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Abstract 

Legal regulation of heavy metal contents is a main issue in many European 

countries, where still do not exist laws establishing the heavy metal levels permitted in 

soils. As a first step to determine the reference levels of heavy metals, it is required to 

know their contents in soils under natural conditions. To achieve this goal in the 

Autonomous Community of Aragón, a total of 133 sites have been sampled. A balanced 

allotment of the sampling sites, according to soil spatial distribution in the region, has 

been carried out by selecting  9 soil types that represent 97.5% of  its  surface area. 

Fifteen  elements  (Cr, Cu, Ba, As, Sb, Hg, Sn, Mn, Fe, Al, Zn, Ni, Co, Cd and Pb) have 

been analysed by ICP-AES  after a partial acid extraction.  

The content of analysed elements has been correlated to some soil parameters 

such as organic matter, pH, and granulometric fractions. Results of the statistical 

analyses have shown a large variety and complexity in some of these relationships.  The 

main factors of variation in the heavy metal contents are both the soil type and the 

lithology.  Gypsisols and  Calcisols developed on sedimentary rocks  have the lowest 

contents while Leptosols overlying metamorphic and igneous rocks have the highest 

contents. The spatial  distribution of heavy metal contents shows a large variability with 

the highest contents in the mountain ranges (Iberian and Pyrenees) and the lowest in the 

plains of the central Ebro valley.  
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1.- Introduction 

 

Soils are prone to contamination from atmospheric and hydrological sources, but 

direct waste disposal causes a major impact on this natural resource, posing serious 

environmental concerns. Regional geochemical surveys have been frequently used in 

mineral exploration (e.g. Rose et al., 1979), but current interest in these surveys is their 

application to environmental and pollution studies (e.g. Webb et al., 1978). Although  

many geochemical maps have been produced based on the analysis of rocks and stream 

sediments,  similar maps based on soil analysis are rather less frequent (Kinniburgh & 

Beckett, 1983; McGrath & Loveland, 1992; Jordan et al., 1997). Nevertheless, these 

studies are increasingly considered of interest to establish the environmental levels of 

various heavy metals in order to outline areas of potential toxicity. Also information on 

the soil macro and micronutrient levels and trace elements could be of great interest for 

agricultural use (Wilcke et al., 1998) as well as for resource identification and 

management  and  land use planning.   

Around the world  several studies have evaluated the heavy metals concentration 

in soils (Kabata-Pendias & Pendias, 1984; Brümmner  et al., 1986; Wopereis, et al., 

1988; Vaselli et al., 1997). Nevertheless in Aragón, such studies are non-existent to date 

and  therefore, very little is known about  the distribution of  such elements in the 

natural, non anthopogeneic and  non polluted soils of this territory. For this reason,  this 

study was aimed to provide a contribution to a data-base on the heavy metal status -

natural background-  of the main soil types in this region as basis for a wide variety of 

economic and environmental applications, as well as an approach to assess the 

relationship between geochemistry and the health of  ecosystems. 

 
2.- Material and methods 

 

2.1. Study area 

  

The Aragón Autonomy, located in the central part of the Ebro basin (NE Spain),  

extends over 45,000 km2 in the central Ebro basin (NE Spain) and  exhibits  a variety of 

soils developed on diverse lithologies and under a wide range of climatic conditions. 

The Pyrenees and the Iberian range that extend to the North and South respectively, 

surround the Ebro depression and characterize the geological context of this region 
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(Figure 1). In the axial Pyrenees, granitic, metamorphic and some minor volcanic rocks 

are found. Such materials are less abundant in the Iberian range where only some 

metamorphic and subvolcanic rocks appear. The sedimentary sequence in both ranges 

extends from the Palaeozoic to the Mesozoic, with predominant calcareous rocks. From 

the borders of the ranges to the centre of the Ebro valley there is a gradation from clastic 

materials -conglomerates, sand, silt and clay- to marls and carbonatic rocks and finally 

evaporitic rocks such as gypsum and halite, in the centre of the valley, in  the Zaragoza 

area.  

The physiography of the region displays a high variety. Contrasted landscapes, 

from the alpine environment in the Pyrenees, the middle mountain landscapes and the 

semidesertic central plains are found. This diversity is paralleled with the distribution of 

the vegetation that ranges from the dense temperate forest to the scarce shrubby 

vegetation of the central valley. Climate is very diverse from the semiarid 

Mediterranean in the centre of the valley to the more temperate and humid continental 

climate in the ranges. Therefore, a marked gradient in both temperature and annual 

rainfall distribution from the centre of the valley towards the mountains is evident 

(Figure 1).  

