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Abstract  

 

The primary goal of waste regulations is to protect human health and the environment (CEC, 2005). This 

requires removal from the material cycle of materials that cannot be processed without harm. Policies to 

promote recycling hold a risk that pollutants are dispersed. Materials have an environmental impact during 

there entire life cycle from extraction through production, consumption and recycling to disposal.  Essentially 

there are only two routes for pollutants that cannot be rendered harmless: storage in sinks or dispersion into 

the environment. Many sinks do not contain substances absolutely, but result in slow dispersion. Dispersion 

leads to exposure and impact to human health and the environment. It is therefore important to assess the 

impact of the release to the environment. Based on various sources this paper discusses important material 

flows and their potential impact. This is compared with the intentions and achievements of European 

environmental and resource policy. The polluter pays principle is being implemented in Europe, but lags 

behind implementation of waste management regulations. As long as producers are allowed to add hazardous 

substances to their products and don’t take their products back, it is in society’s best interest to carefully 

consider whether recycling or storage in a sink is the better solution. This requires further development of life 

cycle assessment tools and harmonisation of regulations. In many cases the sink is unavoidable. Landfills as 

sinks will be needed in the future. Fail-safe design and construction as well as sustainable management of 

landfills must be further developed.  
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1 Introduction 

In order to protect human health and the environment it is not enough to only look at a low enough 

concentration of hazardous substances in products and materials. Products, materials and wastes are classified 

as hazardous or non-hazardous according to certain criteria. With respect to products and materials the end-of-

life stage often is disregarded. The classifications also disregard that concentrations of a non-degradable 

substance in a product may be perfectly save during the consumption stage (e.g food containers with 

plasticisers or polyfluorinated compounds) but have a negative impact due to accumulation in the 

environment. It also disregards that non-hazardous wastes or products (e.g. manure or fertiliser) when applied 

in too large quantities negatively impact the environment. The threat to human health and the environment 

depends both on the situation and the material characteristics. During extraction of resources, production and 

consumption of products and materials processes such as abrasion, erosion, leaching, diffusion, evaporation 

can cause release of elements and substances into the environment. Not all these elements and substances are 

harmless. Also hazardous elements and substances are released to water, soil and atmosphere. This means that 

all materials have an impact during all stages of their life and consequently not only in the end-of-life stage 

when they are disposed. In addition residues are produced that require treatment or disposal. The elements and 

substances that are released can essentially follow only two routes: dispersion into the environment or storage 

in a sink (Figure 1.1) (Lagerkvist, 2008). 

 

 

Figure 1.1: Pathways for resources, products, residues and pollutants (amended with permission from Lagerkvist, 2008). 

 

Biedermann (2012) in relation to landfills and the material cycle states that with respect to the laws of 

thermodynamics, the realisation of the vision of a ‘zero waste society’, where no waste for disposal occurs, but 

is 100% recycled, is impossible. Biedermann (2012) furthermore states that waste regulations require harmless 

processing of hazardous substances and consequently removal of hazardous substances or wastes that cannot 

be harmlessly recycled is required.  Biedermann (2012) concludes that although landfills are often despised, 

they are an essential element as sink for hazardous substances in an environmental friendly material cycle. In 

geological timeframes substances in sinks can be transformed or released. Conversely substances can  (salt, 
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carbon, …) can also be stored in geological formations. Depending on the timeframe sinks can sometimes be 

considered as ‘temporary storage’ rather than ‘permanent storage’. It is therefore important to integrate the 

output of society into natural material cycles and to assess if the impact to the environment from the 

‘temporary storage’ is acceptable. 

 

 

2 Material Flow Analysis 

 
Figure 2.1: Approximate annual material flows in tonnes per capita as average of the Netherlands and Germany 1993-1996 

(author’s interpretation of Adriaanse et al. (1997) and Matthews et al. (2000)). 

