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The environmental risk of storing vehicles over the soil 

Automotive vehicles are a potential source of heavy metal contamination of the soil due to their lead-acid batteries and the use of metals in their structure and 
paint pigments. Understanding the characteristics of heavy metal soil contamination and identifying their environmental exposure provides important information 
for making decisions regarding remediation of contaminated soils. The objective of the present work was to evaluate metal contamination (Cd, Pb, Ni, Zn, Cu e Cr) 
in 35 soil samples (fraction<2 mm). The samples were collected from two unpaved/unsealed storage areas used by the Highway Patrol (Polícia Rodoviária Federal 
- PRF) for storing apprehended vehicles, one located in Araucária (AR) and one Colombo (CL), in the metropolitan region of Curitiba/PR, Brazil. Assays were 
performed to determine organic carbon (OC) and pH. For analysis of metals, the samples were prepared by acid digestion (method EPA 3050-B) and measured by 
ICP-OES. The results were evaluated according to Resolution CONAMA 420, geoaccumulation index (Igeo), contamination factor (CF) and Pearson correlation 
analysis. The textural composition of the soil at AR and CL reflect a high degree of heterogeneity and distinct chemical and physical characteristics. The AR site had 
a higher level of sand and a more acidic pH than CL, and concentrations of the analyzed elements between prevention and investigation values according to 
Resolution CONAMA 420/2009. The CL site had a higher concentration of clay and OC, and a less acidic pH than AR. Only one collected point at CL had a 
concentration of Cu above the prevention value. In both AR and CL, the element Cd was below detectability with methodology employed. The spatial distribution 
of the cars associated with the soil texture and the analyzed elements exhibited a random surface distribution of elements. The OC content, soil pH and texture 
associated with Igeo, CF and Pearson correlation suggests that both environments suffer an input of metals at different points. The input of heavy metals from 
stored vehicles and the possible anthropogenic impact on the soil is evident. 
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O risco ambiental de armazenar veículos sobre o solo 

Os veículos automotores são uma fonte potencial de contaminação do solo por metais pesados ??devido às suas baterias de chumbo-ácido e ao uso de metais em 
sua estrutura e pigmentos de pintura. Compreender as características da contaminação do solo por metais pesados e identificar sua exposição ambiental fornece 
informações importantes para a tomada de decisões quanto à remediação de solos contaminados. O objetivo do presente trabalho foi avaliar a contaminação por 
metais (Cd, Pb, Ni, Zn, Cu e Cr) em 35 amostras de solo (fração<2 mm). As amostras foram coletadas em duas áreas de armazenamento não pavimentadas/não 
vedadas utilizadas pela Polícia Rodoviária Federal - PRF para armazenamento de veículos apreendidos, uma localizada em Araucária (AR) e outra em Colombo (CL), 
na região metropolitana de Curitiba/PR, Brasil. Ensaios foram realizados para determinar carbono orgânico (CO) e pH. Para análise dos metais, as amostras foram 
preparadas por digestão ácida (método EPA 3050-B) e medidas por ICP-OES. Os resultados foram avaliados de acordo com a Resolução CONAMA 420, índice de 
geoacumulação (Igeo), fator de contaminação (CF) e análise de correlação de Pearson. A composição textural do solo em AR e CL reflete um alto grau de 
heterogeneidade e características químicas e físicas distintas. O sítio de AR apresentou maior teor de areia e pH mais ácido que CL, e concentrações dos elementos 
analisados entre os valores de prevenção e investigação conforme Resolução CONAMA 420/2009. O sítio CL apresentou maior concentração de argila e OC e pH 
menos ácido do que AR. Apenas um ponto coletado no CL apresentou concentração de Cu acima do valor de prevenção. Tanto no AR quanto no CL, o elemento Cd 
estava abaixo da detectabilidade com a metodologia empregada. A distribuição espacial dos carros associada à textura do solo e os elementos analisados exibiram 
uma distribuição superficial aleatória dos elementos. O teor de CO, pH e textura do solo associados à correlação de Igeo, CF e Pearson sugere que ambos os 
ambientes sofrem entrada de metais em pontos diferentes. A entrada de metais pesados de veículos armazenados e o possível impacto antropogênico no solo é 
evidente. 

