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Abstract:In order to understand the heavy metal pollution in urban construction land and to provide scien-

tific support for the prevention and control of soil heavy metal pollution,seven different construction land

divisions were selected as the research objects,including science and education area,industrial area,residen-

tial area,commercial area, medical area, urban parks and roads in Shangqiu City, Henan Province. Three

sample areas were selected for each land division,and three sampling points were selected for each sample

area. The surface soil of 0—10 cm was taken from each sampling point. After mixing evenly,the soil sam-

ples were retained by quartering method. Totally,63 sampling points were used to determine the contents

of heavy metals,including Cu, Pb,Cr,Cd,Zn and Mn,and the geological accumulation index method and
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potential ecological risk index method were used for pollution evaluation. The results showed that the aver-
age contents of heavy metals in different construction land divisions were higher than those of the back-
ground values in Shangqiu region,and the content of Cd was 28. 28 times of the background value. The av-
erage contents of Cu,Pb,Cr,Cd,Zn and Mn in Shangqiu City were 31. 80,31. 43,306.61,4.61,95. 61 and
584.02 mg * kg ', respectively. The average geological cumulative index value was in the order of Cd
(4.16)>Cr(1.75)>7Zn(—0. 12) >Pb(—0. 27) >Cu(—0. 30) >Mn(—0. 56). Soil Cd and Cr were in weak-
ly extreme and moderately polluted levels, respectively, while soil Zn,Pb,Cu and Mn were pollution-free.
The average value of potential ecological risk index of six heavy metals in different utilization types of soil
was Cd (828.31)>Cr(10. 30) >Pb(6. 91)>Cu(6.78)>7Zn(2. 81)>Mn(1. 02),which was mainly Cd pol-
lution, reaching a high potential ecological risk level,contributing more than 95%. Mn,Zn,Pb,Cr,Cu were
all mild potential ecological risks. The potential ecological risks of all construction land divisions were very
high. The pollution of industrial area was the most serious,and that of science and education area and resi-
dential area was the lowest. The correlation analysis showed that the content of soil organic matter and the
contents of Cu,Pb,Zn presented significantly or extremely significantly positive correlation, the pH value

of soil was significantly and negativeyl correlated with the content of heavy metal Pb-Zn. Soil Pb-Cr-Cd-Zn,

Cr-Zn-Mn and Cd-Zn might have the same or similar pollution sources.

Key words: soil contamination; soil heavy metal; urban construction land
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Fig. 1 Distribution diagram
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Table 1 The pollution degree of index of geo—accumulation (I ,) and potential ecological risk
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Table 2 Descriptive statistics of each measurement index (n=63)

THEESE SR/ (mg - ke D

L7 R ING S TG ZD) 1% pH
Cu Pb Cr Cd Zn Mn
5 /IME 1.76 10. 54 193. 33 1.82 46.73 384. 34 0.33 7.28
R 81.43 76. 34 466. 67 8. 66 148. 38 781.18 3.33 9.05
¥ 31.80 31.43 306. 61 4.61 95. 61 584. 02 2.10 7.94
bRl Jr 22 15. 049 16. 350 57.990 1.524 22.392 74.170 0. 649 0. 335
A5 RECY) 47.32 52.02 18.91 33.08 23.42 12.70 30.91 4.21
7 Gt 0.803 1.323 0.585 0.969 0.531 0.462 1. 260 0.867
AR R (2-tailed) 0. 540 0. 060 0. 884 0. 305 0.941 0.983 0.083 0. 440
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Table 3 Distribution characteristics of soil heavy metals in different construction land divisions (mg -+ kg™ H

