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Abstract       For determining the soil quality and the relationship between soil 
properties and heavy metal content, some agrochemical and physicochemical 
investigations were made by using Romanian standard analytical methods. 
The main purpose was to assess the soil fertility, the influence of some soil 
physicochemical properties on the distribution and mobility of certain heavy 
metals in contaminated soils. In order to measure the degree of correlation 
between the heavy metal content and the main properties of soils, Pearson’s 
correlation coefficient was also used. The results showed that all of the 
studied heavy metals are mostly concentrated on the upper layer of soil and 
generally decreasing with depth, this due to their spatial distribution, mobility 
and physicochemical properties of soil.   
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The study of soil chemistry was first performed by soil 

fertility specialists in order to assess plant growth and 

crop production. Over time, the soil chemistry results 

showed a lot of other implications for plant growth, 

soil fertility and environmental quality [14]. Recently, 

many studies have shown that plants grown on heavy 

metal polluted soils possess enhanced metal 

concentration and, the uptake of metal ions have been 

shown to be influenced by soil properties, the metal 

species, plant species and plant parts [1,8,12,13]. Also, 

many reports have reported significant positive 

correlations between heavy metals content in soil and 

some soil physicochemical properties such as primarily 

pH, soil moisture content and water holding capacity, 

CEC, organic matter content and nutrients cycle [8,13]. 

The main objective of this study was to assess the 

heavy metals behavior in soils affected by the 

metallurgical industry in order to better understand 

their spatial distribution and mobility, in correlation 

with some physicochemical characteristics of the 

contaminated soils. 

The area around Copșa Mică town, known as the most 

polluted regions in the Romania, is heavily polluted 

with toxic metals, especially Pb, Cd and Zn, due to 

atmospheric deposition of toxic elements originating 

from a former smelter [2-4,6,7]. The continuous 

emission into atmosphere, for more than 70 years, 

caused severe environmental problems, soils around 

this area being inappropriate for agriculture [2,4,7].  

 

Materials and Methods  

 

The study area: The present study was performed 

using two mean soil samples (n=30) collected from 2 

sites (plots) on  different depths, near Copşa Mică 

town, Sibiu county – Romania, situated eastwards from 

the pollution source (SOMETRA S.A.). One near the 

former smelter (N 46°6'45.61", E 24°14'27.10"- Soil 

sample 1) and the other one from approximately 4 km 

eastwards from pollution source (N 46°7'0.60", E 

24°16'48.69" - Soil sample 2). The investigated sites 

are located within the administrative territorial unit of 

Copşa Mică town, being identified with the cadastral 

numbers: 541 (Site 1) and 831 (Site 2) [9]. From the 

agricultural classes point of view, these lands are 

classified as arable lands (Site 1) and as pasture (Site 

2). Both sites are located near the National Road 335 

on the right side of the road going from Sibiu to 

Mediaş [9]. 
Soil sampling: The temperature at different depths was 

measured with a probe thermometer suitable for 

measuring the temperature of soil. The soil moisture 

was also determined under field conditions with a HH2 

Moisture Meter, Delta-T Devices Ltd. Soil samples 

were collected from both experimental sites on 

different depths (0-20 cm, 20-40 cm and 40-60 cm), 

transported to the laboratory, air dried and sieved 

through a 2 mm stainless sieve. The soil samples from 

each depth were mixed in order to obtain a 

representative sample. Soil pH was determined by 

potentiometric method using a ion selective glass 

electrode in an aqueous suspension at a 1:5 soil : water 

ratio, with an electronic pH meter from Hanna 

Instruments HI 253, according to SR 7184-13:2001. 

The electrical conductivity was measured in the same 

aqueous suspension by using WTW InoLab Cond 740 

conductivity meter. The separation of the mineral part 

of the soil into various size fractions and the 
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determination of the proportion of these fractions were 

made by using the wet sieving method (for coarse 

fractions, with a diameter less than 0.2 mm) and the 

pipetting method (for fine fractions with a diameter of 

0.2 mm and smaller) using a Eijkelkamp system. For 

each soil sample, the textural class was then 

determined by using the triangular diagram.  

Soil organic carbon content was analyzed by using 

Walkley – Black, Gogoaşă modified method. 

Assuming that 58% of organic matter contains carbon, 

the humus content was calculated by multiplying the 

percentage of organic carbon by 1.724 (STAS 7184/21-

82).  
The mobile forms of phosphorus and potassium for all 

soil samples have been extracted with ammonium 

acetate lactate solution (AL) at pH 3.7 (by Egner - 

Riehm - Domingo). Mobile phosphorus content was 

evaluated by spectrophotometric method (at λ = 660 

nm) with molybdenum blue using a BOECO S-22 

UV/Vis Spectrophotometer. The mobile form of 

potassium was quantified in the same extract (AL) by 

using a Jenway PFP7 flame photometer. The value of 

CEC was obtained by calculation from the 

exchangeable cations contents determined in 0.1 M 

BaCl2 extraction (w/v= 1:20).  

