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A study of the spatial distribution and source of heavy metals in urban soil in
Shijiazhuang City

CUI Xing—tao, LUAN Wen—lou, SONG Ze—feng, MA Yun—chao

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

Abstract: Two hundred and twenty topsoil samples were collected successively in Shijiazhuang City, Hebei Province. All topsoil
samples were analyzed for concentrations of ALO;, As, Cd, Cr, Cu, Ni, Pb and Zn. The results indicated that, compared with the
background values of soil in China, metal concentrations of topsoil have increased on the whole, except those of As and Al,O; in
Shijiazhuang City. Correlation coefficient analysis and principal component analysis (PCA) were performed and three main sources
were identified: (1) Pb, Zn and Cu are mainly derived from industrial production and traffic exhaust; (2) Ni, Cr and Cd are probably
related not only to industrial production but also to coal combustion; (3) ALO; and As are mainly derived from soil parent material.
High concentrations of heavy metals in topsoil are consistent with the distribution of industrial areas and traffic distribution.
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Fig.1 Distribution of the urban soil samples of Shijiazhuang City
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Table 1 Analytical method of elements of the whole volume

- Khps o B
JCHE ainik IS S ¥ TWIRFA
/(g/g) /(g/g)
AlLO4 XRF 0.05 Cu XRF 1
As AFS 0.02 Ni XRF 2
Cd GF-AAS 0.03 Pb XRF 2
Cr XRF 5 Zn XRF 4

P IER A7 S R BUE 50%0A |, Pb . Cr Ni 1
A5 5 ZRAUAE 20%~40% , HUA Cu s 78 57 R B0V
T20%, R T AEA R Y Cd Zn & A BRI
ZE5 A KRR R Cu it oA LU P, [R5 [R]
() e TS S AE AR HE , X BE T 2 0 3 e,
AN TR R BE 1 6 R, 3 55 ) Py R A 3 T 0T 5 SR AH
6], TR T S AT R & R i 2K
¥Jh:Cd>2Zn>Pb>Cu>Cr>Ni, KT 1, %X
ST R Z BN R A, T REE S A K Tl
TGS T e i AR
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4 JE JC K 2 8] B A DG T LA Sl dE o
& & WA R ) R IR G E B s 1% . MITZE G
PEAT R (R, AF T HEPESIR TR
FRAER BT R R 32K cu SHME 48T
R AR A IEA R, 5 ALOs AN ETEAHIE K
A5 Pb Zn A E BB, R EATT RE
HA MR AR ; Cd TR R S As NMEEM LR
Hb, 5 A 4 R ARAEAE B EAHOC R P 5 NI,
Cr B IE R EGAF] 0.752 F10.869 , 1% 2 B X L6 4>
J& T RE HLAT AR R R TR 5 ALO 5 As TTRAFFEIE A
KRFR R As TTREFIET B SRR
2.3 TS S

PR 743 BT 2% BE A8 AR e b g o0 3R e R AH O
WU 4325, Tl 5 45 R P I REAE T R, )
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ERITN L7 DR NS RIS e 3 Y SRR R
W TR A ISR AN S A e R s AR 2 [R] ) A
HXF, BEHEXNIFITIX 220 ANFE S iy 8 Fhoc 2k
17 FE 145343 Fr (Principal Component Analysis) , K1
TR 28 B KRS ie G Je , A9 8 R F 1 BRFE(E 34,
O 2B o3 B AT 22 5Tk 74.663% 0 55—
F 57 Cd . Cr.Ni , BT R 33.277% 5 5 — F A%

R2 AN HEEREREEEEFIR
Table 2 Monitoring limits of accuracy and precision of
the used analytical method

P HERf el
Syl
AlogCcew) RE@w%  (RSDaw)%)
KR 3 500 -0.10~0.10  -23~23 <17
KB 3 52l -0.05~0.05  -12~12 <10
>1% -0.04~0.04  -10~10 <8
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Table 3 Statistic values of heavy metal concentrations of urban soil of Shijiazhuang City (mg/kg)