 The important diversity in parent materials along with the climatic and 

geomorphic features  have conditioned the development of a wide variety of soil types. 

From the Soil Map of  Aragón (Machín, 1984), a total of 32 main groups of soils have 

been classified according to FAO (1989). Of those, a total of  9 soil types have been 

selected as the most representative on the basis of their surface extension  and spatial 

distribution  in the region to conduct our soil survey. 

 

2.2. Soil sites and sampling 

 

 Sampling sites were distributed to include a representative variety of each soil 

type and sampling density was 1 sample each 338 km2.  The sampling site pattern is 

aimed to proportionally distribute,  among the selected soil types, a number of samples 

in accordance with  the surface occupied by each soil type and its spatial variability. To 

achieve this, parent materials, vegetation cover, geomorphology and climate have been 

carefully examined. Nine different soil types representing 97.5 % of  the Aragón  total 

surface area have been selected for this study. A summary of the selected soil types and 

the corresponding  sample allotment is presented in Table 1.   
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 A total of 133 sampling sites not affected by anthropogenic activities were 

chosen for their edaphic significance. For this, it was taken into account that sites 

should represent  the  most relevant characteristics of  the morpho-edaphic environment 

of each  soil type. The sampling procedure intended to obtain a representative average 

sample made of five sub-samples collected at each site. Therefore, a number of 133 soil 

samples were composed from a total of 665 soil sub-samples collected. Samples were 

extracted by  using an  automatic core driller. In most soils, depth of sampling was 

around 40-50 cm. In order to try to obtain background levels for the analysed elements, 

the chosen sampling sites were far from any visible or known  local source of 

pollutants, and agricultural and urban soils were avoided.  

 

2.3.- Analytical methods 

 

Soil samples (n=133) were air-dried, and crushed to pass through a 2 mm sieve. 

Each sample was homogeneized and quartered and ground in an agate mortar. 

 Samples have been analysed for 15 elements, of which apart from Ba (light 

metal) and As (metalloid), the following 13 elements are heavy  metals:  Cr, Cu, Sb, Hg, 

Sn, Mn, Fe, Al, Zn, Ni, Co, Cd and Pb. Analysis were performed by atomic emission 

spectrometry  using an inductively coupled plasma  ICP-AES (JY 98), after a partial 

acid digestion (5 ml HNO3 65%, 1 ml H2O2 30%) in microwave (Milestone mls).  This 

method was chosen as previous work  confirmed that  it was  a good extractant  for most  

of the elements. Hydride generation (CMA Lab Craft Hydri S-05) has been used to 

analyse Hg, As, Sb and Sn. Contents, obtained after three measurements per element, 

are expressed in mg/kg. Detection limits for the elements that in some samples were 

below detection limits are (in ppb):  Cd: 25, Co: 40, Sn: 55, Hg: 45, As: 50, Sb: 60, Pb: 

55 . Hg has non been detected in any sample of the studied soils. Sn was not detected in 

33 samples and  Sb has only been detected in 8 samples. As quality control, duplicate 

analyses as well as  analyses at an external laboratory were performed on 13 selected 

samples.   

Granulometric analysis of fine silt (2-5 µ) and clay (<2 μ) size fractions were 

performed using Coulter laser equipment. Samples were stirred and ultrasound used to 

facilitate particle dispersion. pH (1:2.5 soil:water) was measured using an Orion 901 

pH-meter. Organic matter was determined by the Sanerlandt method using a Mettler 
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Toledo titrimeter and electrode. Cation exchange capacity (CEC) was analysed using 

the method of  Polemio & Rhoades (1977). 

 

2.4.- Data processing 

 

The relationships between the analysed heavy metals and between some soil 

parameters and the heavy metals have been assessed. Furthermore, the influence of soil 

and lithology types on the metal contents has been analysed through an ANOVA test. 

Maps of isolevels of heavy metal contents have been produced  as a first 

approach to know their spatial distribution in the  studied soils. A raster-based GIS has 

been used to integrate physiographic, lithologic and soil information and to produce a 

number of combinations of output data that resulted in several thematic maps. Thus, the 

spatial distribution of heavy metals  in the soils of Aragón has been mapped by 

geostatistical interpolation.  Two-dimensional ordinary block kriging as a most 

advantageous interpolation technique was applied to produce regular grids. 

