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Abstract; Xinghuaying part of Zhengzhou-Kaifeng section along the 310" national highway was chosen as soil sampling region to investigate the spatial
distribution of heavy metals in roadside soils. Seven sampling sub-transects were designed to be perpendicular to the road within the sampling area of 150
m x 150 m covering both sides of the Highway. On each sub-transect, mixed topsoil samples (0 ~15 c¢cm) were collected at 10 m intervals from the
roadbed to the outside end. The total number of samples collected is 226 including two control samples. The concentrations of Pb, Cu, Ni, Cr, Cd and
Zn in soils were detected by the inductively coupled plasma mass spectrometry (ICP-MS) according to the recommended standard method. The spatial
distribution of heavy metal concentrations in roadside soils was characterized by applying Universal Kriging interpolation model. The results show that
concentrations of all the six soil heavy metals varies significantly, and the mean concentrations of six heavy metals are much higher than that in control
soils. The distribution of heavy metal concentrations are strips parallel to the highway stretching, which indicates that the six heavy metals in roadside soils
are affected by the traffic. The concentrations of Cr and Cu decrease exponentially with the distance from the roadbed, and their highest values are found

at the roadbed. However, the concentrations of other metals (Cd, Pb, Ni and Zn) reveal an asymmetrical distribution with the distance, which increase
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firstly, reach their highest values between 30 and 50 m away from the roadbed, then gradually decrease to the control values. The metals of Pb, Cu, Zn,

Cd, Cr and Ni are all traffic-source related.

Keywords: 310" national highway; roadside soils; heavy metal contamination; spatial distribution
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2 ## 57 i (Material and methods)
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. SR T T AL T B B A AL BLLAYE 5 km (]
1). BT FE 14 m, XLIa) PU 2238, 8% 10 R 0 5 08 A0 6
B EJEREZ) 10 em. 38 PG HEKIE A T2 7.5
m, AR 0.5 ~0.7 m. B HELHMA T EZ 2 m, %
A2y 2.5 m SR L EEJE . B8 AU SR R
NN R, BREE 2 m, 7% 30 ~40 cm, 529 12 m.
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Fig. 1  Location of the sampling transects
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G £ QR EIRE Y +) |, T Db 4o .
ZEEF R HDRAEFN LI % o B, SRAE B B T I R
(Kift d >0.05 mm) FA (0. 05 mm > d > 0. 002
mm) FIEHL(d <0.002 mm) F-14 5 540 51K 530,
310 F1 160 g - kg™, A HL T F 34 & & K 29.29
g-kg ', pH H T34 7.9.
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SRR O m SRAE ST B E . A T X R
O3 6 ST ) i 5% 4 49 4 SR A BRI ), 7E T
FEPIN 1500 m LASMGHL T 25 A5 1 A% BEAE AL £
BEREA SRR T 2011 4F 10 H 30 H, 7EBARHE A
b EERE 1A 1 m RAE LT, He IR My AR A
MBS NPT RERIZLIE(0 ~15 em) F
FEZ 100 g; e mbe S DS TFREFTTMIR A, B S 15 98
RS F b B A B 5Y LR 4R 226 S HIEIR A
B

2.3 HEAEEELRBNET &

PR AR R IR KT, DR R B, 2
WL 1 mm @ T AR5 ARG R
BT E L BENLZ 5020 50 50) BURERL 24 20 g, HTFD ST
PR B AR A 0. 15 mm JEJEGH, 55 HH. BER
11 fi# % 'l HC1-HNO,-HF-HCIO, W it th 2 | + 3 i 4>
J& & 8 RFH 1CP-MS M g2 5 FE 3B R
ISEIHEFERY X-Series T U HL B A 25 B AR BTG 1.
TESER R FH I SEhR i LA (ESS-2) #E47 (a1l
55, MISCRAE 97.6% ~102.4% Z Al (£ 1).

