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Abstract 

Several sequential extraction procedures are widely applied for metals chemical fractionation in the 

literature. However, their limitations to be used in different soils and metals have not been discussed 

in detail. This study compares two of the most commonly used extraction methods for metals 

chemical fractionation: Tessier and BCR. The objectives were to i) assess the differences between 

concentrations of metals extracted in each fraction by both Tessier and BCR procedures; ii) elucidate 

if soil properties affected the extraction ability of each fraction from both procedures; and iii) 

evaluate how land use contributes to different chemical metal distribution. Results indicated that 

both methods provide similar results when were applied to the same soil, since non-significant 

differences were found in metal concentrations between both methods at each fraction. Conversely, 

when we compared among land uses, significant differences were found in the metal concentration 

between both methods, especially between agricultural/urban/industrial against forest soil. 

Redundancy analysis showed that in carbonate- rich soils, BCR extraction method could cover up 

the real concentration of exchangeable metals with those bound to the carbonate phase, being the 

Tessier method the most suitable one for this kind of soils. Therefore, although sequential extraction 

is a useful tool to understand the distribution of metals in soil, the method used must be selected 

according to the land use and specific soil characteristics, taking into account at least, soil carbonate 

content. 

Keywords: Chemical fractionation, Tessier procedures, BCR procedure, Metals, Redundancy 

analysis, Land use 
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1. Introduction 

Metals are introduced into soils and environment through both natural and anthropogenic 

sources. The natural inputs of metals in soils are attributed to geological parent materials (Zhong et 

al., 2014), while population growth,  traffic  emissions,  municipal waste disposal, agriculture 

management and industrial activities are pointed as major causes of environmental pollution by 

metal accumulation under different  land uses  (Rodriguez et  al., 2008; Saeedi et al., 2012; Bi et al., 

2013; Liu et al., 2015). Therefore, soils can act as sink and/or source of metals involving potentially 

harmful effects for human and environmental health (Acosta et al., 2015; Cai et al., 2015). 

Total metals concentration is usually used as a soil pollution indicator. However, it does 

not provide information about distribution, mobility and/or bioavailability of metals in soils 

(Oyeyiola et al., 2011). Oppositely, sequential extraction procedures provide additional and useful 

information about the identification of the main binding sites, the strength of metal binding to 

particulates and the phase associations of trace elements in soils, sediments or dusts, which helps to 

understand the geochemical processes governing metal mobilization and potential risks induced 

(Yuan et al., 2004). 

Nowadays there are many sequential extraction procedures, so the discussion about their 

limitations, supported by the non- selectivity of the reagents, the length of the process or the soil- 

reagent ratio is always present (Zimmerman and Weindorf, 2010). Two of the most used extraction 

method in the literature were the developed by Tessier et al. (1979), followed by the BCR 

(Community Bureau of Reference) method (Quevauviller et al., 1993, 1997; Vodyanitskii, 2006). 

The main difference between them is focused on the first stage of the extraction procedure. In the 

Tessier method, the extraction of metals bound to the exchangeable frac- tion is independent to the 

extraction of metals bound to carbonates. In the BCR method, both metals-bound are extracted 

together in one single fraction. Besides, the amount and molarity of reagents added to each fraction 

change depending on the method. 

Both Tessier and BCR sequential extraction methods have been separately used under 

different land uses (Li et al., 1995; Lee et al., 2005; Guillen et al., 2012; Sofianska and Michailidis, 

2013; Acosta et al., 2015; Gasparatos et al., 2015; Gabarron et al., 2017). However, several 

researches have compared both metal extraction methods in different samples from a same place or 

type of soil trying to  assess  the  replicability  of  the  measures  from  each extraction method 

(Gomez-Ariza et al., 2000; Oyeyiola et al., 2011; Rosado et al., 2016), but none compared them in 

carbonate-rich soils and amongst different land uses. 
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Thus, according to the latter approaches, this study aimed to: i) assess the differences between 

concentrations of metals extracted in each fraction by both Tessier and BCR procedures; ii) elucidate 

if soil properties affected the extraction ability of each fraction from both procedures; and iii) 

evaluate how land use contributes to different chemical metal distribution. We hypothesized that 

Tessier and BCR methods could have different responses depending on land use and soil properties. 