P AlLOs% As Cd Cr Cu Ni Pb Zn
/i 10.59 518 0.125 549 18.7 202 16.7 54
AR 14.31 2325 522 4577 554 99 85.1 813.9
T 12.66 9.42 0.275 7191 27.39 28.20 31.00 104.49
P 12.69 9.12 020 689 267 274 275 88.5
bl 2 0.56 222 0.37 28.00 5.34 5.70 10.99 69.95
ESTES 442 2357 134.55 3894 19.50 2021 3545 66.94
o L Y S A 12.72 112 0.097 61 226 269 26 74.2
B o o R
SR 12.73 9.5 0.15 65.21 2295 28.06 22.56 69.63
- B S
BHRER(KD 099 0.84 284 1.18 1.21 1.05 1.19 1.41
BHRER(K) 0.99 0.99 1.83 1.10 1.19 1.01 1.37 1.50
kil 0.06 36.98 12,97 152.96
MM 59.1 39.6 917
e 6.86 0.353 29.7 326 12.8 759 106. 7
AT 117.08 4403 55.17 168.74
[jEpeii] 029 803 46.8 354 46.3 134
e 0.204 386 37.0 108.8
sl 13 475 4] 757 148
wEral 0.25 924 26.7 20.1 84.1
R 0.126 345 41,1 108.6
iy ] 0.28 9291 51.57 44,04 139.25
KAFl 125 0132 66.0 29.4 354 90.0
(rEL ] 398 0.54 784 382 343 433 144.1
itk 218 248 934 168
e 1.0 73 294 183
s 20 954 146.6 62.5 218.2 516

T K=2R)2 LIV e/ P I 0 S ; K=K 2 L0 (A b g o8P s E e S (e

RAARETLETEEXRY
Table 4 Correlation matrix for the elements of heavy
metals of urban soil of Shijiazhuang City

. I HRH
JUER -
ALO;  As cd Cr Cu Ni Pb  Zn
ALO; 1
As 02547 1
cd  -0182" 0023 1
Cr 0077 0011 0.869™ 1
Cu 0.039 0.179™ 0.214™ 0.182™ 1
Ni 0.123 0055 0.752" 0.870" 0255 1
Pb  -0.167" 0.035 0382”7 0301 0596 0232" |

Zn  -0.104 -0.003 02547 0.163" 0284 0094 0483 1
R i MK 0.01, #3807 i 3 K- 0.05

43 EPb.Zn Cu., TTHRR K 24.597%; 2 — F M2
ALO; 5 As, BTk E N 16.788% ; 4% 0 & Ay K 1~ 17 i
IPMTEE AN S iR .
2.4 TEBSEETEMNTES MEFIE

4RI R A ZE T R iy & 5 22 55

x5 MEINERSEAFHTEESES
Table 5 The results of principal component analysis and
varimax rotated loading for the soil samples

. Ay

e 1 2 3
ALO; -0.016 -0.177 0.794
As 0.007 0.142 0.750
cd 0.898 0.235 -0.127
Cr 0.964 0.117 -0.043
Cu 0.122 0.767 0.280
Ni 0.931 0.072 0.157
Pb 0.206 0.861 -0.071
Zn 0.060 0.716 -0.155
FEAT AL 3.105 1.526 1342
TTHRZE/ Y% 33277 24.597 16.788
2 TTRE /% 33277 57.874 74663

K, HIo R WE 2, MWEFATLIE H, Cu.Pb,
Zn JC K 23 8] 43 A AR, , 35500 A 78 3T 19 P R
HB R ALERAN P P AL, S E X a5 A
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Fig. 2 Distribution of heavy metal concentrations of the urban soil of Shijiazhuang City
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TN —E B . Cr.Cd Ni LR HRTETT X AY 4L
HRIE A e (EL X, 3% B S A0 R E ) Tl X T 7
Moo XG0 A R NRA R TR A A A KT
AL AR KPR AR A RE
INRABLICAT ) A g e U AIL T 45 3 2835 Y i
ST A FETE X A b 4R & s — a2 i
SO, AsTUER 1 25 (W] A0 AT L 5y 15 e AR BE
AR A A R S I A
2.5 TIEEERENRIERT