F1 ITERERRESERKRIESR
Table 1 ~ Statistic of heavy metal concentrations of soil standard samples
A o bR . FRRE R R A i N
o ke ) BREHCY ot e
Cr 74.95 2.49 3.33% 75.9 £4.6 98.70%
Ni 33.42 0.85 2.54% 33.6+1.6 99.50%
Cu 27.74 0.64 2.31% 27.6 £0.5 100.50%
Zn 65.01 1.21 1.86% 63.5£3.5 102.40%
Cd 0.04 0.01 17.93% 0.041 £0.014 97.60%
Pb 24.31 0.88 3.64% 24.6 £1.0 98.80%

3 Z5R (Results)

+EELELE
SREEWTT AR S e g R 2.
F2 AILIEH #5514 Pb Cu Ni Zn Cr F1 Cd &
R 3 R B ALTE 13.76% ~38. 14% 2 JA] , 78 5
FeAse A L T BRI 150 m YO RPN AR T2

3.1

HB KT HX EAE . XA G LR WK 55 L IR 4w
P 2N A R R LA . AR 2 B P LR
W RSB BRI 150 m Y8 [ PN 440040 2 ) IR -
5/ Cr Cu Pb Zn FI Ni & 48T b B 95 5
{8 ( R ZE BRI Wil A3k 1990) |, 1i1f Cd 75 2% U W 25 T
FLAS Se(H. 33X 0] B SR A W I P A DX S R A - 8
BT A K

R2 HRBATEESESESIT

Table 2 Statistic of heavy metal concentrations of soils on the transects mg-kg ™!
W T B2 A cd Cr Cu Pb Zn Ni
L 0.10 ~0.24 7.87 ~48.41 5.09 ~19.66 14.46 ~26.85  19.68 ~68.43 6.94 ~17.59
¥ifE 0.17 29.80 10.33 17.74 39.64 11.02
T bRiERE 0.03 11.19 3.94 2.77 12.82 3.07
Xf REAE 0.13 13.69 6.16 15.85 22.54 8.16
A2 5 R A 18.82% 37.55% 38.14% 15.56% 32.34% 27.86%
T 0.14 ~0.29 9.38 ~48.80 5.23 ~20.58 14.43 ~25.73 18.04 ~56.42 6.17 ~21.71
¥{E 0.19 26.05 11.37 18.82 38.47 12.98
e bR 0.04 7.93 4.33 2.59 12.14 4.15
Xif FRAE: 0.14 13.17 7.10 15.68 22.26 7.31
5 RAN 19.47% 30.44% 38.08% 13.76% 31.57% 31.97%
5t 0.10 66.6 24.1 21.9 71.1 29.6

TE < 39 T SR AR AT SR I SR IR M I ,1990) .

3.2 EABAEWZHE AMKNY
PA Moran’s 2250 (1) VE MW 5% %5 4225 (8] B 41 5%

B3 HT TH A A (20 ,2006) 4
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A, n FWFFERTREL, 2 2, 0 B BFSE K I i
TR, x SRy REAS T AT JR R AR (L, W, 2 i i
25 [ S 0 R AL AR . 1 B AE + 1 2 1], IE
1 BRI G 10 8 VE (7625 1) |- 5L IEAR G, S fl
FOR BN BN Ferm 25 [ RENL A A 1 {E 552
B — R H Z-Score /A HHAT B E MERC LS (2
1% 2006 ) .

X, Z AP EACSR R, £ (1) var (1) 23508 T {E Y
HER ANy 25, T 1E 28 4310 K6 50 R 1AL, 6 Bk 3
KB 7KK 5% I FHE R 1. 96. WA Z 4 E K
T 1.96, W36 B AR BEAEAE 10 32 1 28 ] A OGP,

T B 6 Fh 396 4 J B2 ] [ A DG o0 4
B3 NEI W LUIFEH,6 FiE4E & 114
T 0.48 ~0.86,Z JulE N 5.16 ~8.99, ik m T
I AL 1. 96. Ui 6 P e 4@ Fe 2 1a] L B F IEA
FHSE 0] LAGEAT HB G 32 28 [l (B4 #