B S X Cu Pb Cr Cd Zn Mn

BH X 48.07%7.53a 54.01%4. 75a 342.22+9. 30a 4.17=£0. 44b 119. 305, 68a 557.28+15.52b
Tk X 30.2744.85b 44,3845, 88ab 320.37+7. 46ab 7.11+£0. 28a 111.8147.93ab 561.59+21. 54b
JEAEX 28.9143.62b 20.30%1. 10¢ 284.45+17. 71bc 3.75+0.41b 77.4346.12d 600. 584+18. 68b
Fk X 24,6344, 22b 25.0242. 32¢ 254.07+16.12¢ 4,4240. 35b 91.5646. 54cd 592.03+20.72b
Y7 X 23.3442.60b 19.4242.06c  300.74+£15. 13abc 4.34+0.42b 87.8447.06cd 552.43+20.01b
A AT 30.0543.31b 19. 562, 16¢ 296. 3421. 52abc 4.4140. 32b 79.6642.58d 559.40+33.09b
iE 37.3543. 48ab 37.3543.48b 348.15425. 81a 4.0440.45b 101. 6743, 12bc 664.85423. 40a
23 X 75 35 22.7 22.3 59. 65 0.163 67.2 569
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Table 4 I, values of soil heavy metals in different construction land divisions

H 43 X Cu Pb Cr Cd Zn Mn

B IX 0. 30=+0. 30a 0. 6340, 16a 1.93+0. 04a 4,0340.16b 0.234+0.07a —0.62+0.04b
ok X —0.38%+0. 3labe 0.300. 20ab 1.8440.03ab 4.8540. 06a 0.124+0. 11a —0.61+0.05b
JE X —0.37+0.26abc  —0.74%0.07c 1. 6440. 10bce 3.8640.18b —0.4240. 12¢ —0.51+0. 04ab
kX —0.824£0. 46¢ —0.48+0. 15¢ 1.48%0.09¢ 4,14240.11b —0.1720. 11bc —0.53%0.05ab
BEY7 X —0.62+0.17bc —0.86+0. 16¢ 1.73+0. 07abe 4.09+0. 15b —0.23+0. 11he —0.64-0.05b
T 2 bl —0.2440. 15abc ~ —0. 84+0. 15¢ 1.7070. 11abe 4.14+0.12b —0.3540.05¢ —0.6340.09b
i % 0.07=40. 15ab 0.10=40.15b 1.93%+0. 11a 3.98+0. 15b 0. 0120, 04ab —0.3740.05a
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Table 5 Potential ecological risk assessment of soil heavy metals in different construction land divisions
Eir
A 43 X R,
Cu Pb Cr Cd Zn Mn
BHEX 9.00+1.66a  11.16=41.06a 11.62+0.31a  630.31480.63b  3.31+0.17a 0.96+0.03b 666. 37
Tolk X 6.6741.07b 9.9541.32ab  10.7440. 25ab 1309.08+51.87a  3.3340. 24ab 0.9940.04b 1 340.75
JEAE X 6.3740. 80b 4.55+0. 25¢ 9.54+0.59bc  690.84+74.88b  2.30+0.18d 1.0640. 03b 714,65
Tl X 5.4240.93b 5.61+0.52¢ 8.52+0.54c  814.36+63.74b  2.7240.19cd 1.0440. 04b 837.67
B 57 X 5.1440.57b 4.3540. 46¢ 10.08+0. 51abe 798.28478.25b  2.6140. 21cd 0.97+0.04b 821. 44
bR /AT 6.6240.73b 4.394+0. 49¢ 9.934+9. 72abe 812.39+58.54b  2.37+0.08d 0.98+0.06b 836. 69
i 8.23+0.77ab  8.38-+0.78b 11.67+0.87a  742.94+83.19b  3.03+0.09bc 1.1740. 04a 775. 42
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Table 6 Correlation analysis of different element contents in Shangqiu City

R R AL Cu Pb Cr Cd Zn Mn LB
Pb 0.425""

Cr 0.423"" 0.375""

Cd 0.079 0.365"" 0.214

Zn 0.400" " 0.672" " 0.350" " 0.301°

Mn 0. 136 0.113 0.288" —0.045 0.079

AR 0.303" 0.337"" 0.225 0. 146 0.352" " 0.104

pH —0.231 —0.319" 0.189 0.103 —0.334"" —0.089 —0.407""
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B Pb 1 Zn 52 pH 520 8K . 53 %A Ry B &5 5 A EH
B Cr M Cd, 76 R IR B 5 kA7 pH Y
Wi 7 AN [) S A (E 80 T A D 6% g R AR L X
A fig 5 A B AR I AR S KA TT R T
I,

S %3k

(1] SREFRREE A 55 BT A 3 PR 8% n) B0 S B 5% 3 i
[J]. 4247 . 2007,4(5) :925-933.

