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Results and data from Gyöngyösoroszi

Budapest, 2001

Environmental study of a heavy metal contaminated site situated in 

Gyöngyösoroszi, Hungary 

Introduction

Gyöngyösoroszi is a little village in the Mátra in North-Hungary. The former lead and zinc mine has been closed fifteen years ago, but the acidic mine water and the primary and secondary wastes of the mining and the ore processing are still present in open deposits (tailing-dump, precipitate-reservoir), in the sediments of the creek and the lakes and reservoirs on it. 

The tailing dump is situated south-east from the village. The volume of the flotation tailing is about 4 millions m3. The southern slope of the tailing dump was covered by a thin (20-40 cm) and discontinuous layer. The thin layer has been inhabited with selected sorts of resistant pioneer plant species. The plants, growing in the thin cover-soil, start the vertical cycling of the toxic metals from the deeper layers up to the surface.

The roughly 50 waste rock heaps have not been assessed or mapped yet, their volume may vary from a few 100 to 10 000 m3 per heap. The heaps differ from each other and are heterogeneous. Rocks contain sulphide-minerals, like galenite or sphalerite. The toxic metal content varies up to a maximum of 100 mg/kg Cd, 0.1% Cu,1% Pb and 3% Zn. During the last 15-30 years bioleaching of the heaps, due to the activity of Thiobacillus has became considerable. Acidity of the surrounding soil may reach pH:2-3. The heaps are washed out by precipitate and temporary water flows.

The main surface water, the Toka creek is situated in the centre of the polluted area. Along the creek there are three reservoirs; the industrial, the agricultural and the Gyöngyösi Lake. The acidic mine water is completely controlled and treated today, but the reservoir of the metal-containing precipitate is not isolated from the environment. The acidic mine water is treated only since about fifteen years. Formerly, the acidic mine outflow was let into the creek and was in situ neutralised with lime in the reservoirs. This huge amount of in situ precipitated toxic metals is still in the sediment of the reservoirs, and floods transport it all over the surface water system and on the surrounding soil. The sediment is disposed on the regularly flooded riverside, on the soil of the hobby gardens. 

The soil of the valley is contaminated not only by the sediment but also by the tailing material deriving (erosion, deflation) from the open (not covered) tailing dump. The soils of the grounds close to the Toka creek are used as hobbygardens, also for growing vegetables which have a high bioconcentration capacity. The hobbygardens are long belt-parcels rectangularly oriented to the creek. The contamination of the soil mainly originates from the sediments of the surface waters. In most of the cases the contamination is reduced in the 5-10 m long part of the ground neighbouring to the creek. To lower risk at the site, remediation of the soil is a realistic solution besides or together with changing land use and changing agricultural products, e.g. instead of lettuce and paprika, mostly grapes and berries.

Gyöngyösoroszi is a very good field to examine the impacts of mining activity. Heavy metals are extremely toxic elements, and the deleterious effects on humans are well known. Since the area is not protected against environmental contamination, several sources, exposure pathways and targets are in focus. Therefore the site provides an excellent opportunity for environmental scientists to carry out environmental impact assessment, feasibility studies as well as environmental risk assessment, so many documents already exist. Assessments and surveys were prepared since 1990 by different firms and experts, so the area is partly well known. The sources, the transport routes, exposure routes and target environmental elements and organisms, included humans may be identified and followed on the basis of the present information. 

Tailing dump

Tailing material samples from the tailing dump

Burri, P.: Analysis of soil samples from the mining area near Gyöngyösoroszi, 1998.

Sampling date: 1998.07.

sample
pH
total metal content (mg/kg)
soluble metal content (mg/kg)



Zn
Pb
Cu
Zn
Pb
Cu

Deep layer, black
7.0
31 858
4971
2450
3.4
1.2
0.6

Deep layer, red
7.1
2248
481
114
4.3
0.1
0.0

Deep layer, yellow
7.3
7571
2766
984
3.9
1.7
0.6

Cover layer
4.7
603
186
72
42.2
1.9
0.5

Heavy metal content of the tailing material on tailing dump

Bekő, J. et al: Gyöngyösoroszi és környéke nehézfém-szennyezettségének vizsgálata, 1992.
Sampling date: 1991.