*3 IEESESENTEBRMEXSH

Table 3 Spatial autocorrelation parameters of heavy metal concentrations of soils on the transects

i) FARESEL Cd Cr Cu Pb Zn Ni

T 00 T I 0.70 0.72 0.76 0.48 0.65 0.86
Z 7.35 7.44 7.95 5.16 6.70 8.99

A e 1 0.69 0.63 0.83 0.73 0.81 0.86
Z 7.19 6.59 8.63 7.67 8.34 8.90

3.3 +HEEF4SESEN Kiging Z [ #EHE

23 [BESCHE 114 4 (L 7 125 A 475 W 5 2 4 {8 0 52
TIHHAE ( Kriging $fi{8) PR, 7E K25 - EAE
T ET , Kriging 8 {8 /2 JC A 11 1% 5 4 75 vk (2
420065 B M, 2007 5 W 2 064 20105 HH 4,
2011 ; 50 3CIF4F,2012) . AT 3E A Kriging 18 {H
PN I 55 - e 4 R B i OF AT 28 ) A 43 AT
ArcGIS10. 0 #4255 6 Fh 5 HUAR 4 8 77 7%, Ho,
2 5a A% (Universal Kriging) fzidi & A W] &% m

()23 (B 53 A (17 [ 42, 2006 ) |, BAS BIF 5% % FH 1%
Ty AT B AL G 0 s [ 4 B0 5 S X ] —
S IR Al FH AN T B 2 AR S R BSOS B T S B AT 40 28
SERAETI0N 3 M7, X L BT A 000 25 SR 1 28 SLIRHIE
B SR 5 A SR IE 235 SR o B A AR 1 2 AR S pR A
REHY e ZHGHATIZ T 2 S AT AE 00 43 Bt . %) F
T PR [+]— B 4 i, 36 FH A [R) %) 8 3 2 R B AU 2k
TR RIIAE [ 1) I 1 46 1 4 61 9. e 28 ) 2 AR S A 1 I
SRR 4, X LRI SEILFR 5.

R4 ERRIEESRSENFTERERRSH

Table 4  Semivariogram models and their parameters of heavy metal concentrations of soils on the transects

T 00 b T JeA] o i

4 o

BER maw mw nem gam Rl wmrm mw wmem mem o
Cd —Br B 1.30x107% 3.20x107*  40.62% —r 85 1.20x107% 9.20x10™*  13.04%
Cr o e 307 20.45 262.36 7.80% W = 40 15.89 123.51 12.87%
Cu —B o 0.75 4.33 17.32% —Br ZwoiRX 1.00 4.05 24.66%
Pb —Br ZWworE 3.00 6.02 49.83% —kr R 0.46 4.58 10.04%
Zn -y PuEk 44.16 68. 66 64.43% iy PUER 14.98 57.95 25.85%
Ni —kr FLIR R8N 0.93 2.44 38.11% B FLIR 3L 1.68 4.63 36.29%

BRAGE (C, ) S B A 30 R i 18] A A 14 2 7
K FERLAE AR, FE B (C, + C) ARG KA
St JEA PR AR S MBS 52 2 H, RN RGN

SRS B/ BB (Cy/ (Cy + C)) B IX S8k
AR S () S PR R SR 483 78 IX Al A% it 119 25 18] A
RARPE. I PR R, e W 2 6] [ A S PR 55, 52 11
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— MRV I LA/ T 25% R 2
25% ~75% 2 [a] N ha5zs

[B] AH D& AR 5%, 7E
MBI AH M, KT 75% M7

LA OCPEAR . AR 2 T LU Y TS B 55 1238

WNT 25% | F B Hizs

() AH S s T v 4 AR 5

ANTFVE < J 1) B 2 AN [ o 0D T A

], BERITE A Bl A F AR AT R —
IR IE AR

[Fi) 7453 e 4 25

FEROH, A

6 P &R &R Co/ (C, + C) LHER/NT 75% A
K5 EHRIRESRSENTXRESY
Table 5 Cross-validated parameters of heavy metal concentrations of soils on sub-transects
[l ] Je s i
1% Mean RMS ASE Mean RMS ASE

