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Abstract: Rabindranath Tagore described the world's unfairness to him with the words, "The
world has kissed my soul with its pain, asking for its return in songs." Despite the adversity,
he responded with kindness. Similarly, the current state of soil environment can be likened to
this sentiment. The importance of soil to us is self-evident, yet a multitude of soil
environmental problems arise one after another. Soil heavy metal source analysis is the most
efficient means to judge and mitigate soil pollution problems. Although the development of
soil pollution source analysis models is quite mature, the types of soil pollution source
analysis are very diverse, and the regions involved are uneven. In this study, the main heavy
metal pollution corresponding to different soil pollution sources and the analysis model of the
dominant soil pollution sources corresponding to different pollution sources were reviewed,
and the optimal pollution source analysis method should be selected to deal with different soil
heavy metal pollution problems.This study aims to better understand the relationship between
soil heavy metal distribution characteristics, the selection of source analysis models, and the
types of soil pollution sources, so that more efficient use of better soil pollution source
analysis models and targeted selection of soil pollution source analysis models for detecting
specific soil heavy metals can be achieved.
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of soil pollution sources

1. Introduction

In China, it is estimated that about 150,000 tons of agricultural products are contaminated by Cd each
year, including 50,000 tons of rice (accounting for 0.025% of global rice production) [1]. In 2014, the
Ministry of Environmental Protection of China, in conjunction with the Ministry of Land and
Resources, released the "National Soil Pollution Survey Bulletin" [2], which shows that the condition
of our soil environment is not optimistic. The rate of land use exceeding standards in heavily polluted
enterprises reached 36.1%, and the rate of cadmium (Cd) exceeding standards was 7.0% [3].
Identifying pollution sources and quantifying their contribution to soil contamination has always
been a key issue in the field of soil pollution source analysis. Commonly used receptor model
software developed for this purpose includes methods such as Principal Component Analysis (PCA),
Positive Matrix Factorization (PMF) model, and Chemical Mass Balance, among others. Receptor
models are often diverse. In the work of soil pollution source analysis, most researchers employ the
Positive Matrix Factorization model (PMF) and methods based on the combination of PMF with
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other techniques Some researchers also use the method of (PCA) and improved methods based on
PCA, such as the APCS-MLR model. The diversity of technical methods can lead to difficulties in
selecting the appropriate approach for specific problems. To determine the optimal solution for the
selection of soil pollution source analysis methods, this study combines examples of using soil source
analysis models to analyze soil pollution sources and the corresponding detected soil heavy metal
pollutants. The objectives of this study are: (1) to determine the different major heavy metal
pollutants corresponding to different pollution sources by reviewing the relationship between the
distribution characteristics of soil heavy metals and specific typical pollution sources; (2) to
summarize the optimal solutions for selecting soil pollution source analysis models for different soil
pollution sources by reviewing the advantages and disadvantages of the models chosen in existing
studies, in conjunction with specific soil pollution sources.

2. Literature Review

The PMF (Positive Matrix Factorization) model is suitable for the analysis of complex data sources
with high resolution and no prior information [4]. PCA (Principal Component Analysis) is used for
dimensionality reduction and data structure simplification, helping to identify principal components.
APCS-MLR (Atmospheric Pollution Characterization Study—Multiple Linear Regression)
combines source contributions with regression analysis, providing strong quantitative analysis
capability, and is suitable for studies that require precise quantification of pollution sources [5]. The
UNMIX model is effective in analyzing complex, multi-source mixed data, and is widely applied in
atmospheric pollution source apportionment [6].

2.1. The distribution characteristics of heavy metals in soil correspond to different pollution
sources.

The increasing severity of soil heavy metal pollution has posed greater potential risks and harm to
society. In order to better understand the distribution characteristics of soil heavy metal pollution, it is
essential to first recognize its corresponding relationship with different pollution sources. This review
summarizes the distribution characteristics of soil heavy metals associated with various pollution
sources, as shown in Table 1:

Table 1: The distribution characteristics of soil heavy metals associated with various pollution
sources

. Distribution T . . The number of
The main source Ny Distribution of major soil heavy
. characteristics of heavy documents and
of pollution o metal pollutants .
metals in soil their sources
1.Pb, Zn, Cu
2.Cu, Zn, Ni, Pb, Cd, Hg, Cr
Industeial Cu. 7 Ni Pb. Cd. H 3.Mn.Co Ni . Zn As . Pb 6
ndustria u, /Zn, N1, Pb, R R
sources Cr ¢ 4.Cd. Pb [8]L19][21]
[23][24][27]
5.Hg.Cd

6.Hg, As.Cr Ni
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Table 1: (continued).