3 M
4 M
6 M
8 M

K w%
251
0
0
0.964

Ca w%
5.8
7.2
19.8
4.9

Ti ppm
0
3590
0
0

Cr ppm
1680
1450
0
90

Mn ppm
2670
3870
51060
821

Fe w%
11.0
17.2
16.0
1.8

Co ppm
606
0
0
175

Cu ppm
5940
6140
0
1010

Zn w%
9.1
11.3
22.1
1.9

As ppm
0
0
84
0

Rb ppm
16
0
5
134

Sr ppm
297
278
205
166

Y ppm
0
74
18
0

Zr ppm
267
264
1
110

Nb ppm
5
0
3
3

Mo ppm
66
43
23
12

Cd ppm
6
0
66
46

Pb ppm
7041
21120
53
2970

Sampling sites:

3M
grey tailing material next to Felső tó

4M
light grey tailing material next to 3M

6M
tailing material next to the drain tube under the tailing dump

8M
north bank of Középső tó

Heavy metal content of the water samples from the lake on tailing dump

Bekő, J. et al: Gyöngyösoroszi és környéke nehézfém-szennyezettségének vizsgálata, 1992.
Sampling date: 1991.

Water
pH
Zn
Pb
Cd

Felső tó 1
7.37
0.50 ppm
60.00 ppb
50.00 ppb

Felső tó 2
7.57
0.73 ppm
41.00 ppb
84.00 ppb

Alsó tó 2
4.40
3.40 ppm
0.16 ppm
32.00 ppb

Alsó tó 4
4.36
3.65 ppm
0.16 ppm
47.00 ppb

Heavy metal content of selected plants from the tailing dump

Brombacher, C., Guadagnini M.: Heavy metal content of selected plants from a former mining area near Gyöngyösoroszi, Hungary, 1998.

Sampling date: 1998.07.

species
location
Zn

(mg/kg dry wet)
Cu

(mg/kg dry wet)
Cd

(mg/kg dry wet)

Achillea millefolium
n.d.
255,4
17,0
2,38

Agrostis sp.
north west
409,8
31,9
6,26

Carex sp.
north west
354,6
55,0
3,01

Echium vulgare
north west
607,5
45,3
4,96

Equisetum palustre
n.d.
754,5
7,9
0,73

Phalaris canadiensis
n.d.
144,9
4,1
0,51

Phragmites australis
north west
767,5
40,5
0,70

Populus sp.
north west
1158,5
12,9
19,5

Robinia pseudoacacia
n.d.
159,8
13,3
0,91

Robinia pseudoacacia
top
212,7
9,0
0,65

Silene alba
north west
693,5
50,4
2,6

Silene vulgaris (cucubulus)
north west
505,5
20,7
4,55

Solamum dolcamare
north west
31,8
52,0
10,7

Tussilago falifara
north west
568,5
38,9
8,75

Water results along the Toka creek

Bekő, J. et al: Gyöngyösoroszi és környéke nehézfém-szennyezettségének vizsgálata, 1992.

Sampling date: 1991.

sampling sites
pH
Zn concentration
Pb concentration
Cd concentration

2
4,9
0,44 ppm
6,60 ppb
3,00 ppb

2é
2,6
7,00 ppm
55,00 ppb
24,00 ppb

4a
4,9
0,41 ppm
14,00 ppb
3,00 ppb

4b
6,2
2,80 ppm
7,50 ppb
16,50 ppb

6
7,37
0,44 ppm
3,00 ppb
6,00 ppb

7
7,51
0,10 ppm
18,00 ppb
<<5 ppb

8
7,45
0,60 ppm
18,00 ppm
<<5 ppb

10
7,71
0,24 ppm
29,00 ppb
<<5 ppb

12
7,85
0,45 ppm
16,00 ppb
<<5 ppb

13
7,87
0,50 ppm
13,60 ppb
<<5 ppb

14
7,93
0,97 ppm
15,00 ppb
<<5 ppb

20
7,77
0,40 ppm
9,90 ppb
<<5 ppb

agricultural reservoir 1
8,14
0,15 ppm
6,00 ppb
<<5 ppb

agricultural reservoir 2
7,64
90,00 ppb
4,60 ppb
<<5 ppb

agricultural reservoir 3
8,09
7,00 ppb
20,00 ppb
12,00 ppb

between the agricultural reservoir and Gyöngyösi lake
7,89
0,25 ppm
5,00 ppb
<<5 ppb

Gyöngyösi lake 1
7,95
0,38 ppm
9,30 ppb
4,30 ppb

Gyöngyösi lake 2
7,52
0,18 ppm
7,00 ppb
<<5 ppb

Gyöngyösi lake 3
8,13
2,70 ppb
19,00 ppb
19,00 ppb

Sampling sites:

2
under the former pithead

2é
under with 50 meter from 2

4a
clearness mine inflow which running from adit

4b
water neutralisation plant

6
before the bridge

7
under the industrial reservoir

8 before the bridge

10
after the bridge

12 after shallow water

13
opposite to the Kossuth street 22

14
opposite to the Petőfi street 1-4

20
inflow of Toka-creek to the agricultural reservoir
Sediment of surface water

Sediment results along the Toka creek

North-Hungarian Environmental Authority: Survey on the sediment of Toka-valley, Miskolc, Hungary, 1996

Sampling date: 1996.10.


