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Abstract                                                                                                                   UDC: 504.05:546.3/.9(439)

Rita Kaszala & Ilona Bárány-Kevei & Klára Polyák: Further dates of heavy metal content on the soil and 
vegetation of Aggtelek Karst (Hungary)

During the previous investigation of the Aggtelek Karst we published physical and chemical parameters of the 
soils and the microelement content of the greenery. The presentation now gives further information about the 
soil (e.g. EDTA soluble heavy metal content), and the greenery (more species, more elements). The presentation 
shows the relationship between the heavy metal content of the karstic soil, and the sprout of plants.
Key words: karstic soil, heavy metals, Aggtelek karst, Hungary

Izvleček                                                                                                                                    UDK: 504.05:546.3/.9(439)

Rita Kaszala & Ilona Bárány-Kevei & Klára Polyák: Nove meritve vsebnosti težkih kovin v prsti in 
vegetaciji Agteleškega krasa (Madžarska).

O fizikalnih in kemičnih lastnostih prsti ter vsebnosti mikroelementov v rastlinju na območju  Agteleškega  
krasa smo že poročali. V članku predstavimo nove meritve vsebnosti - v EDTA topnih - težkih kovin v prsti in 
meritve dodatnih elementov  v  različnih rastlinskih vrstah. Prikažemo tudi odnos med vsebnostjo težkih kovin 
v kraški prsti ter rastlinah in njihovimi poganjki. 
Ključne besede: kraška prst, težke kovine, Agteleški kras, Madžarska.
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INTRODUCTION
During our investigation we determine the metal content of the soils and the greenery in the 

catchments basin of the Béke cave in Aggtelek Karstic area. This examination is a join research 
which is going on in the karst area in Aggtelek in order to survey the state of the karstic soils (me-
chanical compound, chemical and physical characteristics, content of the uptake able heavy metal). 
For examine the behaviour of the heavy metals in the soil one the qualities which are affected by 
the puffer capacity of the soils. These are the pH value, content of clay mineral- and organic matter, 
and the quality of the clay minerals, which are very important components also in the aspect of the 
heavy metal mobility in the soil. If the soil has sufficient pH value and the organic matter- and clay 
mineral contents are high enough, it can adsorb high quantity ions hereby decreasing the mobility 
of the ions. The heavy metal ions which get into the soil solution are available for the greenery, and 
through the shallow soil layer can get to the karstic water system which has a very important role 
in the drinking water system.

DATAS OF THE INVESTIGATED AREA
Our investigation takes place in the catchments basin of Béke cave at Aggtelek Karsts in Hungary. 

The examined area is about 10 km2, which has very variable geology. We can divide into the area 
two parts: the northern part is a non-covered karstic area, in contrast with the southern part which 
is a covered with pennon sediments. We can observe this duality in the developed soil at parent 
material. In the northern part of the area you can find mainly reddish clay remained soils which are 
rich in clay minerals and brown forest soils. On the other hand in the covered karst area we can find 
bright, yellowish-brown coloured soils, which contain loam and sand (remain like terra fusca).

From the point of view of phytogeography the catchments basin belongs to Pannonic Florap-
rovincial and the Floradistrict of Tornense. The vegetation of the area is very diverse. We can find 
a steppe-grassland (Salvio festucetum rupicole) a typical karst-shrub forest and extrazonal beech 
wood here. We can meet mainly natural forests here, but there are traces of the human effects on 
it. On the southern part of the area we can see impenetrable scrub built up from juniper and black-
thorn. On that place there were forests, but after the deforestation the reforestation was not ensued 
because of the microclimate. The human effects become visible of the planted pine forests also. 
The warm preferable cornel-oak forest (Corno Quercetum Pubescenti Petrea) spread on a big part 
of the area. For our investigation we chose plant species which are widespread on the area an in 
this way we can get comparable information about the whole area. Oak, hornbeam, cornel leaves 
and grass were collected.

