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Rapid urbanization a major factor affecting heavy metal contamination on suburban agricultural soils. In order to assess the dynamic contamination of heavy metals in soil from agricultural land bordering a rapidly urbanizing area and the transfer of human health risks from contaminants in this process, 186 and 293 soil samples from agricultural land in suburban Chengdu were collected in September 2008 and September 2017, respectively. Several indicators, such as the integrated pollution index (PI) and the potential ecological risk index (RI), were employed for analyzing the heavy metal contamination levels, and the APCS-MLR receptor model were applied for analyzing the heavy metal sources. As a result, mean concentrations for five elements did not exceed the national soil pollution risk screening values in the two periods mentioned above. Nemerow’s composite contamination index revealed an increase in soil contamination of arable land after 10 years of urbanization, with 3.75 and 1.02% of light and moderate sample plots, respectively, by 2017. The assessment for potential ecological risk indicated an increased level of eco-risk to high for most of the sample plots. Based on the APCS-MLR model, the origin and contribution to the five elements varied considerably between the two periods mentioned above. Among them, soil Pb changed from “industrial source” to “transportation source,” soil Cr changed from “natural source” to “transportation source,” and As and Hg changed from “industrial source” to “transportation source.” As and Hg were associated with agricultural activities in both periods, and Cd was derived from industrial activities in both periods. The study suggests that inhalation has become a major contributor to non-cancer health risks in urbanization, unlike intake routes in previous periods, and that the increase in cancer risk is mainly due to children’s consumption of agricultural products with As residues. The change in the main source of As to “transportation” also indicates a decrease in air quality during urbanization and the development of the transportation industry. This study provides a reference for the governments of rapidly urbanizing cities to formulate relevant highway and agricultural policies to safeguard the health of the people based on the current situation.
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Highlights

• Urbanization activities have the greatest impact on the accumulation of Cd in soil.

• Inhalation replaces ingestion as the main pathway for human health hazards during urbanization.

• Urbanization leads to changes in the sources of Cr in soils.



1 Introduction

As the economic and social development is rapid, environmental qualities in soils are affected with superposition by various parties, which brings great burden to soil environmental protection and soil health, especially heavy metal contamination in farmland has caused wide concern all over the world (1). In ecosystems, heavy metal pollution disrupts the ecological balance of the soil, inhibits microbial activity and plant growth in the soil, leading to plant withering, soil erosion and loss of biodiversity, posing a serious threat for healthy city and countryside habitats as well as for eco-safety on farmland. Based on the announcement by MOEC and MNR in 2014, China’s arable land area exceeded the standard by 19.4% (2). By contrast, western China has entered a period of accelerated urbanization since 2005, and its urbanization rate has begun to exceed that of the eastern region (3), with Chengdu rapidly growing to be one of the central cities leading the rapid economic growth and absorbing new urban population in western China, for the human body, the hazards of heavy metal pollution are also very serious. For example, lead pollution may affect the nervous system, kidneys and hematopoietic function; cadmium pollution mainly affects the liver, nervous system and may induce high blood pressure. Therefore, it is important to focus on the extent of heavy metal contamination in the agricultural lands of rapidly urbanizing regions, it also analyzes the dynamics of heavy metal pollution sources to facilitate the development of regional soil environmental protection, rational layout of agricultural production and food safety.

In the past, studies on heavy metals have mainly concentrated on content characteristics and space distribution (3), contamination levels (4). To analysis the heavy metal contamination characteristics and ecological risk of cultivated land, there are: contamination index (5), land accumulation index (6), Nemero composite contamination index (7), enrichment factor (8) and potential ecological risk index (9), etc. The US EPA-recommended health risk assessment model for soil heavy metals is commonly used in healthy impact assessments. The current pollution source analysis methods are mainly divided into two categories, i.e., qualitative source identification and quantitative source analysis. Source identification methods mainly include geostatistical analysis (10), multivariate statistical analysis (11), soil morphological classification and soil profile method, and the commonly used methods for source analysis of soil heavy metal pollution are: APCS-MLR, positive definite matrix decomposition (PMF), chemical mass balance method (CMB), UNMIX receptor model and other methods (12–14). Since Thurston and Spengler introduced the concept of absolute principal component score (APCS), combining PCA (principal component analysis) and MLR (multiple linear regression), it has been developed and extensively applied to study source analysis type of problems (15). However, the results of the source analysis of this receptor model lack visualization, therefore, combining it with geostatistics to represent the contribution of each source by geostatistical interpolation can better identify the sources, which is a new source heavy metal analysis method with simple and effective operation.

