)

I, MHTR R N ERIE R, iEsh . RN T2 R A fE Xt PM, s BITLRE ™ A 5200 . AR
W, GBS (ck)PM, s HASEAL AR IO R, PR, (e BUTE 8:00 1 18:00, F= 25N 2



404 WroIL R R K A R 2020 4E 6 H 20 H

PRI IEE N PRt B b, S BRI, R SRAE A A 2 5 L T 4
Ao TMAAKAE N PM, s HAEAE S — 2, X UMK PM, 5 BB 1 FHA BRI o 1 0 A1
BB, AHTRIGEEMYH, HIL S8 PM, s FEARNAMRER, A5 BRI, G
s, AR TR, AR/, KB IR IG5, RO A R A, AR TR s sh Y,
PM, s i BREK i) bR B9 B, [RIIE, AR A X ORI A 4% 1 BHA T, i PM, s B ok B2 I ELAR
TR,

—BORUL, PM, s FATEZETTMEZE . BT AMISERIT: PM, s BV B AR AU R BRI & 2 |
F BF L ZFVL WAEEIAN: PMys BUERIEMT R THFEY . AR R PMy s BUEKIE
RN BRI E T, BT, HF . BE, SETAGSRAAE—E 25 XA A 32 2
PN IZ 5 RS AR R 2257 AR & . RS K BRI Bk Bk o 72
AT RS BV AT sl B 3 7 T A ORE ), TRt REAT 250 s A DR ) o e St R4y, AT
SEIAR Py X ORI B PR R R BE 1 B FR e R EIK T, X PMy s B BRI RCR BT, R,
AR e, RATEEX AR, XSRS PMs A5 RE, FERERD, MEFLI R
IR AR ARIEHE R I N MR Rk, FEAEE TS T o MK 2257 £
P AR AR S SR RO I LG I B IE R R 23 U PM, s BN A9 R . AR
FERW . PMy s FE/KF2S 8] B HAT k2 S, JHG S B B DR Sl o 3 9 e UL ) DO o) 5 S e M) i 1%
S0, RINHEAG . BRUNE . BRI, TEEAR A AT E WM PM, 5 IS RN, JE TR
B FBUEMA, BEFEAAT SEEEAYHTIN, ARNZ S HIE PM, s BOREHE I, [Hit, FREFT R ck Ak
W HTRER A . (HRRAZET, ZEMIFN 25 m &b, PM, s B ik FEA4 AN, X AT AER th TR A A9 Y XU
BEAR, SECPM, 5 TR

AN T7) P B A A 3R I 3 B AR T PM s OB R T 2 S A R . ABFSEER R . R BTN
PM, s A7 1 [ A BHLA 8O0, - FELH BE 7 frg o iR i e a4y, LR B R ST ARG L S HETT R 451 5
FE R R T RS R BAT R AR AR KGR B D RE RS ARAR I AR ROCR s Ak =10, AT As(BH AR S
TEAR) . Bi~Bs(HRHETRA) FITRHER (Cy. Cy) BHIFRCR L, HARKIE AL PM, 5o X A BEFIRE A B i 41
A RIREE N TA 5K o ABIESERE L N AR A AMESE AN i R R 2R TR ARAE Y, AAFEZR BT AR BT A0 | AL
HI R HAatp ], O EPBUR M A BE ST FEAK A 5 TR MR, ELRERS /- WG, vl ool D2 B L
Py el e TR AR MO SRR TR ROR L R P B A U RE AR A R AR A
REAT LB R ORY) ,  [R) X 28 SR B AS2 R) LU A 2R TR R TR, 5 o) ol ol i 25 SO i, AT
ORI DU SR RS, A e X ORE ) ) IR B 25220 (EORSUBURE T O 2Ry B 2%, S RIS ol )
iR RE ST SCAARKZE DY, X —RBh A A2 RE ) it — 2P TSR