ZHANG G L.ZHAO Y G,YANG ] L,et al. Urban soil envi-
ronment issues and research progresses[]J]. Acta Pedologica
Sinica,2007,4(5):925-933. (in Chinese)

[2] TIAN H,WANG Y.XIE J,et al. Effects of soil properties and
land use types on the bioaccessibility of Cd,Pb,Cr,and Cu in
Dongguan City,Chinal J]. Bulletin of Environmental Contami-
nation and Toxicology,2020,104(1):64-70.

(3] SRHEWE, 4 SCRC. B 4 JE T5 J L3 i o8 1 BRI 5T A T

LT, PEEHR Be 2 4R . 2015,30(06) :81-87.
GUO S C,YANG W Q. Research progress of phytoremediation
technology to remediate heavy metal contaminated soil [ ] ].
Journal of Northwest Forestry University,2015,30(6) :81-87.
(in Chinese)

[4] CHEN D,CHEN H.ZHAO J.et al. Improving spatial predic-
tion of health risk assessment for Hg, As, Cu, and Pb in soil
based on land-use regression[ J]. Environ Geochem Health,
2020,42(5) :1415-1428.

[5] ZHAO L.GONG D,ZHAO W.et al. Spatial-temporal distri-
bution characteristics and health risk assessment of heavy met-
als in surface water of the Three Gorges Reservoir, Chinal J .
Science of The Total Environment,2020,704:134883.

(6] Beabink, T Ur . 280, 55, 5% P73k 20 32 b + 58 & 4 & 35 e 37
W LI el R 22441, 2017, 40(5) - 32-37.

DUAN Z B, WANG J,CAI X F,et al. Assessment on heavy
metals pollution of suburban vegetable soil in Guiyang[ ] ].

Journal of Hebei Agricultural University,2017,40(5) :32-37.

(7]

(8]

L9l

[10]

[11]

[12]

[13]

[14]

[16]

