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Assessment of heavy metal pollution in arable soils in the Poyang Lake area based on the improved matter—el-
ement extension method

ZHAO Jie"?, LUO Zhi—jun'*, ZHAO Wan—wan'?, ZHAO Yue'?, SONG Ju'?

(1.College of Land Resources and Environment, Jiangxi Agricultural University, Nanchang 330045, China; 2.Jiangxi Provincial Key Labo-
ratory of Poyang Lake Basin Agricultural Resources and Ecology, Nanchang 330045, China)

Abstract: To examine the contamination status of heavy metals in arable soils in the Poyang Lake area, a total of 252 top soil samples were
collected from this area. Contents of the heavy metals Hg, As, Pb, Cd, Cu, Cr and Zn were determined using standard methods. Taking into
consideration the fuzziness and uncertainty of soil heavy metal pollution, we used the improved matter—element extension model to assess
soil heavy metal pollution. We also applied Hakanson toxic response coefficients to modify the weights determined by the traditional multi-
ple super—scale weighting method. Having thus established an assessment model for heavy metal pollution in arable soils based on the im-
proved matter—element extension model, we compared the evaluation results with the results obtained using traditional evaluation methods.
We accordingly found that the average contents of the seven examined heavy metals in soil samples exceeded the local background values,

and accumulated to different degrees, with the order of over—standard rates being Cr > Cu > Cd > Hg > Zn > Pb > As. On the basis of the re-
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sults obtained using the improved matter—element extension model, we could conclude that the heavy metal contamination of soil in the Poy-

ang Lake area was generally at a safe level. The heavy metal content in soils from Duchang County, Hukou County, and Gonggingcheng City

was at a safe level, whereas that of soils from other areas was at alert level. The evaluation results obtained using the improved matter—ele-

ment extension model were essentially consistent with those obtained using the traditional evaluation methods, thereby indicating that the im-

proved matter—element extension model can be applied for the evaluation of soil heavy metal pollution and yields reliable results.

Keywords: improved matter—element extension model; arable soil; heavy metal; pollution assessment; Poyang Lake area
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Figure 1 Study area and soil sampling sites
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Table 1 Assessment standards for soil heavy metals pollution in arable soils(mg-kg™)

1592 Pollution level

Hei& - ik (120) Wi (4 L)) T e (V) TRV )
Clean( ) Still clean( 11 ) Slight pollution (Il ) Moderate pollution(IV ) Severe pollution( V')

Hg [0,0.08) [0.08,0.3) [0.3,1.05) [1.05,1.50) [1.50,1.95)
As [0,10.40) [10.40,25.00) [25.00,28.00) [28.00,40.00) [40.00,52.00)
Ph [0,32.10) [32.10,120.00) [120.00,350.00) [350.00,500.00) [500.00,650.00)
Cd [0,0.10) [0.10,0.30) [0.30,0.70) [0.70,1.00) [1.00,1.30)
Cu [0,20.80) [20.80,50.00) [50.00,280.00) [280.00,400.00) [400.00,520.00)
Cr [0,48.00) [48.00,150.00) [150.00,210.00) [210.00,300.00) [300.00,390.00)
Zn [0,69.00) [69.00,200.00) [200.00,350.00) [350.00,500.00) [500.00,650.00)
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H1.3 4%,

Note: The upper limit value of grade I is the background values of Jiangxi Province. The upper limit value of grade Il is determined by the second

grade standard limit values of the National Environmental Quality Standard for Soils and Soil Environmental Quality Standard for Agricultural Land

(Exposure Draft). The upper limit value of grade Il is 0.7 times as compared with the third grade standard limit values of the National Environmental
Quality Standard for Soils. The upper limit value of grade IV is the third grade standard limit values of the National Environmental Quality Standard for Soils.
The upper limit value of grade V is 1.3 times as compared with the third grade standard limit values of the National Environmental Quality Standard for

Soils.

®2 TEESESERAMSEIT AN

Table 2 Descriptive statistics of soil heavy metals contents

JLZE Element Hg As Ph Cd Cu Cr Zn
/M Minimum/mg - kg™ 0.00 0.63 0.74 0.01 6.52 12.15 0.50
% K AH Maximum/mg- kg™ 0.57 73.35 117.56 0.98 424.09 241.87 198.75
SEHIE Mean/mg-kg™! 0.13 11.28 34.92 0.17 34.55 83.72 72.43
FrifE 2% Standard deviation/mg-kg™! 0.11 13.42 18.94 0.14 31.66 43.24 31.97
A5 5 Z AL Coefficient of variation/% 89.76 119.00 54.25 83.89 91.65 51.65 44.14
TLPY 2 1 58 Background values of Jiangxi/mg-kg™ 0.08 10.4 32.1 0.1 20.8 48 69
[E1% —Z4hrifE National secondary standard/mg- kg™ 0.3 30 120 0.3 50 250 200
HFRR Over—standard rate/% 50.00 34.13 42.86 62.30 82.94 88.10 46.03
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Table 3 Comparison of average weights before and after

correction of soil heavy metal in the study area

EEE W W ﬂ%% H:@J
Heavy metals Adjusted ratio/%
Hg 0.084 5 0.284 1 1236.21
As 0.207 3 0.193 0 16.90
Ph 0.070 5 0.0320 1 54.61
cd 0.1516 0.387 2 1155.41
Cu 0.088 4 0.041'1 15351
Cr 0.260 3 0.049 8 1 80.87
Zn 0.137 4 0.0128 190.68