Pb

(mg/kg)
Zn

(mg/kg)
Cd

(mg/kg)
Cr

(mg/kg)
Cu

(mg/kg)
As

(mg/kg)
pH
(
((S/cm)

Upstream of the mine
110
420
0,99
9,63
43,4
60,9
5,95
760

After the water neutralisation plant
113
5560
19,7
8,18
121
89,4
7,52
1500

After the industrial reservoir
1568
4190
18,8
24,8
345
162
7,55
1520

Before Gyöngyösoroszi
484
2410
7,69
17,6
112
146
7,1
1600

After Gyöngyösoroszi at the bridge
518
2320
8,29
26,4
141
100
7,55
1650

After the agricultural reservoir
49,1
1740
3,54
33,7
67,8
54,7
7,66
1270

Sediment results of the reservoirs

North-Hungarian Environmental Authority: Survey on the sediment of Toka-valley, Miskolc, Hungary, 1996

Sampling date: 1996.10.


Pb

(mg/kg)
Zn

(mg/kg)
Cd

(mg/kg)
Cr

(mg/kg)
As

(mg/kg)
Cu

(mg/kg)

Industrial reservoir, average
273
17500
186,1
11,98
475,91
223,83

Limit value transgression

(average/Holland limit value)
3,2*
125*
233*
0,12*
16,4*
6,2*

Industrial reservoir, maximum
497
145200
564
13,3
1275
949

Agricultural reservoir, average
739,93
2957,3
14,56
26,58
97,6
162,5

Limit value transgression

(average/Holland limit value)
8,7*
21,2*
18,2*
0,26*
3,4*
4,5*

Agricultural reservoir, maximum
997
4230
20,1
30,6
137
190

Sediment results of the reservoirs

North-Hungarian Environmental Authority: Survey on the sediment of Toka-valley, Miskolc, Hungary, 1996

Sampling date: 1996.10.

Industrial reservoir


Industrial reservoir


Industrial reservoir

 Cadmium (mg/kg)


    Lead (mg/kg)


     Zinc (mg/kg)


Agricultural reservoir

           Agricultural reservoir

          Agricultural reservoir

  Cadmium (mg/kg)

                   Lead (mg/kg)

                 Zinc (mg/kg)

Macroinvertebrates in the Toka creek

Sipter, E.: A Trent-index alkalmazhatóságának bemutatása, 1999.

Sampling date: 1998.07.

Species
Sampling sites


1
2
3
4
5
6

EPHEMEROPTERA







Baetis sp.
+
+
+
+
+
+

Ecdyonorus quadrilineatus







Epeorus silvicola







Ecdyonurus venosus







Paraleptophlebia submarginata







Ephemera danica







Heptagenia sp.
+




+

PLECOPTERA







Capnia sp.







Leuctra sp.







TRICHOPTERA







Hydropsychidae
+


+
+
+

Chetopteryx sp. 







Rhyacophila sp.
+


+
+
+

AMPHIPODA







Gammaridae



+



ISOPODA







Asellus aquaticus







ODONATA







Platicnemis pennipes





+

Agrion virgo
+
+
+




Agrion splendens







PHARYNGOBDELLIDEA







Erpobdella octoculata







Dina linneata







DIPTERA







Chironomidae
+



+
+

Tabanidae





+

NEUROPTERA







Sialis sp.







+: 1 or more in the sample

Sampling sites: 

1
Upstream of the mine

2 After the water neutralisation plant

3 After the industrial reservoir
4 Before Gyöngyösoroszi
5 After Gyöngyösoroszi at the bridge
6 After the agricultural reservoir
Soil and plant results from hobbygardens along the Toka-creek

Result of soil samples from Gyöngyös, next to Toka creek

National Health and Medical Service: Report about the soil and plant chemistry test on periphery of Gyöngyös and Gyöngyösoroszi, 1991.
Sampling date: 1991.

sample number
topographical number
name of the owner
distance from the creek (m)
Pb (mg/kg)
Cd (mg/kg)

19
5274/4
Vályi Nagy Károly
5
295.1
2.50

20
5274/4
Vályi Nagy Károly
10
772.8
4.80

21
5274/4
Vályi Nagy Károly
20
112.5
0.55

22
5274/4
Vályi Nagy Károly
30
27.1
0.20

23
5274/4
Vályi Nagy Károly
50
42.2
0.28

24
5274/4
Vályi Nagy Károly
60
25.8
0.16

Result of soil samples from Gyöngyösoroszi, next to Toka creek

National Health and Medical Service, Report about the soil and plant chemistry test on periphery of Gyöngyös and Gyöngyösoroszi, 1991.

