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Abstract; [Objection] The heavy metal pollution of crops around a smelting plant in Shangluo, Shaanxi

was evaluated to provide reference for planting crops with scientific methods. [Method) Contents of four

heavy metals,Zn,Cu, Ni,and Cd,in wheat, corn, parsley, green vegetables, spinach, cole, onion, garlic and

other crops were determine. Then,the contamination levels were analyzed and evaluated using single pollu-

tion index method,comparative index method and clustering analysis. [Result] Contents of Zn,Cu,and Ni

in crops did not exceed the standards. Contents of Cd in green vegetables, spinach, cole, parsley and wheat

exceeded the standard. According to the single pollution index,wheat leaves, wheat straws,rape leaves and

green vegetables stalks had light Cd contamination. Stems and leaves of parsley,green vegetables,and spin-

ach leaves were in heavy Cd contamination. According to comprehensive pollution index,the contamination

of heavy metals in wheat straw reached the warning line, barley leaves, stems of green vegetables and rape
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leaves were slightly polluted, while stems and leafs of parsley,leaves of green vegetables and leaves of spin-

ach were heavily polluted. All the findings were in accordance with the results of clustering analysis. There

were very significant positive correlations between Cd and Ni,Cd and Zn,as well as Ni and Zn,indicating

that the pollution sources were similar and the pollution was combined. [Conclusion) The leafy vegetables

around the smelting plant had strong capacity of absorbing heavy metals. Corn,garlic and shallot were not

polluted and were suitable for planting in the research area. The heavily polluted caraway, green vegeta-

bles,spinach,rape and wheat were not suitable for planting in the study area.

Key words: smelting plant; heavy metal pollution;crop;pollution evaluation; Shangluo, Shaanxi
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Table 1 Limit standard of heavy metals in crops
HEBILER WE/(mg - kg™ Bi/(mg « kg™ 1) P v
Element Grain Vegetable Standard
Cu <10 <10 GB 15199—94
Zn <50 <20 GB 13106—91
Cd <0. 05 <0.05 GB 15201—94
Ni <0.4 <0.4 GB 2715—81
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Table 2 Classification criteria for comprehensive pollution index of heavy metal in crops

EHEHRN Poon IEE 1 15 Y K
Classification wH Pollution grade Pollution level
1 Puyn <<0.7 44 Safety W5 1% Clean
11 0. 7<Ppp <1 B g Alert level 975 i Still clean
ik 1<<Pgp<2 2 5 4L Slight pollution VEW T 46 % 375 Y% Crops begin to be contaminated
v 2<Puyas<3 J1 5 Yt Moderate pollution VEY) 34 32 & 5 75 Y Crops are heavily polluted
\% Puyin >3 H 5 Yt Heavy pollution VEYTS YL A 24 /™ & Crops are seriously polluted
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Table 3 Contents of heavy metals in crops around a smelting plant in Shangluo, Shaanxi
Cd Cu
FE i Sample <mqg:i-g1f N (rfg’_%fl) R ER Y (mjg’:i:glg/l) (Ifg“,%;ﬂ) SRR %
Average . RSD Average . RSD

value S value Sb
# ki 1 Grain of wheat 1 0.012 69 0.000 12 2.596 94 1. 240 20 0.000 74 0.595 82
F 47 2 Grain of wheat 2 0.021 46 0. 000 28 3.580 47 0.568 09 0. 000 51 0. 895 06
F0 1 Leaf of wheat 1 0.078 44 0. 000 09 0. 300 01 0.439 97 0. 000 35 0.790 61
A0t 2 Leaf of wheat 2 0.071 80 0.004 47 16.942 27 0.434 62 0. 000 70 1.616 50
F#i 7 Glumes of wheat 0.027 03 0.001 72 17.379 89 0.308 61 0. 000 47 1.538 58
##F Wheat straw 0.050 33 0.001 00 5.394 21 0.239 10 0. 000 12 0.512 63
F ki 1 Corn grain 1 0. 005 55 0. 000 12 5.808 01 0.398 77 0. 000 03 0.071 16
T Kk 2 Corn grain 2 0.006 78 0. 000 07 2.911 49 0.515 80 0. 000 08 0.154 85
%2 Stem of coriander 0. 289 46 0.000 17 0.163 98 0. 499 49 0.000 16 0.323 88
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4%k 3 Continued table 3

