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Particle size distribution and fractal dimension characteristics of urban road dust in four seasons in Beijing. ZHOU
Lian-tong, DONG Li-ming", ZHAO Yu, QIN Ze-min (Department of Environmental Science and Engineering, Beijing
Technology and Business University, Beijing 100048, China). China Environmental Science, 2015,35(6): 1610~1619
Abstract: Road dust samples were collected in 14 representative sampling zones stratified across core urban areas in
Beijing. Three types of particles that included aggregated mineral matter, tire wear particles and spherical combustion
products were detected with Scanning Electron Microscopy and Energy Dispersive X-ray (SEM-EDS). Bimodal patterns
of grain size distributions were observed with Laser Granularity Analyzer. Results of the research showed that bimodal
size distribution spectrum ranged from 256 to 303 pum and from 74 to 88 um, respectively. The fractal dimensions of urban
road dust ranged from 1.7533 to 2.3137. The mean particle sizes ranged from 188.08 to 200.20 um. The poor sorting, the
extremely positive skewness and the broad to very narrow kurtosis made urban road dust sand. Saltation and shorter
distance suspension actually contribute significantly to the formation of the urban road dust, other transport ways, like
long distance suspension, only did a few work. According to the research of road dust in the four seasons, the decreased
order of them on mean particle size was spring, autumn, summer, and winter (the last two were similar). The decreased
order of sorting coefficient was summer, which was closed to autumn, winter, and spring. When it comes to kurtosis, the
decreased order was winter, autumn, summer, and spring, which was also near to summer. The differences of skewness
can be ignored. Road dust in spring seemed to have the highest proportions of thoracic, as well as more inhalable and
respirable particles, whose potential risk to health and environment should be aware of.
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Fig.2 Frequency curves and cumulative frequency curves of urban road dust in temporal changes in Beijing
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Fig.4 Spatial and temporal distribution of average particle size in urban road dust in Beijing

W FEE ) P SR AT 2 A A i 06 0 T R L DY A
iR R N R 0.76~1.85, 27 0.77~2.13,FK
% 0.67~3.86,%Z 0.64~2.64, 1A ALHE 5R 4 24
(0.67~0.90) . 1 %5 % 25 (0.90~1.11) . # 1§ &
(1.11~1.50) AR % U6 25 (1.50~3.00), H.AK 7= K i
A 1 ANRESAL T2 (>3.00) 70 Fl 4, AR
A T AR TR 58(<0.67) Yl A iy it —
25 W8 T2 2 AR AE A [F)SRA: s R % K 24
WL RFAE =25 5 ).

HF 5T DY 2008 % AR IR 2R iR BE S B ORI,
SERIRAR R TG>T ik R =
K> A T35 2 i 5 TG I 1) Ve P 42> K
>3 TR 2 MR 5 A F B

SO VR Y 2 5 2 i AR ORI B UK
AR TE KA T BIRAR RO 0 1 R
L5 U6 P 35y d /N vl LICH] s A AR SRR AR (14 /N <08
S PN 3 R 23 A, JE W S AR s R R A% H B R T
B AR B REAR B A0, 328 2 K80 i 5 K D P2
BB/ T LA R AR A AR AR (10 K408 35K A AHDR 3
FICER A1, L LD S W i R A2 0 A7 K
IRV BPRAR IR, 70 I R B i P 5 Ve JRE B4
R, T LA R R A A BORHURE AR PR 5 K &8 4k A A
Serb i) A, HL B R AR A1 A& FRIE K
RV BPRARIL N, 3 I RN I 5 S VSR B K
A DL T LA A R AT A2 R A5/ S8 80 A A T
G A1, HL L] S A KA A2 23 A1



JARSIE A UMD B AR T VR B 0 A1y S o TEARHAIE 1617

®2 REHEXMFEERREAESE

Table 2  Particle size parameters of urban road dust in temporal changes
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Fig.5 Size distribution of urban road dust in Beijing



1618 RIS 7 N S 35 %
A [FIRL 2 B R ORI A R I E R I &% 30k:

1B B e RO N A R 1) 52, 2 O R0k Y)
FER R 3 BRUEREAT T8 B K AR R 53 (18] 5). 45

F U RIAE<2.Spm (138 B KA AR R R T A
S ET N 0.16% Fi42<10pum (KA Al
TR 22 5 B h S B i m CEE A
2.49%), Ho A B ZEFE 1 (0.81%), 475 (0.37%) Fil
FKZ=(0.29%) FF: it 221 b T AR K AP R 42 <100pum
IR B2 e A W& PSRN 40.07%~
41.88%. 256 LLIRAL IR IX. 4 Z=TE B% KA IRRE BE
A SRR IE AT LA A 25 2 A AR B J 2 L At
3 ANFNY R AE<10pum KBS EILHAL =7
TEE% KA 3 A5 LA b JF B iR <2.5pm (KA,
U WA R0 % AR5 3 X A AR R N A Ak
AT B0, N A 2l 0 v e e 445 5 K
FAEARG 2 T 2B A 4.