Heavy metal analysis: Total metal concentrations of 

heavy metals such as Ni, Cu, Pb, Cd and Zn were 

analyzed. For determining the total content of metals 

all soil samples were air dried, powdered and dried at 

105
o
C to constant weight. The total metal 

concentrations in soil samples were analyzed by AAS 

after digestion in aqua regia [10]. The extracts were 

analyzed using a ContrAA700, Flame Atomic 

Absorption Spectrometer, manufactured by Analytik 

Jena, Germany. For quality assurance, replicate 

samples, blanks and standard soils (7001 - Light Sandy 

Soil with normal analyte levels, from Analytika Co. 

Ltd. Czech Republic, and Standard Reference Material 

Gleba S-1, Krakov, Poland) were also included in all 

analyses . The calibration standard solutions for heavy 

metals measurments were prepared using a 

multielement Scharlau, Spain, standard solutions with a 

purity of 997 mg/L. 

For comparison of the results Pearson’s correlation was 

used to express the relationship between different 

metal data and the main properties of soils. 

Table 1 

Physicochemical characteristics of the soil samples 

Sample 

site 

Depth 

(cm) 
pHH20 

EC 

(µS/cm) 

CEC 

(meq/100g) 

Soil particle size % 

sand silt clay 

1 

0-20 5.48 62.23 42.78 73.20 9.80 17.00 

20-40 6.28 45.48 58.31 65.20 11.50 23.30 

40-60 6.78 40.16 67.58 60.50 9.30 30.20 

2 

0-20 6.24 178.45 20.79 70.50 12.30 17.20 

20-40 6.62 131.33 28.63 73.10 13.00 13.90 

40-60 6.84 115.19 31.56 72.90 10.60 16.50  

 

 

Results and Discussions 
 

Soil physicochemical properties: Table 1 presents the 

results of the physicochemical properties of the soil 

samples evaluated in the present study. 

Temperature and soil moister content: The soil 

temperature and moisture content at the three 

investigated depths follow each other closely 

throughout the year being in general influenced by the 

seasonal climate changes. The results obtain in this 

study showed no significant (P>0.05) differences in the 

temperature and soil moisture content of the samples in 

both sites. 

Soil pH: The pH values of the soil in Site 1 ranged 

from 5.48±0.46 to 6.61±0.61 which suggest a slightly 

acidic reaction for all the soil samples, while in Site 2 

the pH values ranged from 5.78±0.46 to 6.61±0.6, soil 

reaction tending towards acid or neutral (Table 1). In 

both research sites it has been noticed that pH tends to 

increase with depth 

Also, high electrical conductivity values were found 

in Site 1, close to the former smelter with decreasing 

values in Site 2.   

 

 

 

 

 

 



 90 

Table 2 

Fertility properties of the soil samples 

Sample 

site  

Depth 

(cm) 

DOC 

(mg/L) 

Organic 

carbon 

% 

Humus 

% 

N 

total 

%  

P-AL 

(mg/kg) 

K-AL 

(mg/kg) 

1 

0-20 203.7 1.04 1.79 0.131 53.27 121.23 

20-40 109.5 0.52 0.90 0.057 37.69 89.45 

40-60 41.3 0.08 0.14 0.005 25.41 84.63 

2 

0-20 412.32 1.53 2.64 0.170 37.48 105.82 

20-40 334.15 1.04 1.79 0.110 68.23 145.65 

40-60 156.94 0.48 0.83 0.031 139.61 330.56 

 

The soil texture class was also evaluated for all the 

study sites. The texture of soils in both sites is 

generally sandy loam (Table 1), with sand contents 

ranging from 60 to 75%.   

As it may be seen from Table 1, the average values of 

the cation exchange capacity (CEC) are ranging from 

20±0.64 to 68±0.43 meq/100 g, in both sites. It has 

been also noticed that CEC tends to increase with 

depth. Regarding the organic matter (OM) content, it 

was found that the highest concentrations of OM were 

found in the soil samples collected from Site 2, apart 

from the pollution source; this is caused probably 

because of the former use of the land as a pasture. 

Generally, the content of the organic matter and humus 

(Table 2) decreases with the depth on soil profiles. 

In terms of agrochemical characteristics it can be 

concluded that all studied soils are characterized by a 

low fertility and a sandy-loam texture, the degree of 

soil supply with nutrients (N, P and K) being generally 

low to medium. In the studied soil samples no 

measurable concentrations of carbonates were found, 

the soil reaction being mostly acidic. Soil reaction 

varies from acidic in the upper profiles of the soil to 

the slightly acid or neutral in lower profiles. The CEC 

is generally medium to high, in all investigated soil 

profiles, this reflecting a high buffer capacity of the 

soils.  

 

Heavy metal concentrations:  
In order to identify the degree of soils pollution, the 

total concentrations of Ni, Cu, Pb, Cd and Zn were 

analyzed and then compared with the references values 

in accordance Romanian Ordinance Ministry No. 