TE: TN BT, LN R

Note: 1 represents rise , il represents decrease.
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Figure 2 Comparison of the results before and after revision of weights of different heavy metals in cultivated soil samples in the study area




528

URIEIRCX ity S 38553

A W(Cd)

AL Weights

O w'(Cd)

¥ 4555 Sample number
0.50 [
045 F A A W(Cu) O W' (Cu)
0.40
L, 035F
% 030 AA
= 025F o n
f 0.20 | N A
® 0.15 A AN N LA
010 AAV"/”/"/,A A Ad AL‘)/ ﬂk @
: v /NS Ny O JAY ‘ /)
N UG R TSP O, N\ )y
0.0(5) D RCILHS « s S SeR «
0 50 100 150 200 250
FE 15T 5 Sample number
p
1.00 [
0.80 |
. 070}
-
= 0.60 |
= A A
= 050} A A A A a A
i 040 [ %bﬂ B p\L
= ADND A A
ot 2
4
0.20 %ﬁlé&
010 b B A o AR DA ““i“"‘\)"“ 0 <c<’< %
0 50 100 150 200 250
55 Sample number
p
0.50
0.45 A W(Zn) O W' (Zn)
0.40 N
5 035 A
-
joe A 2 o
e s p A
8 0204 A A 24 & b A 0
015 A AR
0.10 A%AA & ) ﬁ&% L pB ps
’ A A 5= Ly
0.05 - AA N L
0 RS T QS TS

100

150

FE 55 Sample number

ZE2 ARARMM I EF S ARESBNEBEMNGSRITLL

Continued figure 2 Comparison of the results before and after revision of weights of different heavy metals

in cultivated soil samples in the study area

WG BEAE (6 5) . [RIFE LARE &5 ST R Bl kAT 20 M, ST
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Table 5 The closeness value of material to be evaluated

relative to each level

RS WHITBEAE Closeness value TG YL AL
Sampling Pollution

point J=1 =2 J=3 j=4 J=5 degree

S1 1.000 60 0.99937 0.996 16 0.991 56 0.987 44 I

S2 1.000 44 0.999 53 0.996 07 0.991 98 0.987 85 I

S3 0.998 58 1.00047 0.99821 0.993 61 0.989 49 I

S4 0.99985 1.00015 0.99690 0.99237 0.988 24 I

S5 1.00020 0.999 80 0.99673 0.99187 0.987 74 I
S248  0.999 80 1.00005 0.997 34 0.99177 0.987 64 I
5249 0.996 07 0.99771 1.001 64 0.99520 0.991 07 1
5250  0.98988 0.99240 0.99653 0.99891 0.997 71 v
5251 0.99759 0.99904 0.99992 0.99383 0.989 71 I
5252 0.99902 1.00034 0.99846 0.99247 0.988 34 |

FIRE SN 177 4, d7 HE R 70.24% 5 40 52 3 5 YR 245
BIARE S BON 334, 5 H R 13.10% 5 &b i B35 Yutk 245 Y
FELSBON A, A 1.59% 5 4k 8 75 GRS A RE A5
BOh 24, d N 0.79%, Bk FORE | IZIFIT X 4 1
ek S EH A BT YK LT 1S 8 3 SRR STEN 2
Tz (a4 Ai a1 3 s 15 Y AL F 4 LA 1Y

0 10 20

P ke i EE AR S R R TR ME R
SEHh A HEZ T BIEFE XL AR L T 4 SRR B AL
NI RERE L

S 531 30 B ) X 4% B DRI b - 4 o R 9 e e
JEE R 4% B DX b A A et nty A by oG ml
ORI R A AR A5 BB SE XA [R] 3t DXk - 1
ANTRITS e G A 3 BO0T o A9 R 32 DX e A
F K6, IR 6 nI 1, F A Y Gl i B A
FUARE B 70 B ST S AR e S S
IR L T TR, A DSy 1 3 T AR A Ak
2R, R BEI DX S AR By 1 TR S
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hy it — R Y o kA TR E S E T
JLPEH b 0 38 I R LI 25 2R 5 R AT AR R PE AN A
#E [FIAE S| A Hakanson B M4 i 1 32 £504& 1A /9 1%
GRS AL SR A TR B0 BRI B,
DL MG 255 35 B0 (DL R A S R 05 o e — 2
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Ty P 45 R 25 5 IR 7 AT LU Y, A ] itk
Yoo rl hid: AL G ol ik ISR G Fe Buk 15 3

] Legend

o I 95 Y4#E 5 Samples belonging to Grade |
o 907554 RE 5 Samples belonging to Grade 11
o M5 54HE 14 Samples belonging to Grade T
@ [V 235 YL kE 5 Samples belonging to Grade IV

