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Fig.1 Sampling location of atmospheric dustfall in Shijiazhuang City
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Table 1 Whole volume analytical method of elements

E Wik ik RIRES TGER LRIV
As AFS Ni XRF Cr XRF
Cd  GF-AAS Cu XRF AL,0 XRF
Hg AFS Zn XRF Mo XRF
Pb XRF Mn XRF

PRy 86 SO, MM F Y & S R R E I
B, BATRES R BWE /DN, As.Cd Hg.Pb,
Cr . Ni1,Cu.Zn Mo @ﬁﬁ@ﬁﬁ,%iig;%%ﬁj‘ﬁ
P, X SE TR A i 0 I, R A AR R e 4
IX 5 R PG A 3 i AR R A [R] 07 0 R A AR
2 = 2K . Cd>Zn>Hg>Mo>Pb>Cu>As>Cr>
Ni, B2 & R AR AR 1 N oo P Sl
IRE T RAARY 1.45 15, R LEOTRZ 3] Tl
15 9%, ATRE N Tl HE R I P 8 AR ACHE N e 2B 1Y
HaE R, 1M ALO, KO T E R I T L e Fik )
(AR,
22 TEREXMESH

4 8 T AR Z (A A AH S T UAT S0 46 R T 4

R A AR R 9 R IR S RS A 2010 AFR XA K
FET LU A5 R PR Ay I Sgil AR
A ISR ORFE T R FEAT TS IRl 4 A
e AR AU AR AR A OC R A RN (3R 3),
A T RAREA T IT R & B ARG R 00T B 2 o3
4 425.Pb 5 Cr.Ni,As . Hg Mo Mn S0 %R Z [i] 2
B IEAH G SR ATT Al BEAT AR [R) AR R, — B0 A
Pb VA4 R AUHE I B9 78 B T 3R 17, 2 38 B A B4 4 E
PEf R UR®, M As Hg R IERITR 22
Mo \Ni JC 3 W B 28 p R AR 55 5 o8 2 )[R
A LU KRR 1) Pb . Cr Ni As . Hg Mo ,Mn
SRS B GEB% A K, As 5 Cd Hg FFILRZ
) 5 0 25 IR AH G R AURE A Y As, Cd \Hg It
RIS, Ni il Cu Zn TR Z AR B3
IEAASE NI WA RRIE TR SR OC R Zn IR &4
FRAEPERROTR W, RIUPRAFEARH R Ni Cu.Zn
IR BRSBTS B A OGN, i 5 TH b BRI
AR, ALO; 5 KO FFICER Z 2 i3 LA JUR
R IR BT EEOR L ENURY)
2.3 EERATFSH

& 4 K (Enrichment Factors,EFs) s — > 2
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Table 2 Heavy metal and other element concentrations of atmospheric dustfall in Shijiazhuang City

JLH AL e P Pl FRif 22 A 5 R % T SUE ERE
As mg/kg 48~4738 149 13 8.13 54.58 95 1.57
cd mg/kg 0.23~362 11.4 4 50.14 4409 0.15 76
Hg u gkg 150~775 346 325 135.51 39.17 377 9.18
Pb mg/kg 483~312 140.3 135 50.85 36.24 22.56 6.22
Cr mg/kg 29.6~187 962 91 27.92 29.02 6521 148
Ni mg/kg 12~66.5 40.6 39 17.38 423 28.06 145
Cu mg/kg 264~167 749 69 26.82 35.81 22.95 326
Zn mg/kg 135~8670  1019.6 594 1466.31 143.81 69.63 14.64
Mn mg/kg 129~855 561.4 556 1282 22.84 588.89 0.95
Mo mg/kg 1.69~8.41 338 4 1.45 38.16 055 691
K;0 % 0.61~2.55 1.53 1 035 22.88 241 063

ALO; % 6.43~13.62 9 9 1.48 16.44 12.73 071

@b b BT A e b AR N RAEFTE 22 H A DI IR A 27 38 A5 41 35 (T8 i IR G R ) L 2009,
@ (1 EL T B AL A Hb 5T A5 e A6 4 T A A R G DI A A H R AL 2 AN RS 2010,
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Table 3 Correlation matrix for elements of atmospheric dustfall in Shijiazhuang City

