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O procedimento de extração em três etapas sequenciais recomendado pelo Programa de Normas 
Europeias de Medições e Ensaios (SM&T), anteriormente nomeado por Gabinete Comunitário de 
Referência (BCR), foi aplicado para a especiação química de metais pesados ​​(Cu, Pb, Cr e Zn) em 
sedimentos provenientes de diferentes regiões urbanizadas da Cidade de Uberlândia (MG, Brasil). 
Para obter o balanço de massa, uma quarta etapa, ou seja, a digestão do resíduo foi realizada 
através do processo de digestão assistida por micro-ondas em meio ácido. Maiores concentrações 
dos elementos metálicos foram encontradas em pontos de amostragem que recebem descarga de 
uma área urbana e uma zona industrial. Todos os metais, exceto Zn, estavam presentes em maiores 
concentrações nas frações residuais (fortemente associados com as estruturas cristalinas dos 
minerais), indicando que Cu, Pb e Cr foram menos móveis e potencialmente menos biodisponíveis 
nesses sedimentos. Em sedimentos de zonas de descargas industriais e urbanas, a sequência de 
mobilidade dos metais estudados foi Pb > Zn > Cu > Cr. Maiores concentrações de Pb foram 
encontradas nas frações residuais no ponto de amostragem localizado no afluente que drena a 
zona industrial (102 mg kg-1), indicando que este elemento metálico foi fortemente ligado aos 
sedimentos. Portanto, sob os pontos de vista toxicológico e ambiental, o Pb não causa impacto ao 
meio ambiente e consequentemente à saúde humana. A soma das quatro frações (solúvel em ácido, 
redutível, oxidável e residual) apresentou boa concordância com o teor total, o que comprova a 
exatidão do procedimento de extração por micro-ondas em conjunto com o método analítico FAAS.

A three-step sequential extraction procedure recommended by the European Standards, 
Measurements and Testing (SM&T) Program, formerly the Community Bureau of Reference 
(BCR), was applied to the chemical speciation of heavy metals (Cu, Pb, Cr and Zn) in sediments 
from different populated zones of Uberlândia City (MG State, Brazil). To obtain a mass balance, 
a fourth step, i.e., digestion and analysis of the residue, was performed using a microwave-assisted 
acid digestion procedure. The highest metallic elements concentrations were observed at one of 
the sampling points which receive discharge from an urban area and an industrial zone. All metals, 
except Zn, were present at higher concentrations in the residual fractions (strongly associated 
with the crystalline structures of the minerals) indicating that Cu, Pb and Cr were less mobile and 
potentially less bioavailable in these sediments. In sediments from industrial and urban discharge 
zones the mobility sequence of the heavy metals studied was Pb > Zn > Cu > Cr. The highest Pb 
concentrations were found in the residual fractions at the sampling point located in the tributary 
stream that drains the industrial district (102 mg kg-1), indicating that this metallic element was 
strongly bound to the sediments. Therefore, under the contamination and toxicological point of 
view, Pb has no impact to the environment and consequently to the human health. The sum of the 
four fractions (acid-soluble + reducible + oxidizable + residual) was in good agreement with the 
total content, which verifies the accuracy of the microwave extraction procedure in conjunction 
with the FAAS analytical method.
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Introduction

The contamination of sediments, soils and biota by 
heavy metals is of major concern especially in many 
industrialized countries due to the persistent and non-
biodegradable properties of these contaminants. 

Sediments are the main repository and source of heavy 
metals in the environment and play an important role in the 
transport and storage of potentially hazardous metals.1,2 

The total metal content in polluted environmental 
samples is a poor indicator of the bioavailability, mobility 
or toxicity of the metals. These proprieties are basically 
dependent on the different chemical forms of binding 
between the metals and solid phases of the sample. Metal 
ions in sediments are partitioned between the different 
phases, i.e., organic matter; oxyhydroxides of iron, 
aluminum and manganese; silicate minerals; carbonates 
and sulfites.3 Although the separation of various chemical 
forms of heavy metals is very difficult, the use of sequential 
extraction methods does provide important information.4 

Sequential extraction procedures have been widely used 
for determining specific chemical forms of heavy metals in 
a range of environmental media, including sediments and 
waste materials.5-8 The number of steps in these extractions 
varies from three to six and the extraction procedures 
adopted can show different results.9-12 However, since the 
extraction sequences and operating conditions involved in 
these procedures differ, it is difficult to compare the data 
obtained with these methods. 