Palavras-chave: Metais; Contaminação do solo; Depósito de veículos; Vestígios. 
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INTRODUCTION 
 

Heavy metals are among the most dangerous of materials and they threaten environments 

throughout the world. They are characterized by having a long residual period, complex chemical behavior, 

eco-reactivity, and high visibility, toxicity and mobility, and are not degraded biologically and/or chemically. 

Heavy metals in the soil can be carried by rain water and contaminate groundwater via leaching, especially 

under acidic conditions (HONG et al., 2002; SINGH et al., 2004; DURUIBE et al., 2007; POURANG et al., 2014; 

PRADHAN et al., 2014; WU et al., 2014). 

Heavy metals are ubiquitous in the environment, either naturally occurring or through human actions 

(SERRANO et al., 2005; AHMED et al., 2015; ISLAM et al., 2015). However, due to human development, the 

heavy metal content in the soil has increased dramatically, making it dangerous when transferred and 

bioconcentrated at all levels of the food chain, even at low concentrations (IKEDA et al., 2000; POURANG et 

al., 2014; ISLAM et al., 2015). 

Among the chemical characteristics of the soil, pH plays a key role in the solubility and availability of 

heavy metals. In general, increasing pH of the soil decreases the availability of metals by means of 

precipitation reactions and by increasing the adsorption by variably charged colloids (SHUMAN, 1998). 

Organic matter present in the soil is also of great importance because it is one of the factors governing the 

accumulation of heavy metals (COVELO et al., 2007b, a; KASHEM et al., 2007). 

Many automotive vehicles are seized for various reasons and stored improperly, being exposed to 

varying climatic conditions. The metals present in the structure and paint of vehicles are subjected to the 

processes of decomposition, and can be carried to the soil and deposited in the surface layers, which 

constitutes a serious risk to public health and the environment by altering the local chemical composition. 

These sites are also subjected to the contribution of organic and inorganic compounds from leaks of fuel, 

liquid in batteries, and lubricating oils. 

Some of these metals, such as Cu, Ni and Zn, are essential nutrients for plant development, but in 

high concentrations they become toxic. Others, such as Cd, Hg and Pb, are not nutrients and are toxic 

(DUARTE et al., 2007; RAHMAN et al., 2014; AHMED et al., 2015; ISLAM et al., 2015). 

The soil of a particular area is considered contaminated if, among other factors, the concentrations 

of elements or substances of environmental interest are above a certain threshold limit called the 

intervention value. Above this limit there is a potential risk of deleterious effects on human health, and thus 

immediate action in the area is required (ZEITOUNI et al., 2007). 

The need to prevent soil contamination is of fundamental importance for the maintenance of its 

functionality, the protection of surface and ground water quality, and the prevention of harmful effects to 

organisms when ingested (PEREIRA et al., 2010). 

The objective of the present study is to elucidate the physical and chemical attributes of the soil in 

two unpaved/unsealed areas used for storing vehicles seized by the Highway Patrol (Polícia Rodoviária 

Federal - PRF), located in Araucária (AR) and Colombo (CL), in the metropolitan region of Curitiba – PR – 
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Brazil. Data for metals were assessed with regard to Resolution CONAMA 420/2009 and tested for correlation 

with textural characteristics of the sampling points. The findings may shed light on the environmental impacts 

of heavy metals in the soil of unpaved/unsealed locations used to store vehicles and, therefore, require 

notification of authorities.  

