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HEAVY METAL FRACTIONS IN SOILS FERTILIZED
WITH SEWAGE SLUDGE

The influence of fertilization with municipal sewage sludge on Zn, Cr, Ni, Pb, and Cu content in
exchangeable, reducible, oxidizable, and residual fractions (separated by means of the method rec-
ommended by the European Community’s Bureau of References (BCR)) and their distribution in the
profiles of four soil types (Stagnic Luvisols and Cambic Arenosols) that were agriculturally utilized
was evaluated. The most metals were found in residual fraction (F4), while the fewest – in exchange-
able fraction (F1). The sequential analysis revealed that sewage sludge introduced into the soil in-
creased heavy metal content in exchangeable fraction (F1), reducible fraction associated with Fe and
Mn oxides (F2), and oxidizable organic fraction (F3), whereas their content in residual fraction (F4)
decreased.

1. INTRODUCTION

Municipal sewage sludge introduced into the soil may result in imbalance in geo-
chemical circulation of heavy metals, particularly in the rate of their release from
waste materials and their transport to the soil solution [1]–[3]. The ecological and
fertilizing influence of sewage sludge on the soil is closely associated with heavy
metal forms (fractions) in which they occur. The methods of sequential extraction
make it possible to identify these bindings and to estimate qualitatively their avail-
ability and potential toxicity for biotic elements of the food chain [1], [4]–[7]. The
aim of present research was to evaluate the effects of fertilization with municipal
sewage sludge on the amount and distribution of zinc, chromium, nickel, lead, and
copper fractions in agriculturally utilized soils.
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2. MATERIALS AND METHODS

Our test were carried out on Stagnic Luvisols (2 profiles) and Cambic Arenosols
(2 profiles), the arable land localized in the South-Podlasie Lowland. Within a given
sub-type, the above soils formed pairs: fertilized (a year after fertilization at the rate
of 15 t d.m. . ha–1) and not fertilized with sewage sludge from mechanical-biological
municipal purification plant. In the soil samples taken from a particular genetic soil
horizon and air dried, the following properties of the soils were determined: granu-
lometric composition, pH in 1 mol KCl . dm–3, cation exchangeable capacity (CEC),
organic carbon (Corg) by the methods commonly applied in soil-science laboratories.
The total content of Zn, Cr, Ni, Pb, and Cu were assessed by ICP-AES method after
soil mineralization in the mixture of concentrated HCl and HNO3 (3:1) in a micro-
wave system. The fractions of heavy metals were determined by the sequential ex-
traction procedure recommended by The European Community’s Bureau of Refer-
ences (BCR) [8], in which four fractions were separated: F1 – exchangeable, readily
soluble in acid medium (0.11 mol CH3COOH·dm–3, pH 3); F2 – reducible associated
with Fe and Mn oxides (0.5 mol NH2OH-HCl·dm –3, pH 2); F3 – oxidizable, associ-
ated with organic matter and sulfides (8.8 mol H2O2 . dm–3 plus 1 mol
CH3COONH4·dm–3, pH 2); F4 – residual, calculated as a difference between the total
content of a particular heavy metal and the total of: F1, F2, and F3. The content of Zn,
Cr, Ni, Pb, and Cu in particular fractions was determined with ICP-AES method.

