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Chemical Compositions and Source Apportionment of Road Dust in Yuncheng
WU Yuan-yuan', LI Ru-mei', PENG Lin*, DUAN Yun'®, WANG Hai-jing', LI Ying-hui’, BAI Hui-ling', MU
Ling'

(1. College of Environmental Science and Engineering, Taiyuan University of Technology, Taiyuan 030024, China; 2. School of
Environment and Chemical Engineering, North China Electric Power University, Beijing 102206, China)

Abstract; Samples of particulate sources in Yuncheng including road dust, salt lake dust, coal dust, soil dust, construction,cement
dust and vehicle exhaust dust were collected. Elements, ions and carbon species in particulate sources samples were analyzed.
Enrichment factors and potential ecological risk assessment were used to analyze the characteristics of road dust, and chemical mass
balance model was applied to identify the source of road dust. The results showed that, compared with other cities, the proportions of
Na (12.197 0% ) and SO;~ (8.597 1% ) were relatively high while that of Si (9.1123% ) was low in road dust in Yuncheng, and
enrichment factors showed that the sources of Pb, Cu, Cr, V, As, Ni, Na and Zn in road dust were obviously influenced by human
activities; the potential ecological risk of heavy metals in road dust was high, which was affected by anthropogenic sources such as
industrial production, the combustion of fossil fuels and vehicle exhaust; the profiles of coal dust, vehicle exhaust dust, construction
and cement dust were similar to those of other cities, the Na and SO} concentrations in soil dust were relatively high, and the
proportions of Na and SO}~ in salt lake dust were 30. 3% and 22. 7% respectively; salt lake dust was the largest contributor (53% ) to
road dust, followed by the soil dust (21% ), vehicle exhaust dust (8% ), construction and cement dust (7% ) , and coal dust (5% ).
Key words :road dust; chemical composition; source profiles; chemical mass balance model; salt lake dust

W 22 5 25 R T A AR e ) A 3, 6 T SR
T5 Y ) B H A5 R R SR e I T B
s SR I G Y UL oA Y e AT 2
E PN E B UM R UURE W) R Y5 Y o 5 B, T
il 22 A BRI Y R AUBURL) 15 e 1 I it L A R0
By A AT A TR L A B
TR (CMB ) 2 H i 92 fil FH sy AR 40 10 i A 2R
15 YU 1 2 Al 2 TR ( CMB ) A6 2 iy B 3
i AS B MR T S AR BT 5 ) BE R BERE.
T RS R A AT A Y M SR 7 XA
MRS L AR T AT

A B A A R T R ORI, B

SRR — DR (IR E#HUK R R
2 WL RS ARE) HEB W R (iR &, e nT
DI R 20 58 2 A J0kE ) i HE RIS, SORT LR A
A FR— 2R YRS T HE TR UKL ) 1 32 AR L2 BCRRAE
RS IS W T PR 2 B A IR (AR E T AT
FOREE T YT 8 B4 2 J 5 i — A P HE
(ER . HEEXIPE | ML FERA A #5klet
Wi BHEA: 2016-09-18; 1EITHEA: 2016-12-13
E£WH: EEKALRRESTH (41373008 ) 5 FR A KBEES
FAERIEIL AT H (41502324) 5 1764 & &2 R A1
HiiH (2015136)
EE BN, RIBE (1991 ~ ), 2, WM, EEPFR T K

KR EE5 YL, E-mail ; wuyuanyuan0692 @ 163. com
w WEVEH , E-mail ; duanyun@ tyut. edu. cn



1800 AN 5%

B 38 %

RN ) | 308 3 P 1 1) O X 20 0 o o A/
F 10 pm BRI, M HOUER | B DA SCRR SR
IS B K I AR B (CMB ) A5 Y fi Ay
TR RORIR, DU a2 sk if B B4 2 15
JARPERL AR | (R S iz 3l vl R ) ok 5L
Hrdf BERE A Z .

1 #B5EFEE

1.1 FESCRES A

AT 2016 4 3 H RS WOE 7L 3
Wiz IR BRAy  E#SUKe R ML
A AL 6 JREM.

R R R S A Tas ki X AR 74
L b, R S AT BT 6 SR FE A
B ETHIX F A B (R AR, FE T, )
B B 1 A, A S LR A 2 Tk R
A T HAE N s G ) 4. R A RAE S L,
ARG E B K W Bl | Sl B KR, Sl
A ER K R 20K, BRI A4 N, 48
250 g ZiA , HoRAR 30 ANFEAL  HE SR T S R IR
AN DT LR FE, LA 3] 5 MR AR S I
K.

