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 OE ORUFSE S SR S TR A IR B 3K SRR S E s, SR A HERCA ik Sy 2018 4EPE i A
Bz R HERCH 2. A ArcGIS #8473 kmx3 km AOZS ()40 B0, A4 T HLAS 28 AR, R SR 4 i A4
ST T B R HEROE B R E M. 45 R, 2018 4ETH T HTIE 844 20 PM, 5 B PM, HERL B4 K
1904.10 t F1 8563.09 t, Hh B TIRRR IR, 20518 41.79% 1 39.74%. EEHHGH X A @ E, TTRkR
435800 36.32% 1 35.47%. B M L HEE &F 4 A M2, Hd 7 6 A ik miE. SR P Bl
R, TE 95% AR TE BN, TETRT 2018 4F 3 FR7 2 PM, s Fll PM o AN 5 P50 Bl K -26.49%—
51.11% F1-30.14%—30.06%.
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Road dust emission inventory and its spatial-temporal distribution
characteristics in Xining

XIAO Yang' JI Yagin'* WANG Miao' ZHAO Jinggi' GAO Yuzong' YANG Yi'

YANG Xiawei' WANG Bingbing' LI Jing’ CONG Xiaoxiao®

(1. College of Environmental Science and Engineering, Nankai University, Tianjin, 300350, China; 2. Xining Ecology and
Environment Bureau, Xining, 810008, China; 3. Qinghai Jieshen Environmental Technology Co., Ltd, Xining, 810000, China)

Abstract Based on the activity level and other related data obtained from field sampling and
investigating, the road dust emission inventory in Xining City in 2018 was established by the
emission factor method. The spatial distribution of 3 kmx3 km was carried out using ArcGIS, its
spatiotemporal distribution characteristics were analyzed, and the uncertainty analysis of road dust
inventory was estimated using Monte Carlo simulation. The results showed that in 2018, the total
emissions of PM, 5 and PM,, from road dust in Xining City were 1904.10 t and 8563.09 t, and the
contribution ratios of the national highway were the highest, 41.79% and 39.74%, respectively. The
main emission area was Datong County, with contribution ratios of 36.32% and 35.47%. Road dust
emissions varied from month to month throughout the year, with the highest emissions occurring in
June. The Monte Carlo simulation results showed that within the probability distribution range of
95%, the uncertainty ranges of PM,s and PM,, of road dust in Xining City in 2018 were
-26.49%—51.11% and -30.14%—30.06%.

Keywords road dust, emission inventory, space-time allocation, uncertainty analysis, Xining
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KA T YR HE IO PRI 48 FE — 5 AR [R] RO R B X B 5 X 4515 Y U HE B RS 5 e
Y EN, PR KA B AL 2 R A5 B, X A5 YL I BRI D S 18 T . 75 H Al
R BRI TS S T, 8T K R R Ml Ak i AR b HE RO BT G R S DR 2 D R il
REA% EAT 95 50 38 MR, X BT 23 36 T i DX 3 T i R AT Gk U L 43 B i T i DR O 4 1 X6 1
B EA o EE AR . XT3 R W HEOE B 5T 36 B T IR B, B T 1968 4R R AR
TG Y HEC R - AP-42 T, JFBAE S 3 th R AL e, B AT 3 29 O v R (1 A T UK 4 HE ik
T8 B G il AR AR mE (A7) )i

T8 PR AR B A KB A B VR FH T PR, 38 B A R HE RO B AN T 2 — R T,
T WURL ) R IR —. BEE L O B H 2R K, MLeh A HE bR A i, B B ER
AHERI) AE ST T YL HERCT Y 7 EZ G K AR S A ML A B Ak B RS R, WU A3 b X AT
7% 2% B o sl R A2 A BB ACHERICS 3 5 3838 HER PM o A PM, 5 1 90% LA Il 85% LA [0,

