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Abstpact Road dust* samples were collected from four dlfferent fanctional areas in Xi'an Clty, i. e. , anseducational area, a residential
area), la park areay and a' traffic area, to study: the influenee” Of___mfénslve human activities on local urban environmental quality. The
contents of €u, Pb, Zn, Cr, Co, V, Mn, and Ni in the maller than 63 wm road dust particles were determined by X-ray fluorescence
spectrométry, and the pollution levels of these metals were assessed by a geoaccumulation index and a pollution loading index. The
possiblé sources of heavy metals measured in the dusts were identified by multivariate statistical analysis methods, including correlation
analysis, principal component analysis, and cluster analysis, and the contributions of each source to heavy metals in the dusts were
apportioned by a principal component analysis-multiple linear regression receptor model. The results showed that the contents of Cu,
Pb, Zn, Cr, Co, V, Mn, and Ni in the smaller than 63 pwm road dust particles of urban road dust from Xi’an ranged 14.2-96.9,
23.5-206.1, 20.0-899.4, 122.7-262.8, 7.9-14.2, 48.7-71.5, 274.0-448.9, and 22.4-62.5 mg-kg™', respectively, with
averages of 46.6, 97.4, 169.2, 177.5, 9.8, 57.1, 337.6, and 29.3 mg-kg™'. Compared to the element background values of
Shaanxi soil, the finer particles of road dust from Xi’an had elevated contents of Cu, Pb, Zn, and Cr. The finer particles of road dust
from Xi’an were unpolluted by Co, V, Mn, and Ni; unpolluted to moderately polluted by Cr, Cu, and Zn; and moderately polluted by
Pb. The assessment results of comprehensive pollution indicated that the pollution levels of the heavy metals in the dusts were mainly
unpolluted to moderately polluted. The multivariate statistical analysis results displayed that Cr, Cu, Pb, and Zn had significant
positive correlation. These metals belong to a principal component and a cluster, whereas Mn, Ni, V, and Co belong to another
principal component and cluster and have significant positive correlation. Considering the content characteristics of heavy metals in the
dusts, these results illustrated that two kinds of sources for the heavy metals studied existed for the finer particles of road dust from
Xi’an, i.e., Cu, Pb, Zn, and Cr mainly originated from traffic sources, whereas V, Co, Mn, and Ni were mainly from natural
sources. The contributions of traffic sources and natural sources to the heavy metals in the finer particles of the road dust from Xi’an
were respectively 56. 7% and 43.3% .