Chengdu is the most typical fast-growing city in China and the central city in the west, and is also the hub of science and technology, commerce and trade, financial center, transportation and communication in the southwest region as determined by the State Council, and is known as the “Land of Heaven.” At the same time, as an important food and agriculture production base in China, the region is also exposed to ecological risks of heavy metals in soil. Several studies have been conducted to assess the heavy metal contamination of agricultural soils in Chengdu (16, 17). The scope of studies on heavy metals in agricultural soils in the region is small, and there are few studies on the overall contamination status of heavy metals in agricultural soils in the study area, especially the quantitative changes in the accumulation of heavy metal pollutants and their sources specifically for the period of rapid urbanization development in the region. Therefore, this research combines pollution index, potential ecological risk index, human health risk evaluation, geostatistical analysis and APCS-MIR receptor model to dynamically investigate level, spatial distribution and ecological risk of heavy metal pollution in arable soils during the period of rapid urban development in Chengdu, and to quantify changes in potential sources of heavy metals in arable soils. The results of the study will have strong practical and demonstrative implications for controlling and managing farmland contamination and human health in the context of rapidly urbanizing China.



2 Materials and methods


2.1 Study area

Chengdu is an important central city in western China and ranks as one of the top new tier cities in China. The area is located in the hinterland of Chengdu Plain, mainly formed by the alluvium of Minjiang River, Tuo River and its tributaries and some gully flow flood deposits. The soil type is mainly rice soil and purple soil, and the soil pH range is 3.91 ~ 7.89. The area is dominated by subtropical humid monsoon climate, with annual average temperature and precipitation of 15.2–16.5°C and 900–1,300 mm, respectively, and is the main production base of agricultural products such as grain and vegetables in Sichuan basin (18). Thus, there is a need to pay greater concern to the problem of heavy metal contamination in arable land (Figure 1).

[image: Figure 1]

FIGURE 1
 Parent material types in the study area.




2.2 Sample collection and analysis

Soil samples were collected in two periods, and were divided into three major circles: suburban (C1), suburban (C2), and distant suburban (C3), taking into account the economic development plan, location, land use type, and soil type of Chengdu, as shown in Figure 2. The suburban circle includes: Wenjiang district, Shuangliu county, Pixian county, Longquanyi; the suburban circle includes: Qingbaijiang, Xindu; the distant circle includes Chongzhou City, Dujiangyan City, Dayi County, etc. In September 2008, 226 soil samples were collected, with a density of about 1 sample per km2; after nearly 10 years of rapid development, the sampling points were displaced or increased or decreased on the basis of the original monitoring points, taking into account changes in land use types and other factors. Soil samples were collected in September 2017 with 389 samples. The coordinates of the sample points were located with a handheld GPS from Garmin, United States, and the surface soil of 0–10 cm of the cultivated layer was collected with a wooden shovel and collected according to the plum-shaped sampling method, and the soil samples were thoroughly mixed and 1.5 kg of soil samples were retained according to the quadrat method. The samples were spread out indoors to dry naturally, and foreign objects such as stones and plant roots were removed and ground and passed through a 200 mesh nylon mesh sieve for analysis and testing. Soil samples were digested by microwave digestion with HCl + HNO3 + HF + H2O2; As and Hg were determined by atomic fluorescence spectrometry (AFS); Cr and Pb were determined by flame atomic absorption spectrometry (AAS/FAAS); and Cd was determined by graphite furnace atomic absorption spectrophotometry (GF-AAS).

[image: Figure 2]

FIGURE 2
 (A,B) geographical location of the study area, (C) land cover in 2008, (D) land cover in 2017.