AR ¢ X — YRS SR a0 T R R A R A YRS
IR T ER W T8 W XA RS ), A =R
PR 750 PN i R T80 =2 — TR R 132 km?, 3 R AR
151,32 AR 5 5 3 T DX UL 2. A B I
DR R 90 30 %) G 5 A DX B A i, AR iR 5 S A
B, FERRASRAE s L, B 4 b 3R 78 55 (0 o S
ER NI AT I B ARAS D, A% 250 ¢ A AT,

»z

it
o RS

SREEEA 1 ~6 FEIRAE 1 REESANLT ~ 12 HENREE2;
SRBESAT 13 ~ 18 FHEITREE 35 SRERSN 19 ~24 HEIREE 45
SREE A 25 ~30 15 FRAE 5
Bl EERFLRESACRE

Fig. 1 Location of the sampling sites of road dust

35 AR

TP A A I G XA i 20 km 7 FE
SRR B b S XUTa) AN R B ES I He Mg 4k
AU VRIS TEREA R A L SRR 12 250 ¢
A6 DAL, W, L db b B 6
AR

R 24 28 5 B TR ) L T 1 UBRE A R R Y
AR B RIS SRR R R ) Tl B
(HT) , [RIE20 SRAR BR AR 25 N A8 R 38 < v )
2B 313 AR

3

2 EEHRMEEETRAERE
Fig. 2 Location of Yuncheng salt lake and Yuncheng City

AFUK IR 43RBT KR A A 2UHE
AR (1A TSR (1A R s T b Te
BB IR (2 4Y) , 3 4 ANFR S,

lah RS M L FHER R e
TENR AR BERS  FEIE 6 FasFT 3 h A2 47, FH BBk g2
LBl R AR R AE 18 AMFEA.

MR SRS AR AR S, 18 IS0 = 5 A 4R
T, B R AR dh i 150 B (R #brMETR 150 H =
0. 104 mm ) A ASEE A0 , Fic BE B ROKE 3 0 I 10 4528
FES AT I EATIRAE (i RO 1 P2 I7 R AL RS | R] B
FH B N 5 € B ( Whatman/90 mm ) il £7 J J& I
(Pallflex/90 mm ) FATRER AL 10 wm LLF (PM,,)
VAR i, ELAR 1 DL SR [ 8 1. SR A5 B K A o
FOrHT , A L UE RS AR B T AR 4 AT

HEAT R FEB T R AT, R A 945 D8 R LA
60°C A4 T HE2 hy AP UE BB T AL, T E
H1(450°C ) KA%E 4 TR 8 I %) 2% Jo AN & 43 XF
TR TR A3 M7 485 S () 35 T . 35 S L 06 I e A A 3R
MR AR T 24 h JF T 70 2 —RFFRE ek
GO (A 45 IR R (25 1) °C . MIRHRIE K 50%
+5% ). KA S U8 B AE R A 25 0 R P s R,
IEH G1. G1 = GO B ki B JoT SR 4B 1 S0 ) o



54 RS ;12307 B4 A A 2 AU IE B R B A 1801

1.2 KT

i 1 5 [ B 23 & ICP-9000 (N + M) 45 g
TR S HEREAL S M 17 FhEHLICE :Na, Mg, Al,
Si,. K. Ca,Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zn.
As. Pb; R i+ 738 861 U B 1 (4 3 AU X AE i
HOKEEHER T €17 NO, | SO; ™ . K #4755 & 57
B, AR B AT Ak B 1k Ko M 1 S O SCk
(9, 10].

SR (TC) A HLER (OC ) Y R il FH 5% [ v
WFSEFT Y DRI2001A HY i 73 BT A3, AR5 17 5 125 WL
SCHR[ 1],

1.3 EHERTFIE

® R T (enrichment factor, EF) 7] F 5T
JCRTEE L i s SRR, NTRAIT R M A
SRR ( HHERID 2R ) TR IR . et — Al Xt
WHEREMILE c EAS IR, F NS LR
A Ti, Fe, AL FSi HEARWTF .

(wi/wr)f&ﬁ
= Cwl/0) na ()
K EF, A B RN T, o, o, 5508
B IGE | MBS TR NRE MG o) o
SRS R G (IS Sl R ITER | S
TCEM TR 25 EF, <10, AT EMX T2 1
REAREHE, FEORWEN AR, h 55 A Kbk
B 47 EF, 7810 ~ 1 x 10 {5 [, CH e R E 4, =
FRIF R A
1.4 WRAEA SRS i i