3. RESULTS AND DISCUSSION

The Stagnic Luvisols and Cambic Arenosols were characterized by varied physi-
cal, physicochemical and chemical properties (table 1). Soil fertilization with sewage
sludge increased pH, sorption capacity (CEC), and organic carbon content (Corg), es-
pecially in the surface layers of the soils studied. The values of pH, CEC, and Corg
along with total lead and zinc content were recorded to be higher in the sandy levels
of Cambic Arenosols than in the upper level of the Stagnic Luvisol profile developed
from sandy silt. Regardless of the sub-type, the soils contained slightly higher mean
amounts of heavy metals after being fertilized with sewage sludge, which can be pre-
sented as the following descending order: Zn > Cr > Ni > Pb > Cu, amounting respec-
tively to (mg . kg–1): 13.3; 7.87; 6.68; 5.02, and 4.70 (Stagnic Luvisols fertilized with
sewage sludge); 12.8; 6.98; 6.36; 4.39, and 2.96 (Stagnic Luvisols not fertilized with
sewage sludge); 17.3; 6.60; 6.50; 6.29, and 2.71 (Cambic Arenosols fertilized with
sewage sludge); and 16.7; 5.66; 5.42; 5.32, and 2.50 (Cambic Arenosols not fertilized
with sewage sludge). Other authors [1], [3], [7], [9], [10] reported similar dependen-
cies in the soils fertilized with sewage sludge. The enrichment of surface genetic lev-
els with heavy metals did not cause any exceeding their permissible values in agri-
culturally utilized soils [11].
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* – According to Polish Standard: PN-R-04033.

** CEC – Cation Exchangeable Capacity in mmol(+). Kg–1.

The chemical soil analysis revealed differentiated content of zinc, chromium, nickel,
lead, and copper in four separated fractions of the soils (table 2). The fewest metals were
separated in exchangeable fraction (F1): 0.75–12.2% (fertilized soils) and 0.37–8.68% (not
fertilized soils), the excess of which may be toxic to plant and animal organisms. The largest
amounts of metals were recorded in residual fraction (F4): 35.07–76.60% (fertilized soils)
and 48.32–84.34% (not fertilized soils). This confirmed the dominating role of stable min-
eral compounds in trace elements’ circulation within the soil environment [4], [5]. Mean
per cent (table 2) of separated Zn, Cr, Ni, Pb, and Cu fractions in Cambic Arenosols as
well as Cr and Cu fractions in Stagnic Luvisols can be arranged according to the following
descending order: F4 > F3 > F2 > F1 (fertilized and not fertilized), while the proportion of
the four fractions of Zn, Ni, and Pb in Stagnic Luvisols (fertilized and not fertilized) can be
presented as follows: F4 > F2 > F3 > F1. BRAZAUSKIENE et al. [4] and ŁUKOWSKI [10] found
a similar sequence for sewage-fertilized soil developed from loamy deposits.



T
ab

le
 2

Pe
rc

en
ta

ge
 c

on
tri

bu
tio

n 
of

 z
in

c,
 c

hr
om

iu
m

, n
ic

ke
l, 

le
ad

 a
nd

 c
op

pe
r f

ra
ct

io
ns

 to
 so

ils
 in

ve
st

ig
at

ed

Zn
C

r
N

i
Pb

C
u

So
il

G
en

et
ic

ho
riz

on
D

ep
th

(c
m

)
F1

F2
F3

F4
F1

F2
F3

F4
F1

F2
F3

F4
F1

F2
F3

F4
F1

F2
F3

F4
Stagnic

Luvisol 1)
A

Ee
t

Ee
t

Ee
tB

t
B

t1
B

t2 C

0–
22

22
–4

5
45

–6
2

62
–7

0
70

–1
15

11
5–

15
0

6.
26

5.
93

4.
62

2.
71

1.
36

1.
22

30
.9

5
32

.0
0

33
.4

2
33

.9
8

35
.4

1
35

.5
4

31
.2

16
.1

7
11

.2
9.

22
5.

65
5.

32

31
.5

9
45

.9
50

.7
7

54
.0

9
57

.5
7

57
.9

1

3.
51

3.
25

3.
21

1.
27

0.
84

0.
68

15
.1

7
14

.1
2

11
.9

4
6.

89
6.

25
6.