(in Chinese)
USROG B SOSC, VR BT A L AL R AR X 3 T 4 JE Y T Y
PR R i A [0 0. ARl 38 B B 2 22 4l 2019, 38 (5) : 1069-
1078.
SHI R G,ZHANG Y W,XU M M,et al. Pollution evaluation
and source apportionment of heavy metals in soils from Tianjin
suburbs, China [ ] ]. Journal of Agro-Environment Science,
2019,38(5):1069-1078. (in Chinese)
B2 ARG . R EX LIRS RS R SES
LA S LABRAL A B [T ], £ 25 3R 855 24 41, 2018, 27 (9)
1758-1767.
DUAN Y F,REN Z Y,ZHANG C,et al. Study on soil heavy
metal pollution and ecological security in energy-enriched are-
as:a case study of northern Shaanxi, China[ J]. Ecology and
Environmental Sciences,2018,27(9):1758-1767. (in Chinese)
AR R O L AFL BRIV AE AR S Xy BT T SR
B A LR FE L) ], PEALAR 2 BE 21, 2019, 34(5) : 115-121.
LIL D,MI Y,XIE Y F,et al. Distribution of heavy metals in
the soil of the main prichly ash production area in Shaanxi
Province[ ] . Journal of Northwest Forestry University, 2019,
34(5):115-121. (in Chinese)
Gy SO A 0K S ST TR D RE X b R 3 Ry
fE VR B R T (1], A B IR B4 4. 2018, 27(11) : 2142-
2149.
YI W L,DONG Q,YANG F,et al. Pollution characteristics,
sources analysis and potential ecological risk assessment of
heavy metals in different functional zones of Baoji City [J]. E-
cology and Environmental Sciences,2018,27(11) :2142-2149.
(in Chinese)
TRWF. 2R A B RS, B I RS Y i e R
AN BT ] BREERE 5, 2019, 44(7) : 186-190.
ZHANG Y,LIY S.GU Z Y,et al. Heavy metal pollution and
potential ecological risk assessment in urban soils of Shangqiu
City[]]. Environmental Science and Management, 2019, 44
(7):186-190. (in Chinese)
(LU SE O S T I\ G N I 7O | = WP L = A i
2000.
B nd. 2Rl Al 2 a0 B 0 ik LML JE 5T [ AR AL B
fig#t: . 2000.
AR RRAT . T R R X T R R S R
ERFFE L], B AL ,2019,47(12) 1 1-5.
WANG C S,SHENG Q,PEI R L. Study on soil element refer-
ence value and background value in Shangqiu region of Henan
Province[ J]. Journal of Anhui Agricultural Sciences,2019,47
(12) :1-5. (in Chinese)
JRH A AR B, 2 A L A5 LR T e T 45 IR 35 L TP M 7
Xt H[)]. HiBk 5 FREE,2015.43(6) :709-713.
ZHOU C S,ZOU S Z,LI L J,et al. Comparison of evaluation
methods for heavy metals contamination[]J]. Earth and Envi-
ronment,2015,43(6) :709-713. (in Chinese)
TR N I S5 A A IR ORI P 4
B RBOT AT, HREER 22 5 4R, 2008.31(2) : 112-115.
XU Z Q,NISJ,TUO X G,et al. Calculation of meavy met-
als’ toxicity coefficient in the evaluation of potential ecologi-