2.3 Evaluation methods for heavy metals


2.3.1 Pollution indexes and the Nemerow integrated pollution index

Using the Soil Environmental Quality Standard (GB15618-2018) as the reference value, the five heavy metals in the soil were evaluated using the single-factor pollution index method and Nemero. The single-factor pollution index method is to analyze and assess the level of accumulated contamination of a particular heavy metal in the soil. Its calculation formula is

[image: image]

Where: P
i
 is the calculated single heavy metal pollution index; Ci is the measured value of the heavy metal; Si is the evaluation standard value, and the background soil value of Chengdu City is used as the reference value. Pi ≤ 0.7 is clean, 0.7 < Pi ≤ 1.0 is safe, 1.0 < Pi ≤ 2.0 is light pollution, 2.0 < Pi ≤ 3.0 is moderate pollution, and Pi > 3.0 is heavy pollution.

The Nemero integrated index is a combined evaluation on the cumulative pollution level of several heavy metals in soil, emphasizing the influence of highly concentrated pollutants to soil circumstance qualitative. Its calculation formula is.
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Where: P
N
 is the composite pollution index; P
mean
 is the average of each individual pollution index P
i
; P
max
 is the maximum of all individual pollution indexes. P
N
 ≤ 0.7 is clean, 0.7 < P
N
 ≤ 1.0 is safe, 1.0 < P
N
 ≤ 2.0 is light pollution, 2.0 < P
N
 ≤ 3.0 is medium pollution, and PN > 3.0 is heavy pollution (19).



2.3.2 Potential ecological risk assessment

To further assess the ecological risk in the arable soil environment across the research region, the heavy metal toxicity response index developed by Hakanson (20) and the national soil pollution risk screening values were used as criteria to calculate the[image: image] and RI values. The potential ecological risk index is used for the assessment of the extent of metal contamination in land and its potential ecological risk. It could be obtained by the formula below.
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Where: [image: image] is the pollution index of heavy metal i, [image: image] and [image: image] are the actual and standard values of heavy metal i, respectively; [image: image] is the potential ecological risk index of heavy metal i, [image: image] is the toxicity index. Hakanson gives the heavy metal toxicity index as Hg = 40 > Cd = 30 > As = 10 > Pb = 5 > Cr = 2; RI is the integrated potential ecological risk index. C is soil heavy metal concentration (mg/kg; Table 1).



TABLE 1 The classification of indexes.
[image: Table1]



2.3.3 Human health risk evaluation

The research use the method recommended by the U.S. Environmental Protection Agency to evaluate the health risks of five heavy metals in cropland soils. The research community was classified to two categories: adults and children, based on behavioral and physiological differences. The model assumes that heavy metals enter the body primarily through different pathways. Cancer-causing and non-cancer-causing heavy metals were considered below (21).
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Where: ADIing is intake, ADIinh is inhalation and ADIderm is average daily exposure to heavy metals from dermal exposure; C is soil heavy metal concentration (mg/kg). Other notes are as in the text (22). In this study, the carcinogenic risk and non-carcinogenicity of soil heavy metals were calculated as the following formulas:
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If CR/TCR is between 10−6 and 10−4 indicates acceptable risk, if CR/TCR If the CR/TCR is between 10 and 10–6-4, the risk is acceptable, if the CR/TCR is greater than 10, there is a significant health risk of cancer, and if the CR/TCR is less than 10, there is no health hazard (21).



2.3.4 Classification of coefficient of variation

The Classification of coefficient of variation (CV) is an indicator to evaluate the level of divergence of the probability distribution, and in general, the greater the divergence, the greater the coefficient of variation. CV according to related studies (23). If the CV is less than 0.16 the element is in mild variability, if the CV is greater than 0.16 less than 1 it is in moderate variability, and if the CV is greater than 1 it is in high variability.