19

33
.1

9
18

.6
1

8.
49

4.
85

3.
81

3.
78

48
.1

4
64

.0
1

76
.3

6
86

.9
9

89
.1

0
89

.3
4

3.
97

2.
45

1.
65

1.
61

0.
67

0.
55

9.
48

10
.6

3
10

.2
6

10
.7

4
12

.1
9

12
.8

4

26
.4

8
10

.1
8

9.
92

6.
05

4.
65

4.
05

60
.0

7
76

.7
3

78
.1

7
81

.6
82

.4
9

82
.5

5

1.
37

0.
87

0.
78

0.
73

0.
38

0.
34

24
.7

3
25

.7
4

27
.0

2
31

.2
7

34
.3

2
35

.0
2

56
.7

4
36

.4
1

25
.8

7
20

.9
6

14
.7

8
13

.7
5

17
.1

6
36

.2
8

46
.3

2
47

.0
4

50
.5

2
50

.8
9

6.
87

6.
54

4.
50

3.
10

0.
96

0.
91

16
.9

4
14

.6
2

13
.0

8
8.

99
7.

77
7.

06

53
.3

6
24

.3
8

18
.2

1
10

.4
7

9.
84

9.
68

22
.8

2
54

.4
6

64
.2

1
77

.4
4

81
.4

2
82

.3
4

A
ve

ra
ge

3.
68

33
.5

5
13

.1
49

.6
4

2.
13

10
.1

12
.1

75
.6

6
1.

82
11

.5
10

.1
76

.6
0.

75
29

.6
8

28
.0

9
41

.3
7

3.
81

11
.4

20
.9

9
63

.7
8

Stagnic
Luvisol 2)

A
Ee

t
Ee

t
Ee

tB
t

B
t1

B
t2 C

0–
27

27
–5

2
52

–7
5

73
–8

0
80

–1
20

12
0–

15
0

4.
87

3.
27

2.
82

2.
52

0.
91

0.
87

19
.5

8
28

.0
30

.0
32

.3
6

34
.6

7
35

.5
6

20
.5

2
11

.8
5

9.
35

6.
91

3.
93

3.
03

55
.0

3
56

.8
9

57
.8

3
58

.2
1

60
.4

9
60

.5
3

2.
60

1.
94

1.
86

1.
17

0.
49

0.
47

9.
05

8.
81

7.
93

6.
20

5.
43

5.
10

18
.5

1
10

.6
5

6.
47

3.
50

1.
92

1.
83

69
.8

4
78

.5
9

83
.7

4
89

.1
3

92
.1

6
92

.5
9

2.
82

1.
92

1.
70

1.
00

0.
54

0.
49

8.
29

9.
32

9.
80

10
.9

6
12

.0
7

12
.5

4

19
.2

7
9.

39
7.

55
5.

59
3.

91
3.

46

69
.6

2
79

.3
6

80
.9

6
82

.4
6

83
.4

8
83

.5
1

0.
96

0.
44

0.
29

0.
23

0.
13

0.
14

23
.1

8
24

.6
4

25
.6

7
31

.5
3

34
.9

2
35

.3
8

39
.0

4
30

.3
4

23
.9

7
18

.1
3

8.
92

8.
16

36
.8

2
44

.5
8

50
.0

7
50

.1
1

56
.0

3
56

.3
3

4.
33

3.
85

3.
67

1.
84

0.
52

0.
47

14
.4

1
11

.8
0

10
.6

4
7.

72
5.

09
4.

86

41
.2

8
17

.7
9

10
.8

9
7.

11
4.

12
3.

86

39
.9

8
66

.5
6

74
.7

9
83

.3
3

90
.2

8
90

.8
1

A
ve

ra
ge

2.
54

30
.0

3
9.

27
58

.1
6

1.
42

7.
09

7.
15

84
.3

4
1.

41
10

.5
8.

20
79

.9
0.

