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Abstract
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This research was carried out to determine the concentration and speciation of some heavy metals in culti-
vated and uncultivated soils of northwestern Turkey. The total of 50 cultivated soil samples (25 Ultisols and 25
Inceptisols) were collected from some major vegetable growing areas developed over granite (Ultisols) and
riverine alluvium (Inceptisols) from Bursa province, Turkey. The Cu, Ni, Pb and Zn were determined by the aqua
regia method. The mean values of total heavy metals for the cultivated Ultisols are Cu (21.2 mg kg-1), Ni (15.1 mg
kg-1), Pb (19.2 mg kg-1) and Zn (59.7 mg kg-1) while those of the cultivated Inceptisols show higher values of Cu
(43.6 mg kg-1), Zn (79.9 mg kg-1) while Pb (13.0 mg kg-1) and Ni (7.7 mg kg-1) in Inceptisols are lower. The
general trend in the Ultisols for Pb and Ni is residual > oxalate >exchangeable>organic. The oxalate extractable
phase is highest followed by the residual phase for Zn and Cu. However, all the metals are highest in the residual
phase for the Inceptisols. Zinc and lead contents in the Ultisols are also positively correlated to pH of the soil.
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Introduction

Metals present in soils can be associated with sev-
eral reactive components. Although total metal con-
centrations may indicate the overall level of metals in
soils, they provide no information regarding the chemi-
cal nature or potential mobility and bioavailability of a
particular element (Vijver et al., 2004; Jin et al., 2005;
Powell et al., 2005). Sequential fractionation is a fre-
quently used approach to evaluate metal distribution
into different chemical forms present in a solid phase.
Conceptually, sequential fractionation categorizes
metals associated with chemically homogeneous frac-
tions that, ultimately, affect metal availability. Although

often criticized due to lack of specificity of extractants
and possible readsorption of metals during extraction
(Beckett, 1989), sequential fractionation can provide
useful information to predict the fate of heavy metal in
the environment. Ideally, sequential extraction proce-
dures selectively extract metals bound by specific soil
fractions with minimal effect on the other soil compo-
nents. In practice, sequential fractionation schemes
have been suggested to identify element distribution
with ‘‘operationally’’ defined soil pools. These chemi-
cal pools range from water soluble to recalcitrant forms
immobilized in mineral lattices. Several single and se-
quential extraction methods have been proposed
(Tessier et al., 1979; Ahnstrom and Parker, 1999;
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Qiao et al., 2003). Fractionation schemes have not
been standardized and the results of different proce-
dures are not always comparable due to the lack of
uniformity in the experiment conditions (i.e., number
of extractions, reagents, shaking time).

Different sequential extraction techniques such as
the five-step procedure of Tessier et al. (1979) are
commonly applied to evaluate both the actual and
potential mobility of metals in the environment. This
extraction scheme allows the division of the total metal
content into five fractions: exchangeable, carbonate
bound iron/manganese oxide bound and residual frac-
tion. The scheme was developed for sediments but
many studies have used these procedures for soils
(Abollino et al., 2002; Lu et al., 2003; Lu et al., 2004).
However, this scheme may not be suitable for soils
which do not contain carbonate. Rauret (1998) also
elaborated that the extractants used for the fraction of
metals bound to carbonates (ie acetic acid and so-
dium acetate) and the iron and manganese oxides (ie.
hydroxylamine in acid solution) were not completely
suitable. Both carbonates and oxides may not be com-
pletely attacked. Shuman (1979) proposed a scheme
to study microelements in acid soils that do not con-
tain carbonates or sulphides. This scheme included
exchangeable, organic matter, Fe oxide, sand, silt and
clay. Another speciation scheme was developed by
the EC Standards, Measurement and Testing
Programme., formerly BCR (Bureau Community of
Reference). This scheme proposed only four fractions:
ie: exchangeable; (acetic acid), reducible (hydroxy-
lamine hydrochloride), oxidisable species (hydrogen
peroxide and nitric acid ) and residual (aqua regia),
(Rauret, 1998). The BCR procedure had been tested
for sediments (Thomas et al., 1994) and soils
(Davidson et al., 1998). In Turkey, studies on heavy
metal concentrations in the common agriculture soils
have only started in the last decade or so and specia-
tion studies are still lacking. An earlier study on the
assessment of contamination of agricultural soils and
crops in northwestern Turkey (Aydinalp, 1996)
showed that some of our soils already contain ob-
served values of Cd and Zn. Ultisols and Inceptisols
were chosen for this study. These soils are all located

in vegetable farms. The main objectives of this study
were to determine the concentration ranges of total
heavy metals (Cu, Pb, Zn and Ni) and the chemical
speciation in four soil phases (i.e exchangeable, amor-
phous Fe oxides, organic matter and residual).