 Geographical information systems are increasingly being used for producing 

thematic maps (Burrough, 1986; Berry, 1987; Rogowski, 1996). Our database includes: 

topography at 1/200,000 scale, map of soils at 1/500,000 scale, map of mean annual 

precipitation (mm) and soil profile descriptions and associated data. The digitized 

topography of Aragón (1/200,000) was used to build up a digital elevation model of the 

area with Surfer, a program linked to IDRISI GIS. A vector-based computer-aided design  

package (AutoCAD) has been used for digitizing lithology and soil types (1/500,000).  

MicroStation software (I/GEOVEC) was used for geographic vectorization of map 

features. Output images were processed with CorelDRAW. Hardware platform  was on 

Pentium 160 32Mb RAM.   

 

3. Results  

 

 A summary statistics for the analysed  elements in all the studied samples  are 

presented in Table 2. Hg has not been detected in any of the studied samples  and Sb is 

only detected in eight of them and consequently data from these elements are not 

presented in Table 2. Cu, Co, Sn, As and Pb present  arithmetic mean  contents of 

around 10 mg/kg.  Cr and Ni around 20 mg/kg, Zn of 56 mg/kg, Ba around 110 mg/kg, 

Mn around 320 mg/kg. Cd has the lowest mean concentration (0.75 mg/kg), while the 
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highest contents are in Fe (16868 mg/kg) and Al (19977 mg/kg). The  coefficients of 

variation vary from 44% (Al) to 228 % (Sn).   

 A measure of the analysed elements is shown for each of the studied soil types in  

the box and whisker plots of Figures 2 and 3. Because there is no data base to compare 

the heavy metal contents in the studied samples with other findings in the region, we 

compared the contents of some heavy metals with those reported for other natural soils 

such as in East and South Spain, and other temperate soils in USA, France and 

Australia. We use the median as preferred statistical value than the arithmetic mean 

because it is not dependent on outliers. 

The median Cr content  calculated for each studied soil type, range  between 12 

mg/kg (Gypsisols) and 26 mg/kg (Leptosols). Most soils have Cr contents below 19 

mg/kg.  Phaeozems and Kastanozems have median contents around 21 mg/kg. 

Median Cu  ranges between 5 and 13 mg/kg in Gypsisols and Phaeozems 

respectively. Most soils have Cu contents below 10 mg/kg.  These contents are very 

similar to mean values of  13 mg/kg extracted after partial acid digestion  in a variety of 

natural soils of Valencia (Spain) as reported by Boluda Hernández et al. (1988).  Low  

Cu values (around 6 mg/kg) occur in Calcisols. Contents around  12 mg/kg are found in 

Leptosols.   

   Median Pb contents vary between 4  mg/kg (Gypsisols and Calcisols) and 14 

mg/kg found in Leptosols. According to Boluda Hernández et al. (1988), a range 

between 10 and 67 mg/kg is frequent in soils of the world. Other low values (around 5 

mg/kg) occur in Cambisols and Regosols. Most soils have Pb contents below 8 mg/kg. 

Other relatively high values (around 10 mg/kg) are found in Fluvisols. 

Median Ni ranges between 9 mg/kg in Gypsisols and 21 mg/kg found in  

Leptosols and Solonchaks. The rest of the studied soils have Ni  contents around 18 

mg/kg and do not show much variability. Although higher Ni contents (around 50 

mg/kg)  are recorded in the literature (Kabata Pendias & Pendias, 1984), our values are 

similar to those found in Rendzic Leptosols of  Australia by McKenzie (1959).   

Median Sn  contents  vary between 0.85  mg/kg (Fluvisols) and 3.4 mg/kg in 

Leptosols. Most  of the Gypsisols samples show Sn  contents below the detection limit 

(55 ppb).  

Median Co contents vary between 2 mg/kg in Gypsisols  and 9 mg/kg  found in 

Leptosols. Most soils have Co contents around 6 mg/kg. Similar Co contents (10 mg/kg) 
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have been measured in Leptosols and Calcisols of South Spain by González García & 

García Gómez (1964).   

Median Zn contents vary  from 26 to 68 mg/kg in Gypsisols and  Leptosols, 

respectively. Most of the studied soils have Zn  contents around 46 mg/kg. A wide 

range of variation in the soil Zn content has been indicated by Aubert & Pinta  (1977).  