 
MATERIALS AND METHODS 
 
Characteristics of the study area 
 

Two seized/abandoned vehicle storage/depository areas used by the Department of Highway Patrol 

(Departamento da Polícia Rodoviária Federal do Paraná - DPRF) located in the metropolitan region of Curitiba 

(Paraná, Brazil) were chosen for study. Twenty samples of surface soil were collected in an unit of DPRF from 

along the margins of highway BR-116 (Highway Régis Bittencourt) in the municipality of Colombo (CL) (25º 

22’ 31,24” S and 49º 09’ 5,03” W), Point 1 in Figure 1; and 15 samples of surface soil were collected in an unit 

of DPRF from along the margins of highway BR-476 (Highway Xisto) in the municipality of Araucária (AR) (25º 

36’ 36,76” S and 49º 25’ 21,13” W), Point 2 in Figure 1. These regions are characterized by having heavy 

vehicle traffic and being heavily populated and industrialized. 

 

 
Fig. 1: Map of the study area and location of sampling points (1 - Colombo (CL), 2 - Araucaria (AR)). 

 
Sampling 
 

Soil samples were collected from the two study areas at points of varying distance from each other 

at depths of 0-20 cm with the aid of a Dutch-type auger. The samples were stored in plastic containers, 

identified, sealed and transported to the Laboratório de Análises de Solos of the Federal University of 

Technological - Paraná following the technical specifications of EMBRAPA (1997). Geodetic coordinates were 

taken for each sampling point using a Garmin model GPS76 Global Positioning System. The samples were 

dried and sieved through a 2 mm mesh sieve to obtain airdried fine earth (AFE). 

 
Solutions and reagents 
 

All reagents used in the digestion and assays were of analytical grade: Sodium Hydroxide (NaOH), 

Calcium Chloride (CaCl2), Potassium Chloride (KCl), Sodium Dichromate (Na2Cr2O7), Sulfuric Acid (H2SO4), 
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Hydrochloric Acid (HCl), and Nitric Acid (HNO3). Deionized water was ultra-pure water Milli-Q (Millipore, 

model Direct-Q 8). 

Glassware and polyethylene bottles remained immersed in a 10% nitric acid PA (Merck) for 48 h 

(BRANDÃO et al., 2011), and then rinsed with deionized water and dried at room temperature. Standard 

solutions of the elements used for calibrating the Inductively Coupled Plasma Optical Emission Spectrometer 

(ICP-OES) were prepared by diluting a stock solution of 1000 mg L-1 (Cd, Pb, Cu, Cr, Ni and Zn). 

 
Chemical analysis of soil 
 

Physical and chemical attributes were determined for AFE according to EMBRAPA (1997). The 

distribution of particle size was evaluated using the pipette method using dispersion with 1 mol L-1 NaOH; pH 

of the soil was determined in H2O and 1 mol L-1 CaCl2; exchangeable Ca2+ and Mg2+ were extracted with 1 mol 

L-1 KCl and determined by complexiometry; exchangeable Na+ and K+ were extracted by Mehlich-1 solution 

and determined by flame photometry; and exchangeable Al3+ extracted with 1 mol L-1 KCl and determined by 

titration with a solution of 0.025 mol L-1 NaOH. 

Organic carbon (OC) was determined by the method described by Sampaio et al. (2012), which used 

Na2Cr2O7 (0.667 mol L-1) in sulfuric acid (5 mol L-1), and quantified the surplus Na2Cr2O7 that oxidized the 

organic carbon present in the sample by UV-V spectroscopy at 660 nm (Biospectro, model SP-22). 

 
Digestion of the samples 
 

Quantification of the metals cadmium, lead, copper, nickel and zinc (Cd, Pb, Cu, Cr, Ni and Zn) was 

accomplished by digestion via chemical extractors (HNO3+HCl+H2O2), according to Method 3050B - EPA 

(1996), and quantified using the VARIAN Model 720-ES ICP-OES of the Laboratório de Fertilidade do Solo of 

the Universidade Federal do Paraná (UFPR), section Ciências Agrárias. The metals were quantified using a 

calibration curve constructed with a standard for each metal and expressed in milligrams per kilogram of soil 

(mg kg-1). The analyses where performed in triplicate and the results were expressed as means and standard 

deviations. 