Methods

The soil samples (0-20 cm) were collected using a
stainless steel auger. The bulk samples were air dried,
crushed with mortar and pestle, and sieved to remove
coarse fragments. Soil samples were analysed for pH
(Mclean, 1982), organic carbon (Nelson et al., 1982)
and CEC (Rhoades, 1982). The total heavy metal
concentrations (Cu, Ni, Pb and Zn) were determined
by the aqua regia method (Van Ranst, 1999).

Twenty five soil samples developed over granite
(Ultisols) and riverine alluvium (Inceptisols) were col-
lected from some major vegetable growing areas in
the Bursa province of Turkey. Twenty five soils from
uncultivated areas developed over granite were also
sampled for background values.

 The used sequential extraction procedures are
modified from the schemes developed by Tessier et
al. (1979) and Shuman (1979). The extraction was
modified for soils because of these soils do not con-
tain carbonates and appreciable sulphides and man-
ganese. The first two steps are those from Tessier’s
scheme for exchangeable and organic bound fractions
while the third step for amorphous iron oxides fol-
lowed that of Shuman (1979). Step four is the heavy
metals in the residual fraction using aqua regia instead
of nitric, hydrofluoric and perchloric acid. The extrac-
tions were carried out on 1.0 g of soil and involved
the following steps:

F1: Eight ml of 1 M MgCl2 were added to the
sample and suspension was shaken for 1 h and then
centrifuged (20 min, 4000 rpm).

F2: Six ml of 0.02 M HNO3 and 10 ml of 30%
H2O2 were added to the residue obtained from the
first extraction, and the suspension was shaken for 5h
at the temperature of 85±2 °C. After cooling, 10 ml
of 3.2 M CH3COONH4 were added and shaken for
30 min and centrifuged.
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F3: The soil samples were extracted with 20 ml of
solution 0.2 M ammonium oxalate and 0.2 M oxalic
acid, shaken in the dark for 4 h and centrifuged.

F4: The heavy metals contents in the residual frac-
tions were determined by aqua regia method. Cu, Ni,
Zn and Pb were determined by atomic absorption
spectroscopy (AAS).

Results

Chemical properties and total heavy
metal concentrations
Some selected chemical results of the soil samples

were presented in Table 1.
The soil pH, organic carbon and CEC in the culti-

vated soils are higher than the uncultivated soils. These
values showed that chemical properties have increased
due to the soil amendments such as addition of chicken
dung and liming as seen in Table 3. The zinc values
are the highest in both soil orders, followed by Cu,
Pb and Ni. Comparing these heavy metals between
the cultivated and uncultivated Ultisols using T test,
Cu and Zinc contents have shown significant increase
(p<0.001) in the cultivated soils. The potential source
of these metals may be the chicken dung which is
added in large quantities to the soils for the produc-
tion of vegetables in the study area. The total Cu and
Zn in the Inceptisols showed much higher values than
those in the Ultisols. This may be due to the length of
time that these soils have been used. The farmers in
the Inceptisols area have been operating for more that
30 years while those in the Ultisols have only been
recently developed. In general, all the heavy metal
values are lower than established in an earlier study
by Aydinalp (1996), thus indicating that these soils
are still not considered contaminated. However, Cu

and Zn in the Inceptisols show that they are close to
being in the contaminated zone. Correlation studies
of total heavy metal concentrations and soil chemical
properties show that only total Zn and Pb is positively
correlated to pH, Zn with organic carbon, while Cu is
negatively correlated with CEC (Table 2).

Speciation of Heavy Metals
The mean values of Cu, Pb, Ni and Zn fractions of

soils are presented in Tables 3 and 4. The Cu and Zn
show the highest concentration in the amorphous iron
oxides fraction, while Ni and Pb are highest in the
residual fraction of the cultivated Ultisols. The Cu frac-
tions follow the order: amorphous iron oxides > re-
sidual > organic > exchangeable. For Pb, the order:
residual > amorphous iron oxides > exchangeable >
organic. The Zn fractions follow the order: amorphous
iron oxides > residual > exchangeable > organic. For
Ni fractions follow the order: residual > amorphous
iron oxides > exchangeable > organic. The amounts
of non-residual fractions (F1, F2 and F3) represents
the amounts of active heavy metals while those of the
residual fractions may be considered to be the stable
form and thus not available to plants for a reasonable
period.

In this research, the non-residual fractions of Cu,
Ni, Pb and Zn in the Ultisols average 60.8%, 51.1%,
67.7% and 25.4% which suggests that the mobility
and bioavailability of the four metals are in the order:
Zn > Cu > Pb > Ni.  This trend is not similar in the
cultivated Inceptisols (Table 4). The highest amounts
of all the heavy metals were found to be in the re-
sidual fractions.