Cd presents a high variability in most of the studied soils. The 5 Phaeozem 

samples show Cd contents below the detection limit but for most of the studied soils, 

median contents of  around 0.50 mg/kg are in close agreement with data (0.50 mg/kg) 

from Kabata Pendias & Pendias (1984). The highest median value was found in  

Leptosols  (1.4 mg/kg). High Cd values (1.9 – 3.4 mg/kg) have been found in calcareous 

mountain soils of Valencia (Boluda Hernández et al., 1988). 

Ba contents vary between 81 mg/kg (Regosols) and 117 mg/kg (Cambisols).  

Most soils have Ba contents around 90 mg/kg. Median As contents range between 6 and 

17 mg/kg found in Calcisols and Leptosols respectively.  Most soils have As contents 

around 13  mg/kg.  

 Sb has only been detected in very few samples of 4 of the studied soil types: 

Fluvisols, Gypsisols, Leptosols and Cambisols. The highest value (68.3 mg/kg) is found 

in Leptosols.  

Fe, Al and Mn show large differences in their median contents among the 

studied soil types. Fe contents vary between 7940 and 19160 mg/kg found in Gypsisols 

and Kastanozems, respectively. Al contents range between 10370 and 25410 mg/kg 

found in Gypsisols and Phaeozems respectively. Most soils have Fe and Al values of 

17000 mg/kg. Mn contents vary between 153 and 399 mg/kg  also found in Gypsisols 

and Solonchaks  respectively and most soils  have median  contents of 250 mg/kg . 

In general, the heavy metal contents are highly variable in Leptosols that exhibit 

the highest coefficient of variation  for Cr, Cu, Ni, Co and Mn. Pb, Zn and Ba are highly 

variable in Cambisols as As and Fe are in Regosols and Al in Kastanozems. 

To examine the relationships between the analysed elements, a correlation table 

(Pearson and Spearman correlation coefficients) has been established. The table was 

computed from the 133 samples set (Table 3). According to Pearson R most heavy 

metals were directly and significantly correlated although the correlations were not 

significant  between Ni and As, Pb;  between Sb and Cr, Zn, As, Pb, Al, Mn;  between 

Sn and the rest of  elements and  between Ba and the rest of  elements.  
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The Spearman coefficients have also been computed from the rank of the data 

values because they are less sensitive to outliers than the Pearson coefficients. 

According Spearman R (Table 3) there are: (1)  highly significant (p ≤ 0.001) positive 

correlations between Cr and  Cu, Ba, Cd, Co, Zn, Ni, As, Pb, Fe, Al, Mn; (2)  

significant positive correlations  (p ≤ 0.01) between As and Cd, Ba;  (3) significant 

positive correlations  (p ≤ 0.05) between Cd  and Al. The correlations were not 

significant between Ba and Cd and between Sn and Sb with  the rest of  elements 

because both  heavy metals were not detected in a significant number of samples. 

In general higher values of correlation coefficients are obtained from Spearman  

R for most heavy metals. From these results it can be said  that the heavy metals are 

directly and significantly related between themselves.  

 

3.1.-  Relationships with soil parameters and  controlling factors.  

 

As it is widely recognized in the literature there are a number of physical and 

chemical properties of soils affecting metal mobilization-inmobilization processes 

(Jones and Jarvis, 1981). In the samples of the studied soils mean pH is 8.05 and values 

range from 5.86 to 9.31 and the coefficient of variation (CV) is 7 %.  Mean organic 

matter is 2.8 % and varies between 0.17 % and 12.36 % (CV: 76 %). The mean cation 

exchange capacity is 25 meq/100g and ranges from 18 to 33 meq/100g (CV: 14%). The 

mean clay content is 15 % and varies between 1.5 % and 30 % (CV : 44 %) and the 

mean fine silt is 13% and varies between 1.6 % and 31 % (CV : 46 %).  The spatial 

distribution of these soil properties can be seen in Figure 4.  

To analyse the relationships between these soil parameters and the heavy metal 

contents, a Pearson R correlation analysis has been applied to the 133 sample set of the 

studied soils.  As can be seen in Table 4, between the organic matter percentage and the 

heavy metal contents there are: 1) significant positive correlations with Cr, Co, Zn,  Sn, 

As, Pb, Fe, Al and Mn; 2) no significant correlations with  Cu, Cd, Ba, Ni and Sb. 