Bogacki S A I R B, e b Bl e (I 24 F & ) & 22 L 22 (138 [ 7 22 X PM o 114 BT kR 9 1) 3k
2| 25% F1 50%. F [ 1Y BF 52 1 0 5538 B 45 42 A6 5 A HERCH A7 e R, b 5 S A 48T 4 2 X
PM, 5 (43R K 30% Ze A7, T3 B A X 3T 42 i sk 5ok 50%1). 25 1, th T e ek
HE ke v iy B A, X T8 B A HE RS BT RS T EE . BT E N ANE A R4 O B I AL HEK
TR ST A EA T S35 E R 4R in T (Kuhns 4619 | 9% 48 20 (Patra 5507) | PEBE 12
FEW TR (Amato Z51%) | 8 HL T (Singh 461 | P52 (3R I AER0, A% 5 REAFRY) | bt (R T AR S50 | R
(VFBFEED) | BRIT = AN GEZRRAERY) | BB (B3 AR | LR (A FE 25 45 10) 45 22 b 117 3 B 4% 20 HE ik
THH.

VG 7 T 2 [ 45 e A2 A 1 v P It DX %) v 308 T R PN i RO T 7, A R el AR v ek Tl
R DA B % I A i 2B AR AR, G B 2R HE R IR £ 325G 1. P T 2018 4F PMy Ml PM, 5 H 3R Y
Mt R R bR, HRAIS YRR Z AR, BB TR 2100 PG 7 T RS YA I 5T, {H A
KV B PR AL HEROE B VY YT B AN 2012 4R EAY 7.15 m® B 2022 4E 6 12.61 m?, PE T
T 38 6  A2 HE O B0 B2 X 2 b Y5 Y B PR A BT L TRV T ST R T R I AN i R ARBIFSE R
2 V50K 0y HE OIS B0 g 1) B2 AR 48 GIRXAT ) )BT KT AT e 5 HE 00 50 4 i B R 01 )
(2018 4F:- 8 H ), 3 ixf S Hb R A 5 1108 T i S AL B SR IO T 37K FIAH S EE , 57 2018 4R 7
738 B3 A HERCE B, IR BT AR e, [R18S R ArcGIS RIS B BRI EA 725 (8] 43 Bie FIAS B o
53 M.

1 #M¥5 77 (Materials and methods)

1.1 W5 X,

AF 5T 30 BB R P 72 T 3RS DXL Bk XL 3R XL IRk X,y B R e A R B (LU TR R R
L) | EPEE AR X R IR X AR B X T KR X
1.2 RAE B A 2

MBI T T IE SO PR R, B 4 A B B AR Y B BOR B AR
SEVRIM R LB LR T, g AR BRI S I AR AL B 8 M 45 A2 0E, R AR BRI 3 A A5,
AT T R FET ) 2—4 m2 WG 2R Be i 20 5 49 A4RAS, %5 51 31 4 B ARAE, R BF0 55 SRR A5 007 Y H LA
HOERE . U ARG R 78 SAHT R I, RS 353 B LA S, SREE LI
K 1.

W R AR BN 00 S IR A A ik [T S 5 Fe, BRI Sk | AR ORI ISR, T TR AR NP 3 d, BRI
200 H Z& bR AETT T, ST e 205 4y AR 25, AR IR T BT, SRS PR A, R B IR I 4 45
RAZEAKES, 05 T H .
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KRB M1 L F IR B
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Fig.1 Distribution of road sampling sites in Xining

1.3 AR T
1.3.1  GEEEACE P AR IR 55
HER R R vk
Egi = kix (sL)"”' x (W) x (1 -n) (D
K, Ep 0 4808 7 42 PM, HE L R 2K, g Ckmeveh) ™5 & 0 77 A2 19 3% 42 b PMG B9 87 TR 2K
g (km-veh)™; sL gl AU AT, g™ ORI AEEL, ¢ SRRl HOR XA 21 LR, %.
(D HER N TSRO
WL IEE B ey, Ko 07 J 190 T B 320 A2 ot (00 P SR ol A1 8 985 20 o A2 335 1 (OPS 3330) 3%
LA A 20, G828 3 (2) T 5 A B g 2t B A 710 o B SR, AR AN [RIA T B DX AN ] e
ST PRl 24 L 5 )AL JBE TR K
Kys = %XKIO (2