37
29

.2
2

21
.4

3
48

.9
9

2.
45

9.
09

14
.1

8
74

.2
9

Cambic
Arenosol 1)

A
p

B
v

B
vC C IIC

1
IIC

2

0–
27

27
–5

5
55

–8
5

85
–9

5
95

–1
30

13
0–

15
0

4.
48

4.
43

5.
34

2.
62

2.
00

2.
04

22
.8

23
.3

25
.7

26
.4

27
.3

26
.4

49
.1

48
.0

32
.6

17
.0

9.
90

9.
90

23
.7

24
.3

36
.3

54
.0

60
.8

61
.6

23
.6

16
.7

16
.1

7.
35

4.
60

4.
83

23
.9

25
.4

25
.9

18
.4

11
.4

10
.0

2

31
.3

34
.9

36
.9

21
.7

15
.1

15
.2

21
.1

23
.0

21
.1

52
.5

68
.9

70
.0

5.
10

4.
70

4.
10

3.
30

1.
57

1.
43

19
.7

19
.7

20
.9

21
.0

23
.1

26
.5

37
.9

32
.9

30
.5

21
.4

14
.2

16
.8

37
.3

42
.8

44
.5

54
.4

55
.2

56
.2

n.
d.

*
n.

d.
*

16
.4

5
9.

29
3.

87
3.

93

29
.5

29
.4

27
.5

25
.2

17
.6

17
.3

51
.0

51
.0

31
.3

38
.6

21
.5

19
.2

19
.5

19
.6

24
.8

26
.8

57
.1

59
.6

5.
20

4.
60

3.
20

2.
12

0.
45

4
0.

36
5

15
.0

14
.1

11
.0

10
.2

8.
51

8.
76

58
.7

43
.8

33
.4

19
.6

19
.0

18
.1

21
.1

37
.5

52
.3

68
.0

72
.0

72
.8

A
ve

ra
ge

3.
49

25
.3

2
27

.8
43

.4
5

12
.2

19
.2

25
.9

42
.7

7
3.

37
21

.8
25

.6
48

.4
5.

59
24

.4
1

34
.9

3
35

.0
7

2.
66

11
.3

32
.1

53
.9

5

Cambic
Arenosol 2)

A
p

B
v

B
vC C IIC

1
IIC

2

0–
25

25
–4

0
40

–6
0

60
–9

5
95

–1
30

13
0–

15
0

2.
28

2.
23

1.
52

1.
28

0.
84

0.
80

18
.5

19
.2

17
.6

21
.3

23
.9

22
.1

44
.5

30
.4

22
.6

12
.4

7.
49

6.
77

34
.7

48
.2

58
.2

65
.0

67
.8

70
.4

15
.8

9.
37

13
.0

7.
63

3.
14

3.
13

20
.2

20
.5

19
.0

10
.3

10
.3

9.
23

39
.6

30
.9

33
.0

21
.5

15
.3

12
.9

20
.1

39
.5

33
.5

51
.8

71
.3

73
.7

2.
10

1.
50

1.
00

0.
62

0.
44

0.
46

8.
30

9.
80

11
.1

11
.9

6.
61

7.
00

21
.5

16
.1

15
.2

11
.6

5.
50

5.
40

68
.1

72
.6

72
.7

74
.9

87
.5

87
.2

n.
d.

*
n.

d.
*

12
.8

6.
89

5.
15

2.
45

13
.2

7.
70

12
.0

12
.9

9.
94

5.
95

48
.7

48
.3

27
.7

32
.0

16
.2

13
.9

38
.1

40
.5

47
.5

48
.2

68
.8

77
.8

1.
77

1.
28

0.
64

0.
20

0.
20

0.
18

12
.7

11
.8

10
.4

10
.6

8.
40

7.
62

44
.7

40
.9

28
.5

19
.5

12
.0

11
.6

40
.9

46
.0

60
.5

69
.6

79
.4

80
.6

A
ve

ra
ge

1.
49

20
.4

3
20

.7
57

.3
8

8.
68

14
.9

25
.5

48
.3

2
1.

02
9.

12
12

.6
77

.1
7

4.
55

10
.2

8
31

.1
3

53
.4

8
0.