AR FREL

JLH

AlxO3 K>0 Cr Pb Zn Cu Ni Mn As Cd Hg Mo
ALO; 1
KO  0367" 1
Cr 0013 -0.040 1
Pb 0.137  -0.137  0.551" 1
Zn 20.030  -0.087 0012  0.191 1
Cu 0.112 0256 008 0257  0.110 1
Ni 0060 0013 0289 04177 0655 0379 1
Mn  -0332" 0010 0742 04397 0120 0.112 0434”7 1
As 0294 0021 0471 0593 0082 0054 0298  0380" 1
cd 0018  -0.113 0322° 0294 -0022 0067 0043 0126 0.588" 1
Hg 0.181 0070 0159 0546 0069 0233 0132 0015 038" 0295 1
Mo 0.139 0268 0513 0483 0168 0187 0357 069" 0276 0072  0.062 1

Howox TR BEMEKCER 0.01, = Fn BEFEMKTH 0.05,
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e Cr .Mn Mo, BT Bk %8 22.233%; 55 — F 53 /& Pb,
: “ As . Cd . Hg, 5T Bk E A 19.363% ; 5 — F W43 /& Zn,
o ) A . " Cu.Ni, DTHKFE N 15.743%; 55 M0 F 5 & ALO;,
w KO, TTHR R K 13.109% ; 45 70 2 (4 [H 7~ 1 fif 3 A7 &%
! RE 4 fis,
. 25 XASBRLESETENZTEASH
P mmEeE e T ae e DA A L B AR ) R B A et A G T X 43k I
: - ———— MR, BN ESECE SR TPHEE s, W&
. ﬁ :jggL 5 LI, EaRITRIEAFIET KRBT
CH— fl\.},%ﬁ,ﬁ . ‘. T 22 5B KO As Cr Cd #BAE T XY ZR JL BB 1k
. FE X 33X 5 A Z PRI Tl X3 A A 5 kB2
! ’ AFREEEN T X FTfEd, KNS HERZH T
ﬁﬁ%ﬁ@@@@%@%%ﬁk%ﬁﬁﬁf WA, WA RN GABRTAEA A AREEk
#ae T ARERE ST AREKEH ST AR
25 %ﬂ HEF\E%Eiﬁﬂﬁﬁ%ﬁmﬁimﬁfﬁiﬁ\E%E
E: ) A Tﬁ@%é MEECAIE T A FKETEEGHI 25 % Cu.Zn Hg
- fige 2 A WA N A FETIT XA P4 R SR R (A X, e X T KRBT
o L e R P Tl X Py 3 A A R PE A — T RS
I TR S BRI A REREm R OGR4 X sy
A G N S S L e s YL 204 41 5 FETIT IR A 2 o T 0
was B MR, NI TG 3 & i A W 40 A6 4 A) 05
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. EEEL Mn Mo 76 T X #6925 At 395185 HF X 16 75 395 414 B 385 £
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Table 4 Results of principal component analysis and varimax

’ rotated loading for the atmospheric dustfall samples
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Fig.2 Enrichment factors plotted against studied elements K283 _2222 (;197 _2242 282(1)
of atmospheric dustfall in Shijiazhuang City i e e e ’
Cr 0.831 0.305 -0.040 0.043
Pb 0.459 0.645 0.312 0.036
DV 516 T 4618 o A8 BT o005 08 0ss i
Cu 0.095 0.093 0.473 0.441
o 2 sy NV S by 2

HFhryong kR, kT Zis T TR Ni 0337 0.096 0.833 0.001
Y75 2 KSR I T ok IR R B 5 e Mn 0927 0.043 0.128 0.033
AT R 92 075 AR 75 i 2 4 T A oxs om0 oms o
. - Cd 0.116 0.731 -0.148 -0.103

5E 0 2% X ANRE 5 ¢ T TS
EA XWX 51 PR Y 12 FOTR AT T He 0110 0763 0204 0083
53 BT (Principal Component Analysis) , Kl 5~ %5 [ 28 J7 Mo 0.785 0.059 0.244 -0.216
EMHERE IR HEVICT 1 MRFAE 44, EXPI 9 WE 26 234 Lo 1n
DTHR % 22233 19.363 15.743 13.109

= RY 4 17 TRk Y 0 [ vl o1 AN =)
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F5 AREWH AR ESETES B TFI9E (B mg/ke)
Table 5 Heavy metal element average concentrations of atmospheric dustfall in different
areas of Shijiazhuang City (unit: mg/kg)

A3 X Cr Pb 7n Cu Ni Mn As Cd Hg Mo
ZRABIX 107.41 145.6 723.73 67.22 29.41 579.53 17.98 28.78 0.34 4.37
PHbIX 83.79 128.05 1157.5 69.17 30.85 540.5 14.34 3.26 0.38 3.09
PR X 87.72 1229 21919 92.12 30.2 497 12.96 3.90 0.40 3.03
ZRFG X 97.53 159.53 822.46 86.34 31.77 558.77 14.55 5.22 0.32 4.12