10
K, Ky s WIBIEJG I PM, s B BETREL; Ly s 1 Lo 5390 3T OPS 3330 13 3] 125 S ol J1 % 4 i AR/
FAET 2.5 pm F 10 pm BRI B 50 & 5 Koo MR FEHERENY PM o R EETREL, °M 0.62 g-(km-veh) .
Q) EESHITE
3 P T R A B R v BRI B A 2SR A SR AR 24 h 4 ARV R 10 B0 AR A ) 3
G s A5 S8 AR MR AR i i A5 2. AR AR 5 A 21 780 246 9% 51 3 TS it DA R A T3 A 3 B 1 WL 3l 2 rhoAS [] 2678
BRI LB AR T Y L, n=(3) B

W:Zl“(mxm) (3)

Aob, wORTE I b AR B, 6 n 9 IR SR W e SRR B, € g, R i R
59 1 % S AR L, %.
G SEGTH
AT B IE WA (4).
W =Wy — Wy
N

A, WONIE B AR b BURE, @5 Wao 9 20 H 2R AR AER 01 L4 04 i, g5 Waoo 4 200 H 28 Bl AR HE T

sL (4)
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P (4) 153 2% M X 438 B A R A SR (B, 2521 LR 1.
R 1P THAFZEBGE B AR AT (gm™)
Table 1 The silt loading of different types of roads in Xining(g-m™)
; N . . s iH Hil . .
mEen  bEm o wrr OO0 e gmass o0 T gy
Roads type Major arterial Minor arterial Collector Freeway  Expressway Nationa Provincia County road Village road
road road road
e/ ME 0.23 0.28 0.45 0.23 0.09 0.21 0.41 0.28 0.45
BRI 1.70 2.09 2.47 1.70 0.26 0.90 1.73 2.09 2.47
FHME 0.58 0.87 1.53 0.58 0.16 0.55 0.97 0.87 1.53
132 B
BB HECR TR A
1.2xP
WRizERiXLRXNRX(l— )X10_6 (5)

L1, Wy, WIE AW BURY) PM, B9 S HE R, ta'; Ep, HIEFEH AR PM, HER 2L, g (kmeveh)
Ly FIB R E, km; Np g — & B N 070 1% BUE B LA 200, vehea™; PO AR /NIEEL, i
FHEEK R T 0.254 mm )/NRHECR R N SRR 19/, 55 PRSI

1) B

T AL ArcGIS e RIFFE DI i 190 11 5 il 1) P BRAR PT 285 5, Sl P e 0 T A 9 Sy Sl T i B ( 32
RSB SZEE) , S Y B A o [E0E | &8 BB 2 1 IE . FIHT ArcGIS THAUE B, 1 i
T BUAT HL 1 Ml AT PPN 5 R R T, Al SRR ) DX A B L 2 R R B, DRI, A TR Al
B %, A AT BUX AN RIS B T8 B P o e 451 DL ] 2.

100 -

1% AHE R Village road
3 County road
jEProvincial road
& National road

15 A B Expressway
Yk HeFreeway

7 B Collector road

Y TF3&EMinor arterial
[ JEFEMajor arterial

80 -

60 =

Proportion/%

40 -

B2 VT AT XA R R R P o LA

Fig.2 The proportion of different types of road length in each administrative district of Xining
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B, i 2N 06) T AT #2442 i
N = (n$g...%x3+n[|,,¢ X2+n7m§X6+nﬁgﬂgug)(3+nagu_~ng3+n;§§X7) /24 (6)

Ko, NoAIE R EATRAHLEN 4 AR, veheh s n R TE B B AN TR Be N AT BE Y ZE T AR, vehrh L &
Ay U B AT 4R BT LN &l 3 .

T % FHiE % Village road
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=
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Fig.3 The proportion of traffic volume of different types of roads in Administrative District of Xining

2 5B 59718 (Results and discussion)

2.1 VYT HTE A R HERA T

L5 BN | R A E SRR, A AR THEEAS VY 7 R [R] S5 ZE #5442 PM o Fl PM, 5 Y
HEB R, S5 5R W36 2. 38 2 RW, V5 7 iR [R] 8 B8 B 19 4% 28 PM, 5 A PM, BYHETL R 25 S 480K, B
PR 2 it 0 R PR T Sl il g, He b BB HE SR T R, 435 0.60 gokm ! T 2.96 gkm !, FE
SR AR B T, 3R 1 R, A BRARA U SR T e B, Horh il . BB R 2 b TE R AR A B
AR, 55 ST 5 ey A B R G AR A B A AR, 5 Rl T AR A T, 3k AR
MLEEARTA].

