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Assessment of greenhouse heavy metal pollution in Guanzhong area
and analysis of its spatial distribution on field scale
using Geo-statistical software
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Abstract: To assessment the greenhouse heavy metal pollution in Guanzhong area, eight facility agricultural areas
were selected to collect soil samples. Two greenhouses from the same place with the same planting years were also select-
ed to analysis the spatial distribution of heavy metals in soil on field scale using Geo — statistical software. Samples were
digested with HC104 — HNO; — HF and subsequently assayed for Cd, Cr, Cu, Pb by ICP — AES. The findings showed
the PLI( Pollution load index) of eight greenhouse soil were 1.403,1.323,1.261,1.258,1.723,1.372,1.087,1.152,
and the greenhouse soil in Guanzhong area was slightly polluted with PLI 1.311. The method of analysis vertical section
of soil spatial distribution of heavy metals on field scale using Geo-statistical software was established. Maps of heavy
metals spatial distribution in two greenhouses soil were made using Kriging method. The maps showed the pollutant in
No.1 greenhouse was Cd and in No.2 greenhouse were Cd, Cu and Pb. At field size, Cd content in No.1 greenhouse
topsoil and Cd and Cu content in No.2 greenhouse topsoil were both higher than in subsoil, while Pb in No.2 greenhouse
topsoil lower than subsoil. In conclusion, we detected complexity of soil heavy metal pollution of greenhouse, as evi-
denced by the contrasting mechanism of similar greenhouses.
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Fig.1 Greenhouse sampling sites location in Guanzhong area
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Table 1 Heavy metal concentration in greenhouse soil( n = 50)
gl IR vE
JLZE Flement Gl G2 G3 G4 G5 G6 G7 G8 Background Environment
value standard limits
FAGMH Mean  0.41 0.45 0.47 0.42 1.13 0.37 0.22 0.32 0.109 0.6
SD 0.21 0.05 0.13 0.11 0.57 0.14 0.08 0.13
“ BKMH Max.  0.64 0.52 0.56 0.53 1.68 0.63 0.3 0.51
F/ME Min.  0.24 0.33 0.37 0.31 0.56 0.19 0.14 0.17
FHIE Mean  83.80 71.00 68.40 74.80 76.40 74.10 68.70 65.40 58.10 250.0
SD 16.10 2.46 7.37 2.10 7.48 13.20 8.20 3.02
o BOR{E Max.  82.10 93.90 78.30 82.10 69.70 71.90 67.10 70.10
He/IME Min.  75.00 73.00 77.00 61.80 57.10 56.30 51.70 59.40
FA4{H Mean  16.80 15.50 13.90 15.60 23.20 32.20 32.30 23.40 24.10 100.0
SD 2.07 1.68 1.81 1.76 15.00 11.60 20.30 4.82
. FORAH Max.  62.40 34.50 33.60 36.70 44.10 64.70 37.80 30.30
fe/ME Min.  32.90 26.90 23.20 32.50 26.20 23.30 21.80 22.30
FA4{H Mean  35.50 39.10 37.60 30.30 25.50 24.10 18.90 25.60 18.10 350.0
SD 3.51 5.90 0.88 10.50 5.75 4.98 7.17 5.09
" FRAH Max.  18.40 18.50 15.70 17.60 45.30 59.20  46.70 31.00
/M Min.  14.50 13.10 12.60 14.20 12.40 22.30 18.00 19.20
PLI 1.403 1.323 1.261 1.258 1.723 1.372 1.087 1.152
YRR & & &g hag T4 Hh&F &g 4
Pollution level Medium Medium Medium Medium Medium Medium Medium Medium

Hi 5

H:a

TSI T X 6 32 )22 140 ~ 20 em) 75 5HEL s b PREE B bR M ( D (R SEPR BT TR AR ) 22— JbsitfiE (pH > 7.5) 0 Tl

Note: a: the value stands for the background of loss soil (0~ 20 em) in Guanzhong area; b: the value are secondary standard in Environmental quality

standard for soils)!?! while pH>7.5. The same below.

F1H8/R,Gl~G8 HIGIRE L3 Cd.Cr i
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2.2 HRREEEETRSFMESH

2.2.1 #smedHELsT [ SPSS 20.0 #AEXT H
JEIRE 1A G E 2 HHERE S AR S 4bT I
%22,

ZiRFR], 30 RAEA T 15 OGRS 1%
Cd.Cr.Cu.Pb F & IHE S HIN 1.53.61.25.25.18,
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Table 2 Statistic characteristics of the soil samples

= FEAKL MoME BRCORIH i e IR BRI
ETRs JGZE Number  Min. Max. ,/\ el ik i 5 [IE35°8 Background Environment
ﬂ Mean Standard £ %X R . L.
Greenhouse Element  of value value » L. Variance Skewness Kurtosis value limits
_1 _1 /(mg'kg ) deviation cv ; »

number sample /(mg-kg™')/(mg-kg™") /(mg kg™ ") /(mg kg™ ")
Cd 30 0.87 2.65 1.53 0.48 0.31 0.23 0.58 -0.45 0.118 0.6
| Cr 30 46.37 79.48 61.25 9.56 0.16 91.31 0.48 -0.86 65.7 250
Cu 30 18.87 28.98 25.81 2.18 0.08 4.76 -1.37 2.35 23.5+2.36 100
Pb 30 11.05 19.85 14.40 1.76 0.12 3.10 0.59 2.21 16.3+2.96 300
Cd 30 1.54 4.10 2.79 0.71 0.26 0.51 0.10 -0.82 0.118 0.6
) Cr 30 57.22 79.55 67.47 6.47 0.10 41.85 0.35 -0.95 65.7 250
Cu 30 23.06 40.90 29.33 4.62 0.16 21.39 1.00 0.67 23.5+2.36 100
Pb 30 12.88 33.46 22.86 5.14 0.23  26.46 0.43 -0.33 16.3+2.96 300

TEa B EIBOC P X B P2 e

Note: a: the value stands for the background of loss soil in Guanzhong area.

