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Introduction 

To demonstrate the adaptation potential of the Difpolmine approach, the Toka valley site has been selected in 
Hungary. The former Zn-Pb mine differs in many aspects from the Salsigne site, but the main concept of GIS 
modelling and combined chemical+phytoremediation was expected to be applicable. 

After the identification of the main differences the “methodology” was adapted to the Toka-valley site. This 
complete Hungarian methodology contains also the stages prior to the treatment of the diffuse pollution: mine 
closure, differentiation between point and diffuse sources and risk reduction of the point sources according to their 
actual and targeted risk value.  

The catchment scale GIS based risk model of the Toka valley site was worked out on the basis of the dominant 
risk and main pollutant transport pathways, which is the runoff and the surface water system, therefore the most 
exposed receptors are the members of the water-ecosystem. 

The risk reduction concept is based on the reduction of the quantity and improving the quality of the runoff water 
by removal of the point sources and chemical+phytostabilisation of the residual and diffuse pollution. The only water 
which needs direct treatment is the mine water: this will be treated by liming or by alternative mine-water treatment 
technologies, like passive treatment using Reducing and Alkalinity producing System (RAPS). 
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Hungarian context at the beginning of the Project 

Gyöngyösoroszi is a village along the Toka-valley, North-East from Budapest, near to the town of Gyöngyös, 
close to the Mátra Natural Park (Mátra Mountains) in Hungary, where operation of the former Pb, Zn underground 
mine including relevant infrastructure, flotation plant and tailings dam ceased 20 years ago. At the start of the 
Difpolmine Project in 2002, the mine has not been officially closed, although it has been suspended for 15 years. The 
complete remediation of the polluted area has not even been planned at that time. 

The mining operation included the following facilities: acidic mine water treatment plant at the main mine 
entrance and the sedimentation ponds/reservoirs associated with it, the flotation plant, the ore transportation route 
from the mine entrance to the flotation plant, the tailings dam, the industrial reservoir which supplied water to the 
flotation plant, various historical mine workings the reminisces (mine waste dumps) of which are to be found 
dispersed in the forest North to the mine entrance. The acidic-mine drainage running out continuously via the main 
mine entrance is continuously limed and the lime-precipitate is settled and dumped in open reservoirs. The treated 
mine drainage gives the main volume of the central surface water flow of the Toka creek. 

Springs, temporary water flows and runoff waters create the surface water system upstream the main mine 
entrance and downstream the mine they join the treated mine water. Before the establishment of the neutralisation 
plant (in 1985), the acid mine drainage flew directly into the surface water system (downstream the main mine 
entrance), where it was in situ neutralised. This lime precipitate is up to now part of the sediment, which is 
transported both by irrigation and floods to the soil of the surrounding agricultural land and hobby gardens.  

The owner of the former mine is the Hungarian Privatisation and State Holding Company (ÁPV Co.), which is the 
main proprietor of the entrepreneurial assets of the Hungarian State. The ÁPV Co.'s task is the sale and market based 
management of state assets determined by law as well as rendering accounts and the controlling of earlier 
privatisation transactions. 

Therefore, the APV. Co. is responsible for the Gyöngyösoroszi mine ground, the water neutralising plant and all 
dumps, ponds and reservoirs belonging to the mine. The former flotation plant has been sold to a small size 
enterprise. The tailings material still belongs to the APV Co. The secondary polluted areas, like surface water system 
and the soils of the surrounding areas belong to different governmental and private owners. 

The Toka valley has been the subject of many studies done by BME starting with 1991, especially following the 
major floods that occurred in the area in 1991 and 1996 (Bekő, 1992;. Gruiz and Vodicska, 1992; Gruiz, 1994; 
Horváth, 1996; Horváth, 1997) 

Many university training courses and an International Training Course Euro EcoRisk II on „Environmental Risk 
Management on the Gyöngyösoroszi Mining Site” was organised by BME in 1996. 

Further surveys done by BME on the pollution of the area resulted diploma and Ph.D. theses and a series of 
publications. After a while the pollution problems of the area raised public interest. 

In 1996 the Toka creek area in Gyöngyösoroszi was included into the National Priority List of the National 
Environmental Remediation Programme. 

The Hungarian Privatisation and State Holding Company (ÁPV Co.) passed a decision in 2003 in reference to the 
complete mine closure and remediation of the Gyöngyösoroszi mine area in the frame of the Hungarian 
Environmental Remediation Programme of the Ministry of Environment and Waters. 

The complex solution will focus on mine closure, remediation of point sources, like the lime precipitate, the 
tailings material, mine wastes, contaminated sediments and soils including the remediation of diffuse and residual 
pollution. 

In this context the aim of the work in the Difpolmine project was to evaluate the site and the results of former 
surveys, to characterise the pollution transport and the environmental (both ecological and human health) risk, to 
understand the inner structure of site specific risk in order to design the most effective risk reduction by complex risk 
management including both pollution control and remediation. In order to adapt the Salsigne methodology we had to 
select a suitable sub-site, to identify and characterise the concentrated and diffuse pollution sources, to get 
information on government's concept and remedial plans and harmonise the DIFPOLMINE concept with the planned 
site remediation. The historical and new data were included in a GIS based model, a 3 step risk assessment was 
applied to the highest risk area, the Northern sub-site. The results of risk assessment served as starting point for the 
design of risk reduction measures. 

According to the adapted approach the first step of the risk reduction measures in the Toka-valley is focused on 
reduction of the risk of the point sources. This will actually take place in connection with the final closure of the 
mine and the complete remediation of the site. Further risk reduction can be reached by a second step, decreasing the 
emission and transport from the diffuse sources. A third, complementary step includes some adequate changes in the 
land uses. The three together would provide a final solution for the site to reach an acceptable risk level. 
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Description of the Hungarian demonstration site 
Gyöngyösoroszi, the Hungarian demonstration site is a former Zn-Pb mining area, situated in the Toka-valley, 90 

km North-East from Budapest, near to the town of Gyöngyös, in the vicinity of the Natural Park of the Mátra 
mountains. 

 

Toka valley 
Gyöngyösoroszi 

Figure 1. Location of Gyöngyösoroszi 

Historical mining for gold started in the area already in the Middle Ages and the underground mining of the lead 
and zinc bearing vein type mineralisation intensified during the last century and was suspended in 1986. The mined 
base metal ore was milled and processed in the local flotation plant. The flotation tailings were discharged into a 
tailings dam from 1955. The acid mine water exiting via the main adit was treated and is being treated by lime from 
1985, the sludge is settled in 3 storage ponds and the treated water is discharged into the Toka river. 

Final closure of the mine and remediation of the site has not been carried out yet. 

 
For the purpose of the work the Toka catchment 

area was divided in three zones based on 
topographical, meteorological and environmental 
characteristics and the type of pollution and land 
uses.  

The Toka catchment area covers 25 km2 starting 
from the emerging springs area down to the inflow 
into the Gyöngyösi lake (altitude 150 m). 

The Northern catchment (“water zone”) of the 
Toka creek extends on 10 km2 (from altitude 450 m 
to altitude 750 m) (starting from the emerging 
springs area down to the Flotation Tailings Dam). 

The middle section of the Toka river course was 
denominated the “sediment zone”, because the 
sediment is the main polluting environmental 
element. This area covers the river section starting 
from the upstream end of the village to the 
downstream end of the village. 

The lower section of the Toka creek course was 
denominated by us the “soil zone”. It covers the 
hobby garden area and starts from the downstream 
end of the village to the inflow into the Gyöngyösi 
lake.  

 

 

Water zone

Sediment zone

Soil zone

Figure 2. The Toka catchment area 

 
The relatively small catchment is very much 

diversified: the Northern part is a typical mountain 
area with relatively low temperatures and a lot of 

precipitation. There are springs and temporary water 
flows in this area. The topography of the Northern 
border is typically steep. The height of the 
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mountains along the Northern limit is 800–820 m 
(Baltic Sea). The Northern border is limited by the 
area of Bagolyírtás in NE and further to the North 
by the locality of Mátraszentimre and NW by the 
locality of Mátrakeresztes.  

The village of Gyöngyösoroszi is situated at the 
foot of the mountain.  

Downstream the village the topography becomes 
mostly typical for plains. 

This is the hobby garden area that continues along 
a narrow line down to the inflow of the creek into 
the Gyöngyös lake. The riverbed in the lower part is 
deeper and narrower. Gyöngyösoroszi and Gyön-
gyös residents’ hobby gardens are often flooded by 
the Toka creek. 

The pollution sources in the area are of several 
categories: underground mine wastes, flotation 
tailings and lime precipitate from mine-water 
treatment. The secondary sources are: sediments of 
reservoirs (originating from flotation tailings, lime 
precipitate, eroded rocks and ores), and 
contaminated soil. 

 

 
Figure.3. The sketch of the Toka creek 

 
The treated mine-outflow joins the fluctuating amount of surface water flow. The acid-mine drainage is 

continuously limed and the lime-precipitate is settled and dumped in open reservoirs. The treated mine water gives 
about the 50 % of the flow rate of the Toka creek. Before the establishment of the neutralisation plant (NP) in 1985, 
the mine outflow got directly into the surface water system (downstream the mine entrance), where it was in situ 
neutralised. This lime precipitate was incorporated into the sediment and transported both by irrigation and floods to 
the soil of the surrounding agricultural land and hobby gardens. Table 1 shows the toxic metal concentrations of the 
Toka creek upstream the discharge from the mine water treatment facility, measured at various times. 

Table 1. Toxic metal content and pH of the Toka creek water 

Toka creek: Southern border of the water zone Location 
Year 
Metal 

MU EQC-HU 
(subsurface 

water!) 

Upper  
Toka creek 

2004 
1991 1992 2004 2005 Weighted 

average  
As µg/lit 25 2.9 10 nd 2–112 7–50 50 
Cd µg/lit 5 0.5 30–50 5–16 1–5 0.5–4 2 
Cu µg/lit 200 50.0 20–40 nd 3–90 nd – 
Pb µg/lit 10 28.0 30 6–55 1–120 4–105 30 
Zn µg/lit 200 1 620 9000–14 000 500–6000 100–1600 300–1650 800 
pH –  4.4 2.0–5.0 2.6–5.0 5.0 5.0  

 
Table 2. shows the metal content of the regularly flooded garden soil. A clear decreasing gradient can be measured with 
the growing distance. This fact serves as evidence on the origin of the pollution: Toka creek sediment transported by 
floods. 

Table 2. Metal content of the flooded hobby garden soil (Gruiz and Vodicska, 1992) 

Soil Distance 
from Toka 

As 
mg/kg 

Cd 
mg/kg 

Cu 
mg/kg 

Pb 
mg/kg 

Zn 
mg/kg 

Hobby garden 5 m 110 7.5 210 462 1685 
Hobby garden 15 m 63 1.0 127 248 998 
Hobby garden 30 m 31 0.6 200 120 520 
Hobby garden 50 m – 0.6 131  63 208 
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For the purposes of the DIFPOLMINE project the Northern catchment of the Toka river as the main 
pollution source called “water zone” has been selected for further assessment, risk mapping and for the 
adaptation of the Salsigne risk management system. 

The water zone covers 10 km2 from altitude 450 m to altitude 750 m. The average slope in the Northern 
catchment is 13%, the maximum slope is 43% and the average slope for the total Toka catchment area is 11%. 

The Northern catchment is located in an area with andesite rocks of Miocene age hosting vein-type base 
metal sulphide mineralisation overlain by Tertiary formations. Hydro-geologically, it is characterised mainly 
by cracks, faults in the andesite rock formations resulting high infiltration rates. The permeability of the 
clayee tertiary formation is medium. The creeks in the area have water only seasonally (heavy rainfall events, 
melting of snow). The underground water level in the area of the Gyöngyösoroszi village is at 2.2-2.4 m depth 
and further to the North in the mining area it is located at 9.0-9.2 m depth, having a flow direction from North 
to South following the morphology of the surface topography. 

The following toxic metals cause the pollution: Cd, Zn, Cu, Pb, As. The Cd and Zn exist mainly in 
dissolved/ionic form contaminating surface waters and leachates, while Pb and As are dominantly bound to 
solid phase elements, like soil and sediment. The Gyöngyösoroszi site is sensitive to the pH, because of the 
sulphide-content of the rock and the dominant biological acidification. 