Thus, with this study we could identify those soil properties affecting the functioning of each method 

and propose the most suitable one in each situation. 

 

2. Materials and methods 

2.1. Study area and sampling collection 

Four land uses (urban, agricultural, industrial and forest) were selected from the municipality 

of Murcia (SE of Spain). Main eco- nomic activities in the area are represented by agricultural and 

industrial activities. Lemon, orange, cereal and vegetable orchards are common in the municipality. 

There are two industrial areas located 5 km away from the city, one in the southwest (IS) and other 

in the northwest of the city (IN), including concrete plants, automobile services, manufactories of 

paints, steel products and electrical materials. Soils from the urban land use were collected from 

public parks and gardens. Natural soil from forest land use was collected from a Pinus halepensis 

Mill. forest in the north edge of the city. 

The climate of the area is semiarid Mediterranean with mean annual temperature of 18 oC 

and 313 mm of mean annual precipitation. Lithology of soils for the four places is similar because 

they were formed by eroded Betic and Sub-betic materials that came from the surrounding 

mountains, with a main composition of limestones (Martínez-Sanchez and Perez-Sirvent, 2007). 

Three composite topsoil samples (0-30 cm depth) were collected at each land use (Fig. 1) 

using a soil spade and stored in plastic bags. 
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Fig. 1. Soil sampling for native forest (N), agricultural (A), urban (U), industrial southwest (IS) and industrial northwest 

(IN) sites. 

 

2.2. Analytical  methods 

Soil samples were dried at 40 ºC for 48h, and passed through a 2 mm sieve. A subsample of each 

sample was ground using an agate mortar (RetschRM 100). Soil organic carbon (OC) was estimated 

by the dichromate method (Soil Survey Staff, 2004), soil pH using a glass electrode in a 1:1 

soil/water suspension (Soil Survey Staff, 2004) and electrical conductivity (EC) in a 1:5 soil/water 

suspension (Andrades, 1996). Calcium carbonate was analyzed by the volumetric method using the 

Bernard's calcimeter and was expressed as inorganic carbon (IC) using the atomic/molecular rate 

conversion (i.e. %carbonates x 0.12). Cation exchange capacity (CEC) was assessed using sodium 

chloride and ammonium acetate (Soil Survey Staff, 2004). Soil texture was determined by 

Robinson's pipette method. 

For pseudo-total metal determination, 1 g of ground sample was acid digested using 

nitric:perchloric acid (1:1 v/v) at 210 oC during 90 min. After cooling, 0.1 N HCl was added to fill 

a 100 mL volu- metric flask (Risser and Baker, 1990). The pseudo-total amounts of metals (Pb, Cu, 

Zn, Cd) were measured by atomic absorption spectrometry (AAnalyst800, PerkinElmer). 

For sequential extraction the adapted Tessier et al. (1979) method, modified by Li et al. (1995), 

was applied. The following five fractions were obtained: exchangeable (8 mL of 0.5 M MgCl2); 

bound to carbonates (8 mL of 1 M NaOAc adjusted to pH 5.0); reducible (30 mL of 0.04 M 
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hydroxylamine hydrochloride with HOAC 25%); oxidizable (3 mL of 0.02 M HNO3 and 5 mL of 

H2O2 30%) and residual (acid digestion at 210 oC during 90 min and solved in 0.1 N HCl). All 

samples in each fraction were centrifuged at 2000 rpm for 20 min and filtered. The BCR extraction 

method (Sahuquillo et al., 1999) consisted on four fractions: exchangeable and acid soluble (40 mL 

of CH3COOH 0.11 M), reducible (40 mL 0.1 M NH2OHHCl adjusted to pH 1.5 with HNO3), 

oxidizable (8.8 M H2O2 1 M CH3COONH4 adjusted to pH with HNO3) and residual 

(nitric:perchloric acid digestion at 210 oC during 90 min and dissolved in 0.1 N HCl). Metals from 

both sequential extraction procedures were quantified by atomic absorption spectrometry (AAnalyst 

800, PerkinElmer). 