 

Materials for processing in the economic cycle are extracted from the earth, harvested from the wild and 

grown in agriculture or forestry. Material flow analysis distinguishes between used or direct material flows and 

indirect or hidden flows. The total material requirement is the sum of foreign hidden flow, imports, domestic 

extraction and domestic hidden flow. Eurostat (Hass & Popescu, 2011) has calculated that the average material 

consumption per inhabitant in the EU-27 was 16.5 tonnes in 2007. Both Eurostat (Hass & Popescu, 2011) and 

UNEP (2011) report a between 10 and 20 tonnes per capita and year for most European countries. These data 

do not represent total material requirement. Industrialised countries tend to import large amounts of semi-

manufactured materials and products. The production of these commodities can be associated with huge 

hidden flows in the exporting countries that are not reflected in import flow accounts. Hidden flows are for 

example overburden from mining operations, mining waste, eroded soil or earthen materials displaced during 

construction activities. Hidden flows can be large and are associated with considerable environmental pressure. 

Exclusion of hidden flows from the material flow analysis may cause a huge distortion (Krausmann et al., 

2011). Adriaanse et al. (1997) and Matthews et al. (2000) have provided detailed and comprehensive 

information on total material requirement for Japan, USA, Germany and The Netherlands. The European 

Domestic Environment 

Global Environment 

Economic Processing 

Foreign 

Hidden 

Flows 

Domestic 

Hidden 

Flows 

Domestic 

Processed 14 

Output 

Domestic 

Extraction 

Addition 

to Stocks 

Air and 

Water 

Imports                                  8 

Domestic 

Hidden 

Flows 

Water Vapour 7 

Exports                        5 

26 26 

11 

28 

13 

16 
DPO: 

- to air           12,2 

- to water        0,0 

- to land:           

  - landfill       0,8 

  - agriculture 0,7 

  - other          0,1 



 

 

Sinks a Vital Element of Modern Waste 

Management 

2nd International Conference on Final Sinks 

16 – 18 May 2013 

Espoo, Finland 

 

 

 

 

4 

 

Environment Agency (Bringezu & Schütz, 2001) additionally provides on Finland, Poland and aggregated data 

on the EU-12 and EU-15. Since 2001 only data for France (SOeS, 2009) and Austria (Mudgal et al., 2011) have 

become available. The data show that the total material requirement in Europe is between 30 and 80 tonnes 

per capita and year. A high total material requirement normally occurs in countries that extract resources for 

export of mine coal for energy production. Table 2.1 summarises the information for Germany and The 

Netherlands. Figure 2.1 was derived by averaging data for Germany and The Netherlands. 

 
Table 2.1: Summary of material cycle indicators for Germany and The Netherlands (derived from Adriaanse et al., 1997 and 

Matthews et al., 2000). 

Indicators Germany   Netherlands   

Population 1993  80.975.000     15.239.000    

Population 1996  81.800.000     15.494.000    

Input  tonnes/year  tpcy1 tpcy   tonnes  tpcy  tpcy  

Imports  474.990.000   5,8    267.990.917   17,3   

Domestic Extraction  1.375.917.000   16,8    193.457.381   12,5   

Air & Water2   11,5     18,3   

Input Economic Processing   34,1     48,1   

Domestic Hidden Flows  2.417.428.000   29,6    99.861.818   6,4   

-  excavated soil  262.035.000    3,2   27.500.000    1,8  

-  dredged material  33.794.000    0,4   70.861.818    4,6  

-  soil erosion  125.572.000    1,5   1.500.000    0,1  

-  mining overburden  1.996.027.000    24,4     

Input Domestic Environment   63,7     54,5   

Foreign Hidden Flows3  2.030.000.000   25,1    632.000.000   41,5   

Input Global Environment   88,8     96,0   

Total Material Requirement4  6.298.335.000   77,2    1.193.310.116   77,7   

Output  tonnes/year  tpcy  tpcy   tonnes  tpcy  tpcy  

Exports  227.830.000   2,8    218.066.845   14,1   

Net Addition to Stock  937.623.000   11,5    134.918.063   8,7   

Domestic Processed Output  1.074.725.000   13,1    281.260.671   18,2   

-  to air  954.495.000    11,7   233.628.774    15,1  

-  to land  116.772.000    1,4   45.076.317    2,9  

   -  landfill5  70.715.000    0,9   8.624.000    0,6  

   -  agriculture  28.695.000    0,4   36.452.318    2,4  

   -  others  8.361.000    0,1     

-  to water  3.458.000    0,0   675.180    0,0  

Water Vapour  551.610.000   6,7    110.586.903   7,1   

Output Economic Processing   34,1     48,1   

Output Domestic Environment   63,7     54,5   

Output Global Environment    88,8     96,0   

1 Tonne per capita and year. 
2 Not provided by Adriaanse (1997) and Matthews (2000), but calculated by closing the mass balance. 
3 From Adriaanse et al. (1996) for 1993; all other data from Matthews et al. (2000) for 1996. 
4 Defined as foreign hidden flows plus imports plus domestic extraction plus domestic hidden flows. 
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5 Disposal of all waste materials (municipal and industrial) in landfills of all technical standards. 

