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ABSTRACT
Soil is the basic natural resources to human life. It is heavy metal pollution that affects the normal
function of the soil, resulting in the pollution of the food chain, and being great threat to humans and
ecological environments. To reduce and avoid undesirable impact of the heavy metal pollution to
human life, it is important to establish the visual software platform, in which the researchers can carry
out the soil heavy metal pollution analysis and evaluation. It is reasonable that the system was
established by technology integrated using Geographic Information System (GIS) and Multi-Agent
System (MAS). The author focused on the method and key technology of the application of GIS and
MAS technology used in the evaluation of soil heavy metal pollution. And in this paper, functions of
agents and cooperative relationships among groups in the system were deeply concerned. The
system not only provides an integrated software platform to evaluate the heavy metal pollution and
analyze the ecological disaster chains but also has the ability to soil quality warning ahead of time.
To point out that the establishment of  MAS-based safety warning of soil heavy metal pollution are
extremely needed to the decision makers.
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 INTRODUCTION
Soil is the basic natural resources for human life;
heavy metal pollution affects the normal function
of the soil resources. It is widely covered by the
press that the heavy metal pollution is resulting in
the pollution of the food chain, and being great
threat to humans and the environment. With the
modern city process and increased industrial
production, industrial three wastes were seriously
emission. And the soil resources are in varying
degrees of heavy metal pollution, because
pesticides and herbicides are widely used and
fertilizers were containing heavy metals. The
above mentioned severely affected the
environment and human security health.
Therefore, researches on soil evaluation of heavy
metal contamination and prediction of early
warning are very importance.1-4

In previous studies, changes of soil quality
research focused primarily on natural processes
and technical point of view. And the article
describes the concept of the heavy metals heavy
metal contamination and prediction management
and the function in practice, proposes two key
technologies on how to implement.
Because soil qualities are closely related to the
migration of heavy metal pollutants and urban
spatial morphology, we should take reasons of
geographic information into consideration.5-7

Modern GIS technology provides a spatial analysis
tools for changes of soil quality research. The
migration of heavy metal pollutants is a kind of
complex system with spatial characteristics. And
Multi-Agent System technology is suitable for
simulating complex system and predicts the trend
of dynamic system. Using GIS technology
combined with MAS to study the heavy metal
pollution in soil quality evaluation and safety of
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early warning system can provide a visual
software platform to heavy metal pollution
analysis of the data, making accurate evaluation
of the soil pollution. And then the system can
provide a reference for the further study of the
soil environmental quality and rational use of soil
resources. It also has great practical significance
to provide a reference for the Government to
formulate specific measures to balance urban
development and protect the soil environment. And
the system provides tools to analyze the disaster
chains and to study how to block the channel.8

MAS and GIS technology
MAS
MAS (Multi-Agent System) originated in the DAI
(Distributed Artificial Intelligence) technology. Its
essence is realizing the simulation of human
intelligence through multiple interactive intelligent
Agents. The system is similar to the human ability
to solve complex problems. The ultimately method
for studying essential character of MAS is to
simulate it precisely, and agent-based simulation
is the most efficient method at present. The
production research system based on MAS
improved real-time characteristics and robustness
of the artificial system. Because of the inherent
complexity of MAS, there are many interests in
using machine learning techniques to handle it.
In MAS, each agent composed is autonomy; it
can perceive the external environment and
respond to the environment changes. Agent has
four characteristics.
Autonomy :  Agent has a considerable degree
of autonomy capability, it can work on their own
without interference.
Interaction : Agent can sense the external
environment and respond appropriately.
Community : Referring to Agent can
communicate with users, systems resources and
other Agents.
Intelligence : Agent has the ability that learns
from the existed rules to their own artificial
intelligence inference engine and other
capabilities.
A single agent does not have sufficient capacity
to control the environment, mainly because: firstly
agent has to deal with the many uncertainties and

conflicting information; second it must handle
multiple context-sensitive, conflicting objectives;
last Agents must make theirs goals and perception
and restricted behavior be corresponding. To solve
these problems, MAS using the communication
way between the independent agents to replace
the traditional message passing between
components, the system has a higher flexibility.
Therefore, MAS is suitable to solve issues of
complex software integration. MAS-based
software system, usually package the various
Agents on the basis of the original software and
establish a unified platform to coordinate the
various agents, it achieve the function of the
system thought each Agent and their interaction
with a variety of resources.9-10

GIS
Geographic Information System (GIS) technology
is an analysis of spatial information technology.
As we all known, GIS is the third language of
geography. It has powerful capability of spatial
analysis and rapidly developed in recent years.
Through digital information platform, GIS can
make an area of the landscape both cultural relics
and natural heritage, draw materials layers of map,
such as soil resources.
GIS database is the base of the realization of
spatial analysis, it has two main parts: the spatial
database and the corresponding property
database. In the platform of GIS, spatial database
describe the geographic location, size, and the
topology of each geographic factor, property
database describe the specific property of each
geographic factor. Above all vector graphics
system is an important component of GIS, and
the focus of exploring GIS.