3 Hit

34 VUZRIE B A TR O T SR IR 7 3

SR ™ UKL S s PR B UK B Rk R Ao i

SLr i BE AR B 0™ ) R 5 B B 17 (80%~
90%).

3.2 DYZRIE B A AL oy A7 A ih £k e BB
A AL, X8 5 60 i A UL UE TR A, B —— Wy
BT 256~303um, 55 IEAERIAE AT 74~88um.
Z AV AN B J B 5 M A 2 K 2D 4R 4
I3 O E i v DU 2 R K AR K IR WS 1
Jey ) o T B 4 KA B U b 2 T B AR 1
[RZE PR AR 2R AN e /D

3.3 VUZI I8 B K A IRbr B2 o0 Aii oy T 4k 5
J63T PMyo E1EL, R 1.7533~2.3137.

3.4 VY FEiE K KRR AR N 188.08~
200.20pm, £H RIORL A J5T 5 5K, 4 18 R A 22 3
B 2 2 TR) S AR AS S R A B A i o 06 2 2 AR A
e 25, J LIRS R 23 A E RS L P B ki AR R 2>
K> H =& ik BB K> K T4
7% e i 2 T > K 7> T4 25 I B TG IR X
) A 2 A A AT W N R ) e v, I AT T NG
SR 400, 0F N AR Akt JRE RN R SRR 58 1R 3 98 AN
BN

[1] Shi G Chen Z, Xu S, et al. Potentially toxic metal contamination
of urban soils and roadside dust in Shanghai, China [J].
Environmental Pollution, 2008,156(2):251-260.

[2] Ferreira-Baptista L, De Miguel E. Geochemistry and risk
assessment of street dust in Luanda, Angola: A tropical urban
environment [J]. Atmospheric Environment, 2005,39(25):4501—
4512.

[3] Charlesworth S, Everett M, McCarthy R, et al. A comparative
study of heavy metal concentration and distribution in deposited
street dusts in a large and a small urban area: Birmingham and
Coventry, West Midlands, UK [J]. Environment International,
2003,29(5):563-573.

[4] Zheng N, Liu J S, Wang Q C, et al. Health risk assessment of
heavy metal exposure to street dust in the zinc smelting district,
Northeast of China [J]. Science of the Total Environment, 2010,
408(4):726-733.

[5] Al s 5 2 A 56 ST BT AOM B R KR SR
VYA FERSVEN RIS (7). REERFEE 244, 2011,31(8):1790-
1798.

[6]  FLAMET,EH I 5o K W, A8 Ak 117 A A WA A B R 358 N DA VG
LB ] AT YR, 2002,21(1):93-98.

[7] Abrahams, P W. Soils: their implications to human health [J].
Science of the Total Environment, 2002,291(1-3):1-32.

[8] JEZAYFERYI R BRI X A TR T8 R AR SRR AIE 3
[9]. I EREE IR, 2014,30(4):37-43.

[9] E/IHE BV, AR RT3, 55 AL SO X IR 2 i 4 T G e 43 Sy

fERFTE [J]. 3, 2011,43(2):232-238.

£ AR A6 R0 T2 SRR O UL KL

S3AT (9], TP EEREEUHEI, 2007,23(2):75-78.

XUARAE, A B AG O T8 AR B AE K SRS R AT [J].

iR 4R, 2007,27(6):1006-1012.

BT ok K AR AREE X T M 2 A A R R AIE B

HIEER S [T]. S MO E R GUIRERER), 2014,44(1):319-

327.

S BE 9, FL AV T T M TSR R A R AR A

REESMT (7] rh B FRIE I, 2013,29(2):113-119.

) 78 AT Y B T AN ) S B X 4t 3 A 2 7 4 B 1Y

RIRIATRHE [J]. AEASIREEAR, 2012,21(4):700-705.

eV, S IEVE, X [ B WY1 A TE AR AR R B IR

XC[I]. KL S R, 2011,20(1):122-128.