Cd Cu
-3 o -S4/ e
B dh Sample i B T 3 % (i GIRERL s v
Average D RSD Average SD RSD
value value
M Leaf of coriander 0.269 08 0.003 21 3.251 60 0.706 98 0. 000 29 0.413 35
32 M Leaf of brassica chinensis 0.372 69 0.000 11 0.079 89 0.635 60 0. 000 28 0.446 06
T 3¢ 2% Stem of brassica chinensis 0.072 40 0. 000 25 0.936 24 0.678 79 0. 000 27 0.401 91
MM Leaf of rape 0.079 35 0.000 16 0.541 91 3.940 33 0.000 91 0.231 32
W EH 7S Glumes of rape 0.007 03 0.000 17 6.762 10 1.325 72 0.000 62 0.471 16
M FEFF Rape straw 0.039 57 0. 000 33 2.240 55 1.293 12 0.000 45 0.346 97
FiM Leaf of garlic 0.025 37 0.002 86 30. 728 20 0.707 91 0.000 77 1.094 72
##3k Garlic bulb 0.026 94 0.000 47 4.788 91 1.416 09 0.000 68 0.480 21
W SE M Leaf of spinach 0.288 93 0. 000 84 0.793 39 1.542 40 0. 000 47 0.309 29
Z 11 Onion white 0.031 81 0. 000 51 4,327 60 2.340 14 0.001 61 0.689 87
Zn Ni
Y N - P N
i Sample o gy EREHG (i i R
Average & SDg RSD Average g SDg RSD
value value
A Ki 1 Grain of wheat 1 1.227 24 0.001 54 0.499 95 0 0 0
# B0 2 Grain of wheat 2 0.774 77 0.001 27 0. 560 07 0 0 0
F 1 Leaf of wheat 1 4.701 91 0. 000 46 0.064 83 0 0 0
F 0t 2 Leaf of wheat 2 4.739 83 0. 000 93 0.131 86 0 0 0
FFi 7 Glumes of wheat 2.045 18 0. 000 65 0.152 06 0 0 0
#FF Wheat straw 2.729 17 0.000 47 0.092 26 0 0 0
F KK 1 Corn grain 1 0.467 06 0.001 75 1.098 49 0 0 0
T Kki 2 Corn grain 2 0. 589 28 0.001 16 0.618 30 0 0 0
75 3% 2% Stem of coriander 4.512 34 0.001 25 0.182 16 0 0 0
T3 Leaf of coriander 6.761 01 0.001 24 0.142 60 0.062 54 0.000 16 2.984 76
T 32 M Leaf of brassica chinensis 7.188 70 0.000 61 0.068 20 0.043 32 0. 000 16 4.110 64
T3¢ 22 Stem of brassica chinensis 4,767 73 0.001 06 0.149 57 0.018 03 0. 000 21 13.657 40
WSE M Leaf of rape 5.344 97 0.001 66 0.217 92 0.049 38 0. 000 59 13. 715 66
WS 7S Glumes of rape 1.110 20 0.001 54 0.534 20 0 0 0
AT Rape straw 1.233 85 0.000 12 0.039 93 0 0
#iM Leaf of garlic 1.990 79 0. 000 64 0.152 18 0 0 0
w3k Garlic bulb 2.016 71 0.010 78 2.553 82 0 0 0
W E M Leaf of spinach 7.231 96 0.000 43 0.047 86 0.068 17 0. 000 07 1.214 84
Z 1 Onion white 1. 860 29 0. 000 25 0.062 39 0.024 89 0.000 13 5.824 26

RN ARAE /N E EK /R SHE R R AT R EOA T 19 MhRE B B0 B R S S
S REE R Ve R T BT0E AR BOE T HREU(P) RER G IS AR B (P ) (AR LR 4
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Table 4 Single pollution index and comprehensive pollution index of heavy metal in

crops around a smelting plant in Shangluo, Shaanxi

P; Ve Yu i e
PRl Sample Cd Cu Ni 7n Pesr Pollfl?;jj:dgezgree
F K 1 Grain of wheat 1 0.253 8 0.124 020 0 0. 000 031 0. 200 347 44> Safety
F ki 2 Grain of wheat 2 0.429 2 0.056 809 0 0. 000 025 0.324 392 24> Safety
# - 1 Leaf of wheat 1 1.568 8 0.043 997 0 0.000 009 1.172 636 2 JE 5 YL Slight pollution
F M 2 Leaf of wheat 2 1.436 0 0.043 462 0 0.000 019 1.073 616 %54 Slight pollution
HF 7 Glumes of wheat 0.540 6 0.030 861 0 0.000 013 0.405 230 44> Safety
##F Wheat straw 1.006 6 0.023 910 0 0.000 009 0.752 077 &% Alert level
FE K 1 Corn grain 1 0.111 0 0.039 877 0 0.000 035 0.086 174 %4 Safety
E kKL 2 Corn grain 2 0.1356 0.051 580 0 0. 000 023 0.105 551 44> Safety
322X Stem of coriander 5.789 2 0. 049 949 0 0. 000 063 4.318 757  H V5 Y Heavy pollution
T2 Leaf of coriander 5.381 6 0.070 698 0.156 35 0. 000 062 4.028 456 V5 Yt Heavy pollution
%M Leaf of brassica chinensis 7,453 8 0.063 560 0.108 30 0. 000 031 5.568 679  HEJF 54t Heavy pollution
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4R 4 Continued tabe 4