METHODS
We were collecting both soil and greenery samples from each sample point during the summer 

of 2003. The soils samples came from two depths: one from the surface (0-10 cm) and the other 
came from 20-30 cm depths. We determined pH, organic matter-content, acid- and EDTA soluble 
heavy metal content from the soils.

The acid soluble heavy metal-content was determined after digestion with acid mixture (HNO3-
H2O2-HClO4) and the greenery metal content after digestion with HNO3 and HClO4. (ROWELL, 
D.L. 1994).
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The EDTA soluble metal content was determined after shaking with 0.02M EDTA solution 
(pH = 4.65 ± 0.05) and filtered it. (LAKANEN, E.- ERVIÖ, R. 1971) The manganese, iron, mag-
nesium, calcium, potassium, aluminium content of the solutions which made from the greenery and 
the soils were determined by ICP-AES techniques, and the copper and zinc by FAAS techniques. 
The measurements took place in the University of Veszprém. 

Map I. Map of Hungary.

Map II.. The geological Map of Aggtelek Mountain.
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II. Map Catchment basin of Béke cave with the sample points.
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sample 
number

M
n (ppm)

Fe (ppm)
M

g (ppm)
Ca (ppm)

Al (ppm)
K (ppm)

Cu (ppm) 
Zn (ppm)

EDTA 
cornel

EDTA 
Cornel

EDTA 
cornel

EDTA 
cornel

EDTA 
cornel

EDTA 
cornel

EDTA 
cornel

EDTA 
cornel

53
313,31

68,01
131,05

132,02
93,40

5428,39
1084,87

31037,58
150,22

8,89
26,90

25115,06
3,08

3,98
1,34

17,48

54
365,04

26,01
92,57

114,27
10,87

3462,50
2926,27

28682,35
122,75

5,83
24,51

23020,63
3,51

4,10
1,39

15,74

55
243,97

31,58
102,17

99,19
30,98

4258,64
2129,90

31912,08
167,12

4,60
37,84

24958,67
2,89

4,16
1,82

18,95

56
206,22

33,56
40,55

108,60
24,80

3529,74
4254,09

30276,24
30,42

3,84
20,92

29128,10
3,41

5,01
2,90

16,00

57
256,69

117,20
92,83

90,75
34,44

5518,35
214,50

28306,45
183,95

-3,19
4,88

24242,35
2,17

6,47
1,43

21,71

58
115,71

93,09
73,92

110,06
33,89

4481,29
159,03

26111,22
205,83

-8,71
20,60

22180,51
1,44

6,26
1,69

11,67

61
112,95

178,25
59,97

133,15
52,77

6338,08
148,28

23060,54
154,53

50,55
11,31

24711,17
1,72

5,24
2,62

21,79

73
63,34

225,00
41,44

125,54
35,32

5759,82
205,21

20975,93
179,22

44,42
16,70

32577,90
1,25

6,22
5,90

20,87

77
121,92

37,82
84,60

107,83
26,25

4960,25
480,61

44592,48
163,21

-5,82
20,67

20192,27
3,33

5,30
3,68

15,94

80
185,33

146,04
64,05

112,56
45,51

4642,16
542,89

22704,79
113,77

37,24
14,30

29126,69
2,51

6,04
2,84

23,15

81
123,98

341,79
63,00

109,42
35,32

5910,30
244,74

23239,68
160,77

5,89
13,36

23309,77
1,50

6,22
1,19

10,28

82
93,37

151,57
62,31

88,37
30,90

4687,67
203,40

22974,82
260,39

30,04
10,20

30825,34
1,51

5,10
1,58

18,92

83
219,45

85,47
77,27

103,70
40,68

4938,11
257,23

25332,28
134,67

22,29
14,60

26198,20
1,27

6,52
1,72

29,54

86
191,70

99,46
63,31

96,55
50,29

5898,66
439,04

27568,05
77,42

-11,49
14,23

21286,52
1,46

7,63
1,10

12,90

Table I. EDTA soluble metal content of the soils and the cornel leaves.
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sample 
number

M
n (ppm)

Fe (ppm)
M

g (ppm)
Ca (ppm)

Al (ppm)
K (ppm)

