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The Investigation and Evaluation of the Heavy Metal Pollution in Farmland Soil and Crop in the Qingyuan of
Hebei, China
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Abstract: Based on the 1:250 000 target regional geochemical survey of Hebei geological survey bureau, study the soil and corn seeds sam—
pling, analyse the area of soil heavy metal concentration degree emphatically, and use enrichment factor and single factor soil pollution index
methods for contamination assessment. Results showed that the soil of the study area was polluted by Cu, Zn, Cr, Pb and Cd seriously, includ—
ing Cd had achieved significant enrichment degree ; it indicated that the crop had been polluted though the statistical of the heavy metal in the
corn seeds, such as the content of Ni and Pb in corn seeds exceed the food hygiene standards. Through the geo—statistical methods to analyse
and reveal the spatial distribution characteristics of the heavy metal of Zn, Cu, Pb and Cr which had serious pollution, and explore the main
reasons of heavy metal pollution.
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Figure 1 Distribution of soil sampling in the Qingyuan farmland
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BB ORI Y B 3RO HIESE IR ETA
% K% 100 m DASE, MEFFHEAEHASE TR 2 FER A
SHHEZ R 3 M (FHEEZY 30~50 m) 4371 %
R EATF SR, G — T EE ISR,
2 20 em (5 15 em)RLAEYR R EKEEH 1
BEAENRES IR EBRRE 1 om LMY HIERT
SEREGRIRE BT 1000 g; REAANYNERZ
RIS IR

As Hg R AR F 75 6H1E: (AFS) 434, Cd. Cu,
Pb Ni 3R FH % B F R it 1%k (ICP-MS )i, Cr . Zn R
R R E-X RS (XRF )M
1.3 HiEabE

ARG s, A L IEESE S’
B J7 2 brifEdR 22 (SD) A8 7 R $55 R SPSS
WAEF GS+EAT , 25 18] 4347 1R ] Minitab 3585

2 HRESH

X 100 4 -3 K F AR E SRS
BN ESET, rE EET NAE T E S
JEISGLRIL , HR AR PEN ot 3 E 4
R EERE, NMIRR 25 E
21 RETEEEETERRITEN
211 HEHELRSESITT

KB R HHEES B S ERIMES TE 1,
IR R ENLR 2,

MHERGE 45 R , As . Cr . Hg Ni fY-F-3{H 5371
7 12.067.75.41.0.094 43 .30.35 mg kg, #AEF -1
IREE R B AR E R B — bR v, 1 Cd.Cu.Pb.Zn By
EPHEHT R T A R bR 0 — B
SMHELBLERSTETVERS TER LET RE;
Bk As F1 Ni &b, oAt TR B4 E# S Tt s 3

R 2 TERERETNARE(ng kg ™)

Table 2 The assessment standards for soil environmental

quality(mg-kg™)

_ RS TR WIbE Lt ERLE

TR Ty o S WESRME WRME
As 15 25 40 13.6 11.2
Cd 0.2 0.6 1 0.094 0.097
Cr 920 250 300 68.3 61
Cu 35 100 400 21.8 22.6
Hg 0.15 1 1.5 0.036 0.065
Ni 40 60 200 - 26.9
Pb 35 350 500 215 26
Zn 100 300 500 78.4 724

¥ . RS R B AR MERAT GB 15618—1995; k45 + 32
SIHSEICHR11]; BR LSR5 S5 30R12],

H5{E, M Cd.Cu.Hg.Pb.Zn X 5 Moo RH T H T
WAL B SE, WA T X 3 & R e
BRREAL,

HidbE TR REML, SRR ENESR
# Cd.Cu.Hg.Pb Zn, M 3 IS UL S HTIE, 55

®3 tEESRFERREGEIT (L TERERERETN)
Table 3 The statistics of soil heavy metal pollution
(Based on the environmental quality standard for soils )

g BN R R RS

ISR
As 19 1 0 20 100 20%
Cd 41 9 15 65 100 65%
Cr 14 0 0 14 100 14%
Cu 23 10 0 33 100 33%
Hg 8 0 1 9 100 9%
Ni 16 0 0 16 100 16%
Pb 36 0 1 37 100 37%
Zn 37 5 2 44 100 44%