 

Components of the adapted Difpolmine methodology applied to the Toka valley 

A complex environmental risk management methodology was developed for the Gyöngyösoroszi former 
lead-zinc mine area in Hungary, as shown in Figure 4. To apply the Difpolmine concept, a complex 
multidisciplinary methodology is required. The methodology shown in Figure 4. has three main category 
components: type of action, subdivided in 9 subcomponents (1.1, 2.1, 3.1, 4.1, 5.1, 6.1, 7.1, 8.1, 9.1), 
developed tools relevant to individual activities, subdivided in 7 subcomponents (1.2, 2.2, 3.2, 4.2, 5.2, 6.2, 
7.2) and the outcome or result of the relevant actions and tools, subdivided in 9 subcomponents (1.3, 2.3, 3.3, 
4.3, 4.3.1, 4.3.2, 4.3.3, 5.3, 6.3). The subcomponents of the completed actions with the applied tools and their 
results are detailed in this chapter:  

Types of actions 

1.1 Creating the conceptual model of the site and identification of the pollution transport pathways based 
on which the Water Balance was created 
2.1 GIS based Flow and Pollution transport modelling  
3.1 Collection and evaluation of historical and measured data 

• Hydrogeological data collection 
• Delineation and mapping of waste dumps  
• Chemical, biological analyses of the contaminated environmental elements  
• In situ chemical analyses XRF 
• Laboratory analyses of environmental samples: physico-chemical characteristics and 

metal content 
• Biological testing of toxicity 

4.1 Microcosm modelling of processes to obtain model-parameters 
• Bioleaching 
• Immobilisation/stabilisation of contaminants in soil 

5.1 Qualitative site specific Risk Assessment methodologies for ranking 
6.1 Quantitative site specific Risk Assessment methodologies for quantification of the risk of the 
individual sources and the total site and for the calculation of target risk 
7.1 Selection of the remediation methodology based on laboratory and field experiments 
8.1 Cost evaluation by cost efficiency and cost-benefit assessment 
9.1 Validation 

1.1 The pollution transport pathways were identified taking into account the site-specific parameters 
of the area and the actual status in terms of mine closure and complete remediation planning. 

The Gyöngyösoroszi mine ceased its operation in 1985, however the mine closure is being planned only 
now. All point pollution sources are still in place and the remediation alternatives are being evaluated. 

The site specific parameters include: hydrogeology, geology, topography, pollution sources, ore type, 
intensive bioleaching, toxic metals, surface water system, meteorological condition. 
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The hydrogeology is determined mainly by the cracks and faults in the andesite rock formations. The 
waterflows in the area are typical for the Mátra Mountains, small creeks, valleys formed along fault lines and 
the water flowing in them is only seasonal. The water is delivered into the creeks by streams. The streams 



stem from the bottom or sides of the riverbed. On certain sections the creeks disappear and then reappear 
again. The highest water volume is to be found after heavy rainfall events or in springtime when the snow 
melts. Usually in summer the bed of these creeks is dry. The mining operations contributed to an increase of 
the infiltration rate in the area. A small part of the infiltrated precipitation gets through the mining works into 
the mine and flows out on the main gallery (Altáró, 2000 m3/day). The surface pollution does not reach the 
underground water level by means of the infiltrated rainwater. The toxic metals get fully bound already in the 
upper few 30–50 centimetres of the clayey debris like material, given that the conductivity of this type of 
material is not high and the pollutants could migrate only exclusively by diffusion and the toxic metals get 
adsorbed on the surface of the clay particles. However the pollutant retention capacity of the andesite is highly 
limited.  

The pollution sources are of several categories: mine waste of underground origin, flotation tailings and 
wastes from the acidic mine- water treatment. Due to the long-term distribution/dispersion of the wastes on 
the site also secondary sources have been formed, like sediments of reservoirs (originating from flotation 
tailings, lime precipitate, eroded rocks and ores), and contaminated soil (resulted by floods and the deposition 
of contaminated sediments). 

2.1 GIS modelling: the GIS database for GIS mapping was put together from the available and acquired 
information about the site. The GIS database of the studied area has been built up using digital data acquired 
from the Hungarian Institute of Geodesy, Cartography and Remote Sensing (digitised contour lines from the 
National Topographical map 1:10000, Corine land cover data set obtained from the Hungarian Institute of 
Geodesy, Cartography and Remote Sensing, National Topographical map scale 1:10000-scanned copies of the 
paper maps, resolution 0,85m) and input data from field mapping. The database provided information/data for 
the basic engineering of the methodology and substantiated the modifications in the implementation of the 
methodology. 

The GIS work included the following steps: construction of the DTM_TIN from the digitised contour lines. 
The DTM (Digital Terrain Model) was built using ArcView3.1 3D Analyst. The DTM_GRID derived from 
the DTM_TIN, resolution 10m. The sinks were removed from the DTM to get unbiased result from 
Hydrologic analysis. 

The following layers derived from the DTM GRID: 

• slopes which are tilt angle of the topographical surface 
• azimuth of the slope 
• flow direction grids (flow dirs), where each cell shows the direction of the water flow. The eight 

possible directions were bit-coded. The accumulated flow is based on the flow dirs grid, which 
considers the upslope cells. The temporary and permanent water flows were visualised based on the 
flow accumulation. 

3.1 Collection and evaluation of historical and measured data: an inventory of data originated from 
historical mining database, previous studies, on site measurements performed by BME in the Gyöngyösoroszi 
area have been put together and evaluated. 

The main component of the work for development and application of the methodology was field work 
focussing on mapping of waterflows (permanent, seasonal, surface and subsurface runoff waters), waste 
dumps, soil, transported sediment, delineation of the waste dump area and of the contaminated soil area. 
Works undertaken during mapping of the waterflows included: GPS location, estimation of the flowrate, 
transport capacity, in situ measurements, on site observation.  

The daily rain gauge data, the daily water flowrate in the Toka creek in correlation with the historical 
meteorological data enabled us to distinguish regular, medium and extreme rainfall events and calculate the 
produced runoff percentage in the Water Balance for every individual case. 

The mine waste dumps were delineated and mapped on site. Where possible their surface area was 
measured, the extent of contamination of every individual dump was delineated by the portable NITON XRF 
device. The contamination level was estimated also by laboratory analysis of the contaminated environmental 
elements. The phase of bioleaching (pH dependent) and percolation was assessed.  

4.1 Microcosm modelling of processes to obtain model-parameters  
• A microcosm bioleaching test has been conducted to model the environment within a mine waste 

dump and its surrounding area, to quantify the amount of metals emitted from the dump during an 
average yearly rain event (Szabó, 2003; Gruiz et al., 2006). The amount of metals deriving from the 
waste rock was calculated from the results of the leaching test.  

• Immobilisation/stabilisation of contaminants in soil was modelled in microcosms to determine the 
most efficient amendments/immobilising agents like fly ash, iron oxide, lime, lignite to be added to 
the soil and the plant species able to grow on the substrate were selected (Feigl, 2005). 
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5.1 Qualitative site specific Risk Assessment methodologies for ranking. Preliminary Qualitative 
Risk was assessed based on a site and problem specific questionnaire, resulting a score (point numbers) 
enabling ranking of the pollution sources. The qualitative risk assessment provides a relative list of pollution 
sources, therefore the size of the real risk cannot be assessed from it, but only the relative order of the 
pollution sources. The point system takes into account source quality and quantity, transport pathways, land 
use specific receptors. 

6.1. a  Quantitative Hazard Assessment: The Quantitative Hazard Assessment allowed for determining 
the risk of each pollution source. The direct precipitation (direct runoff) and the indirect water flow (run-
through) were first determined. Then, the metal amount transported by the runoff water was calculated on the 
basis of the leaching test. The calculated emitted metal amount was used as quantitative parameter to 
characterise the hazard of the individual sources, sub-areas and total area. 

6.1. b Quantitative site-specific Risk Assessment methodologies for calculation of the target risk. 
According to the site specific Quantitative Risk Assessment of the Toka catchment area the risk quotient 
(RQ=PEC/PNEC) is higher than 1 (RQ>1). The target risk value is RQ =1. The PEC is given by the measured 
metal concentrations of the Toka creek water and sediment. The PNEC is defined based on effect based 
quality criteria obtained from literature and regulatory data. The aim is to reduce PEC to the PNEC value. The 
Natural Risk Reduction Efficiency (NRREmin) of the soil was calculated using the minimum emission from 
the sources and the actually measured values in the surface water (Toka creek). The target emission from the 
sources to achieve the target concentration in the surface water (EBQC) is calculated in case only the 
NRRCmin of the site works. The expected target Risk Reduction Efficiency (TRRE) to reach the previously set 
target emission from the sources is also calculated. Comparing the expected TRRE efficiency and the 
efficiency of chemical stabilisation, the expected efficiency of phytostabilisation is obtained. 

7.1 Selection of the remediation technology. Several alternatives were considered to select the most 
efficient one: a) no remediation, however monitoring is needed, b) only phytoremediation, c) combined 
chemical and phytostabilisation, d) two versions of removal and replacement of the polluted material with 
unpolluted borrow material. Selection of the target value oriented remediation option was based on the 
predicted concentration of the outflow from the catchment calculated by the GIS based Pollution Transfer 
Model. 

8.1 Cost evaluation by cost efficiency assessment. A comparison between the costs of the selected 
remediation alternatives considered for the Gyöngyösoroszi site has been done to substantiate cost efficiency 
of the chemical and phytoremediation option. The cost calculations were done based on the results of the 
chemical stabilisation tests and included a technology planning for 7 years of treatment.  

9.1 Validation. The data used for the application of the GIS based Pollution Transfer Model were 
validated by model parameters and reverse calculations. After the application of the combined chemical and 
phytostabilisation the calculated data will be controlled by field measurements and monitoring.  
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Figure 4. Scheme of the integrated risk-based management system 
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Figure 5. shows  the scheme of the Risk based Transport Model for the calculation of the remediation target 
value 

 

Figure 5.  Scheme of the Risk based Transport Model for the calculation of the required 
reduced emission from point and diffuse sources  
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The adapted Difpolmine methodology has used the GIS based distribution and pollution transport model of 
the runoff.  

The main pollution pathways were identified (1.1) and the Conceptual Model (1.2) was developed. The 
runoff water was considered to be the main pollution pathway in the model, given the topography (steep 
slopes), hydrogeology (high infiltration rate) and geology of the area and the site specific processes due to the 
mineralogical composition of the ore, mine waste material and country rock (leaching, bioleaching, partition). 
The Conceptual Model (Figure 6.) shows, that the risk posed by the contaminants leached out from the 

 

pollution sources is distributed amongst the surface waters, subsurface waters and plant uptake. 