In response to this situation, the European Community 
Bureau of Reference established a BCR three-step 
sequential extraction program aimed at standardizing the 
sequential extraction procedure for trace metal speciation 
in sediments.9 The principle of this procedure is based 
on the selective extraction of heavy metals in different 
physicochemical fractions of a material using specific 
solvents. The extractants commonly used in BCR sequential 
extraction schemes fall, generally, within the following 
groups: acetic acid (step 1), reducing agents (step 2) 
oxidizing agents (step 3).13 According to this procedure, the 
first extractable fraction is the exchangeable, the second the 
reducible and the third the oxidizable fraction.14-16 

Several studies in Brazil have highlighted serious 
problems of sediment contamination and the high 
potential bioavailability of metals in reservoirs and river 
segments downstream from urban centers.17-20 These results 
provide useful information regarding the origin, mode of 
occurrence, bioavailability, potential mobility and transport 
of elements in the natural environmental. 

The aim of this study was to evaluate the concentrations 
of Cu, Pb, Cr and Zn in recent sediments deposited in 

some stretches of the Uberabinha River (Uberlândia, MG, 
Brazil) in order to understand the effects of anthropogenic 
activities and the risks to the environment and human 
health. The sediments collected from five points along the 
Uberabinha River were analyzed using a BCR sequential 
extraction procedure. The proposed method was validated 
against the microwave-assisted acid digestion procedure 
using flame atomic absorption spectrometry (FAAS) for 
the quantitative determination of total and extracted metals. 

Experimental 

Reagents

Deionized water (resistivity 18.2 MΩ cm) obtained 
from a Gehaka Master System (São Paulo, Brazil) was 
used throughout. Ultra-pure HNO3 (Fluka), H2O2 (Vetec), 
HCl (Vetec), ammonium acetate (Vetec) and analytical 
grade acetic acid (Synth), hydroxylamine hydrochloride 
(Vetec) were used as the sequential extraction reagents in 
conjunction with microwave-assisted acid digestion. 

Apparatus

A Varian SpetrAA-220 flame atomic absorption 
spectrometer (FAAS) was used for the determination of 
heavy metals in the sequential extracts. The instrument 
parameters for metal analysis were as recommended by 
the manufacturer. Sediment extractions were conducted 
using a mechanical shaker (Model Tecnal TE141, Brazil) 
at 30  ±  10  rpm for 16 h. A centrifuge (Model Gemmy 
PLC-03, Taiwan) was used to obtain the supernatant 
extracts at 3000  rpm for 20 min. A microwave unit 
(Model Provecto DGT‑100, Brazil) was used for the 
total digestion of sediment samples. All ‘labware’ was 
made of polypropylene, high density polyethylene or 
polytetrafluoroethylene which had been prepared for use 
by pre-washing in laboratory-grade detergent, rinsing with 
deionized water, and soaking in 2% HNO3 (overnight), 
followed by thorough rinsing with deionized water.

Study area

Sediment samples were collected from five sites in 
Uberlândia City: (P1) one of the water reservoirs for public 
supply (Sucupira Reservoir); (P2) a densely urbanized 
area near a domestic wastewater discharge point; (P3) 
a point located on a tributary stream that drains the 
industrial district around 25 m before the confluence with 
the Uberabinha River; (P4) the confluence of the tributary 
known as the “Córrego Liso” with the Uberabinha River; 
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and (P5) a point downstream on the Uberabinha River 
(see Figure S1). Uberlândia is an important city in Minas 
Gerais State (Brazil) localized at 19o0’S and 48o20’W. 
The Uberabinha River crosses the metropolitan area of 
Uberlandia, which has a population of nearly 700 thousand 
people, and receives considerable loads of industrial and 
domestic wastes. The choice of sampling sediments in these 
regions is due to the fact that the predominant activities 
are agricultural, with the intensive use of fertilizers and 
pesticides, mining, the urban and industrial areas of 
Uberlândia, and finally the presence of dams and reservoirs 
to generation energy.