 

 

In 1996 in Germany and The Netherlands about 1% of the total material requirement was landfilled (Matthews 

et al., 2000). At the moment landfill in Germany and The Netherlands is around 0.1% of the total material 

requirement. With respect to protection of human health and the environment it is unlikely that current 

German and Dutch landfills represent an important environmental impact. 

 

3 Soil and groundwater protection 

About half of the domestic processed output to land in Germany and the Netherlands 1993-1996 was fertiliser, 

sludge and manure in agriculture. These materials are known to contain hazardous substances. Due to 

cultivation of the land and erosion substances are not permanently stored in the soil. Many of the substances 

are available for plant uptake. Therefore application in agriculture (see Figure 3.1) qualifies as dispersion of 

hazardous substances.  

 
 

Figure 3.1: The threat to human health and the environment can be similar irrespective of the activity and depends on the 

absorption capacity of the environment. 

 

Material flow analysis indicates that the net addition to stock is one to two orders of magnitude larger than the 

domestic processed output to landfill. Construction materials are subject to abrasion, erosion, weathering, 

leaching, etc. Even during the useful lifespan of the construction material dispersion of hazardous substances 

can occur. If after its useful lifetime the construction material is recovered and transformed into an aggregate, 

dispersion can be expected to increase. Further accumulation of hazardous substances in the built environment 

will occur by recycling construction materials under the addition of new waste materials. This will result in 

higher concentration gradients between the construction and the environment and consequently in higher 

dispersion rates. Therefore it seems more appropriate to speak of an ‘imperfect temporary storage’ of 

hazardous substances rather than of a ‘sink’. Environmental problems with construction materials have been 

documented (e.g. Steketee & Daal, 2005). But using a construction material as a disposal route for hazardous 
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substances is a relatively recent development and the dispersion of hazardous substances in general is limited 

and slow. It is therefore relatively invisible. The very large amount of construction materials is however likely 

to pose environmental problems in the future.  

The hidden flows represent material management that often is not that different from landfill and 

consequently qualifies as disposal on land. But the materials are often not disposed on controlled waste 

management facilities. Even if humanity decides not to qualify hidden flows as waste disposal it still has an 

impact. The materials are mainly overburden soil, bedrock and mining wastes, but also dredging waste and soil 

erosion. These materials are not necessarily harmless (e.g. Diamond, 2005). Heavy metal and organic 

contaminant leaching may occur and sulphide can result in acid mine drainage. Hazardous substances may 

have been used during resource extraction. Especially mining waste can have a huge impact on soil, 

groundwater and surface water. Environmental problems with hidden flows are well known, but far away. Very 

often they occur in developing countries. The impact affects the local population, but not so much the 

consumers of the products made with the extracted resources. 

By far the smallest amount of material is disposed in landfills. Yet in general landfills are considered to pose 

the most important threat to human health and the environment. To a certain extent this is understandable. 

Landfills are usually located close to human settlements. Environmental impact of poorly managed landfills in 

the 1970’s and 1980’s was therefore very visible and in many occasions resulted in (political) scandals.   

In the case of impact to surface water, soil and groundwater it is the absorption capacity of the immediate 

environment (Figure 3) that determines which impact is acceptable. Establishment of the acceptable impact 

requires a site-specific source-pathway-recipient approach. Once the acceptable impact has been determined it 

should be used to determine the boundary conditions for operation of activities. The modelling approach 

(Miljøstyrelsen, 2003) used for establishment of the European waste acceptance criteria on landfills is an 

example of source-pathway-recipient approach. It has been used for landfills for inert waste, non-hazardous 

waste and hazardous waste. Landfills for inert waste according to European regulations do not require isolation 

measures or aftercare. The leaching associated with inert waste can therefore implicitly be considered an 

acceptable emission. The approach can be used to develop generic or site specific criteria for soil and 

groundwater protection for other human activities. 