756/1997 [11]. The total content of selected heavy 

metals was calculated and shown in Table 3 as average 

of three individual determinations. 

 

Table 3 

Concentration of heavy metals in both investigated sites (mg kg
-1

) 

Sample 

site  

Depth 

(cm) 

Zn 

(mg/kg) 

Cd 

(mg/kg) 

Pb 

(mg/kg) 

Ni 

(mg/kg) 

Cu 

(mg/kg) 

1 

0-20 882.43 12.93 574.36 35.38 57.64 

20-40 511.96 4.71 47.83 52.11 29.17 

40-60 84.91 0.26 20.85 49.05 28.71 

2 

0-20 303.94 4.56 125.65 21.45 25.88 

20-40 257.62 2.69 11.59 30.06 18.73 

40-60 76.37 0.20 11.99 34.90 26.08 
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The results showed that Site 1 is highly contaminated 

with all heavy metals tested, especially with Zn, Cd 

and Pb. This site had highest Zn contamination 

(880±5.99 mg/kg) in the upper soil, followed by Pb, Cd 

Cu and Ni. The highest amounts of heavy metals were 

found in the upper horizons of soil profiles. The total 

contents of Pb, Cd and Zn in the upper horizon are 

significantly higher than the Romanian limit values 

[11], for soils in both investigated sites, which are, 

according to the Regulation No. 756/1997, 1 mg kg
−1

 

for Cd, 100mg kg−
1 

for Zn and 20 mg kg
−1

 for Pb, 

respectively. The total content of Cu and Ni in the 

upper horizon is under the maximum allowable limit of 

100 mg kg
−1 

for Cu and 75 mg kg
−1 

for Ni, but over the 

normal values according to Romanian norms [11]. At 

Site 2, metal concentrations in soil were much lower 

than in Site 1, but still higher than the Romanian limit 

values. These results clearly indicate that the level of 

heavy metal contamination is higher close to the 

former pollution source and decrease with distance.  It 

was also observed that the total content of the 

investigated heavy metals generally decreases with 

depth. 

 

   
a) Pb vs Cd b) Zn vs Cd c) Cu vs Cd 

 

Figure 1. Chart linear correlations between Pb, Cd, Cu and Zn in soil 

  

 

By calculating the correlation coefficient various 

notable correlations were recorded between different 

physicochemical parameters and heavy metal 

concentrations.  For example, the pH was found to be 

positively correlated with clay fraction and negatively 

correlated with organic matter and humus content. Cu, 

Zn, Pb and Cd concentrations also showed negative 

correlation (with r ranging from -0.65 to -0.72, p<0.05) 

with pH, Ni concentration being the only one with a 

highly positive correlation with pH (r = 0.72 to 0.80, 

p<0.05). This may indicate that by increasing the pH 

level of the soil, some of heavy metals can be 

immobilized and their bioavailability in plants can be 

also reduced [5]. A positive correlation (p < 0.05) 

between the total concentrations of Zn, Cd, Pb and Cu 

and humus content in the soil profiles was also 

observed, especially for Pb. Strong positive 

correlations between Cd, Zn, Pb and Zn was observed 

and illustrated in Figure 1(a, b and c).  

The concentration of Pb had very significant positive 

correlation with Cu, Zn and Cd (also visible in Figure 1 

a) which may indicate that they all originated in soil 

from the same sources. While Ni showed negative 

correlations with Zn, Cu, Cd and Pb (r =-0.45 to -0.88). 

  

Conclusions  

 
This study indicates that the level of contamination in 

Copşa Mică area is still very high.  Zn, Cd and Pb total 

concentration in soil exceeded the alert threshold for a 

sensitive land use: 3.8 times for Zn, 5.1 times for Cd 

and 4.2 times for Pb. All the studied soil samples are 

contaminated with heavy metals but the maximum 

concentrations were obtained in soil samples collected 

from Site 1, situated closer to the former smelter, 

showing that these soils are most affected by the 

historical contamination. Due to the distance, soil 

samples collected from Site 2 are less affected by 

heavy metal pollution but the concentrations level in 

the soil still exceeds the intervention thresholds for 

sensitive land use. The results obtained in this study 

also confirm by the previous studies [2, 8, 9,], which 

highlighted the fact that, increasing the distance from 

the pollution source the metal concentration in the soil 

decreases. 

Regarding the distribution of heavy metals within soil 

profiles and the influence of the soil physicochemical 

properties it was observed that exist some positive 

correlation between total concentration of Zn, Cd, Pb 

and Cu in soil profile and humus content of the soil and 

a negative correlation with pH or clay content, except 

for Ni.   

Pearson’s correlation coefficients and Scatterplot of 

Correlation analysis which were performed in the 

present study to identify some association between the 

heavy metals in soil profiles and the soil's 

physicochemical properties does not indicate the cause 

and more other investigations being necessary to 

understand better their speciation, bioavailability and 

to discover some viable remediation options. 
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