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Abstract

:

With the rapid industrialization and urbanization, more attention is turning to heavy metal contamination in the soil environment. To assess the potential environmental risk on soil, a comprehensive geochemistry study on heavy metal was performed in Laizhou, eastern China, using 3834 surface soil samples (0–20 cm, regular grid of 1 × 1 km2) and 60 layered soil samples (0–200 cm) were analyzed. The average concentrations of As, Cd, Cr, Cu, Hg, Ni, Zn and Pb were 7.60 mg·kg−1, 0.15 mg·kg−1, 45.50 mg·kg−1, 19.10 mg·kg−1, 44.00μg·kg−1, 18.70 mg·kg−1, 51.40 mg·kg−1 and 29.00 mg·kg−1, which were lower than the threshold levels of the Grade II criteria of China national environment quality standard for soil, but the contents of As, Cd, Hg, and Pb were higher than background values of eastern Shandong Province surface soil. Fractionation analysis showed that the potential bioavailability in surface soils decreases in the order of Cd > As > Cu > Ni > Zn > Cr > Pb > Hg. Soil assessments with enrichment factor, contamination factor, Nemerow composite index, geo-accumulation index and potential ecological risk index, indicate the soil in Laizhou is contaminated strongly with As, Cd and Hg and a moderately Cr, Ni, Cu and Zn. The level of Pb pollution is between moderate to high. Multivariate analyses suggest that Cr and Ni were derived mainly from natural sources, and As, Cd, Pb, while Hg mostly came from anthropogenic sources. Cu and Zn were from a mixture of anthropogenic and natural sources. Our results demonstrate that more attention should be paid to monitoring soil quality in the heavily polluted site.
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1. Introduction


Heavy metals contaminations in soil has generated great concern as an urgent environment problem worldwide due to toxicity, bioaccumulation, and persistence properties [1,2,3,4,5]. As, Hg, Pb, Cd, Cr, Ni, Cu and Zn, have been listed as the priority control contaminants by the United States Environment Protection Agency [6]. They accumulate in agricultural soil and migrate into human bodies through food chains, threatening the natural ecosystem and public health [7,8,9,10,11,12]. Heavy metal contamination in agricultural soil has became a serious concern in China with rapid industrial development and increased human activities [13,14]. Approximately 1/6 of the cultivated land in China may suffer from heavy metal pollution currently [15,16].



Under the influence of rapid industrialization and urbanization, the concentrations of heavy metals in peri-urban areas are significantly higher than in rural areas [1,2,17,18]. A plethora of evidence showed that heavy metals contaminations occurred universally in industry-based peri-urban areas [18,19,20]. The pollution of heavy metals in peri-urban soil is mainly associated with human activities, such as mining and smelting, industrial wastes (waste water, waste gas and waste residue), coal burning, household wastes and automobile exhaust emissions [18,21,22,23,24]. The peri-urban areas are still an important part of agricultural production, providing grains and vegetables to local and urban residents [20]. More fertilizers and pesticides were used in agricultural land to achieve high yield, which could exacerbate the heavy metal accumulation in soil. Therefore, it is necessary to determine the distribution pattern and contamination level of the heavy metals in contaminated soils and assess their potential risks to the soil so that remedial plans can be developed.



Given the main origins of vegetables and fruits, heavy metals level in Laizhou should be a matter of concern, especially as it is also an important gold mining area in China. However, the spatial distribution and ecological risk assessment of heavy metals in the soil of Laizhou is relatively little known. An accurate and complete assessment of the potential risks induced by heavy metals is necessary for restoring the local ecosystem. In this paper, the characteristics of heavy metals in the surface soil of Laizhou were analyzed, aiming to investigate the geochemistry features of heavy metals and evaluate the regional ecological risk. The enrichment factor, contamination factor, Nemerow composite index, geo-accumulation index, and potential ecological risk index were applied to evaluate the pollution level and ecological risk of heavy metals in soil, which can provide references for the control of the heavy metal pollution. Analysis of variance, Pearson correlation coefficient and principal component analysis were used to identify the sources of heavy metals.




2. Methods and Materials


2.1. Study Area and Soil Sampling


The study area is located in Laizhou (119°33′ E–120°18′ E, 36°59′ N–37°28′ N), Eastern Shandong Province, China, covering about 985 km2 (Figure 1). Laizhou has a warm temperate continental climate with an average annual temperature of 16 °C. Its mean annual rainfall is 471 mm, mostly between June and September. The terrain is higher in the southeast and is lower in the northwest, ranging from 0 to 430 m above sea level (Figure 1 and Figure 2a). Rocks in Laizhou are mainly consisted of granite, gneissic granite, marble schist, basite and granulite in the southeastern hill area, while a few gneissic granites and pluvial alluvial sediments in the northwestern plains area (Figure 2b). Inside the study area, about 53% of the land was used for agricultural faring, 45% of the land was occupied by factories and residential settlements, and the rest were water bodies and roads (Figure 2c).