73
10

.3
26

.2
62

.8
3

1)
 F

er
til

iz
ed

 w
ith

 se
w

ag
e 

slu
dg

e.
2)

 N
ot

 fe
rti

liz
ed

 w
ith

 se
w

ag
e 

slu
dg

e.
* 

n.
d.

 –
 n

ot
 d

et
er

m
in

ed
.

Fr
ac

tio
ns

: F
1 

– 
ex

ch
an

ge
ab

le
, F

2 
– 

re
du

ci
bl

e 
(b

ou
nd

ed
 to

 F
e-

M
n 

ox
id

e)
, F

3 
– 

ox
id

iz
ab

le
 (b

ou
nd

ed
 to

 o
rg

an
ic

 m
at

te
r),

 F
4 

– 
re

si
du

al
.



T
ab

le
 3

V
al

ue
s o

f c
oe

ffi
ci

en
t o

f c
or

re
la

tio
n 

be
tw

ee
n 

fra
ct

io
ns

 o
f h

ea
vy

 m
et

al
s a

nd
 so

m
e 

pr
op

er
tie

s o
f s

oi
ls

St
ag

ni
c 

Lu
vi

so
l 1)

St
ag

ni
c 

Lu
vi

so
l 2)

C
am

bi
c 

A
re

no
so

l 1)
C

am
bi

c 
A

re
no

so
l 2)

Pa
ra

m
et

er
F1

F2
F3

F4
F1

F2
F3

F4
F1

F2
F3

F4
F1

F2
F3

F4
Zn

to
t

C
or

g
C

EC
< 

0.
00

2

–0
.3

17
0.

62
8

–0
.5

69
–0

.9
23

*

0.
13

7
–0

.7
53

0.
42

9
0.

88
0*

0.
15

2
0.

94
4*

–0
.2

19
–0

.6
65

–0
.1

03
–0

.7
26

0.
26

3
0.

89
6*

0.
14

9
0.

77
8

–0
.6

34
–0

.8
59

*

–0
.2

58
–0

.7
96

0.
47

7
0.

85
1*

0.
23

2
0.

88
1*

–0
.5

07
–0

.7
69

–0
.0

99
–0

.7
51

0.
67

0
0.

86
9*

–0
.3

43
0.

40
4

–0
.3

61
–0

.8
24

*

–0
.4

04
–0

.7
53

–0
.0

43
0.

88
8*

0.
16

5
0.

86
3*

–0
.1

49
–0

.7
97

–0
.0

98
0.

83
5*

0.
18

8
0.

71
5

–0
.3

28
0.

68
1

–0
.7

17
–0

.8
19

*

0.
68

2
–0

.4
51

0.
71

9
0.

86
2*

–0
.1

99
–0

.8
47

*
–0

.7
01

–0
.7

40

0.
11

5
–0

.8
73

*
0.

65
8

0.
69

4
C

r to
t

C
or

g
C

EC
< 

0.
00

2

–0
.6

45
0.

56
0

–0
.6

31
–0

.9
25

*

–0
.5

68
0.

66
2

–0
.5

97
–0

.8
49

*

–0
.1

50
0.

92
4*

–0
.2

91
–0

.6
37

0.
29

8
–0

.8
60

*
0.

40
4

0.
73

2

–0
.2

46
0.

70
0

–0
.7

28
–0

.9
03

*

–0
.3

93
0.

59
2

–0
.7

18
–0

.9
34

*

0.
05

1
0.

88
3*

–0
.4

95
–0

.7
23

0.
06

3
–0

.8
27

*
0.

59
1

0.
79

9

–0
.7

35
0.

77
9

0.
00

1
–0

.8
83

*

–0
.7

09
0.

40
3

–0
.4

94
–0

.9
42

*

–0
.8

37
*

0.
85

1*
–0

.4
71

–0
.8

76
*

0.
85

4*
–0

.5
19

0.
34

0
0.

89
5*

–0
.7

81
0.

71
4

–0
.8

02
–0

.8
36

*

–0
.7

96
0.