Figure 6. External transport model (conceptual model) of the water zone  

The first step in he precipitation 
in

calculating the distribution of the risk was to estimate the distribution of t
 the area (Water Balance: Figure 7.). The Water Balance (1.3) was prepared for the Northern catchment of 

the Toka creek using the same distribution ratios (%) for the total water catchment of Toka. 
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WATER BALANCE SHEET OF THE WATER ZONE 
POLLUTION TRANSPORT 
INCOMING 

WATER 
Denomination 

of the incoming 
water 

% of total 
incoming 

water 

Relevant 
incoming 

water amount

Water form 
and 

components 

Processes 
involved 

Data source 

 Precipitation 100% 20 712 m3/ 
day/10 km2 

Rain, snow  Hydrological data
Meteorological 

data 
 Infiltrated 

water 
43 % 8 972 m3/ 

day/10km2 
  Hydrological data

  17 % 3562 m3/ 
day/10 km2 

pore water, 
soil moisture

 

Infiltration into 
upper soil layer  

- Partition 
- Plant uptake 

Microcosm test 
In situ 

measurements 

  0,18% 39 m3/ 
day/68 506 

m2 

Contamina 
ted acidic 
leacheate 

 

Infiltration into 
mine waste 

- bioleaching 

Microcosm tests 
In situ 

measurements 

  26.00% 5 385 m3/ 
day/10 km2 

Subsurface 
water 

 

Infiltration into 
deeper layers 

Hydrological data

   2 000 m3/ 
day/10 km2 

Acidic mine 
water 

Mine outflow Hydrological data

   3 385 m3 / 
day/10 km2 

Drinking 
water 

Pannonian 
layers 

Hydrological data

       
 Subsurface 

runoff 
16 % 3 248 m3/ 

day/10 km2 
Runoff water Underground 

brooks 
Field observation
Hydrological data

       
 Surface runoff  16 % 

 
3 241 m3 / 

day/10 km2 
Runoff water - Runoff 

- Partition 
Transport model 

for runoff: 
Measurements 

Hydrological data
        Kd    

 Erosion    
Eroded soil 

and sediment

- Partition 
- Bioleaching 
- Plant uptake 

Transport model 
for erosion: 

GRASS 
 Water in 

biomass 
4 % 767 m3/ 

day/10 km2 
Plant water Water uptake 

and 
incorporation 

“Atlas Ecology” 

       
 Vapour 

 
10 % 2 071 m3/ 

day/10 km2 
Evapo-

transpiration 
 

Evapo-
transpiration 

 

Meteorological 
data 

 
       

OUTFLO Outflow 12 % 2 451 m3/ 
W  day/10 km2 Toka cree

 
from the 
 WATER 

ZONE 

k 
Surface flow Flow model and 

measurements 

Figure 7. Water Balance in the Northern catchment of the Toka creek 
Meteorological data: OMSZ, National Meteorological Service, 2002  

TOTAL  100 % 20 718 m3/ 
day/10 km2 

   

LIFE 02 ENV/F/000291 /DIFPOLMINE/Final Report /Adaptation of the approach  in Hungary 13



Hydrological data: Terramed Bt. Risk Reduction Plan, 1996 
Heinrich, D. and M. Hergt: Atlas Ecology, Springer, Budapest, Berlin, 1995 
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The Quantitative Water Balance (1.3) was the basis for the quantification of the Flux of Pollutants (4.3), 
estimation of the Quantitative risk (6.2), using the 
Accumulation map (2.3), historical data, on site measur
Accumulation Model was used a ater

The Flow Accumulation Map sult
integrated flow of the rainwater per area, function of the t
sources and of their watershed area could be read from th

The GIS Flow Accumulation Map (2.3) and the m
Pollution Transport Model (4.3) enabling calculation of th
The emission (4.3) from the pollution sources calculated
view on the emitted metal amount (4.3.1). 

 

GIS Flow Accumulation Model, resulting the Flow 
ement data (3.1), test data (4.2). The GIS Flow 
alance Sheet (1.3). 

from the Digital Terrain Mod
pography. Therefore, the surface area of the point 

GIS Flow Accumulation Map (2.3). 

crocosm parameters (3.2) resulted the GIS based 
lux of pollution at any point and any time (4.3.1). 

 by the Pollution Transport Model gives a realistic 

Northern watershed 
„water zone” 

lso to calibrate the W

 (2.3) (Figure 8.) re

 B

ed 
o

e 

i
e f

el (2.2), shows the 

Károly dump 

UKT waste dump 

 
d on the Flow Accumulation Model in the  

hed 

S based mapping (3.2). The GIS based pollution 
 (As, Pb, Zn) and the distribution of As, Pb and Zn 

Altaro waste dump 

Flotation tailings dump 

Figure 8. Minor and major temporary cree
To

The pollution data were evaluated and visualis
map (3.3) of the area was constructed for various 

ks base
ka waters

ed by GI
etals

conc
m

Mine wa
ore transportation route 

ste dumps along the 

entration was also shown (Figures 9–12.) 
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The GIS based Pollution Transport Model (4.3) shows the pollution flux (emission) from the pollution 
sources using the pollution transport parameters (4.2) obtained from “microcosm“ parameter modelling (4.1). 

The GIS based Pollution Transport Model enables calculation of the flux of pollution at any point and at 
any time (4.3.1), simulation of remediation scenarios (4.3.2), and of the improved remediation system (4.3.3), 
and by these the selection of the remediation technology. 

Risk characterisation (5.1 & 6.1a, 6.1b ) 

Risk characterisation includes three levels of assessment: 
• Qualitative risk assessment for initial hazard identification and rough ranking 
• GIS-based Quantitative Hazard (Generic Risk) Assessment for refined ranking and risk characterisation
• Site specific Quantitative Risk Assessment 

 

 

 

 

 

tive Risk (5.1) was assessed based on a site and problem specific questionnaire, 
re
so

rther intervention, 
bu

ing qualitative and quantitative characterisation of the source (maximum score to be 
as pollutant transport pathways 
ch

ste mass, contaminant content, soil characteristics, 
etc. Evaluation proceeds on two alternative ways: if the pollution and its consequences are proven, the risk 
sc

al 
Pollution source Risk score Tons Comments 

 

 

 

 

 

 

 

Figure 13. Scheme of the Risk Assessment and Risk Reduction methodology 

Preliminary Qualita
sulting a score (point numbers) enabling us to classify (5.2) the identified smaller and larger pollution 
urces according the following categories: 1. point pollution sources, to be removed (score: 70–100), 2. 

diffuse pollution sources, to be remedied (score: 50–69), 3. pollution sources not needing fu
t re-vegetation (score: 35–49) (5.3). The questionnaire scores consider all parameters that characterise the 

risk posed by the pollution source. The scores were assigned on the basis of three main categories: a) source 
characterisation includ

signed: 33) b) takes into account hydrogeological, geological and physical 
aracteristics of the area (maximum score to be assigned: 33) c) receptors taking into account characteristic 

features of the land use (maximum score to be assigned: 34).  

The evaluation is based on quantitative categories: wa

ore is maximal, if not, detailed site specific assessment is performed. The scores between 0 and 100 indicate 
three risk categories: 70–100 imposing removal or complete isolation of point sources; 50–70: in situ 
remediation of the point or diffuse sources by combined chemical- and phytostabilisation; under 50: 
revegetation. 

Table 3: The score assigned to the pollution sources and the tonnage of the waste materi

Tailings flotation dam, flotation tailings 99 4 000 000 isolation 
Industrial reservoir, sediment 93 70 000 to remove 
Ore transportation route, ore 92 30 000 to remove 

Precipitate storage, lime precipitate 90,8 50 000 to remove 
Agricultural reservoir, sediment 88,8 30 000 to remove 
Mud retention, mixed sediment 85,5 30 000 to remove 
Altáró waste dump, mine waste 84,5 1 100 000 remediation 
Károly waste dump, mine waste 81,5 16 000 to remove 

Gyöngyös-Rédei reservoir, sediment 81,3 30 000 to remove 
Toka creek , sediment >80 35 000 to remove 

Új Károly-gallery, mine waste I. 79,5 8 000 to remove 
Új Károly-galery, mine waste II. 79,5 800 to remove 
Emergency dam, various wastes 78,3 3 000 removed 

Péter-Pál shaft, mine waste 75,8 16 100 to remove 
Katalin gallery, mine waste 73,5 5 000 to remove 
14 different waste dumps 55–70 10 000 remediation 
15 different waste dumps >50 10 000 revegetation 

Legend:  mine waste, sediment, lime precipitate, various wastes diffuse pollution for remediation, diffuse pollution 
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The Quantitative Hazard Assessment (6.1.a) was undertaken on the basis of the emission of the pollution 
so

 
pa  sub-
sites r f the pollution sources, for differentiation 
betw n ershed. 

T  Q tem is characterised by the 
Ri

btained 
fro

rt by runoff, like it did in case 
of the Salsigne site (Pot ater. The calculated 
Quantitative Risk was c value to the Natural 
Risk Reduction Capacity of the site and as a  from the sou
Targeted Risk Reduction %. 

In Gyöngy having comple if etween the point and di llution 
sources (5.3), the m st suitable risk reduc eas lecte .1). The point s es will be 
excavated and the excavated ill be rred on  of the ta p (7.2). 
G s to the highest toxic metal emission from the pollution source, 
once the d and co he emi f the to etal will dimi derably. 
The resid ated as di tion r with ready existing ollution 
so ppl fpo pproac minution d runoff 
an

yösoroszi is to r  pollu lux from th urces, 
w

of the emission from the residual pollution sources the 
ac

rameter, the ratio of the emitted metal concentration and the 
m

he Toka creek (set by 
ex

n values. 

combined with lisation is perf

Laboratory tests were performed on real samples (4 rmine the amendm mobilising 
ents like fly e) to be add soil and pecies able to gro substrate. 

 on the r oratory expe e cost calcu s and technology pla r 7 years of 

A comp ts of seve ation altern s considered for the G oroszi site 
s been don ntiate cost ef  of the chem nd phytoremediation

The implementation of the combined chemical+phy remediation alternative will reduce the emission of 
the single sources and the total site and consequently the pollution load in the surface water flow. The mine 
water will have to be treated separately (4.3.3) (Figure 2 A water treatment methodology (liming) has been 
planned for the mine outflow (4.3.3). 

urces and sub-areas, estimating the pollution transport by water. The direct precipitation (direct water flow) 
and the indirect water flow were first determined. Then, the metal amount transported by the runoff water was 
calculated on the basis of the leaching test (4.2). The emitted metal amount was used as a quantitative

rameter (6.2.a) to characterise the hazard of the pollution sources. The quantitative emission data of
 o any selected area were used for more precise ranking o
ee point and diffuse sources and also to estimate the metal load on the wat
he uantitative Risk Assessment (6.1 b) The quantitative risk of the ecosys

sk Quotient (RQ), which is the ratio of the Predicted Environmental Concentration (PEC) and the Predicted 
No Effect Concentration (PNEC) (Gruiz et al, 2000). The PEC is given by the measured metal concentrations 
of the Toka creek water and sediment. The PNEC is defined based on effect based quality criteria o

m literature and regulatory data (BKH, 1995; Swartjes, 1999; http://www.sitespollues.ecologie.gouv.fr/). 
According to the site specific Quantitative Risk Assessment of the Toka catchment area the risk quotient 
(RQ=PEC/PNEC) is higher than 1 (RQ>1). The target risk value is RQ = or < 1. The aim is to reduce PEC to 
the PNEC value. Having the target concentration in the Toka creek (PNEC) and the Natural Risk Reduction 
Capacity of the site located between the source and the recipient Toka creek, the maximum permitted 
emission from the point and diffuse sources able to ensure the PNEC value in the Toka creek is calculated. 

The solid transport by erosion is included in the conceptual model. However the Quantitative Risk 
Assessment at this stage was not focussed on the solid phase (sediment) transpo

techer, 2002), but more on the mobile metal transport by surface w
alculated in light of a conservative approach attributing minimum 

suming m

te he d

ximum emission rces when calculating the 

ösoroszi after d t
tion m

ferentiation b
ures were se

ffuse po
ourco d (7

 confined and  material w  transfe to the top ilings dum
iven that the erosion of the polluted soil lead

point sources are excavate nfined, t ssion o xic m nish consi
ual pollution will be tre ffuse pollu togethe the al  diffuse p

urces (on the basis of our ranking), a
d of erosion (7.2). 

ying the Di lmine a h: the di of pollute

The main objective in case of Gyöng educe the tion f e pollution so
hich involves mitigation of the leaching process and stopping erosion of the polluted soil. 

After removal of the point sources and mitigation 
tual toxic metal concentration in the Toka creek could be reduced by the calculated efficiency of the “risk 

reduction box”(7.2). 

The Natural Risk Reduction Efficiency of the site was calculated by comparing the calculated emitted 
metal content of the sources (4.2) with the actual metal concentration measured in the surface water (3.1.1). 
The NRRE of the Toka box is a generic pa

easured metal concentration in the outflow of the box.  

The maximum permitted emission (6.3) from the diffuse and residual of point sources in the Toka 
catchment was calculated from the targeted Effect Based Quality Criteria (EBQC) of t

pert studies) and from the minimum Risk Reduction Capacity (Efficiency) of the site (NRREmin) 
(calculated). In light of a conservative approach, the NRREmin is the ratio between the metal emission from a 
minimum concentration waste source and the actual metal concentration in the surface water. The target 
concentration (6.3) used for site remediation can be calculated from the permitted emissio

According to the Difpolmine approach, if the diffuse source is barely vegetated phytostabilisation 
 chemical stabi ormed.  

soil .2) to dete
the t s

ents (im
e ag

Based
 ash, iron oxid
esults of the lab

ed to the 
riments th

 plan
lation

w on th
nning fo

remediation has been worked out (8.1). 

arison between the cos ral remedi ative yöngyös
ha e (4.3.2) to substa ficiency ical a  option. 

to

1.). 
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Results and discussions on the technical feasibility of the method 

ungaThe main ta odology ada  dete ion 
sources and w ased managem hat risk .  