Key words: heavy metal; pollution evaluation; source identification; receptor model; finer particle dust; Xi’an
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Fig. 1 Sketch map of road dust sampling sites in Xi’an City
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Table I ~ Summary statistics of the heavy metal contents in finer particles of road dust in the different functional areas of Xi’an City
(A= IiH Co Cr Cu Mn Ni \Y Pb Zn
e/ MHE/mg kg ™! 7.9 124.3 14.2 274.0 22.4 48.7 23.5 20.0
KA/ mgkg ™! 14.2 241.9 60. 6 448.9 62.5 71.5 162. 4 899. 4
353 X FHE /mg kg ™! 9.8 178.0 47.1 333.1 29.2 55.9 92.4 168.3
FRifE(w 2/ mg-kg ! 1.8 21.9 11.2 36.2 7.5 5.4 28.8 149. 4
5 B P 18.1 12.3 23.8 10.9 25.8 .7 31.2 88.7
B/ M/ mg kg ™! 1.5 145.9 4.5 362. 8 33.9 61.0 91.1 145.6
FeKAE/mg kg ™! 12.8 197.0 50. 4 390.9 35.2 64. 6 139. 1 179.7
R SEHE /mg kg ™! 12.2 171.5 47.5 376.9 34.6 62.8 115.1 162.7
FrifEdR 25/ mg kg ™! 9 36.1 .2 19.9 0.9 2.5 33.9 24.1
AR % 6 21.1 8.8 5.3 2.7 .1 29.5 7148
/ME/mg kg ™! 8.3 139. 4 20.5 319.2 24.7 52.8 157945/ 75.0
KA/ mg kg ™! 11.8 - 228.3 65.2 391.6 35.0 70.5 206°1 S 2726
AFIX SEHE /mg kg ™! 10.0 [ #178.6 42.8 3438 17 30.3 ) 603 110...;'.“-"“' 16T 1
FRifER 22/ mg kg ™! L3 31.8 15.1 29.2 4,21 .5 4977 .;,.f' 73.0
GATES ) T340 17.8 35.2 8.5° 138 1 45.0% 453"
Be/Mi g kg~ [ I s4 ™ 2.2 23.2 3028 ¥ 230 ) 527 46.9 2.1
Ty okt e kg ! S5 9608 96.9 T 846 A 637 1641 415l
I T gl ! U8 F s wme 3w | 28 | 510 99,2 e t78. T
) ﬁjﬁ{?ﬁé(%.kyl " 2 5.3 19.7 .“él.f 3. 4 3.9 3835 116.1
2 5 R AU % A0 J 20.0 41.3 6.4 12.2 6.9 38.6 63:2
i UM g kg ! ¢ e 1227 14.2 274.0 22.4 48.7 23.5 20.0
7 W\ B e epd \ 4.2, | 2628 2 96.9 448.9 62.5 “71.5 206. 1 899. 4
% TIRIK 4T/ me ke ! © 98 TugEs 466 337.6 29.3 57.1 97.4  169.2
P AR R mg kg ! L6 = 263 13.6 32.6 6.3 5.3 4.2 129.0
5 F A P 16. 1 14.8 29.1 9.7 21.5 9.3 35.1 76.2
B2+ B/ mg - kg~ 10.6 62.5 21. 4 557.0 28.8 66.9 21. 4 69. 4
ARG FR IS0 200 S KRR 0255 TRE ST e T K AR SIS AL R X s

Cu, Pb Fl Zn i FEZH] Tk sh K a2 m HER
Wi, Zhou %5 (RIS KB B BT <63 wm 1%
YUIFRE K 2 Ph A Cu Y 2445 543 1 oA 2 099
mg-kg 11 038 mg-kg ™", J2& PG 4 I X [ 41 0k
JRA2H Ph Al Cu 34 A A 21. 6 F5 A1 22. 3 £%5. i
I T AN ORI A2 R Ph R Cu YR R S5 %
TR TGS A G # BhEAR AL X A — A~
BTV, A W K BRR R ——# 7 5
SRR R TN I Bl 2 A oMl S i T B A R
JKAX Ph A Cu A FE A Han 4500
T 2008 A8 {4 V4 22 T 38 [ A S0RE K A2 Cu | P
MzZn ¥ & & (40 Rk 71,6, 117 F1 253
mg-kg ) LI BB TAUKE AL R P A

ARIR], CA BB 585 it A S AT 5. Han 2600 &
T1998 2001 FFEATIRBERAE 18 B K ASRE i 2

FKAVTLTH Tk X | @k X, 5838 X AE R IX, R
W R S XA B S X, 2005 4R 2 )5, P8 44 T 3 X
PN KA B i A R A P B AL kiR
J ARG Yl A5, ARSI IR AR AR SR H PR
TR X | SCHX | B e X R R X SR A X
RFFT VAT VG el SCEEIX A I AH G R X
I T2 el 5% IX 5 5% X 447 () AL B0 4 K Ry iite 25 Ik 55
(LB ZEA0 , At 2 AL 2 A kB A 28 i i
1. 5340, WLSh 2505 o A FH A AR ek J5 30 4 ok th A5
27 0A AR, UM B AR A N 2R AR Ak T
AR, 10 K] 2R 2 o PR I et A R )