In this study, 3834 surface soil samples (0–20 cm depth) were collected from June to September 2020 from Laizhou (Figure 1) by multipoint mixing and systematic gird sampling (1 × 1 km2).To study the distribution patterns of heavy metals in the vertical direction, three soil profiles were measured in the heavily polluted and slightly polluted sites, respectively (Figure 1). Each site includes 10 distinct soil horizons, with 20 cm intervals from 0–200 cm. Each soil sample was collected simultaneously in triplicate from the same location. All samples were put in polyethylene bags and brought back to the laboratory, which were subsequently air dried at room temperature and passed through a 2 mm sieve.




2.2. Chemical Analysis


Soil pH value was determined by the electrode method. The organic matter (OM) content of the sample was determined by the dichromatic oxidation titration method. Total nitrogen (TN) was measured by Kjeldahl after digested by the concentrated H2SO4 (95.0–98.0%). Total phosphorus (TP) content was measured by the molybdate colorimetric method after digested by HClO4 (70.0–72.0%). Total organic carbon (TOC) was determined by the potassium dichromate volumetric method. Cation exchange capacity (CEC) was measured by ammonium acetate method [25,26,27]. For Cd, Cu, Zn, Cr, Ni and Pb analysis, 0.5 g of each soil sample was digested with HClO4 (70.0–72.0%)/HNO3 (65.0–68.0%)/HF (≥40.0%) (2:10:5 v/v/v) in Teflon tubes, while for As and Hg, 0.5 g of each soil sample was digested with HNO3 (65.0%)/HCL (36.0–38.0%) (1:3, v/v) [21]. The speciation of heavy metals was measured using the modified European Communities Bureau of Reference (BCR) extracted method [28,29,30], which means that these soil samples were separated into water soluble fraction, Ion exchangeable fraction, carbonate bound, Fe-Mn oxide, humic acid bound, strong organic bound and residual fraction. In all cases, the heavy mental recovery degree was calculated as the following: Recovery (%) = (Heavy metal extracted by single extraction/Heavy metal extracted by Sequence BCR) × 100 [30]. The values of Recovery (%) were between 90 and 105. The contents of Cd, Cu, Zn, Cr, Ni, and Pb, from the digested soil samples were determined by inductively coupled plasma-mass spectrometry (ICP-MS 1260). The analysis of As and Hg was performed using one atomic fluorescence spectrometer (AFS-8220) in triplicate. The national certified materials (GBW07403a) and parallel samples were used to check the quality of the analysis results. The relative standard error of the test results was 0.48–2.88%, which met the quality control requirements.




2.3. Assessment of Potential Risk and Criteria


2.3.1. Enrichment Factor (EF)


The EF is the ratio calculated by dividing the normalizing concertation of each element in soil by the chosen baseline. It is an effective method to distinguish whether heavy metals are derived from natural or anthropogenic sources [31,32]. Fe was chosen as the reference element to calculate the EF value owing to minor influence of anthropogenic activities [33,34,35]. It is calculated as follows: EF = (Me/Fe)sample/(Me/Fe)baseline, where Mesample and Fesample represent the heavy metal and Fe concentration in the sample, respectively. Mebaseline and Febaseline represent the background value of heavy metal and Fe, respectively. The average metal concentrations of surface soil in eastern Shandong Province were taken as the background values [36]. The principle of grading for EF is listed in Table 1 [37,38]. EF > 1 indicates anthropogenic sources and EF < 1 implies a possible mobilization or depletion of metals [39].




2.3.2. Contamination Factor (CF) and Nemerow Composite Index (NI)


The CF was applied to assess the pollution level of a single heavy metal and NI was used to reflect the comprehensive pollution degree of all the heavy metals studied. The indices are calculated by using the following equation: (1) CF = Ci/Si; (2) NI = [(CF2max +CF2ave)/2]1/2, where Ci represents the heavy metal (i) concentration in soil sample; Si is the risk screening value of the heavy metal (i) in soil. The risk screening values of the heavy metal were obtained from soil environmental quality-risk control standard for soil contamination of agricultural land in China. CFmax and CFave represent the maximum and average value of EF, respectively. The principle of grading for CF and NI are listed in Table 2 [40].