T e o ™ e Smgrke™ ) /(mgke™)
Cd -0.0013  -0.0750 0.018 0.018 1.00 -0.0015 -0.055 0.022 0.022 0.95
Cr 0.0023 0.0004 4.550 4.860 0.95 0.0500 0.011 4.270 4.240 1.00
Cu 0.0560 0.0380 1.070 1.150 0.94 0.0420 0.037 1.140 1.150 1.00
Pb -0.0920  -0.0370 2.120 2.230 0.96 -0.0340 -0.020 1.330 1.480 0.96
Zn -0.4300  -0.0090 9.480 8.940 0.97 0.0120 0.009 5.630 6.030 0.97
Ni 0.0410 0.0420 1.180 1.230 0.99 0.0760 0.029 1.560 1.650 0.99

TE : Mean /R TR 22 AP HIMH, MS F/mpRifEF- 34 {E, RMS FR B J7 iR Bl 12 22, ASE /R X Bl A7k 22 , RSS /- b i 42 J5 AR 100

=

TRZE.

FIRTAR S PR A I AR R O BRUE R . BRI {E
HEE T O, T 5% 25 1 SF- 25 (5 R O MR Jm) i3 2
S/, X T bR o 2% R 3 T O AR TN R 2%
BRI AR TN 25 B B2 1 (T 42,2006 ) . ML
=5 WAt A AR AR AEAE - 0.075
~0.042 Z[H], ¥4 77 AR 0 i3 22 1P 349 900 o v 22
HIAIXT R 2ZTE - 10. 1% ~6. 0% 2], brif 445 3 7
MIRZETE 0.94 ~1.00 Z 8], £F 621728 5 R AR A 1y
Hzﬁnmwﬁ Fe R 4 AR SR BB J S

AT IR AR 37 o BLAS 25 A4 (E TN (/51 2)
M 2 BT LUE Y i 55+ HEH 4 T B 5 19 4 (]

N
140 | A
120
100
80 [

z 60 .

‘Eﬁ 40 Cd/(mg-kg™)

= L N 0.100~0.119

i 20

B, I 0.119~0.138

4 0.138~0.157

g 207 0.157~0.176

m 40T 0.176~0.195
60 0.195~0.214
80 f 0.214~0.233
100} I 0.233~0.252
1208 . 0.252~0.271
i1 . 0.271-0.290

B8 %
0 25 50 75 100 125 150

TRIE kP J B /m

Sy I 51 BT AT I A R, 3 e R Cu B

TEAEHEFE (0 m B ) Abd Er , ) BN T ek, S 3E
BOB WA, 3% Pb Ni Zn F1 Cd 55 DA L 15 79
ik 3 e AW ETE L AE 30 ~ 50 m Z A] A AN ik
FNEEAE , 2 J5 b i, B/, 3 Cd )
WA HH BAE B % 3 30 m Ak, Ph AU {E7E 40 m 4b,
Zn FUE(E 53 BIAE 30 m(FEM) F1 50 m (A6AM) &b, Ni
(IUEAE 73 I 7E 30 m (R ) #1140 m (L) 4b. I 7
ATWrmE - E S E oS BRI

PR B T I AU A (B 3) , WEHIE T ik oA HLEE.
140 . N
120 A
100
80 f

o 60f
‘E\% Cr/(mg-kg™")
= . 7.80~11.91
@ B 11.91-16.02
A 16.02~20.13
5 20.13~24.24
% 24.24-28.35
28.35-32.46
32.46~36.57

[ 36.57~40.68
I 40.68~44.79
. 44.79~48.90
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Fig.2  Spatial distribution of heavy metal concentrations of soils on the transects

4 1318 ( Discussion)
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Fig.3 Variations of heavy metal concentrations of soils along the transects
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