The main site-specific quantitative parameters for descriptio k in Gyöngyöso  are: 
• Rain n the surface o tion sourc

f running through the pollution source  
• ut and t from the ion source. 

The st ptual M t takes into account the pollution sources and the 
hydrogeological conditions of the area. Then the Water Balance of the area was pőroduced. The total 
po

rget of the meth
ork out a risk b

pted to the H
ent concept t

rian site was to
 substantiates a 

rmine the risk of the pollut
based remediation approach

n of the ris roszi area
 water directly o f the pollu e 

• Surface (and subsurface) runof
The metal amount leached o ransported pollut
arting point is the Conce odel tha

llutant emission was calculated using the data of the Water Balance and the GIS-based Flow Map.  

According to our approach the risk of point sources that are still in place within a water catchment is 
dependent not only on the metal concentration, waste material tonnage and surface area of the dump but to a 
large extent on the water amount that runs through the pollution source, which results from the size of the 
watershed of the waste dump. The GIS approach allows estimation of every pollution source (mine waste 
dump) as an individual water catchment. The surface area of the waste dump and the topography around the 
pollution source determine the size of the watershed of every individual waste dump, and therefore the water 
volume likely to run through it and directly on its surface. The Table below gives the surface area of the point 
sources and their watershed area read from the GIS Flow Accumulation Model 

Table .4. Surface area of the waste dumps and of their watershed 
Surface Watershed of 

Waste dump 
area of the 

dump 
the waste 

dump 
Cell size Surface area of the waste 

dump watershed 

 m2 cell number m2 m2 
Total dumps 197 000 8 228 100 822 800 

Toka total waste dumps without the 
flotation tailings dump  44 000 4 109 100 410 900 
Total diffuse sources 24 000 2 000 100 200 000 

Total residual from point + diffuse 68 000 6 220 100 622 000 
Total Toka water water catchment  250 000 100 25 000 000 

The Flotation Tailings dump will be covered and insulated within the National Remediation Programme, 
fo

sing the above data, the ratio (%) of the total surface are of the waste dumps 
e to

dumps t n of the risk posed by the water 
ning 

the surfa

The ra
The r total water catchment area of the waste dumps to the total area of Toka water 
tchme
In ter

from fiel
ws). T

Table umps (in the 1st year) 

surface 

r this reason it is not included in our calculations. 

Following the above idea and u
to th tal area of Toka catchment was compared with the ratio (%) of the water catchment area of the waste 

o the total area of Toka water catchment. This enabled estimatio
run through the watershed of the waste dumps in comparison to the risk posed by the water that gets onto 

ce of the dump directly (direct rain): 

tio of the total surface area of the waste dumps to the total area of Toka water catchment is 0,1%: 
atio of the 

ca nt is 1,6%. This makes big difference and should be taken into consideration. 
ms of metal leaching from waste dumps (point and diffuse pollution sources) it is not only the direct 

rain water onto the surface of the waste dumps that has important role in the transport, but as one could see 
d observations, also the water that runs through the dump and the subsurface (hidden temporary 

flo he runoff volume was calculated from the GIS based flow accumulation model 

5. Direct runoff produced by the yearly precipitation reaching the surface of the d
 Waste dump Area Direct surf. runoff Runoff volume from the 

  m2 mm/year m3/year 
s 198 000 326  Total dump 64 000 

 Toka total 
lot  000waste dumps without 44the f ation tailings dump   326 14 500 

T l diffuse sources 24 0 326 7 800 
se 326 2 000 

 ota  00
 Point +diffu 68 000 2
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Table 6. Indirect runoff volume produced by the yearly precipitation running through the watershed of the 
dumps 

 Was Watershed
area 

 Run
water

te dump  Run-through off volume through 
shed 
ear 

32 00 
oka 

the  dum 32  000 

fuse 32  000 

 polluti cteristic ess were s

  m2 mm/year m3/y
 Total dumps 823 000 6 270 0
 T total waste dumps without 

 flotation tailings p  411 000 6 134

 Total point + dif 622 000 6 203

Leaching of metals from on sources and the chara parameters of the proc et based 
on a complex (physical-chemical-biological) leaching test (microcosm) using the most polluted mine waste 
m

simulated in microcosms. Two typical cases were modelled in four 
m

tal risk assessment like the rate of acidification and metal mobilisation, the metal 
conc o 
different leaching efficiencies were c l content (aqua regia extract) and to 
the mobile metal content (acetate buffer extract) of the leached waste 

To estimate the ted ye e
polluted area the metal f the leach resulte ocosm experiment Th GIS 
approach enabled calcu llution flux of every individual source using the runo  derived 
from the Flow Accumul nction of the wate ual precipitation e metal 
conc tion of the leacha the complex microcosm leaching test.  

The yearly metal amou alculated by multiply e metal concentratio hate 
obta from the bioleac  test with the r  produced by the an pitation. 
Direct runoff flowing straight onto the surface of the pollution source and indirect runoff volume running 
through the surface of the  source were different metal pollution flux r om each 
flow  calculated. To g otal metal amount e llution source t metal 
amount transported by the above two runoff volumes was given.  

ce runoff) 

• Yearly runoff relevant to t  326 mm/year (756 mm/year is the 
average annual precipitation in the Toka Northern catchment= 0.756 m3 /m2 /year) 

• Total surface area of the mine waste dumps plus diffuse minus the flotation tailings dump: 68 000 m2 
(Table 4.) 

• Direct n the total s te dumps and diffu :.  
68 000 m2 x 0.3  000 m3 /year 

• Indirect flow (runoff) volume/annum through the total surface of the mine waste dumps and diffuse 
sources: 622 00 326 mm/year = 203 00 watershed area read f IS Flow 
accumulation, T

• Minimum, med aximum total metal c of the mine waste m d in the 
bioleaching microcosm test: minimum, medium and maximum values (Table 7) 

• Metal concentra e leach obtained from the microcosm bioleaching test: m edium 
and maximum e Table 8) 

Total metal concentration Total metal concentration 

mg/kg 

Total metal concentration 

mg/kg 

aterial in the area. Site specific processes like weathering of the sulphide ore containing waste rock and 
leaching coupled with the microbiological sulphide oxidation process, natural decontamination of the leachate 
by high sorption capacity forest soil were 

icrocosms: bioleaching within a large waste dump (the leachate does not reach the original soil layer) and 
bioleaching in a waste dump in contact with surrounding soil (the leachate does reach the soil). The quantity 
and quality (pH, As, Cd, Cu, Pb, Zn content) of the leachate was measured at regular time intervals. The key 
parameters for environmen

entration of the emitted leachate were determined from the results of the leaching experiments. Tw
alculated compared to the total meta

 metal amount transpor arly by the runoff water gen
d from the micr

rated by the annual rain per 
 was used. e 

ff volume
 concentration o
lation of the po

ation (fu rshed size and ann ) and th
entra te from 

nt was c ing the averag n of the leac
ined hing microcosm unoff volume nual preci

pollution iated and the esulted fr
 was ive the t mitted from the po he sum of the 

The calculated total metal amount emitted from the identified pollution sources during the first year 
resulted from the following data: 

• Runoff water percentage from the annual precipitation in the Water Balance: 15.68% (surfa
+ 15.65% (subsurface runoff) + 11.83% (Toka runoff) = 43,16 % 

he above % is: 756 mm/year x 0,4316 =

 flow (rain) volume/annum o urface of the was se sources
26 mm/year= 22 (Table 5.) 

0 m2 * 0, 0 m3/year ( rom the G
able 6.) 
ium and m oncentration aterial use

tion of th inimum, m
mission (

Table 7. Total metal concentration of various quality mine wastes in the area (minimum, medium and 
maximum grade) used in the bioleaching microcosm test 

Metals  of a mine waste (minimum) 
mg/kg 

 of a mine waste (medium)  of a mine waste (maximum) 

As 44 100 216 
Cd 1 3 12 
Cu 25 50 107 
Pb 295 600 13 100 
Zn 370 800 2 155 
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T
qualities (minimum, medium and maximum emission) 

 
Maximum emission 

µg/lit 

able 8. Metal concentration of the leachate obtained from the bioleaching microcosm test using the above 
waste 

Metals 
Minimum emission  Average emission 

µg/lit µg/lit
As 150 340 700 
Cd 100 300 1200 
Cu 400 800 4 710 
Pb 100 203 3 600 
Zn 25 000 54 135 163 000 

The average and maximum emitted metal amount per year was calculated using the medium and highest 

risk period) by the 
runoff water (mm/year) reaching the surface area of mine waste dumps and diffuse sources (direct rain) is 

 Runoff on the surface Medium – Maximum metal Medium – Maximum metal 

concentration mine wastes in the area. The minimum emission was used to generate the Natural Risk 
Reduction Efficiency of the site (NRRE). 

Calculation of the metal (As, Cd, Cu, Pb, Zn) amount leached out yearly (in the highest 

shown in the table below: 

Table 9. The yearly average and maximum metal amount resulted from leaching by direct runoff in the 
Northern catchment of Toka creek 

 (direct rain) conc. leachate amount 
 m3/year µg/lit = (10-3g/m3) kg/year 

As 22 000 340 – 700 7 – 16 
Cd 22 000 300 – 1 200 7 – 26 
Cu 22 000 800 – 4 710 18 – 103 
Pb 22 000 203 – 3 600 4 – 479 
Zn 22 000 54 135 – 163 000 1 190 – 3 597 

T ar) 
through the watershed area (indirect e noted that only 50% of the leach 
concentration from the microcosm test was used because the leaching efficiency of the runoff water flowing 
thro  and it

aximum m ted from leachin ff in 
e N rn c ent oka c  

Runoff through  
wa m ct

Medium – Maximum metal 
con cha

  

he metal amount leached out yearly in the first years (highest risk period) by the runoff water (mm/ye
 rain) is shown below. It is to b

ugh the watershed ranges from 0

Table 10. The yearly average and m

100%, function of the flow cond ions and water amount. 

g by the indirect runoetal amount resul
th orthe atchm  of T reek

 
the ste du p(indire ) c. lea te 

Medium M
am

– aximum
ount 

metal 

 m3/year µg/lit = (10-3g/m3) kg/year 
As 203 000 170 – 370 35 – 75 
Cd 203 000 150 – 600 30 – 122 
Cu 203 000 400 – 2 360 81 – 476 
Pb 203 000 100 – 1 790 20 – 363 
Zn 203 000 27 068 – 81 770 5 495 – 16 579 

The total metal amount leached out per year per total water catchment is the sum of the direct runoff on the 
dump surface and runoff water (m3/year) through the watershed area (indirect rain). 

The total calculated yearly emitted metal (kg/year) transported in the 1st years (highest risk period) by the 
direct (Table 9) + indirect rain running off and through (Table 10.) the total surface of the mine waste dumps 
and diffuse sources is as follows: 

Total yearly emitted metal amount from the total surface area of maximum metal grade/concentration point 
and diffuse pollution sources: 

As: 16 kg + 75 kg = 91 kg; Cd: 26 kg +122 kg = 148 kg; Cu: 103 kg + 476 kg = 579 kg; 
Pb: 79 kg + 363 kg = 442 kg; Zn: 3 597 kg + 16 579 kg = 20 176 kg. 
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Total a oint 
and diffuse pollution sources: 

As: 7 kg + 35 kg = : 7 kg +30 kg = 37 kg : 18 kg + 811 kg = 829 kg
Pb: 4 kg + 20 kg  190 kg + 5 495 k 85 kg. 

he average and um em on of the m aste dumps ffuse 
po as (microcosm test). 

ning the quantitative hazard based o eta e ma  value of t ission 
w to account in light of a pessimisti proach. T ission, consequently water 
tr etal load will decrease in time expo lly. ase ocess (the t risk 
pe  studied and all the calculations were b on it in o ssimistic 

s iterative Risk Assessment process the Quantitative Hazard and Qua e Risk wer lated 
on e metal transport by runoff and  water. The solid pha sport by water was not 
m tely. However the PEC value resu  from ou surements etal concentration in the 
To corporates the pollution deriving fr he water-t sported sedi t too. 

r 
u  
length (L), slope steepness (S), management practice (C), conservation; practice (P). 