2.3.3. Geo-Accumulation Index (Igeo)


The geo-accumulation index (Igeo) was applied to eliminate the influence of geological contributions in the assessment of heavy metal pollution [41]. It is calculated with the equation of Igeo = log2 [Ci/(k × Bi)], where Ci is the measured concentration of the heavy metal (i) in sample; Bi represents the background value of the heavy metal (i) in soil. The average metal concentrations in Eastern Shandong Province surface soil was used as the background values [17]. The factor k is generally 1.5, which represents a background matrix correction factor owing to lithogenic variation [42,43]. The contamination degrees of heavy metals based on the Igeo value were presented in Table 3 [44,45].




2.3.4. Potential Ecological Risk Index (RI)


The RI was used to emphasize the toxicology of heavy metals and evaluate its potential ecological risk. It is developed based on the superposition of various heavy metals and the different risk levels they pose to organisms [46]. RI is calculated as the following equation: RI =     ∑  i = 1  n    E r i      =     ∑  i = 1  n    T r i      × Ci/Bi, where    E r i    and    T r i    represents the potential ecological risk factor and the toxicity response coefficient of single heavy metal (i), respectively. The toxicity response coefficient values are Cd = 30, Cu = 5, Pb = 5, Ni = 5, Cr = 2, Zn = 1, As = 10, Hg = 40 [46,47]. Ci is the heavy metal (i) concentration in soil sample. Bi represents the background value of the heavy metal (i) [38]. The contamination levels based on Er and RI values are listed in Table 4 [45,46,47,48].





2.4. Statistical Analysis


Summary statistics, such as the maximum, minimum, arithmetic mean values, standard deviation (SD), and coefficient of variation (CV) were calculated based on the heavy metals concentration. Analysis of variance (ANOVA), Pearson correlation and principal component analysis (PCA) were carried out using SPSS 22.0 to identify the potential sources of heavy metals. Spatial distributions of heavy metals were elucidated using the Kriging method via Geochemical Studio 2.5.7 software.





3. Results and Discussion


3.1. Soil Physicochemical Properties


The descriptive statistics of surface soil basic physicochemical properties in 62 samples are presented in Table 5. The average pH value of 6.9 for the surface soils suggests that the soil in Laizhou in total had neutral properties. The average concentrations of TN, TP, TOC and OM were 0.77 g·kg−1, 0.34 g·kg−1, 9.36 g·kg−1 and 16.13 g·kg−1, respectively. The variation in CEC ranged from 0.42 to 15.41 cmol·kg−1. The OM can affect heavy metal behaviors in soils, such as speciation, mobility and migration, due to the large CEC and high affinity on the particle surface of the OM, which is beneficial for the adsorption of heavy metal [49]. Therefore, the low values of OM in soil from the study area may aggravate the migration of heavy metal [49].




3.2. Horizontal Distribution Patterns of Heavy Metals


The descriptive statistical results presented that none of the eight heavy metals concentration exceed the Grade II criteria of China national environment quality standard for soil (Table 6), suggesting insignificant pollution of eight heavy metals in Laizhou. Nevertheless, the average concentrations of As, Cd, Hg, and Pb are higher than background values of eastern Shandong Province surface soils (Table 6), indicating enrichment of these four heavy metals. In particular, the maximum contents of Cd and Hg in surface soils almost reached 100 and 200 times of their background values of eastern Shandong Province surface soil, respectively, implying intensive anthropogenic activities on some samples.



The horizontal distribution patterns of eight heavy metals in the surface soil (0–20 cm) were greatly influenced by the sampling location, characterized by ‘hotspot’ patterns, where a high concentration of heavy metal was surround by relatively lower concentration (Figure 3). The pollution patterns were similar with the heavy metals contamination in the industry-based Peri-urban area of Wuxi, China, and Pb contamination in the Quseburn Catchment, UK [20,50]. For example, the soils surrounding industrial areas and rural settlements had higher concentrations of As, Cd and Pb, while the soils with higher Hg concentrations were adjacent to urban, rural settlement and quarries. The soils with higher Cr and Ni contents show NE-SW distribution in the central and southern part of study area, which is consistent with the distribution of the basite (Figure 2b), indicating the parent rock weathering source. The CV of Cd and Hg in surface soils were significantly higher than background value of eastern Shandong Province surface soils (Table 6), which were due to the existence of some outliers from human activities.