Though establish the GIS database, we diversify
the spatial analysis heavy metal pollution in the
research region. And by the effects of MAS, it
can be done, which is the basis to quickly and
accurately locate sources of pollution and to
achieve early warning of heavy metal pollution of
soil.11-14

Soil heavy metal pollution evaluate and safety
warning system based on MAS
Data prepared
We owe our future generations a duty to protect
the environment and our soil resources.
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Specifically, the system of soil heavy metal
pollution evaluation and safety warning based on
MAS is described in this paper.
As shows in Fig.1, spatial database includes
vector electronic map, such as administrative

zoning map, soil type distribution map, heavy metal
distribution map, topographic maps and other
multi-source data; property database include:
information of sampling points, soil physical and
chemical parameters, mainly heavy metals

Fig.  1 :  Data prepared for the system

contained in soil, forms of heavy metals and other
data.
Architecture
In my opinions, focus on soil heavy metal pollution
and safety warning means that make an accurate
quantitative evaluation of soil heavy metal
pollution. And in this foundation, according to the
comprehensive evaluation system of geographical
information, the researchers can quickly find
pollution sources for accurate positioning on the
electronic map marked their location.
Furthermore, early warning and forecast the
development trends of heavy metal pollution can
be done. According to the polluted institute’s
character, the Government can put forward the
tendency of countermeasures pollution and some
effective environmental conservation.
Multi-source information integration mode based
on GIS technology is put forward to realize
intelligent information gaining and data exchanging
among systems. Key issues of the system to be
solved are establishing the unity agreement
platform to coordinate each Agent and realize
various functions with the Agents.

Structure of soil heavy metal pollution and safety
warning system is shown in Fig. 2.
Function of agent
It is meaningful that characteristics of the system
include extensible, task of distributed and effective
consultation. As shown in Fig. 1, the system is
divided into two parts by function. One is pollution
evaluation and the other is security early warning.
Functions of pollution evaluation depend largely
on the realization of the four Agents. The
evaluation subsystem can be divided into three
modules in terms of functionality: such as single
factor evaluation Agent, multi-factor evaluation
Agent, neural network evaluation Agent and
contour of evaluation results Agent.

Single factor evaluation Agent evaluates a single
heavy metal pollution of the soil sampling points
according to the rules of national environmental
quality standards (GB15618-1995, China). Multi-
factor evaluation Agent evaluates all heavy metal
pollution on the soil sampling point according to
the national environmental quality standards
(GB15618-1995) also. Both are self-regulating and
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able to give a satisfactory evaluation of project
regional risk because of non-precise and complex
variables.
Neural network agent trains the three layers
neural network with a large amount of data
samples established firstly, and then confirm that
the various parameters of neural network model,
evaluate all heavy metal pollution on the soil
sampling point with the network lastly. Multilayer
feedforward neural network is the most popular
network model, and some studies suggested that
the approach ability and training algorithm are the
key of its application. Artificial neural network
offers a new approach to soil study and prediction
of heavy mental pollution trends, which is an
effective tool to optimize the research of the soil

quality founded on lab research operating
conditions. The useful neural network Agent
subsection evaluation and prediction model can
take advantage of simple network structure, fast
convergence rate and strong generalization
capability, and get a good modeling effect. The
example shows that neural network Agent can
obtain the satisfied forecast precision and the
reliable forecast results.
Contour of evaluation results Agent give the entire
study area spatial analysis of soil heavy metal
pollution though the method of Kriging
interpolation according to the evaluation of the
results of various sampling sites. Contour map
plays great relative important role in the application
of science research, soil quality evaluation geologic

Fig.  2 :  Structure of soil heavy metal pollution and safety warning system.
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exploration etc. There are several reasons for
taking measures of Kriging. First of all, Kriging is
one of the important parts of geostatistics. It deals
with spatially distributed data. And the estimation
of Kriging is linear optimal and unbiased
interpolative. Contour of evaluation results Agent
uses Logarithmic Universal Kriging for evaluation
of the soil quality of experiment data researched.
The experiment data prove that it has diminished
the range of abnormality.14

