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Spatial distribution pattern of heavy metal pollution in livestock farm based
on geographic information system
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ABSTRACT: Objective To analyze the spatial distribution pattern of heavy metal pollution in livestock farm by
geographic information system (GIS) visualization. Methods The optimized GIS distribution points and GPS were
used to accurately collect soil, surface water and feces samples at depths of 10 cm and 50 cm inside the whole
livestock farm park in duerbert Mongol autonomous county, daqing city, Heilongjiang province. The main heavy
metal elements including As, Hg, Cd, Pb, Cr, Cu, Ni and Zn were detected according to the national standard and row
standard methods. The spatial pattern analysis and pollution assessment of heavy metals in the site were carried out
by GIS inverse distance weighted interpolation method and pollution index method. Results Heavy metal element

As in different soil layers was all in serious pollution levels, and the other seven elements belonged to safety level.
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The comprehensive pollution index of the whole farm was in a serious pollution level. The single factor pollution

index of Ni element in surface water inside and outside the livestock farm and Sb element in cattle drinking water

belonged to the warning level. Other elements belonged to the safety level, and the comprehensive pollution index of

the water sample was mild pollution level. The single factor pollution index and comprehensive pollution index of all

heavy metal elements in manure were safety. The pollution of heavy metal pollution showed a spatial distribution

characterized by a vertical increase from top to bottom, and the horizontal distribution structure was similar.

Conclusion The application of GIS can obtain the spatial distribution law and pollution of heavy metals in different

media and different depths more accurately and intuitively.
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Fig.1 Field sampling point distribution map
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Table 1 Descriptive statistical results of soil heavy metal content
% R f/ME STPN ] ¥iE b2 5 R AL GRS - I AR U
fem /(mg kg™ /(mg kg™ /(mg kg™ /(mg kg™ 1% /(mg kg™ /(mg kg™)
As 10 5.59 259.76 161.25 92.44 57.33 7.30 40
50 6.02 313.22 193.45 114.03 58.95 11.40
Hg 10 0.01 0.03 0.02 0.01 42.85 0.04 1.8
50 0.01 0.03 0.02 0.01 30.54 0.04
cd 10 0.05 0.14 0.09 0.03 27.68 0.09 0.3
50 0.00 0.11 0.07 0.04 50.26 0.08
Pb 10 3.08 13.47 7.59 3.70 48.79 24.20 90
50 6.87 23.62 10.51 5.00 47.53 24.40
Cr 10 16.15 78.71 45.11 19.20 42.57 58.60 150
50 30.57 210.10 63.52 52.54 82.72 59.50
Cu 10 11.71 34.84 19.13 7.28 38.07 20.00 50
50 9.96 16.20 12.83 1.75 13.64 21.00
Ni 10 7.06 20.83 15.29 451 29.48 22.80 70
50 8.26 50.53 24.19 11.68 48.30 24.30
Zn 10 49.14 174.60 88.73 41.04 46.25 70.70 200
50 48.19 72.43 54.24 7.66 14.11 69.90
R EEEFESESENEAMGHER
Table 2 Descriptive statistical results of heavy metal content in livestock manure
JTLE he/ME/(mg kg ™) KAl /(mg kg™ F-B){H/(mg kg ™) bR 2 A5 RZB% AR ME/ (mg kg™)
As 0.085 26.430 8.986 12.46 139.11 75
Hg 0.001 0.015 0.008 0.01 71.23 5
Cd 0.025 0.096 0.063 0.03 42.07 5
Pb 0.036 2.766 1.430 1.01 70.58 300
Cr 0.189 3.225 1.444 1.20 83.38 600
Cu 10.430 28.470 16.930 6.97 41.14 250
Ni 0.063 4.157 1.219 1.69 138.39 100
Zn 51.210 141.700 86.198 33.60 38.98 500
£3 KENESERIEBRRERE(L)
Table 3 Heavy metal content and standard limits of water samples (ng/L)
JLER Zn As Se cd Sb Pb Ni Cr Cu
S1 14.560 20.750 0.785 0.027 A 4.411 29.818 2.566 EN s
S2 16.702 34.778 1.150 0.085 A 7.910 36.232 3.682 A
S3 HAr 1.572 0.106 0.008 9.955 0.019 4.682 1.089 A
HhF K iR A R (B 1000 50 10 5 5 50 20 50 1000
R AK VIR HERR (B 2000 100 20 10 5 100 20 100 2000
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Table 4 Single factor pollution index method and Nemero comprehensive pollution index evaluation

BTV YR E P

5 LTI
As Hg cd Pb Cr Cu Ni Zn Sb Se P,

10em%FELHE 403 001 0.3 0.08 0.3 038 022 044 2.895
50cmiRLHE 484 001 023 0.12 042 026 035 027 4.908
e 012 0.002 0013 0,005  0.002 0068 0012 0.172 0.096
S 0415 0.005 0088  0.051 0 1491 0.015 0 0.079 1.068
s2 0.348 0.009 0079  0.037 0 1.812  0.008 0 0.058 1.295
S3 0.031 0.004  0.0004  0.022 0 0.234 0 1991 0.011 1.419

A B ESESE, B 10cmFHEFRSESE, CS0m B HERSESHE,
B2 RSz oA
Fig.2 Spatial distribution of heavy metal pollution
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Fig.3 Spatial distribution of soil over-standard heavy metal elements at 10 cm depth
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Fig.4 Spatial distribution of over-standard heavy metal elements in soil at 50 cm depth
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