2.4 APCS-MLR receptor model

Factor analysis was applied to resolve the content of individual heavy metals in the research region in order to clarify the sources of heavy metals in the land. Factor analysis is a method of attributing variables with complex associations to a representative number of independent factors, yielding results that retain more of the original information (24). The model assumes a linear relationship between the content of soil or atmospheric pollutants and the contribution of pollution sources, converts the j results of factor analysis into absolute principal factor scores (APCS), and then performs a multiple linear regression of each heavy metal content on all APCSs separately. The regression coefficients were considered as key indicators for the quantitative analysis of pollutant source contributions.

Assume a sample whose concentration is 0, and then calculate its factor score as follows.

[image: image]

APCS was obtained by subtracting the 0-sample score from each actual score, and finally a multiple linear regression was conducted with APCS as the independent variable and heavy metal content as the dependent variable, and the regression coefficients and APCS were transformed into the contribution of pollutant sources by the formula.

[image: image]

Where: bpi is the regression coefficient and APCSp is the absolute factor score of factor p (25).



2.5 Analysis of experimental data

In this study, statistical analyses, normality tests and Person correlation analyses were performed for the five heavy metals with SPSS 22.0 software. Correlation analyses for the APCS-MLL receptor model were done with Excel.




3 Results and discussion


3.1 Description statistical of heavy mental concentrations

Description statistics were analyzed for five heavy metals in the Chengdu farm lands (Table 2). Compared with 2008, mean content for Cd, As, and Cr increased from 0.18, 6.91, and 42.25 mg/kg−1 to 0.30, 9.21, and 88.29 mg/kg−1 in 2017, with increases of 66.67, 33.28, and 108.97%, respectively, while the average contents of soil Pb and Hg increased from 43.04 mg/kg−1 and 0.09 mg/kg−1 to 40.46 mg/kg−1 and 0.06 mg/kg−1 with a decrease of 5.99 and 33.33%, respectively. Except for soil Cr and Hg in 2008 and Hg in 2017, the averaged content in both phases was above the background value of soil elements in Chengdu city and compared with the national soil pollution risk screening value, the averaged content in both phases was below the national risk screening value.



TABLE 2 Statistical analysis of heavy metal content of soil in the study area.
[image: Table2]

The CV of soil Cd, Pb, As, and Cr were medium to high variability (0.16 < CV < 1) in both periods, and the highest coefficients of variation of Hg content were 1.428 and 1.572 reaching strong variability levels (CV > 1) in both periods, respectively. Overall, the five heavy metals belonged to medium and high level of variations in these two periods, while the variation coefficients of the other four heavy metals, except for soil Cr, increased after the rapid urban development in the last decade, showing that the variations of heavy metals in agricultural soils in the whole research region were high, spatially dispersed and subject to higher possibility of anthropogenic influence.



3.2 Heavy metal pollution assessment and risk assessment

Based on the evaluation criteria of the five heavy metals Pi and PN (Equations 1,2), the percentage of contamination levels of each heavy metal was analyzed (Table 3). As seen in Pi, the majority of sample sites for the five heavy metals were uncontaminated in both periods. But in this study period, the contamination level of soil As at all monitoring sample points was always non-polluting, and the proportion of light contamination of soil Hg decreased, while the contamination levels for the other three heavy metals increased, with soil Pb being the worst, whose proportion of light, moderate and heavy contamination sample points increased from 1.08, 0 and 0% in 2008 to 2.5%. 1.08, 0 and 0% in 2008 to 2.05, 1.37 and 1.02%. And it can be seen by the PN that the sample points showing mild pollution in the arable land of the research region showed an increase from 1.08 to 3.75%, 2017, and 1.02% of sample points with moderate pollution level appeared in 2017. It indicates that during the rapid urbanization process in Chengdu city in the last decade, some of the farmland soils have been subjected to more serious anthropogenic impacts.



