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Abstract ; {Dust reflees the natural subsidence of pdrtldes "and is thus generally accepted as an important environmental indicator. Dust
heavy mgtals find their way into soil or water via atmospheric deposition, potentially damaging plants, aquatic organisms, as well as
human beings. In order to study the concentration levels, enrichment degrees, and comprehensive pollution characteristics of the dust
heavy metals Cd, Cr, Pb, Cu, Zn, Ni, Co, V, Bi, and Mo in winter in Beijing, 49 groups of dust samples were collected from
different locations within the city from November 2013 to March 2014. Heavy metal content ( mass percentage) was then measured
using Elan DRC I type inductively-coupled plasma mass spectrometry (ICP-MS). Results showed that the average content of Cd, Bi,
and Mo was less than 10 mg-kg™", that of Co, Ni, and V was between 10 and 100 mg-kg ™", while that of Pb, Cr, Cu, and Zn was
more than 100 mg-kg™'. The amount of Cd, Zn, and Cu in dust samples was generally higher than their secondary standard values in
the soil environment. The secondary standard excess rates of Cd, Zn, and Cu were 100 %, 97 %, and 93.9 % in urban
environments, and 100 % , 100 % , and 81.2 % in suburban environments, respectively. Results also indicated slight enrichment of
Bi, Cu, Ni, and Pb, mainly derived from crustal or soil sources, while Cd, Cr, Mo, and Zn, exhibited mild enrichment, caused by

"

a combination of natural and artificial sources. The paper proposes a " dust heavy metal comprehensive pollution index" model, based
on the traditional single pollution assessment method, so as to explore comprehensive pollution characteristics of dust heavy metals in
Beijing. Results for the dust heavy metal comprehensive pollution index in Beijing City were in the order of Cd >Zn > Cu >Pb > Cr >
Ni>V >Co. Cd, Zn, Cu, and Pb were identified as key pollution factors, with Cd and Zn as primary factors. Results for the dust
heavy metal comprehensive pollution index in Beijing suburbs was Cd >Zn > Cu >Pb > Cr > Ni > Co >V. Cd, Zn, Cu, Pb, and Cr
were key pollution factors, with Cd and Zn as primary factors.

Key words:dust; heavy metals; concentration level; enrichment factor; comprehensive pollution index; key pollution factors
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Fig. 1 Map of atmospheric dust sampling points in Beijing
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Fig. 3 Boxplots of dust heavy metal concentrations in Beijing
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Table 3 Pollution levels of dust heavy metals in Beijing suburbs
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Fig. 4 Boxplots of dust heavy metals EF values in Beijing

2.3 bR E S RIS A TR

ARSCRI 1.3.2 WA Ay« fR B }%'é;%/a\(s
PAREC XL & = KA BEARH V., Cr, Co,
Cu. Zn., Cd fil Pb %5 8 Fh 2 & 4 Jm@ 15 ¢ %L#ﬁé/?
B RARBNITE, SNSRI jtm[f“"‘
HERETGYRIL. RIERE AT SRS A5 YA 5L
() LT A, ZIchWer%;le:Eiﬁl:ﬂxB
RA&ZERFMBEDLF V, Cr, Co, Ni, Cu. Zn. Cd Fll
Pb %5 8 Fh EEHE 4 JE g YL %Eﬁ%%tuﬁ(m)é@
H— LR E(PL) | B Fi5 Y38 B0 (SPD) 1910 —
ERE(PL) | b RS E (1) 9 IH — 1k R 5K

(PL) . WA A AEB(E,) I — 16 R
(PL) LA K fe 28350 A b 503 XORIRR X 2 Z i 2

HhE A JE 1Y 25 T Y T8 B (1PL dhm)ﬁv‘%‘]ﬂﬂ%4
M2 s fran. Hrp, Mean fUEMAL T ESE S &
(SFIME, Hfimg-keg™'; BR AR ERED Eﬁ%é‘“
1P A 5 AH B 4 JE Y S S E A L
SPI AR P b 5 4 1 B IR 95 e 4 1, AR
Mo 4 8 R REE L K ﬁi%[ﬁk"‘i(ﬁ%’m
T A A R R B

MR 4 TR RRE , IR IX &R b
4R 1 S ERN T — LR (PL) HEF R Cd >



9 1

FRRKARAE . Ut & T TG m W R M is YN

4057

Cu>Zn>Phb>Ni>Cr>Co>V, HHt Cd, Cu fl Zn
B PLE R T 0.3, iX 3 FiEE &8 Edtmtmike
AL TG SR R A R Y 4, ILAh Pb
1) PLERT 0. 15, Rkt pEd bzt S 45
5 B e R AR 1 E 4 5 B PR e AR B 1A
—Ab ZE(PL)HEF A Zn > Cu >Pb>Cr>Ni >V >
Co >Cd, HH Zn Ml Cu B9 PL, (R FAET0.45, X
PR AN 4 e 2 A o T A A v T G ) BT R AN = 1Y
H4JE , LA Pb 1Y PL AR T 0. 15, dRJbnt ik
RS YL TTRRR S I T A SR M R AR RO
IH—fb 2% (PL) HEF 4 Cd > Cu >Zn > Pb > Cr > Ni
>Co>V, H¥1 Cd, Cu, Zn. Pb, Cr F Ni 9 PI, {H

PIAR/NT 0. 15, BT R IR X P2 v s Yefe BE 4%
FINE4JE, H Cd, Cu, Zn A1 Pb 7EE X F 2 s
YRR AN R TR AE AR S XURS FE B 3 —f R B
(PI)HEF N Cd>Cu>Pb>Ni>Zn>Cr>Co>V,
B Cd IO EE 48 1Y P (EI A 0.05, Cd J&
R DX R A M — Y TR A S G AR B = Y
e, BTN IR & AP E SR
ZEATT YA EL (IPL. dhm ) HE/F A Cd > Zn > Cu > Ph
>Cr>Ni>V >Co, JFH Cd, Zn, Cu Fl Pb f¥ IPL.
dhm {HIKT 0. 8, Btk brh B Y F,
Hirp Cd #1 Zn 79 TPL dhm {543 5753k 3. 00 F11. 97,
S A X R A A S TS e

R4 EEHREFRLESESTEGETNER

Table 4 Integrated pollution evaluation of dust heavy metals in winter in Beijing City
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Table 5 Integrated pollution evaluation of dust heavy metals in winter in Beijing suburbs

R Mean/mg-kg ™! BR PI, SPI PI, Lo Pl E! Pl IPI. dhm
Cd 2.0 19.8 1.00 0. 20 0. 00 3.6 1.00 599 1.00 3.00
Co 17.4 1.4 0.02 0.35 0.16 -0.3 0.13 5 0.01 0.31
Cr 128.3 2.1 0.06 0.49 0.31 0.6 0.33 5 0.01 0.70
Cu 144.9 6.4 0.29 0.48 0.30 2 0. 64 29 0.05 1.28
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Pb 93.5 3.6 0.14 0. 31 0.12 1.2 0. 47 22 0.03 0.76
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Zn 572.2 7.7 0.36 1.14 1. 00 2.2 0. 69 0.01 2.06
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