In order to receive the precondition of realistic
Kriging estimation map consistent with the
geologic information, it is the key points and
highlights that the researchers should make
efficient and reasonable optimization of the spatial
distribution analysis of the sampled data and the
proper selection of parameters. The contours
results of soil evaluation are plotted by using
Kriging approximation. Hence the Contour of
evaluation results Agent affords us a useful model
to simulating analysis methods.
Functions of security early warning depend
largely on the realization of the six Agents. They
are spatial factor analysis Agent, spatial structure
analysis Agent, spatial correlation analysis Agent,
pollution source identification Agent, disaster chain
blocking Agent, forecasting and early warning
Agent. Their  functions are described as
followings.
Spatial factor analysis agent, spatial structure
analysis agent and spatial correlation analysis
agent analyze spatial pattern changes of soil
contamination using typical history soil data and
environmental monitoring data along with the
measurement data in the laboratory.
The results passed to the pollution source
identification Agent. Pollution source identification
Agent can judge the pollution source according
to the result combined with the actual situation of
pollution area.  Disaster chain blocking Agent
identify the key soil pollution chain and make an
effective measure to cut off the chain of disaster
according to the result of Pollution source
identification Agent. Forecasting and early
warning Agent gives early warning of soil pollution
by heavy metals in the report.
The system also includes data processing Agent
and global control Agent. Data Processing Agent
is responsible for positioning and finding the user

requests data, processing the knowledge rules
related. Global control Agent is responsible for
global control of all the system calls and
collaboration between all Agents.

STUDY   AREA
Study area of this system selects Baotou City
(China) and its suburbs as shown in Fig. 3. The
four corner points of the study area in the kilometer
grid are (19392000, 4502000), (19409000,
4502000), (19409000, 4489000), (19392000,
4489000). In this area, some steel corporation was
described as one of the biggest pollution source.

MATERIAL   AND  METHODS
First, the project team established the regional
spatial database including the administrative
divisions, sampling points, soil use type, the typical
geographical factors, such as large industrial,
mining plants, Kun Du Lun River, and then
selected the field Rules of the grid sampling
method, collected samples of soil samples sent to
laboratory testing, using the soil physical and
chemical parameters detected by heavy metal
pollution data to establish the region’s property
database.
There were totally 220 samples collected from
soil measuring points. The team chooses the
reasonable sampling site according to the different
distribution of soil types. At the same time,
sediment samples collected from sampling sites
of selected water sources, plant sample grown
on soil, and air samples were collected, combing
the simulation experiment at laboratory. All the
data of experiments were provided by the National
Research Center for Geoanalysis.
Finally, evaluated the heavy metal pollution of the
area soil and early warning using the system, the
application results were presented.

RESULTS   AND  DISCUSSION
Evaluation of soil heavy metal pollution
Data Processing Agent would take out the interest
data of user from the database for processing.
Multi-factor evaluation Agent and neural network
evaluation Agent were applied to large areas of
pollution evaluation. Evaluation results can also
call the contour of evaluation results Agent in the
current distribution.
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Research result of heavy metal pollution
evaluation in the study area was shown in Fig. 4.
Single factor evaluation Agent evaluates a single
heavy metal pollution of the soil sampling points.
The result was shown in Fig. 5.
When the user of system needs to know the heavy
metal pollution distribution in the different depth
of soil, we can call the Single factor evaluation
Agent too.

The Agent can fit the heavy metal pollution
distribution curve in the different depth by the
means of cubic spline, and can evaluate the single
heavy metal; The experiment shows the method
of cubic spline is an effective one to realize curve
fitting. And it has characters of simple calculation
and high accuracy. The result was shown in
Fig. 6.

Fig.  3 : The study area of Baotou (China) by Google map

Fig.  4 : Result of soil heavy metal pollution evaluation
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Fig.  5 :   Evaluation of the single heavy metal

Fig. 6 :  The heavy metal pollution distribution in the different depth
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Spatial analysis of heavy metal pollution

The research set 1100 soil and atmosphere sample
points in the BaoTou city, and continue sample by
sufficient historical data. Considering the soil
purification ability, the adsorption and resolved
experiment of soil samples were done in the lab.

The model of early warning is as followings :

( )W K B R  ? ? ? ?

In the formula :
W  is the accumulation of heavy metal in a year;
K  is the rate of remain in a year;
B  is value of background;
R  is the value of heavy metal input in a year..
The accurate method of estimation is based on
historical data. The research focuses on Baotou’s
soil quality crisis pre-warning issue using Early
warning Agent. And the result of fifteen year was
shown in Fig. 7.

Fig.  7 : Result of early warning after fifteen year

CONCLUSION
GIS combined with Multi Agent Technology
(MAS) method is suitable for soil pollution or other
environmental quality evaluate. It can evaluate
the pollution situation accurately and realize early
warming of soil heavy metal evaluate.

The system based on GIS and MAS used in soil
heavy metal evaluate and early warming can
provide a visual environment to heavy metal
pollution analysis of the data, making accurate
evaluation of the pollution. And then the system
can provide a reference for the further study of
the soil environmental quality and rational use of
soil resources. It also has great practical
significance to provide a reference for the

Government to formulate specific measures to
balance urban development and protect the soil
environment.
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