Sample collection and preparation

Triplicate sediment samples were collected from the 
near surface layer (10-15 cm) along the river, close to the 
flood plains. The sediments were collected using a grab 
sampler and sub-sampled with a plastic spoon. Samples 
were stored in polyethylene bags and kept in a freezer at 
-10 °C prior to processing and analysis. In the laboratory, 
samples were defrosted and air-dried at 30 ± 2 °C and then 
ground with a pestle and mortar and sieved (< 63 µm). 
The < 63 µm fraction was used for analysis in this study 
due to the strong association of metals with fine-grained 
sediments.21 The moisture content of the dried sample was 
calculated by heating a portion of sediment in an oven at 
105 ± 2 °C to constant weight. Sediment data in this study 
are reported on a dry weight basis.

Sequential extraction method

Step 1 (acid-soluble fraction - bound to carbonates)
For each sample, three 1.0 g dry sediment replicates 

were placed into 60 mL polypropylene centrifuge tubes. 
Forty milliliters of 0.11 mol L-1 acetic acid was added to the 
tube which was then shaken for 16 h at room temperature 
of (25 ± 5 °C) at a speed of 30 ± 10 rpm. The extract 
was separated from the solid phase by centrifugation at 
3000 rpm for 20 min. The supernatant liquid was decanted 
into a 60 mL polypropylene centrifuge tube and stored in 
a refrigerator at 4 °C prior to analysis. The residue was 
washed with 10 mL of deionized water and shaken again 
for 15 min and then centrifuged for 20 min at 3000 rpm. 
The supernatant was decanted and removed carefully to 
avoid loss of the solid residue.

Step 2 (reducible fraction - bound to Fe and Mn oxides)
Forty milliliters of 0.1 mol L-1 hydroxylamine 

hydrochloride (adjusted to pH of around 2.0 by adding of 
2 mol L-1 HNO3) was added to the residue from step 1 in 

the centrifuge tube. Again, the tube was shaken for 16 h at 
25 ± 5 °C at a speed of 30 ± 10 rpm. The extract was separated 
from the solid phase by centrifugation and decantation as 
described for step 1 and stored at 4 °C. The solid residue was 
washed as in step 1 before proceeding to step 3.

Step 3 (oxidizable fraction - bound to organic matter and 
sulfides)

Ten milliliters of 8.8 mol L-1 H2O2 (pH of 2-3) was added 
carefully, in small aliquots, to the residue from step 3 in the 
centrifuge tube. The tube was covered loosely and digested 
at room temperature for 1 h with occasional shaking. The 
sample in the tube was then continuously digested for 
1 h at 85 ± 2 °C in a water bath with occasional shaking 
for the first 30 min, and the volume was then reduced to 
around 2‑3 mL by further heating of the uncovered tube. 
After cooling, 50 mL of 1.0 mol L-1 ammonium acetate 
(adjusted to pH 2 by adding of concentrated HNO3) was 
added to the residue and the tube was shaken for 16 h at 
room temperature. The extract was separated from the solid 
phase as described above and stored at 4 °C.

Step 4 (residual fraction - strongly associated with the 
crystalline structures of the minerals)

The residue from Step 3 was digested in a mixture (1:2) 
of concentrated HCl and HNO3. Samples were heated in 
the microwave unit. The program was 400 watts (5 min), 
660 watts (10 min), 400 watts (5 min) and 0 watts (10 min). 
After cooling, the digests were centrifuged at 3000 rpm  
for 10  min to clarify the supernatant which was then 
analyzed by FAAS using a Varian SpectrAA-220. Also, 
the samples were directly digested using the microwave-
assisted acid digestion procedure in order to quantify the 
total metal contents.