VERAE A 25 U 43 W 2 LA T 38 = i Ry 6 AR 4%
1, BT R h & R e AR S A EIRBU(RD) 548
TGPRRREIEMG, HEM e BE A SaELSR
FnApES R BTN R

ol =2 (2)
(L)“

E =T - o (3)
RI=SE =T o = 27"(‘;’— (4)
K, BB i R EIENTE R R0 MR
550 AhEE A JE B Y T A B, me kg T s o)
5 T AR R A S, me kg T EL RS
FhEE & B RS RS RS T N fhE SR
AR R, S L 7 T 7K S R A e LY e )

JENE s RT S 2270 4 i AW 7 AR S XU P 4L

1.5 fhf i P A A

Ak 27 5 217 ( chemical mass balance, CMB) 1%

EF,

T — AN T R W, Fon R Rl 22 47 19 52
A 2 25 T4 b HECIRZE B 0 1% v b Ak 221
) 5 g 1A Rl HE O IONS 52 4% 14 Tk vk L e AR e
GRS SR i U

S, (5)

J

J
p:
=1

~.

J
pi= 2 (FyxS) (6)
K, p Fp 52 VA3 B 4% 28 v 8 5T vk 2 ) 1
pe-m 5 HIERFE T VRS BHLG S, Ty j TR
KTTHRA TR L, wg-m ™ 5p, N2 ARH BT
A2y 0 A BT BE I M, pg-m ™5 F 2 j A
IR Z R e e 5y | TR 8 g7
A5 BB =T i), 2 (6) A IE, A RE
RAG S FARAE R (7) RAF j IR R 4R
(m;,% )

S.
m = ;’ x 100% (7)

2 HR5ITR

2.1 GHB AL SRR
2.1.1 EBHARE R

IR 3 A AT L 1. T B
KT 10% HIAL2-4155 K EN/ MK IR A Na > TC; 78
1% ~10% Z [8] 9 Ak 2 20 53 POR BI/IMEIR R < Si >
SO;” >0C > Ca>Fe > Al > K > Mg; /NT 1% k2%
HAAMRE/MER MK >NO; >Cl™ >Cr>V >Ti
>Cu>Pb>7Zn>Mn>Ni>As>Co. AILLEH, Bk
a7 W22 B L7 20 &K (Na, Si,
Ca, Fe, Al, K, Mg %) | BkFiZH 4> (TC, OC) LA
SO;” M.

T BRA WM TS5 HA 4 Sk (-
i 7 | = S i R el I |- 11 £ /R N e
AR L. H 2 1 TP B T, B R T T B
IPRE I Na 1 SO~ S, Si Fr i AH X AR Y
FRAE. 23R T I8 B4 L A2 4 rf Na (3 50
o T A 4 AT, 3 AT REJE: R TS T A TR
JEER WL XHE B A7 A BRI DTk, R A fh a2
B Na i, P EGAE M AT Na B,
BT A 4L SO; MR B & T
i (A 3 AT R IE SO Fra) X AEREN
BRI R B R A AL, e b SO M R
L, FEGE B T SOL B A mEK; T4
AL LURAE 2. 2 W ERARALR. 1B T 1 Bk 2



1802 2N 5%

Bt 2% 38 &

Si 2 B AT HA 4 AS3kTT, X 0T BB i TR
22X FEA7 2R 1R TR E B, AH L 0 55 T 4
TP (Si A i ) XHE B 2R i sk He . K
Ca, Mg, Al, Fe, Zn, Co, Mn 1Y% &5 H ALK T AH
M9 Pb, Cu, Ni, Cr, V. TC & % H il
i,

AR USRI B B e TR %
N iEsgm R B - 2 3EH AL, Fe 5K Si /EN
SHILER, Al LA B Ra e FLJ& A RS 1 e i I
TS Ot E S ORI AL E NS
TR, Su BT sl NI E A 2 5 ()
FRCEIME, S| BRZREF ) Y RIE A (1), 3T
Bz ML T R ILE 3. ]
A AT EERF/NT 10 MITEA Ti, Siy
Mn, Co, Ca, Mg, K. Fe, I\ AXEITTREAZE A
HIRBYFZ BN FAE 10 ~ 1 x 10* JEEIITE N
KEN/NHERF R . Pb>Cu>Cr>V >As>Ni>Na>7Zn,
RIS TE R R IR B A2 B R E S se . &
T RTI0M9ITZFE o, PhJt BRBE SR i €K Y

AT, Cr BRI TS A R L
e Tl il i > v F BRI | Arihss
BRELIREE > As SEBORIETA (04 JE 1A 1 Sk
WRBE =200 NI SRR R TR R R S I G R
AP AT DLTE B h R AR TS T R 5 4 Fh
Tl A= | REHIREE | PLBh R HEI AR 5C. T Na
MR AN TRT 10 BITR, 45 G W Hkr , iE
HEAH Na 1955 AT BEE 28R W AR A5,