@ V 5L 4 Samples belonging to Grade V

3 BRERTRERRESTHER

Figure 3 Pollution level and spatial distribution of each sample point
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Table 6 Evaluation results of heavy metal pollution of arable soil in different areas
TSI
i Pereenagost et il kel ol semple st BT Closcss vl
fegions I I mm v A =1 =2 =3 =4 =5 POE fjﬁgfm
e . 2143 7143 7.14 0 0 0.998 86 1.00103 0.99778 0.99350 0.989 38 il
HE 5185 48.15 0 0 0 1.000 10 0.99990 0.99668 0.992 12 0.988 00 I
imp=, 60.00  40.00 0 0 0 1.00003 0.99995 0.99672 0.992 16 0.988 03 I
JUITHIRIX 0 100.00 0 0 0 0.99999 1.00000 0.99678 0.99223 0.988 11 il
BT 54.55 36.36 9.09 0 0 0.99957 1.00043 0.997 13 0.99274 0.988 61 il
siAg B 2800  60.00 8.00 4.00 0 0.999 64 1.00036 0.997 13 0.99259 0.988 47 il
A5 T 60.00 40.00 0 0 0 1.000 15 0.99985 0.99659 0.992 11 0.98798 I
mE 0 80.65 12.90 6.45 0 0.999 11 1.00085 0.998 13 0.99267 0.988 54 Il
ik B 0 96.77 3.23 0 0 0.999 07 1.00038 0.99829 0.99242 0.988 29 Il
EE R 0 7353 2353 2.94 0 0.999 12 1.00056 0.99824 0.99256 0.98843 Il
TR 0 67.50 2750 0 5.00 0.99779 1.000 64 0.998 94 0.994 48 0.990 36 Il
B £ 0 7826 2174 0 0 0.99830 1.00103 0.99850 0.99393 0.989 81 I
T BH X 1429  70.24 13.10 1.59 0.79 0.99936 1.000 64 0.99763 0.99266 0.988 54 Il

RT AEVENF EZHERIRGTTR
Table 7 Table of grading statistics of the results of different

evaluation methods

M 7 FEAREL Number of samples
Evaluation methods 24 % Total 1 i | I\ \Y%
ST 252 36 177 33 4 2
[kl bCIE S 246 45 173 24 4 0
LA e 252 64 173 15 0 0
TR R 27 1 252 155 81 8 6 2
WP G EaE 252 136 60 50 4 2

AP 25 SR FEA — B, PR S5 AR IR B RE KON 180
A, d RSB 71.43% s RO Rk NS 25
FARBOL B RPN 45 R 22 R BOR , 22 S BRI BT

oy FE AL 1 G0 WG, A RIS T 545 20 1
FAE R PEI AR Gt O (18 4) 5 S B A B SE
SEREAL . TR RS PN 7 ik A R 25 Sk
o i R R A [R] B PEAR A v B AT, DXL, 45 3 7
V5 BRI B AR ] B A S B o T o £ Jrg BR A 2
PR AR 22 S R T A (D) B ECE Ik B
HIE T HIEE RIS U PR B (A AR
F KSR JEE U 5 P A N, A7 A AR A 2B 2R A
AR DL, 8 o o o P 5 A i R SR i P D ) £ 28K
PR IR, H AU R 12 i SR s 1 ek o5 5T
R o e — 2 ] 14 SR i 2 R/ NI Bk T 2 i 4
W, VLA A RS K R
T IRPRMER R R AR, RIS IX 2 B R B

O ek P oc ] i Improved matter element extension method

100 - O #)7C ] $17% Matter element extension method
| I AL ZEG 48 50 Weighted composite index method
K #4245 Fuzzy mathematic method

N sor M NAHEZ 454850 Nemerow index method
2 L

T 60+ Z
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Figure 4 Graph of grading statistics of the results of different evaluation methods
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SR SN A N B2 1T % B e [T S sl
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eI

FETVLVEE H AT ol | B A o ot
PR 2 19 7 SRR HER 2R | REAS s e X I 4 39 vh F 4
J& T AR TR X A AR T S (E i RS e
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Table 8 Single factor evaluation results of heavy metals of some samples

FEE PR {5 Y5 B P; Single factor pollution index P;
Sampling point Hg As Pb Cd Cu Cr Zn
S8 0.767 0.598 1.066 1.348 1.727 1.676 1.699
S13 0.781 1.220 1.300 1.266 1.521 0.561 0.738
S15 1.053 0.782 0.792 1.784 1.124 1.209 0.713
S23 1.735 0.877 0.817 2.181 1.114 1.143 0.704
S30 0.520 0.667 1.347 1.883 1.119 1.008 0.669
S189 2.850 0.326 0.543 1.367 1.210 1.396 1.523
S196 1.945 0.202 0.979 1.590 1.987 2.581 1.422
5202 1.809 0.243 1.677 1.873 1.739 1.384 1.314
S224 1.598 0.280 1.285 1.185 1.573 1.534 1.623
S246 2.441 0.324 2.742 1.387 4.956 1.462 1.480
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