In mum
the qua ffuse The calculat i-
quantitative re  value for differentiati urces. If one would like to estimate the 
pollutant flow along one of the pathways into the Toka creek, one has to take into account the risk reducing 
ca ty ilu , so n i art  be  p , ch s in hem  form  
a e mobility of th metals, bioaccumu , e r as  Natural 
R ed n Efficien f the te w ne /ca ted m  mitte etal ent 
leachate (based on the r  of t  microcosm eri s)  the a tual m con ratio asu
the surface water. When calculating the NRRE of the site the minimum emitted metal concentration was used. 
(Fi

Waste dumps emitted leachate Risk Reduction Efficiency (NRRE) 

nnually emitted metal amount from the total surface area of average metal grade/concentration p

42 kg; Cd ; Cu ; 
 = 24 kg; Zn: 1 g = 6 6

The calculations are based on t  maxim issi ine w and di
llution are

When defi
as taken in

n the m
c ap

l em on, thissi
otal em

x mimu
and 

he em
 the 

ansported m nentia The initial ph of this pr  highes
riod) was ased ur pe model.  

In thi ntitativ
se tran

e calcu
ly based on th
odelled separa

surface
lted r mea – m

ka-water – in om t ran men

The Risk Assessment currently is being refined, by adding Erosion Modelling to it, enabling us to have the 
solids transport considered separately in the approach. Erosion modelling is in progress, however the model 
has not yet been validated, therefore this report does not include any of the results. The RUSLE (Revised 
Universal Soil loss Equation) was used in our erosion prediction model. It calculates the average soil loss pe
nit area. It is a product of six factors representing rainfall and runoff erosivity (R), soil erosivity (K), slope

 ou e  maxir work th calculated
ntitative f ea

 emitted metal amount is the basis for determining the contribution to 
ed emission is used as a sem hazard o

lative risk
ch point and di  pollution source. 

on between the so
 

paci of the site (d tions rptio n the soil, p ition tween hases ange  the c ical  and
s a consequence changes in th e lation tc.). Fo  this re on the
isk R uctio cy o si as ge rated lcula  by co paring the e d m cont of the 

esults he  exp ment with c etal cent n me red in 

gure 14., Figure 15.) 

Table 11. Calculation of the Natural Risk Reduction Efficiency (NRRE) of the Toka box based on the 
minimum concentration leachate 

concentration (estimate based on 
microcosm test) (Ecmin) 

Toka creek measured, average 
conc. (µg/lit) of the Toka box 

decrease ratio and % 
As Cd Pb Zn As Cd Pb Zn As Cd Pb Zn 

/lit µg/lit µg/lit µg/lit µg/lit µg/lit µg/lit µg/lit    
 
0 100 100 25 000 50 2 30 800 

3.0 
(66%) 

50 
(98%) 

3.3 
(70%) (915

30 
7%)

NRRE tool can be used to calculate: 

the Maximum Permitted Emission from the sources if only the NRRE works (MPE), 
 the targeted Risk Reduction Efficiency (TRRE) by combined chemical and phytoremediation to reac
MPE.  
 to plan the removal of the sources, if target concentration in the Toka river is known (EBQC). 
n that the work focussed on the risk of toxic metals transported by the surface water, the target 
tration in the Toka creek was set using effect based water quality criteria given by expert studies on

ing into account the different effect based quality criteria in various countries (BKH, 1995; Swart
http://www.sitespollues.ecologie.gouv.fr). The set criteria are based on environmental toxicity data.

 levels and environmental quality objectives in some countries are or will be considered tools in
tion of environmental policy. Due to the scientific deduction methods and the consequences asso

osen risk levels the comparability of the environmental quality criteria in the various countries is p
95). The necessity of setting the Effect Based Quality Criteria (EBQC) for the Hung

 
Risk  the 
execu ciated 
with ch oor 
(BKH, 19 ian 

 Location of the Hungarian demonstration site in the vicinity of the Mátra Natural 
Re

e to the geological setting and former mining activity the background 
concentration values in some sub-areas are higher. For which reason the maximum EBQC values (EBQCmax) 
were derived. 

ar

µg  

The 

1. 
2. h 

3. 
Give metal 

concen  the 
area, tak jes, 
1999; 

demonstration site occurred for three reasons: 1. Lack of quality criteria / limit values on surface water in 
Hungary. The water quality is regulated and inspected based on standards imposed on the discharge/emission 
from various industries. 2.

servation classifies the area in the sensitive water usage category, for which reason the minimum EBQC 
values (EBQCmin) were generated. 3. Du
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Table 12. Effect based quality criteria (EBQC) (BKH Consulting Engineers, Holland (1995) 

Effect based environmental quality 
criteria 

As 
 

Cd 
 

Pb 
 

Zn 
 

Surface water µg/lit µg/lit µg/lit µg/lit 
HU standard for ground  water 25 5 10 200 
Holland  8.6 0.35 10 6 
Canada  50 0.01–0.06 1–7 30 
US-EPA  190 1.1 3.2 110 
Swedish  0.45 0.045–0.09 0.6–1.2 4.5–9 
Danish  4–9 2.5 5.6–9.2 86–110 
French 10 5 25 3000 
UK  50  4–20 8–50 
EBQC min 3  0.3  2  20  
EBQC max 10 1 10 100 

Knowing the target EBQC of the Toka creek (set by expert studies), which is the Predicted No Effect 
oncentration in our risk calculations and the effect of natural risk reduction (calculated), the maximu
rmitted emission (MPE) from the diffuse and residual sources in the Toka catchment was calculated, us
 minimum NRREmin (pessimistic estimation) based on the minimum emission (Table 8. and Figure 14.)

ble 13. Maximum Permitted Emission (MPE) based on minimum/maximum EBQC if only NRRE work

Target EBQC of Toka creek 
TEBQCmin, TEBQCmax 

(PNEC) 

Natural Risk Reduction Efficiency 
(NRREmin) 

 of the Toka box 

Maximum Permitted Emissi
only NRRE works (MPE)

 

C m 
pe ing 
the .  

Ta s 

on if 
 

As Cd Pb Zn pH As Cd Pb Zn pH As Cd Pb Zn
µg/lit µg/lit µg/lit µg/lit      incr. µg/lit µg/lit µg/lit µg/lit 

50 3.4 30 

 
p
H

3.0 0.3 2 20  3.0  4.5 15 14 600 
10 1 10 100  3.0 50 3.4 30  30 50 33 3000 
The permitted emission values will be used as target concentrations for site remediation. The target 

emission (MPE) is dependent on the predicted surface water quality (TEBQC) and on the natural risk 
reduction potential (NRRE) of the site. The scheme of calculating the NRRE and the Maximum Permitted 
Emission (MPE) of the site based on the maximum TEBQC (non-sensitive water usage) is shown in Figure 
14.  

C a lcu la tion o f N R R E an d th e P erm itted  E m iss ion  o f dif fu se p ol lu tio n sou rces

T km c :  T o ka  c r e e k me a sur e d c o nce nt r at io n 
A s: 5 0  µg /lit C d : 2  µg /li t
P b : 3 0  µg /lit Z n : 8 0 0  µg /li t

T EB Q C : T ar g et e d E ff ec t - ba se d Q ua lit y  C r it er ia  
A s: 1 0  µg /lit C d : 1  µg /lit
P b : 1 0  µg /lit Z n : 1 0 0  µg /lit

P b:  3 .3  ( 7 0% )   P b:  3 .3  ( 7 0% )   ZnZn:  3 0  ( 9 7% ):  3 0  ( 9 7% )

Emissio ns f r o m m in im um , a v er ag e  a n d m a x im um c o nc e n tra tio n  p o in t an d  d if fu se  p o llu tio n  so ur ce s,
c a lcu la te d  f r om  the  re su lts  o f  th e  b io le ac h in g  m icr o co sm te st ( E c , E c , Ec )

Tkmc : M e a su re d  c o nce n tr a tio n

E missio nsE missio ns:: E c , E c , E cm in av er ag e m ax
A s: 1 5 0 – 3 5 0  – 75 0   µg /lit
C d : 1 0 0 – 30 0  – 1  2 0 0  µg /lit

3  6 00   µg /litP b : 1 0 0 – 2 0 0 –
Zn : 2 4  0 0 0 – 54  0 0 0 – 1 6 3 0 0 0   µg /lit

M a x imumM a x imum P e r m it t e d E missio nP e r m it t e d E missio n ( M P E)  ( M P E)  
(( M P E=M P E= NR R ENR R E m inm in *  *  T EB Q CT EB Q C m a xm a x ))

A sA s: 3 0  : 3 0  µg /lit C d : 5 0  C d : 5 0  µg /lit
P b : 3 3  P b : 3 3  µg /lit Z nZ n : 3 0 0 0  : 3 0 0 0  µg /lit

N a tu ra l R isk R e d u c tio n   E ff ic ie ncyN a tu ra l R isk R e d u c tio n   E ff ic ie ncy
(( N RR EN RR E m inm in == EcEc m inm in //T kmcT kmc ))

A sA s:  3 .0  ( 6 6:  3 .0  ( 6 6% )   C d:  5 0  ( 9 8% )  % )   C d:  5 0  ( 9 8% )  

m in av er ag e m ax

 in  the T o ka cr ee k w a ter  b ef o re  rem o va l o f  p o in t so ur ce s

m a x (e x p er t s tu d ie s)

 
Figure 14. Scheme of calculating the Natural Risk Reduction Efficiency (NRRE) of the site and the 
Maximum Permitted Emission (MPE) to reach target concentration in the Toka creek set for non-sensitive 
water usage (TEBQCmax) 

The scheme of calculating the NRRE and the Maximum Permitted Emission (MPE) of the site based on the 
minimum EBQC is shown in Figure 15. 

N R R E m in : N a tu ra l R isk Re d u c tio n  E f f ic ie ncy  o f  the  site  ba se d  on  th e c a lc u la te d m in im um  em issio n

M P E : Ca lc u la te d Ma x im um  P e rm itte d Em issio n  o f  the  site  to  re ac h  T E BQ C if  o n ly  N R R E m in w o r ks 

TE B Q C Ta r ge te d Ef fe c t- ba se d  Q ua lity  Cr ite r ia f o r n o n se n sitive  wa te r  u sa ge
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TOKA CREEK FLOW

Toka creek measured concentration (Tkmc)
As:  50 µg/lit Cd: 2 µg/lit
Pb:  30 µg/lit Zn: 800 µg/lit

EmEmissionsissions:: Ecmin, Ecaverage, Ecmax
As: 150 – 340 – 750  µg/lit
Cd: 100 – 300 – 1 200 µg/lit
Pb: 100 – 203 – 3 600  µg/lit
Zn: 25 000 – 54 135 – 163 000  µg/lit

Targeted Effect-based Quality Criteria TEBQC
As: 3 µg/lit Cd: 0.3 µg/lit
Pb: 2 µg/lit Zn: 20 µg/lit

min

MaximumMaximum Permitted EmissionPermitted Emission (MPE) (MPE) 
((MPE=MPE=NRRENRREminmin * * TEBQCTEBQCminmin))

AsAs:   9 :   9 µg/lit Cd: 15 Cd: 15 µg/lit
Pb: 7 Pb: 7 µg/lit ZnZn:  600 :  600 µg/lit

Natural Risk Reduction  EfficiencyNatural Risk Reduction  Efficiency
((NRRENRREminmin == EcEcminmin//TkmcTkmc))

AsAs: 3  (66%)Cd: 50 (98%) : 3  (66%)Cd: 50 (98%) 
Pb: 3.3 (70%)  Pb: 3.3 (70%)  ZnZn: 30 (97%): 30 (97%)

issions from minimum, average and maximum concentration point and diffuse pollution sources,
lated from the bioleaching microcosm test (Ecmin, Ecaverage, Ecmax)
: Measured concentration in the Toka creek before removal of point sources
min: Natural Risk Reduction Efficiency of the site based on the minimum emission Ecmin 

ulated)
: Maximum Permitted Emission of the site to reach target concentration in the Toka creek if only

Em
calcu
Tkmc
NRRE
(calc
MPE

TEBQCmin: Targeted Effect-based Quality Criteria for sensitive water usage  ( target concentration in the
Toka

 
d the 

Maximum e water 

The Natu  that the 
Maximu sage 
As is 150 i d of 3000 
µg/lit. 