®2 T IALAIE R PM,, FI PM, 5 BHERH F (gkm ™)
Table 2 Emission factors of PM;, and PM, 5 for various types of roads in Xining(g-km™)

FTiE WTiE . . . Bl iH R
P WRE e g meaw oma R B
Major Minor . Provincial County .
. . Collector road ~ Freeway  Expressway National road Village road
arterial arterial road road
PM,, 0.69 0.94 2.37 0.69 0.43 0.90 1.22 2.96 2.47
PM, 5 0.16 0.21 0.53 0.16 0.08 0.22 0.25 0.60 0.56

DR A IE . BT SR A S A AT SR B R A, AR ORI 1 B IR, S 2O
AR AT e, IR AR OR . T A T A U A RO, A R EL R AR RO, G B AR A )
ke, UL SRR, T 218 O T8 M PR G ) 2 BEAT 5 A 18] 5 A MU B 41, DR 2B B e B K.

ASBIFFEAT 30 T 3 % DR - HE R g SR> IRl > 3 T > PR e, 5 A T I A A S Y
HERCA 7 Lo, AR 3. 36 3 R W], WU i 5822 ii (2018) , AR, TE T L A PH T . Ui A
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HUTH T8 4 2 HER A - HE e LA — 2 1005 752271 (2016) 1938 47 A2 HERCH 5 HE P LA — 2, X
R RO AR R PG 2 T SR I V5 e s, PR L R AT SR, i ) 8 B A, BRAR T A% S R B
(4 2 HER R,

F3 VT HEBE R PM, s B PM, o HECE 5 AR T A

Table 3 Comparisons of PM, 5 and PM,, emission factors of road fugitive dust in Xining with other cities

. T e He A 7/ (gkm™) N N T e ) HEH 7/ (gkm™) N
52 'Xtﬂi Emission factors SCHROR IR it jL[-Zing Emission factors SCHROR R
Region Road type PM, 5 PM,, Reference Region Road type PM, 5 PM,, Reference
FFiE 0.16 0.69 FH 0.29 1.20
s ot 0.21 0.94 N o Yt 0.31 1.29 s
(2018) ENGIEN Jba X R 57 04
B 0.53 237 % 0.38 1.56
PR 0.16 0.69 PR 0.18 0.76
ETE 0.04 0.15 FTiE 0.38 1.31
KT 0.25 1.03 ) ) KTHE 0.55 1.89 )
(53 p - g2
(2018) ) IR P22 (2016) A W THHE 500
i 0.26 1.09 i 0.48 1.66
BN 0.03 0.13 78S 0.38 131
FFiE 0.25 1.02 FH 0.27 1.14
- W iE 0.37 1.52 s " W iE 0.29 1.18 o
Hr B g 20! i FH R
X 0.44 1.83 b 0.33 137
W - - PR [ - -
FT+iE 0.15 0.68 FT+iE 0.16 0.54
WTiE 0.17 0.70 WiE 0.17 0.57
R i e vl B R A
B 0.28 1.15 % 0.27 0.92
TR I 0.16 0.68 2N 0.10 0.36

2.2 IR HERGE
R HE PM, 5 Al PMy o HERL P DL & 4 3 2 25 508, 38 ad =X 5 o 80 05 7 i 3 I 4 4 PM, 5 Al
PM, o HERL IR, 15 4% 38 5 ST 45 A7 BUX T8 47 2 HECR:, L3 4 Fngk s.

R4 T FE IR PM, o Al PM, 5 HERCE O
Table4 PM,,and PM, 5 emissions from different road types in Xining

e PM, 5 PM;,
Roads type AEHERCRE/t DU/ % AEHET i/t DIHRE/%
Annual Emissions Contribution rate Annual Emissions Contribution rate
FTiE 69.42 3.65 260.18 3.04
Wil 88.64 4.66 356.89 4.17
3 130.81 6.87 526.02 6.14
PR % 37.51 1.97 131.09 1.53
(=L N 3 283.82 14.91 1526.42 17.83
ESBi-1 795.69 41.79 3403.18 39.74
Hil 76.02 3.99 384.41 4.49
Bl 8.16 0.43 33.76 0.39
EZRBiT 362.12 19.02 1693.89 19.78
Al % 51.91 2.73 24724 2.89