55
5

–0
.8

03
–0

.8
41

*

–0
.8

87
*

0.
81

6*
–0

.8
41

–0
.8

35
*

0.
91

9*
–0

.6
99

0.
76

1
0.

87
8*

N
i to

t
C

or
g

C
EC

< 
0.

00
2

–0
.7

69
0.

87
4*

–0
.2

74
–0

.8
80

*

0.
64

2
0.

38
9

0.
51

6
0.

96
8*

–0
.5

99
0.

96
0*

–0
.1

79
–0

.6
04

0.
53

8
–0

.9
80

*
0.

12
9

0.
54

1

–0
.6

95
0.

84
8

–0
.6

42
–0

.8
63

0.
66

0
–0

.6
86

0.
74

1
0.

93
0*

–0
.5

82
0.

94
2*

–0
.3

76
–0

.6
72

0.
56

0
–0

.9
67

*
0.

29
7

0.
60

4

–0
.7

96
0.

91
5*

–0
.3

03
–0

.9
39

*

0.
75

5
–0

.4
65

0.
43

9
0.

86
9*

–0
.6

88
0.

90
1*

–0
.1

32
–0

.8
58

*

0.
90

6*
–0

.7
53

0.
01

1
0.

95
2*

–0
.7

20
0.

86
0*

–0
.6

56
–0

.9
07

*

–0
.6

22
–0

.1
53

–0
.7

82
0.

83
2*

–0
.7

41
0.

84
9*

–0
.7

42
–0

.8
81

*

0.
96

1*
–0

.6
00

0.
72

5
0.

96
3*

Pb
to

t
C

or
g

C
EC

< 
0.

00
2

0.
52

6
0.

84
6*

–0
.2

55
–0

.8
17

*

–0
.1

57
–0

.5
98

0.
87

2*
0.

94
5*

0.
60

7
0.

90
3*

–0
.3

05
–0

.8
86

*

–0
.7

26
–0

.9
57

*
0.

19
4

0.
61

2

0.
76

8
0.

95
0*

–0
.3

53
–0

.8
34

*

–0
.2

42
–0

.5
81

0.
82

3*
0.

92
8*

0.
45

9
0.

84
1*

–0
.7

01
–0

.8
41

*

–0
.6

11
–0

.8
35

*
0.

56
6

0.
77

6

–0
.7

94
–0

.4
74

–0
.5

14
–0

.8
91

*

–0
.4

66
–0

.5
10

–0
.9

80
*

–0
.9

48
*

0.
40

2
0.

91
1*

–0
.1

38
–0

.8
20

*

0.
13

7
–0

.2
69

0.
65

2
0.

97
9*

–0
.7

88
–0

.5
81

–0
.3

06
–0

.8
34

*

–0
.3

28
0.

10
9

–0
.8

63
*

–0
.8

67
*

0.
08

6
0.

85
6*

–0
.7

21
–0

.8
48

*

0.
23

1
–0

.4
61

0.
77

9
0.

92
8*

C
u t

ot
C

or
g

C
EC

< 
0.

00
2

–0
.7

95
0.

63
8

–0
.8

31
*

–0
.9

30
*

–0
.7

63
0.

72
3

–0
.5

44
–0

.8
64

*

–0
.7

53
0.

96
3*

–0
.2

11
–0

.5
86

0.
84

2*
–0

.9
15

*
0.

31
2

0.
69

4

–0
.6

66
0.

56
5

–0
.8

22
*

–0
.9

67
*

–0
.7

98
0.

70
9

–0
.7

30
–0

.9
12

*

–0
.7

61
0.

94
9*

–0
.3

50
–0

.6
31

0.
93

2*
–0

.8
97

*
0.

48
0

0.
73

8

–0
.7

98
0.

68
7

–0
.1

89
–0

.8
75

*

–0
.6

67
0.

75
2

–0
.8

49
*

–0
.8

76
*

–0
.5

66
0.