 
Geoaccumulation Index (Igeo) 
 

The Igeo was used to assess the degree of elemental pollution in the soils of the study areas (MULER, 

1969; BRUIYAN et al., 2010). The Igeo is given by Equation 1: 

Igeo = log2(Cn/kBn)   (Equation 1) 

where Cn is the concentration of the heavy metal in the soil sample, Bn is the geochemical background value of the 
heavy metal (n) and k = 1.5 is a correction factor for the background matrix introduced to explain possible differences 
in background values due to lithospheric effects. The geochemical background values were obtained from the data of 

MINEROPAR (2005). 
The Igeo of each metal was calculated and classified as follows: not contaminated (Igeo ≤ 0); not 

contaminated to moderately contaminated (0 < Igeo ≤ 1); moderately contaminated (1 < Igeo ≤ 2); moderately 

to heavily contaminated (2 < Igeo ≤ 3); heavily contaminated (3 < Igeo ≤ 4); heavily to extremely contaminated 
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(4 < Igeo ≤ 5); and extremely contaminated (Igeo ≥ 5) (ZAHRA et al., 2014; WEI et al., 2015). 

 
Contamination Factor (CF) 
 

Soil has the capacity to record history and indicate the degree of pollution. The Contamination Factor 

(CF) is an index (Equation 2) expressed by dividing the concentration of each metal in the soil by a baseline 

or background value (Equation 2), being effective in pollution control over a period of time. The concentration 

of a given metal in an environment is controlled by various parameters, such as the nature of the substrate, 

physico-chemical conditions, which control the dissolution and precipitation of metals, and the proximity of 

polluted sites (NOBI et al., 2010; CHANDRASEKARAN et al., 2015; KARIM et al., 2015; WU et al., 2015). 

CF = Cheavy metal / Cbackground   (Equation 2) 

Contamination levels can be classified, based on their intensities, on a scale of 1 to 6 (0 = none, 1 = 

none to moderate, 2 = moderate, 3 = moderate to strong, 4 = strong, 5 = strong to very strong, 6 = very 

strong) (ZAHRA et al., 2014; CHANDRASEKARAN et al., 2015; WU et al., 2015). The background values adopted 

for each element were obtained from MINEROPAR (2005). 

 
Statistical analysis 
 

 Statistical analyses were performed using the software ACTION® Version 2.9 (Statcamp, São Carlos, 

SP). The values are reported as mean ± standard deviation (SD) for each test. The Pearson correlation analysis 

was performed for the sampling points of AR and CL between the heavy metals and the elements Ca and Mg. 

 
RESULTS AND DISCUSSION 
 

First, the soil was characterized by the fractions of sand, clay and silt (Table 1) using the data obtained 

and a textural triangle. 

 
Table 1: Soil composition of PRF points of Araucaria (AR) and Colombo (CL). 

Sample  Sand / %  Clay / %  Silt / % 
AR  *58,19±15,71  *0,84±0,55  *40,97±15,48 
Minimum  24,70  0,38  18,78 
Maximum  79,28  2,20  73,10 
CL  *48,09±16,82  *1,67±0,54  *50,25±16,63 
Minimum  24,68  0,53  18,28 
Maximum  80,65  2,50  73,27 
* Results expressed as average ± S.D. (n = 3) 

  
As shown in Table 1, there is variability in the textural composition between areas, reflecting an 

elevated heterogeneity, which is common in urban areas (ALLOWAY, 2004). The high standard deviation 

associated with proximate points reflects high variation in local mineralogical composition, suggesting an 

external input of material, which can thus contribute to heavy metal content and alter the physical and 

chemical characteristics of the soil. 