3.3. Vertical Distribution Patterns of Heavy Metals


The vertical distribution plots of eight heavy metals in the soil profiles of the slightly and heavily polluted sites are presented in Figure 4. In slightly polluted sites, the average concentrations of Cd, As, Hg and Pb show slight change throughout the soil profile. The mean concentrations of Cr, Ni, Cu and Zn were increased in subsoil (140–160 cm), indicating the four metals were enriched significantly due to the downward eluviation process. In heavily polluted sites, the mean concentrations of heavy metals are higher than background values of eastern Shandong Province surface soils with the exception of Cr and Ni (Table 6). The results suggest that As, Cd, Cu, Hg, Pb and Zn are significantly accumulated in the heavily polluted sites, posing a potential risk to ecological security.



The concentrations of As, Cd, Cu, Pb and Zn were the highest in 0–20 cm of soil profile, and then obviously decreased below 20 cm, which was closer the tailings pond, implying significant enrichment of these heavy metals with anthropogenic input. The concentration of Hg peaked in 100–120 cm of soil profile, which may be related to the downward eluviation process.




3.4. Speciation of Heavy Metals


The speciation of heavy metals is significant for revealing the possible environmental effects of heavy metals in soil by evaluating their mobility, activity, bioavailability and eco-toxicity among different chemical fractions [51,52]. The chemical fractions of heavy metal in soil are divided into water soluble, ion exchange, carbonate bound, humic acid bound, Fe/Mn oxide, strong organic bound and residue in this paper. According to the stability of chemical binding and bioavailability, the chemical fraction of heavy metals could be divided into the most bioavailability fraction (water soluble, ion exchange, carbonate bound), the medium bioavailability fraction (humic acid bound and Fe/Mn oxide) and the inert bioavailability (strong organic bound and residue) [53,54,55].



Fifty typical surface soil samples from four sites (S1, S2, S3 and S4) in the study area were analyzed in this paper (Figure 1). The results show that the heavy metals dominated in the soil residuals with the exception of Hg, Cr and Pb are the most abundant element in this fraction (Figure 5). Residual phases of metals are generally much less toxic to organisms [56].



The largest bioavailability fractions of As, Cd and Cu accounted for 14%, 21.7% and 8.9% on an average and the mean percentages of them in the medium bioavailability fraction were 32%, 20.3% and 28.3% respectively. The proportion of As, Cd and Cu in the bioavailability fraction was close to 1/2, 2/5 and 2/5, respectively. In addition, the mean concentrations of As and Cd in the mining area of Laizhou were high, which deserves more attention.



The speciation of Cr and Pb are very similar, which dominate in soil residue. The mean percentages of most bioavailability fractions of Ni and Zn were below 13%, while the mean percentages of them in a medium bioavailability fraction were 8.4% and 6.5%. Ni and Zn mostly existed in the inert fraction. Hg was the most abundant element in humic acid bound form, constituting 84.1% of the total concentration in the soils from S1, which was dominate in strong organic bound form (82.2–86.2%) in soil samples from another three sites. The results indicate that Hg in soil from site S1 mostly existed in medium bound fraction, which deserves more attention.




3.5. Assessment of Soils Pollution


3.5.1. Enrichment Factor


The mean EF values decreased in the order of Hg > Cd > Pb > As > Cu > Zn > Cr > Ni (Table 7 and Figure 6). The EF values of As, Cd, Cr, Cu, Hg, Ni, Pb and Zn exceeded 2 in 22.87%, 23.50%, 1.51%, 7.20%, 37.45%, 1.12%, 23.60% and 6.39% of the samples, respectively. The average EF values of eight heavy metals were higher than 1. Furthermore, the maximum EF value of As, Cd, Cu and Hg are higher than 40. In particular, the maximum value of Hg reacheed 268.41 (Table 7). The results indicate that As, Cd, Pb and Hg are enriched significantly in surface soils [39].




3.5.2. Contamination Factor and Nemerow Composite Index


The CF values in surface soils are summarized in Table 7 and Figure 6. The mean CF values decrease in the order of Cd > As > Pb > Cr > Zn > Cu = Ni > Hg. The percentages of CF values of heavy metals exceeding 1 in the surface soil samples were Cd (0.65%) = Pb (0.65%) > Cu (0.42%) > As (0.34%) > Cr (0.29%) > Ni (0.16%) > Hg (0.03%). Although the mean CF values based on risk screening values for eight heavy metals were lower than 1, the mean CF based on background values from eastern Shandong Province surface soil for As, Cd, Hg and Pb are higher than 1. The results indicate that As, Cd, Hg and Pb were significantly enriched in the surface soils of the study area. Therefore As, Cd, Hg and Pb in surface soils from the study area deserve more attention. In addition, the results of NI values showed that 2.69% of the surface soil samples were polluted. The proportions of slight, moderate and heavy pollution were 1.75%, 0.47% and 0.47%, respectively.