Further +phyto-
stabilisatio

The ma  sources, 
whic

The choi
• the toxic m
• the to
• the access t
• cost ev

Accord ilisation 
combined 

The risk  Efficiency 
(%), which uction 
Efficiency t the 
maximum ation of 
the emi isk 
Reduction Efficiency (TRRE) and the efficiency of chemical stabilisation, the required maximum efficiency 
of

NRREmin works (calculated)

creek, set by expert studies)

Figure 15. Scheme of calculating the Natural Risk Reduction Efficiency (NRRE) of the site an
 Permitted Emission (MPE) to reach target concentration in the Toka creek set for sensitiv

usage (TEBQCmin) 
ral Risk Reduction Efficiency (NRRE) alone cannot lower the risk to such extent

m Permitted Emission values (MPE) are reached. For example in case of a non sensitive water u
nstead of 30 , Cd is 100 instead of 50, Pb is 100 instead of 33 and Zn is 25 000 instea

risk reduction consists mainly of excavation and confinement of point sources and chemical
n of diffuse sources and of the residual waste after removal of the point sources. 
in objective in case of Gyöngyösoroszi is to reduce the pollution flux from the pollution

h involves mitigation of the leaching process and stopping erosion of the polluted soil. 
ce of the remediation process for diffuse pollution is based on: 

etal concentration (Zn, Pb, As) 
xic metal (Zn, Pb, As) emission flux by runoff 

o the pollution source 
aluation. 

ing to the Difpolmine approach, if the diffuse source is barely vegetated phytostab
with chemical stabilisation is performed. 
 reduction requirements of the site will be controlled by the Targeted Risk Reduction
 includes both the efficiency of chemical and phytostabilisation. The targeted Risk Red
(TRRE) of combined chemical + phytoremediation was calculated taking into accoun

 permitted emission (MPE) to reach EBQC for non-sensitive water usage and the concentr
tted leachate from a maximum and average concentration sources (Table 8). Having a targeted R

 phytostabilisation can be estimated. 
Figure 16. and 17. show the scheme of calculating the Targeted Risk Reduction Efficiency (TRRE) in case 

of a highly polluted (maximum emission) and less polluted site (average emission), respectively, complying 
with the requirement on non-sensitive water usage after remediation (TEBQCmax). 
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Maximum Emission (Ecmax) 
As: 750 µg/lit Cd: 1 200 µg/lit Pb: 3 600 µg/lit Zn: 163 000 µg/lit

Maximum Permitted n ( ):  
MPE=NRRCm Cm

P /lit :  3 g/

 Emissio MPE  
in*EBQ ax

As:   30 µg/lit Cd: 50 µg/lit b: 34 µg Zn  000 µ lit

Targeted Risk RTargeted Risk Red ffi yed ffi y

6% (1/25)     6 % 4)  (1/25)    6 % 4)  
9 % (1/105) % 4)9 % (1/105)  8 % 4)

uction Euction E cienccienc
TRREcalc%= {(Ecmax - MPE)/ Ecmax}* 100

As: 9As: 96%    Cd: 9    Cd: 9  (1/2 (1/2  
Pb: 9Pb: 9      Zn: 98    Zn: 9  (1/5 (1/5

Figure 16. Scheme of calculating m emi on 
 

 
 the Targeted Risk Reduction scale in case of maximu ssi

 

Average Emissio averag
As: 350 µg/lit Cd: 300 µg/lit Pb /li 4 g/

n (Ec e)
: 200 µg t Zn: 5 000 µ lit

Maximum Permitted n (   
Cm Cm
P /lit  3 g/

 Emissio MPE):  
MPE=NRR in*EBQ ax

As:   30 µg/lit Cd: 50 µg/lit b: 34 µg Zn:  000 µ lit

TargeTargetedted Risk Red ffi y Risk Red ffi y
00

 9 911% (1/% (1/1111) ) d: d: 8383 %%

uction Euction E cienccienc
TRRE %= {(Ecaverage - MPE)/ Ec e}* 1calc averag

As:As: CC  (1/ (1/66   
8383 % (1/% (1/66)   n: 9)    n: 944 %% ))

)  )
Pb: Pb:   Z Z  (1/ (1/1818

 
Figure 17. Scheme of calculating the Targeted Risk Reduction scale in case of a

 
verage emission 

 during the experiment was analysed in the water- 
and in the acetate extracts of the stabilised soil, and compared to the aqua regia extractable total metal 
concentration. Plant uptake was modelled by an extract of a solvent mixture of acetic acid and EDTA. The 
metal content of the extracts was analysed by Atomic Emission Spectrometry. The actual bio-available 
fraction before, during and after stabilisation was measured by a new bio-concentration (plant-uptake) test, 
which is a self-developed rapid plant test combined with the chemical analyses of the biomass. To measure 
the adverse effects of the pollution and predict the environmental risk of the soil, the stabilisation process was 
followed also by environmental toxicity testing. The results of the tests and the chemical analyses were 
evaluated together. Both the chemical and toxicological results proved the highest efficiency of fly ash. The 

To select the most suitable chemical stabiliser and optimise technological parameters of combined 
chemical and phytostabilisation, laboratory microcosm experiments were done. 

Two different fly ash and five other additives were tested as chemical stabilisers (raw phosphate, lime, 
lignite, alginite and the mixture of these) in microcosms. The stabilisation process was monitored during the 
experiment by an integrated methodology, which combined physical-chemical analysis with ecotoxicity 
testing. The change of the soluble and mobile metal fraction
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decrease in ition and 
becam on in the 
fly ash ment 
remained unc 4 months 
flyash treat

Table 14 reated 

Zn 

 dissolvable metal content and toxicity was observed already 21 days after fly ash add
e considerable after 4 months of treatment. During this time the mobile Cd and Zn concentrati
 treated Gyöngyösoroszi soil decreased by 60–99,8%. The stabilising effect of a single treat

hanged after 2,5 years. The results of the microcosm experiments after 21 days and 
ment are shown in Table 14. and Table 15.  
. Toxic metal concentration decrease in the water extract of the Gyöngyösoroszi soil (Gy) t

with 1w%, 2w% and 5w% flyash (PA) after 21 days in microcosms 
Treated material MU As Cd Cu Pb 

itial mg/kg ND 1,00 0,66 ND 
sh mg/kg ND ND ND 0,09 

eoretical (soil with 1% flyash addition) mg/kg ND 0,99 0,65 ND 
eoretical (soil with 2% flyash addition) mg/kg ND 0,98 0,65 ND 
eoretical (soil with 5% flyash addition) mg/kg ND 0,95 0,63 ND 

asured concentration after treatment mg/kg ND 0,34 0,35 ND 39
asured concentration after treatment mg/kg ND 0,15 0,31 ND 10
asured concentration after treatment mg/kg ND 0,01 0,41 0,03 0,

GYPA conc. decrease compared to the theoretical or corrected conc. (mg/kg) 
eoretical -GYPA1 measured mg/kg ND 0,65 0,30 ND 
eoretical –GYPA2 measured mg/kg ND 0,83 0,34 ND 
eoretical –GYPA5 measured mg/kg ND 0,94 0,22 ND 

GYPA conc. decrease compared to the theoretical  or corrected conc (%) 
eoretical -GYPA1 measured  ND 66 46 decr 
eoretical –GYPA2 measured  ND 85 52 decr 

Gyo soil in 171,0 
PA flya 0,43 
GYPA1 th 169,26 
GYPA2 th 167,59 
GYPA5 th 162,47 
GYPA1 me ,86 
GYPA2 me ,91 
GYPA5 me 55 

GYPA1 th 129,43 
GYPA2 th 156,68 
GYPA5 th 161,92 

GYPA1 th 76 
GYPA2 th 99 
GYPA5 theoretical –GYPA5 measured  ND 99 36 decr 100 
ND*: non-detectable; decr.**: decrease 

Table 15. Toxic metal concentration decrease in the water extract of the Gyöngyösoroszi soil (Gy) treated with 
1w%, 2w% and 5w% flyash (PA) after 4 months in microcosms 

Treated material MU As Cd Cu Pb Zn 
Gyo soil initial mg/kg ND*:  1,31 0,57 ND 85,93 
PA flyash mg/kg ND*:  ND*: ND* 0,09 0,43 
G 1 theoretical (soil with 1% flyash addition) mg/kg ND*:  1,30 0,56 ND*:  85,07 YPA

eoretical (soil with 2% flyash addition) mg/kg ND*:  1,28 0,56 ND*:  
eoretical (soil with 5% flyash addition) mg/kg ND*:  1,24 0,54 ND*:  

asured concentration after treatment mg/kg ND*:  0,13 ND*:  0,05 
asured concentration after treatment mg/kg ND*:  0,08 ND*:  0,01 
asured concentration after treatment mg/kg ND*:  ND ND*:  0,03 

GYPA conc. decrease compared to the theoretical or corrected conc. (mg/kg) 
eoretical -GYPA1 measured mg/kg ND 1,17 ND ND 
eoretical –GYPA2 measured mg/kg ND 1,20 ND ND 
eoretical –GYPA5 measured mg/kg ND decr ND 

GYPA conc. decrease compared to the theoretical or corrected conc. (%) 
eoretical -GYPA1 measured  ND 90 decr decr 
eoretical –GYPA2 measured  ND 94 decr decr 
eoretical –GYPA5 measured  ND decr decr 

non-detectable; decr.**: decrease 
crocosm experiments on chemical stabilisation demonstrated that 2% and 5% fly ash additio

l resulted 60 to 99% reduction in the dissolvable Zn and Cd metal content of the soil.
s on chemical+phytoremediation are being planned and will start this year.   
 a conservative approach the effect of chemical stabilisation was calculated in case of m

e emission values (Table 8.), resulting the emission reached only with chemical stabilisatio
e efficiencies resulted from microcosm test. The scheme of estimating the effect of chem

 an area with maximum emission is shown in Figure 18. and 19. The reduced emission val
for a site of average and maximum emission and are compared to Maximum Permitte

GYPA2 th 84,22 
GYPA5 th 81,66 
GYPA1 me 21,95 
GYPA2 me 2,83 
GYPA5 me ND*: 

GYPA1 th 63,12 
GYPA2 th 81,39 
GYPA5 th ND  

GYPA1 th 74 
GYPA2 th 97 
GYPA5 th decr decr 

ND*: 
The mi n to the 

polluted soi  The field 
experiment

Based on aximum 
and averag n, based 
on th ical stabilisation 
applied to ues are 
given both d Emission 
values relevant to non-sensitive and sensitive water usage. 
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Chemical stabilisation (flyash)
As: 33%  Cd: 99%  Pb: 50%   Zn: 99%

EmissionEmission reducedreduced byby chemicalchemical stabilisationstabilisation
As: 502 µg/l Cd: 12 µg/l Pb: 1 500 µg/l Zn: 1 630 µg /l

MaximumMaximum Permitted Emission to reachPermitted Emission to reach EBQCEBQC forfor nonnon--sensitivesensitive**
and sensitiveand sensitive**** water usage  in thewater usage  in the TokaToka creekcreek

*As: 30 µg/l Cd: 50 µg/l Pb: 33 µg/l Zn: 3 000 µg /l
**As:  9 µg/l Cd: 15 µg/l Pb: 6.6 µg/l Zn:  600 µg /l

Figure 18. Scheme of calculating the reduced emission from a highly polluted area consid
effect of chemical stabilisation  

The Cd and Zn emission from a highly polluted area could be reduced below the ma
ission (MPE) values for non-sensitive water use and in case of Cd below the sensitive 

calculating with the maximum efficiency of chemical stabilisation. 
The scheme of estimating the effect of chemical stabilisation applied to an area with av
wn in Figure 19. below: 

 
ering only the 

 
ximum permitted 

em water use when 

erage emission is 
sho

 

Average Emission (Ecaverage)
As: 350 µg/l Cd: 300 µg/l Pb: 200 µg/l Zn: 54 000 µg/l

The The effecteffect ofof chemicalchemical stabilisationstabilisation

Maximum Emission (Ecaverage)

The The effecteffect ofof chemicalchemical stabilisationstabilisation

As: 750 µg/l Cd: 1200 µg/l Pb: 3000 µg/l Zn: 163 000 µg/l

Chemical stabilisation (flyash)
As: 33%  Cd: 99%  Pb: 50%   Zn: 99%

EmissionEmission reducereducedd byby chemicalchemical stabilisationstabilisation
As: 235 µg/l Cd: 3 µg/l Pb: 100 µg/l Zn: 540 µg /l

Maximum Maximum PermittedPermitted EmissionEmission toto reachreach EBQC EBQC for for nonnon--sese
and sensitiveand sensitive** ** water usage  inwater usage  in thethe Toka Toka creekcreek

*As: 30 µg/l Cd: 50 µg/l Pb: 33 µg/l Zn: 3 000 µg
**As:  9 µg/l Cd: 15 µg/l Pb: 6.6 µg/l Zn:  600 µg

e of calculating the reduced emission from an average polluted a
chemical stabilisation  

n is able to reduce the Cd and Zn emission from an area 
 below the maximum permitted emission (MPE) value for se
ximum efficiency of chemical stabilisation.  

nsitivensitive* * 

/l
/l

 
Figure 19. Schem rea applying only 

 
Chemical stabilisatio with average pollution 

(average emission) well nsitive water usage, when 
calculating with the ma
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The As emission is 8 times as much as the requirement for the non sensitive water usage (Figure 19.) and 
26 times the requirement for sensitive water usage. The Pb emission is 3 times the requirement for non-
sensitive water usage and 15 times the requirement for non-sensitive water usage. Given that As and Pb are 
transported mainly in the solid phase, the prevention of solid erosion by phytostabilisation will further reduce 
the As and Pb emission.  