This trend was also found by Adamo et al. (2003)
in southern Italy for volcanic soils which was irrigated
for a long time with contaminated river water. More

Concentration and Speciation of Cu, Ni, Pb and Zn in Cultivated and Uncultivated Soils

Cultivated Ultisols 6.04 1.74 179 21.2 15.1 19.2 59.7
Uncultivated Ultisols 5.6 0.7 627 7.2 5.5 17.5 5.5
Cultivated Inceptisols 6.16 2.6 193 43.6 7.7 13 79.9

Table 1
Mean values for total heavy metal concentrations and chemical properties of soils

Soil Type pH O.C, %
C.E.C.

mmol kg-l Cu
Ni, 

mg kg-l
Pb, 

mg kg-l
Zn, 

mg kg-l
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Cu Ni Pb Zn

C.E.C -0.35** ns ns ns
pH ns ns 0.41** 0.27**

Organic Carbon ns ns ns 0.30**

ns. not significant
** significant at the 0.01 probably level

Table 2
Correlation coefficients between total heavy metal contents and chemical 
properties of cultivated Ultisols

mg kg-l

than 50% of Ni, Pb and Zn in these soils were held in
the residual fraction. This trend may be explained by
residence time effect which may reduce metal mobil-
ity and bioavailability due to complexation, adsorp-
tion and precipitation of metal ions in the soil particle
surface. Lu et al. (2004) studied the time effect on the
fractionation of heavy metals in soils and found that
soluble metals added were transformed from easily
extractable fractions to more stable fractions. The non-
residual Cu, Ni, Pb and Zn fractions in the cultivated

Inceptisols average 32.1%, 11.2%, 7.7 % and 9.3
%. This trend suggests that the mobility and
bioavailability of the four metals are in the order Cu>
Pb > Ni > Zn. These soil results indicated the order
of mobility of metals differ in these two types of culti-
vated soils which are both amended with chicken dung
and also the amount in the residual fractions. The Cu
fractionation and extractability in two contaminated
soils found that most of the anthropogenic Cu was
associated with the mobile fractions in Inceptisols af-
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F1
Exchangeable

F2
Organic

F3
Amorphous Fe 

oxides

F4
Residual

Cu 1.1 2.3 56.8 39
Ni 8.8 1.1 15 74.4
Pb 7.7 6.2 36.7 48.7
Zn 2.2 1.1 15 32.1

Table 3
The mean values of Cu, Pb, Zn and Ni fractions expressed as percentage of sum 
of fraction (%) for the cultivated Ultisols

F1
Exchangeable

F2
Organic

F3
Amorphous Fe 

oxides

F4
Residual

Cu 4.7 8.6 18.2 67.7
Ni 1.4 1.7 5.6 90.5
Pb 5.5 2 3.1 88.6
Zn 0.6 2.1 4.4 92.1

Table 4
The mean values of Cu, Pb, Zn and Ni fractions expressed as percentage of sum 
of fraction (%) for the cultivated Inceptisols
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ter six weeks incubation whereas in the Ultisols, the
mobile became dominant only at the higher rate of Cu
amendments by Yu et al. (2004). The chicken dung
types and other soil amendments may also be respon-
sible for these differences. Stacy et al. (2001) studied
the effect of aging biosolids on the availability of cad-
mium and zinc in soil found that the release of both
these metals depended on the biosolid composition.
While two sludges showed no change in plant avail-
able metal pools, the third sludge showed an increase.

Conclusion

Total heavy metal concentrations in cultivated both
soil types fall within the typical range for unpolluted
soils. The modified Tessier’s sequential extraction pro-
cedure showed that all the metals in the Inceptisols
are dominantly in the residual fraction. The general
trend is residual > amorphous iron oxides > exchange-
able > organic for Pb and Ni in the Ultisols. The amor-
phous iron oxide extractable phase is highest followed
by the residual phase for Zn and Cu. The contents of
Pb and Zn in the Ultisols are also positively corre-
lated to the soil pH.

References

Abollino, O., M. Aceto, M. Malandrino, E.
Mentasi, C. Sarzanini and F. Petrella, 2002.
Heavy metals in agricultural soils from Piedmont,
Italy. Distribution, speciation and chemometric data
treatment. Chemosphere, 49: 545-557.

Adamo, P., L. Denaix, F.  Terribile and M.
Zampella, 2003. Characterization of heavy metals
in contaminated volcanic soils of the Solofrana river
valley (southern Italy). Geoderma, 117: 347-366.

Ahnstrom, Z. S. and D. R. Parker, 1999. Develop-
ment and assessment of a sequential extraction pro-
cedure for the fractionation of soil cadmium. Soil
Sci. Soc. Am. J., 63: 1650–1658.