3.5.3. Geo-Accumulation Index


Similar to the results of CF, Cr, Ni and Zn were the three heavy metals with low pollution levels of Igeo in the study area (Table 7 and Figure 6). The percentages of the surface soil samples not contaminated by Cr, Cu, Ni, Pb and Zn were 96.64%, 87.72%, 95.28%, 92.54% and 93.17%, respectively, indicating slight pollution of these metals in Laizhou surface soils. The proportions of Igeo values of As, Cd and Hg exceeding 1 in surface soil samples were 24.47%, 24.23% and 45.04%, respectively. Such results imply that As, Cd and Hg were enriched significantly in some surface soil samples.




3.5.4. Potential Ecological Risk Index


The results suggest that the average Er values for eight heavy metals followed the decreasing order as: Hg > Cd > As > Pb > Cu > Ni > Cr > Zn (Table 7). The proportions of surface soil samples with low potential ecological risk of As, Cd, Cr, Cu, Hg, Ni, Pb and Zn were 99.58%, 69.54%, 100%, 99.79%, 30.59%, 99.97%, 99.71% and 100%, respectively (Figure 7). Depending on the sampling station location and each metal, the Er values showed low to severe potential ecological risk in Laizhou. Cr, Ni and Zn presented low potential ecological risk, while As, Cu and Pb presented low to high potential ecological risk. Again, Cd and Hg were significantly accumulated in the surface soils and their Er values indicated low to severe potential ecological risk (Table 7 and Figure 7). The high ecological risk values of Cd and Hg were due to the high toxicity coefficient and the accumulation from human activities [57]. The results of RI suggested that 30.78% of the surface soil samples were a potential risk, with the percentages of moderate potential ecological, high potential risk, moderately severe ecological risk and severe potential risk in surface soil samples were 27.49%, 2.58%, 0.47% and 0.23%, respectively (Figure 7 and Figure 8).





3.6. Source Identification of Heavy Metals


3.6.1. Relationships of Heavy Metal and Environmental Factors


The ANOVA and Pearson correlation analysis were useful tools for testing relationships between the heavy metal concentrations in surface soils and environmental factors. ANOVA was used to compare the mean concentration of heavy metal in soil samples among the land use group and parent material group, and Pearson correlation analysis was used to identify the relationships between the concentrations of heavy metals and topography. Statistically significant differences were observed for total concentrations of heavy metals among five land types and six parent materials, indicating that the land types and parent materials had significant effects on the spatial distribution of heavy metals. The average concentrations of As and Pb in industrial land were significantly higher than that in other land types (Table 8), suggesting that they were mainly influenced by industrial waste. The mean concentrations of Hg surrounding urban, rural settlements and quarries were higher than those of other land types (Table 8), suggesting that it was mainly from automotive exhaust, coal-burning and industrial dust. Furthermore, the average concentrations of Cd, Cu and Zn were higher in industrial land and rural settlements (Table 8), suggesting that the intensive anthropic activities affected the elevated concentrations of these three heavy metals in soils. The mean contents of Cr and Ni in all types land use were lower than the background values in eastern Shandong Province surface soils (Table 6 and Table 8), indicating that these two heavy metals were mainly from natural sources.



The average contents of Cr, Cu, Ni and Zn were higher in soil from basite than those of other parent materials, indicating that their parent material is an influence. As, Cd, Hg and Pb exhibited high level in surface soils due to these soils being mainly covered by the industrial land and urban areas with intensive anthropic input.



The Pearson correlation between As, Cd, Cr, Cu, Hg, Ni, Pb, Zn, and elevation were lower (Table 9), which suggested that the topography has no significant influence on the concentrations of eight heavy metals in Laizhou.




3.6.2. Correlation of Heavy Metals


A high positive correlation between heavy metals may indicate they have similar sources [31,33]. Significantly and positively correlated at the 0.01 level were found between Cr-–Ni, Cr–Fe, Cr–Cu, Cr–Zn and Ni–Fe, indicating they might be derived mainly from natural sources due to Fe is influenced slightly by human activities [34,35]. Such results are consistent with the horizontal distribution patterns of heavy metals. There are statistically significant and positive relationships between As and Pb, Cd and Pb, Cd and Zn at the 0.01 level, indicating that they might be derived from similar sources. Hg seems to be an isolate heavy metal, weakly correlated with other metals.