X, X B XA 2 A1 S FE T A Tk X B e, He—
A1 EAR R DX e b | e — A 52 24
Pb JCE & i (B 8% IR 5 B 74 3k — 75 pig 2 W 1 n i)
e FR I KRR 52 PG A XU iR AR T
2.6 ERRERIEMBEN

Ik LA EARSCAI TR A T R AR
Pb.Cr,As Hg Mo ,Cd Mn n] 58 H A A ] /) ok TR s
S5 REML, BN RA BRSNS EMEK
)8 £ K NG % 1Y 25 8] 40 A AR R | ik
TCRATET XA ARALAB B T = (X, — B IA Tl Pb
EIRFERAH MR ER TR, W28 B b p R AR
HIRICER M As Hg BB /R TR | Bl X 25T
RIS E RS A G, FRr T AR
7R ,ﬁ%ﬁ??ﬂﬁiﬂﬁ/ﬁjﬁﬁiﬁ'ﬂn Cr .Mn Mo F1 Pb .
As .Cd Hg Cr A BB RHEERIRITERY, Pb 2
R RAHFBON R ER TR, 2 38 A YRR AE 1 A
SRICE MM As Hg 2R /R TR | HIlL | X 25t
R FEORIETHARG 3 | T BK S A AR
B, A T RAFEAR T Ni Cu ., Zn W] REHA AHIH
AIRTR , Ni BRI FREYE RO R, Zn WG &2
LR G LI o R RA BT Ni.Cu.Zn
TCR R S ABE S A AN, i85 T Al 22 SRk
AKX, EIF R X 20 R A — A E ),
BRI, AN Ni L Cu,Zn 2RI T HARE T A 4l
AR, RABEARTH ALO, 5 K0 & 5H &
EARE , BA BN & W1, Er k]
ATTEAG AR R A R R, = R R T 3R

345 i

AR SO A G T R AR A G SR AT TR
GERERW, SHmWREME, RAFEETESR
(Mn BREb) S 0 B Al e 308 2 R 5% 23 A 3 o
Hr, AR Pb.Cr.As Hg.Mo .Cd Mn F 2K T4

WG Bl B 2238 ;N1 Cu . Zn TR B 5RE s
KA 5 T Al 2 AR OG5 T ALO, 5 K0
FERIR TR X M (4 R ORI Y, EA B TR
wHAENT TR KL Cd Hg Zn 2 5] #
BTG R s 4, As Pb .Cr.Ni.Cu.Mo .Mn % #]—
SEFEE I E 4 ALO, 5 KO &S R S E
T A 2 B W Y AR KRR A T i A
A X5 T K I 4 AR A A
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An analysis of the sources of heavy metals in atmospheric dustfall of
Shijiazhuang City

CUI Xing—tao,LUAN Wen—lou, LI Sui—min,SONG Ze—feng

(Institute of Resource and Environmental Engineering, Shijiazhuang University of Economics, Shijiazhuang 050031, Hebei, China)

Abstract ; Fifty—one atmospheric dustfall samples were collected successively from November 2007 to November
2008 in Shijiazhuang. All dustfall samples were analyzed for concentrations of As, Cd, Hg, Pb, Cr, Cu, Zn, Ni,
Mn, Mo, ALLO; and K,O. The results indicate that, compared with the background values of soil in Shijiazhuang
area, atmospheric dustfalls have elevated metal concentrations on the whole, except for the concentration of
ALO;. Correlation coefficient analysis and principal component analysis (PCA) were performed and three main
sources were identified: (1) Pb, Cr, As, Hg, Mo, Cd and Mn, which are mainly derived from coal combustion
and traffic pollution; (2) Ni, Cu and Zn, which are probably related not only to coal combustion but also to
factory exhaust; (3) ALOs;, which is mainly derived from soil particles. Based on concentration analysis and
correlation analysis, the authors selected Al as the reference element to calculate the heavy metal enrichment
factors (EFs), which in turn further validated the source identification. However, industrally enhanced Cd, Hg and
Zn show maximum enrichments. Therefore, EFs shed a light on the level of human influence on atmospheric
dustfalls. High concentrations of heavy metals in atmospheric dustfalls are consistent with the distribution of the
industrial area.

Key words: atmospheric dustfall; heavy metals; enrichment factors; principal component analysis ; Shijiazhuang
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