 

4 Developments in Dutch landfill regulations 

The Dutch environmental regulations require a never-ending aftercare obligation for landfills. Since future 

generations will be burdened, this cannot be considered sustainable. Internationally there are very few 

examples of procedures to release landfills from aftercare (Laner et al, 2012). The Dutch environment ministry 

is of the opinion that an approach to reduce the emission potential of a landfill as far as possible complies 

better with the goals of sustainable development than never-ending aftercare. In April 2010 has initiated the 

project “Introduction of Sustainable Landfill Management”. Landfill operators, competent authorities and 

ministry are discussing conditions for implementation. The current Dutch landfill regulation inhibits 

introduction of in-situ stabilisation of landfills. In May 2011 a legal change was published to enable full-scale 

pilot projects. At the same time a method has to be developed to that can prove reduction of emission 

potential of the entire waste body below an acceptable site-specific environmental impact. The goal is to 

impose no visible impact on at least 95% of the plant and animal species in the soil. In the framework of 

environmental policy ecotoxicological limit values for soil and groundwater have been developed that 

represent the ‘maximum acceptable risk’. ‘Maximum acceptable risk’ is applied to substances that occur in the 

environment naturally (e.g. metals, ammonium, chloride, sulphate). For substances that do not naturally occur 
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in the environment (e.g. mineral oil, chlorinated carbohydrates, (poly) aromatic hydrocarbons) the ‘negligble 

risk’ is applied. This defined as the ‘maximum acceptable risk’ divided by hundred.  

The goal is to avoid an unacceptable environmental impact in the long term without aftercare or maintenance 

and replacement of isolation measures. ‘Long term’ has been defined as at least 500 years for the groundwater 

modelling (similar to the modelling for the EU (Miljøstyrelsen, 2003)) carried out for determining maximum 

leachate concentrations based on acceptable impact. 

As worst-case scenario it is assumed that the bottom liner will completely fail at the moment the in-situ 

stabilisation is ended. In The Netherlands the 30-year average of precipitation and evapotranspiration are 800 

and 500 mm per year respectively. Consequently on average 300 mm per year infiltrates through a vegetated 

soil cover in the waste body. This amount of water mixes with groundwater that has a site-specific flow. Apart 

from dilution with groundwater also precipitation, absorption, dispersion, diffusion and degradation of specific 

substances can occur. Dispersion and diffusion can currently not yet included in modelling that considers site-

specific soil conditions. Compliance with the ecotoxicological limit values is assumed at POC2 (point of 

compliance) (Abbildung 4). POC2 is a virtual groundwater well 20 m downstream of the landfill edge. 

 

 
Figure 4.1: Schematic representation of the model applied to determine assessment values. 

 

Because of analytical detection limits compliance at POC2 is hard to prove. The proposed method will 

therefore calculate target values at POC0. This enables comparison with leachate concentrations. Contrary to 

the worst-case assumption the bottom liner will not fail immediately and leachatecan be sampled and analysed 

for a long period. In this situation the bottom liner might constitute a technical problem. The leachate does no 

longer pose a threat to the environment, but it cannot infiltrate in the soil. Technical solution are conceivable.  

 

First estimates of the limit and target values at POC2 und POC0 have been compared with current leachate 

quality (Table 2). In Table 2 no background concentrations have been considered for POC2. The site-specific 

background concentrations do however affect both POC2 und POC0 values. The current leachate quality in 

Table 2 has been determined with leachate data of landfills considered suitable for in-situ stabilisation. The 

high values (95 percentile) can and need to be reduced. Data of landfill cells closed 30 years ago are included. It 
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can beassumed that such landfill cells have already been stabilised autonomously to a certain extent. 

Comparison of low values (25 percentile) with target values at POC0 provides an impression of the feasibility 

of achieving target values. Where the 75 percentile exceeds the target value at POC0 a significant reduction is 

required.  In Table 2 the 25, 50 and 75 percentile values exceeding target values at POC0 are indicated in bold 

characters.  

 

Table 4.1: Goals at POC2, assessment values at POC0 and leachate quality of 10 landfills suitable for in-situ stabilisation. 