Certified reference material (BAM-U110) from the Federal Institute for Materials Research 

and Testing (F.I.M.R.T., 2010) and reagent blanks were used as quality control samples during the 

analyses. In addition, each sample was analyzed in triplicate. We obtained recoveries for pseudo-

total metals concentration (BAM- U110) from: 92-109% for Cd, 91-98% for Cu, 94-105% for Pb 

and 91-99% for Zn. The overall recovery ratios (sum of the five fractions to the total element 

concentration of each sample) in the Tessier extraction were: 108 for Cd, 101% for Cu, 109% for 

Pb and 99% for Zn; while for the BCR procedure were: 106% for Cd, 112% Cu; 98 for Pb and 99% 

for Zn. 

 

2.3. Data analysis 

Data were checked to ensure normal distribution using the KolmogoroveSmirnov test and 

ln-transformed when necessary to ensure normal distribution. Soil properties and pseudo-total metal 

concentrations were submitted to a one-way ANOVA to assess significant differences among land 

uses. The separation of means was made according to Tukey's verified significant difference at P < 

0.05. Since sequential extraction data did not follow normal distribution, the non-parametric test for 

two related samples Wilcoxon signed-rank test was used to assess the differences in metal 

concentrations between Tessier and BCR extraction procedures in each fraction, independently for 

each soil. In addition, a one-way non-parametric ANOVA (Kruskal-Wallis test) was performed to 

assess significant differences among land uses. For this purpose, the exchangeable and bound to 

carbonates fractions (F1 and F2) of the Tessier method were summed to be comparable with the 

exchangeable and acid soluble phase (F1) of the BCR method. 

Redundancy analysis (RDA) was used to examine the influence of soil properties and pseudo-

total metal concentrations in the fractions of both sequential extraction procedures. Soil properties 
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and pseudo-total metal concentrations were tested for significant contribution to the explanation of 

the variation in sequential extraction data with the Monte Carlo permutation test (P < 0.05). Only 

soil properties and pseudo-total metals that were significantly correlated with factors in the RDA 

were included in the plots. Soil properties and pseudo-total metals are represented by vectors. 

Vectors of greater magnitude and forming smaller angles with an axis are more strongly correlated 

with that axis. To facilitate the comprehension of the RDA results, one triplot for each metal was 

depicted. One-way ANOVA, Wilcoxon and Kruskal-Wallis tests were performed with the software 

IBM SPSS Statistics 20. RDA was performed using CANOCO for Windows, Version 4.54. 

 

3. Results and discussion 

3.1. Effect of soil uses in soil properties and metal concentration 

Table 1 shows the soil properties and pseudo-total metal concentrations. Urban, IS and IN 

soils showed slightly high content of salts while agriculture and forest soil were categorized as non- 

saline (Soil survey staff, 2004). Salinity in soils is related to the formation of soluble organometallic 

complexes that favour the mobility of metals; this is due to the association between anions from 

clay and organic matter and metals or by the competition between metals and cations in the soil 

exchange complex (Brady and Weil, 2008; Hooda, 2010). Soils were slightly alkaline due to the 

presence of carbonates. Then, a reduced solubility of metals was expected because of their 

precipitation at high pH (Hooda, 2010; Horvath et al., 2015). High OC content was found in urban, 

agriculture and forest soils likely due to soil management (e.g. organic fertilizer) in crop soils and 

urban parks (Edmondson et al., 2014). No significant differences were found for pH, EC, and OC 

among soils from the different land uses. Similar inorganic carbon content was reported for urban, 

agriculture and both industrial sites; however statistical differences were found between urban and 

IS soils compared with forest soil. 