Git 1904.10 100.00 8563.09 100.00
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RS VTHAATBIX PMy il PM, 5 HERIE B
Table 5 PM,,and PM, 5 emissions in different Administrative District of Xining

IR 4P PV el
Administrative District AEHER TR/ % AEHER TR/ %
Annual Emissions Contribution rate Annual Emissions Contribution rate
WARIX 143.56 7.54 548.41 6.40
WX 132.20 6.94 615.23 7.18
BEPEIX 65.90 3.46 235.62 2.75
WAk X 84.29 4.43 435.61 5.09
i 691.54 36.32 3037.74 35.47
P ERES 335.30 17.61 1663.27 19.42
B H 189.93 9.97 884.90 10.33
AWl X 28.09 1.47 123.74 1.45
FA Il X 57.89 3.04 301.02 3.52
ZR X 43.13 227 158.64 1.85
HmE X 66.52 3.49 330.97 3.87
TEBIRT X 65.75 3.45 227.92 2.66
it 1904.10 100.00 8563.09 100.00

% 4 FH, 2018 4EVH T HT I 1837720 PM, 5 Fll PM, o AEHERCE 439120 1904.10 t 1 8563.09 t. Hirr,
T HE B B R, PM, s A PM o AFHERCE & HE 435910 h 41.79% F1 39.74%, 3 158 B 74 7 113 [ 38 J2 3 i 47 2
MY FBRUR. B T ELE | S R S RE R A, FA S AT [ 7 LI/ T 10.00%, SUASK R A FE1E
A A HE TR R T IR T T B, R DR R B ) A R R R T T o

&5 R, KE EAE AR PM, s HERCE K, 358 691.54 ¢, (7 4 RVHERCE 1Y 36.32%; H &
H LRI IR, 235 17.61% F19.97%. PM o HERIC R 3K Y 23 SR G B | s v LRI IR L, 3 5 o5
35.47%. 19.42% F1 10.33%. 7115 P9 P X A, 35 4R X R H IXGE B 4742 PM, s AT PM o HERCE 3R, 378
DX 3 AL DX TR /0N . 4 4 Bl X #4542 PMy s AT PM o B8 HE I B X 00N, 4 4 Bl X 4 2
PM, s Fil PM o HER & 22 F150 591 o5 4 T BGHE RO 9 10.27% F1 10.69%. 3% 3225 5 4447 B X Fel X A% 38 B 1
FEA K.
2.3 HEEHEEEE A

VU 2018 4F 12 > H A3 B4z 2R HEsc WL I 4. 18] 4 320, 3B B8 4728 PM, 5 Bl PM o HIETRCTE 34 4F
#A LA, mTFZR ., FHEE ., KSR, 4 H 8 K50 PM, s M PM,, HE

S Ll
TR FE AT 2200
1000 —
< 800
£ 600 F
)
£ —=—PM,,
g 400 —e—PM, 5
=
5
=
200 W
1 1 1 1 1 1 1 1 1 1 1 1 ]

PP TI
Month

B4 PUTinEs A S H PMy s M PMy, HERCE
Fig.4 Monthly PM, 5 and PM,, emissions of road dust in Xining
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i R Y 43 9 R 136.50—170.00 t Fil 638.49—745.75 t, H Z= PM, 5 Fil PM,, HEJ & Bl 7 178.60—
189.09 t 1 787.03—834.64 t, il M7 L HEC I S RAE L IUAE 6 0y, iRl fp 22 S B RN E N
PO iR iEIE 2 AR A RECL T 7 AM S A, i KT HABZSY, Wi S B ER.