 Acceptable or 

negligible risk at 

POC2 

Assessment value POC0 Current leachate quality 

 

Substance 

Minimum Maximum Number of 

samples 

Average 25 per-

centile 

50 per-

centile 

75 per-

centile 

95 per-

centile 

Heavy metals Unit          

Arsenic g/l  24 24,0 130,6 1.046 87 21 46 110 228 

Cadmium g/l  0,34 0,3 1,9 478 1,2 0,2 0,5 1 2,5 

Chromium g/l  8,7 7,3 48,0 882 89 12 23 58 449 

Copper g/l  1,1 1,1 10,9 961 28,4 5,0 11 30 95 

Mercury g/l  0,23 0,2 1,3 480 1,1 0,03 0,05 0,1 0,58 

Nickel g/l  1,9 1,9 44,6 898 59 14 30 59 240 

Lead g/l  11 9,9 60,4 476 33 4,0 10 23 73 

Zink g/l  7,3 7,3 44,4 1.042 171 29 66 140 530 

Mineral oil           

Sum mineral oil g/l  50 50 270 355 664 50 100 185 850 

Volatile chlorinated hydrocarbons         

Vinylchloride g/l  0,01 0,01 0,05 2 1,1 0,65 1,1 1,55 1,91 

Dichlormethane g/l  0,01 0,01 0,05       

1,1 Dichlorethane g/l  7 7 35 76 0,75 0,25 0,33 0,51 2,50 

1,2 Dichlorethane g/l  7 7 35 84 0,68 0,05 0,25 0,50 2,50 

1,1 Dichlorethene g/l  0,01 0,01 1,12       

1,2Dichlorethene(cis,trans) g/l  0,01 0,01 0,05 32 0,49 0,28 0,46 0,69 0,91 

Dichlorpropane (1,2) g/l  0,8 0,8 4 38 1,02 0,25 0,25 2,5 2,5 

Dichlorpropane (1,3) g/l  0,8 0,8 4       

Trichlormethane g/l  6 6 30 84 0,23 0,05 0,05 0,25 0,5 

1,1,1 Trichlorethane g/l  0,01 0,01 0,05 85 0,24 0,05 0,05 0,10 0,5 

1,1,2 Trichlorethane g/l  0,01 0,01 0,05 84 0,21 0,05 0,05 0,06 0,5 

Trichloorethane g/l  24 24 120 85 0,23 0,05 0,05 0,13 0,5 

Tetrachlormethane  g/l  0,01 0,01 0,05 84 0,21 0,05 0,05 0,06 0,5 

Tetrachlorethane g/l  0,01 0,01 0,05 85 0,22 0,05 0,05 0,11 0,5 

Sum VCH g/l     167 28 1,8 5 17,8 100 

Phenols g/l  0,2 0,2 1 184 66 15 24,8 39,5 197 

Polycyclic aromatic hydrocarbons        

Naphtalene g/l  0,01 0,01 1,488 351 15,00 1,50 6,40 13 46 

Phenantrene g/l  0,003 0,003 0,372 228 3,16 0,35 1,00 2,80 9,82 

Antracene g/l  0,0007 0,0007 0,124 222 0,44 0,08 0,17 0,30 1,89 

Fluoranthene g/l  0,003 0,003 0,124 228 1,72 0,10 0,18 0,70 7,32 

Chrysene g/l  0,003 0,003 1,116 226 0,38 0,02 0,08 0,26 1,35 

Benzo(a)antracene g/l  0,0001 0,0001 0,037 227 0,33 0,01 0,03 0,11 1,41 

Benzo(a)pyrene g/l  0,0005 0,0005 0,062 228 0,19 0,01 0,02 0,06 0,96 

Benzo(k)fluoranthene g/l  0,0004 0,0004 0,037 224 0,10 0,005 0,01 0,03 0,50 

Indeno(1,2,3cd)pyrene g/l  0,0004 0,0004 0,002 228 0,16 0,01 0,02 0,05 0,58 

Benzo(ghi)perylene g/l  0,0003 0,0003 0,002 228 0,16 0,01 0,02 0,05 0,74 

Sum PAH (10-VROM) g/l   0,10 3,37 448 20 3 9 19 52 

BTEX g/l           

Benzene g/l  0,2 0,2 9,9 174 4,7 1,6 3,1 5,4 12,0 

Toluene g/l  7 7,0 91,8 155 26,6 1,0 2,5 9,3 44,1 

Ethylbenzene g/l  4 4,0 458,8 156 13,4 2,5 8,2 20,3 42,0 

Xylene g/l  0,2 0,2 3,0 123 28,9 10,5 20,0 43,0 77,8 

Sum BTEX g/l     92 50,6 18,5 35,5 65,0 144,5 

Cyanide (free) g/l  5 5 25 4 3,5 2,1 3,4 4,8 5,8 

Cyanide (complex) g/l  10 10 50 41 37,7 22,0 32,0 44,0 75,0 

Macroparameters           

Chloride mg/l  94 94 2300 827 1.364 610 1.000 1.600 5.000 

Sulphate mg/l  100 100 500 250 202 29 110 260 661 
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Ammonium nitrogen mg/l  0,2 0,2 50 374 249 84 137 270 438 

DOC mg/l     134 763 110 280 635 2.835 

 

With respect to heavy metals especially chromium, copper and zinc require attention. Considering mineral oil, 

chlorinated carbohydrates, (poly) aromatic hydrocarbons analytical detection limits appear to be a problem.  

The POC2 limit values based on ‘negligible risk’ result in POC0 target values that are a factor 10 to 100 below 

the detection limit of specific substances. In several cases even the median (50 percentile) is determined by the 