Soil texture is an important factor in trace element retention or release. In general, coarse-

grained (50e2000 mm) soils exhibit a lower tendency for trace element sorption than fine-grained 

soils (<50 mm) (Hooda, 2010), especially clayed materials which have a larger surface area with 

negative charges where metals are adsorbed. On this way, all studied soils showed similar 

percentage of clays, although agriculture and IS land uses will be more prone to adsorb metals than 

others because of the lower percentage of coarse-grained materials. Cation exchange capacity (CEC) 

is linked to clay and organic matter contents (MARM, 2010). In this study, CEC values were in the 

same range for all soils, although industrial soils showed the lowest value. Hence, in industrial soils 

metals would be slightly bound to the labile pool fraction and therefore easily mobilized. 
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Zinc showed the highest concentration among the measured metals in all land uses. Zinc 

concentrations in urban, agriculture, IS and IN were respectively 1.3, 1.2, 1.8 and 2.6- fold higher 

than observed in the forest area (170 mg kg-1) and between 4 and 8-fold higher than reference level 

(53 mg kg-1) for the Region of Murcia (Martínez-Sanchez and Pe'rez-Sirvent, 2007). However, no 

significant differences were observed among land uses, including the forest soils, suggesting that 

land use did not determine soil Zn concentration. Pb showed significant differences between IN and 

the forest area, being Pb concentration more than 10-fold higher at this industrial site than in the 

forest soils. Although there were no significant differences among the other land uses, all of them 

surpassed the reference level (38 mg kg-1). Thus, activities developed at IN triggered the increased 

Pb content in soils (Fernandez et al., 2015). Copper showed no significant differences among land 

uses. However, all soils surpassed the reference level (23 mg kg-1), even the forest soil (36.8 mg 

kg-1), which seems to suggest a geogenical origin of Cu in the area, since the average concentration 

of Cu in the earth's crust varies from 24 to 55 mg kg-1 (Adriano, 2001). Cd showed no significant 

difference among land uses either. Nevertheless, Cd concentration was higher than the reference 

concentration of Murcia (0.5 mg kg-1), also suggesting a geogenical origin. Lead concentration 

found in urban soils was five times lower than values reported in Naples (Italy) and Coruña (Spain) 

by Imperato et al. (2003) and Cal-Prieto et al. (2001) respectively. Nonetheless, it was half those 

reported in Madrid (Spain) and Berlin (Germany) (De Miguel et al., 1998; Birke and Rauch, 2000), 

being in the range of values reported in Shenyang (China) and Tallin (Estonia) (Bityukova et al., 

2000; Sun et al., 2010). Cu content was similar to that reported in Hong Kong (China) (Li et al., 

2001) and Tallin (Bityukova et al., 2000), and lower than the values found for Naples (Italy) 

(Imperato et al., 2003), Coruña (Spain) (Cal-Prieto et al., 2001) or Madrid (Spain) (De Miguel et 

al., 1998). Zinc content in urban soil was in the range of concentrations reported in Naples, Madrid, 

Berlin or Coruña (Imperato et al., 2003; De Miguel et al., 1998; Birke and Rauch, 2000; Cal-Prieto 

et al., 2001). For agricultural land use, Pb concentration was higher than that re- ported    in    other    

Spanish    Mediterranean    agricultural    areas (20-30 mg kg-1) (Pomares et al., 2000; Perez- Sirvent 

et al., 2002; Mico' et al., 2006). However, other European cities and Mediterranean agricultural 

areas (Andreu and Gimeno, 1996; Facchinelli et al., 2001; Peris et al., 2008) showed Pb 

concentrations similar to those reported in this study. The concentrations of Cd, Cu and Zn were 

higher than those reported in other Spanish and European Mediterranean regions (Andreu and 

Gimeno, 1996; Pomares et al., 2000; Perez- Sirvent et al., 2002; Mico et al., 2006; Peris et al., 2008; 

Facchinelli et al., 2001). 
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Despite each type of industrial activity can affect soil metal content in a different way (Fernandez 

et al., 2015), Pb concentration in IS was in line with the values obtained for other industrial sites in 

the Region of Murcia (Gabarron et al., 2017), Madrid (Fernandez et al., 2015) or Xushe (China) 

(Wu et al., 2011). An exception was Pb in IN, that showed higher values than those reported by Wu 

et al. (2011), Fernandez et al. (2015) and Gabarron et al. (2017), although lower than  those  reported  

by Gulten et al. (2011) for the Gebze industrial area (Turkey). Cadmium, Cu and Zn concentrations 

at both industrial areas were similar or higher than those reported by Wu et al. (2011), Fernandez et 

al. (2015) and Gabarron et al. (2017), but lower than those reported by Gulten et al. (2011) in Turkey. 
 