Cu (ppm) 
Zn (ppm)

EDTA 
cornel

EDTA 
Cornel

EDTA 
cornel

EDTA 
cornel

EDTA 
cornel

EDTA 
cornel

EDTA 
cornel

EDTA 
cornel

54
365,04

74,10
92,57

149,54
10,87

1129,29
2926,27

5305,25
122,75

73,80
24,51

24894,53
3,51

5,64
1,39

23,42

57
256,69

226,65
92,83

181,35
34,44

1529,97
214,50

3320,74
183,95

113,95
4,88

20054,84
2,17

5,98
1,43

21,30

64
82,58

280,16
50,08

145,72
11,15

1559,11
134,27

2330,24
242,17

63,64
18,71

21999,81
1,47

4,88
1,73

25,49

70
5,95

224,03
3,32

143,80
0,80

1203,75
7,44

3737,77
20,56

66,93
2,26

21673,79
0,15

5,42
0,18

21,85

71
95,55

224,17
49,10

88,98
24,13

1683,42
35,24

4234,95
175,93

15,83
15,32

24462,72
1,24

5,00
2,59

24,61

72
37,37

236,38
40,75

185,85
33,49

2343,85
317,77

6648,41
127,32

204,22
9,97

21703,28
1,29

6,15
1,84

32,54

74
260,31

255,69
69,55

108,41
44,21

1771,32
484,32

5012,08
111,24

10,57
11,55

20540,38
1,28

7,25
2,55

18,45

76
60,99

459,03
46,55

118,72
17,03

2667,94
108,53

6939,46
209,49

59,64
13,66

31076,29
1,25

5,19
2,45

25,88

78
100,79

279,16
58,61

154,68
26,93

1473,51
97,06

2764,37
237,26

83,43
23,38

19843,05
1,62

6,24
2,75

20,97

80
185,33

261,22
64,05

174,03
45,51

1831,15
542,89

5135,08
113,77

103,74
14,30

24950,00
2,51

6,07
2,84

33,60

81
123,98

256,90
63,00

109,72
35,32

1074,73
244,74

3040,14
160,77

55,38
13,36

17279,21
1,50

6,15
1,19

16,73

88
74,06

515,28
39,51

293,32
32,66

1897,68
438,10

4070,94
129,17

274,49
15,19

22896,82
1,04

8,59
0,67

25,80

89
38,57

348,99
51,57

200,93
12,37

1445,08
38,30

4307,82
323,15

143,32
20,69

19845,81
1,06

7,58
1,46

21,94

93
277,19

200,96
62,08

70,37
35,04

998,86
1345,90

3135,11
59,21

30,74
27,35

13560,21
3,37

5,47
3,76

28,59

R. Kaszala & I. Bárány-Kevei & K. Polyák: Further dates of heavy metal content on the soil and vegetation of Aggtelek Karst

Table II. EDTA soluble metal content of the soils and the grass.
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sample 
number

M
n (ppm)

Fe (ppm)
M

g (ppm)
Ca (ppm)

Al (ppm)
K (ppm)

Cu (ppm) 
Zn (ppm)