detection limit. This means that in more than half of the cases substances cannot be detected. Due to a 

widespread convention to then set the concentration at 0.5 or 0.7 of the detection limit non-compliance with 

the target value is concluded. A suitable solution needs to be found for this problem.  

The biggest problem however doesn’t seem to be the substances that do not naturally occur in the 

environment. Chloride and ammonium nitrogen are more problematic. Chloride strongly depends on the 

background concentration. Huge parts of The Netherlands are located near the coast. Brackish groundwater 

will most likely ensure that chloride will not be a problem there. More inland it will be different. At the same 

time during the winter huge amounts of salt are applied on roads. The limit value at POC2 for ammonium 

nitrogen (0,2 mg/l) is the biggest problem. 0,2 mgNH4-N/l at 300 mm per year infiltration results in a nitrogen 

load of 0,47 kgN/ha.year. In The Netherlands it is estimated that approximately 500 ha of landfills are suited 

for in-situ stabilisation. In this case Material Flow Analysis becomes relevant. The average nitrogen load in 

agriculture is 150 to 200 kgN/ha.year. This sometimes (Table 2) results in a background concentration of 50 

mgNH4-N/l . This nitrogen load is applie to a surface of 1,5 million ha. 

 

 

5 Considerations and recommendations 

Different regulations and assessment methods lead to different and incomparable results. At the moment 

reporting obligations and restrictions on leaching of contaminants to soil and groundwater are far more 

stringent for waste management than for other activities. The waste management industry only produces a 

fraction of the total disposal to land and to air. The amounts of material output in the extractive and 

construction industries are one to two orders of magnitude larger than in waste management. At the same time 

environmental liability and the polluter pays principle are poorly implemented. From an environmental 

perspective there is no justification for a difference in standards. Society needs to be able to assess the impact 

of all materials irrespective of their origin and application.   

 

The concept of sinks or final sinks is not yet clearly defined. In some sinks such as oceans and the atmosphere 

substances are freely available in a natural cycle.  Most other sinks have a slow release of substances to the 

environment. Rather than asking ourselves (question 1)) ‘Is it acceptable to ‘hide’ unwanted (waste) and 

hazardous substances in construction materials?’, we should ask ourselves what the overall short-term and 

long-term impact on human health and the environment is. Waste disposed in a landfill may constitute a 

liability that is passed on to future generations. In case the waste is not landfilled, but transferred to 

construction materials, the hazardous substances and the liability are passed on to future generations just the 

same. Impact only partly depends on the hazardous nature of a substance. Impact is mainly determined by the 

capacity of the local environment to absorb the actual release of substances. From the perspective of 

protection of human health and the environment there is no rationality behind the distinction between 

hazardous wastes, non-hazardous wastes and other materials. This implies that all material fluxes should be 

evaluated similarly.  
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There is essentially only one solution to prevent passing on liabilities to future generations: ensure that all 

substances in materials that are reused, recycled or recovered can be safely integrated in natural material cycles. 