Between the cation exchange capacity (CEC) and the heavy metal contents there 

are: 1)  significant and positive correlations with Cr, Co, Zn, Ni, As, Pb, Fe, Al and  

Mn; 2) no significant correlations with Cu, Cd, Ba, Sn and Sb. Between pH and the 

heavy metal contents there are: 1) significant and  negative correlations with Cu, Cd, 

Ba,  Co, Zn, As, Pb, Fe and Mn; 2) no significant correlations with Cr, Sn, Ni, Sb and 

Al. 
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Between the clay percentage and the heavy metal contents there are: 1) 

significant positive correlations with Cr, As and Al; 2) significant negative correlations 

with  Cd and Sb; 3) no significant correlations with Cr,  Ba, Co, Zn, Sn, Ni, Pb, Fe and 

Mn. Between the fine silt percentage and the heavy metal contents there are: 1) 

significant positive correlations with Cr, As, Al and Mn; 2) a significant negative 

correlation with Sb; 3) no significant correlations with Cu,  Cd, Ba, Co, Zn, Sn, Ni, As, 

Pb and Fe. Considering the  clay and fine silt percentages together, correlations with 

heavy metals do not improve and follow the same pattern as that with  the clay  

percentage alone. 

Results of the statistical analyses have shown a large variety and complexity in 

these relationships. Nevertheless, the main trends described in the literature, such as 

positive correlations with organic matter and negative with pH (e.g. Labib et al., 1989 ) 

have also been observed with most  of the studied heavy metals. 

  

3.2.- Spatial distribution of  heavy metals. 

  

From the maps of  contents  of heavy metals a large spatial variability in their 

distribution has been observed (Figure 5). This variability is mainly due to diversity in 

soil types and parent materials and related edaphic and weathering processes.   

 The heavy metals present in natural soils derive from weathering of parent 

materials and subsequent pedogenesis (Aubert and Pinta,  1977; Vaselli et al., 1997). 

Haynes (1997) points out the role of soil development in the leaching and/or 

inmobilization of some metals. To assess the  effects of soil type and parent materials 

on the variation of the heavy metal contents in the studied soils, an analysis of variance 

has been applied. The following factorial model of fixed effects (General Linear Model 

Procedures, SAS) has been used: 

  Y ijk = μ + soil typei + parent materialsj + Eijk   

Where Y = observed value for the analysed variable, μ = population mean, E = residual 

error, ijk = variation levels of the factors (9 soil types, 10 bedrock types). As can be 

seen in Table 5, Cd, Ba, Co, Zn, Sn, As, Pb and Mn are not affected by the soil type. 

Similarly parent materials did not affect Cr, Ba, Zn, Sn, As, Pb and Al but significantly 

affected the variations of  the remaining  heavy metals. This analysis showed that, both 

soil types and  parent materials have an effect on  the variations of most heavy metals, 

although parent materials appear to be of greater effect on such variations. 
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To produce the maps of isolevels of heavy metal contents at a scale of 1/500,000 

(Figure 5) we have chosen a non regular scale with an increasing interval to highlight 

the low heavy metal contents. The soils with lower metal contents are Gypsisols and 

Calcisols that are predominant in the lowlands of the Ebro depression plains. Leptosols 

exhibit the highest contents for all the heavy metals and predominate in the uplands. 

In the Iberian and Pyrenees mountain ranges, more bedrock variability 

comprising metamorphic, granitic and volcanic, with some primary metal rich minerals 

included in their mineralogical composition together with non developed soil types, 

result in the highest contents of  heavy  metals found in this study. In the central Ebro 

valley, the contents of heavy metals are much lower. This also can be a result of the 

rock and the soil types. These  are developed on evaporitic lithologies (carbonates and 

gypsum) with  low mineral diversity and a soil composition that hardly retains trace 

elements. Nevertheless, neither marked geochemically anomalous areas of soils within  

the Aragón region nor areas were trace-element deficiency can be a problem for 

agriculture have been found. Although in the region induced deficiencies of Zn, Fe and 

Mn have been reported in cultivated soils by Millán et al. (1983), these deficiencies are 

not caused by the low contents of these elements but due to the combined effect of high 

pH and carbonates and low  soil porosity. 

