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Abstract  
 
The goals set for waste management have changed dramatically during the last decades and affected the 
evolution of waste management practices and infrastructure. From the early public health approach when it was 
important to collect the waste efficiently and transport it to a dumping site (sink) outside the city, we have come 
to a recycling society approach where top priority is given to efficient and maximized resource conservation and 
recycling of materials. Recycling has, however, its limitations and drawbacks and one of them is the accumulation 
of harmfull substances when waste materials are returned to use without proper purification. Present indicators 
of waste management systems performance, like recycling rate, global warming potential, or carbon footprint, do 
not adress this problem at all. For the analysis of the effects of sinks and especially safe sinks, new approaches 
and indicators are needed. The purpose of this paper is to analyse and discuss the sinks point of view in analysing 
the performance of solid waste management systems. Using as an example classified hazardous waste, hazardous 
components in products, and hazardous substances in materials, the effectiveness of different technical, 
economical and policy measures have been evaluated from the sinks point of view. The analysis shows that in 
countries where waste management standards are high, mostly substance-level issues need more attention and 
even then the focus should be on products rather than on waste management. In countries with poorly 
developed waste management, all types of hazardous wastes, components, and substances pose problems 
because of deficiencies in regulation, policies, waste behaviour, and waste management infrastructure. 
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1 Introduction 

The goals set for waste management have changed dramatically during the last decades and affected the 
evolution of waste management practices and infrastructure. In the early stages of development of a waste 
management system the primary concern is public health and it is important to collect the waste efficiently and 
transport it to a dumping site (sink) outside the city to prevent disease and other nuisance to the inhabitants of 
the city. Many European countries were on this stage a couple of decades ago, and it is still the prevailing 
method of residual waste management in many developing countries (Wilson et al, 2012). In Europe and Japan, a 
recycling society approach where top priority is given to efficient and maximized resource conservation and 
recycling of materials, has more recently been adopted (EU Commission, 2005; Government of Japan, 2007; 
Ministry of the Environment, 2009). 

 Recycling has, however, its limitations and drawbacks and one of them is the accumulation of harmful 
substances when waste materials are returned to use without proper purification. Present indicators of waste 
management systems performance, like recycling rate, global warming potential, or carbon footprint, do not 
adress this problem at all. For the analysis of the effects of sinks and especially safe sinks, new approaches and 
indicators are needed.  

Brunner and Tjell (2012) define safe sinks as “A proper sink for waste materials may be defined as a facility or 
process that ensures that an input is stored or sequestered safely and that any outputs to the environment are 
released at a slow enough rate that they do not harm any facet of the receiving environment such as a lake, the 
sea, groundwater, soils and sediments, or the atmosphere.” Kral et al (2012) have proposed following definitions 
for sinks and final sinks: “a“sink” is defined as a process that receives anthropogenic material flows that have no 
positive value for present societies. A“final sink” is a sink that either destroys a substance completely, or that 
holds a substance for a very long time period.” 

The purpose of this paper is to analyse and discuss the sinks point of view in analysing the performance of 
municipal solid waste management (MSW) systems and especially consumption waste in the system. Using as an 
example classified hazardous waste, hazardous components in products, and hazardous substances in materials, 
the effectiveness of different technical, economical and policy measures have been evaluated from the sinks 
point of view.  

 

2 Material and Methods 

The analysis is done in two phases. Firstly the effect of different measures are analysed on a general level and 
secondly a more detailed analysis is made concerning hazardous substances in household waste. 

In the first part of analysis the types of hazardous compounds and substances are divided into three categories: 
1. hazardous waste which is classified as household hazardous waste and can be relatively easily identified 
2. hazardous components in products, like built-in batteries, which can not be easily identified or removed 
3. hazardous compounds and substances in materials, like in additives, composites, etc. and which can not 

be removed manually. 
 
The measures and means included in the analysis are: 

a) regulatory 
b) waste policy / waste behaviour 
c) economical 
d) technology & practices 

 

The key question in the first part of the analysis is: how effective are the measures and means (a …d) in 
separating hazardous compounds and substances from waste streams 1…3? The analysis is mostly qualitative 
and only outlining.  