Table 1. Geochemical characterization of soil surface samples (Mean and standard deviation, n=15). 
 

 Urban Agriculture IS IN Forest 

pH 7.6 ± 0.2 8.1 ± 0.3 7.8 ± 0.2 7.8 ± 0.3 7.9 ± 0.3 
EC (dS m-1)* 3.0 ± 0.5 0.8 ± 0.3 4.3 ± 3.7 3.1 ± 3.2 1.2 ± 1.5 
CEC (cmol 100 

 

10.3 ± 3.9 

 

12.2 ± 2.0 bc 6.5 ± 0.3 ab 4.9 ± 1.3 a 14.6 ± 1.8 

 OC (%)* 2.1 ± 1.1) 2.4 ± 0.9 0.5 ± 0.3 0.9 ± 0.6 2.3 ± 0.5 
IC (%)* 4.9 ± 0.7 b 4.1 ± 0.5 ab 5.4 ± 0.4 b 4.2 ± 1.5 ab 1.9 ± 0.9 a 
<2 mm (%) 14.9 ± 0.4 20.3 ± 3.3 22.1 ± 9.9 19.3 ± 7.1 13.4 ± .2 

2e20 mm (%) 22.9 ± 4.2 

 

33.6 ± 4.5 ab 36.3 ± 10.5 

 

22.8 ± 5.3 

 

18.0 ± 2.8 

 20e50 mm (%) 18.5 ± 3.3 

 

24.1 ± 1.7 b 14.4 ± 5.2 a 15.6 ± 0.9 

 

12.8 ± 4.3 

 50e2000 mm 

 

43.7 ± 7.2 

 

21.9 ± 6.2 a 27.2 ± 16.0 

 

42.3 ± 3.5 

 

55.7 ± 3.4 

 Soil texture Loam Silt loam Silt loam Loam Sandy 

 Pb (mg kg-1) 57.8 ± 26.3 

 

69.1 ± 4.6 ab 41.0 ± 27.0 

 

211.9 ± 

  

19.7 ± 12.0 

 Cu (mg kg-1) 35.9 ± 3.6 70.2 ± 33.7 37.3 ± 5.7 61.4 ± 16.2 36.8 ± 4.1 
Zn (mg kg-1) 220.5 ± 

 

212.5 ± 52.8 303.8 ± 

 

452.8 ± 

 

170.4 ± 

 Cd (mg kg-1) 1.5 ± 0.4 1.0 ± 0.9 0.7 ± 0.5 0.9 ± 0.6 1.1 ± 0.6 

*EC: electrical conductivity; CEC: cation exchange capacity; OC: organic carbon; IC: inorganic carbon; different letters indicate significant differences between land uses (p < 0.05). 

 

 

3.2. Fractionation of metals 

Fig. 2 shows the percentage of metals extracted by BCR and Tessier methods in each land 

use. The statistical analysis showed that there were no significant differences between BCR and 

Tessier methods in any fraction and land use for any studied metal. It means that the extraction 

methods were not affected by the land use and both could be selected with similar outcomes. This 

result differs from that obtained by Alvarez et al. (2006) and Kaasalainen et al. (2003) that concluded 

that there were differences between Tessier and BCR methods; the extent of differences varied 

depending on the specific metal analyzed. However, the latter studies only showed visual assessment 

of the percentages of the different fractions extracted, with correlation analyses as the only statistical 

test. Results obtained from our study were submitted to a factorial analysis to truly assess significant 

differences between both extraction methods, which is based on the entire population of samples, 

and so, conditioned by the variability of data for each fraction and soil. Alvarez et al. (2006) and 

Kaasalainen et al. (2003) analyzed their data individually, sample by sample, with performance of 

correlations. 
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Fig. 2. Sequential extraction by Tessier and BCR methods for five land uses. 
 