I TSR AT HERAT GB15618—1995%%,

®1 IRESRETERMRES T

Table 1 The descriptive statistics of soil heavy metal elements

JLE FeAEK B/Me/mg-kg'  BAfH/mg-kg!  FHfEmg-kg?  ARfERE/mg-kg BRARR PR i
As 100 58115 26.958 9 12.067 3.916 39 0.324 55 13343 1.717 3
Cd 100 0.125 14 4.163 04 0.535 27 0.646 404 1.207 63 2.978 11.127
Cr 100 54.4 100.4 75.41 10.631 02 0.140 98 0.665 -0.234
Cu 100 15.98 357.01 46.243 51.062 11 1.104 22 3.901 18.396
Hg 100 0.016 1.850 5 0.094 43 0.195 347 2.068 81 7.84 68.132
Ni 100 19.2 47.63 30.35 6.954 658 0.229 12 0.973 -0.078
Pb 100 18.94 563.06 47.395 62.593 89 1.320 67 6.184 47.382
Zn 100 55.93 676.59 129.2 104.602 4 0.809 86 3.069 11.094
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XH:EF AEEBETETREERYEC. ATE «
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Table 4 The judgment standard based on enrichment factor
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VM, & P<1FRTERZITY,P>1 Fon 15
ZENEYL, PR, FR TG AR EBES, PSR
w6 Firm .

PAIRIAEAE HIEE S E A EM AR ER 1, X+
BERZ As 5, 5" ENESE R Cd, His
BRI IX 5.694 3; HIK 2 Hg . Pb.Cu.Zn Cr, i5 J¢ 45
BRIk 2,622 9.2.204 4.2.121 2.1.648.1.104; T LA
IR B B AR B — SR UEHEA T PR, 15 Q™
HMESEHA Cd.Pb.Cu.Zn, HRHARPEMIRHER H
#) Hg 15 Qe E 22 IR K, b A B s E N5 AR

P EF 4N
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3 520 BEEE AET| AN, BTG X X E R
4 20~40 FEEE JCEK Zn.Cu,Cd.Pb {5 YL /" H . XFTKFEZ %
5 >40 BEEE XAT AL AR A TR e B 05 e 3R T 2 W A U A R 5T
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Table 5 The enrichment factor of soil heavy metal based on different reference elements
% BHEETF 1K ALASETR) BEHET 2L Fe h2HTEK)
BoME BoRE W{E H{E PR /M BRAE WiH P PR
As 0.595 3 1.981 1.018 0.972 0.239 0.499 8 1.739 0.935 0.931 0.167
Cd 1.344 40.904 5.030 2712 5.879 1.344 35.907 4.462 2.576 4.986
Cr 0.984 1.515 1.184 1.188 0.084 0.894 1.534 1.100 1.098 0.108
Cu 0.860 15.056 1.891 1.156 2.034 0.861 13.217 1.693 1.130 1.737
Hg 0.282 26.847 1.406 0.808 2.905 0.237 23.962 1.309 0.745 2.630
Ni 0.819 1.399 1.071 1.041 0.137 0.854 1.096 0.987 0.987 0.046
Pb 0.812 20.640 1.697 1.107 2230 0.716 18.119 1.525 1.049 1.920
Zn 0.871 8.907 1.658 1.219 1.234 0.887 7.819 1.498 1.155 1.017
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Table 6 The soil heavy metal pollution index
B FI5 YR
FRSIRE As cd Cr Cu Hg Ni Pb Zn
Wb S E 0.880 1 56943 1.104 2.1212 26229 - 2204 4 1.648
R+ I R R — S 0.798 2.676 3 0.837 9 13212 0.629 5 0.758 8 13541 1292