To illustrate the fate of hazardous substances in waste materials, household waste management in Finnish 
circumstances has been analysed with material/substance flow analysis (MFA/SFA) using STAN2-software 



 

 

Sinks a Vital Element of Modern Waste Management 
2nd International Conference on Final Sinks 
16 – 18 May 2013 
Espoo, Finland 

 

                      

 

 

(IWR, 2012). Household waste characteristics and the indicator substances used in the analysis are shown in 
Table 1. It must be noted that these figures do not include any waste classified as hazardous waste or discarded 
products containing hazardous components although these appear in mixed household waste frequently. For 
instance, the amount of small batteries usually found in mixed waste would increase the average concentration of 
Cd to over 3000 mg/ton and that of Zn to over 400 g/ton (Lagerqvist et al, 2011).  

Table 1: Household waste characteristics used in material flow analysis 

Input data Waste system MFA (all figures per ton of household waste generated)

Material fraction generated [kg] Cd [mg] Pb [g] Zn [g] Cl [g]

paper (recyclable) 256 16 1 19 72

cardboard (recycl.) 136 7 1 6 31

glass 45 6 3 2 0

metals 17 22 56 16 6

plastics 67 14 12 15 149

biowaste 386 14 0 6 1,146

fine material 16 6 1 3 95

other combustible 68 16 3 32 210

other non-combustible 8 48 68 0 1

Total 1,000 148 146 99 1,710

Data compiled from: Lagerqvist et al, 2011; Pulkkinen et al, 2008; Toukola et al, 2007  
 
The waste management system analysed consists of source separation, and potential material processing facilities, 
mechanical-biological processing, separate composting, grate and fluidiciced bed incineration, and conventional 
and ash landfills. Separated materials are returned for use in new products, compost is used as soil improvemet 
material and incineration slags as construction materials. The transfer coefficients for different processes are 
shown in Table 2 using Cd, Cl, Pb and Zn as indicator substances.  
 

Table 2: Transfer coefficients used in material flow analysis 

Transfer coefficients: (coefficients < 0.01 are omitted)

MSW incineration mass Cd Pb Zn Cl

Off-gas 0.75 0 0 0 0

Wastewater 0 0.01 0 0 0.85

Bottom ash/slag 0.24 0.12 0.72 0.52 0.05

ESP ash / fly ash 0.01 0.87 0.28 0.48 0.1

Filter cake 0 0 0 0 0

SRF incineration mass Cd Pb Zn Cl

Off-gas 0.92 0 0 0 0

Wastewater 0 0.01 0 0 0.3

Bottom ash/slag 0.01 0.01 0.02 0.03 0

ESP ash / fly ash 0.07 0.98 0.98 0.97 0.7

Filter cake 0 0 0 0 0

Mechanical-biological MB) mass Cd Pb Zn Cl

Off-gas 0.3 0 0 0 0

Wastewater 0 0 0 0 0

Light fraction 0.4 0.6 0.25 0.45 0.27

Digestion product 0.3 0.4 0.75 0.55 0.73

Composting mass Cd Pb Zn Cl

Off-gas 0.63 0 0 0 0

Wastewater 0 0 0 0 0

Compost product 0.3 0.81 0.81 0.81 0.81

Reject 0.07 0.19 0.19 0.19 0.19

Material recovery (MRF) mass Cd Pb Zn Cl

Off-gas 0 0 0 0 0

Wastewater 0 0 0 0 0

Recyclables 0.98 0.98 0.98 0.98 0.98

Rejects 0.02 0.02 0.02 0.02 0.02

Data compiled from: Boldrin et al, 2011; Dalager and Reimann, 2011; Jung et al, 2004; 

 Plahl et al, 2002; Rechberger, 2001  
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For the analysis, six different scenarios have been developed. In the base case (scenario: S1) paper, cardboard, 
glass, metals, and biowaste are collected separately, biowaste is composted and mixed waste plus rejects from all 
treatment facilities are taken to a conventional landfill. Source separation efficiencies in the base case are the 
present efficiencies in Helsinki region, Finland. Keeping the level of source separation the same as in base case, 
two additional scenarios were developed to reduce the amount of waste to be landfilled. In scenario S2 the mixed 
waste from households is taken to mechanical-bilogical treatment and and fuel (SRF) is produced of the 
separated light fraction. This fuel is used in SRF incineration and the bottom ash is used as construction material 
and remaining ashes are taken to an ash landfill. In scenario S3 the mixed waste is taken to a MSW incinerator 
and ashes are treated like in scenario 2. To analyse the effects of maximized material recycling, three more 
scenarios were developed. In all of them collection efficiencies in source separation were maximized and in 
addition, also plastics were source separated. The collection efficiencies in scenarios S1, S2, and S3 and in S4, S5, 
and S6, respectively are presented in Table 3. Except for the differences in collection efficiencies scenarios S1 
and S4, S2 and S5, and S3 and S6, respectively are identical from the system point of view. 
 