 

In the extraction procedures, the mobility of metals decreased with the extraction stages, being  

metals associated to the labile pool (exchangeable and acid soluble/carbonates) more available than 

metals bound to the reducible, oxidizable and residual fractions  (Ma  and  Rao,  1997).  Mobility   

of   metals   decreased   as Cd > Pb > Zn > Cu for all land uses, except for Zn at IN, where it showed 

the highest mobility. The percentage of metal bound to the different fractions, methods and land 

uses as well the comparison of Tessier and BCR methods among land uses is describe below. 

 

 

Lead 

Residual fraction was dominant in urban, agricultural and forest soils (40e50% of soil Pb) 

followed by reducible fraction (30%) and the labile fractions (exchangeable and bound to 

carbonates) (20%). In industrial soils, residual fraction decreased in favour of the reducible fraction 

that represented 70% of Pb-bound in IN soil and near 40% in IS. It suggested a trend for reducible-

Pb to be adsorbed or co-precipitated with Fe, Mn, and Al oxides (Favas et al., 2011) that could be 

resolved under reductant conditions, releasing potentially higher amount of Pb to the environment 

at both industrial sites (Lopez-Julian and Mandado-Collado, 2002). Despite the difference in the 



10 
 

percentage of Pb bound to the reducible fraction between the IN land use (70%) and the other uses 

(30%), no statistical differences were found among them, maybe due to the high variability of data. 

However, significant differences were found between urban and forest soil, and agricultural and 

forest soil, in the reducible fraction of the Tessier method, which can be explained by the slightly 

high amount of Pb bound to the reducible fraction in these soils than in the forest land use. 

Significant differences in the percentage of exchangeable and acid soluble-Pb extracted by the BCR 

method were found between urban, agricultural and IS soils and the forest soil. These results were 

in agreement with obtained by Acosta et al. (2015) and Lee et al. (2005) in urban soils. For the 

oxidizable and residual fractions, no significant differences were found among land uses. 

 

Zinc 

Residual fraction was dominant in IS and forest soils, with more than 80% of Zn proportion. 

Therefore, most Zn was in the mineral lattice of soil, suggesting a non-anthropogenic source of Zn 

at this industrial site (Shi et al., 2008). For urban and agricultural soils, residual-Zn represented 60% 

of total Zn, while the labile pool involved near 30%. There were significant differences between the 

amount of Zn extracted in the labile pool of Tessier and BCR methods in urban, agricultural and IS 

soils and the forest soil, because of the low percentage of Zn-bound in the labile pool in the forest 

soil. Thus, releasing of Zn to the environment could be higher under urban, agricultural and 

industrial land uses than in the forest. Metallic cations are usually adsorbed in carbonates and 

organic matter or are solved in soil solution, depending on the soil pH, composing the labile pool. 

In the forest soils, the amount of carbonates in soil and the amount of Zn bound to the labile pool 

was lower than in the other land uses. This may suggest that Zn in the labile pool of the forest soil 

could be mostly associated to the organic matter, while in the urban, agricultural and industrial land 

uses Zn was mainly bound to carbonates, as was supported by Tessier results.  Therefore, the BCR 

method could cover up this behaviour. Additionally, the higher metal concentration in urban, 

agricultural and industrial uses could report an anthropogenic contribution as soil pollutants, in form 

of soluble salts, that were directly linked to the activities developed at these land uses. 

Reducible and oxidizable phases showed a little percentage of Zn. These two phases only 

showed differences between IS and urban soil for the reducible BCR fraction and between IS and 

agricultural soil for oxidizable BCR fraction. For IN, the dominant fraction was the acid soluble, 

indicating that although the IC con- tent reported for all land uses was similar (Table 1), Zn in IN 

was mainly co-precipitated with carbonates. Hence, under weak acidic conditions, near 70% of Zn 

may be potentially remobilized (Lee et al., 2005). Therefore, the risk of mobility in this area is 
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directly affected by the industrial activity and not by the carbonates content. 