EDTA 
cornel

EDTA 
Cornel

EDTA 
cornel

EDTA 
cornel

EDTA 
cornel

EDTA 
cornel

EDTA 
cornel

EDTA 
cornel

54
365,04

849,79
92,57

131,63
10,87

1618,97
2926,27

15969,98
122,75

49,28
24,51

8071,01
3,51

7,56
1,39

27,45
55

243,97
1319,87

102,17
140,36

30,98
3285,83

2129,90
20383,22

167,12
83,19

37,84
7473,88

2,89
6,46

1,82
28,19

60
38,35

562,89
33,85

129,30
4,19

5639,64
8,86

14023,13
186,78

39,93
10,81

19825,59
0,84

7,89
1,12

19,77
61

112,95
4233,50

59,97
175,68

52,77
3061,27

148,28
13838,29

154,53
432,32

11,31
5425,47

1,72
7,70

2,62
33,61

63
150,10

3842,13
84,58

160,84
25,58

2590,27
157,35

9009,95
205,17

212,72
11,22

6326,12
1,44

7,90
1,70

28,69
64

82,58
3741,70

50,08
137,21

11,15
2573,28

134,27
13734,28

242,17
453,72

18,71
6177,15

1,47
7,85

1,73
30,20

65
244,76

3958,27
109,71

143,68
16,16

3664,06
62,95

13611,85
209,98

217,45
13,78

7326,84
1,72

8,04
3,36

33,34
66

134,52
3762,13

53,02
127,99

18,31
2671,15

132,16
13547,61

139,39
303,63

17,72
13305,21

1,50
12,21

2,56
40,86

67
125,32

5551,34
52,66

140,59
14,68

2858,98
88,00

14173,87
220,54

162,65
5,74

8175,51
1,89

9,72
2,24

36,05
68

95,45
4918,73

71,42
130,45

25,98
3768,61

161,91
14819,52

229,14
313,01

8,66
8432,93

2,13
8,94

2,83
38,10

69
94,64

2663,85
59,18

107,20
5,73

2609,57
18,66

9008,98
232,75

494,05
18,26

4909,77
1,71

8,75
2,55

31,98
70

5,95
3307,17

3,32
94,63

0,80
2990,15

7,44
12461,45

20,56
502,82

2,26
4692,29

0,15
7,93

0,18
29,13

73
63,34

3239,68
41,44

105,91
35,32

2907,18
205,21

10043,73
179,22

273,64
16,70

6199,51
1,25

8,52
5,90

25,67
74

260,31
2693,33

69,55
94,26

44,21
3062,45

484,32
14091,38

111,24
170,54

11,55
4962,99

1,28
7,63

2,55
21,77

75
107,70

4902,69
64,93

138,21
19,48

2330,84
58,75

8145,81
244,52

406,00
21,28

5270,53
1,08

8,66
3,49

29,70
76

60,99
3755,80

46,55
135,53

17,03
2437,61

108,53
9107,22

209,49
262,78

13,66
4470,99

1,25
8,42

2,45
28,48

78
100,79

2993,09
58,61

127,18
26,93

2326,66
97,06

9223,00
237,26

488,52
23,38

5470,45
1,62

8,90
2,75

35,23
80

185,33
2531,39

64,05
96,25

45,51
1851,30

542,89
8837,28

113,77
350,31

14,30
4795,64

2,51
10,09

2,84
0,64

81
123,98

2751,17
63,00

98,79
35,32

2587,33
244,74

9004,28
160,77

297,05
13,36

4510,59
1,50

8,74
1,19

26,02
82

93,37
2303,39

62,31
76,90

30,90
2723,73

203,40
11720,41

260,39
229,83

10,20
6744,21

1,51
9,74

1,58
30,24

85
68,01

4205,82
39,26

109,76
54,27

3402,81
397,07

13201,60
97,94

382,65
11,79

5244,60
1,47

9,96
1,17

27,94
86

191,70
3832,78

63,31
102,87

50,29
2638,56

439,04
15781,80

77,42
168,81

14,23
6489,20

1,46
10,06

1,10
28,22

88
74,06

4258,91
39,51

190,24
32,66

3666,16
438,10

12808,20
129,17

382,41
15,19

6117,48
1,04

11,30
0,67

31,53
89

38,57
3006,83

51,57
158,73

12,37
2465,48

38,30
10012,81

323,15
393,59

20,69
4817,51

1,06
8,94

1,46
27,30

Table III. EDTA soluble metal content of the soils and the hornbeam leaves.
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sample 
number

M
n (ppm)

Fe (ppm)
M

g (ppm)
Ca (ppm)

Al (ppm)
K (ppm)

Cu (ppm) 
Zn (ppm)