In short, both areas have a predominance of sand in the soil surface (0–20 cm), with a texture 

characterized as franco-sandy, franco-silty or sandy-franco. The region of AR is predominately franco-sandy 

and sandy-franco, because of the large proportion of sand in the soil, while CL has, on average, higher levels 
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of clay and silt, and is predominantly franco-silty. These physical characteristics impart properties to the soil 

such as drainage, cohesion, plasticity and presence of fillers, and has a direct relationship to the mobility of 

metals and nutrients, which is usually greater in sandy soils due to the absence of charged particles (HASHIM 

et al., 2011). Table 2 provides the levels of organic carbon (OC) and pH in aqueous medium and in aqueous 

medium of calcium chloride. 

 
Table 2: Maximum, average and minimum values of Organic Carbon (CO), pHH2O and pHCaCl2 of sampling sites in Araucaria 
(AR) and Colombo (CL).  

Sample  CO (g dm-3)  pHH2O  pHCaCl2 
AR  *37,63±14,27  *5,05±0,55  *4,99±1,07 
Minimum  16,03  4,17  3,62 
Maximum  61,72  6,33  6,65 
CL  *45,53±13,26  *6,22±0,56  *6,14±0,57 
Minimum  24,83  5,12  4,57 
Maximum  71,55  6,81  6,58 
* Results expressed as average ± S.D. (n = 3) 

 
The region of CL has higher OC content than that of AR. Organic carbon in the soil influences the 

adsorption of heavy metals, probably due to the cation exchange capacity (CEC) (ROMIC et al., 2003). The 

surface electrical charge of OC is a major contributor to the CEC of soils due to their ease of deprotonation 

and their high specific surface area that can reach 800 – 900 m2 g-1 (ALLOWAY, 1995; COSTA et al., 2006; 

SILVA et al., 2006). 

Soil pH reflects a complex set of reactions in the soil-solution system, and is useful for clarifying the 

state of bases and the solubility of micronutrients (MEHLICH, 1948). Soil pH can also affect the availability of 

heavy metals (MEHLICH, 1948). According to Alloway (1995), heavy metals are more mobile under acidic 

conditions because with the decrease in pH the H+ ions compete with the heavy metals for exchange sites, 

and their consequent increase reduces their availability because the negative charges caused by 

deprotonation of the soil components tend to be balanced by the metals. 

The pH of the soil of the analyzed points was acidic, with values below 7.0. The pH in water indicates 

active acidity, but does not include the weak acids contained in the soil. The determination of soil pH with 

CaCl2 produces values lower than those measured in water due to the inclusion of the weak acids in the soil 

(CAMARGO et al., 2009). The pH of soil in aqueous solution varied between 4.17 and 6.33 in AR and between 

5.12 and 6.81 in CL, whereas in calcium chloride solution it varied between 3.62 and 6.65 in AR and between 

4.57 and 6.58 in CL. 

 
Table 3: Maximum, average and minimum values of Aluminum, Calcium and Magnesium of sampling sites in Araucaria 
(AR) and Colombo (CL). 

Sample  
Al3+ 

(mol kg-1)  
Ca2+ 

(mg kg-1)  
Mg2+ 

(mg kg-1) 
AR  *0,33±0,30  *2218,50±1095,27  *741,75±411,28 
Minimum  0,03  56,25  22,50 
Maximum  0,90  3903,75  1496,25 
CL  *0,21±0,17  *3796,58±1806,62  *1127,96±446,36 
Minimum  0,1  1012,50  416,25 
Maximum  0,5  7346,25  1901,25 
* Results expressed as average ± S.D. (n = 3) 

  
The physical and chemical parameters of the soil influence the adsorption of metals and nutrients. 
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Soil pH, for example, facilitates the mobility and increases the toxicity of some metals. Soil OC has the ability 

to adsorb or complex metals with clay, and its presence in the soil can moderate the mobility of metal to 

deeper layers. Exchangeable aluminum (Al3+), calcium (Ca2+) and magnesium (Mg2+) were measured and are 

shown in Table 3. 