For many substances this can only be achieved if they are not incorporated in the products in the first place. 

Producers should more consistently consider the end-of-life stage of their products. If acceptable integration in 

a natural material cycle (including sinks) is not realised, the product should not be put on the market. As long 

as society allows producers to incorporate substances that pose a problem during recycling into their products, 

it is necessary to remove these substances from the economic cycle and dispose of them in sinks. Waste 

incineration and landfill will be needed in the future to avoid dispersion and accumulation of unwanted 

substances in the environment. Under these conditions it is in society’s best interest to carefully consider 

whether recycling or disposal in a sink has the lowest impact on human health and the environment. This 

requires further development of life cycle assessment tools and harmonisation of regulations. In many cases 

the sink is unavoidable.   

 

‘Effective methods to evaluate the long-term fate of hazardous substances in sinks’ (question 3)) include 

application (and further development) of life cycle assessment tools. They will include groundwater modelling 

(Miljøstyrelsen, 2003) and geochemical speciation modelling (Mathlener et al., 2006; Scharff et al., 2011). This 

does not only help understanding observed phenomena, but it also allows founded predictions for future 

behaviour of the sink. Implicitly European landfill regulations and the methods applied to establish waste 

acceptance procedures provide guidance for operators to reduce landfill impact and to construct sustainable 

landfills. They address acceptable impact as the impact that does not threaten human health and the 

environment. The impact assessment method focuses on the threatened object. The nature of the source of 

emission is less relevant. The method is therefore applicable to other human activities. It is in the benefit of 

society to address environmental impact of all human activities in a similar way.  

 

All human activities, including waste management, should develop operational procedures that do not exceed 

acceptable release and do not compromise the interests of future generations. This requires low emission rates 

and low erosion rates in the environment. For landfill operation that is preferably achieved with a limited 

period of active influence after which the undisturbed waste body no longer pose a threat to the environment 

and human health. Clear impact end-point criteria, robust fail-safe design and construction as well as 

acceptable and sustainable long-term management of landfills are currently not available and require further 

development.   

 

Das niederländische Umweltministerium, die niederländischen Behörden und die Forschungsinstitute (ECN, 

RIVM, TU Delft) verstehen die Problematik und haben die Absicht, vernünftige Lösungen zu finden. 

Bezüglich Ammonium kann zum Beispiel in den Modellen mit Sorption gerechnet werden. Es ist schwierig, 

eine Korrektur für Diffusion und Dispersion in die Modelle zu integrieren. Daneben besteht die Möglichkeit, 

dass Ammonium mittels anaerober Ammoniumoxidation abgebaut wird. Jedoch ist auch die anaerobe 

Ammoniumoxidation  schwer Standortpezifisch zu quantifizieren. In den Niederlanden steht eine Datenbank 

mit Ergebnissen von mehr als 70 Parametern aus der Grundwasserüberwachung an hun-derten von Altlasten 

zur Verfügung. Die Analyse dieser Ergebnisse zeigt, dass Ammonium zwischen POC1 und POC2 mit einem 

Faktor 5 bis 10 abnimmt. Die Datenbank kann verwendet werden, um die Modelle zu validieren und zu 

untermauern, dass es vertretbar ist, eine generelle „Abnahme-Korrektur“ einzubauen. Bis Ende November 

2012 wird an dieser Untermauerung gearbeitet. Dann wird das Um-weltministerium die unabhängige 

Technische Kommission Bodenschutz konsultieren. Das niederländi-sche Umweltministerium, die 
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niederländischen Behörden und die niederländischen Deponieunternehmen hoffen, im März 2013 einen 

Vertrag zu unterschreiben. Damit beginnt ein Forschungsprojekt von minde-stens zehn Jahren Dauer. Das 

Ziel dieses Forschungsprojekts ist der Nachweis, dass das Emissionspoten-zial von Deponien unterhalb eine 

vertretbare Umweltbelastung reduziert werden kann und dass die ver-tretbare Umweltbelastung auch 

langfristig (mehr als 500 Jahre) nicht überschritten wird. 
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