TABLE 3 Heavy metal pollution index and ecological risk index of cultivated soils in the study area.
[image: Table3]

The results showed that in both periods the soil As and Cr[image: image] values were less than 30 (Equations 3–5), which belonged to the slight ecological risk class, and the proportion of points with soil Hg at moderate and strong ecological risk decreased in 2017, with the proportion of points at medium ecological risk reduced from 14.52 to 6.83%, the proportion of points at strong ecological risk class reduced from 5.91 to 1.37%, and[image: image] The proportion of sites with values greater than 120 belonging to very strong ecological risk decreased from 1.08 to 0.68%. The remaining two heavy metals Pb and Cd showed an increase in ecological risk after accumulation on the time scale of the last 10 years, with 0.68% (at strong ecological risk) and 1.02% (at very strong ecological risk) of sites in 2017, respectively. Through the RI values, the overall ecological risk of heavy metals in agricultural soils in the study area is on the rise, with the largest increase being in the strong ecological risk level, with the proportion of points rising from 5.38% in 2008 to 62.12% in 2017, indicating that the ecological risk of the agricultural land environment in the research region is becoming more serious with the development of urban construction should be taken seriously.



3.3 Heavy metal human health risk evaluation

Based on the 5 elements are recognized as having a serious risk to human health. The risks posed by these five elements to adults and children through different modes of intake can be known from Table 4 (Equations 6–12). We can see that the HQs of the five heavy metals in 2008 were ingestion > inhalation > dermal for either child and adult, showing that the ingestion route was the greatest risk route of exposure for the entire research region in 2008, and this is relatively in accordance with relevant research (22); while the magnitude of the HQ values and HI values were changed from adult > child > adult to child > adult, indicating that the non-carcinogenic risk of children is higher than that of adults at this stage. Therefore, with the development of urban construction should pay more emphasis on the protection of urban air quality and the cultivation of good living habits of children, which can effectively reduce the risk of inhalation pathway.



TABLE 4 Health risk evaluation results.
[image: Table4]

Based on the calculated carcinogenic risk values, it is observed that the CR values of Cd and Cr for different pathways for adults and children exhibit intake > inhalation > skin in both periods. Furthermore, adult TCR values for the two periods were 3.08 × 10−4 and 7.15 × 10−4 for both periods, between 1 × 10−4 and 1 × 10−6, respectively, which are acceptable risks. However, the TCR values for children were 1.71 × 10−3 and 3.94 × 10−3, both of which exceeded the upper limit of carcinogenic risk level. By further analysis of Cd, Cr and As, the contribution of Cd and Cr to the TCR values of children was less than or within the acceptable level and could be considered as no health hazard, while the contribution of As to the TCR values by the oral intake route in both periods exceeded 90%, indicating that the ingested heavy metal As was the primary contributor to the risk of cancer.



3.4 Analysis of heavy metal sources


3.4.1 Correlation analysis

After nearly 10 years of rapid urbanization, a correlation analysis of the five heavy metals in the research region was conducted to find out whether the sources of the five heavy metals in arable soils are consistent and how they change. In case of a clear negative correlation among the elements, it means different sources of the elements or even some antagonistic effects (26). According to the data, Cd, Pb and Hg showed a two-by-two correlation in 2008, suggesting that they might share a common source, while Cr and As were remarkably negatively correlated, indicating that their sources in arable soils are different, and none of the other heavy metals of As were significantly correlated, so As may have a single source; while Cd and Pb were not significantly correlated in 2017, Pb and Cr were significantly positively The correlation coefficient is greater than 0.4, so it may have the same source. As and Hg have changed from no significant correlation with each element in 2008 to significant positive correlation. Cd has no significant correlation with other elements, so it may have a single source. This indicates that after the rapid urbanization process in the last decade, the sources of heavy metals in agricultural soils have been changed by human activities.



3.4.2 Factor analysis

The data on soil heavy metal content in the research region for two periods were subjected to KMO test and Bartlett′s sphere test, with KMO test coefficients of 0.580 and 0.523 > 0.5, respectively, and Bartlett′s sphere test p < 0.05, indicating that each heavy metal element is highly correlated and suitable for factor analysis. The outcome (Table 5) revealed that the eigenvalues of both factors before 2008 were greater than 1, but the cumulative total explained variance was only 53.81%, which was not enough to explain significant portions of the information in the raw data, and after extracting by 3 factors, the cumulative total explained variance reached 71.95% > 70%, indicating that these 3 factors could reflect most of the information of all the data; the cumulative total explained variance of the first 3 factors in 2017 The variance was 78.42% > 70%, so these 3 factors can reflect most of the information of all the data (Equations 13,14).