3.6.3. Principal Component Analysis


PCA with a varimax rotation is used to identify the potential pollution sources of heavy metals [34,58,59]. Three principal components with eigenvalues greater than 0.990 (before and rotation) were extracted. The PCA method leads to a reduction of the initial dimension of the dataset to three components explaining 68.483% of the total variability. Based on the correlation analysis results of heavy metals, eigenvalues > 0.990 and the first three principal components covering most of the information of heavy metals, the first three eigenvalues were selected for further analysis and eigenvalues < 0.9 were discarded for identifying sources of heavy metals [35] (Figure 9). The contribution of PC1 is 38.285% (Table 10, Figure 9), showing very high loadings of Cr, Ni and Fe, and moderate loading of Cu and Zn. The PC1 should represent natural sources due to Fe is influenced slightly by human activity [34,35].



The 19.106% of total variance is explained by PC2, and has high loadings in favor of As, Cd, Cu, Pb and Zn (Table 10). According to the spatial distribution of As, Cd and Pb, the highest concentration of these heavy metals occurs in industrial land, rural settlement and urban (Figure 2c and Figure 3). Therefore, PC2 represents industrial and domestic pollution sources. In addition, the similar loading of Cu and Zn observed on PC1 and PC2 suggest that they have a mixed source (Figure 9), being derived from both anthropogenic activities and natural sources.



The contribution of PC3 is 11.092% and is dominated exclusively by Hg (Table 10, Figure 9). Investigation shown that Hg pollution areas match well with the location of the expressway, peri-urban, rural settlement and quarries. Previous studies reveal that Hg concentrations in surface soils are mainly attributed atmospheric deposition [60,61,62,63]. The results of the air pollution monitor show that the concentration of Hg is relatively high in heavily polluted areas (Unpublished data). Hg was derived mainly from the atmospheric pollution, so that PC3 represents the atmospheric deposition pollution.






4. Conclusions


This study examined the distribution of heavy metals in surface soils from Laizhou, Eastern Shandong Province, China. Through analysis of enrichment factor, contamination factor, geo-accumulation index and potential ecological risk index, the surface soils were significantly enriched with As, Cd, Hg and Pb, while the concentrations of Cr, Cu, Ni and Zn were mostly within the normal range. Fractionation analysis results shown that the potential bioavailability of selected heavy metals in surface soils decrease in the order of Cd > As > Cu> Ni > Zn > Cr > Pb > Hg. According to the results of analysis of variance, Pearson correlation and principal component analysis, among the selected heavy metals in surface soil, Cr and Ni originated from parent material, and came from natural source. As, Cd, Hg, Pb were mainly derived from anthropic inputs, and Cu and Zn were derived from the combination of lithogenic nature and anthropogenic activities. Industrial, traffic emission and coal-burning are the main anthropogenic sources of these heavy metals. The results suggest that more attention should be paid to monitoring soil quality in the heavily polluted site.
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Figure 1. Geographical location of study area with indication of the sampling sites (the geographical location map is derived from the administrative zoning map of Shandong Province, 2019). 
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Figure 2. Land use, parent material and topography in Laizhou ((a) from the SRTMDEM 90M; (b) was adapted from the geological map of Yantai city (map scale, 1:250,000); (c) was interpreted in GF-2 1M). 
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Figure 3. Horizontal distribution of heavy metal (As, Cd, Cr, Cu, Hg, Ni, Pb, Zn) in the study area. 
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Figure 4. Vertical distribution plots of heavy mental in slightly and heavily polluted site. 
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Figure 5. Speciation of heavy metals in surface soils from four sites of the study area. 
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Figure 6. Box-plots display the distributions of the pollution indexes of heavy metals in surface soils of the study area. (A) enrichment factor (EF); (B) contamination factor (CF); (C) geo-accumulation index. 
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Figure 7. Potential Ecological Risk Classification of Heavy Metals in Surface Soil. 
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Figure 8. Degree of Composite Potential Ecological Risk of Heavy Metals in Surface Soil. 
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Figure 9. Loading plot of principal components (PCs) for heavy metals in surface soils of the study area using principal component analysis (PCA) after varimax rotation. 
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Table 1. Principle of grading for enrichment factor.
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	EF
	Class
	Degree





	EF ≤ 1
	0
	Non-pollution



	1 < EF ≤ 2
	1
	Slight pollution



	2 < EF ≤ 5
	2
	Moderately polluted



	5 < EF ≤ 20
	3
	Heavy pollution



	20 < EF ≤ 40
	4
	Moderately severe



	40 < EF
	5
	Severe pollution
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Table 2. Principle of grading for contamination factor and Nemerow composite index.
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	Class
	CF
	NI
	Contamination Degree