85
0*

0.
14

2
–0

.6
71

0.
80

8
–0

.7
29

–0
.0

85
0.

83
1*

–0
.6

37
0.

74
7

–0
.6

13
–0

.8
42

*

–0
.7

61
0.

68
4

–0
.8

79
*

–0
.8

89
*

–0
.7

20
0.

81
6*

–0
.7

98
–0

.7
11

0.
72

4
–0

.7
22

0.
80

7
0.

82
1*

* 
Si

gn
ifi

ca
nc

e 
at

 α
 =

 0
.0

5;
 n

 =
 6

.
1)

 F
er

til
iz

ed
 w

ith
 se

w
ag

e 
slu

dg
e.

2)
 N

ot
 fe

rti
liz

ed
 w

ith
 se

w
ag

e 
slu

dg
e.

Fr
ac

tio
ns

: F
1 

– 
ex

ch
an

ge
ab

le
, F

2 
– 

re
du

ci
bl

e 
(b

ou
nd

ed
 to

 F
e-

M
n 

ox
id

e)
, F

3 
– 

ox
id

iz
ab

le
 (b

ou
nd

ed
 to

 o
rg

an
ic

 m
at

te
r),

 F
4 

– 
re

si
du

al
.



D. KALEMBASA, K. PAKUŁA162

The sequence analysis revealed that in the sewage sludge-fertilized soil the heavy
metal concentration in exchangeable (F1), reducible (F2), and oxidizable (F3) frac-
tions increased, while in residual one (F4) decreased. The results obtained are con-
sistent with literature data [1], [2], [4], [6], [7], [9]. MAŃKO and TERELAK [10] re-
corded the decrease of Zn, Ni, Pb, and Cu concentration in exchangeable fraction of
surface soil horizons fertilized with sewage sludge, and their increasing proportion in
stable compounds of residual fraction.

Much higher mean per cent of Zn, Cr, Ni, Pb, and Cu in fraction F4 (63.78; 75.66;
76.6; 41.37, and 49.64%, respectively), Zn, Pb, and Cu in fraction F2 (33.55; 29.68;
and 11.4%, respectively), as well as Zn and Cu in fraction F1 (3.68, and 3.81%, re-
spectively) was recorded in Stagnic Luvisols fertilized with sewage sludge than that in
fertilized Cambic Arenosols. In Cambic Arenosols fertilized with sewage sludge,
much higher levels of heavy metals were found in fraction F3 (Zn, 27.80; Cr, 25.90;
Ni, 25.60; Pb, 34.93; Cu, 32.10%) and in fraction F2 (Cr, 19.2; Ni, 21.8%), as well as
Cr, Ni, and Pb in exchangeable F1 forms (12.2; 3.37; 5.59%, respectively) as com-
pared to Stagnic Luvisols.

In humus horizons, KIM and McBRIDE [1] separated the largest amount of Zn, Pb,
and Ni in reducible fraction (F2): 52.5; 58.4; 47.6%, respectively, while the smallest –
in exchangeable fraction (F1): 8.55; 2.08; 6.58%, respectively. In the soil amended
with the sewage sludge, NYAMANANGARA [2] recorded the proportion of Zn and Cu
in fraction F1 as large as 22.0% each, in organic fraction – 21.0 and 41.0%, respec-
tively, and in residual fraction – 45.0 and 34.0%, respectively. BRAZAUSKIENE et al.
[4] separated the most zinc, copper, and lead from sandy soils in the following frac-
tions: F2, F3 and  F4, respectively, while the least in: F3, F2 and F1, respectively.
KUBOVA et al. [6] recorded the highest concentration of zinc in fraction F1 (44.7%),
whereas the lowest, in fraction F4 (15.0%); the most copper in fraction F3 (42.9%),
and the least in fraction F1 (5.24%). WALTER and CUEVAS [7], examining the nickel
speciation, separated 11–13% of reducible fraction, 16–29% of organic fraction, and
59–71% of residual fraction of the metal in the surface horizons of fertilized soils.
FILIPEK-MAZUR [13] reported that in the horizons of cultivated soils, chromium oc-
curred mainly in stable organic-mineral and mineral compounds (F4) – 50.64%, as
well as it is occluded on manganese and iron oxides (F2) – 47.65%, while its lowest
content could be found in soluble and exchangeable fraction – 0.29%.