—BORUL, M5 PM, s BRI R, MERERIEMCRR . AR ER: TRETH
PM, s MR K R G R RIF SR — 2, (HRHATR SIRWN PR KR ZRA T, AR
AR B R AR DGR, RGP B a R A R . X AT RERAR Y AL IR G G B
AR RS MR ARG, EEIERRA KNI, S@E MR (5 mes™) al i K8 AR B i
ROV R AORI MR L, Xy e 5ik sl S 60 n] e 2 X AR DR R RE ™ AR B8R, WA B U . U RIS
BRI 3/ NI I R ZBOR B B2 5 2R L A G AHO R R SOAHOC G R, 1M 5 B 12 O BIE TS 4 M AR I
XAl BEFIR A AE KA K

ARBFFEAERFEW] . MRS PM, 5 BEHA RO B SR AN BT, 52 4080, AU FIAE i e LS5 2 4 A
SHTHZZHAER], JUHRRGERIBLE, b, 7ERTHERARS PM, s BIFE RN 587025 18 2 4E A4
AT R EEAE A o BT SR T R A B P S B AR 58 B2 BN R Sk TR AR B L

4 HFE Tk

[1] DAN Liang, MA Chao, WANG Yungi, et al. Quantifying PM, 5 capture capability of greening trees based on leaf factors
analyzing [J]1. Environ Sci Poll Res, 2016, 23(21): 21176 — 21186.

(2] Se—#r, BUT, Ehieds. AT RN AT A0 ARG JRIETT A6 (3], 0 FHAEZS2441, 2002, 13(9): 1121 — 1126.
CHAI Yixin, ZHU Ning, HAN Huanjin. Dust removal effect of urban tree species in Harbin [J]. Chin J Appl Ecol, 2002,


https://doi.org/10.1007/s11356-016-7687-9
https://doi.org/10.1007/s11356-016-7687-9