	0
	<0.7
	<0.7
	Safety



	1
	0.7–1.0
	0.7–1.0
	Warning



	2
	1.0–2.0
	1.0–2.0
	Slight pollution



	3
	2.0–3.0
	2.0–3.0
	Moderate pollution



	4
	>3.0
	>3.0
	Heavy pollution
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Table 3. Contamination Degree Based on Geo-Accumulation (Igeo) Values.
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	Igeo
	Class
	Degree





	Igeo < 0
	0
	Unpolluted



	0 ≤ Igeo < 1
	1
	Unpolluted to moderate



	1 ≤ Igeo < 2
	2
	Moderately polluted



	2 ≤ Igeo < 3
	3
	Moderately to strongly polluted



	3 ≤ Igeo < 4
	4
	Strongly polluted



	4 ≤ Igeo < 5
	5
	Strong to very strong pollution



	5 ≤ Igeo
	6
	Very strong pollution
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Table 4. Contamination levels based on potential ecological risk values.
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	Class
	Er
	Degree
	RI
	Degree





	1
	<40
	Low
	<150
	Low



	2
	40–80
	Moderate
	150–300
	Moderate



	3
	80–160
	High
	300–600
	High



	4
	160–320
	Moderately severe
	600–1200
	Moderately severe



	5
	>320
	Severe
	>1200
	Severe
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Table 5. Descriptive statistics of physicochemical properties of surface soils in Laizhou.
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	Property
	pH
	OM (g·kg−1)
	CEC (cmol·kg−1)
	TP (g·kg−1)
	TN (g·kg−1)
	TOC (g·kg−1)





	Range
	5.36–7.57
	3.68–31.52
	0.42–15.41
	0.08–1.52
	0.10–1.52
	2.14–18.30



	Mean
	6.90
	16.13
	9.71
	0.34
	0.77
	9.36



	Standard deviation
	0.46
	5.69
	4.00
	0.26
	0.35
	3.30



	Coefficient of variation
	0.07
	0.37
	0.49
	0.48
	0.44
	0.37










[image: Table] 





Table 6. Descriptive Statistic of Eight Heavy Metals Concentrations in Surface Soils from Laizhou.
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	Metal
	As
	Cd
	Cr
	Cu
	Hg
	Ni
	Pb
	Zn





	Range
	0.50–98.30
	0.03–11.90
	5.00–472.00
	2.30–556.00
	1–6544
	2.00–203.00
	4.10–429.00
	3.10–1100.00



	Mean
	7.60
	0.15
	45.50
	19.10
	44.00
	18.70
	29.00
	51.40



	SD
	4.30
	0.31
	22.10
	18.60
	115.00
	10.50
	18.80
	32.50



	CV
	0.58
	2.10
	0.49
	0.97
	2.62
	0.56
	0.65
	0.63



	Background values [38]
	6.30
	0.108
	56.20
	19.60
	29.00
	23.5
	25.4
	56.1



	Grade II criteria values
	30.00
	0.30
	200.00
	100.00
	2400.00
	100.00
	120.00
	250.00







Hg is in μg·kg−1, other heavy metals are in mg·kg−1.
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Table 7. Enrichment factor (EF), contamination factor (CF), geo-accumulation index (Igeo) and potential ecological risk index (Er) values of heavy metals in study area.
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Parameters

	
As

	
Cd

	
Cr

	
Cu

	
Hg

	
Ni

	
Pb

	
Zn






	
EF

	
Range

	
0.03–44.41

	
0.25–113.36

	
0.16–15.16

	
0.22–69.48

	
0.02–268.41

	
0.13–10.27

	
0.05–18.19

	
0.43–35.41




	
Mean

	
1.75

	
1.94

	
1.10

	
1.32

	
2.13

	
1.03

	
1.77

	
1.27




	
CF

	
Range

	
0.02–3.28

	
0.1–39.67

	
0.03–2.36

	
0.02–5.56

	
0.01–2.73

	
0.02–2.03

	
0.03–3.58

	
0.01–4.40




	
Mean

	
0.25

	
0.49

	
0.23

	
0.19

	
0.02

	
0.19

	
0.24

	
0.21




	
Igeo

	
Range

	
−4.15–3.47

	
−2.31–6.32

	
−3.98–2.58

	
−3.53–4.40

	
−5.24–7.45

	
−3.99–2.67

	
−3.15–3.56

	
−4.67–3.80




	
Mean

	
−0.36

	
−0.33

	
−0.91

	
−0.69

	
−0.24

	
−0.96

	
−0.42

	
−0.76




	
Er

	
Range

	
0.85–166.61

	
9.09–3606.06

	
0.19–17.91

	
0.65–157.95

	
1.58–10470.40

	
0.47–47.88

	
0.84–88.64

	
0.06–20.91




	
Mean

	
12.81

	
44.48

	
1.73

	
5.44

	
70.37

	
4.41

	
5.99

	
0.98
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Table 8. Results of Analysis of Variance (ANOVA) for the Concentration of Heavy Metal in Surface Soils by Land Use and Parent Material Types.
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	N
	As
	Cd
	Cr
	Cu
	Hg
	Ni
	Pb
	Zn