Table 3: Collection efficiencies of source separated materials 

Collection efficiency of source separation (%)

scenarios

  base case      

S1, S2, S3

maximum    

S4, S5, S6

paper 87 90

cardboard 70 85

glass 64 80

metals 26 70

plastics - 60

biowaste 40 60  
 

From present waste policy point of view scenario S1 represents the worst alternative and scenario S6 the best 
alternative with maximized recycling and minimized landfilling. 

In this study sinks are classified into three categories: 

 safe (final) sinks 

 controlled temporary sinks 

 uncontrolled sinks 
 
Safe final sinks include all processes and methods where harmful compounds and substances are either destroyed 
or converted into a form which does not harm the environment. Other safe sinks are those which may release 
harmful compounds and substances but the release rate (amount and concentration) is so slow that harmful 
effects are avoided. Safe sinks are for example destruction of harmful organic compounds in thermal or chemical 
treatment if the end products are non-harmful, binding heavy metals into stable mineral forms, aftercare-free 
landfills, and permitted (environmental permit) releases to the air, waters, and soil. At present, normal landfills 
can not be classified as safe finks (Scharff, 2012). 
 
Controlled temporary sinks include all processes, methods, and stocks where the release of harmful compounds 
is limited to a non-harmful level for a known or estimated time and when the owner of the site, material or 
product is liable to take care of the releases. Controlled temporary sinks are for instance ordinary permitted 
landfills and urban stocks where harmful compounds and substances are not released due to for instance 
corrosion, erosion or wear. Even stocks of obsolete electrical and electronic equipment at homes can be 
regarded as controlled temporary sinks. 
 
Uncontrolled sinks include all other sinks for discarded products and materials and also urban stocks which are 
not controlled from the hazardous ingredient point of view. Uncontrolled sinks are for instance processes which 
receive recovered materials for recycling or for use as construction or land improvement materials, uncontrolled 
emissions from processes and urban stocks, and dumping of waste to the environment. 
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In the material flow analysis it is assumed that export flows to air and water are to safe sinks because they are 
controlled by environmental permits, landfills are controlled temporary sinks because at present they don’t fulfil 
the requirements of safe sinks, and all material use exports are regarded as uncontrolled sinks. 
 

3 Results and Discussion 

The amount of waste classified as household hazardous waste is estimated to be 3-5 kg/cap/year in Finland. In 
sorting studies of mixed waste, usually 0,5 – 1 kg/cap/year hazardous waste is found in the mixed waste stream 
(Pulkkinen et al, 2008). These results are well in line with corresponding findings in Sweden (Avfall Sverige, 
2009), where the separately collected amount of household hazardous waste is typically 3,4 – 4,3 kg/cap/year. 
Out of this about 70 % is traditional hazardous waste, that is chemicals, paints, oils, glues and solvents, 10 % is 
small batteries, 12 % car batteries, and 7 % lamps. It is estimated that the collection rate of household hazardous 
waste in Sweden is 80 % which is also in line with Finnish results. Small batteries are the predominant type of 
hazardous waste found in mixed waste (Pulkkinen et al, 2008; Avfall Sverige, 2009). Finland and Sweden 
represent countries where household hazardous waste collection is efficiently organized and thus it can be 
estimated that collection efficiencies exceeding 90-95 % are very hard to reach. 

Waste products containing hazardous components are mainly waste electrical and electronic equipment 
(WEEE). The amount of WEEE discarded annually in Finland is in the order of 20 kg/cap/year. About half of 
this is large household appliances. The rest (about 10 kg/cap/year) is mainly small household appliances and ICT 

and consumer electronics (Huisman et al., 2007). Again, out of these about half, 5 kg/cap/year, are so small 
products that they are frequently found in mixed waste streams. The amount of WEEE found in mixed waste in 

Helsinki region has been in the order of 1-2 kg/cap/year (Pulkkinen et al, 2008). Thus for WEEE, which could 
potentially end up in mixed waste, the diversion rate is in the order of 60-80 % and the total diversion rate taking 
into account all types of WEEE would be 80-90 %. It must be noted, however, that only about 50 % of the 
generated WEEE in Finland is collected through the official collection systems (Pirkanmaan ELY-keskus, 2012) 
which means that 40–45 % of generated WEEE is treated in non-regulated facilities or dumped. 
 