%

37 555 3 XN AREE . ST 3 B MO A Uk ) (PML, ) 1) LI A7 B 405

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

13(9): 1121 — 1126.
VI, WM, A, AF. U A I T ORI AL i TR AR LI W 5T (D). BRI AL, 2011, 32(9):
2732 —2740.
SUN Ying, PAN Yuepeng, LI Xingru, ef al. Chemical composition and mass closure of particulate matter in Beijing, Tianjin
and Hebei Megacities, Northern China [J]. Environ Sci, 2011, 32(9): 2732 — 2740.
Sk, XU, 2507, AR SR RIAE T P A AR I REE L], R PR I, 2002, 16(3): 162 — 163.
SU Zhifeng, LIU Yan, PENG Qianfang. Study on dust detention functions of the different greenland [J]. 4rid Environ
Monit, 2002, 16(3): 162 — 163.
CHOU C K, LEE C T, CHENG M T, et al. Seasonal variation and spatial distribution of carbonaceous aerosols in Taiwan
[J]. Atmos Chem Phys, 2010, 10(19): 7079 — 7113.
ExT, EW, BRIREE. SR T H T PM,o/PM, s K H 4 )& 15 G KRS (D). SRR 5 HEOR, 2011, 34(4):
74 —76.
WANG Jing, WANG Chu, CHEN Zhenlou. Heavy metal pollution of PM,,/PM, 5 near-surface in Guiyang [J]. Environ Sci
Technol, 2011, 34(4): 74 — 76.
TALLIS M, TAYLOR G, SINNETT D, et al. Estimating the removal of atmospheric particulate pollution by the urban tree
canopy of London, under current and future environments [J]. Landscape Urban Plann, 2011, 103(2): 129 — 138.
XUNENE, AHTGE, SRIRDT, S5 MRAFIN PM o, PM, s 15 G RHIE S H 5 ARSI 2R D). 355420, 2014, 33(7):
1715 - 1721.
LIU Xuhui, YU Xinxiao, ZHANG Zhenming, et al. Pollution characteristics of atmospheric particulates in forest belts and
their relationship with meteorological conditions [J]. Chin J Ecol, 2014, 33(7): 1715 — 1721.
ER¥y, X5, aRAE, AR Sl 2 Bl A [R] AR B 45 4 b 1 el s AUBURL A R BEF 5T D). BRBE B2 F S, 2018, 31(10):
1685 — 1694.
QIU Ling, LIU Fang, ZHANG Xiang, et al. Reducing effect of air particulate matter concentration by green spaces with
different vegetation structure in city parks [J]. Res Environ Sci, 2018, 31(10): 1685 — 1694,
TR, AR, T2 SRS MEY R sh S 1], AR, 2015, 35(6): 1696 — 1705.
WANG Huixia, SHI Hui, WANG Yanhui. Dynamics of the captured quantity of particulate matter by plant leaves under
typical weather conditions [J]. Acta Ecol Sin, 2015, 35(6): 1696 — 1705.
SKRIBCT, mhar A, A, AF AR PM, s ICREEI R T (1], A 25744, 2016, 36(24): 7897 — 7907,
ZHANG Shuping, HAN Lijian, ZHOU Weiqi, et al. Relationships between fine particulate matter(PM,s) and
meteorological factors in winter at typical Chinese cities [J]. Acta Ecol Sin, 2016, 36(24): 7897 — 7907.
iR, WUk, BIAIH, . MRS R RA I G R (1], A RL 244, 2017, 35(5): 790 — 796.
YI Xinyu, PENG Yinghe, LIAO Juyang, et al. A review of the relationship between forest vegetation and atmospheric
particulate matter [J]. Plant Sci J, 2017, 35(5): 790 — 796.
b, AEoR, VRE, A3 R EOUUMOG R T B R N SRR SR (D). AR AR BRI 2R AR, 2018, 27(6):
1060 — 1066.
LI Kun, LI Chuanrong, XU Jingwei, et al. Effect of three typical road landscape forests on microclimate under summer
weather in Zhucheng City [J]. Ecol Environ Sci, 2018, 27(6): 1060 — 1066.
BN, EHZE, X ACRUSE e fE sk A S OMEIRELR GV (1], A28 4%iK, 2017, 36(7): 1973 — 1983.
DUAN Minjie, WANG Yuerong, LIU jing. Comprehensive evaluation of ecological health functions of green space in
Beijing Purple Bamboo Park [J]. Chin J Ecol, 2017, 36(7): 1973 — 1983.
NI, FEASOR, EhSCHE, A5 MR AR ROR I BRI 72 L] AR PRI 2R, 2017, 26(6): 1017 — 1025.
CONG Ling, ZHAI Jiexiu, MA Wenmei, ef al. Research on the forest and wetland blocking effects of atmospheric particles
[J]. Ecol Environ Sci, 2017,26(6): 1017 — 1025.
BEA, M, DE—, AR AGE TIER AT N PM, s B AR RRHIE [T]. PYJERR7 B2 i, 2015, 30(3):
245 —252.
LI Suli, YANG Jun, MA Liiyi, et al. Variations of PM, 5 concentrations inside the greenbelts along two urban traffic arteries
in Beijing [J]. J Northwest For Univ, 2015, 30(3): 245 — 252.
XTSRSl T 3 AR A RO (R 28 AR AR (D). 282 IR R, 2017.
LIU Haodong. Temporal and Spatial Variation Characteristics of Atmospheric Particulate Matter in Urban Road


https://doi.org/10.1016/j.landurbplan.2011.07.003
https://doi.org/10.1016/j.landurbplan.2011.07.003

406 wOTL A MROR R e 4R 2020 46 H 20 H
Forests[D]. Tai’an: Shandong Agricultural University, 2017,

(18] Ep, #2R, 2806k, A5 JLatPq Il R ZR AR A PM2.5 S8 (R LA (D). 252741, 2014, 34(19): 5650 —
5658.

WANG Cheng, GUO Erguo, QIE Guangfa. Variations of PM, s in the west mountain of Beijing, China [J]. Acta Ecol Sin,
2014, 34(19): 5650 — 5658.

(19] e, BRi%, S&gifh, 2. JLntIloli Zbk PM, s Btk BERRAE K2 i 8 38 20 A (0], AR S PRBE 7412, 2016, 25(3):
447 — 457.

JIANG Yan, CHEN Bo, LU Shaowei, ef al. Analysis on characteristics and influential factors of PM, 5 mass concentration
in Beijing’s urban forest [J]. Ecol Environ Sci, 2016, 25(3): 447 — 457.

(20] 2=k, A HEAE. 00 1A Eh VR AR 0 BT ORI ) 2 S PERIF IS D) PRI, 2010, 32(1): 114 - 119.