	Farmland
	1618
	7.30
	0.132
	44.11
	17.87
	36.38
	17.96
	30.00
	49.85



	Forest
	636
	6.10
	0.121
	40.01
	17.43
	21.81
	15.67
	28.58
	45.18



	Industrial Land
	261
	10.50
	0.162
	48.77
	20.84
	63.60
	20.63
	36.23
	56.39



	Rural settlement
	1191
	8.10
	0.179
	49.29
	21.14
	59.43
	20.57
	30.47
	55.42



	Urban
	128
	7.50
	0.130
	49.26
	21.40
	66.47
	21.62
	28.12
	55.48



	
	F
	57.796 **
	5.402 **
	23.068 **
	7.773 **
	16.428 **
	30.587 **
	16.548 **
	13.529 **



	Pluvial alluvial sediments
	2018
	7.58
	0.132
	38.85
	16.25
	46.88
	15.18
	29.31
	45.08



	Marble and schist
	492
	7.57
	0.142
	53.49
	20.48
	47.79
	22.29
	27.52
	53.08



	Granite
	69
	5.07
	0.104
	32.61
	22.89
	18.24
	9.40
	37.23
	56.25



	Gneissic granite
	464
	7.45
	0.214
	47.64
	21.23
	33.87
	20.03
	33.80
	62.93



	Basite
	124
	8.32
	0.152
	68.97
	24.75
	41.40
	30.27
	28.54
	64.33



	Granulite
	666
	7.68
	0.151
	55.40
	23.96
	42.51
	24.59
	25.08
	58.58



	
	F
	5.464 **
	5.658 **
	127.797 **
	23.900 **
	1.809 *
	174.925 **
	15.541 **
	39.853 **







* Statistically significant at the 0.05 level, ** Statistically significant at the 0.01 level, Hg is in μg·kg−1, other heavy metals are in mg·kg−1.













[image: Table] 





Table 9. Correlation Matrix for Heavy Metals.
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	As
	Cd
	Cr
	Cu
	Hg
	Ni
	Pb
	Zn
	Fe
	Elevation





	As
	1
	
	
	
	
	
	
	
	
	



	Cd
	0.222 **
	1
	
	
	
	
	
	
	
	



	Cr
	0.113 **
	0.103 **
	1
	
	
	
	
	
	
	



	Cu
	0.254 **
	0.313 **
	0.409 **
	1
	
	
	
	
	
	



	Hg
	0.037 *
	0.029
	0.024
	0.023
	1
	
	
	
	
	



	Ni
	0.147 **
	0.096 **
	0.796 **
	0.319 **
	0.029
	1
	
	
	
	



	Pb
	0.426 **
	0.399 **
	0.151 **
	0.258 **
	0.044 **
	0.052 **
	1
	
	
	



	Zn
	0.284 **
	0.478 **
	0.497 **
	0.641 **
	0.045 **
	0.378 **
	0.372 **
	1
	
	



	Fe
	0.235 **
	0.079 **
	0.677 **
	0.366 **
	0.032 *
	0.783 **
	0.029
	0.384 **
	1
	



	Elevation
	−0.087 **
	−0.002
	0.168 **
	0.083 **
	−0.050 **
	0.164 **
	−0.002 **
	0.0145 **
	0.275 **
	1







* Statistically significant at the 0.05 level (two-tailed), ** Statistically significant at the 0.01 level (two-tailed).
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Table 10. Loading of surface soil and eigenvalues, percentage of variance, and eigenvectors for the three principal components (PC1, PC2 and PC3).
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	Parameter
	PC1
	PC2
	PC3





	As
	0.093
	0.599
	0.097



	Cd
	0.004
	0.735
	−0.045



	Cr
	0.886
	0.144
	−0.004



	Cu
	0.446
	0.572
	−0.068



	Hg
	0.024
	0.045
	0.989



	Ni
	0.920
	0.041
	0.024



	Pb
	−0.054
	0.772
	0.056



	Zn
	0.466
	0.688
	−0.039



	Fe
	0.882
	0.073
	0.033



	Eigenvalues
	3.466
	1.720
	0.998



	Percentage of variances
	38.285
	19.106
	11.092



	Cumulative % eigenvectors
	38.285
	57.391
	68.483
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