TABLE 5 Correlation analysis of heavy metals in agricultural soils in Chengdu.
[image: Table5]

From the results of the factor analysis in 2008, the contribution of factor 1 was 31.54%, in which Cd, Pb had a large loading. From the correlation analysis, it can be seen that there is a significant positive correlation between Cd and Pb; after investigation, numerous chemical plants are distributed in the northwest of the study area, which mainly produce metal protective coatings, and a large number of nonferrous metal smelting and rolling processing plants are distributed in the southeast. cd is widely used in various chemical industries and is also a major by-product of coating production, and the mining of minerals and nonferrous metal smelting are important sources of Pb one of them. Some studies have shown that these heavy metals can cause the enrichment of Cd and Pb in soil through the emission of waste gas, wastewater and sludge, through atmospheric deposition, surface runoff and solid waste dumping (27, 28). In summary, factor 1 represents the “industrial source.”

The contribution of factor 2 is 22.27%, and the heavy metals with larger loadings are As and Hg. According to Table 3, it can be seen that there is 1.33% proportion of points with mild Hg pollution in the study area. It was found that the southern part of the study area was distributed with the most key pollution sources and sewage treatment plants in the whole Chengdu city in 2008, so it was presumed that the Hg pollution of agricultural soil in the study area might be caused by long-term river sewage irrigation; some studies showed that As and Hg are important constituent elements of pesticides (29), and pesticides containing Hg or inorganic As were widely used in agriculture before they were banned, but due to the difficulty of degradation of heavy metals, they were in the soil The pesticides containing Hg or inorganic As were widely used in agriculture before they were banned. Therefore, factor 2 is classified as “agricultural source.”

The contribution of factor 3 was 18.15% and the only heavy metal with a large load was Cr. The average content of Cr in agricultural soils in 2008 was lower than the background value in the study area, and it is generally believed that heavy metals associated with soil parent material composition are often elements with a low level of contamination, and the contamination evaluation (Table 3) also pointed out that soil Cr was in a clean state at the detected sites. Numerous studies have shown that the content of Cr in soil is close to that in the parent material, related to the rock-forming composition and less influenced by anthropogenic factors (25). The high value area is located in the parent material type of river sediment and basalt, and related studies show that these two parent materials are conducive to the enrichment of heavy metal Cr in soil (30), so it can be considered that factor 3 represents the parent material of soil formation, i.e., “natural source.”

The factor analysis in 2017 resolved a total of three potential factors with a cumulative variance explained of 78.42%. Among them, the contribution of factor 1 was 35.16%, and Pb and Cr were the main loading heavy metals. In the source analysis in 2008, Cr was considered as a “natural source” related to soil-forming parent material, and the planning and construction of tourist areas will certainly accelerate the weathering of the parent material and changes in soil properties, according to the survey from the completion of the scenic area to 2017, the reception of tourists increased by 11% year-on-year, which greatly enhanced the regional vehicle circulation, and some studies have shown that Pb is a major indicator of traffic The main marker of emissions, because Pb as long as it comes from fuel combustion of transportation, car engines and tire friction (31), and they cumulate in agricultural soils by atmospheric deposition and adsorption of airborne dust (32). Therefore, factor 1 can be considered to represent “transportation sources.”

Factor 2 contributed 22.82%, with heavy metals with high loadings being As and Hg. In the correlation analysis, As and Hg were significantly and positively correlated, in which the average content of As increased but was in the state of no pollution, and the average content of Hg decreased and the ratio of pollution index and ecological risk index decreased. From correlation analysis and pollution evaluation, the pollution sources are the same as those analyzed in 2008, so factor 2 is considered to represent “agricultural sources.”

The contribution of factor 3 was 20.44%, soil Cd was the main load. The average content of Cd increased by 66.67%, the proportion of pollution index increased, and the potential risk appeared a very strong level of ecological risk, according to the results of the factor analysis in 2008, Cd in 2008 for industrial sources of pollution, related to the 2008 pollution industry, which may be related to the rapid urbanization phase of the study area sub-circle development, the may be related to the rapid urbanization stage and the outward migration of industrial parks. Therefore, factor 3 represents “industrial source.”