R3 ANBREERMIMEAE  REER(EFEXIE 9%)

Table 3

Independent sample ¢ test results of the two greenhouses

Fr 22T FE Levene K5

TR K

TR The variance equation Levene test The mean equation ¢ test
Element
F Sig . t df Sig . (two tailed)
. B 5 25415 Equal variances assumed 5.82 0.02 -8.82 88.00 9.49%x 10° 1
C
B TJT ZE A Equal variances not assumed -10.00 79.94 9.66x 1010
BT = Equal variances assumed 6.89 0.01 -3.66 88.00 4.24% 104
Cr
i =N Equal variances not assumed -3.22 42 .48 2.45% 1073
c B )5 224155 Equal variances assumed 11.26 0.00 -3.98 88.00 1.41x10°*
u
BIR 7 ZZAH1%E Equal variances not assumed -4.94 87.87 3.74x107°
- BI% 5 224155 Equal variances assumed 24.36 0.00 -8.80 88.00 1.07x10°8
BT ZZAH14E Equal variances not assumed -11.54 81.13 8.79%x 107"
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BET1SHBEEM2 SHBEREELIEES )R
Cd,Cr, Cu, Pb JA{EL & (& 3 FIIE 4), M 3 A& 4
AT AR T UL E% 3] + 1 4R AE H OB TR =
[ RYES [ A



276 T B X AR Y 534 %
T4 ITEEEETRIY
Table 4  Variogram of heavy metals in soil
s % BORKOR Bl N6 Befumsatve sk o5
Greenhouse number Element Model type Nugget Partial sill Nugget/partial sill Step size Range
Cd Stable 0.33 0.61 54 4.94 35.86
| Cr Stable 0.00 88.34 3.77 29.84
Cu Stable 0.00 1.18 0 3.54 28.77
Ph J — Bessel 0.39 0.61 64 7.52 20.66
d Stable 0.55 0.57 96 3.54 22.35
) Cr Stable 0.27 0.71 38 4.39 35.15
Cu Stable 0.09 0.82 11 4.05 32.43
Pb Stable 0.03 30.51 0 3.45 23.79
0 0
| 5 Legend % 49 Legend
Cu/(mg * kg™ Cr/(mg * kg™")
L 2
% 18.87~21.43 % N\ 46.37~49.70
£ 21.43~23.25 & 9.70~52.54
1= 23.25~24.55 g 2.54~54.96
= 24.55-25.47 o 54.96~57.02
25.47~26.13 57.02~59.44
26.13~26.60 59.44~62.27
26.60~26.93 2.27~65.60
b 26.93~27.40 5.60~69.51
L 27.40-28.06 9.51~74.10
0 28.06-2898 8 7410-79.48

[ %1 Legend

Cd/(mg » kg")
N\ 0.87-0.99
R 0.99~1.09
109120
1.20~1.33
1.33~1.48
1.48~1.65
1.65~1.85

L 1.85-2.08

100cm

100cm

K- ifii Level

[£ 5] Legend
| Pb/(mg-kg"h
21052239
R 223922330

| 23.30~23.90
3.90~24.31
24.31~24.58
24.58~24.99
W 24.99-25.59
L 25.59-26.50
N\ 26.50~27.84
B 07842985
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Fig.3 Distribution of heavy metals in No.1 greenhouse soil
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JKF- 1 Level

F4 ¥l Legend
Cu/(mg * kg")
NW23.06~24.69
69~25.85
85~26.68
1126.68-27.26
27.26~28.09
28.09~29.25
29.25~30.88
88~33.17
17~36.39
§36.39-40.90

70m

14 %l Legend
Pb/(mg * kg")
R 12.88~14.97

N 14.97~16.86
£ 16.86~18.56

20.11~21.82

& i Profile

21.82~23.71
§00023.71~25.79
8 25.79~28.10
NN 28.10~30.64
B 30.64-33.46

100cm

0 KA Level 70m

9 Legend
Cd/(mg * kg™)
4-1.88

N\ 1.88~2.18
218245
2.45~2.68
2.68~2.89
2.89~3.08
3.08~3.29

N 3.29-3.53
N\ 3.53-3.79
B379-4.10

i 1 Profile

%/

0 /KA ifi Level 70m

100cm

P 4l Legend
Cr/(mg = kg™

57.22~59.66
59.66~61.95
61.95~64.11
64.11~66.14
66.14~68.05
68.05~70.09
70.09~72.24
N\ 72.24~74 53
N\ 74.53~76.97
B 76.97-79.55

il 1fij Profile

100cm
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Fig.4 Distribution of heavy metals in No.2 greenhouse soil
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3.3 & it
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ToREEE A, 30 F ARCGIS M5 1143 4 B ot AR
IFi] s DX AN (] 1) H OG5 4 R A A R AR A T
T 58 T F 4598 .

(1) 8 A RAEEH X HOBHE = -4 PLI 20 51 K
1.403,1.323,1.261,1.258,1.723,1.372, 1. 087,
1152, ¥ i R R T5 e, PLI S i f A G5 Kb
SRR S EEE 4R Cd B i 4 R
F AR ERLE 1) AR UE(E, ARG Ol IZIX
W PLLFEEOCM 1.311, X3k H YGIR 2= SR A 46
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(2) WA A ) A BRAH ) 3 X H 56 75 2 4 8 5
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