% HR L AR R RS GB 15612—1995,

TR R e — 2,
22 EXRTXESRAE

S A PR R R TR E SR SRS
(R, UEER I RESRENREERCE
X EE R L T —E 155

MR ZHE, LEEE Ni As,Cd K& ST AR
BOR, U E R NiAs \Cd Z AR MIH K RrA
XHMERTEPESRE SRS EHZRE T AR
HEPYHEATS HE AT, 558 HA i Pb Rtk A ,
PR3 K 8% 3% , B KAB 43K 0.677 04,0.252 25
mg- kg™,

ZX R E LR BB ENE SRS,
LB R E SR & BB AR ) ERAATE— 2 R
XK, EEERAYSETEWEENRNRR,

NI PN N 5 S e W
3 1ig

3.1 TEESELERXMEST

R 8IHE T HEELE TR BIFAMRRE 7T LA
% H ,Zn.Cu.Cd.Pb 4 F 8 & J& 2 [0] {9 4H S 1 ZR 1R
&, RIS R EERTE 0.8 DL b, BB B 1 B A 1R I
I EEE, S B A MR E iR E, SORE T R —H
JEAER , SR Sk TR R 75 4L I52,

RS IRESETRHERBEXRY

Table 8 The simple correlation coefficients of soil heavy metal

JLE  As Cd Cr Cu Hg Ni Pb Zn
As 1

Cd  0.749 1

Cr 0.699 0459 1

Cu 0674 0.896 0.378 1

Hg -0.014 0.045 0.032 0.024 1

Ni 0829 0.546 0.87 0486 0.003 1

Pb 0569 0.847 0.265 0.867 0.059 0.368 1

Zn 0696 0.84 0437 0805 0273 0.546 0.778 1

3R EE AR TR S (B A MR
AR MR A A R R R R R R
/N BEAR RS BEAR Z R A AR, A R R B0
K, ICRE T EH & B0 MBS AL
TE BRI ER R, 28 B R BRI A R T A F R
$<0.1 AT AT, TR AR 0.1~1 HhEAER
MR R A RES, WE 1185 Zn.Cu,
Cd.Pb iX 4 FhEE & & AR R E5rH14 0.81.1.104,
1.208.1.321, YLBHIX 4 Moo R & BEER S Z & Fi A
R, B 5k i s A AR S
3.2 TEELE Zn.Cu.Cd.Pb iTLFRIFESHT

F AR LA b T R Be B AE A VA 36 B 1:250 000
£ BhR X I ERIb A B R, SR Minitab 244

g st X ® 42 J& Cd.Zn.Pb.Cu & B =5[] 5311 &,
F 7 EXFELESRTRHBAELIT
Table 7 The descriptive statistics of corn seeds heavy metal

JLR H/ME/mg- kg™ BB/ mg kg™ FHE/mg kg™ B /mg kg™ BRRE PREE VA
As 0.034 466 0.137 72 0.071 46 0.019 24 0.269 25 0.668 0.561
Cd 0.007 33 0.023 24 0.011 55 0.002 86 0.247 67 1.759 4.288
Cr 0.246 6 0.613 13 0.446 42 0.072 65 0.162 74 0.001 0.25
Cu 1.373 71 4.445 61 2.064 36 0.525 94 0.254 77 2.019 5.836
Hg 0.002 2 0.003 74 0.002 66 0.000 34 0.126 24 1.147 1.282
Ni 0.101 92 0.677 04 0.252 39 0.091 52 0.362 6 1.894 4.813
Pb 0.091 63 0.252 25 0.137 33 0.025 83 0.188 05 1.319 3.959
Zn 15.024 9 31.997 9 21.287 3.663 94 0.172 12 0.551 -0.077
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Figure 2 The geochemical maps of Cu,Cd.Zn.Pb of Qingyuan area surface soil
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