After nearly 10 years of rapid urbanization, soil Pb pollution has changed from an “industrial source” to a “transportation source” and soil Cr from a “natural source” to a “transportation source.” “This indicates that human activities have significantly influenced the accumulation and distribution of heavy metals in agricultural soils, and have aggravated soil heavy metal pollution.



3.4.3 APCS-MLR receptor model

For the determination of the contribution of each heavy metal source to the contamination stream, the APCS-MLR receptor model was used to model each heavy metal element in the research region. According to the fitted values obtained from the model compared with the measured values, a ratio close to 1 indicates a good fitting effect (33). The results in Table 6 show that the fitted/measured values for both periods are approaching 1. Furthermore, the complex correlation coefficients for all heavy metals are greater than 0.6. In summary, it can be seen that the model predictions can adequately represent the original information of the data.



TABLE 6 Soil heavy metal factor analysis component matrix.
[image: Table6]

Based on correlation analysis, factor analysis, geostatistical analysis and model analysis, the results of pollution source identification and quantitative source analysis were obtained (Figure 3).

[image: Figure 3]

FIGURE 3
 (A) Contribution of heavy metal pollution in the study area in 2008, (B) Contribution of heavy metal pollution in the study area in 2017.


The sources of heavy metals Cd, Pb and Hg in agricultural fields in Chengdu in 2008 were mainly industrial sources, and the contribution of industrial sources to these three was 41.97, 62.85 and 49.37%, respectively; meanwhile, agricultural sources also contributed more to Cd and As, 15.74 and 39.59%, respectively; followed by the contribution of natural sources to Cr up to 56.93%, and the contribution of the three pollution sources to The contribution of the three sources to its contribution rate is more consistent, indicating that the source of soil Cd pollution in the study area in 2008 is more complex. The white column (Figure 3) represents other pollution sources, whose contribution to Cr is as high as 58.10%.

Comparing with the quantitative source analysis results in 2017, Cr and Pb pollution increased after 10 years, the average content of soil Cd increased by 108.97%, the proportion of mild, moderate and severe pollution sample points of soil Pb pollution index increased from 1.08, 0 and 0% in 2008 to 2.05, 1.17 and 1.02%, transportation sources replaced natural sources and industrial sources. The contribution of agricultural sources to Cd decreased, but also caused the pollution of As and Hg, with the contribution of 45.63 and 44.01% respectively; the contribution of industrial sources to Cd increased, with the contribution of 57.33% (Table 7).



TABLE 7 Fitting results and prediction ratio of APCS-MLR model.
[image: Table7]

The results of quantitative source analysis in the two periods show that the pollution sources of the five soil heavy metals have changed significantly due to the change of land use types and the transformation of soil properties during urbanization construction, and the contribution of the sources of the five heavy metals to their pollution levels has increased significantly, and the contribution of the unresolved sources to heavy metal pollution has changed from the dominance of individual heavy metals to the collective contribution of the five heavy metals, and their specific represented sources need to be further studied, heavy metal levels in cropland are an aggregate of multiple sources, subject to greater anthropogenic influence, the more extensive their sources. This is in accordance to the findings of many related research (34, 35).





4 Conclusion

The most rapidly developing time period of Chengdu urbanization is 2008 ~ 2017, this study combines the characteristics of Chengdu urbanization development (3-circle development), by collecting farmland soil samples in these two time points by circles, the results found that rapid urbanization contributes to the accumulation of soil Cd, As, and Cr and increases the proportion and level of soil contamination. At the same time the pathway of endangering human health risk shifted from ingestion to inhalation pathway, which is consistent with the reported decrease in air quality in the study area. Accelerated urbanization will change the shift in soil Cr sources, and transportation sources will replace natural sources as the main source of soil Cr accumulation, while increasing the contribution of soil Cd from industrial sources.

In conclusion, the results of this study can provide a theoretical basis for the prevention and remediation of heavy metal pollution in farmland soils in urbanized areas as well as for urban development planning and construction.
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