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Investigation and Evaluation of Heavy Metals Pollution of Agricultural Soils Near a Steel Plant

XIE Tuan-hui, HU Cong, CHEN Yan—hui, XU Qin-lei, WANG Guo"

(College of Resources and Environmental Science, Fujian Agriculture and Forestry University, Fuzhou 350002, China )

Abstract : The pollution of heavy metals in farmland around a steel plant in the west of Fujian Province was investigated. The pollution index
method, principal component analysis and factor analysis on the pollution of Cr, Pb, Cd, Ni, Cu, Zn and As in the soils were carried out to
clarify the pollution status, the main source, the degree, and the distribution of the heavy metals pollution in the soil. The secondary standards
for acidic agricultural soils of "soil environmental quality standard" (GB 15618—1995) were used as the evaluation criterion. The single
factor evaluation results showed that the pollution of soil by Cd and Zn in the investigated area was widespread and serious and the points
over standard rate was 100% and 95.5% respectively, while the pollution by Pb, Cu and As was slight and the points over standard rate was
29.6%,15.9% and 6.8% respectively. The soils were not polluted by Cr and Ni. The principal component analysis and factor analysis showed
that the correlation between Pb, Cd, Cu, Zn and As was significant and homologous. Therefore, the pollution of Pb, Cd, Cu, Zn and As of the
soils should be mainly attributed to the pollutants emitted from the steel plant. The correlation between Cr and Ni was also significant and
homologous. It was deduced that Cr and Ni in the soils were largely originated from the soils themselves. The comprehensive pollution degree
of the heavy metals in the soils decreased as the distance between the steel plant and farmland increasing. The soils of the fields near the
entrance of irrigation water from the waste water of the steel plant were more seriously polluted.
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Figure 1 Location of the sampling sites near the steel plant
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Table 1 Threshold values for grading the pollution index of the

heavy metals in the soils
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Table 2 Contents of the heavy metals in the soils(mg-kg™)

EEA ey
Ealm hoME O ROKME TR CPSE iR WRME
cd 0.55 7.19 0.93 1.53 130  0.074
Pb 132.8 5643 2004 2286 9574 413
Zn 1014 2541 4990 6324 4452  86.1
Cu 634 9679 2879 3454 1810 2238
As 6.94 4247 1479 1570  7.12 6.3
Cr 1973 1411 4546 4631 1739 440
Ni 703 7972 1656 1726 1012 182

T AR LR SR TR s EEARFYH).
Note: Background value of soil heavy metals in Fujian Province (arith—

metic mean value ).
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HEBR KB TI5 Y880 2.26, X KA X /1
HEfY P 5 Yt LA™ . 3 Cu AT As 19 S R
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Table 3 The pollution index and the pollution degree of the heavy

metals in the soils

JLH L EIME PSR SRR %
P.-Cd 1.82~23.97 5.47 s Y 100
P.—Pb 0.53~2.26 0.94 i 29.6
P.~Zn 0.51~12.70 3.31 R e 95.5
P,—Cu 0.13~1.94 0.72 i 15.9
P.-As 0.23~1.42 0.53 T 6.8
P.—Cr 0.18~0.56 0.39 i 0
P.-Ni 0.001~0.40 0.43 i 0
Py 4.00 BTG
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1 Bartlett 6 %6 % W] & 5 43 J& 22 ] BLAG B05m 1 AH 5C
1, KMO {E>0.6, Bartlett BRIE B 6 56 , P<0.001, X
WA SR R W] LA T IR F-40 . B3R 6 AT, ip
2 A F R AT AR VR BEY 75.229%, T 1 f#
BEE T 2510 47.70%, A+ 2 ff B 7 251 27.52%,
FFEHET TR £ 7T HFEEREDR,7 FiE
SRS WA, Cd Zn Pb Cu Fll As T %2 [H 1 1
A5 T Ni Fl Cr F2E2 - 2 i . X451
Wik—4 B8 Cd \Zn As Cu F1 Pb X AATCE TS
Yl ELA TR PR, T Cr A1 Ni 475 YL 5 B[R]

2 #K,Cd.Zn Pb Cu Fl As J&5Z [F]—5Z i
BRI 7 52 i), R 90 80 A DX RO T LI DR S 32 0 A2
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Table 5 Test of KMO and Bartlett

KMO #01 Bartlett #55%
HUEE ST Kaiser—Meyer—Olkin [ & & 0.64

EJE A KMO Al Bartlett 70 &5 R U0 5 Br7n . KMO Bartlett HUERIZE K50 BERES 222,00
df 21
x4 TESECEZHEPNBEXRLK() Sig. 0.000 00
Table 4 Correlation coefficients(r) between the contents of the
heavy metals in the soils xR 7T BFHEAER
TE Cr Pb ad Ni Cu In As Table 7 The factor load matrix
Cr 1 . i) T e
Pb 0.006 1 L M1 H¥ 2 M1 A5 2
Cd 0.037 0.901%%* 1 Cd 0.901 —0.339 0.962 0.011
Ni 0.936%* -0.028 -0.044 1 Pb 0.845 —0.325 0.905 0.003
Cu 0.008 0.390** 0.459** 0.010 1 As 0.873 -0.135 0.863 0.190
Zn 0.131 0.545*%* 0.575%* 0.283 0.548%%* 1 Zn 0.711 —0.146 0.716 0.121
As 0.244 0.728** 0.856** 0.072 0.409** 0.477*%* 1 Cu 0.653 0.147 0.556 0.373
VE 2R (P, 01) Ni 0.367 0.871 0.026 0.945
Note: **means extremely significant correlation(P<0.01). Cr 0.486 0.796 0.165 0.918
x 6 EFHITEBTERRE
Table 6 Explanation of the total variance of factor analysis
PN AL PP TR A BRI E= VN
&it T3 221141% FER% it I3 25091% FER% ait T W% Z/%
1 3.59 51.29 51.29 3.59 51.29 51.29 3.34 47.70 47.70
2 1.68 23.92 75.21 1.68 23.92 75.21 1.93 27.52 75.22
3 0.82 11.67 86.89
4 0.47 6.76 93.65
5 0.32 4.56 98.21
6 0.07 1.04 99.25
7 0.05 0.76 100.00
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Figure 2 Distribution of the factors of heavy metals in the soils
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Figure 3 Distribution of Nemero comprehensive pollution index of

the heavy metals in the soils
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