Sampling date: 1991.

sample number
topographical number
name of the owner
distance from the creek (m)
Pb (mg/kg)
Cd (mg/kg)

76

Tóth Tiborné
15
28.6
0.12

77

Tóth Tiborné
5
387.8
2.20

78

Tóth Tiborné
10
308.3
10.90

79

Tóth Tiborné
15
30.8
0.13

80

Tóth Tiborné
5
25.6
0.20

Soil results from the hobbygardens

North-Hungarian Environmental Authority: Survey on the sediment of Toka-valley, Miskolc, Hungary, 1996

Sampling date: 1996.10.


Pb

(mg/kg)
Zn

(mg/kg)
Cd

(mg/kg)
Cr

(mg/kg)
As

(mg/kg)
Cu

(mg/kg)

Hobbygardens in the village, average
265,5
1066
3,44
10,3
123,69
105,1

Limit value transgression

(average/limit value)
3,1*
7,6*
4,3*
0,1*
4,2*
2,9*

Hobbygardens in the village, maximum
853
2730
9,75
15,3
262
225

Hobbygardens after the village, average
613,7
2487
12,45
20,06
196,6
156,6

Limit value transgression

(average/limit value)
7,2*
17,8*
15,6*
0,2*
6,8*
4,5*

Hobbygardens after the village, maximum
900
3650
23,4
23,7
405
308

Results of plant samples from Gyöngyös

National Health and Medical Service: Report about the soil and plant chemistry test on periphery of Gyöngyös and Gyöngyösoroszi, 1991.

Sampling date: 1991.

sample number
topographical number
name of the owner
plant species
Pb (mg/kg)
Cd (mg/kg)

164
5274/4
Vályi Nagy Károly
lettuce
0.13
0.01

165
5274/4
Vályi Nagy Károly
rhubarb
0.05
0.06

166
5274/4
Vályi Nagy Károly
horseradish
0.06
0.07

167
5274/4
Vályi Nagy Károly
chives
0.07
0.06

168
5274/4
Vályi Nagy Károly
gooseberry
0.03
0.01

172
5274/4
Vályi Nagy Károly
sorrel
0.04
0.01

242
5274/4
Vályi Nagy Károly
strawberry
<0.01
<0.01

243
5274/4
Vályi Nagy Károly
red currant
n.d.
<0.01

244
5274/4
Vályi Nagy Károly
kohlrabi
<0.01
<0.01

265
5274/4
Vályi Nagy Károly
raspberry
<0.01
0.01

327
5274/4
Vályi Nagy Károly
string beans
<0.01
<0.01

328
5274/4
Vályi Nagy Károly
apple
<0.01
<0.01

329
5274/4
Vályi Nagy Károly
pear
<0.01
<0.01

330
5274/4
Vályi Nagy Károly
tomato
<0.01
<0.01

Average BCF of plants from hobbygardens along the Toka creek

Bekő, J. et al: Gyöngyösoroszi és környéke nehézfém-szennyezettségének vizsgálata, 1992.

Sampling date: 1991.


onion
horseradish
spring bean
sorrel
potato
rhubarb

As
0.005
0.005
0.05
n.d.
n.d.
n.d.

Cd
5
25
5
50
10
25

Cu
5
15
15
10
n.d.
5

Pb
1
1
1
1
0.5
1

Zn
1
50
10
15
n.d.
10


kohlrabi
tomato
rye- grass
horseshoe
plum
beetroot

As
n.d.
n.d.
0.05
0.1
n.d.
n.d.

Cd
5
1
n.d.
n.d.
5
5

Cu
25
5
n.d.
n.d.
15
15

Pb
1
0.5
n.d.
n.d.
0.5
1

Zn
10
10
0.1
0.1
5
50

metals
red currant
raspberry
gooseberry
melon
grape
garlic

As
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.

Cd
5
10
5
1
0.5
50

Cu
5
10
5
n.d.
n.d.
n.d.

Pb
1
1
1
0.5
0.5
0.5

Zn
1
1
5
n.d.
n.d.
n.d.


marrow
peach
lettuce
apple
pear
strawberry

As
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.

Cd
1
1
25
1
1
25

Cu
1
5
15
5
15
5

Pb
0.5
0.5
2
1
1
1

Zn
1
5
10
0.5
5
5


maize
watermelon
green peas
parsnip
leaf of turnip
turnip

As
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.

Cd
5
1
1
50
25
n.d.

Cu
n.d.
n.d.
n.d.
n.d.
1
1

Pb
1
1
1
0.5
0.1
0.01

Zn
n.d.
n.d.
n.d.
n.d.
1
0.5


leaf of carrot
carrot
radish
leaf of radish
shaft of radish
root of radish

As
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.

Cd
50
n.d.
n.d.
n.d.
n.d.
n.d.

Cu
1
1
n.d.
0.05
n.d.
1

Pb
n.d.
n.d.
0.5
n.d.
n.d.
n.d.

Zn
0.5
0.5
n.d.
0.05
0.05
0.1
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