 

4.- Conclusions 

 

  This study has highlighted the need for further research, by increasing 

sampling density to better characterize the heavy metal contents in the soils of Aragón 

as a  function of their physical and chemical characteristics, pedogenetic  processes and 

parent materials. The influence of bedrock on the heavy metal contents in the studied  

soils seems to be more pronounced than that of  pedogenesis.  

 The results obtained served to increase our knowledge on the heavy metal 

composition of the studied soil types and are a first approach to establish the 

environmental levels of various elements. The data will be of use for further detailed 

studies in the region as well as to complement  other geochemical databases. This work 

will be the basis to define the requirements for further research in order to better 

establish permitted levels of metals for soil conservation, as well as to identify areas of 

potential toxicity due to heavy metal participation in biogeochemical cycles. Our results 
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can also supply information for the agricultural user on the micronutrient soil levels as 

well as  for land use planning. 

      The use of IDRISI GIS software package  has proved to be cost-effective and a 

powerful technique for processing the large database on the studied soils that has been 

compiled for producing geochemical maps of the analysed elements in the soils of  

Aragón.   
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FIGURES 

 

1.- Location of the study area, soil types, topography, annual rainfall and distribution of 

sampling sites.  

2.- Box and whisker plots of Cr, Cu, Ni, Sn, Pb, Co, Zn and Cd contents (mg/kg) for 

each studied soil type (the lower boundary of the box is the 25th percentile, the upper 

boundary is the 75th percentile, the vertical line inside the box represents the median, 

mean is plotted as the small vertical line,  individual points  are outliers).   

3.- Box and whisker plots of Ba, As, Sb, Fe, Al and Mn contents (mg/kg) for each 

studied soil type (the lower boundary of the box is the 25th percentile, the upper 

boundary is the 75th percentile, the vertical line inside the box represents the median, 

mean is plotted as the small vertical line, individual points  are outliers).   

4.- Spatial distribution of pH, organic matter, cation exhange capacity, and clay  content 

in the studied soils of Aragón mapped by geostatistical interpolation using IDRISI GIS.   

5.- Spatial distribution of heavy metal contents in  the studied  soils of Aragón mapped 

by geostatistical interpolation using IDRISI GIS.   

 

TABLES 

 

1.- Selected soil types, relative surface area and number of sampling sites. 

2.- Descriptive basic statistics of  the heavy metals contents in  the studied  soils.  

3.- Correlations between the heavy metal contents (mg/kg) in the studied soils. 

Spearman and Pearson coefficients are shown above and below the diagonal line, 

respectively. Statistical significance: ns = not significant; * = p ≤ 0.05;  ** = p ≤ 0.01; 

*** = p ≤ 0.001. 

4.- Pearson  correlations between organic matter (%), cation exchange capacity (CEC, 

meq/100g), pH, clay and fine silt percentages with the heavy metal contents (mg/kg) in 

the studied soils. Statistical significance: ns = not significant; * = p ≤ 0.05;  ** = p ≤ 

0.01; *** = p ≤ 0.001. 

5.- Effect of soil and bedrock types on the heavy metal contents analysed by using a 

factorial model of fixed effects (General Linear Model Procedures, SAS).  Statistical 

significance: ns = not significant; * = p ≤ 0.05;  ** = p ≤ 0.01; *** = p ≤ 0.001. 



Table 1 
 
 
 
 
 

Soil groups Surface Samples 
(FAO, 1989) %    n 
   
Fluvisols   5.1     6 
Regosols 11.0   18 
Gypsisols   3.5     7 
Leptosols 14.6   17 
Solonchaks + Solonetzs   1.8     6 
Calcisols 20.7   27 
Kastanozems 17.1   19 
Phaeozems   3.2     5 
Cambisols 20.5   28 
   

  
TOTAL 97.5 133 

 



 

Table 2  
 
 