EDTA 
cornel

EDTA 
Cornel

EDTA 
cornel

EDTA 
cornel

EDTA 
cornel

EDTA 
cornel

EDTA 
cornel

EDTA 
cornel

53
313,31

2307,20
131,05

68,37
93,40

2361,19
1084,87

12144,38
150,22

-0,56
26,90

6767,74
3,08

6,27
1,34

13,92
58

115,71
2878,71

73,92
85,97

33,89
1898,21

159,03
8766,22

205,83
13,34

20,60
5490,37

1,44
6,44

1,69
12,72

59
99,25

2932,48
61,99

74,24
11,96

2290,11
51,61

10717,54
269,92

3,28
7,72

5711,29
1,25

6,52
1,22

16,07
60

38,35
3454,15

33,85
78,95

4,19
1849,74

8,86
8648,33

186,78
20,78

10,81
6712,43

0,84
8,69

1,12
18,95

61
112,95

3185,65
59,97

120,24
52,77

2343,04
148,28

9269,08
154,53

69,02
11,31

5175,52
1,72

7,50
2,62

14,27
62

73,35
3161,92

63,88
73,95

8,69
1647,40

57,80
9657,73

237,69
20,15

12,32
6014,86

1,45
9,67

1,38
14,94

63
150,10

2178,25
84,58

200,70
25,58

1947,00
157,35

9091,57
205,17

15,94
11,22

6247,11
1,44

9,62
1,70

17,40
64

82,58
3130,48

50,08
67,22

11,15
2197,88

134,27
8917,65

242,17
14,97

18,71
4945,52

1,47
10,67

1,73
18,94

69
94,64

2784,75
59,18

100,02
5,73

2110,03
18,66

10221,46
232,75

19,56
18,26

5947,01
1,71

9,56
2,55

20,11
70

5,95
2479,04

3,32
56,13

0,80
2192,07

7,44
10001,02

20,56
5,85

2,26
5339,51

0,15
11,49

0,18
22,86

71
95,55

3678,54
49,10

106,94
24,13

2763,40
35,24

8310,38
175,93

14,02
15,32

4687,23
1,24

10,24
2,59

12,13
73

63,34
3257,80

41,44
48,27

35,32
1981,52

205,21
9069,47

179,22
-1,00

16,70
5336,36

1,25
8,68

5,90
15,74

74
260,31

2099,08
69,55

66,92
44,21

1953,93
484,32

9353,61
111,24

14,73
11,55

4574,12
1,28

15,23
2,55

11,91
75

107,70
3069,14

64,93
84,22

19,48
2100,37

58,75
10220,66

244,52
12,19

21,28
6458,55

1,08
10,79

3,49
17,23

76
60,99

2163,93
46,55

67,19
17,03

2135,67
108,53

8564,99
209,49

7,70
13,66

5286,06
1,25

9,68
2,45

20,99
78

100,79
3083,51

58,61
54,55

26,93
1967,59

97,06
8731,74

237,26
10,26

23,38
4042,69

1,62
9,57

2,75
17,62

79
189,39

2683,07
70,89

65,23
27,67

2409,94
230,03

8309,83
200,94

20,12
16,44

3719,16
2,30

13,16
3,54

10,19
80

185,33
2516,44

64,05
55,82

45,51
1884,18

542,89
7748,14

113,77
1,00

14,30
5247,98

2,51
10,78

2,84
12,76

81
123,98

3821,60
63,00

52,26
35,32

2293,36
244,74

7553,94
160,77

-0,95
13,36

3917,06
1,50

10,80
1,19

8,00
83

219,45
3735,14

77,27
61,27

40,68
2324,35

257,23
7848,56

134,67
0,31

14,60
4776,88

1,27
10,63

1,72
16,98

88
74,06

3029,68
39,51

61,23
32,66

2745,00
438,10

10426,05
129,17

4,80
15,19

6508,43
1,04

12,44
0,67

12,88
89

38,57
3409,68

51,57
72,23

12,37
1755,84

38,30
8024,20

323,15
21,04

20,69
4630,83

1,06
11,88

1,46
14,06

Table IV. EDTA soluble metal content of the soils and the oak leaves.



Acta carsologica, 33/2 (2004)

178 179

DISCUSSION

The examination of the heavy metal content of the greenery was started much more lately than 
the investigations of the heavy metal contents of the soils. This is the reason, that there are not so 
many literatures about the metal content of the greenery. 