LI Hua, YANG Shilun. Changes of suspended particulates adhering to salt marsh plants [J]. Acta Oceanol Sin, 2010,
32(1): 114 -119.

[21] HAN Lijian, ZHOU Weiqi, LI Weifeng, et al. Impact of urbanization level on urban air quality: a case of fine particles
(PM, 5) in Chinese cities [J]. Environ Poll, 2014, 194: 163 — 170.

[22] DAWSON J P, ADAMS P, PANDIS S N. Sensitivity of PM, 5 to climate in the Eastern US: a modeling case study [J].
Atmos Chem Phys, 2007, 7(3): 4295 — 4309.

(23] B#H, Uiz, e, A4 R AUBORL Y i i 23 A8 A LA K LR e PR 3R I B ik e [0 AR 2524 205K, 2016,
35(2): 524 - 533.

LU Lingyue, LI Hongyuan, YANG Jianan. The temporal-spatial variation characteristics and influencing factors of
absorbing air particulate matters by plants: a review [J]. Chin J Ecol, 2016, 35(2): 524 — 533.

(24] fzrde, £u, 2806k, . W2 B S B i RS R XS SR PM, s BT A T L. A A5 R B4R, 2016, 25(6):
987 — 993.

BAO Hongguang, WANG Cheng, QIE Guangfa, et al. The effect of forest shelter belt on subduction of PM, 5 in urban
parks [J]. Ecol Environ Sci, 2016, 25(6): 987 — 993.

[25] HWANG H J, YOOK S J, AHN K H. Experimental investigation of submicron and ultrafine soot particle removal by tree
leaves [J]. Atmos Environ, 2011, 45(38): 6987 — 6994.

[26] SABO A, POPEK R, NAWROT B, ef al. Plant species differences in particulate matter accumulation on leaf surfaces [J].
Sci Total Environ, 2012, 427/428(5): 347 — 354.

[27] BREE, TER, Tk, % QPR (PM,s) SHIOCRRIIELHR 1], A2 2%0, 2013, 32(8): 2203 - 2210.
ZHAO Chenxi, WANG Yujie, WANG Yungqi, et al. Interactions between fine particulate matter (PM, 5) and vegetation: a
review [J]. Chin J Ecol, 2013, 32(8): 2203 — 2210.

[28] FOWLER D, SKIBA U, NEMITZ E, et al. Measuring aerosol and heavy metal deposition on urban woodland and grass
using inventories of 210 Pb and metal concentrations in soil [J]. Water Air Soil Poll Focus, 2004, 4(2/3): 483 — 499.

(29] MU, T, Eob, 55 JbatiF AR 3 EAR PR A R IR [1]. Mol B, 2018, 54(4): 155 — 164.
DU Wanguang, WANG Cheng, WANG Qian, et al. Evaluation of summer environmental effects of the main vegetation
types in Beijing Fragrant Hills Park [J]. Sci Silv Sin, 2018, 54(4): 155 — 164.

[30] POPEK R, GAWRONSKA H, WROCHNA M, et al. Particulate matter on foliage of 13 woody species: deposition on
surfaces and phytostabilisation in waxes: a 3-year study [J1. Int J Phytoremediation, 2013, 15(3): 245 — 256.

(31] 5. T 10 4FH KSR WP LRIk (1] 3RBERb 24, 2012, 32(2): 257 - 269.

WU Dui. Hazy weather research in China in the last decade: A review [J]. Acta Sci Circumstantiae, 2012, 32(2): 257 —
269.
[32] FREER-SMITH P H, EL-KHATIB A A, TAYLOR G. Capture of particulate pollution by trees: a comparison of species

typical of semi-arid areas (Ficus Nitida and Eucalyptus Globulus) with european and north American species [J]. Water Air
Soil Poll, 2004, 155(1/4): 173 — 187.


https://doi.org/10.1016/j.envpol.2014.07.022
https://doi.org/10.1016/j.atmosenv.2011.09.019
https://doi.org/10.1080/15226514.2012.694498
https://doi.org/10.1016/j.envpol.2014.07.022
https://doi.org/10.1016/j.atmosenv.2011.09.019
https://doi.org/10.1080/15226514.2012.694498