 

Copper 

The residual fraction was dominant in all land uses, followed by the oxidizable fraction. This 

predominance of the residual fraction is also observed in another study carried out by Sierra (2005) 

in soils of the province of Almería. Thus, 70% of Cu was in the mineral lattice, suggesting the 

geological origin of this metal (Hooda, 2010). Fig. 2 shows the relative ease in which Cu forms 

complexes with the organic matter in the oxidizable fraction, both soluble and insoluble, being more 

stable when complexes are formed with humic or fulvic acids (Bloom and McBride, 1979; 

Bloomfield, 1981). However, the mineralisation of the organic matter under oxidant conditions may 

potentially mobilize 20% of the oxidizable Cu. Significant differences were found for Cu bound to 

the residual and oxidizable phases between the forest and urban soils using the Tessier extraction 

method. 

 

Cadmium 

The availability of Cd in the different land uses showed a high variability. There were no 

significant differences among land uses with regard to the labile pool. Conversely, the residual 

fraction was dominant in urban and IS soils, followed by the reducible and oxidizable phases, 

indicating a main geological origin of Cd. In agricultural soils the dominant fractions were reducible 

and labile, suggesting a potential releasing of Cd under soil pH changes or reductant environments. 

The long-term application of agrochemicals, such as fertilizers which contain from 0.0005 to 0.5 

mg Cd kg-1 (Wang and Ma, 2004) may result in the accumulation of this metal in soil, favouring 

the presence of these dominant fractions. There were significant differences between 

urban/agricultural soils and forest soil for all fractions of the BCR and Tessier method, except for 

the BCR reducible fraction. Besides, significant differences were also found for Cd between urban 

and IN soils in all fractions of both methods. 

 

3.3.   Influence of soil properties in the extracting method 

The RDA model examines the relationship between the different metal fractions extracted 

with the two different methods and environmental gradients  (soil physicochemical properties and 

pseudo-total metal contents) on the same diagram (McKinley et al., 2005). Thus, the RDA model 

explained the relationship between soil variables that can affect the efficiency of the metal extraction 
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procedure (Fig. 3). The metal fractions obtained by the two sequential extraction procedures are 

depicted with blue arrows, while soil physicochemical properties and pseudo-total metals are 

depicted with red arrows. Environmental factors explained 96.7% of the metal fractions variability. 

Axis 1 explained 88.5% of the total variance while Axis 2 explained 8.1%, highlighting the high de- 

pendency of the variables and the high weight of Axis 1. 

In the Pb triplot (Fig. 3), all fractions from both extraction procedures, Tessier (TF) and BCR 

(BF), except for TF1, were clustered together with positive scores along the Axis 1 and negative 

scores in the Axis 2. These fractions were related to total soil Pb and Cu concentrations. Hence, all 

Pb fractions were conditioned by the total concentration of Pb and, to a smaller extent, by total Cu 

con- centration. This fact may be related to indirect interaction between metals (Serrano et al., 2005). 

However, it is important to highlight that TF1 appeared opposite to the other fractions, with negative 

scores in Axis 1 and Axis 2. This fraction extracted with Tessier method is strongly related to coarse 

grain size materials (sand and coarse silt), pH and organic matter content. In neutral to alkaline 

calcareous soils, metallic ions, that shape the most labile fractions, are easily adsorbed by carbonates 

and organic matter through ionic bonds (Hooda, 2010). These bonds could be easily broken 

depending on soil physicochemical properties, releasing Pb to the media. Tessier method seems to 

be more selective in the extraction of the labile pool than the BCR method, which covers up the 

effect of carbonates in the metal precipitation. Sungur et al. (2014) showed similar interaction 

between carbonates, organic  matter and pH and the amount of metals extracted by the BCR method 

for Forest soils from Turkey. 

For Cu, all fractions of both extractions clustered together with positive scores along the Axis 

1 and negative scores along the Axis 2. All fractions were related to total Cu content, although BF3 

and TF2 were also related to total Pb content. This interference was also observed in the Pb plot. 

Merdy et al. (2009) concluded that Pb and Cu compete for the exchange sites due to its chemical 

compositions, being Cu more weakly bound to soil than Pb. Fifi et al. (2013) established a 

competitive behaviour among Pb, Cu and Cd in calcareous soils from Portauprince (Haití) that 

reduced the sorption ability of this type of soils, showing better binding be- tween Cu-Pb than Cu-

Pb-Cd.  