Microwave-assisted acid digestion procedure

Three replicates of 1.0 g of samples were analyzed by 
digestion with a mixture of acid (3 mL concentrated HCl 
and 7 mL concentrated HNO3). Samples were heated in 
the microwave unit. The program was as described above. 
After cooling, the digests were centrifuged at 3000 rpm for 
10 min to clarify the supernatant which was then analyzed 
by FAAS. 

Results and Discussion

Physico-chemical studies 

The aim of this study was to evaluate the concentrations 
of Cu, Pb, Cr and Zn in recent sediments deposited in some 
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stretches of the Uberabinha River. So, the physico-chemical 
parameters (i.e., organic matter, organic carbon, aluminum, 
phosphate, silica, etc) of sediment samples were performed 
by previous published studies.23 These studies showed that 
the sediment samples are compatible with the source areas, 
consisting of the lateritic soils (Oxisols and Ultisols). The 
experimental results indicated values from 69.4-77.8%; 
4.9‑0.9%; 3.5-10.4% for SiO2, Al2O3 and Fe2O3, respectively. 
The total carbon in these samples ranged from 1.4 to 1.5%. 
The pH values for each batch were determined, using a ratio 
of 1:2.5 (sediment and ultrapure water). The pH values were 
observed to be in the range of 6.2-7.5. 

Validation of the method

In order to verify the accuracy of the sequential 
extraction method, the results for the sum of the four 
extraction steps of the BCR method, including the residual 
phase, were compared with those obtained for the total 
extraction using the microwave-assisted acid digestion 
procedure. The sum of the extractable contents and 
percentage recoveries in relation to the content found in 
the microwave digests are presented in Table 1. Recoveries 
were good, averaging 92-104%, indicating that the sum of 
the values for the four fractions is in agreement with the 
total metal contents in all cases. 

Total metal content

The total contents of Cu, Pb, Cr and Zn in the sediment 
samples are summarized in Table 1. Mean contents of Cu, 
Cr and Zn in the samples were within the normal range 
and likely to be controlled by the National Council on 
the Environment (CONAMA 344/04).24 This legislation 
establishes limit concentration values for metals in dredged 
materials that may cause adverse effects to the aquatic 
biota and to humans. The TEL (threshold effect level) 
represents the concentration below which adverse effects 
to organisms are rarely expected. The higher limit - PEL 
(probable effect level) - represents the concentration above 
which the potential for adverse effects on organisms and the 
environment are often cited. In the range between TEL and 
PEL values are occasionally found where such effects are 
expected. Table 2 shows the guideline values established by 
CONAMA 344/04 for the metals Cr, Cu, Pb and Zn. The 
Pb content was higher than the established limit and may 
be originated from an anthropogenic source. 

There were apparent differences between the five 
sampling sites in terms of the total metal contents, where the 
concentrations of all metals, except for Pb, in the sediments 
from P2 and P5 were greater than those from P1, P3 and P4. 

Anthropogenic discharges may explain the elevated levels 
of heavy metals in sediments from P2 and P5. Moreover, 
the water flows in the regions close to the city which result 
in the accumulation of pollutants, especially heavy metals, 
in sediments may account for the higher levels present in 
sediments from P5. Metal concentrations decreased in the 
order Pb > Zn > Cr > Cu in the densely urbanized area close 
to the point of domestic wastewater release. Among the 
heavy metals determined in the sediments, Pb was present 
at the highest concentration for all sampling sites. 