Phytostabilisation has to reduce solid transport by erosion from the diffuse pollution sources such as the As 
and Pb emission is also reduced to the required MPE levels. The required reduction % by phytostabilisation is 
sh

rgeted Risk Reduction Efficiency (TRRE) that incorporates the effect of Chemical 
Stabilisation plus Phytostabilisation and outlines the required risk reduction by phytostabilisation. The efficiency 

tabilisation resulted from the microcosm experiment (Table 15). Even in case of maximum 
emission, Cd and Zn can be stabilised by chemical stabilisation such as to comply with the MPE requirement for 
no n 

y 
f non sensitive water 

use.

own in Figure 18. 
Figure 20. shows the Ta

of the chemical s

nsensitive water use. In case of a maximum emission source the required risk reduction by phytostabilisatio
is 63% of the maximum As emission (750 µg/l) and 49% of the maximum Pb emission (3 000 µg/l) to compl
with the quality requirements (EBQC) of the Toka creek in case o

Targeted Risk ReductionTargeted Risk Reduction % % 
to reachto reach MPEMPE

from from Maximum Maximum EmissionEmission

AsAs: 96%: 96% Cd: 96% Pb: 99% Zn: 98%

Risk reduction % by chemical stabilisation

AsAs: 33%: 33% Zn: 99%Cd: 99% Pb: 50%

Required risk reduction % from the Maximum 

to reach the MPE

AsAs: 63%: 63% Cd: 0% Pb: 49% Zn: 0%

 
Figure 20. Required Risk reduction % by phytostabilisation in case of maximum emission 

 
The implementation of the chemical+phytoremediation alternative will reduce the emission and pollution 

load in the surface water flow (surface runoff) of the area, however the subsurface runoff and mine water will 
have to be treated separately. A water treatment methodology (liming) has been planned for the mine water 
flow and the alternative of using ”Passive treatment systems” was considered. The scheme of calculating the 
liming or alternative treatment efficiency of mine water based on the Effect-based Quality Criteria for 
sensitive water usage is shown below (Figure 21.). 

Emission by phytostabilisation 

MINE WATER

Liming or alternative treatment
efficiency: Cbefore/Cafter

As: 1    Cd:   13   Pb: 5    Zn: 200

Reduced mine water flow: 1500 m3/day/10 km2

Mine water quality before treatment

As: 3 µg/lit Cd: 4 µg/lit Pb: 10 µg/lit Zn: 4 000 µg/lit

Effect-based Target Quality Criteria EBQC 
for sensitive water usage

As: 3 µg/lit Cd: 0.3 µg/lit Pb: 2 µg/lit Zn: 20 µg/lit
 

Figure 21. Scheme of calculating the efficiency of liming or alternative treatment  
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The term “passive treatment system” in the context of mine waters refers to a “water treatment system that 
utilises naturally available energy sources such as topographical gradient, microbial metabolic energy, 
photosynhesis and chemical energy and requires regular but infrequent maintenance to operate successfully 
over its design life” (PIRAMID Consortium 2003). The type of passive system planned to be used would be a 
mixed compost/l e system he so called R nity producing System (RAPS) (P. 
Younger es i  justified by the lower mine water 
discharge n s. 

Mine closure and remediation planning in Gyöngyösoroszi started in 2004. It means that all the results of 
the Project will be used. 

Cost estim n 

Phytostabilisation combined with chemical stabilisation was tested at laboratory level. Fly ash, lignite and 
limestone were tested as chemical stabilisers o hly pol l f  the Gyöngyösoroszi area. Based on 
the laboratory t lts the efficien of th ical ad has mpared. 

Th st e ent combination alternative o emical ytostab n was used for preliminary cost 
calcu . The total surface area that remains after removal of the mine wastes was considered for treatment. 

Our co t calculation assumed 5  ition ollut soil, based on the results of the lab 
experi . 

The ulation was done based on t ology pl ng that covers 7 years of treatment. 
During the 0 year, the 1st and 2nd year the total surface area (68 000 m2) was used for the cost calculation, 
while starting with the 3rd year till the 7th ye he su o treated was reduced to 40 000 m2, 
reduce inated and al e c decrease during the years 
according to d easing treatm

Th inary cost calculations resulted the following total costs: 
• tal costs of chemical and phytoremediation of  68 000 2 r 7 years is: 76 000 000 HUF 

00 uros) 
• t  of chemical and ytorem n f is: 1 10 F/m2/7 years 
• rage unit cost of chemical and phytoremediation for 1 year is: 157 HUF/m2/1 year (0,63 

s/m2/1 average year) 
The s ary of the calculated s and ts/  in Table 17.  
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TOTA
cost

(HU
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Prelimin p e 0     ary ex erim nts (HUF)   17 5 0 000            17 500 000 

Treatment by fly 8   ash 615 000 4 1 2 000            4 182 000 

Autumn n 0      strippi g 4 500 3 600            30 600 

Autumn i 2      plough ng 6 300 4 840           42 840 

Levellin 600   1g 4 500   30     8 000      48 600 

Spring f g 000 68 000 00 4 0ertilisin   10 000   68 40 000 40 0 0 000 4  000 40 000  336 000 

Prepara t e 200   1   tion of he se d bed 4 000   27     6 000    43 200 

Sowing 025     1   4 500   20   8 000    38 025 

Sprayin ic  600 13 600 8 000   8 00g insect ides 2 000   13 8 000 8 000 8 000 0  67 200 

Waterin  584 344 584 202 697 202 697 7 202 6g     344  202 697 202 69  97  1 702 653 

Seeds 2 a 400     32 000   kg/hect r 8 000   54      86 400 

Hoeing 200 27 200 16 000 16 000 16 04 000   27 16 000 16 000 00  134 400 

Manage rganis e 2 0 00 3 720 00 3 3  000 20 000 3 720 000 3 720 ment, o ation, prot ction  3 7 0 000 3 72 0 0  720 000  720 3 7 000 3 720 000 33 480 000 

Monitor  000 3 600 00 20 000 450 000 1 ing   900 0 720 000 720 000 7 800 000 380 000 9 290 000 

Risk communication 2 6 00 1 626 00 26 000   1 6 6 000 1 62 0 0   1 6  1 626 000 8 130 000 

  27 10 1 60 9 399 38 4 4 706 697 6 416 697 4 436 697 5 786 1 440 6 83 9 4  706 697 697 
 

5 726 000 75 07
 
9 918 

 
 



A comparison between the costs of four remediation alternatives considered for the Gyöngyösoroszi diffuse 
pollution has been done to substantiate cost efficiency of the chemical and phytoremediation option (Table 
17.) 

1. „0” alternative: there will be no remediation done, however monitoring and control is needed. 
2. „FS” alternative: Phytostabilisation and chemical stabilisation (costs detailed in Table 16.)  
3. „RR” alternative: Removal and replacement of the polluted material: “RR”a alternative includes 

excavation and removal of the total mine waste and its transport to the top of the tailings dump in 

the 

ediation alternatives 

Gyöngyösoroszi and transport to the site of the unpolluted borrow material. “RR”b includes 
excavation and removal of the polluted material and its transport to a hazardous waste storage 
facility and its final placement. The cost of transport of the polluted material to the hazardous waste 
disposal site and its final placement onto the hazardous waste storage site is 5 fold the cost of 
RRa. option.  

Table 17. Comparison of the costs of four rem
COSTS (HUF) „0” ”FS” “RR” a “RR” b 

Excavation of the polluted material   42 600 000 42 600 000 

Transport of the polluted material to tailings dump   42 600 000  

Transport of the polluted material to waste storage facility    128 000 000 

Final placement of the excavated polluted material    1 280 000 000

Preliminary experiments  17 500 000   
Agro-technical works and chemical stabilisation   6 679 918   
Unpolluted borrow material and its transport   256 000 000 256 000 000 
Management, organisation, protection 15 679 285 33 480 000 15 000 000 15 000 000 
Monitoring 3 085 500 9 290 000   
Risk communication 5 420 000 8 130 000   

TOTAL (HUF/7 years) 24 184 785 76 000 000  356 200 000 1 721 600 000
TOTAL (EURO/7 years) 96 740 300 000 1 424 800 6 886 400 

As most of the wastes and polluted material will be removed from the site, thanks to the decision on the 
realisation of the final mine closure and complete remediation, 68 000 m2 polluted surface is considered as 
diffuse pollution source and is included into the Difpolmine remediation plan and cost evaluation.  

e chemical and phytoremediation alternative planned for 7 years is threefold the price of 
mediation), which still involves management, organisation, monitoring, protection and 

ris

C usions and the potential adaptation and eventual modification of the approach applied to the Toka 
ater catchment  

One of the aims of the Difpolmine project was to demonstrate the adaptation potential of the Difpolmine 
approach applied to diffuse pollution of mining origin at the Salsigne site. 

The adaptation of a GIS based concept and risk based remediation approach using combined chemical and 
phytoremediation were to be implemented on the Hungarian demonstration site. 

The approach adapted to the Hungarian demonstration site was a catchment scale and GIS based concept 
taking into account the actual status of the site and the site-specific characteristics and parameters. 

Due to the status of the Hungarian site at the start of the Project the Hungarian methodology contains also 
the stages prior to the treatment of the diffuse pollution: mine closure, assessment of pollution and pollution 
sources, differentiation between point and diffuse sources according to a tiered risk assessment methodology, 
and risk reduction of the point and diffuse sources according to their actual and targeted emission. 

The concept is based on an integrated conceptual risk model that shows the sources and the pollutant 
transport pathways, the exposure pathways of the receptors function of the land use.  

The methodology was worked out on catchment scale basis. Starting from the watershed of the sources, the  
methodology is adaptable to any diffuse pollution area and water sub-catchment, where the dominant risk is 
the runoff and surface water transported metal load. (Zn, Cd).  

The risk characterisation methodology includes: 

a) Qualitative Risk Assessment based on a score-system for initial hazard identification and rough ranking, 
allowing for priority setting and differentiation between point and diffuse/residual sources  

b) GIS-based Quantitative Hazard Assessment (Generic Risk) that results the quantitative emission of the 
sources with the help of the GIS based Flow Accumulation and Transport Model. The GIS based Quantitative 
Hazard Assessment can be applied individually to each pollution source, sub-area, and total water catchment. 

The total cost of th
the “0” option (no re

k communication. 