Zn triplot showed that most fractions (except TF1, TF5 and BF4) clustered together with 

positive scores along Axis 1. These fractions were related to total Zn and Pb concentration. The 

correlation be- tween Pb and Zn was also reported by Cipullo et al. (2018). Residual fractions (TF5 

and BF4) clustered together with high positive scores in Axis 2, related to IC and clay contents. This 

may be due to the mineral origin of metals associated to clayed minerals (Hooda, 2010). The 
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exchangeable fraction (TF1) appeared separated from the other fractions, with negative score in 

Axis 1, highly correlated with CEC. This result confirms that exchangeable Zn is adsorbed to 

exchangeable positions of clays and organic matter. The use of BCR hinders the assessment of the 

behaviour of the exchangeable Zn, the most available fraction, which is controlled by soil physico-

chemical properties. 
 
 

 
 

Fig. 3. Redundancy analysis (RDA) triplot for each studied metal. BF1, BF2, BF3 and BF4 indicate BCR exchangeable 

and acid soluble, reducible, oxidizable and residual frac- tions, respectively. TF1, TF2, TF3, TF4 and TF5 indicate 

Tessier exchangeable, bound to carbonates, reducible, oxidizable and residual fractions respectively. OC: organic car- 

bon; IC: inorganic carbon; CEC: cation exchange capacity; EC: electrical conductivity. 
 271 

 

Finally, Cd triplot showed that the reducible and bound to carbonate fractions grouped 

together with positive scores in Axis 1 and negative scores in Axis 2, related to total Cu and total 
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Pb soil contents. The residual (BF4, TF5), oxidizable (TF4) and exchange- able (TF1) fractions 

clustered together with positive scores along Axis 2, related to fine materials (clay and fine silt) and 

EC. 

As a general trend, the exchangeable fraction extracted with the Tessier method (TF1), was 

separated in the RDA from the fraction bound to carbonates (TF2) and the exchangeable and acid 

soluble fraction extracted with BCR (BF1). Furthermore, fractions related with metals bound to 

carbonates in Tessier (TF2) and BCR (BF1) procedures clustered together. These results suggest 

that with BCR method, the higher proportion of acid soluble fraction covers up the exchangeable 

fraction behaviour, which is highly affected by soil physicochemical properties. As far as we are 

concerned, this behaviour has not been previously described by other authors. Metals bound to the 

exchangeable fractions are more available for plant uptake, posing a risk of phytotoxicity and 

transfer to the food chain. Better characterization of metal distribution in the labile phases of soils 

is crucial to develop good ecological and health risk assessments. So, this study highlights the need 

of a separately extraction of the exchangeable-bound metals and the carbonate- bound metals to 

specifically address the behaviour of highly available metal contents. 

 

4. Conclusions 

Pseudo-total metal concentrations showed no significant differences among land uses. 

However, significant differences were found for each sequential extraction procedure among land 

uses in several fractions. This suggests that the sequential extraction analysis is a useful tool to 

understand the behaviour of metals in soils affected by different anthropogenic activities. Despite 

the uncertainties associated to different methods described by several authors, Tessier and BCR 

methods provide relevant information that should be considered in environmental and health risk 

studies. Factorial and multivariate analyses pointed out that the pseudo- total concentration of metals 

was the main property controlling the different metal fractions in most land uses, mainly those less 

available. The behaviour of both tested methods was very similar among land uses, and their 

suitability was mainly related to the pseudo-total metal content and the soil texture. Thus, we could 

not establish which method was more effective for each land use. Nevertheless, the exchangeable 

fraction  determined with the Tessier method was strongly related to soil physicochemical 

properties, with different behaviour than the fraction related to carbonates and the exchangeable and 

acid soluble fraction extracted with BCR. Thus, in calcareous soils, the use of BCR method can 

cover up the real behaviour of the exchangeable fraction of metals, which are the immediately 

currently available for living organisms. Hence, we recommend the use the Tessier method instead 
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of the BCR method to sequentially extract metals in calcareous soils. 
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