Metal speciation

The sequential extraction procedure allowed 
determination of the distribution of the trace metals between 
the different geochemical fractions, reflecting the relative 
proportions of each metal transported by different chemical 
mechanisms. The acid soluble fraction shows the amount of 

Table 1. Comparative results for the BCR sequential extraction and total 
acid microwave (MW) digestion of the sediment samples

Metal Sampling points BCR / (mg kg-1) MW / (mg kg-1) %

Cu P1
P2
P3
P4
P5

43.60 ± 1.47
42.06 ± 2.08
25.74 ± 1.00
27.65 ± 1.23
64.85 ± 0.85

44.99 ± 0.92
43.69 ± 3.35
26.51 ± 2.32
28.39 ± 3.84
65.45 ± 4.43

97
97
97
96
99

Pb P1
P2
P3
P4
P5

166.01 ± 5.07
177.33 ± 3.22
175.42 ± 2.77
177.49 ± 3.21
132.87 ± 3.64

169.86 ± 2.52
182.80 ± 0.55
175.65 ± 4.24
181.47 ± 0.27
133.27 ± 3.11

98
97
100
98
99

Cr P1
P2
P3
P4
P5

29.33 ± 2.85
43.64 ± 1.46
34.43 ± 1.46
13.55 ± 2.09
64.33 ± 3.06

29.42 ± 6.09
45.50 ± 2.50
35.65 ± 1.99
14.14 ± 4.25
65.63 ± 2.11

99
96
96
96
98

Zn P1
P2
P3
P4
P5

24.48 ± 0.37
101.11 ± 4.05
36.97 ± 2.12
39.40 ± 0.78
59.97 ± 0.67

24.58 ± 3.14
96.69 ± 5.24
37.78 ± 0.80
40.15 ± 1.00
64.99 ± 3.39

99
104
98
98
92

Table 2. Reference values established by CONAMA for dredged materialsa 

Metal Conc. / (mg kg-1)

TEL* PEL**

Pb 35 91.3

Cu 35.7 197

Cr 37.3 90

Zn 123 315

aResolution 344/04; *TEL: threshold effect level; **PEL (probably 
effect level).
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each element that would be released into the environment 
if conditions became more acidic. It is the fraction with the 
most labile bonding to the sediment and, therefore, presents 
the greatest environmental risk. The reducible fraction 
theoretically represents the content of each metal bound 
to iron and manganese oxides that would be released if the 
sediment were subjected to more reducing conditions. The 
oxidizable fraction reflects the amount of metal bound to 
the organic matter and sulfides, which would be released if 
conditions became oxidizing. The residual fraction contains 
the metals with the strongest association with the crystalline 
structures of the minerals, and which are therefore the most 
difficult to separate from the sediments.

The extractable contents of Cu, Pb, Cr and Zn, and the 
extracted amounts of these metals with respect to the sum 
of the four fractions in the sediments from each extraction 
step are shown in Figures 1, 2, 3 and 4, respectively. All 
metals except for Zn were present at higher amounts in the 
residual fractions (strongly associated to the crystalline 

structures of the minerals) indicating that Cu, Pb and Cr 
were less mobile and potentially less bioavailable in these 
sediments. These results are consistent with the findings 
for river and lagoon sediments of Rio de Janeiro (Brazil) 
where Zn was the metal of greatest concern with respect 
to the system pollution.18

The nonresidual fractions (acid-soluble + reducible + 
oxidizable) of Cu and Zn in the sediments were greatest in 
P2 (30 mg kg-1 for Cu and 92 mg kg-1 for Zn), i.e., an area 
receiving domestic wastes. These results indicate that heavy 
metals in sediments close to points of domestic wastewater 
discharge are potentially more available for exchange and/
or release into the environment relative to those from other 
sites studied. The mobility of the heavy metals studied 
decreased in the order Pb > Zn > Cr > Cu. 

The dominant proportion of Pb was found in the 
oxidizable fraction (50 mg kg-1) in the sediment from the 
confluence point of the tributary “Córrego Liso” with the 
Uberabinha River, probably due to the higher content of 

Figure 1. Distribution of Cu in fractions obtained through sequential 
extraction. FR1: Fraction 1 (acid extractable), FR2: Fraction 2 (reducible), 
FR3: Fraction 3 (oxidizable), R: Residual. 

Figure 2. Distribution of Pb in fractions obtained through sequential 
extraction. FR1: Fraction 1 (acid extractable), FR2: Fraction 2 (reducible), 
FR3: Fraction 3 (oxidizable), R: Residual. 