Kaye B HAM &4 [M]. ARBTFHLEE TG 0, 5500 kB A

JERAE kAL, 1994,1-15.

Mandelbrot B B. How long is the coast of Britain, statistical

[10]

(1

[12]

[13]
[14]
[15]
[16]
[17]

self-similarity and fractional dimension [J]. Science, 1967,

156(3775):636-638.
(18] 5K¥A 15, 18 BUA, A B, 45 0 A X 8 0 TR AIE S L 5 0



6 31

JARSIE A UMD B AR T VR B 0 A1y S o TEARHAIE

1619

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

B1]

[32]

[33]

[34]

[33]

[36]

371

PERRFOGR (1], L3, 2009,41(1):90-96.

XL SRR AT Z T AR (1] ZRURMERL Y,
2008,36(24):10557-10559.

TR, A BE A SO T RLAR (1 B i 4 A AL 1 L3 53 TR
fE [J]. KFI2E4], 2004,4:67-71,79.

2l S, R AR T [ SO A R 2 TEARFAE T 9 [9]. 13
5¥R%E, 2000,9(4):263-265.

Harris S J, Maricq M M. Signature size distributions for diesel
and gasoline engine exhaust particulate matter [J]. Journal of
Aerosol Science, 2001,32(6):749-764.

1 E ISl ST, A L T KRR N SR A0 TR 4
A5 TEARFAE [7]. T EERRERE, 2007,27(5):594-598.

AL G, U A6, T 50T DX TR AR AR B B 5 A 2R P S B T
(], RS2 TREHOR AR, 2009,9(3):28-32.

TR WD, T R, A, A A e e R JBORL R R 43 TR AIE B
M EPE [7]. AE2S3R5T, 2008,17(5):1887-1890.

FRAEWL AN TR IR R AR S JE RS BT (D).
13, 2010,42(1):142-147.

Folk R L, Ward W C. Brazos River bar: a study in the
significance of grain size parameters [J]. Journal of Sedimentary
Petrology, 1957,27:3-26.

Krumbein W C. Size frequency distribution of sediments and the
normal phi carve [J]. Journal of Sedimentary Petrology, 1938,8:
84-90.

G, A e 8 T ORI R AR 23 T 4 5 % HLAE
MAFPRN (1], H3E%4R, 2005,42(4):545-550.

Tyler S W, Wheatcraft S W. Application of fractal mathematics to
soil water retention estimation [J]. Soil Science Society of
America Journal, 1989,53:987-996.

PN T SA 55 N RS AR b 2B UORE R B
FARA RN [7]. T EEREERFE, 2008,28(3):193-197.
Adachi K, Tainosho Y. Characterization of heavy metal particles
embedded in tire dust [J]. Environment International, 2004,
30(8):1009-1017.

M, Crosta

Camatini G F, Dolukhanyan T, et al

Microcharacterization and identification of tire debris in
heterogeneous laboratory and environmental specimens [J].
Materials Characterization, 2001,46(4):271-283.

Gent A N. A hypothetical mechanism for rubber abrasion [J].
Rubber Chemistry and Technology, 1989,62:750-756.

White J R, Thomas E L. Advances in SEM of polymers [J].
Rubber Chemistry and Technology, 1984,57:457-506.

Goodarzi F. Characteristics and composition of fly ash from
Canadian coal-fired power plants [J]. Fuel, 2006,85(10/11):
1418-1427.

IR, £ T3 BARDURR R BE LIS [M]. b a2 i RsAL,
1981:8-26.

[38]

[39]

[40]

[41]

[42]

[43]

Pye K. Aeolian dust and dust depositions [M]. London: Academic
Press, 1987:49.

FEARET, B SR, b K A 3 A WF RS 05 [1]. Bevg
HJ%, 2004,22(1):73-79.

R AR YRR AT R B A AR S
PERE [7]. JeVPITSE, 2003(6):17-20.

BB S5 4 LA A BT PMLyg LR 431 43 T A URFAiE
[J]. P EGERA AR, 2008,37(3):407-411.

BRI, SN P ¥ YR B I G U 2 F R AR R
WO idarse (7], B8 TRE, 2011,29(F1):260-263.

T IE AR, T A 5 i BV IR B A ZE B A B RORE AR AE [J].
ERBIRLY, 2011,31(11):1789-1794.

TEFTE AN AATZ991-), 2, b5 b5 TR S ek,
F N T4 BRI AT ST R AL LB AT