A crude estimation of the efficiency of different measures in separating harmful compounds and substances 
from household waste is presented in Table 4. The comments presented are valid for countries like Finland and 
Sweden, and several other European countries where waste management infrastructure and regulatory 
framework are on a high level, awareness and motivation of people support good waste behaviour, and people 
are wealthy enough to pay for high level waste management services. 
 

Table 4: Estimation of the effects of different measures in separating and handling of harmful constituents in household waste 
 Household hazardous 

waste 
Hazardous components 
in discarded products 

Hazardous 
substances in 

waste materials 

Regulatory measures wastes are listed and 
treatment of separated 
waste is regulated, but 
separation is voluntary 

partly yes, 
mainly through WEEE 

regulation (1 

not directly, only 
through product 
regulation, like 

RoHS(2 

Waste policy / waste 
behaviour 

yes, up to 90-95 % 
separation, if adequate 

infrastructure exists 

yes, up to 80-90 % 
separation, if adequate 

infrastructure exists 

no effect 

Economical measures 
/ markets 

no or negative effects 
because incentives don’t 

exist 

no or negative effects 
because incentives don’t 

exist 

no effect 

Technology & waste 
management practices 

yes up to 100 % for 
separated waste, not 
directly for the rest 

partly yes through manual 
dismantling, however, high 
concentrations of Cd and 
Pb remain for instance in 

mixed plastics(3 

 very limited with 
present separation 

technologies 

             1) WEEE directive, 2012. ; 2) RoHS2 directive, 2011; 3) Wäger et al, 2012. 
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Table 4 shows that our present waste management systems don’t cope especially well with removal of hazardous 
constituents from consumption waste streams. Waste behaviour of people is not easily regulated and the only 
available economic incentive is to arrange the reception and collection of household hazardous waste and 
products containing hazardous components free of charge. In spite of high motivation and awareness, 5-20 % of 
household hazardous waste and hazardous components in products end up in mixed waste streams increasing 
the concentrations of hazardous constituents easily 10 to 100 fold. In addition, a large portion of WEEE falls 
outside official collection and treatment systems and the driving force is recovery of saleable materials and little 
or no attention is paid to control of harmful constituents. 
 
Processes of the household waste management system analysed with MFA/SFA is presented in Figure 1. The 
figure shows material flows in the best policy scenario S6, where source separation is maximized, biowaste is 
composted and mixed waste is incinerated in a MSW incinerator. 

 
 

Figure 1: Mass flows of one ton of household waste in scenario S6 (best policy) 

 

Results for indicator substances in scenarios S1 … S6 are presented in Figure 2. The results show clearly that the 
share of indicator substances to uncontrolled sinks increases when present waste management practices are 
applied to meet higher goals in waste hierarchy. 

 



 

 

Sinks a Vital Element of Modern Waste Management 
2nd International Conference on Final Sinks 
16 – 18 May 2013 
Espoo, Finland 

 

                      

 

 

 

Figure 2: Share of substances in household waste which end up in safe, controlled temporary, and uncontrolled 
sinks in scenarios S1 –S6 

Increasing source separation from 34,5 % (base case) to 42,6 % (maximized source separation) increases the 
amount of materials recovered by 23 %. At the same time total Cd flow to recycled materials increased from 
18,7 % to 32,2 % ( 72 % increase in Cd flow), total Pb flow from 12,2 % to 34,1 % (180 % increase in Pb flow), 
and total Zn flow from 26,0 % to 43,5 % (67 % increase in Zn flow). 

Another major contributor to the increase of flow of substances to uncontrolled sinks is the use of bottom ash 
for construction materials. Especially the share of Pb and partly also Zn increases dramtically. 
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4 Conclusions 

The study shows that present municipal waste management practices and technologies are not necessarily very 
efficient in removing harmful constituents from waste materials and in disposing them to safe sinks. Even in 
countries with very highly developed waste management infrastructure, hazardous waste and products containing 
hazardous components end up in mixed waste streams jeopardising safe recycling. In addition, non-hazardous 
consumer products may contain hazardous substances which are very difficult to remove by means of present 
waste treatment. In many cases the only solution to safeguard clean recycling is to restrict the use of hazardous 
substances and compounds in consumer products. 
 
The sinks classification presented in the paper helps to analyse and compare different waste management policies 
and systems. It also adds a new dimension to traditional MSW system performance indicators. 
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