The levels of Ca+2 and Mg+2 were higher in CL. The inter relationship between Ca+2 and Mg+2 in plant 

nutrition is related to their chemical properties, such as the degree of hydration and mobility, so that there 

is competition for the adsorption sites in the soil. As a result, the presence of one can hinder the adsorbtion 

and absorbtion of the other (ORLANDO FILHO et al., 1996). 

The region of AR had higher levels of Al+, along with a more acidic soil pH, compared to CL. In acidic 

soils, toxic aluminum can be present, which is harmful to plants by influencing the development of their root 

system. However, above pH 5.5 toxic aluminum is absent due to its precipitation in the form of aluminum 

oxide (BOHNEN, 1995; ECHART et al., 2001). 

Metals were quantified using ICP-OES, and the results compared with the Resolution CONAMA 420 

(2009), the federal rule which defines three concentration values for metals in soil. Prevention Value (PV) 

refers to the concentration limit of a given substance in the soil; Quality Reference Value (QRV) refers to the 

concentration of a given substance that defines the natural quality of the soil; and Investigation Value, which 

is the concentration of a given substance in the soil or groundwater above which there are potential direct 

and/or indirect risks. Quantification of the metals Cr, Cu, Ni, Pb and Zn in samples from AR and CL are 

presented in Figure 2, along with their PVs and IVs. 

 

 
Fig. 2: Concentration of Cr, Cu, Ni, Pb and Zn in soil samples in Araucaria (AR) and Colombo (CL). 

 
Environmental pollution with heavy metals is a major concern on a global scale and the risk 

associated with exposure to heavy metals in food and water is considered a threat to human health (SAEI-

DEHKORDI et al., 2011). As shown in Figure 2, there is a clear change in the heavy metal content in the soils, 

as was also the case for textural composition. These characteristics can be due to various factors, such as OC, 
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pH of the soil, textural composition and the direct contact of vehicles with the soil (COVELO et al., 2007b, a; 

KASHEM et al., 2007). 

Through the results regarding metals in the present study, the environments can be classified 

according Resolution CONAMA 420 (2009). The region AR exhibited higher content of heavy metals, 

especially Ni and Cr, which at some sampling points surpassed IV. For the metals Cu, Pb and Zn, the values 

exceeded PV at some sampling points. Therefore, the area AR is classified in Class 4 according to the 

Resolution CONAMA 420 (2009). The concentrations of the analyzed metals (Ni, Cr, Zn and Pb) at region CL 

were below PV, with the exception of the element Cu, and so it was classified in Class 3. 

After soil classification, and in accordance with the provision of Art. 20 of Resolution CONAMA 420 

(2009), procedures for contamination prevention and quality control of the soil should be adopted. In the 

case of CL, this resolution requires the identification of the potential source of contamination, assessment of 

the natural occurrence of the substance, control of the source of contamination and monitoring of soil and 

groundwater quality. 

The region AR requires actions established in Chapter IV of Resolution CONAMA 420 (2009), related 

to the management of contaminated areas, and should contain procedures and actions aimed at meeting 

the following goals of the provisions of Art. 22: I – eliminate the hazard or reduce risk to human health; II – 

eliminate or minimize the risks to the environment; III – prevent damage to other assets to be protected; IV 

– prevent damage to public well-being while performing actions of rehabilitation; and V – enable the declared 

or future use of the area, noting the planning of land use and occupation. 

In order to assess the level of contamination and possible anthropogenic impacts on the soil, Igeo and 

CF were estimated for the heavy metals evaluated in this study. The values of Igeo for the heavy metals from 

soil samples of the vehicle deposits are shown in Table 4. 

 
Table 4: Geoaccumulation index (Igeo) of heavy metals in soil samples in a deposit of PRF in Araucaria (AR) and Colombo 
(CL).  

