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Assessment of Heavy Metal Pollution and Potential Ecological Risks of Urban

Soils in Kaifeng City, China

LI Yi-meng', MA Jian-hua'*, LIU De-xin', SUN Yan-li*, CHEN Yan-fang'

(1. TInstitute of Natural Resources and Environment, Henan University, Kaifeng 475004, China; 2. Department of Urban and
Environmental Science, Xuchang University, Xuchang 461000, China)

Abstract: Ninety-nine topsoil (0-15 c¢m) samples were collected from Kaifeng City, China using the grid method, and then the
concentrations of As, Cd, Cr, Cu, Ni, Pb and Zn in the samples were measured by standard methods. Soil pollution levels and
potential ecological risks of the heavy metals were assessed using the pollution load index (PLI) and potential ecological risk index
(RI), respectively. Ordinary Kriging interpolation technique was employed to investigate the spatial distribution of PLI and RI of the
city. The results showed that high pollution of Cd occurred in Kaifeng urban soils, and there was moderate pollution of Zn, slight
pollution of Pb and Cu, and no pollution of Ni, Cr and As. Very high ecological risk was posed by Cd and low risk by other metals.
The mean PLI of the 7 metals from all sample points was 2. 53, which was categorized as moderate pollution. The average RI was
344. 58 which represented a considerable ecological risk. PLI and RI shared a similar spatial distribution with high values centralized in
the old industrial area in the southeast and railway stations for passengers and goods in the south of the city, followed by the old town
within the ancient city wall, and low values located in the north and west areas. Cadmium was the main factor for both soil pollution
and potential ecological risk primarily due to farmland topsoil in the eastern suburb of Kaifeng City with high Cd concentrations resulted
from sewage irrigation deposited in the urban area by wind, human activities such as soot discharged from the chemical fertilizer plant of
Kaifeng, transportation and coal combustion.

Key words : Kaifeng City; heavy metal; urban soil; spatial distribution; pollution; potential ecological risk
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Table 1 ~ Comparison of heavy metal concentrations in urban soils from different cities of China
il Fi 4R A it /mg kg ™!
Cu Zn Ni Pb Cd Cr As
draxlis) 17.73 92.9 24. 00 23.30 0.13 61. 00 7. 60
g ol 27. 80 99. 36 — 28. 86 — 87.72 —
T 035 11.00 277. 00 11. 10 65. 40 0.23 22.40 17. 40
o 136 52.00 206. 90 — 88. 20 1.20 — —
s 41. 60 234. 80 — 116. 76 1. 10 67.90 13.39
Hepp 4] 66. 10 243.00 38.90 79. 50 0.98 — 16. 80
e 21 35.70 144. 10 34.30 43.30 0.54 78. 40 39. 80
Kol 29. 4 90.0 — 35.4 0.13 66.0 12.5
P28 94.98 421. 46 — 230. 52 — 167.28 10. 62
T3] 23.3 125.0 12.4 9.6 0.62 23.1 —
g gz [40] 66. 1 162.6 — 107.3 — 84.7 —
EvL I 52.41 184.22 38.22 42.72 — 93.96 20. 63
3% el 42.0 224.0 — 76.9 0.36 60.0 11.0
Hp 1 27.61 397. 96 11.68 97.27 0.91 187.75 —
RER Y Srdaad 44.03 168.74 — 55.17 — 117. 08 —
. s 4 45 30. 07 89.93 16. 47 11.63 — 54.75 6. 40
MR E O] 34.5 108. 6 — 41.1 0.13 — —
BT 58.78 155.58 — — — 83. 01 20. 51
K261 28.87 86. 08 29.76 26.29 0.21 73. 69 10. 96
A s 38.6 108. 8 27.3 37.0 0.2 — 10.8
o) 24. 63 96.77 25. 64 32.61 0.98 26. 58 8. 02
0] 27.39 104. 48 28.2 31.0 0.28 71.85 9.42
FEEF (ARBFSR) 36. 40 164.03 23.87 36.71 1.05 53.11 6.31
Mean 39.61 173.32 24.76 63.71 0.57 77.91 13.89
SD 18.79 93.26 9.56 47.97 0. 40 42.68 8.28
Cv/% 47. 44 53.81 38.62 75.30 71.51 54.78 59. 63

1)“—" FR R, F

WRTAG, Cd & R ZHO T &, 1 Cu, Zn &AL
FHZKF. WGEHI 23 MRTTKEE 7 fESR
R R BUIE 38. 62% ~75.30% Z 4], g
AR S XS OR TR TT A N2 Bh 5k A - T R
HREFAHL.