In plants the most common route of exposure is through the roots. Ions and organic molecules 
contact roots via the transpiration steam, diffusive transport and microbially facilitated transport. 
Once at the root surface, soluble contaminants have the potential to enter into root tissue through the 
transpiration steam or through a range of mechanisms that era designed to facilitate nutrient uptake 
EHLERS L. J. (2003). The phytophysiologyst distinguish plants by their uptake strategy. By right 
of this we can find species which are accumulate, exclude or indicate (BAKER, 1981).

At 1970 Tölgyesi and his contributors were find that on the same conditions the one year-old 
terophyton and hemikriptophyton plants generally contain more trace elements than the perpetual 
ones. They wrote that the species of Asteraceae accumulate mainly the copper, the species of  
Caryophyllaceae mainly the manganese and the species of Salicaceae mainly zinc TÖLGYESI et 
al. (1970). In case of wood-bodies was investigate the amount of transported trace element to the 
leaves SZALAI (1998). PETERSON (1971, 1975) was investigated the ratio of plant/soil at 12 spe-
cies amount of Zn, Pb, Cd and Cu. 

The greenery of karstic area in Hungary was examined BÁRÁNY-MEZŐSI (1999) at first. Based 
on the determination of the authors the heavy metal content of the greenery converges to the heavy 
metal content maximum of the soils, and at lower soil pH the greenery has higher metal content.

According to FÜLEKY (1999) the examined plants contain metals in the following concentra-
tions: Mn: 20-500 ppm, Fe: 50-250 ppm, Mg: 1000-5000 ppm, Ca: 1000-40000 ppm, Al: 200 - 4000 
ppm, K: 10000-50000 ppm, Cu: 2-20ppm, ppm, Zn: 25-150ppm. 

KÁDÁR I. (1995) measured the following concentrations in the leaves of oak tree: Mn: 41 ppm, 
Fe: 487 ppm, Al: 283 ppm, Cu: 9 ppm Zn: 44 ppm. 

On the I. Table we can find the measure result of the EDTA soluble metal content of the soils and 
the cornel leaves metal content. The leaves manganese, iron, magnesium, calcium, potassium and 
copper content are in accordance with the literature date, but the aluminium and the zinc contents 
are lower than we expect.

On the II. Table we can see the measure result of the EDTA soluble metal content of the soils 
and the grass metal content. These date have accordance with the literature date except for the 
aluminium which has lower values.

On the III. Table we can find the measure result of the EDTA soluble metal content of the soils 
and the hornbeam leaves metal content. The manganese content of the leaves is higher  than the 
literature values, the other elements content agree with them. 

On the IV. Table we can find the measure result of the EDTA soluble metal content of the 
soils and the oak leaves metal content. In case of the oak leaves metal content we can see, that the 
content of manganese is much more higher, than the literature value. The aluminium, potassium, 
copper and zinc have lower values, and the iron, magnezium and calcium content is according to 
the relevant literature.



Acta carsologica, 33/2 (2004)

178 179

CONCLUSION

On the basis of analyse of EDTA soluble metals in soil and plants, we concluded: 
- Manganese: In case of cornel the EDTA soluble Mn content of the soil is higher than the Mn content 

of the cornel leaves. The other plants we can see that the leaves Mn content is higher than in the 
soil. 

- Iron: In case of oak at seven samples the soils iron content is higher than the iron content of the 
plants. The other cases and the other plants the soil content is lower than the plant concentration.

- Aluminium: In the soil EDTA soluble Al content is higher than the Al concentration of grass, oak 
and cornel, but in nineteenth samples of hornbeam the Al concentration is higher in the plant and 
only five samples have higher Al concentration in the soils. 

- Magnesium, potassium, calcium: As these elements are macro elements for the plants, for this case 
we can see in every species higher concentrate in the plants than in the EDTA soluble part of soils

- Cupper, zinc: In every samples have higher plant concentrate. It is also normal as these elements 
are microelements for the plants in every species. 
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