 Cr Cu Cd Ba Co Zn Sn Ni As Pb Fe Al Mn 
 mg/kg 
Sample size = 133              
Mean 21.0 10.3 0.75 117.7 7.0 55.6 8.5 19.3 11.8 8.3 16868 19977 320.7 
Median 19.2 8.4 0.46 100.0 5.9 48.2 2.2 17.4 11.5 5.9 15900 18750 284.0 
Variance 153.5 68.8 0.76 11125.6 23.5 3166.4 373.5 347.2 117.9 185.6 58327000 75812400 50197.8 
Standard deviation 12.4 8.3 0.87 105.5 4.9 56.3 19.3 18.6 10.9 13.6 7637 8707 224.0 
Standard error 1.1 0.7 0.08 9.1 0.4 4.9 1.7 1.6 0.9 1.2 662 755 19.4 
Minimum 2.3 0.7 BDL 20.3 BDL 6.5 BDL 2.3 BDL BDL 580 1160 7.4 
Maximum 95.3 58.2 4.55 979.0 45.0 626.0 160.2 210.0 58.9 146.0 42110 52670 2136.0 
Range 93.0 57.5 4.55 958.7 45.0 619.5 160.2 207.7 58.9 146.0 41530 51510 2128.6 
Lower quartile 13.6 5.9 0.00 77.4 4.7 30.3 0.1 11.9 2.3 3.0 11290 14310 204.0 
Upper quartile 24.1 11.4 1.17 134.0 8.0 65.3 8.9 22.2 15.8 10.0 20160 23610 385.0 
Interquartile range 10.5 5.5 1.17 56.6 3.3 35.0 8.8 10.3 13.5 7.0 8870 9300 181.0 
Coeff. of variation % 59 80 117 89 69 101 228 96 92 163 45 44 69 
 



Table 3 
 
 
 

 Cr Cu Cd Ba Co Zn Sn Ni As Sb Pb Fe Al Mn 

0.619 0.293 0.423 0.652 0.684 0.114 0.763 0.405 -0.025 0.396 0.712 0.861 0.577Cr 1 
*** *** *** *** *** ns *** *** ns *** *** *** *** 

0.300 0.525 0.443 0.765 0.715 0.077 0.750 0.423 -0.003 0.501 0.766 0.658 0.605Cu 
*** 

1 
*** *** *** *** ns *** *** ns *** *** *** *** 

0.283 0.492 0.156 0.464 0.613 0.028 0.524 0.273 0.035 0.479 0.551 0.204 0.437Cd 
*** *** 

1 
ns *** *** ns *** ** ns *** *** * *** 

0.093 0.027 0.041 0.403 0.402 -0.077 0.330 0.226 0.032 0.308 0.376 0.489 0.320Ba 
ns ns ns 

1 
*** *** ns *** ** ns *** *** *** *** 

0.425 0.684 0.655 0.044 0.725 0.035 0.867 0.396 0.138 0.568 0.893 0.756 0.734Co 
*** *** *** ns 

1 
*** ns *** *** ns *** *** *** *** 

0.253 0.351 0.524 0.148 0.522 0.111 0.819 0.443 0.047 0.589 0.789 0.671 0.696Zn 
*** *** *** ns *** 

1 
ns *** *** ns *** *** *** *** 

-0.008 -0.037 -0.124 -0.065 -0.014 -0.053 0.030 -0.021 -0.028 0.032 0.020 0.050 0.092Sn 
ns ns ns ns ns ns 

1 
ns ns ns ns ns ns ns 

0.341 0.664 0.588 0.012 0.894 0.286 -0.022 0.438 0.032 0.516 0.938 0.816 0.773Ni 
*** *** *** ns *** *** ns 

1 
*** ns *** *** *** *** 

0.448 0.217 0.351 -0.020 0.320 0.354 -0.011 0.150 -0.122 0.318 0.418 0.447 0.373As 
*** ** *** ns *** *** ns ns 

1 
ns *** *** *** *** 

0.059 0.504 0.394 -0.010 0.713 0.136 -0.017 0.892 -0.085 0.059 0.018 0.002 0.109Sb 
ns *** *** ns *** ns ns *** ns 

1 
ns ns ns ns 

0.168 0.274 0.439 0.043 0.413 0.907 -0.057 0.147 0.314 0.038 0.581 0.389 0.588Pb 
* *** *** ns *** *** ns ns *** ns 

1 
*** *** *** 

0.574 0.606 0.683 0.057 0.813 0.504 -0.008 0.648 0.483 0.298 0.408 0.796 0.766Fe 
*** *** *** ns *** *** ns *** *** *** *** 

1 
*** *** 

0.807 0.420 0.254 0.115 0.563 0.361 0.033 0.386 0.514 0.035 0.270 0.759 0.627Al 
*** *** *** ns *** *** ns *** *** ns *** *** 

1 
*** 

0.374 0.378 0.423 0.086 0.505 0.469 0.027 0.332 0.297 0.058 0.482 0.665 0.561Mn 
*** *** *** ns *** *** ns *** *** ns *** *** *** 