cal risk index []]. Environmental Science &. Technology,



%55 1) W AT T A R B Ay X E R R T YRR SR 87
2008,31(2):112-115. (in Chinese) [24] 4. b 080, AT IR 7. 398 o 8 A S TR S AR W R0 .
(171 MORA  BISAE, T, . UL R R R DU R &8 1 + 83 4 , 2005, 36 (5) : 765-772.
JePEH Kok YR % A [T, w1 PR BT RE 22, 2016, 36 (4) - 1218~ YANG ] Y, YANG X E.HE Z L. Resource and bio-availabili-
1225. ty of lead in soil[J]. Chinese Journal of Soil Science, 2005, 36
LINC Q,HU G R,YU R L,et al. Pollution assessment and (5):765-772. (in Chinese)
source analysis of heavy metals in offshore surface sediments [25] W&, FREIRT LHEE 485 R AP M AT s 48k [T ].
from Jiulong[J]. River China Environmental Science,2016,36 WAt Bl F B4k, 2016,33(3) :54-61.
(4):1218-1225. (in Chinese) PAN H Y. A review of the present situation and assessment
(18] W3, AR, G 4 4 T 4 J8 475 Y S A AR il R Y fE on heavy metal contamination in urban soil of Chinal[J]. Jour-
[J). AR5 5 a8 & ,2016,41(5) :171-173. nal of the Hebei Academy of Sciences,2016,33(3):54-61. (in
MIAO Y Q.,LIN Q. Pollution caused by heavy metal cadmi- Chinese)
um to the soil in Guangxi and tts harm to human health[ ] ]. [26] dnl,ok2fbh, ZEall, 45, 3. F Rk BREE 4115 YL 52 i I8 2% 4%
Environment and Sustainable Development,2016,41(5):171- M) BB R 224 ,1995,15(2) : 135-141.
173. (in Chinese) MENG K,ZHANG X L,QIN J Y.et al. Analysis of factors
[19] X4, KRBk, B0 F8% 5. MK AT AR IIRE X - H 4 effecting lead pollution in urban environment of Chinal J]. Ac-
JB 5 YRR KPR L], FREERL.2016.37(6) :2322-2328. ta Scientiae Circumstantiae, 1995, 15(2); 135-141, (in Chi-
LIU Y N,ZHU S F,WEI X F,et al. Assessment and pollu- nese)
tion characteristics of heavy metals in soil of different func- [27] RESEHFIE. ITRE LTS Y P0R GG/, 6 E
tional area in Luoyang[]]. Environmental Science, 2016, 37 FBEA A H AR B2 AR, 2018,32(3) 1 79-83.
(6):2322-2328. (in Chinese) SONG Y T.LEI N F. China’s cadmium pollution land status
[20] Z—5%, dhadtde XU, 45, JF Skt + 5 4 5 Y BB e and restoration measures[ ] ]. Journal of Xichang University:
A=A KB4 L) . BRI, 2015,36(3) :1037-1044. Natural Science Edition,2018,32(3) :79-83. (in Chinese)
LIY M,MA J H,LIU D X,et al. Assessment of heavy metal (28] F°3 ., SHE4, Xk, 2. 35350 8T 32 0% X 18 1% 4 b+ 1 & 4
pollution and potential ecological risk of urban soil in Kaifeng J& pH A HLB & & A R oT [T ], 7 E R MR, 2018,
City,China[ J]. Environmental Science, 2015, 36 (3): 1037~ 59(2) :30-32,40.
1044. (in Chinese) QIAO X,LU H J,LIU S,et al. Study on correlation between
[21] RIS ARG RER.F EHRTAFA X SRR+ TSR soil heavy metals,pH value and organic matter in road green-
V5 Y VA B S ME B L], B B Rl R 24 4. HAR B R, belt of Qigihar[J]. Ningxia Journal of Agriculture and Forest-
2014,38(6):65-71. ry Science and Technology,2018,59(2):30-32,40. (in Chi-
XU M H,LIN T,YU A H,et al. Assessment and correlation nese)
analysis on heavy metals contamination in urban road topsoils [29] IMVIE.IRIKAR . HGBE A% LAV RN L IELBER R H
of different city zones in Nanjing[ J]. Journal of Nanjing For- RME BOE A W2 ma [T, ) 58 B8 K2 A SRR 2 4, 2011, 34
estry University: Natural Sciences Edition, 2014, 38 (6): 65- (4):82-87.
71. (in Chinese) SUN H,TAN C Y,HUANG D Y,et al. Effects of soil organ-
[22] PBEPEfE EE RN EE, %, L HEE SRS R0 . 2 ic matter on the accumulation,availability and chemical speci-
Ml B ]. AR TR .2020,36(3) - 28-36. ation of heavy metal[]]. Journal of Natural Science of Hunan
CHEN Z H,JIAO S.YU A H.,etr al. Analysis on evaluation Normal University,2011,34(4) :82-87. (in Chinese)
methods of heavy metal pollution in soil-taking Nanjing as an [30] s, skpoh, 250, 5. BAb X LR SR I5 LIRS
example[J]. Forest Engineering,2020,36(3): 28-36. (in Chi- VETE AR A XU 43 A [T, R ARk K2 2% 4] . 2010, 44 (4) 1 471-
nese) 475.
(23] S5 IRARE, TMe, S N 7 £ e T 4 s i Ytk 0L B WEI T T,ZHANG L C,DUO H R,et al. Analysis on current

PEAT LI, 287 M, 2015, 34(3) - 340-345.

YU G X,ZHANG J Z, WANG Y, et al. Investigation and e-
valuation of heavy metal pollution in soil from Zhengzhou city
[J]. Rock and Mineral Analysis, 2015, 34 (3); 340-345. (in
Chinese)

situation and potential ecological risk of heavy metals pollu-
tion of soil in the north of Henan Province[ ] ]. Journal of
Henan Agricultural University, 2010, 44 (4): 471-475. (in
Chinese)