 

oncl
w



The hazard is assessed by quantitative characterisation of the emission from the sources. The quantitative 
 are used for refined ranking, more precise differentiation between point and diffuse sources and 

c) f the Toka catchment area the risk quotient 

meta ntrations of the Toka creek water and sediment. The PNEC is defined based on effect based 

A
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para
wate k assessment enables planning of risk reduction, calculation 

wate
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T  diffusely 
es. The expected risk reduction scale can be 

appl al and non-removal of any point or diffuse 

exp
con

Ack

In IFPOLMINE” (EU LIFE/02/F/000291) demonstration project, 
EM” Hungarian R&D 

 

emission data
estimation of the metal load at catchment scale. When defining the quantitative hazard based on the metal 
emission, the maximum value of the emission was taken into account in light of a pessimistic approach. Total 
emission, and consequently the water transported metal load will decrease in time exponentially. The initial 
phase of this process (the highest risk period) was studied and all the calculations were based on it in our 
pessimistic model. 

 According to the site specific Quantitative Risk Assessment o
(RQ=PEC/PNEC) is higher than 1 (RQ>1). The target risk value is RQ =1. The PEC is given by the measured 

l conce
quality criteria obtained from literature and regulatory data. The aim is to reduce PEC to the PNEC value. 

fter determining the target concentration in the Toka water, the Maximum Permitted Emission was 
calculated by using the risk based, catchment scale transport model. 

 order that the risk characterisation approach could be adapted, it has to be site-specific, taking
account the Water Balance of the area, developed based on meteorological data, geology, leaching 

meters, natural risk reduction capacity of the site and the targeted Effect based Quality Criteria for surface 
r. The site-specific GIS based quantitative ris

of the expected result of the risk reduction measures.  

Within the three tiered iterative Risk Assessment process the Quantitative Hazard and Quantitative Risk 
were calculated only based on the metal transport by runoff and surface water. The solid phase transport by 

r was not modelled separately. However the PEC value from our Quantitative Risk Assessment 
incorporates the risk posed by the water-transported sediment too. The Risk Assessment currently is being 
refined, by adding Erosion Modelling to it, enabling us to have the solids transport considered separately in 

pproach. Given that erosion modelling is in progress and the model has not been yet validated, this report 
does not include any of the results 

he planned risk reduction is combined chemical and phytoremediation. It is applicable to
polluted and residual pollution areas after removal of point sourc
planned using the target water quality of the surface water and target emission of the polluted area before 

ication of the risk reduction measures. The effect of the remov
source can be also calculated. The efficiency of chemical and phytoremediation (based on microcosm 

eriments) is used to calculate the necessary emission control from the polluted area, taking into 
sideration the Effect Based Quality criteria set for the surface water.  
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em nation 
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nst eam University Education 
sults of the Difpolmine project and the methodology worked out within it have been integrated into 
stream university education, 

The re
the main namely in the Risk Management of Contaminated Sites chapter of the 
Soil Rem

The o d 
Publicati

D o
managem dealing with in the Hungarian demonstration site of the Difpolmine project. 

Dipl a

Szabó, J  Gyöngyösoroszi, 2003 

Auerbach, R.: Bioaccumulation of toxic metals in vegetable species grown on Gyöngyösoroszi garden soil, 2003 

l 
cosm experiments, 2005 

 
Ph

shop

ediation subject. 

utcome of knowledge transfer via University Education subjects: are: Diplomaworks, Ph.D thesis an
ons  

ipl maworks have been completed and a Ph.D thesis is in progress on the risk assessment, risk 
ent tools 

om works:  

.: Risk assessment of acidic waste rock drainage in the region of

Feigl, V.: Integrated methodology to monitor the efficiency of various chemical stabilisers applied to toxic meta
contaminated soil in micro

.D. thesis: 

Sipter, E.: Health risk of toxic metal pollution (in progress) 
 
Conference/Training Course/Work  
Difpolmine Training Course and Conference 2005 

Organisation of a Difpolmine Training Course and Conference 2005 in Hungary was an initiative within 
the DIFPOLMINE (Diffuse Pollution from Mining Activities) project funded by the Life Environment
Programme of the European Commission and had the aim to disseminate the results and exp

 
erience of the 

l 

ch Institute in Budapest.  

gulation 
• Management of sites with diffuse pollution  

szi 

e Hungarian Soils Science Society, Group of Soils Pollution 
• CD with the Proceedings of the Difpolmine Training Course and Conference 2005 Budapest distributed 

to all participants 
• Announced in the Newsletter of the Hungarian Environmental Enterprises 
• Announced in the Newsletter of the Hungarian Chemical Society 

Participants: 

• The Difpolmine Training Course involved 34 participants: 15 invited lecturers and 19 young scientists, 
researchers, students 

• The Difpolmine Conference had almost 60 participants and 10 invited speakers 

“Difpolmine methodology” applied in Salsigne France and demonstrate its applicability in a former lead zinc 
mining area, Gyöngyösoroszi, Hungary. 

The Difpolmine Training Course and Conference 2005 in Budapest was organised by the Environmenta
Microbiology and Biotechnology Group of the Budapest University of Technology and Economics on 4-8 
July 2005 in collaboration with the Hungarian Chemical Society and the support of the Public Foundation for 
the Progress of Industry in Hungary and the Fren

The webpage of the event: http://envirobiotech.mkt.bme.hu/conference.htm 

Topics: 

• Site-specific risk assessment, 
• Fate and nature of toxic metals in the environment 
• GIS based pollution transport modelling 
• Remediation of toxic metal polluted sites 
• Legislation and re

• Monitoring of toxic metal polluted sites 
• Site specific pollution transport: Salsigne and Gyöngyösoro
• Reduction of pollutant transport: Salsigne and Gyöngyösoroszi 

Dissemination ways: 

• Webpage: http://envirobiotech.mkt.bme.hu/conference.htm 
• Included in the programme of the French Institute in Budapest 
• Included in the programme of th
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enefits: 

riginated from 

ethodology in Hungary, Gyöngyösoroszi. 

• the event brought together not only the leading scientists of the DIFPOLMINE project, but also invited 

e methodology applied in Salsigne France 
9th

B

• it gave an overview on the risk management of point and diffuse pollution sources o
mining industry. 

• it summarised the results and the efforts invested in the project work for the adaptation and 
modification of the Difpolmine m

• it showed that the results of the Difpolmine project will be used within the mine closure and 
remediation of the Gyöngyösoroszi mining area, started already in 2003 in the frame of the Hungarian 
National Remediation Plan. 

experts from all over Europe specialised in the management of toxic metal pollution, polluted sites 
stakeholders, polluted sites remediation and revegetation specialised companies, junior researchers, 
students. 

• it covered several interdisciplinary fields able to support risk management of point and diffuse pollution 
sources 

• it disseminated the results of the DIFPOLMINE project and demonstrated the adaptation to the 
Hungarian site of th

 International FZK/TNO Conference on Soil-Water Systems, CONSOIL 2005, Bordeaux 3–7 October 2005 

Lecturing at the CONSOIL 2005 Conference, lecture Session F.1.: Mining and related cases, about the 
adaptation of the Difpolmine methodology to the Hungarian demonstration site, Gyöngyösoroszi and Poster 
Pr

Gruiz, K.; Vaszita, E.; Siki, Z.: Environmental Risk Management of Mining Sites with Diffuse Pollution – In: 
A

G

okkée, F. Arendt, 2005 

t 
ional FZK/TNO Conference on Soil_Water Systems, 

–7 October, 2005, Bordeaux) Theme C, pp. 1331–1336, Eds. O. Uhlmann, G.J. Annokkée, F. Arendt, 2005 
Workshop launched by the PECOMINE 2. on „Methodological baselines and pilot studies for risk based 

esentation in Theme C. 

Abstract of the presentations was included in the CONSOIL 2005 Abstract Book of Presentations:  

bstracts of presentations of the 9th International FZK/TNO Conference on Soil-Water Systems, 3–7 October, 
2005, Bordeaux, pp.183–184, 2005 

The full papers are on the CD of the Conference Proceedings: 

ruiz, K.; Vaszita, E.; Siki, Z.: Environmental Risk Management of Mining Sites with Diffuse Pollution – In: 
Conference Proceedings, CD (9th International FZK/TNO Conference on Soil_Water Systems, 3–7 October, 
2005, Bordeaux) Theme F, pp. 2568–2574 , Eds. O. Uhlmann, G.J. Ann

Sipter, E.; Auerbach, R.; Gruiz, K.; Máthé-Gáspár, G.: Bioaccumulation of toxic metals in vegetable species: Po
experiment – In: Conference Proceedings, CD (9th Internat
3

inventories of mining sites" in Krakow, between 24-25 November 2005, organised by the EC JRC DG 
Institute for Environment and Sustainability 

The debate of the proposed Mining Waste Directive in the EP and the Council reached its final phase and 
the Directive is likely to enter into force in 2006. This will require the Commission and Member States to 
come up with commonly accepted methodologies for risk based assessment and inventories of waste materials 
from mineral extraction, not only for active mining sites but also for historical mining regions, which are 
widespread across the territories of most Member States and Candidate Countries. 

The workshop intended to shape a new programme, opening the discussion and set-up a network of pilot 
sites for developing the methodological baselines for risk based inventories of waste material from mining 
extraction across Europe. 

The invitees were solicited to inform about the activities in their countries and jointly review 
complementarities of the chosen methodologies and approaches. 

Abstract of the presentation was included in the Abstract Book of Presentations: 

Gruiz, K.: Risk assessment and management of mining related diffuse and point pollution at catchment 
scale – In: Abstracts of presentations of PECOMINE 2. workshop on „Methodological baselines and pilot 
studies for risk based inventories of mining sites" Krakow, 24-25 November 2005, EC JRC DG Institute for 
Environment and Sustainability, 2005 
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Publications on topics connected to the Gyöngyösoroszi demonstration site: 2003-2005 

Gruiz, K.: Interactive Ecotoxicity Tests for Contaminated Soil – In: Wissenschaftliche Berichte, Consoil 
2003, pp. 267-275, CA 141:394830, 2003 

Sipter, E.; Menczel, I. and Gruiz, K.: Methods for the site specific human health risk assessment of toxic 
metals containing cultivated plants – In: Abstracts of Presentations of the 8th International FZK/TNO 
Conference on Contaminated Soil (12–16 May, 2003, Gent) p. 165, 2003 

Sipter, E.; Menczel, I. and Gruiz, K.: Methods for the site specific human health risk assessment of toxic 
metals containing cultivated plants – In: Conference Proceedings, CD (8th International FZK/TNO 
Conference on Contaminated Soil, 12–16 May, 2003, Gent) Theme F, pp. 3401–3408, 2003 

Sipter, E.; Auerbach, R.; Gruiz, K.; Máthé-Gáspár, G.: Bioaccumulation of toxic metals in vegetable 
species: Pot experiment – In: Conference Proceedings, CD (9th International FZK/TNO Conference on 
Soil_Water Systems, 3-7 October, 2005, Bordeaux) Theme C, pp. 1331–1336, Eds. O. Uhlmann, G.J. 
Annokkée, F. Arendt, 2005 

Gruiz, K.; Vaszita, E.; Siki, Z.: Environmental Risk Management of Mining Sites with Diffuse Pollution – 
In: Abstracts of presentations of the 9th International FZK/TNO Conference on Soil-Water Systems, 3-7 
October, 2005, Bordeaux, pp.183-184, 2005 

Gruiz, K.; Vaszita, E.; Siki, Z.: Environmental Risk Management of Mining Sites with Diffuse Pollution – 
In: Conference Proceedings, CD (9th International FZK/TNO Conference on Soil_Water Systems, 3-7 
October, 2005, Bordeaux) Theme F, pp. 2568–2574 , Eds. O. Uhlmann, G.J. Annokkée, F. Arendt, 2005 

Gruiz, K.: Risk assessment and management of mining related diffuse and point pollution at catchment 
scale – In: Abstracts of presentations of PECOMINE 2. workshop on „Methodological baselines and pilot 
studies for risk based inventories of mining sites" Krakow, 24-25 November 2005, EC JRC DG Institute for 
Environment and Sustainability, 2005 

Leitgib, L.; Kálmán, J.; Gruiz, K.: Comparison of bioassays by testing whole soil and their water extract 
from contaminated sites – sent to Chemosphere for review, 2005  

Sipter, E.; Rózsa, E., Gruiz, K.: Risk Assessment and mapping of a toxic metal polluted site – will be sent 
to The Science of the Total Environment for review, 2005 
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