2.2 IEESJE TG YLRRIE 5 28 B A A

FFEHIR T 44 4 SRS CF 1 K/ NI
WK H.Cd(10.48) > Zn(2.28) > Pb(1.68) > Cu
(1.51) > Ni(0.81) > Cr(0.80) > As(0.65),Hr
Cd JE FHEESY, Zn J& T HETE Y, Pb #l Cu Hig
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ARAETTY, T FrE 5 8057 3 b SR S5
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A Pb Y CFJRT T R I 9%, 1T 2435 Yert i 8500 )
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SR CA B CF R F IV Hi59 , IV 9005 Ykt
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Table 2 Percentages of sites at different pollution levels

in the total sample sites

AR5 RGO 5 L %

Pl Tk Bk TERR wER

As 92.93 7.07 0 0
Cd 3.03 11. 11 20.20 65. 66
Cr 91.92 7.07 1.01 0

CF Cu 45. 46 42.42 4.04 8.08
Ni 91.92 8.08 0 0
Ph 50. 51 30. 30 6. 06 13.13
7/n 26.26 48. 49 17.17 8.08

PLI 38. 39 33.33 14. 14 14. 14

FrEH T 4 7 B 4 )8 A9 F 35 PLL Oy 2. 53,
JE TG hE 2 A0, T YRR SRS
38.39% , I 9% i5 Yk i 33.33% , M4 AV 425
YuFE 45 14, 14% .

T A S W IR - 48 PLL ZS (] 4y
A, 7E ArcGIS 10. 0 24 T, H %8 58 A% ( Ordinary
Kriging ) %5 (Al 5 AR 4520 & 2. A af WL, PLI
{14 e (L DX AN JF 3 7l DX P R B, PLI AR FL7E 7. 86
~51.98 Z[a] iR BN EE TG Yy HUROH I IX (3
B R 22 ) R i 8 R Bl VA Ak B T B L AR
T, PLI AR AL AE 2. 03 ~9.02 Z [0], 3k F) 4% B Fl op B
155 PEERANALFREEAS LA Bli5 .

2.3 HIEE SRR SR PN
2.3.1  KFVEAE AR S B 43 G bR o 1) 1 %

1980 4f Hakanson fiff 5% 1 1 FR4th PCB, Hg,
Cd. As, Pb, Cu, Cr Fl Zn %5 8 Fhi5 YLy il 76 =
AN, B RE(T) 73512 40, 40, 30, 10, 5,
5.2 AL AR Y b iR RS R (T = T =
40) F1 8 By YLy 0 B P e 0 R B2 A (133) $ 4
T E RIS BbRifE™ (% 3). #amrs =,
E B 53 0 55— b BRAA R AR TS G 5 g R 8K
(C=1) 5150 KBk REUHAAS 5, H
by RS 9 3 0 b BRAE 430 b — 2 ) o SR qiE 3fe 2 75

PLL [T 0-1.0
1.01~2.00 M 3.01-5.00

2 FEETHEESER PLI ZE ST
Fig. 2 Spatial distribution of soil metal PLI in Kaifeng City
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. AWM T MESEY,CA W TEEK(30),
P ATRIANTIT E A5 — A 25K (R RO
IIRBRER <30, REMWE 2 155 (£ 3). H
(3) AT WL, RI R/ S S PTG e W i R S R A
KPP H B Z | R R BT EBOR.
I, N RT ST A 25 KU A B, A ZUAR B5 23115
YL FR AR 0 AT R AR SO T 5
(4 7 Ff ek 45 Jm X R Y 3 SRR AR I - SetR4E
Hakanson A58 —Z 9 A BRAE (150) B UL 8 Fiis Y
P REE R BCEME (133) , 15 B B REME R ALY RI
YA (1.13) 5 SRJEF B REIE R AN R Zr 40 M
FeLAASIFFE 7 T o < I 10 1M R AR (58) , T I
TR B RISE— A FRAA (1. 13 x 58 =65. 548
~ 70) ; HABGN A 53 GAE 53 ] E— ey 73 Al
Fe2 193(K3).
®3 AHRHE RIS R4S Hikanson 53 Rir AR L
Table 3 Comparison of £ and RI standards for different

ecological risks with heavy metals between the

Hékanson standards and this paper

E RI
Hakanson KB Hakanson RKFFE £
< 40 < 30 < 150 < 70 TR AR
40 ~ 80 30 ~60 150 ~300 70 ~ 140 r A XU
80 ~160  60~120 300 ~600 140 ~280 TR XU
160 ~320 120 ~240 =600 =280 AR R
=320 =240 — iR A

2.3.2 TEEHESEGELESKE TN & RI 25 [H
Gt

DU E e R R ES R AR B
BT 7 ME SR E G MRS R, IR TS
3 3 A o P RV A AR S S PP (R 4) .
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Table 4  Percentages of sites at different risk levels in the total sample sites/%
S B A5 AR B A AR AU e

Hakanson — Af5Y  Hékanson  AFSY  Hakanson — AHFSY  Hikanson  ANf5Y  Hakanson PN
As 100 100 0 0 0 0 0 0 0 0

Cd 5.06 3.04 23.23 10.10 34.34 34.34 24.24 29.29 13.13 23.23
Cr 100 100 0 0 0 0 0 0 0 0
E Cu 98.99 97.98 1.01 1.01 0 1.01 0 0 0 0
Ni 100 100 0 0 0 0 0 0 0 0
Pb 96.97 96.97 2.02 1.01 1.01 2.02 0 0 0 0
Zn 98.99 98.99 1.01 1.01 0 0 0 0 0 0

RI 52.53 11.12 31.31 34.34 8.08 34.34 8.08 20.20 — —
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