Aydinalp, C., 1996. Characterization of the main soil
types in the Bursa province, Turkey. PhD Thesis,
The University of Aberdeen, Aberdeen, UK.

Beckett, P. H. T., 1989. The use of extractants in

studies on trace metals in soils, sewage sludges,
and sludge-treated soils. Adv. Soil Sci. 9: 143–176.

Davidson, C. M., A. L. Duncan, D. Littlejohn, A.
M. Ure and L. M. Garden, 1998. A critical evalu-
ation of the threestage BCR sequential extraction
procedure to access the potential mobility and tox-
icity of heavy metals in industrially-contaminated
land. Analytica Chimica Acta, 363: 45-55.

Jin, C. W., S. J. Zheng,  Y. F. He,  G. D. Zhou and
Z. X. Zhou, 2005. Lead contamination in tea gar-
den soils and factors affecting its bioavailability.
Chemosphere, 59: 1151–1159.

Lu, Y., Z. Gong,  G. Zhang and B. Wolfgang, 2003.
Concentrations and chemical speciations of Cu, Zn,
Pb and Cr of urban soils in Nanjing. China.
Geoderma, 115: 101-111.

Lu, A., S. Zhang and X. Shan, 2004. Time effect on
the fractionation of heavy metals in soils. Geoderma,
125 (3-4): 225-234.

McLean, E. O., 1982. Soil pH and Lime Require-
ment. In: Methods of Soil Analysis, Part 2;
Chemical and Microbiological Properties, eds.
A.L. Page, R.H. Miller, and D.R. Keeney, Madi-
son, Wisconsin: 2nd ed. American Society of
Agronomy, pp. 199-224.

Nelson, D. W., and L. E. Sommers, 1982. Total Car-
bon, Organic Carbon, and Organic Matter. In:
Methods of Soil Analysis, Part 2; Chemical and
Microbiological Properties, eds.A.L. Page, R.H.
Miller, and D.R. Keeney, Madison, Wisconsin: 2nd

ed. American Society of Agronomy, pp. 583-580.
Powell, K. J., P. L. Brown, R. H. Byrne, T. Gajda,

G. Hefter, S. Sjoberg and H. Wanner, 2005.
Chemical speciation of environmentally significant
heavy metals with inorganic ligands. Part1: The
H g

2+, Cl-, OH-, CO3
-2, SO4

-2, and PO4
-3 aqueous sys-

tems. Pure Appl. Chem., 77: 739–800.
Rauret, G., 1998. Extraction procedures for the de-

termination of heavy metals in contaminated soil
and sediment. Talanta, 46: 449-455.

Rhoades, J. D., 1982. Cation exchange capacity. In:
Methods of Soil Analysis, Part 2; Chemical and
Microbiological Properties, eds. A.L. Page,
R.H.Miller, and D.R. Keeney, Madison, Wiscon-

Concentration and Speciation of Cu, Ni, Pb and Zn in Cultivated and Uncultivated Soils



134

sin: 2nd ed. American Society of Agronomy, pp. 149-
158.

Shuman, L. M., 1979. Zinc, manganese and copper
in soil fractions. Soil Sci., 127: 10-17.

Stacey, S., G. Merrington and M. J. Mclaughlin,
2001. The effect of aging biosolids on the availabil-
ity of cadmiun and zinc in soil. European Journal
of Soil Science, 52: 313-321.

Tessier, A., P. Campbell and M. Bisson, 1979.
Sequential Extraction procedure for the speciation
of particulate trace metals. Analytical Chemistry,
51: 844-851.

Thomas, R. P., A. M. Ure, C. M. Davidson and
D. Littlejohn, 1994. Three –stage sequential ex-
traction procedure for the determination of metals
in river sediments. Analytica Chimica Acta, 286:
423-429.

Qiao, X. L., Y. M. Luo, P. Christie and M. H.
Wong, 2003. Chemical speciation and extractabil-
ity of Zn, Cu and Cd in two contrasting biosolids-
amended clay soils. Chemosphere, 50: 823–929.

Van Ranst, E., M. Verloo, A. Demeyer and J. M.
Pauwels, 1999. Analytical methods for soils and
plants. Equipment and management of
consumables. Univ. Gent, p. 243.

Vijver, M. G., C. A. M. Van Gestel, R. P. Lanno,
N. M. Van Straalen and W. J. G. M. Peijnen-
burg, 2004. Internal metal sequestration and its
ecolotoxicological relevance: a review. Environ. Sci.
Technol., 38: 4705–4712.

Yu, S., Z. L. He, C. Y. Huang, G. C. Chen and D.
V. Calvert, 2004. Copper fractionation and extract-
ability in two contaminated variable charge soils.
Geoderma, 123: 163-175.

Received November, 27, 2008; accepted for printing February, 23, 2009.

C. Aydinalp