i ArcGIS A4 P8 7 i 43 1 3 kmx3 km A 94K, GETHREA~ P A% N AS [ S8 9008 BE A B2, FR4h 678
THAATEUX 2018 4FA [F] 45 4% 38 #4722 PM, 5 £ PM o HETCIR 78500 A 45 285 U3 6 42 v o, T 4
Ak 2018 4FE3E 742 PM, 5 Fil PM o HERCE:, 15 205 77 1 A1 7BUIX G B 42 PM, s AT PM, o HElZS (7]
Iy AL WL 5. f I S AT, P T T I PR R TR PM, 5 R PM o B HE R S AR B0 A 2 ) A0 A AR AL, S
4 X BEAE | AR, A HERCE R, 4547 B DXCHE il 220 45 [ 3 o A, HECE: R e
b R R 2 AT ETE S S R IE L BB X S ORI R E SR HE R TR, (R KR
Ko B e v 1 LAY S [ HE R 5 AT, (G B R R /N T A, PR g ] e
iR 32 A e [ L

/. N ‘,Jfk N
e A e A
\‘H L “rn A ‘I 1
SR T S
N [3
manmE mEmmEr Ly {
g __) = 1/
NI = I 2
2 TS
} h | (
VTR f\ll “’()
I S $ y I
> ~ 5 . AN RN "14:\
\,’T_ v NENEEEE i ]
i 5 HH T T T
N gt . b
H ST {
N ! 'Y | P ) s T Sj -
PM, 5 emission/(t-a”") o :‘ ] 1 ) PM,, emission/(t-a™") \;ﬁ_ Sl
0.05—-1.09 - N Emn 022-5.13 = B
o 110-2.09 xf 5 14-9.99 L M
. 2. ;g—gfg 3 B 10.00—26.06
. 5.29—22.03 . 26.07—99.69
B 22.04—105.24 0 10 20 30 40km B 00 70165 39 0 10 20 30 40km

B 5 P47 i e A e s 8 o3 A

Fig.5 The spatial distribution of road dust emissions of Xining

2.4 N E ST BT

B B A0 ANH G T FR B R IR TR e gk IR R P E DL E K . AN R
PSR T A FE SRR T GIS M RTE B K125 112 2 i 2 A 0 0 B P 2 o 1) DR/ N R g A 4 8 1) oF-
Y G T RAS ) 45 18 ISR AS ZR (0 -2 4 i AR B far 2 A SR AR AR, X = A AN E
SO/ IN. 5 T B Y 42 0 — R 432 2019 AR L4845 3, i A —FR 43 A HR 11 3R B 2018 4F
F1 2019 AFFR 5318 B FEE, (HOR 2 I35 88 S i J2 S0 T TR B = 858, AR LA 42 i
R [ Sy /B MR S B, FC A A B e AR R R L i O AR, LSRR A — o 2400, H %
TR — B, AR ] BE ) G i A BT 25 5, WO AR AE— 5 WA 2 1

AWFFE R SRR 2 7k, fdi ] Oracle Crystal Ball 844, & 84387 7 96717 2018 43 #4720 HEL
TH FR I ANEA A k. 1E BEDLEIAE AL 10000 ¥k, 76 &5 X RIS 95% BYZ1F T, B4UA5 5] 2018 4F 75 711
T B2 PM, 5 Fl PM o N 28 P TS 23 501 4 -26.49%—51.11% F1-30.14%—30.06%.

VT A5 25 2 55 L At 3 T 3 B 4 2 HE O N PR A S A R, NP TR 2018 A IE B 2R
PM, 5 Fll PM o B AS B 22 P 89 38 Bl 2 5910 oM -63.1% —60.3% F1-62.5% —63.3% LA Fz i 73 1 2512016 4E
PM, 5 1 PM, o B AN 5 1 70 143 5910 M -31.8%—30.5% F1-31.3%—32.9%, AHBF5E AT & k5 76 22T f
BOUTTAH Y, YU,
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3 2515 (Conclusion)

(1)2018 4FPY T T & 4% 28 PM, s Fl PM o HEALE 43 31128 1904.10 t 1 8563.09 t, Hi 76 A [F 38 #E25
A rp B A FEEHRORIR, AT X T HE 3 AR TR R G B

(2) ABIE A5 20 38T 38 B HE A - HE Ry S>> 32 T i > P i

(3)PU T A B L HEOA Btk BB i m, HAE 6 J Bl s E.

(D) ZFRR P Ik w45 LR, 78 95% M9 HE 5 4 A Y [l N, 7 72 77 2018 4138 % 4% 2
PM, 5 Fil PM, o AT 72 138 BBl 43531 K- -26.49%—51.11% #1-30.14%—30.06%.
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