Statistical analysis (table 3) revealed that heavy metal content in residual frac-
tion significantly depended on organic carbon content (Stagnic Luvisols) and clay
fraction (ø < 0.002 mm) (Cambic Arenosols). Total content of Zn and Cu (Stagnic
Luvisols) as well as Cr and Ni (Cambic Arenosols) had a significant influence on
the proportion of F4 fraction in the soils examined. Regardless of the soil sub-type,
per cent of the metals in organic fraction (F3) considerably depended on Corg and
total content of the metal in Stagnic Luvisols (Cr, Cu) as well as on clay fraction in
Cambic Arenosols (Pb, Cr, Ni). Exchangeable (F1) and reducible (F2) fractions of
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the analyzed elements significantly depended on the content the particles of < 0.002
mm diameter. Exchangeable fraction of Pb (Stagnic Luvisols) and Ni (Cambic Are-
nosols) depended on Corg content, while Cu content in that fraction was correlated
with the sorption capacity. The sorption capacity (CEC) of Cambic Arenosols con-
siderably affected the Cu and Pb per cent in fraction F2. Other authors [1], [4], [5],
[7] also reported a significant influence of soil properties (Corg content, < 0.002 mm
fraction) and geochemical properties of particular heavy metals on their speciation
within the soil environment.

4. CONCLUSIONS

1. In middle-eastern Poland, mean total heavy metal content in the soils of Stagnic
Luvisol and Cambic Arenosols type fertilized with sewage sludge was high. The met-
als could be arranged in the following descending order: Zn > Cr > Ni > Pb > Cu.
Concentrations of these metals in the soils tested did not exceed permissible values
ranging within the natural levels.

2. Sequential fractionation of Zn, Cr, Ni, Pb, and Cu by BCR method indicated their
varied contents in separated fractions of the soils. The most metals were found in stable
compounds of residual fraction (F4), while the fewest in exchangeable one (F1).

3. Sequential analysis revealed that sewage sludge introduced into the soil, re-
gardless of the soil subtype, increased the heavy metal content in exchangeable (F1),
reducible (F2), and oxidizable (F3) fractions, especially in the surface horizons; how-
ever, it decreased the proportion of residual fraction (F4).

4. Statistical analysis proved that separated fractions of Zn, Cr, Ni, Pb, and Cu
were in majority significantly dependent on organic carbon content and clay fraction
and to a lesser degree on a total content of a given metal and soil sorption capacity.
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FRAKCJE METALI CIĘŻKICH W GLEBACH NAWOŻONYCH OSADAMI ŚCIEKOWYMI

Badano wpływ nawożenia komunalnym osadem ściekowym na ilość Zn, Cr, Ni, Pb i Cu we frakcji
wymiennej, redukcyjnej, utlenialnej oraz rezydualnej, wydzielonych za pomocą metody rekomendowanej
przez European Community’s Bureau of References (BCR) oraz ich rozmieszczenie w profilach czterech
gleb (płowe opadowo-glejowe i rdzawe właściwe) użytkowanych rolniczo. Najwięcej metali stwierdzono
we frakcji rezydualnej (F4), a najmniej we frakcji wymiennej (F1). Analiza sekwencyjna wykazała, że
wprowadzenie do gleby osadu ściekowego zwiększyło zawartość metali ciężkich we frakcji wymiennej
(F1), redukcyjnej związanej z tlenkami Fe i Mn (F2) i utlenialnej – organicznej (F3), a zmniejszył się ich
udział we frakcji rezydualnej (F4).
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