P; VI Yu
Fidh Sample cd Cu Ni 7n P Pol{:t?;fidz{gree
322X Stem of brassica chinensis 1.448 0 0.067 879 0.045 075  0.000 053 1.087 992 % ¥5Y% Heavy pollution
WEM Leaf of rape 1.587 0 0.394 033 0.123 450  0.000 083 1.226 927 52 B V5 44 Slight pollution
WEH FE Glumes of rape 0.140 6 0.132 572 0 0. 000 077 0.118 457 24> Safety
W EFF Rape straw 0.791 4 0.129 312 0 0. 000 006 0.600 211 44> Safety
FM Leaf of garlic 0.507 4 0.070 791 0 0.000 032 0.383 799 %4 Safety
##% Garlic bulb 0.538 8 0.141 609 0 0. 000 539 0.413 416 24> Safety
3 Leaf of spinach 5.778 6 0.154 240 0 0.000 022 4.319 259  HJ¥ V54 Heavy pollution
Z 1 Onion white 0.636 2 0.234 014 0.062 225 0.000 013 0.500 678 44> Safety
BRSE#{H Population mean 1.726 0 0.101 220 0.099 080 0. 000 060 1.404 561 25 4L Slight pollution
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Table 5 Correlation analysis of heavy metals in crops around a smelting plant in Shangluo,Shaanxi(n=19)
# 4 )@t & Element Cd Cu Ni Zn
Cd 1. 000
Cu —0.058 1. 000
Ni 0.720** 0.002 1. 000
Zn 0.844 > * 0.123 0.628" 1. 000

o RN LA O (P<C0.01) . 7 [A],

Note: * * indicates highly significant correlation (P<Z0.01). The same for Table 7.

S ATALRIEY T E4JECER Cd 5 NiZn
[ AH & 2R B4 0l S 0. 720 1 0. 844, 35 B B 35 IE
AN 5 Zn MR OC R B 0. 628, 0 5 4% 12 3% 1F
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5 Ni.Cd 5 Zn Ni 5 Zn [ k4 #3509 5% 12 52 4
HAEHR ., MESJEILER Culy Cd.Cu 5 Ni 1%

PR 2, Hoh Cu 55 Cd Z 8] 2 B 58400, 2 B A
EY P E4SEICE Co nl e 5 HhE &8 TR W
s BB AN ] ] RE R AR AR Y E SR JT R Cu
5 A & 8 ou R AR AR

XN 2% i B R T g B A G AT
CIREE e
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Table 6 Correlation analysis of heavy metal contamination between organs of wheat
around a smelting plant in Shangluo,Shaanxi(n=26)
wmE KL i b (38

Organs Grain Leaf Glumes Straw
¥i Grain 1. 000
- Leaf 0.892* 1. 000
Fis Glumes —0.035 0.608 1. 000
FF Straw —0.065 0.584 0.998" 1. 000

W ox TR BEAME(P<0.05),% 7 [H.

Note: * indicates significant correlation (P<C0. 05). The same for Table 7.
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TS YA, 5 Y AR P LA . A R AR 2 1]
AR T P A AR SC A 3 N A A AR
Z IR E G R A SRR AN B O H/ANE 5 Ok R
EEN N &N 1 R R PSS SRS RN
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Table 7 Correlation analysis of heavy metal pollution between crops around a smelting plant in Shangluo, Shaanxi(n=18)

KA Nz ok = SN T T 5 5 &
Crop Wheat Corn Coriander chinensis Rape Garlic Spinach Onion
/NFE Wheat 1. 000
E K Corn —0.464 1. 000
73 Coriander —0.343 0.911*~ 1. 000
7 3¢ Brassica chinensis —0.318 0.615 0.811" 1. 000
WS Rape 0. 326 0.418 0.552 0.857" 1. 000
5 Garlic —0.621 0.979"* 0.973"* 0.722 0.454 1. 000
3% % Spinach —0.621 0.293 0.573 0.988" * 0.883* 0.468 1. 000
i Onion —0.861 0.657 0.843" 0.984"* 0. 760 0.767 0.963** 1. 000
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# 2 Wheat leaf 2 -
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M Rape leaf _

F#F Wheat straw
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Fig. 1

Clustering analysis of heavy metals in crops around a smelting plant in Shangluo,Shaanxi
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