1 

 
 



 

Table 4 
 
 
 
 

 Cr Cu Cd Ba Co Zn Sn Ni As Sb Pb Fe Al Mn 

 mg/kg 

0.449 0.116 0.022 0.018 0.207 0.260 0.261 0.090 0.317 -0.067 0.300 0.240 0.457 0.433 
0.0000 0.1818 0.8035 0.8402 0.0167 0.0025 0.0024 0.3018 0.0002 0.4459 0.0005 0.0053 0.0000 0.0000 

Organic 
Matter % *** ns ns ns * ** ** ns *** ns *** ** *** *** 
    

0.218 0.164 0.019 -0.120 0.336 0.183 0.123 0.241 0.273 0.167 0.149 0.279 0.367 0.224 
0.0116 0.0597 0.8301 0.1695 0.0001 0.0346 0.1579 0.0052 0.0015 0.0548 0.0866 0.0012 0.0000 0.0094 C E C  

meq/100g 
* ns ns ns *** * ns ** ** ns * ** *** ** 

    
-0.122 -0.208 -0.180 -0.179 -0.258 -0.395 0.012 -0.126 -0.199 -0.099 -0.387 -0.228 -0.167 -0.278 
0.1614 0.0163 0.0384 0.0391 0.0027 0.0000 0.8911 0.1483 0.0220 0.2583 0.0000 0.0084 0.0542 0.0012 pH  

ns * * * ** *** ns ns * ns *** ** ns ** 
    

0.401 -0.092 -0.185 0.161 -0.083 -0.042 0.073 -0.078 0.218 -0.191 -0.091 0.043 0.440 0.158 
0.0000 0.2931 0.0333 0.0647 0.3403 0.6327 0.4056 0.3717 0.0117 0.0274 0.3001 0.6222 0.0000 0.0694 clay % 

*** ns * ns ns ns ns ns * * ns ns *** ns 
    

0.484 0.018 -0.040 0.151 0.004 0.044 0.019 -0.016 0.227 -0.180 -0.010 0.137 0.447 0.238 
0.0000 0.8355 0.6453 0.0829 0.9592 0.6182 0.8292 0.8553 0.0085 0.0387 0.9045 0.1170 0.0000 0.0058 fine silt %

*** ns ns ns ns ns ns ns ** * ns ns *** ** 
 



 
 
 
 
 
 
 

 Cr Cu Cd Ba Co Zn Sn Ni As Sb Pb Fe Al Mn 
 mg/kg 

0.449 0.116 0.022 0.018 0.207 0.260 0.261 0.090 0.317 -0.067 0.300 0.240 0.457 0.433 Organic 
Matter % *** ns ns ns * ** ** ns *** ns *** ** *** *** 

    
0.218 0.164 0.019 -0.120 0.336 0.183 0.123 0.241 0.273 0.167 0.149 0.279 0.367 0.224 C E C  

meq/100g * ns ns ns *** * ns ** ** ns * ** *** ** 
    

-0.122 -0.208 -0.180 -0.179 -0.258 -0.395 0.012 -0.126 -0.199 -0.099 -0.387 -0.228 -0.167 -0.278 
pH  

ns * * * ** *** ns ns * ns *** ** ns ** 
    

0.401 -0.092 -0.185 0.161 -0.083 -0.042 0.073 -0.078 0.218 -0.191 -0.091 0.043 0.440 0.158 
clay % 

*** ns * ns ns ns ns ns * * ns ns *** ns 
    

0.484 0.018 -0.040 0.151 0.004 0.044 0.019 -0.016 0.227 -0.180 -0.010 0.137 0.447 0.238 
fine silt %

*** ns ns ns ns ns ns ns ** * ns ns *** ** 
 



Table 5 
 
 
 
 

 Cr Cu Cd Ba Co Zn Sn Ni As Pb Fe Al Mn 

 mg/kg 

R2 0.297 0.522 0.358 0.129 0.669 0.179 0.155 0.865 0.204 0.176 0.379 0.307 0.293 

Soil type ** *** ns ns ns ns ns ** ns ns * ** ns 

Bedrocks ns *** *** ns *** ns ns *** ns ns ** ns * 

 
Statistical significance 

 
ns * ** *** 

 
ns 

 
p0.05

 
p0.01

 

 
p0.001 
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