5 4 Jm R IR R A (B ) AR IR AT K,
N 37 N2 sl 7 SRR EE (R 520, B LA AT Ly ok H
SRUSAIACAIR o 38 aL DA B AR BT R, A R
i 3% Cu.Pb.Zn .Cr Ni .Cd 5 + 5 S {HA 1L,
BT EA B A A R E N T, Mot
RO E A WA R F R A , Cu . Pb . Zn TLE 5
A5 Tl X3R4 A Fsg il A G, Cr Ni . Cd TR Y43
A5 Tk XSO A AR &, RPIX e R 5 Tl 4
WA . M E, Cu.Pb. Zn FYHH & R EUE
K, R EATT R A A R R IR, — B Ak Pb 2
R RAH R BT RS IR R RS- A
Zo W, [FIRS Zn Jif SR RRE R T R, Kt
A EW T 3 A9 Pb . Cu. Zn 538 AW TH
Al AE PR A 56 5 Cd 5 Ni L Cr iR 56 R 5K, 15 )
0.752 F10.869 , X L6 4 J& T2k A TR 5 .
&I T AE Tk v G HE R Gl T ) |, WA, NiJT
R AR AP RE R SR OT R, DL ERIFAR
JEIRTT H b 4 R T R EEORIE T Tk A I
RIS ALOs 5 As TCRAFFEIEAH G KR, R As 7]
RERVE T A ARIE . Esr B &I, Pb.Cu.Zn ot
R —AF 5, CdNi, Cr ot ZH R — 1 F
a3 XA RSB IR T AN RIR, EE 258 T
A FRIE R I ALO 5 As i 5T
EAHLT, HA RN EER T, R0 &M, &
ITEA A AR TE , EZRIE T A SRR, RIRIR T
FHERET

A F W R ARE AT Pb.Cr. As.Hg. Mo,
Cd .Mn FZORIE T BRI 2 8 B% 4¢3 s Ni . Cu. Zn
TCRBE SIS sh A Sk, i85 T Ak R < HE L
7551 ALOs 5 KoO FERYE T4 X b T 1) 1 158
R, KRR T ES R S EREX S Tk
XIL s A A . X5 A FEWH LR SR

TEZNPIA 5L,
3 4% i

(1) 5 IX = 34 i B 4 8 19 - 35 3 40 0l
H9:As 7 9.42 mg- kg ' .Cd 0.275 mg- kg ' .Cr 71.85
mg- kg '.Cu 27.39 mg- kg ' .Ni 28.20 mg- kg ' .Pb 31
mg- kg '.Zn 104.48 mg- kg ' ; ALO; . As [ -1 & &
5 S E R HE RN T 1, B R
ZHB A /N ;Cd Cr Cu Ni Pb. Zn [ 7 1t vU Bl 45
K, VP34 SRR R E/N T - Cd> Zn >
Cr>Pb>Ni>Cu, 5+ SEM L, XETTRH
HRERE, ERAFEREENEE, HEEREY
KT 1, R TERAZ BN HE B0, 7l fig
FNR B T3 Sy m 7 3 i E A R

()M MBI, Cu 5 Pb . Zn 9 FH 6 2R %k
R, Cd 5 Ni Cr IAH G REBGA B, 3R W] 5% 4
JCE Al e EA MR ARIE ; s ALOs 5 As TR AFTEIE
R, M As i RERTET A SR

(3) E LA B 2 B, PR R I 448 e K I 28 i
M JE AR EIRT 1 ARRIE(E 341, 5 — s 2 Cd.
Cr.Ni , TTHRR N 33.277% 5 45 — F 4> /& Pb . Zn.,
Cu., TTHRE K 24.597% ; 55 = F 40 & ALO, 5 As,
TR A 16.788%.

() A ZETT HIE S RAFALESEITE K
PRHEA 3, ZF SR XS Tl KB A2 55
MHVIA . AR R IEFFHTIN R : Pb.Cu,
Zn FERET Tk A R R SHE NI Cr.Cd
JCR RS Tl Al A= 7= A5G , ik SRS s A
K M ALO: 5 As R TAF5E X 1Y - 58 R
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