Sample  Cr  Cu  Ni  Pb  Zn 
AR  *-0,26±0,54  *-1,90±0,97  *-4,08±2,43  *-1,06±1,45  *-1,54±0,81 
Minimum  -1,87  -2,99  -8,98  -5,27  -3,09 
Maximum  0,43  0,62  0,03  0,48  -0,26 
CL  *-3,19±0,61  *-2,61±0,59  *-2,69±0,32  *-2,51±0,90  *-1,18±1,15 
Minimum  -4,85  -3,36  -3,55  -5,35  -3,92 
Maximum  -2,17  -0,44  -2,23  -1,29  1,04 

* Results expressed as average ± S.D. (n = 3) 
  

The sampling points of AR and CL have different Igeo values. Table 4 provides a broad view 

accompanied with the minimum and maximum points, which suggests an environment with high deviation 

concentration of these metals in various parts of the studied area. The average values of Igeo in AR are all 

negative, indicating no external input, but the maximum points indicate an evident contribution of nickel, 

chromium, lead and copper for some points. For the sampling points of CL, all values of Igeo are negative, 

including the maximums, suggesting that the soil of that region is not receiving an external input of metals. 

The input of heavy metals in the vehicle depositories, and their importance to the environment, are 

evident. The data demonstrated that the analyzed metals are randomly distributed among the soil surface. 
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These oscillations in the concentration of metals are due to two factors: (i) the local textural composition of 

the soil; and (ii) the spatial distribution of the vehicles on the soil. The Contamination Factor (CF) was 

calculated to elucidate the level of contamination and possible anthropogenic impacts on the soil, 

supplementing the results obtained previously. The CF values are shown in Table 5. 

 
Table 5: Contamination factor (CF) of heavy metals in soil samples in a deposit of PRF in Araucaria (AR) and Colombo 
(CL). 

Sample  Cr  Cu  Ni  Pb  Zn 
AR  *0,27±0,42  *0,25±0,59  *0,35±0,56  *0,38±0,91  *0,33±0,49 
Minimum  0,00  0,00  0,00  0,00  0,00 
Maximum  1,03  2,30  1,53  3,55  1,27 
CL  *0,06±0,10  *0,07±0,11  *0,08±0,12  *0,08±0,13  *0,22±0,31 
Minimum  0,00  0,00  0,00  0,00  0,00 
Maximum  0,30  0,31  0,28  0,42  0,78 

* Results expressed as average ± S.D. (n = 3) 
 

The results of Table 5 clearly show that the sampling points in AR have greater import than the points 

of CL. The elements Cr, Zn and Ni showed low contamination, with maximum values of 1.03, 1.27 and 1.53, 

respectively. The elements Pb and Cu did not have significant average values in AR, however, their maximum 

values were 3.55 and 2.30, respectively, indicating mild levels of contamination. 

The sampling points of region CL, as with Igeo, showed a low level of contamination, with the exception 

of the element Zn, which had a maximum CF of 0.78, but an average of 0.22. Tables 6 and 7 show the 

correlation among the heavy metals in the soil surface of AR and CL respectively. 

 
Table 6: Pearson Correlation Matrix and their p-values for metal points of Araucaria. 

Metals  Cr  Cu  Ni  Pb  Zn  Ca  Mg 
Cr  1,000  I 0,288  I 0,930  I 0,299  I 0,426  I 0,454  I 0,728 
Cu  II 0,298  1,000  I 0,298  I 0,481  I 0,200  I 0,129  I 0,096 
Ni  II 0,000  II 0,281  1,000  I 0,260  I 0,322  I 0,515  I 0,762 
Pb  II 0,279  II 0,069  II 0,349  1,000  I -0,033  I 0,239  I 0,286 
Zn  II 0,113  II 0,476  II 0,242  II 0,908  1,000  I 0,219  I 0,330 
Ca  II 0,089  II 0,648  II 0,050  II 0,391  II 0,434  1,000  I 0,797 
Mg  II 0,002  II 0,734  II 0,001  II 0,302  II 0,230  II 0,000  1,000 

I Pearson Correlation Matrix; II Matrix of p-values. 
 