Figure 3. Distribution of Cr in fractions obtained through sequential 
extraction. FR1: Fraction 1 (acid extractable), FR2: Fraction 2 (reducible), 
FR3: Fraction 3 (oxidizable), R: Residual.

Figure 4. Distribution of Zn in fractions obtained through sequential 
extraction. FR1: Fraction 1 (acid extractable), FR2: Fraction 2 (reducible), 
FR3: Fraction 3 (oxidizable), R: Residual.
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organic matter and sulfides which are substances that can 
be easily oxidized. In contrast, at the point located on the 
tributary stream that drains the industrial district (P3), 
the highest concentration (102 mg kg-1) was found in the 
residual fraction, the most chemically recalcitrant and least 
bioavailable in the sediments.

Chromium was mainly bound to organic matter 
and sulfides, particularly in sediments from the point 
downstream on the Uberabinha River, where the highest 
percentage was found in the oxidizable fraction. The high 
stability constant of organic Cr compounds results in stable 
complex formation between Cr and organic matter.22 These 
results are consistent with the findings from sediments of 
the Tietê-Pinheiros river system in São Paulo state where 
the metals are associated to a large degree with reactive 
forms such as sulfides and carbonates, or adsorbed to 
amorphous oxyhydroxides of Fe and Mn.17

The highest amount of Cu was found in the residual 
fractions of the sample collected from the downstream point 
on the Uberabinha River (42 mg kg-1) indicating that this 
metal was strongly associated with the crystalline structures 
of the sediments. 

The distribution of the metals indicated the recent 
pollution by Pb for samples from the Sucupira reservoir. In 
the samples, the heavy metals are mainly associated with 
the residual fraction, suggesting that their concentrations 
are controlled significantly by transport processes with fine 
particles acting as carriers from diffuse pollution sources. 

Conclusions

The BCR sequential extraction procedure was applied to 
sediments from five locations in the city of Uberlândia, MG 
State, Brazil, in order to evaluate the potential mobility and 
transfer of heavy metals from sediments to the surrounding 
environment. Moreover, in order to identify the storage of 
heavy metals in sediments, the total metal contents were 
determined. This represents the first study of its kind in 
Uberlândia. The study indicates that sediments in an area 
receiving domestic wastewater are more contaminated with 
heavy metals than those in an industrial area. However, 
since sediments can act as a reservoir for heavy metals, their 
potential risk to the environment must be considered. The 
results obtained in this study clearly show that urbanization 
and agriculture have a major influence on transport and 
accumulation of potentially toxic substances in sediments 
of Uberabinha River. Therefore, due to diffuse sources is 
very difficult to identify the source areas, to control and 
mitigate the effects of pollution. 

Based on the analytical data obtained from the BCR 
sequential extraction procedure, it can be concluded that 

all metals determined are mobile and bioavailable. With a 
change in the prevailing environmental conditions (e.g., 
pH, redox potential, etc) heavy metal transfer from the 
sediments to the water column can be expected to occur 
more readily in sediments from domestic wastewater than 
in industrial areas. Among the elements analyzed, Zn had 
the highest mobility while Cr was the least labile. 

The applications of sequential extraction methods 
to environmental samples provide relevant information 
about possible toxicity when they are discharged into the 
environment. Understanding of the mobility of potential toxic 
elements and how they might transfer under human induced 
conditions are essential for developing the future remediation 
plans and pollution control in surface sediments, in particular 
from the considered Uberabinha River.

Supplementary Information

Supplementary data are available free of charge at  
http://jbcs.sbq.org.br as PDF file.
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Figure S1. The figure shows location of sampling sites in Uberabinha River: Sucupira reservoir (1), close to domestic wastewater discharge point (2), 
industrial area (3), confluence point (4), Uberabinha River downstream (5).  Sample collection point, — stream, ----- limit of Uberabinha River watershed, 
·−·−· urban perimeter of Uberlândia. Source:  LACAR/IG/UFU/2008.