3130 AN 5%

B 39 %

F 1 Bon, PELE T[] D) fi X i A 0k K 24
HESEITE BAAFEMN & EAZMRE. Cu 7£3
WX R DRSO X i 230, il v T A el S IX
HEBBABEEXHE XK (BT R =
41.3% ), MifEfERIX /N (25 7% =8.8%). Pb
S EAEASE XA T HoAts 3 D IDREX, Hof A kil
FITE N el 5 X e K (A8 57 R B =45.0% ), FE R R X
B/NAESR RE=29.5% ). Zn WX & B 7E R R
DX el 5 DX AR T S0 # IX R A8 3 X, He 3 AR Akl
FEfE R X (ZEF R =14. 8% ) /N T B X (728 5
R =88.7% ), LHIX (ERFRE =65.2% ) N
Pl S IX (A HRB =45.3% ). Cr &AL 4 DIIfig
X, Co o 7E i R IXAS i T HoAMh 3 TR IX,
HILA AL 7R 2l X (AR 5 R =18.1%)
i A 3 AN TIREIX. ACHE X Al S R SCHIX
Mn Fl Ni B & f i, A T IR X BT & s
ARG R AR A8 X K, TR R R X /. V FESS
3 DRI SCELIX A R AR T R A el I, 4%
AIIFEX H Mn, Ni, Co, V P& R T ol Bem
HAHR B PE £33 S l, Cr, Cu, Pb I Zu B

i U] PRI S Cull Pb | Zn A Cry

ﬁzj‘?iﬁﬁFﬁiﬁé‘zﬁﬁi[s 16.32] ,H\:SIZ}’J/;?E | :@?{
4 Ae i DT 85 B IS 4K 0k e S ('5,0"'1.,‘3
mgkg ) > X (496.8 mgekg ') /> % il %

4 . (a)
R HE 5 3
3 *
i l
2 (]
& ek g 35 34 °
=L %
E BiEER o %
2 oo0r
Jois e )
T S B
7
oL
-3 |
Co Mn VWV Ni Cr Cu Pb Zn
4z

(493.0 mg-kg™') > 2CH X (485. 8 mg-kg™'). AN[H]
TIREIX Cu, Pb. Zn il Cr & 1 Z FIR 3 22 53 7]
SR K TR A O, SCl IX A R | %
R, AT B A P AR B A 9 T T A
S T B B A AP R o S5 BT 7 A A e T R TS
Y B RH 25758 23 20 ORI 22 TR AT B 4 4 < i e 3
T R B B AT XA b Dy T S XA R X
AR, Uiz s L, 23R s/ [RImE, 3T
X | AP S X R R DR A I Ak — 2B I T
MBS JEE |, i 64 2 (e (01 J5y s HF i S dm v g Bz
R AN BORL ) 7 A2 TR, T i 1T SCLIX
A el DRI 8 DX T S 240 DR 212 P o < Je Y L £
2.2 VUL IE PR ARURL K A v 4 R TS Yk

VG2 T 3 B A O A4 v o 4 S 5 e Y AR 2R
RPN AR LK 2(a). FrARRLH Co, VAT Mn
) B SRR HOR 98 %0 ROAE i T Ni HLBUR 184K <0,
SPAEY. Cr. Cull Zn F1 Ph i1 A S8 B A
SRR, LG 0,39 ~1.49 . =1, 18 ~1.59
2,38 ~ 3 ALA 045 ~ 2.68, F 57 (6555 K
0.91, 0.47) 047 FH1. 51 B fieh Cr, Cu FLZnt:
B PR Y T RD LB U Y Y

VS YBR[ 2 (b)) (P2
T3 % 40 0K K 40 R T 4 R 0 75 YL T TR BN
0.87 ~2. 05%@@7@1.51,%}%%&7%?&. A

100 #

® 7
Tois R R R s b R B
80 |- .
S o |
= :
I-j;
£ ol § ! |
20 | if' é
0 ! 2 3
R RO R

E2 E£RBFEINER
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Table 2 Correlation analysis of the heavy metals in finer particles of road dust in Xi’an City

Co Cr Cu Mn Ni \% Ph Zn

Co 1

Cr 0.110 1

Cu 0. 169 0.744 7 1

Mn 0.677 0. 142 0. 251 1

Ni 0.771** 0.342* 0.412 ™ 0.776 ™ 1

\% 0.758 ** -0.063 -0. 069 0.726 0. 705 ** 1

Pb 0.484 0.599 ** 0. 644 ™ 0.578 ™ 0.728 ™ 0.320 " 1

7n 0.366 ** 0.571* 0.707 ™ 0. 496 ™ 0.625 ™ 0. 182 0.777 1
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Table 3 Total variance explained by different principal components for the heavy metals infiner particles of road dust/®" / |
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