1.Pb, Zn, Cu
2.Cd, As 7
Anthropogenic  Pb, Zn, Cu, As, Cd, Cr, i'ﬁs’ Cd, Pb, Cu [8][9][10]
sources Hg P [22][23][25]
5.Cd, Pb [26]
6.Cd, Zn
7.Hg
1.Cd, As
2.Cd, Zn
3.As, Cd, Cr 8
Agricultural Pb, Zn, Cu, As, Cd, Cr, 4.Pb [91[12][15]
sources Ni, Mn, Co, Hg 5.Cd [17][20][21]
6.Cd, As, Mn, Co, Ni, Zn [24][27]
7.Hg, Cd
8.Cu, Zn, Ni, Cd, Pb
1.As, Cd, Pb, Cu
2.Cd, As, Zn, Pb
3.Cr, Ni 8
Natural source As, Hg, Cd, Pb, Zn, Cu, 4.Cr [10][11][13]
Ni, Cr, Co, Mn 5.Cu, Zn, Ni, Pb, Cd, Hg, Cr, [15][19][20]
6.Cd [21][26]
7.Mn, Co, Ni, Zn, As, Pb
8.As, Co, Cr, Cu, Mn, Ni, Zn
1.Cd, As.Zn Pb
Mixed Cd, As, Zn, Pb, Cr, H 2He ?11][13]
ixed sources , As, Zn, Pb, Cr, Hg
3.Cd.Pb . Zn [22][24]
4 Hg. Cd
1.Pb, Zn 4
2.Cd, Pb
Traffic sources As, Cr, Cd, Hg, Pb [12][13]
3.Hg, Cd [24][27]
4.Pb, Zn, As
Mining sources Ag, Cr,Cd, Hg, Pb, Zn, 1.Cr . 2
Ni, Mn 2.Cr, Zn, N1, Mn [13][28]

2.2. Comparison of the efficiency of the analytical model of soil pollution sources under
different pollution sources

Soil heavy metal pollution source analysis models have received extensive attention in recent years.
Scholars from different fields have developed various source analysis methods through different
ways of thinking. However, each source analysis method has its own area of advantage, and most of
the literature aims to compare the selection of source analysis models in a single region and the
utilization rate of different source analysis models. Few people have focused on the relationship
between different pollution sources and the efficiency of the chosen pollution source analysis models.
Here, we discuss the efficiency issues of soil heavy metal pollution source analysis models based on

some studies.
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The UNMIX and PMF models showed good consistency and were also outstanding in terms of
source contribution, with high accuracy. The isotope tracer technique is often used in conjunction
with related source analysis methods rather than as a standalone source analysis technology. Similar
to this case, the comparison of the effectiveness of other pollution source analysis models and the
types of pollution sources in their respective regions is shown in the Table 2.(In the table, ">"
indicates that the methods on both sides of the symbol were used together in the literature but the
method on the left is superior to the one on the right, "=" indicates that the methods on both sides of
the symbol were used together in the literature and each has its own advantages and disadvantages,
"<" indicates that the methods on both sides of the symbol were used together in the literature but the
method on the right is superior to the one on the left.)

Table 2: The comparison of the effectiveness of other pollution source analysis models and the types
of pollution sources in their respective regions

The main Source resolution Comparison of the efficiency of the The number of
source of . documents and
. model used source resolution model .
pollution their sources
1.UNMIX>PMF
2.PMF>APCS-MLR
3.APCS-MLR
UNMIX 9
Industrial PMF 4 PMF=PCA=APCS-MLR=UNMIX [8][14][16]
) 5.PMF
sources Isotope labeling 6.PMF(SOM) [18][19][21]
APCS-MLR 7.PMF(SOM) [23][24][27]
8. PMF
9.PMF
1.UNMIX>PMF
2.PCA
UNMIX 3.PMF>PCA ]
. PMF
Anthropogenic | 4.PMF>APCS-MLR [8][9][10]
sources P g 5.PMF=PCA [14][22]123]
PCA 6.PMF [25][26]
APCS-MLR 7.PC-PMF>PMF
8. EPAPMF, WALSPMF
1.PCA
2.PMF>Multivariate statistical
PCA analysis
PMF 3.PMF=APCS-MLR>CMB 9
Agricultural Multivariate 4. APCS-MLR [9][12][15]
sources statistical analysis 5.PMF=UNMIX>PCA [16][17][20]
APCS-MLR 6.PMF [21][24][27]
CMB, UNMIX 7.PMF(SOM)
8. PMF(SOM)

9.PMF
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Table 2: (continued).

1.PMF>PCA
2.PMF>PCA=CA
PMF 3.PMF>Multivariate statistical
PCA analysis 10
E/IAlti riate statistical & pMbo A Bo LIO][11](12]
Natural source . i rare SEHSHEAT 5 PMF>APCS-MLR [13][14][15]
analysis 6.PMF=APCS-MLR>CMB [19][20][21]
APCS-MLR 7 PMF [26]
CMB 8.PMF
SOM 9.PMF(SOM)
10.EPAPMF  WALSPMF
PMF 1.PMF>PCA=CA 4
. PCA 2.PMF=PCA
Mixed sources 5 3. PMF=PCA=APCS-MLR=UNMIX EH[B 18]
APCS-MLR, UNMIX 4.PMF=PCA
1.PMF>Multivariate statistical
PMF Multivariate analysis 4
Traffic sources  ctatistical analysis. 2.APCS-MLR [12][16][24]
3.PMF(SOM) [27]
APCS-MLR 4 PMF
Mining 1.PMF=PCA 2
sources PMF, PCA 2.PMF [13][28]
Transportation 1.PMF=PCA 2
sources PMF,PCA,SOM 2 PMF(SOM) [13][24]