According to the Pearson correlations shown in Table 6, the elements Ni and Mg were significantly 

correlated with the element Cr, with values of 0.93 and 0.73, respectively, both with p-values below the 

adopted 5%. A significant positive correlation between the elements Ni and Cr was found in the study of CAI 

et al. (2015), with a value of 0.81. These elevated values suggest that the metals Cr, Ni and Mg were probably 

derived from the same source. The elements Ni and Ca are directly correlated with the element Mg, with 

values of 0.76 and 0.80, respectively, and with p-values below 5%. Chandrasekaran et al. (2015) found a 

significant positive correlation between Ca and Mg, with a value of 0.63. 

Table 7 provides the Pearson correlations for the points analyzed in CL. The element Cr had a direct 

correlation of 0.59 with the element Cu, and this with elements Pb and Zn, with values of 0.62 and 0.53, 

respectively. The elements Ca and Mg were positively correlated with 0.88. Results of a study by 

Chandrasekaran et al. (2015) found 0.63. The element Ni was found to be positively correlated with the 

elements Ca and Mg, with values of 0.66 and 0.65, respectively. A positive correlation was likewise observed 
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between the elements Zn and Ca at 0.55. 

 
Table 7: Pearson Correlation Matrix and their p-values for metal points of Colombo. 

Metais  Cr  Cu  Ni  Pb  Zn  Ca  Mg 
Cr  1,000  I 0,585  I 0,051  I 0,353  I 0,041  I -0,272  I -0,130 
Cu  II 0,009  1,000  I 0,242  I 0,622  I 0,528  I 0,098  I 0,203 
Ni  II 0,834  II 0,318  1,000  I 0,341  I 0,285  I 0,657  I 0,652 
Pb  II 0,139  II 0,005  II 0,154  1,000  I 0,283  I 0,247  I 0,474 
Zn  II 0,868  II 0,020  II 0,236  II 0,241  1,000  I 0,551  I 0,419 
Ca  II 0,260  II 0,691  II 0,002  II 0,309  II 0,015  1,000  I 0,878 
Mg  II 0,597  II 0,405  II 0,003  II 0,040  II 0,074  II 0,000  1,000 

I Pearson Correlation Matrix; II Matrix of p-values. 
 

The results of the present study suggest that although the two regions differed, the metals (Cr, Cu, 

Ni, Pb, Zn) were probably derived from the same source and of anthropic origin, because these metals are 

present in the structure and pigments of vehicles and as constituents of lubricants. 

The soil of the sampling sites was not uniform, with traces of upturned soil, with sand, rocks, earth 

and gravel. It is worth noting that in both sampling sites the vehicles were close to the ground and there were 

puddles stained with oil, thus being able to infer the results and justify the standard deviation of the data.  

 
CONCLUSIONS 
 

In conclusion, the present study found high concentrations of Cu, Cr, Ni, Pb and Zn in the vehicle 

depository of AR, which were higher than the levels permitted by Resolution CONAMA 420. The Pearson 

correlation analysis showed that the analyzed metals likely have anthropic origins in both AR and CL. Because 

of the contamination of the soil in AR, a better evaluation of the sources of heavy metals is highly 

recommended and that monitoring of soil and water be performed. In the vehicle depository of CL, the low 

concentration of the heavy metals, combined with higher clay and organic carbon content and higher pH 

than AR, favor the adsorption of metals.  

Clearly, AR deserves greater attention for risk of contamination because in addition to having an 

acidic pH, which favors the solubilization of metals, it possesses lower clay and organic carbon content, both 

of which are attributes that facilitate the processes of percolation and leaching of these metals. In general, 

the results of this study suggests that there is a need for special attention to vehicle storage areas that are 

not paved/sealed, since these are potential sources of soil and water degradation. 
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