120

100

80 |

60

WA T

40 L

20 | I/l“.i"]ﬂ I:
, -II

MnZn Cr CuPb Ni Co As V Ti Si Ca Mg K Fe Na

E3 ZHhEERHEFTENERET
Fig. 3 Enrichment factors of elements

in road dust in Yuncheng City

x1 EETEBRHLUFRSIESEMMHELLEE %

Table 1 ~ Source profiles of road dust in Yuncheng City and four other cities/%
TiH iz fnt(iz (LR et T
Na 12.197 0 0. 441 1 0.7856 1.3921 2.2576 1.1800
Mg 1.0645 +0.3706 0.8893 1.3417 1.1199 1.560 0
Al 2.2123 +£0.9655 2.460 6 4.7334 3.986 0 4.9900
Si 9.1123 +1.023 2 18. 285 21.1140 — 24.8700
K 1.6475 +0.170 2 0.846 4 1.443 1 — 1.400 0
Ca 4.8652 £2.9015 5.7722 6.601 1 5.2361 6.690 0
Ti 0.097 6 £0.107 1 — — — —
\Y 0.0989 +£0.057 2 0.005 4 0.005 8 — 0.008 0
Cr 0.1353 £0.094 0 0.009 5 0. 009 6 — 0.0200
Mn 0.0338 £0.0104 0.079 3 0.0501 0.0556 0.0500
Fe 2.6040+1.5407 2.3458 3.0990 2.968 3 2.7800
Co 0.000 7 £0. 000 4 0. 001 0.0010 0.001 6 —
Ni 0.0332+0.0155 0.002 5 0.0029 0.007 2 0.0050
Cu 0.0757 +£0.0377 0.006 3 0.007 4 0.004 3 —
Zn 0.0434 £0.003 3 0.017 3 0.0301 0.016 3 0.0200
As 0.0121 +0.068 1 — — —
Pb 0.0562 +0.322 1 0.007 4 0.0104 0.0126 0.0100
TC 10.1739 +1.3225 2.002 — — —
ocC 6.2335+0.9366 1.293 — — —
Cl~- 0.2752 £0.0955 — — — —
NO; 0.2037 £0.0254 0.1467 — — —
S03~ 8.5971+1.2332 0.0732 — — —
K* 0.6544 +£0.211 1 — — — —
2.1.2 BB PSR BT SR Cu, Pb, Ni, Co. As ZEFTHAEAE S MBS R AEPEAY

R HE Hakanson E"Jﬁ?‘f“” VTR A 7S XU 2
FEFRH LT 2. ARWFFTNT 8 FhE 4 )@ Mn, Zn, Cr,

HAPERBOMIN 1, 1,2,.5,5.5,5, 10, 00K "
SEBONTEE A J2 13 5 (RECr ) . R
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Table 3 Potential ecological risk index of heavy metals in road dust of Yuncheng City
g Mn Zn Cr Cu Pb Ni Co As SR TEAE S KR 4L RI
WHEE € /mg-kg ! 554.0 75.5 61.8 26.9 15.8 32.0 9.9 9.8
BEERET. 1 1 2 5 5 5 5 10 —
PP AR S R R 4L EL 0.6 5.7 43.8 140. 7 177.8 51.9 3.5 123.5 547.6
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(modified pseudo-inverse matrix, MPIN) % [% 2 Jz i
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PRSI MPIN 4E B4 Horb MPIN 28X {E 1 i C R Al
R RBOTE W EAH NI FE TR, HR 4 7]
W, AL SR IR AR AR T AR, Si 2 am Il 4 X
AR RYHFIE, Ca Sz U SUK YR AR IR IE TR, TC
RIB BN RS FHETT R, Na 21z R i 4
RYFFEICER. AL Si, Ca, TC, Na SJCERFEIH
ARG, TR A | HIERGD A | K
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Table 4 MPIN sensitivity matrix of main particulate matter of Yuncheng City

LSy B e R feckii Sl P RAE i
Na -0.03 -0.11 -0.20 -0.20 1.00
Al 1.00 -0.14 -0.25 -0.14 0.19
Si -0.21 1.00 -0.02 0.30 -0.78
Ca -0.38 -0.37 1.00 -0.09 -0.17
TC -0.02 -0.02 -0.01 1.00 0.01
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CMB2. 0 #E 71, [R] i 2 T2 W CMB B8 (1 4845 4R
JE | IO i N\ S AR P47 2 A2 4 53 vk R Y b o
% o, UMY BB 2 o,
Al,  Si, Ca, TC, OC, Na, Mn. Fe. Zn., Cu 3£ 10 Ff
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Fig. 4 Source profiles of particulate matters in Yuncheng City
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Table 5 Source apportionment of road dust in Yuncheng City
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