3. Results

3.1. The soil heavy metal distribution characteristics corresponding to different pollution
sources

To objectively compare the different soil heavy metal pollutants primarily contained in different
pollution sources, Table 1 lists in detail the main pollutants analyzed by different researchers. We can
categorize and rank the primary pollutants. Cadmium (Cd) and Mercury (Hg), as major soil heavy
metal pollutants, are mostly found in anthropogenic sources, mixed sources, and agricultural sources.
This includes the misuse of pesticides and fertilizers in agricultural activities, as well as the irrigation
of farmland with wastewater. The heavy metal pollutant Chromium (Cr), as a primary pollutant, is
frequently associated with mining sources. Elements such as Arsenic (As), Zinc (Zn), and Copper (Cu)
appear in most pollution sources but are not the primary pollutants. For example, from anthropogenic
and natural sources, the main soil heavy metal pollutants are more varied due to the wide range of
sources.

3.1.1.Selection of PMF corresponding to different pollution sources.

According to different types of pollution sources, most researchers have chosen to use only the
Positive Matrix Factorization (PMF) method for source apportionment and have made improvements
to the original PMF method. For example, they have adopted methods such as segmented
calculation-PMF and EPA-PMF and have combined the PMF method with technologies like
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Self-Organizing Maps (SOM), Geographic Information Systems (GIS), etc. This approach is also the
most widely used method for soil pollution source analysis across various types of pollution sources.

3.1.2.Selection of other source apportionment models corresponding to different pollution
sources.

In addition to the currently most widely used and efficient PMF for analyzing soil pollution sources,
there are also a variety of methods including, UNMIX, PCA, APCS-MLR, and multivariate statistical
analysis. Among these, the application of UNMIX and PCA in soil pollution source detection related
to industrial sources is also acceptable and can even be superior to PMF to some extent. In the
detection of soil pollution sources related to agricultural sources, methods such as PCA and UNMIX
are also selected, but they are not superior to the PMF method. In agricultural, traffic, and natural
sources, methods like multivariate statistical analysis and isotope labeling have been employed, but
their detection efficiency and accuracy are not as good as the aforementioned methods, particularly
PCA and PMF. It is worth noting that a significant number of researchers prefer to use multiple
methods simultaneously for detection, which can compensate for the shortcomings of different
methods. For example, conducting tests using a combination of PMF, PCA, and UNMIX methods.

4. Discussion

According to the different soil pollution source analysis methods corresponding to different pollution
sources, the PMF method consistently demonstrates its high efficiency and accuracy regardless of the
type of pollution source. Compared to other pollution source analysis methods, PMF is more specific,
not only identifying more pollution sources but also distinguishing between different land use types
and heavy metal-related sources under different production conditions [13]. Additionally, methods
derived from PMF, such as EPAPMF, are more targeted, especially in natural sources. Furthermore,
in anthropogenic and industrial sources, the UNMIX model is also widely accepted by researchers for
its relative simplicity and ease of use. In natural and mixed sources, models like PCA and
APCS-MLR are commonly used. However, both CA and PCA methods are unable to quantitatively
analyze the contribution of pollution sources, and the APCS-MLR model has limitations in
identifying sources and explaining complex pollution issues. In most cases, these methods need to be
used in conjunction with other detection methods or improved to achieve the desired objectives. For
example, Grouped Principal Component Analysis (GPCA) is an improved PCA method that
combines the advantages of factor analysis and principal component analysis. Having a thorough
understanding of the main soil heavy metal elements corresponding to specific pollution sources can
make the detection more targeted. Recognizing the specific pollution sources corresponding to each
model allows for targeted selection based on the potential pollution in the study area, which can
efficiently conduct soil pollution source analysis. However, this study has its limitations; since most
researchers tend to use the PMF method, the PMF soil pollution source analysis method appears in
the research review regardless of the type of pollution source. This may lead to conclusions that have
a certain subjectivity related to the researchers. Nevertheless, it is undeniable that PMF is indeed a
relatively efficient and targeted method for analyzing soil heavy metal pollution sources at present.

5. Conclusions

This study aims to review how to distinguish between soil heavy metal contaminant elements and
how to select efficient soil pollution source analysis methods in relation to soil pollution sources. Cd
and Hg are mostly found in anthropogenic, mixed, and agricultural sources, while Cr is commonly
detected in mining sources. Elements such as As, Zn, and Cu are present in most pollution sources but
are not the primary contaminants. PMF is currently the most popular and efficient method for soil
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pollution source analysis. The application of UNMIX and PCA in industrial sources is also acceptable
and may even be superior to PMF to some extent. In the analysis of soil pollution sources related to
agricultural sources, methods like PCA and UNMIX are also chosen, but they are not superior to the
traditional PMF method. This study is of great significance for the selection of soil pollution source
analysis methods in the future, as more scholars can make targeted method selections based on this
research for potential pollution source types that may arise.
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